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FLY ASH UTILIZATION

proceedings: Edison Electric Institute-National Cool Association-Bureou
of Mines Symposium, Pittsburgh, Pennsylvania, March 14-16, 1967

Compiled by

John Ht Faber,' John P. Copp, ^ond John D. Spencer^

INTRODUCTION

Over 500 industrial, academic, and government representatives from Europe,
Canada, and the United States attended the first large symposium ever held in
this country on fly ash utilization and technology, March 14-16, 1967, a.t
Pittsburgh, Pa, Sponsored by the Edison Electric Institute, the National Coal
Association, and the Bureau of Mines, the symposium featured 27 formal presen
tations by leading experts from the United States and Europe on all major
phases of fly ash production, utilization, and research. Representing the
three sponsoring organizations were Edison Electric Institute, James D. William
son, The Dayton Power and Li^t Co.; National Goal Association, James R. Garvey,
Bituminous Coal Research, Inc.; and Bureau of Mines, Harry Perry. Symposium
chairman was John H, Faber of the Bureau of Mines.

Gerard G. Gambs, Consolidation Goal Co., addressed the opening session.
Moderated by Mr, Garvey, President and Director of Research of Bituminous
Goal Research, Inc., the opening session was devoted to a discussion of the
nature of the fly ash problem, including availability, specifications, and
limitations on its use. Subsequent sessions covered fly ash marketing, fly
ash utilization in concrete and masonry products, specialized uses, and recent
developments in basic fly ash research. Others serving as session chairmen
were Oscar E, Manz, Associate Professor of Civil Engineering, University of
North Dakota; Mrs. Katharine Mather, Chief, Petrography and X-ray Section,
Concrete Division, U.S. Army Engineers Waterways Experiment Station; Mr.
Williamson, and Mr, Perry.

During the week of the symposium a group of Fly Ash Experts representing
the Economic Gommission for Europe Cf'CE), under the sponsorship of the United
Nations, participated in official meetings of the Gommission and highlighted
one of the symposium sessions. At this session, four members of the Fly Ash
Experts group described the ECE's work in fly ash utilization, and current

^Supervisory chemical research engineer,
®Chemical research engineer.
3 Chemical engineer.

The compilers are with the Morgantown Coal Research Center, Bureau of Mines,
Morgantown, W, Va,
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practices in several European countries. Presenting these papers were Z. Falecki^ ^
Coal Committee Secretariat, ECE, Geneva, Switzerland; Henry W, G. Dedman, Central
Electricity Generating Board, London, England; Adolphe Jarrlge, Consulting q
Engineer (retired), Paris, France; Hermann Ei^thropel, Chief, Research and
Development Department, Steinkohlen-Electrizat AG, Essen, Germany; Antoni Paprocki,
Assistant Professor, Institute of Building Technics, Warsaw, Poland; and Dr.
Vladimir V, Stolnikov, Chief of the Concrete Laboratory, All-Union Research
Institute of Hydrotechnics, Leningrad, U.S.S.R, ^

Luncheon speakers were Joseph Pursglove, Jr., Vice President-Chemicals, O
www^olidation Coal Co., Inc., and Harry A, Fisher, Materials Handling Engineer, ^
American Electric Power Service. The latter substituted for John A. Tillinghast,
Vice President and Chief Engineer, American Electric Power Service Corp., who ^
was unable to attend because of illness. The Honorable Kenneth Holum, Assistant (0
Secretary of the Interi.or for Water and Power Development, \i^o was scheduled
to address the assemblage at the symposium banqtiet, was also unable to attend.
His remarks were delivered by Robert M. Paul, Water and Power Development, U.S.
Department of tdie Interior.

Sidney Katell, Bureau of Mines, U.S. Department of the Interior, served
as toastmaster.

The proceedings of the symposium are given in this report, following tdie
abstracts of all the papers.

Trade names appearing in these papers are solely for purposes of
identification and to facilitate understanding. Endorsement by the Bureau of
Mines is not implied.
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AVAILABILITY, QUALITST, AND PRESENT UTILIZATION OF FLY ASH 9
' BJ-

ILL.

o
by

C. E. Brackett^
CO
"C"

=====^^^=^=^=^==^======= o
w

In opening a meeting of this nature^ I feel that it is well to start out ^
by first trying to define fly ash^ which after all is the subject we are about ^
to explore in this symposim. (S

"5

Fly ash can be defined as a product of combustion^ chiefly the product
of burning pulverized coal, and to some extent the burning of residual oils
in large industrial or power boilers. As pulverized coal is burned^ fly ash
is formed from the incombustible components in the coal and those particles
of coal that are not burned^ due to incomplete combustion within the furnace
proper. When it is examined microscopically^ collected fly ash may be observed
to consist of particles varying in shape and size. The average size varies
from less than 1 micron to approximately 80 microns and most of the smaller
particles are minute^ hollow^ translucent spheres. In shape^ the carbon or
carbonaceous particles of the ash vary from slivers to spongy or lacelike
entities that can range in size from approximately 10 microns tO; in extreme
cases^ more than 300 microns. These lacelike carbonaceous particles are
usually large in size and low in density. Chemically speaking; more -than
85 percent of most fly ashes consist of alumina^ silica; iron oxide; lime;
and magnesia; with die percentage of any one constituent varying over a wide
range of values; depending upon the character of the particular ash being
analyzed. As the ash particles leave the furnace; they are suspended in the
flue gas and; as such; form what can be considered as an industrial aerosol.
Figure 1 illustrates how the particle size of fly compares with other familiar
industrial aerosols. After the fly ash has been separated from the flue gaseS;
we find that in the bulk state the ash can and will vary greatly; having a wide
range of particle sizes and a considerable variation in chemical content.
Usually the ash is light gray in color; however; the color can vary from light
tan; through the various shades of gray; to tdiat of being nearly black. The
tan color is usually associated with the presence of iron oxide; while the
darker colors are associated with carbon or; in some caseS; with the presence
of magnetic iron oxide or magnetite.

As you can see from the above definition; the product we are about to
discuss is widely diverse in its physical and chemical properties. This diver
sity in makeup and the resulting differences in properties have led to many of

^Operating manager; Southern Electric Generating Co.; Birmingham; Ala.
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the misunderstandings that have
placed rather severe limitations
on its present commercial use, I
feel that; as this seminar proceeds;
you will reach the same conclusion
that I have held for several years;
namely, that we are having to face
up to the fact that we are sadly
lacing in basic knowledge relating
to a product that each of us is
dealing with every day. In reality,
we have a tiger by the tail in that
we have a product that is readily
available in many sections of the
country and has a great potential,
but, in spite of the fact that we
have been dealing with this product
on a commercial basis for well over
25 years, we are still not able to
explain exactly why one ash performs
satisfactorily in a particular appli
cation while another ash, which is

Industrial Aerosols. (From Munger.H.P. apparently similar, perfcras differ-
II o 11 L / j V TL r a ently or on extreme occasions isand L. C. McCabe (eds.) The Spectrum detrimental to the product

of Particle Size and Its Relation to Air pj-acess in which it is being used.
Pollution. McGraw-Hill Book Co.» Inc., jjygjj more essential, as far as the
New York, 1952, 160 pp.) coal-b\irnihg industries are concerned,

is the fact that there are many
unanswered questions of a basic nature about why certain ashes seem to be either
almost impossible or at best, very difficult, to collect in the electrostatic
precipitators, i^ich now must be used to eliminate the particulate matter
emanating from our stacks.

Of this we can be sure in 1967 the electric utility industry in the United
States is by itself going to produce between 21 and 22 million tons of fly ash
and the generation of ash over the coining years will continue to increase until,
by 1980 it is estimated that the electric utilities in the United States will
prodiice between 39 and 40 million tons of ash. This amounts to almost twice as
much as we are producing today.

The past, present, and projected consumption of coal by the electric
utilities in the United States is shown in figure 2, This graph, prepared from
data supplied by the National Coal Association, sets forth the coal used by
the electric utility industry since 1950 and estimates its continued usage by
the utilities until 1980, These figures take into account the lates estimates
of the Atomic Energy Commission and various other agencies as to the growing
amount of power expected to be produced by atomic powerplants and the possible
increase in consumption of lower quality coals necessitated by the increased
consumption d\iring the period under study. As far as we can determine, these
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are Che most accurate coal con-
eumpclon data we have to work with
today. We have superimposed on
this graph a curve indicating the
estimated production of fly ash by
the electric utility industry for
the same period.

The costs presently asso
ciated with the disposal of fly ash
at the current production rate of
20 million tons per year are high
and^ in some rare cases^ exceed $2
per Con. When you consider that
in 1962 the electric utility industry
alone dximped over B^SOO^OO tons of
fly ash because markets for Che ash
were unavailable?, you begin to get
some idea of the magnitude of the
problem we are facing^ particularly
in the light of our presently
scheduled expansion program. These

disposal costs are continuing to rise at an alarming rate, particularly in the
large urban or metropolitan areas, and by 1980, they could rise to the point
^ere they will be one of the dominant items of ^at is rapidly becoming a
long list of factors weighing againt the future use of coal as a primary fuel
for the generation of electrical power.

In making these predictions of future ash production, I have purposely
limited wy remarks to the electric utility industry for several reasons:

1, The latest coal, consumption figures, which are for 1965, indicate
that the electric utility industry consumed S3 percent of the coal burned in
the United States, with only 22 percent going to all other industrial instal
lations which might be able to produce relatively small amounts of fly ash.
The remaining 25 percent of the coal consumed went into the production of coke
and minor uses which had little or no coitinercial value as far as the production
of fly ash is concerned.® The above percentages of coal usage have remained
fairly constant for the last 6 years, and it is expected that they will remain
so for the coming years.

2, The expansion figures for the electric utility industry through the
coming years are firmly charted and accurate estimates of coal consumption and
resulting ash production can be made,

®Fuel and Ash Handling Subcommittee of the Brime Movers Committee, Edison
Electric Institute, Fly Ash Utilization, 1962. EEI Pub, 63-70, 1962, p. 15,

®National Coal Association. Bituminous Coal Facts 1966. 1966, 80 pp.
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3. The United States, as shown in table 1*, is with one exception
doing the worst job of all the major producers in the world as far as the
utilization of fly ash is concerned.

TABLE 1, - World utilization of fly ash

Estimated

Production utilization

Country of fly ash of fly ash Percentage

in 1965, in 1965, of

million tons million tons production

France —------ 9 3.5 40

Germany, West -- 4 2.0 50

United Kingdom - 10 2.7 27

United States — 20 ®.5 3

U.S.S.R. 20 1.3 6

19

^Estimate.

Thus it would appear that the problem to be solved is here in die
United States and Tdiile we can and should use the tremendous amount of
knowledge concerning fly ash utilization that our European friends can
impart to us the basic problem of disposal and utilization is ours and must
be solved in our own way.

As X stated in the definition of fly ash, it is a product of combustion
that is the residue left over from the burning of pulverized coal and, as
such^ the marketing of it presents many special problems. Essentially, fly
ash is, except in a very few specialized cases, either in direct competition
with or used as an add-mix or component of raai^ highly competitive bulk products
which are basically low in unit price. As duch, the price of fly ash or fly
ash products, f.o.b. the sites at which they are to be used, must be kept low
enough to insure that they are competitive; and in this respect, freight rates
play an Important part. As a result of present rather high freight rates on
fly ash, it is uncommon to find bulk fly ash being shipped over 500 to 600 miles
from its point of origin or collection to its point of use. One of the rare
exceptions to this statement can be found in our own case where the company
which processes and markets our ash is shipping relatively large quantities of
bagged ash to South America \diere it is used in various grouting operations.

From the foregoing discussion, it is apparent that the limitations on
the distances which fly ash can economically be shipped is going to affect
its availability and that the availability is going to be greatest in those

^Gambs, Gerard C, Report on Fly Ash in England, Europe and Soviet Union,
Consolidation Coal Co., Res. Div., Library, Pa., July 1, 1966, p. 1.
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large urban or metropolitan areas that are served by electric utilities
using fossil fuels to generate power. Table 2 indicates those general areas
where the largest coal-burning utilities are located and^ as a result of this^
where the greatest amounts of fly ash are available. As might be expected^
the Middle Atlantic area, which covers the States of New Yorh, New Jersey,
and Pennsylvania, and the East North Central area, covering the States of
Illinois, Indiana, Michigan, Ohio, and Wisconsin, consume the largest amounts
of coal in the generation of electrical energy. These are followed by the
South Atlantic, East South Central, West North Central, New England, and
Mountain areas, in that order.

TABLE 2, - Coal burned by U.S. utilities, geographical distributiorf

Net generation

Geographical area Million Percent Coal burned. Generation by
kwhr of total thousand tons coal, pet

New England --------- 30,841.9 3.9 8,207 63

Middle Atlantic ——- 126,036,7 15.9 40,553 77

East North Central -- 196,548,6 24.7 83,570 96

West North Central -- 50,045.8 6.3 13,749 50

South Atlantic 126,505,3 16.0 39,502 79

East South Central — 88,575,9 11,1 33,902 92

West South Central -- 87,483.4 11,0 10 Negligible
Mountain 24,808,2 3,1 6,644 45

Pacific 63,799.0 8.0 None 0

Total - 794,644.8 100.0 226,137 65

^Geographical areas are as follows:
New England: Maine, New Hampshire, Vermont, Massachusetts, Rhode Island,
Connecticut,

Middle Atlantic: New York, New Jersey, Pennsylvania,
East North Central: Ohio, Indiana, Illinois, Michigan, Wisconsin,
West North Central: Minnesota, Iowa, Missouri, Kansas, Nebraska, South
Dakota, North Dakota.
South Atlantic: Maryland, Delaware, Virginia, West Virginia, North
Carolina, South Carolina, Georgia, Florida,
East South Central: Mississippi, Alabama, Tennessee, Kentucky,
West South Central: Louisiana, Arkansas, Texas, Oklahoma.
Mountain: New Mexico, Arizona, Nevada, Colorado, Utah, Wyoming, Montana,
Idaho,
Pacific: California, Oregon, Washington,

There are several interesting facets concerning the distribution of fly ash,
some of which are readily apparent upon studying table 2 and others which are
a little more obscure. As stated above, a great proportion of the coal burned
in the United States by the electric utilities is consumed in the Middle Atlantic
and East North Central areas. Distances between the large utilities are
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relatively short in these areas and, as a result of tiiis, bulk shipments of
fly ash can be made available on an economical basis in all sections of these u.
states. In the New England area we find that the total block of power gener- O
ated is small and that only 63 percent of it is produced by coal-burning
utilities; however, the distances are so short that ash from the Middle Atlantic
States can be brought into this area and compete favorably with that produced
locally, The South Atlantic area is interesting in that, in spite of the fact
that large quantities of coal are burned in the generation of power, there ®
are large areas, particularly in the soutdiern peninsula of Florida, where fly o
ash is totally unavailable and for that matter is an almost unheard-of commodity, ^
However, with the startup of large coal-burning povErplarits presently being ^
built on the west coast of Florida, fly ash should start flowing into this g-
high-potential market at an early date. The East South Central States have a B
number of large utilities that are almost wholly dependent upon coal; the
distances are relatively short, thus fly ash is readily available in all parts
of this area. The West North Central and Mountain areas are interesting in
that the utilities burning coal are relatively few and the distances are great.
As a result of this, the availability of fly ash is largely centered in a few
widely separated localities. The West South Central and Pacific areas present
real challenges to the coal producers and fly ash salesmen due to the fact that
practically no power is produced in these areas by coal-burning utilities and
fly ash is an extremely scarce commodity that is in demand.

In essence, X feel that this map holds a key for those of us marketing
fly ash in the East, and that is this: As we eventually fulfill the needs of
the available markets ^ our surrounding areas with salable fly ash, we are
going to have to find economic ways to ship our product into those Western
market areas where it is now unavailable and can be used in large quantities,
Remembering that we are now utilising only 6 percent of our total fly ash
production, I feel that Horace Creeley's phrase, "Go West Young Man, Go West,"
not only applied to the young man of his day, but also points the way for
today's fly ash marketing experts.

Leaving the subject of fly ash availability and moving to the subject of
quality, we find that we are entering one of the most controversial areas
surrounding this topic. As stated in the definition of fly ash, the particle
size, particle shape, density, color, and chemical properties can and do vary
over a wide spectrum of values. Sad but true, the properties that seemingly
vary the widest are the very properties which determine the overall commercial
quality of fly ash. To compound this problem, we find that the quality of fly
ash collected at any one source can and does change from time to time, as
conditions within the producing plant change. It has been this past incon
sistency in the quality of ash from source to source or from time to time at
the same source, coupled with a lack of basic knowledge about fly ash in
particular,, that has created some of tdie misconceptions in this country con
cerning the actual effects the addition of fly ash has on any basic product.
In many instances, this lack of basic knowledge concerning our product and our
inability to accurately predict its performance have damaged marketing possi
bilities in certain areas to the point idiere it has taken years to repair,
and, in some particular instances, may never be overcome.
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With these thou^ts In mind, what can we say are some of the basic
conditions that can and do play a Large part in determining the quality
of fly ash?

1. The first and most basic ingredient in the formation of any fly
ash is the coal that is used as a fuel in the producing boiler. Obviously,
the overall chemical content in the total amount of ash produced in any one
boiler is going to approximate the overall chemical content of the incom
bustible in the coal plus a percentage of unburned carbon ^ich is left in
the ash owing to the inefficiencies in tin furnace itself. The crystalline
and/or chemical forms of the Incombustible constituents found in the coal
and those found in the ash can be and in many cases are, nowhere near the
same; however, there is no basic chemical loss of incombustibles in the
combustion process. Speaking as a coal producer, I would like to point out
that there are really two types of incombustibles or ash found in at^r raw
or processed coal delivered to a consumer:

a. The first of these incombustible particles is generally
defined as surface ash and can be divided into two groups:

(1) Those formed by silts laid down at the time the coal
was formed which have remained in a definite stratum and are not
microscopically associated with the coal particles,

(2) Those that are introduced by the mining process itself,
siich as pieces of rock that form the mine roof and/or bottom,
rock dust, and other extraneous matter loaded concurrently with
the coal.

If this type of material is producing a problem for a consumer,
a producer can install a well-designed preparation plant that will
remove virtually all of it. There is obviously an economic point below
which the coal cannot be cleaned before the reject ratio becomes exces
sively hi^; however, this type of ash or impurtiy can usually be econom
ically cleaned to the point where only 2 to 3 percent of it remains in
the final product.

b. The second type of ash found in coal is called "inherent" or
"fixed" ash and is defined as the ash content of the coal that is
structurally part of the coal itself and cannot be separated from it by
mechanical means. There is nothing the coal producer can do to eliminate
this inherent ash because it is unaffected by normal coal preparation
processes. The sum of the surface ash plus the inherent ash in a sample
of coal is the ash that you see appearing in the normal laboratory proxi
mate analysis.

An example of coal having both surface and inherent ash is the
coal mined from our SEGGO No. 1 mine. This mine is producing approximately
1,500,000 tons of coal annually in the Marylee seam of the Warrior Coal
field and is located in Walker County, Ala, As fotuid in its natural
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state, the seam varies from 28 to 72 inches in thickness and lays between
a shale or sandstone roof and a clay bottom which is primarily kaolin. In
addition, the seam has a middleman or parting of rock in various places.
As mined, the coal is dirty and must be passed through a' washer which
rejects 20 to 25 percent of the raw coal as it is cleaned. In this process
we reduce the external impurities to a total of approximately 2 percent.
However, the catch to this problem is that this coal has an Inherent ash
content of approximately 12 percent which we can do nothing about. As a
result of this, we have not only rejected 25 percent of the material we
mined in passing it throu^ the cleaning process, but we still end up with
a product having a total ash content of approximately 14 percent.

To compound an already bad situation, a small percentage of the
inherent ash is made up of halloysite, which is a form of kaolin. Halloy-
site is a very efficient insulator and in passing through the combustion
process, it changes form but not its properties; and as it,leaves the
boiler proper and starts to cool, it commences to pick up moisture which
in turn causes it to plate out in a thick coat that completely covers and
insulates the electrical components of our electrostatic precipitators.
This insulating coating makes it a very difficult ash to collect electro
statically.

2, At least two things can be done after the coal has been received at
the powerplant to change the overall quality of the resulting fly ash:

a. In preparing the coal for burning, it has generally been conceded
that tdie finer the coal is crushed or pulverized before it is consumed
the finer will be the resulting fly ash. There is obviously an economical
limit to the fineness that can be obtained with any modern high-capacity
pulverizer; however, most pulverizers are designed and guaranteed to
produce a pulverized coal product 80 to 85 percent of which will pass a
200-mesh screen and 98 percent of which will pass a'50-mesh screen.
Practically and economically we cannot appreciably raise the percentage
passing a 200-mesh screen; however, we have found that if pulverizer per
formance falls much below the guarantee point our ash becomes so coarse
that it will fail to pass Government specifications and the percentage of
unburned carbon in the ash begins to rise to the point where it becomes
excessive. This again becomes uneconomic and, as a result of this, the
prudent operator will always try to keep his pulverizers operating at or
near the guarantee point, as far as fineness is concerned.

b. The amount of excess air used in the combustion process can be
varied. Assuming the fineness of the coal is to remain constant, the ash
particles will tend to be smaller and there will be less unburned carbon
in the ash if high excess air, 20 to 25 percent, is used. Basically, this
is caused by the fact that the actual furnace is somewhat cooler, owing
to the larger amounts of gas moving through it, and the small particles of
ash, generally speaking, will not remain in the fluid or plastic state long
enough to collide with each other and agglomerate into large particles.
However, high excess air passing through a boiler can present other problems
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a.
o
a

such as excessive power required to operate the fans and excessive fly
ash erosion on the various parts of the boiler exposed to the gas stream, ^
This type of operation can also cause .an imbalance in furnace temperatures ^
due to the cooler-than-design gas temperatures in the combustion chamber
and the resulting movement of high-temperature gases back into the con
vection passes of the boiler which have not been designed for this type of
service. Higher-than-design velocities in the electrostatic precipitators^
caused by high excess air, can and will present serious collection problems.
As a result of this, the prudent operator will be cautious about using too ^
much excess air and will generally use it only to control a troublesome o
slagging problem in the furnace. ^

Csj
3. The type of ash collectors used is a significant factor having to do ^

with the quality of fly ash collected. Several years ago the only type of jg
collectors available to tdie industry were mechanical collectors. These are
basically a cyclone or centrifugal type of device that produces a spinning
motion in the gas and depends upon the centrifugal force developed to throw the
ash particles to the outside of the stream where they can be skimmed off.
Obviously, devices of this nature are much more sensitive to the collection of
ashes having a high percentage of large dust particles, or only succeed in
removing the large and medium-sized particles in a gas stream having an ash
content with a distribution of particles ranging from fine to coarse. Basi
cally, mechanical collectors have been developed to the point where guaranteed
collection efficiencies will range from 85 to 90 percent on an ash having a
high percentage of coarse of medium-sized high-density particles to a low of
50 to 60 percent on ashes having a high percentage of fine particles.

Many years ago it became apparent that mechanical collectors were not
efficient enough to allow large high-capaci^ powerplants to be built in and
around large xirban areas without becoming at the least a nuisance and at the
worst a definite hazard to the surrounding populace because of* the ash fallout
from the stacks. As a result of this, development wAs started on electro
static precipitators, and this type of collector has been refined to the point
where it is generally in use on most large powerplants being constructed today.
In an electrostatic precipitator the dust-laden gas is passed through a high-
voltage dc field and the dust particles take on an electrical charge. The
charged particles are then attracted to large collecting plates which carry
an electrical diarge opposite to that the particles are carrying. In essence,
the plates act as large electromagnets. Electrostatic precipitators have
several advantages over mechanical collectors in that guaranteed efficiencies
of 99+ percent on medium resistivity ash can be obtained. In addition, the
draft loss across a mechanical precipitator is in the order of 2 inches of
water, whereas the draft loss across an electrostatic precipitator rarely
exceeds 1/2 inch, thus greatly reducing the power required to operate the
forced and induced draft fansj however, some of this gain is offset by the
power requirements of the electrostatic precipitators themselves. Here again
the industry is faced with many blank spots or voids in our knowledge of fly
ash; Some individual ashes will take an electrostatic charge easily and
collect readily, while other ashes, seemingly identical to tdie first, act as
an insulator, refuse to take a charge, and, as a result of this, cannot be
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collected readily. In addition, still other ashes require excessive amounts
of precipitator power to obtain the desired collectionj these are called
"power hogs." While the leaders of the precipitator industry would have us
believe otherwise, those of us who are buying precipitatora are inclined to
believe that the design of electrostatic precipitators is still somewhat of
an art, rather than a science, and until such time as we know exactly why
the various particles of ash varying as they do from coal to coal react as
they do in an electrical field, the industry will continue to have more of the
unexplained precipitator failures that have plagued it in tiie past.

As the utilities have become more and more aware of their roles in the
community and with furtiier emphasis being placed on clean air, much money
has been and is being expended trying to make our stack effluents "so clean
that the Angels will fi^t to fly through them." In trying to accomplish
this, we have tried various combinations of mechanical and electrostatic
precipitators in series, superlong and superhigh or double-decked electro
static precipitators, and now experiments are being performed on pilot precip
itators which are using fabric bags as the collection medium rather tdian
electrically charged plates. In a bag type of percipitator the dust-laden
gas is drawn through a fabric bag, in much the same process that occurs in
your vacuum cleaner. While the draft loss in this process is as high or
higher than that experienced in the old mechanical type of collector, I
personally feel that the bag type of precipitator presently seems to offer
those of us dealing with an ash that is difficult to precipitate a possible
means of obtaining 98+ percent precipitation efficiencies.

For those of us using combination mechanical and electrostatic collection,
a satisfactory product can be obtained, if careful quality control is observed,
by blending the coarse ash obtained from mechanical collectors in proper pro
portions to the fine ash collected in the electrostatic precipitators,

4. Last but by far not the least, a quality product can be obtained from
coarse and inferior ash by mechanical means. In this respect, there are
basically two methods at our disposal. One is that of grinding an originally
coarse ash until the particles are fine enough Co pass the accepted tests; the
second is the mechanical separation of Ae coarse and fine particles.

As far as we are concerned, the mechanical separation process, as applied
to fly ash in the preparation of a salable product, holds great promise, and
one of the few mechanical ash separation plants in the world is presently in
operation at our Ernest C, Gaston Steam Plant located near Wilsonville, Ala,
Basically, we burn the fuel and collect the ash, Midway between the collection
hoppers and a disposal tank the dry ash is intercepted by equipment belonging
to the Southern Fly Ash Co,

Southern Fly Ash Co, is a completely independent company which is in no
way connected with the Southern Electric Generating Co, or the Southern Co,
System, of which we are a part. As such. Southern Fly Ash Co, has engineered and
owns, operates, and maintains all of the fly ash processing equipment, which
includes warehousing facilities, a bulk plant equipped to load either covered
hopper bottom railroad cars or trucks, a bagging plant, and the mechanical
separating facility described below.
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Owing to the difficulties with our ash, that have been described briefly
in earlier portions of this paper, the ash is very difficult to collect and,
when compared to Corps of Engineers specifications, is of marginal quality
when delivered to Southern Fly Ash, By this I mean that only 80 to 85 percent
will pass a 325-mesh screen. To correct this problem. Southern Fly Ash has
installed a large mechanical separator, shown in figure 3, the basic process

BYPASS

3 CELL

VACUUM BKR.

BLOWERS

FROM SEGCO DUST
COLLECTOR

REJECTS
TO

SEGCO SYSTEM

10 TON

SILO

FEEDER

MECH.
SEPARATOR

AIR LOCK

STORAGE

FIGURE 3. - Fly Ash Collecting System,

is shown on the flowsheet, figure 4, In essence, the dry ash is taken from
our system under vacuum, raised from a negative to a positive pressure in e
three-cell vacuum breaker, blown into a 10-ton holding silo and then fed
through a rotary feeder into the mechanical separator. In the separator the
ash is passed through sets of idiirling and stationary blades, both of which
are adjustable, and is picked up on a stream of air. The air velocities
inside the separator can be adjusted so that the fine particles are removed
and sent to Southern Fly Ash's storage bins and the coarse particles are
returned to our system for ultimate disposal. By properly adjusting the
mechanical separator, a product can be produced in which 99 percent of the
particles will pass a 325-mesK screen. At present Southern Fly Ash is
receiving, as stated, an ash of which 80 to 85 percent will pass a 325-mesh
screen, and are producing a product for shipment of which 91 to 93 percent
will pass a 325-mesh screen. The reject ratio is currently running at between
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FIGURE 4. - Mechanical Separator Man
ufactured by Combustion Engi
neering Co., Owned and Oper
ated by the Southern F-ly Ash
Co., Wlisonvi lie, Ala.,and Used
To Produce Large Quantities
of High Quality Fly Ash From
Ash Originally Having a High
Percentage ofCoarse Particles.

®Fuel and Ash Handling Subcommittee of the Prime Movers Committee, Edison
Electric Institute, Fly Ash Utilization. February 1958, 90 pp.
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15 to 16 percent of the material received.
In our opinion, the outstanding feature of
this type of equipment is that it makes a
separation by size without destroying the
spherical particle shape which we consider to
be most important, particularly when the ash
is to be used as an add-mix in concrete.

At present fly ash is used in many and
various ways. Many of these uses are highly
specialized and are somewhat dependent upon
the location in which the ash is produced
and sold. A specific example of this would
be the production of lightweight aggregate
from fly ash. In the large urban or metro
politan centers, such as New York, Phila
delphia, Pittsburgh, Detroit, Chicago, etc.,
where large numbers of high rise structures
are under construction, lightweight aggre
gate is in demand and presents a market
having tremendous potential and calling for
the use of large quantities of fly ash.
However, in our particular area, with its
somewhat rural atomosphere, the sale of
lightweight aggregate would not result in
the use of appreciable quantities of fly
ash.

At present the following are the major
uses for fly ash in this country,®

1. For use as a constituent in concrete.
Inasmuch as fly as is a pozzolan, it can and
is used to not only replace cement in the mix,
but as an add-mix to help or aid in the work
ability of the concrete mixtures.

By using fly ash as a constituent
in concrete, I am also referring to its use
when added in the cement making process
before the clinker ia formed and ground, its
use in the manufacturing of concrete blocks,
and its use in various types of grouting
operations, etc,

2, As an ingredient, no t only in the
stabilization of the soil used as the base
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for roads or highways ^ but in the strengthening of the base immediately under
the paving through the use of mixes such as "Poz-O-Pac,"

Q.
O
o
-1

<

O
3, As a filler in asphalt paving.

4. In the production of lightweight aggregate.

There are several small-scale uses for fly ash which have been tried 03
and found successful, such as-- q

1. An additive for core sand used in foundries. ^
c

2. An additive in masonry mortar.

3. A blasting compound. Because of its predominantly spherical shape,
fly ash does not cut rapidly when used as a blasting compound, particularly
when it is used to clean metal surfaces. Conversely, it does not unduly
erode metal surfaces. As a result of this, it can be mixed with sand or other
sharp blasting compounds used to clean metal surfaces and a mixture obtained
that will clean a surface quickly, yet not damage it due to excessive erosion.

4. For the manufacture of acoustical blocks.

5. As a constituent in heat-insulating cement.

6. As a soil amender; that is, to supply trace elements and act as a
soil conditioner.

7. As a filler for several products such as roofing, fertilizer, soap,
paper, rubber, asphalt tile, etc.

In addition, several very interesting projects are in progress such as
one currently being conducted by West Virginia University's School of Mines
in which they are studying the problems associated with making common building
bricks of fly ash. In this project they have made satisfactory bricks which
consisted of approximately 75 percent fly ash.®

In England large quantities of fly ash are being used in structural fills.
These structural fills are found on highways, embankments, airport runways, and
other mass applications where a stable base is required. When used in a
structural fill, water is added to the fly ash in the amount of 18 to 25 percent
and the mixture placed in layers 8 to 10 inches thick which are compacted with
rollers. To date the highest embankment using fly ash as a structural fill is
80 feet high and this process has been found to be particularly effective when
used as a fill near bridge abutments because there is absolutely no sinking of
the base.'

®Shafer, H. E., Jr., C. F. Cockrell, and J. W. Leonard. Fly Ash Brick.
School of Mines, West Virginia Univ., Goal Res, Bureau Rept. No. 26, Sept,
14, 1966, 14 pp.

'Page 4 of work cited in footnote 4. Ortgmalfrom
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In regard to fly ash usage^ I have included in this paper figures 5
through 14 which illustrate a few of the many projects in our area which have ^
used fly ash in their construction^ supplied by Southern Fly Ash Co, and
produced at our Ernest 0. Gaston Steam Plant. With few exceptions, X feel
that the titles are self-explanatoryj however, we are particularly proud
of the large quantities of fly ash being used on the various interstate
highway projects in the State of Alabama, All contractors working on these
projects are using fly ash in all road and bridge construction, as required CO
by Alabama state highway specifications and as approved by the Federal Bureau q
of Public Roads. We would also like to call your attention to figure 14, which, CN
as indicated, is a picture of Jordan Dam located near Wetumpka, Ala. This is ^
one of the few structures of its kind in which 50 wt percent of the cement has ^
been displaced by fly ash, ra

In conclusion, I would like to state that this paper was not prepared
with the thought in mind of solving all of the problems presently confronting
the fly ash industry, but rather to present basic data on the present avail
ability, quality, and use of fly ash. I have also tried to acquaint you with
some of the problems which not only face you in the fly ash processing and
distributing business, but also those of us in the electric utility or fly
ash producing industry, and X have pointed out a few of the alternatives open
to us in the solution of some of our problems. Finally, I have tried to
emphasize our lack of truly basic knowledge concerning fly ash and the absolute
necessity of obtaining these much-needed data before we can continue our
progress in the making of scientific determinations of possible new and
important uses for fly ash. This basio knowledge will also help us strengthen
our position in markets or applications in which we are presently participating.
Until such time as we can produce and sell a product which is uniform in
quality, and predictability, you as fly ash processors and distributors cannot
hope to grow to the point where you can dispose of the tremendous amounts of
ash that we as fly ash producers will be able to deliver. This ash must, of
necessity, be disposed of in a way that is not only efficient but also makes
the maximum possible use of a byproduct that has commercial value and is, in
reality, a national asset that we cannot afford to waste.
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THE PUBLIC CONCERN FOR ENVIRONMENTAL IMPROVEMENT 9
ELU
UU

O

by

Kenneth Holunf

A few weeks ago, this country passed an historical milestone when President
Johnson sent a message to Congress entitled simply: "The Pollution of OurAir." And
with this message--which shouldbe completely familiar to all of you—air pollution
control moved from the smoke-fiHed rooms of technical symposiums to stage center
in the arena of public discussion, taking its place alongside of water pollution control,
scenic preservation and the other major environmental issues in the forefront of our
time.

One need only take a quick glance at the newspapers around this country to real
ize the measure of growing public concern over the question of air pollution. The
front page of every newspaper reminds us ahriostdaily that the improvement of our
atmospheric environment has become a top-priority national goal.

. This change in public attitudes toward the control of pollution has happened so
dramatically that many of you may be still asking, "Why have people gotten so con
cerned lately when we have, really done a pretty good job of building waste treatment
facilities?"

Actually, this concern about air and water pollution is just one the manifesta
tions of the public's dissatisfaction with the condition of our present overall environ
ment, and their real fears of what will happen in the future if we do not change our
ways. There is no question that we have learned it is no longer enough to just try and
save what we have now, and that we must start a greatly expanded effoirt to avoid con
demning future generations to a dreary existence unleavened even by personal
memories of clean water, clean air, open space, and the beauty of our natural
pastoral landscape.

No parts of the healthy environment we needfor survival and growth are more
crucial than clean water and clean air. Today's pollution is one of the unwanted
legacies of America's growth and prosperity. It is a product in part of early neces
sity, in part of false notions. One of the false notions was that pollution, if anyone

1 Assistant Secretary of the Interior for Water and Power Development.
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Stopped tp think about it, was an unavoidable byproduct of our national growth and S2
prosperity. It

O

In part, this was true. We have had wars to fight, schools to build, food to pro
duce, a whole host of problems to cope with--a host of aspirations to fulfill. Waste
treatment meant a lot of money and little glamour. And, besides, there were so few
of us, it did not really make much difference if any one stream was polluted or a hill
side was denuded by sulfurous fumes.

GO

o
CM

But now we are meeting ourselves comingback. Now we find the next stream is
ôi

c

it causes sickness and threatens our health. Our trash pile has suddenly turned into jO
already being used by someone else. The air over some cities is so befouled at times
it causes sickness and threat

someone else's living space.

At this point—two-thirds through the 20th century when we know our population
will double in the next 33 years, we must ask ourselves again and again--

What can we do that we are not doing now to protect the areas
not yet spoiled by pollution? What can we do that we are not doing
now for those that are?

In short, are we thinking big enough about all forms of pollution control? Are
we making our decisions on a "can do" basis or are we making those decisions, as
has happened all too often in the past, on a "can't do" basis?

At the outset, I believe strongly that we can be confident that air and water pol
lution control is a goal that we can achieve. And it is no longer an academic or
merely desirable goal. Events have made it an imperative goal. Water pollution can
be controlled with the knowledge and techniques now available. New knowledge and new
techniques are being developed, which will make the job easier in the years ahead.

This realization that pollution can be controlled is the key to our whole effort.
The tragic condition of many of the waters of this country is a result of the economic
fallacy that we cannot afford to control pollution. Today, there is a wide and growing
realization that we cannot affordnot to control pollution because the effects of pollution
are far more costly than its control.

This widespread public awareness that poUution is more costly than its control
has been triggered In an endless number of ways; Perhaps when an industry could not
locate where it (or the city trjring to broaden its tax base) would have liked to be, sim
ply because there was not enoug^i water of suitable quality; or when a popular beach
had to be suddenly closed In the middle of summer, to protect the recreation-seeking
public from water-borne disease; or when the people of a great city once richly en
dowed with clean water were given one too many rationing orders; or when air pollution
alarms were sounded, like In New York over the Thanksgiving weekend.
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In any case, I hope thatby now none ofyou have any doubts about the public's ^
desire to improve the conditions under which we must live. Recently one of the most ^
astute political scholars pointed out that "Being prowater and antlpoUution is today's
political equivalent of being for mother and against sin." The American public wants
gnri expects to have pollution stopped and, given thefacts, they will get behind any prac
ticable means ofdoing so. This public understanding that pollution can be controlled
will result in far more than just negative or punitive action. Instead, it has already ra
been transformed into positive action on unprecedented scale--suppgit for bond issues, o
acceptance of individual responsibility forbetterwaste disposal, and, perhaps most ^
important of all, respect and good will toward individual companies and industries that cm
insist on sound pollution control programs. §

How Is industry responding to this challenge? Inevitably some are doing nothing
but hoping the problem will go away or be solved by someone else.

And perhaps just as inevitably, there are a few philosophical descendants of
WilliamVanderbiltwho are still saying (but not very loud) "The public be damned."

But the great majority ofthe leaders of Industry have read the signs of the times
justas clearly as the political leaders. There was a major speech given a few weeks
ago which included this quote:

Today, we still have the freedom to make a reasoned and resolute
response to the problem; tomorrow our actions may be tightly controlled
by Government regulations.

If our efforts In this area are made mandatory, not only will we be
forced to take more costly and less efficient action, but we will also for
feit our claim to being a responsible segment of society.

To those who say they cannot afford to take effective antlpoUution
measures, I can only'̂ respond that they can't afford not to.

Now, if I were to ask you whether this was saidbySecretaryStewart UdaU, or
the President of the U.S. Chamber of Commerce, those who would say Secretary UdaU
would bewrong. And I'm glad that Mr. Wright, who is also theBoard Chairman of
Humble Oil, is so clearly charting the right coursefor enli^tened private industry.

Pittsburgh is a particularly appropriate area to consider the costs of cleaning
up--and the costs of not cleaning up. No other city has had as much experience with
both sides ofthe equation. Ifwe took a poll of people walking outside this building, I
doubt Ifwe could find anyone who would not agree that the money spent to improve the
environment around the Golden Trianglewas the best investment this area has made--
not only in ccmtrol of air and water poUutlon, but in the outstanding 'land pollution
cleanup at the junction of your rivers.
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This mentioii of land pollution brings us backto fly ash--the subject of 3rour con- O

ference. The spoil banks left by strip mining create a strikingly ugly blot on the land- ^
scape that is all out of proportion to the percent of land stripped. Earliest possible q
revegetatlon is a prime requirement, and a great deal ofplanting has been done; but
there are serious gaps in reclamation that need more attention, particularly along
streams, roads, and highways. As a result, we are extremely interested in your
report that raw fly ash can be used as an admix with acid spoils and acid soils to pro- ^
duce better and faster plant growth.

And to demonstrate again that all pollution problems are interrelated, any dis
cussion of coal mining and fly ash should encompass power generation and its problems ^
of air pollution and the pollution of water by wasted heat. c

The generation of electric power is responsible for a thiird of the 130 million tons
of contaminants that are released to the atmosphere from the combustion of coal, petro
leum, and natural gas.

The generation of power with coal currently represents about one-half of the total
coal productionand is the most rapidly growing market that the coal industry can point
to. But effective air pollution controls will have to be developed if the coal industry is
going to capture its share ofthe sixfold increase in power generation that we will need
by the end of the century. And you cannot wait much longer.

In many localities, new or proposed regulations for air pollution control wiU
place limitations on the chemical analysis of the fuels that can be used. Last Decem
ber the Department of Health, Education, and Welfare served notice of its intent to
issue standards for sulfur oxide emissions to be applied to fuels used at Federal instal
lations in New York, Chicago, and Philadelphia, to be effective by October 1968.

If coal is to continue to supply its present portion of these markets, some method
must be used to reduce the sulfur content either before the coal is burned or from the
products of combustion. Scientists are working hard to conquer this problem. At the
moment, I am told our brightest hope for a breakthrough in sulfur control lies in re
moving the oxides from stack gases at temperatures close to those at which the waste
products of combustion are discharged into the atmosphere. So far no process has
been proved on an industrial scale. However, some processes show promise. The
alkalized alumina process developed by the Bureau of Mines and now being pilot tested
is designed to produce elemental sulfur from the oxides in stack gases; and if it is
proven successftil, we should have an additional source of sulfur, which is In short
supply.

The utility industry is only beginning to realize the magnitude of the water con
servation and thermal pollution problems it will have to solve soon. Although cooling
towers use only1percent of the water heededfor one-pass circulation and contribute
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little to thermal pollution, they are not yet considered "standard equipment." But the
time is coming--perhaps sooner than we now realaze--when the cost of cooling power-
plant discharges will be just as much part of the costs of doing business as providing
transformers and transmission lines.

Technology already has reduced thermal pollution and promises to reduce it
further. We are using fhr less heat per unit of electrical production today than 25 or
30 years ago--about 10,000 Btuper kwhr on the average today compared with 16,500
Btu per kwhr in 1938, and the FPC suggests that average heat rates of 8,500 Btu per
kwhr are likely by 1980, This will reduce potential theamial pollution by almost 20
percent. Air cooling and, ultimately, new methods of power generation may eliminate
thermal pollution. But future hopes are no substitute for eliminating critical heat pol
lution problems at existing plants and for better planning and location of new generating
facilities so that heat pollution problems can be anticipated and avoided.

One last problem should be stressed--the growing demand that scenic and
esthetic values be taken into account in planning power facilities--both in the design
of powerplants and the routing of power lines. The President has already recommended
that Congress appropriate funds to enable the Interior Department to conduct a program
of research and development in underground transmission. We also have Project Badger,
a research program looking into faster and cheaper methods of tunneling for a variety of
purposes, not the least in^jortant of which is placing transmission lines underground—
although Project Badger and our underground transmission research programs are sepa
rate programs.

In conclusion, I want to assure you that the Department of the Interior, like the
other Federal and State agencies that are playing essential roles in the fi^t against
pollution, is fully committed to this battle. We are convinced that sulfur and other
pollutants will ultimatelybe controlled andthat their control will be achievedwithout
adverse effects on our energy economy. We believe that this can be accomplished to
a large degree by advancing technology, supported by an adequate research effort and
throu^ the efforts of the industries that have already demonstrated a willingness to
meet their public responsibilities. We are confident that, working together, Govern
ment and industry can come up with answers to our pollution problems--answers that
are urgently needed, so that we can meet our responsibilities--not only to the Ameri
can public today, but most importantly to our children and to the generations who wiU
follow them.
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Georg 0. Bergemann

Georg O. Bergemann, a native of Richmond, Va., enrolled at
Virginia Tech at Blacksburg and graduated in 1963 with a degree in
Building Construction. During college, Bergemann was associated
with Allis Chalmers, Southern Railway, and several consulting firms.
Shortly after graduation, he joined Intrusion Prepakt as a field
engineer and is presently assigned to the Cleveland Regional Office as
District Engineer.

Charles E. Brackett

Charles E. Brackett, Operating Manager, Southern Electric Generating
Company, obtained his B. S. degree in Mechanical Engineering from
Iowa State College and studied advance mathematics at Texas Tech,
Lubbock, Texas, and Cambridge University, Cambridge, England. Mr.
Brackett has a distinguished record of service during World War II in
the United States, Canadian, and British Air Forces. His professional
experience includes employment at Babcock &: Wilcox Company and
Link Belt Company as design engineer, engineer on the staff of the
Georgia Power Company, and nuclear powerplant test engineer, plant
testing engineer, and since 1965, Operating Manager, Southern Electric
Generating Company. He is a Registered Professional Engineer in
Alabama, Georgia, and Michigan; a member of the ASME, AIME,
Engineering and Operating Section and Production Committee of the
Southeastern Electric Exchange, and Chairman of its Clean Air and
Water Task Force Committee; Prime Movers Committee of the E.dison

Electric Institute; Vice-Chairman of the Fuel and Ash Handling Sub
committee; Chairman of the Southern Company Production and Engineer
ing Committee; and member of the Southern Company System Committee
on Water Control,

John P. Capp

John P. Capp graduated from St. Vincents College with a B. S. degree
in Chemistry in 1943. He served with the U. S. Army 8th Air Fbrce
during. World War II, after which he returned to civilian life as Chemist
with the U. S. Bureau of Mines. He has been associated with various

Bureau programs, including underground gasification of coal; synthesis
of abestiform minerals; development of analytical methods for tantalum,
niobium, and titanium; and fly ash utilization.
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James R, (Jarvey y
U.

James R. Garvey, President and Director of Research, Bituminous ^
Coal Research, Inc. , received a Bachelor of Engineering degree in
Mining from the Ohio State University in 1941. He joined Bituminous
Coal Research, Inc. , in 1946 as Development Engineer, rising to
Director of Research in 1958 and President in 1963. Mr. Garvey is a
member of the American Institute of Mining, Metallurgical and
Petroleum Engineers; and American Society of Mechanical Engineers.
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FORES^ORD J

<
A continuing assessment of "Environmental Control Implications of Gen- O

\ ... U.crating Electric Power from Coal" is being carried out for the Division of
O

Environmental Control Technology in the ERDA Office of Environment and Safety

by Argonne National Laboratory and a number of subcontractor companies. This

report is the first in a series of reports to be issued under the program and

represents efforts from inception of the program in March, 1976 through ®

December, 1976. The primary emphasis in this initial report is on- the ^
characterization and evaluation of existing and near-term technologies for ^
coal utilization. Environmental regulations and the health effects of pol- g

lutants are also reviewed.

Volume I of the report is a condensation of the technology descriptions

and evaluations. It also includes recommendations for research and develop

ment activities identified by the study thus far, and an executive summary.

Reference citations have been omitted from this volume in the interest of

brevity and readibility.

Volume II of the report contains much more extensive and detailed

technology descriptions and evaluations. The appropriate reference citations

are included to identify source materials, with a list of references presented

at the end of each major topic.

N. F. Sather, the Program Manager, and K. E. Wilzbach had overall

responsibility for preparation of the report. Other participants in the work

were:

Argonne National Laboratory

c. D. Brown G. C. Krohm

w. L. Buck C. D, Livengood

R. R. Cirillo R. T. Lundy

K. V. Costello R. McLean

C. D. Dux G. N. Reddy

P. S. Farber A. E. Smith

D. Grahn S. Vogler

H. S. Huang s. H. Wong

A. L. Kemlcamp

iii
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Outside Consultants

C. E. Feazel

B. S. Friedman

J. Leonard

H. L. Lovell

T. D. Wheelock

R. E. Zimmerman

Southern Research Institute

Private Consultant

West Virginia University

Pennyslvania State University

Iowa State University

Paul Weir Company
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EXECUTIVE SUMMARY ^
The continued and expanded use of coal for the generation of electric- «

ity in the United States is generally accepted as a certainty. This is due in ^
large part to the oil and natural gas shortages experienced in recent years

coupled with the existence of vast U.S. coal reserves. However, if this coal . •

utilization is to take place without significant social, environmental and
CO

public health impacts, effective control technologies for power plants must be v-

developed and implemented in order to achieve acceptable levels of airborne, ^

waterbome, and solid waste effluents. This is the first in a series of ^
C

reports evaluating such control technologies from an in-depth engineering and (B

cost point of view. The evaluations take into account both the direct and

indirect environmental and economic impacts of coal utilization, as well as

other relevant factors such as reliability, the time frame for development,

and the availability of required resources. Primary emphasis is placed on

currently available technologies, but those expected to achieve commercial

status in the near future are also analyzed. The report was prepared by the

Environmental Control Technology Program at Argonne National Laboratory for

the Division of Environmental Control Technology of the U.S. Energy Research

and Development Administration.

Motivation for the control of power plant effluents is provided largely

by deleterious health effects due to many of those substances, particularly

those which are airborne. Although this is an area of intense and continuing

study, the precise nature or extent of the effects has not yet been determined

in most cases. There are many difficulties related to heterogeneities in the

exposed populations, quantification of received doses, measurement of bio

logical response, and transference of animal experiment results to humans.

However, enough is known for the following conclusions regarding the primary

air pollutants to be made:

Sulfur dioxide (SO2) is an irritant for sensitive tissues,
but the effect is mild for realistic dose ranges, Cor-

irritant effects haye been noted. Carcinogenic effects may
be caused by SO2 alone or through interactions with other
agents. Lung clearance mechanisms may be affected.

• Nitrogen dioxide (NO2) is the most important of the nitrogen
oxides (NOx). It is a strong irritant and is also capab?.e
of inhibiting lung clearance mechanisms. Carcinogenic
effects may arise from NO2 alone or through interactions
with other substances.
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Particulates cause damage through deposition in the —
respiratory tract. Their effects may be magnified by Si
the actions of adsorbed irritants, such as SO2, and toxic
trace elements from coal, o

• Other pollutants of concern include carbon monoxide, ozone,
and various hydrocarbons.

Regulations have been promulgated at various levels of government for ^
the purpose of controlling air pollution. Some of the most important are q

CN

included in the State Implementation Plans (SIPs) aimed at attainment of the ^

National Ambient Air Quality Standards (NAAQSs) set by the EPA. Most of the

SIPs rely upon emissions limitations, but other methods such aa fuel sulfur

content limits and ambient air measurements are also used. A number of states

specify more stringent standards than the NAAQSs, and some have regional

•variations.

CN

C
(Q

All new power plants must also conform to the federal New Source

Performance Standards (NSPSs), which are based on the use of the best avail

able control technology. These represent the most stringent regulations in

many areas of the country. At this time, there are NSPSs for particulates,

S.O2, and NOx, all expressed in terms of pounds of pollutant per million Btu

of heat input.

Compliance with the appln'cablo rcgulatiuns has generally been achieved

for airborne particulates and NOx. However, SO2 control has been more diffi

cult to attain, with about 43% of the coal burned for the generation of

electricity in 1975 not meeting emission regulations.

Wactewater effluents from powei plants are presently regulated by

numerous mechanisms. Additionally1 opw standards curresponding to the best

practicable control technology currently available (BPCTCA) and the bcot

available Lechnology economically achievable (BATEA) munr be met by July 1,

iy/7 and July 1, 1983 respectively.

In view of the compliance situation, SO2 control technology is

obviously of high priority. A number of techniqueo are available for use,

either singly or in combination. The most desirable mix will depend upon the

applicable regulations, fuel availabilities, power plant type, and a number of

site-specific factors.

vi
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Many utilities have been switching to low sulfur coal, most of which ^
is found in the western states. This coal has different characteristics from Q

ai

eastern and midwestern coals. Some of the salient factors are: ^
O

•• Existing boilers may have to be derated for use with low
sulfur coal due ,to its lower calorific value, higher
moisture content, greater hardness, and incomplete combus
tion problems.

• Greater volumes of coal must be transported, stockpiled,
and handled in-plant. Ash disposal systems must be ^
•enlarged. ^

CM
• Particulates collection is affected since electrostatic 2

precipitator efficiencies are lowered. C5

Low sulfur coal delivered costs for 1985 have been estimated for both

eastern and western sources. The market boundary between coals from the two

regions was found to be along a line running from Mississippi northeast

through Ohio and into upper New York. Costs along that boundary were on the

order of 125 cents per million Btu.

For coal higher in sulfur, there are various physical cleaning pro

cesses which can remove some of the pyritic sulfur as well as a large part of

the ash. This not only lowers the sulfur content, but produces a more uni

form fuel, reduces handling and transportation costs, improves combustion,

efficiency, and lowers ash disposal costs. Current cleaning techniques may

be grouped into five levels, with the higher levels generally processing finer

coal fractions and achieving greater sulfur removal with correspondingly-

higher costs. Constraints on sulfur reduction include the organic sulfur

component (not removed by cleaning) and technical difficulties in processing

ultraflne particles.

Costs for coal cleaning to meet emissions standards were recently

estimated to range from 0.5 to 2 mills/kWli. For comparison, the incremental

costs for lime/limestone (L/LS) flue gas desulfurization (FGD) were estimated

at 4-6 mills/kWh. However, under some circumstances the optimum choice may

be a combination of cleaning and FGD.

The feasibility of achieving efficient SO2 removal with both high and

low sulfur coals through FGD has been demonstrated at a commercial (>100 MWe)

scale, bnt concerns still exist regarding reliability, costs, and waste dis

posal problems of the systems. By far the most emphasis in the U.S. has been

vii
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on wet, throwaway processes using lime or limestone. The major problems have ^
O

been plugging of components due to deposition of solids and corrosion or ^
ni

erosion of pumps and linings. Thus far, only two large-scale systems q

(>100 MWe) have achieved operating reliabilities of 80% or more for a year,

although some new systems have reported high .reliability.

Regenerable systems producing sulfur or sulfuric acid' for sale are co

under development, but none have been operated satisfactorily in the U.S. o

The double alkali process avoids some of the operating problems of L/T.S ^
scrubbing, but the regeneration step produces the same undesirahip sludgoc. C

Current FGD cost information is as follows:

• Capital posts tor LS acrubbiiig uii a hS'w bUU MWe plant
using 3.5% sulfur coal range from $70 to 100/kW. At a
0.80 load factor, incremental power costs are 4-6 mills/
kWh.

• Estimates for regenerable FGD range ±25% from those for
L/LS scrubbing.

• Annualized costs for retrofitted systems, are increased
due to the decreased plant lifetime remaining. Low sulfur
or cleaned coal may be a better choice in such a case.

• Qritical cost factors include system size, fuel sulfur con
tent, required redundancy, process energy use, and new
versus retrofit installation,

Deployment of FGD is lagging behind the F.PA. estimates of scrubbers

needed by 1980 (90,000 MWe). Only 17,358 MWe of capacity will be served by

FGD in the East by 1980, whereas 93% of the noncomplying utility coal was

burned there in 1975.

The control of airborne particulates has not. been a major problem in

most cases. Primarily through electrostatic precipitation (ESP), more than

90% of the fly ash produced is now collected. ESP installations have gener

ally performed well, and impose only a modest energy penalty on operation

('^0.3% of plant capacity for 99% collection efficiency). Total costs (based

on a 68% capacity factor) are estimated to be o^l mill/kWh.

However, the use of low sulfur coal produces high resistivity fly ash

that is more difficult to collect than that from high sulfur coal. Larger

ESP units are required, and the costs may be approximately twice those of

units for high sulfur coal. Also, there is a possibility that new regulations

viii
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may be placed on fine particulates (<1 ym in diameter) "which fall in the

range of minimum operating efficiency for ESP.
LL

To cope with these problems, fabric filters (baghouses) have been q

receiving attention. They are higher in maintenance costs than ESP and impose

a greater energy penalty. However, they have achieved overall collection

efficiencies greater than 99.8%, independent of ash resistivity and largely
CO

independent of particle size. q
CVJ

Wet scrubbers do not appear promising for particulates removal, except ^
perhaps for combined installations, removing both SO2 and particulates. C

C3
-s

Nitrogen oxides (NOx) are another class of pollutants formed during

combustion. They are formed by fixation of molecular nitrogen in the air at

high temperatures (thermal NOx)> and by oxidation of chemically bound nitrogen

in the fuel (fuel NOx). Control of NOx has been achieved through combustion

condition modifications. Current methods include:

• Low excess air (LEA) firing. NOx reductions of 20% are
possible with excess air reductions of 10%. There are
negligible operating cost penalties and retrofit capital
costs of $.55/kWe.

• Staged combustion uses both low oxygen concentrations and
low flame temperatures. Reductions in NOx of up to 45%
are possible at costs comparable to those for LEA firing.

• Flue gas recirculation also lowers temperatures and avail
able oxygen but is less effective than the previous two
methods and more expensive.

• New burner designs have shown potential for major NOx
reductions and will probably be the preferred approach
for new units.

A number of flue gas treatment processes are under investigation for

additional NOx control if it is needed. These fall into four classes, char

acterized by chemical absorption, physical adsorption, catalytic processes,

and noncatalytlc processes such as selective reduction. Costs are expected

to be a least a factor of 10 higher than costs for combustion modifications.

Many of the preceding techniques for flue gas cleaning exacerbate yet

another -problem — solid waste disposal. The disposal of ash alone Involves

potential problems of surface and subsurface water pollution, primarily

through the leaching of toxic chemical elements from the ash. Control methods

Include prevention or diversion of surface and subsurface water flows, proper

Ix
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drainage, and development of vegetative cover. However, ash does' not readily ^
support plant growth. In general, the problem can be managed by careful

KL.monitoring and employment of available technology. q

The wastes from L/LS scrubbing, often combined with fly ash, present

a more difficult problem. A new 1000-MWe plant with T.S scrubber and using

coal with 3% sulfur and 12% ash will produce enough waste in its first 10 co

years to cover one square mile to a depth of 12 feet. Also, the presence of Q

calcium sulfite hemihydrate makes it impossible to physically dewater the ^
sludge to the extent required to support weight. Thus ponding of the sludge £

is objectionable both because of potential leaching prnhlems and because

the land is permanently withdrawn from use. Chemical fixation of sludges

using a variety of additives has achieved some success, and has produced

material suitable for landfill. This extra step adds further to operating

costs, although the extent is not yet well defined.

Two areas of advanced technology have also been investigated for this

report. These are fluidized-bed combustion (FBC)" and advanced coal prepara

tion. FBC is of interest because it has the potential for good pollution

control, regardless of coal type, combined with high energy efficiency. Some

of the more important features include:

• As miir.h as 90% of the SO2 formed is absorbed in the bed by
limestone or dolomite, forming a dry, solid waste product.

• Low combustion temperatures (1500-1700®F) produce NOx levels
in the flue gas well below present limits.

• Particulates control can likely be achieved through the use
of cyclones and baghouses.

• Trace element and hydrocarbon emission levels are ctill
under investigation and are still highly uncertain.

• The solid discharge nf esh and opcnt sorbeuL may be
disposed of by landfill, although the potentially high
pH uf any leachate makes site-specific studies essential.
Commercial uses and regeneration are being studied.

Commercial availability of large atmospheric-pressure FBC plants is expected

by the mid-1980s, while pressurized FBC is projected for the mid-1990s.

Advanced coal preparation techniques may be important for the economic

utilization of high sulfur coal in conventional boilers and conversion pro

cesses. New physical processes for pyrite particle removal include several

based on gravity, magnetic separation, flotation, flocculation or

X
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agglomeration. Several advanced moisture control techniques are also under ^
development. A number of chemically-based processes are also being investi- O

61-
gated. -Among them, the oxygen leaching, Battelle hydrothermal, and nitrogen

oxides processes have the potential for both organic and pyritic sulfur

removal.

During the coming year, the scope' of this program will be expanded

.to- include solvent refined coal and low Btu gasification with combined cycle

combustion. The topics covered in this report will continue to be followed.

xi
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and some of them will be treated in more depth than has as yet been possible,
a
-5
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EHVIROIiMEmL CORTWL XMPLJCATIONS
OF GENERATJm ELECTRIC TOWER FROM COAL

ABSTRACT

o
o

IL
U.

o

This is the first in a series of reports evaluating
environmental control technologies applicable to the coal-to- ^
electricity process. The technologies are described and ^
evaluated from an engineering and cost perspective based upon cm
the best available information obtained from utility experience 'cf
and development work in progress. Environmental control
regulations and the health effects of pollutants are also ^
reviewed.

Emphasis is placed primarily upon technologies that are
now in use. For SO2 control, these include the use of low
sulfur coal, cleaned coal, or flue-gas desulfurization systems.
Electrostatic precipitators and fabric filters used for the
control of particulate matter are analyzed, and combustion
modifications for NOx control are described. In each area,
advanced technologies still in the development stage are
described briefly and evaluated on the basis of current know
ledge.

. Fluidized bed-combustion CFBC) is a near-term technology
that is discussed extensively in the report. The potential for
control of SO2 and NOx emissions by use of FBC is analyzed, as
are the resulting solid waste disposal problems, cost estimates,
and its potential applicability to electric utility systems.

The report is divided into two volumes. Volume II
presents the detailed technology analyses, complete with reference
citations. This same material is given in condensed form in
Volume I, although the references are omitted. A brief executive
summary is also given in Volume X.

1 INTROWCTIOR

The realities of the world's limited energy resources have been brought

home forcibly to most Americans through shortages•and rising prices. As one

result, it has become increasingly clear that the United States must make more

use of its vast coal resources, particularly for. the generation of electricity.

At the same time, it is obvious that exploitation of these resources can

result in significant social, environmental, and health impacts if not prop
erly controlled. Thus, the subject of this r&^oxt, Envirormental Control

Impl'iaat'ions of Generating Eleotric Tower from Coat, has been receiving
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increased emphasis in many quarters. Most of this attention has been centered ^

on the reduction of airborne particulate and sulfur oxide levels, but nitrogen £2
U.

oxide, trace element, and wastewater controls are becoming increasingly 1|L
O

important.

A number of pollution control techniques for coal combustion are

already available to the utility industry. These include the use of low ^
sulfur coal, coal cleaning, and flue gas scrubbing for sulfur dioxide (SO2) o

CM

control; modification of combustion conditions for nitrogen oxides (NOx)
CM

control; and electrostatic precipitators and fabric filters for particulates j-

control. Other promising technologies that are sMll under development ®
include advanced coal preparation, solvent refining of coal, fluidized-bed

combustion, and coal gasification with combined cycle combustion.

As a leading agency in the identification, support, and direction of

research and development efforts, the Energy Research and Development

Administration (ERDA) has a responsibility to review the status of environ

mental control technologies and to develop independent positions on their

technical and economic feasibilities. To provide assistance in that task,

ERDA's Division of Environmental Control Technology has sponsored a technology

evaluation program at Argonne National Laboratory (ANL) since March, 1976.

This program will produce a series of reports, of which this is the first,

concentrating on evaluating control technologies for coal-to-electricity

processes from an in-depth engineering and cost point of view.

The purpose of this report is to provide an assessment of the status

of available and near-term technologies, and a preliminary evaluation of their

potential for meeting environmental protection requirements in a cost-

effective manner. The available information on all of the environmental

control issues associated with each technology is discussed and areas where

information is lacking are identified. However, the intention is not to

present a detailed description of each technology nor comprehensive analyses

of their relative strengths and weaknesses.

Extensive comparative evaluations of the control technologies are

planned for future reports in the series. It is intended that these evalua

tions be based on information obtained from all relevant technology work in

progress, and that they be kept current as new information becomes available.

Such comparative assessments can be expected to be of considerable value in
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planning development and demonstration programs, and in the selection of ^
control systems for new-power plants. Also there is apparently no other ^

VL
program that provides for a continuing effort to maintain a current file of Ul

O
information on control technologies for coal-to-electricity processes, as

this program does. Because of this, it should be possible to follow progress

in technology development work and trends in overall performance of control

systems, and to anticipate more readily the effects of changes in emission ^
O

regulations on control technology requirements. CM

The performance evaluations of control system options are to take into ^
account both direct and indirect environmental and economic impacts of coal

utilization. Direct impacts include emission of atmospheric pollutants, such

as particulates, sulfur oxides, nitrogen oxides, hydrocarbons, and the trace

elements in coal; pollutants in process wastewater, including polyaromatic

hydrocarbons and trace metals; groundwater contamination by infiltration of

pollutants from landfill burial of waste ash, coal fines, and scrubber sludge;

and the use of resources, including both land and water. Indirect impacts

include pollutant emissions from the production of process materials, such as

limestone used in scrubbers and fluidiz'ed-bed combustion units, and from the ^

production of steam, electricity, and other utilities used to operate the

process or its control systems. The evaluations are to be made in the

context of existing and anticipated emissions regulations for coal-fired

power plants, and thus regulatory developments are being monitored. Proposed

regulations will be appraised in the light of the cost penalties that they

impose on the electric utility sector, combined with information about the

health and ecological effects produced by environmental disturbances from

power plants. Thus, the program also includes monitoring of investigations

into health and ecological effects for all pollutants from each technology.

In addition to environmental impacts, the evaluations will involve a

number of Other factors affecting the potential for utilization of the

technologies. These factors include the time frame for availability of
demonstrated technology, capital and operating costs, overall energy

efficiency, operating reliability, adaptability of existing facilities for

.retrofit or modifications, and potential for improved control efficiency.

Consideration is also to be given to the availability of needed hardware,

manpower, materials, and transportation facilities.
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Evaluations of the kind to be undertaken in this program will neces- ^
sarily generate large amounts of information. Hence, a significant part of O

Et.
the program effort must be devoted to developing a systematic methodology for

O
organizing the information and reducing it to a manageable form for making

overall comparative assessments.• This effort has already begun; the method

ology that results will be described in detail in subsequent reports.

The following sections summarize the information- compiled in the

project up to the present time. In order to provide perspective for the ^
technology discussions, a section on pollutant health effects and the regnXa- ^
tions promulgated to mitigate those effects is given first. Next, currently jO

available fuel, combustion, and post-combustion control options are described,

followed by material on certain advanced techniques expected to become

commercially available in the near future. Finally, expansions of the program

scope in the coming year are described, and the more important research and

development needs identified thus far are given.

CQ

O
CSJ
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separation will be at as low a level as 1.3 g/cm^ in a plant circuit achieving ^
maximum liberation, resulting in a practical elimination of the coarse-coal O

U.

circuit. The process will produce a premium quality clean coal (<0.8% sulfur) , u.
o

with yields of less than 30%, and can only be justified economically if a

usable middling product (2.2% sulfur) is developed.

Figure 3.2 is a flow diagram of a modern closed-circuit coal prepara

tion plant utilizing Level Four processing. The plants based on this concept g

typically use heavy'media vessels or Baum jigs to treat,coarse coal (Level ^
Two). Heavy media cyclones for fine coals may be added to achieve Level

Three, and froth flotation for slime recovery is typically used for Level

Four. Thermal driers are sometimes added to reduce the water content of

products from fine and ultra-fine coal processing circuit?,- Wastewater is

generally treated and recirculated.

Table 3.3 indicates some of the changes in coal quality that can be

realized at two cleaning levels as compared to run-of-mine. coal. In addition

to the reduced sulfur contents, there are dramatic reductions in ash levels.

This is the source of the reduced transportation requirements noted

previously, and has the additional effect of shifting much of the solid waste

disposal burden from the power station to the coal processing plant.

3.2,6 ."Preparation Constraints and Costs

Although coal preparation is a very promising approach for the achieve

ment of environmental standards, there are indeed certain constraints on its

use. These can be generally grouped into technical, environmental control,
and economic categories.

In the technical area, there are several coal characteristics that can

limit the effectiveness of coal cleaning operations. These include the coal

component particle sizes, the difficulty of component liberation, and the
relative amounts of near—gravity material. Furthermore, sulfur occurs in both

organically—bound and pyrite forms, with the organic sulfur generally
considered to be inaccessible to mechanical cleaning methods. The organic

sulfur thus constitutes a lower limit for sulfur removal by physical prepara

tion. This limit is quite variable, since the ratio of organic to pyritic

sulfur can vary greatly from seam to seam, as well as within a single seam.

The actual removal achieved also depends on the pyritic sulfur reduction

CSJ
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Table 3.3 Enhancement of Coal Quality by Beneficiation'

Coal Source

Region

Coal Seam

Analysis

Coal Characteristics'

As

Mined^

Level 3*^
Bene-

ficiation

Morthern Appalachian
Ash C%) 14.7 17.7 7.4
Sulfur (%) 3.07 2.98 1.96
Btu/ib 11,473 11,120 12,821
lbs GO:i/10® Btu 5.08 5.08 2.90

Southern Applachian

Ash (%) • 11-2 14.2 4.3
Sulfur (%) 0.93 0.90 0.81
Btu/lb 12,720 12,330 14,030
lbs SO2/IO® Btu 1.61 1.61 1.10

Mid-Western (Eastern Block)
Ash (%) 14.1 17.1 7.0
Sulfur (%) 3.92 3.80 2.72
Btu/lb 11,412 11,070 12,714
lbs SO2/IO® Btu 6.52 6.52 4.06

Mid-Western (Western Block)
Ash (%) 14.5 17.5 6.5
Sulfur (%) 3.72- 3.61 2.15
Btu/lb 11,018 10,680 12,425
lbs SO2/IO® Btu 6.41 6.41 3.29-

Level 4

Bene-

ficiation

5.8

1.62

13,233
2.32

3.9

0.81

14,261
1.08

5.3

2.47

13,134
3.57

5.8

2.06

12,674
3.00

^Re-port on Sulfur Oxide Control Teohnology^ U.S. Department of Commerce,
Commerce Technical Advisory Board (Sept 1975).

^Based on information from Steam Eleotrio Riant FaotorSj National Coal
Association, Washington, D.C. (1974), and A. W. Deurbrouch, Sulfur Reduction
Potential of the Coals of the United States, Report of Investigation 7633,
U.S. Bureau of Mines (1972).

^Run-of-Mine (ROM) coal. Assumes the ash content is increased by 3% due to
inert material added by the mining operation.

'̂ This cleaning level corresponds to the Level 2 defined previously in this
report.
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potential of the coal, and this can vary from less than 10 to more than 90%, ^
depending on the characteristics listed above. O

Sl
From an equipment point of view, the major constraints are in the area ^

of processing the very fine particles which are required for maximum component

liberation and product recovery. The use of operations requiring ultrafine

particles generally results in lower unit capacities, reduced separation

efficiencies and yields, greater costs, greater difficulty in complying with g
environmental regulations, and more extensive dewatering systems. ^

CM

The most significant environmental control problems associated with c
(0

present coal preparation facilities are: (1) closing of the plant water

circuit for zero process water discharge to the environment, (2) disposal of

sludge from the wastewater treatment systems, (3) prevention of drainage and

runoff from coal storage and refiise, and (4) noise control for crushing and

grinding operations.

The costs of dealing with all of the above factors contribute to the

ultimate cost of cleaned coal, and that cost is a primary factor in determin

ing the extent to which such fuel will be used by the utility industry; In

particular, the use of beneficiated coal must compare favorably with other

options available to meet pollutant emissions standards. In that context, a

recent U.S. Department of Commerce study concluded that coal cleaning would

produce an incremental increase in generating,costs of from 0.5 to 2 mills

per kWh. On the other hand, the incremental cost for lime/limestone flue gas

desulfurization was 4 to 6 mills per kWh.

In those situations where acceptable low sulfur coals are not available

or coals cannot be totally cleaned to meet existing, sulfur emission regula

tions,. combinations of coal preparation and flue gas desulfurization appear

promising. The removal of sulfur and mineral matter refuse by washing

reduces the amount of SO2 to be removed by flue gas processing, lowers the

amount of lime/limestone required, with a consequent reduction in sludge and

ash, and gives an overall cost advantage in many instances. Specific site,

market, and lead-time constraints will determine the most economical and

practical control technology.mix for a given plant.
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In general, the costs of these processes appear comparable to those

for FGD, .which a-re at least a factor of 10 higher than the costs of combusr'

o
o

o

K
tion modification techniques. Consequently, these processes are expected to BJL

find little use, in the United States unless and-until the emission regula

tions are made considerably more stringent.

4.4 SOLID WASTE DISPOSAL ®
o

If NOjj control can be achieved through combustion modifications, no ^
CN

additional contribution will be made to the solid waste disposal problem.

This is just as well, since the combination of ash and FGD scrubber sludge

may severely tax the waste-handling capabilities of power plants, as noted

previously, and may also pose environmental problems of a chemical nature.

The disposal of the unused ash involves potential problems of pollu

tion of surface and subsurface water. The ash consists chiefly of the oxides

of silicon, aluminum, and iron, but most of the trace elements present in the

coal are also present in the ash. In a recent investigation of leachates from

a number of ash ponds, it was found that concentrations of As, Ba, B, Or, Hg,

Mo, and Se exceeded one or more of the water quality criteria at one or more

of the power plants, sometimes by an order of magnitude. The Teachability of

various species in the ash will be determined largely by solubility, with

about 2-5% of the fly ash being soluble in water. The resulting solution is

usually alkaline due to the presence of free lime, but some ashes from eastern

coals produce acid leachates.• In"these acidic liquors, concentrations of

sulfate, iron, zinc, lead, cadmium, and maganese often exceed criteria for

discharge into streams. Attenuation of the leachate contents by percolation

through soil is expected in many cases to provide substantial protection

against trace elements reaching an aquifer, but disposal sites will need to

be monitored and controlled.

The potential for contamination of groundwater by leachates can be

reduced by preventing or diverting flows of surface and subsurface waters

(e.g., by maintaining a suitable system of subsurface and trench drains).

Protection against erosion and liquefaction can be achieved by good compac

tion, proper drainage, and development of a suitable vegetative cover.

However, ash does not readily support most plant growth. This is due

partly to the lack of necessary nutrients and partly to the presence of

- Doc. Ex. 1347 -
Docket No. E-7, Sub 1214 
Joint Exhibit 2
I/A 



48

O
u

<
toxins. Boron, in particular, may be 20 times as available in fresh ash as O

bE
in normal soil. Fortunately, several plant species have been identified as Um

O
tolerant of ash conditions. These include some grasses and members of tha

beet and cabbage families.

Thus, it seems reasonable to conclude at this time that, while die-
OS

posal of ash continues to pose an environmental problem, the problem is not ^

much worse than other waste disposal situations and is one that can be ^
managed by careful monitoring and by optimum employment of currently available

Cechnology.

The problems involved in the disposal of wastes from lime or limestone

scrubbing (or the double alkali process) are much greater because the crystal

line nature of the calcium sulfite hemihdrate makes it impossible to

physically dewater the sludges to the extent required to support weight. The

sludges can contain varying amounts of CaSO,^ and unreacted CaCOa, but the

major component in sludges from high sulfur coals is the troublesome sulfite.

The sludges can also contain varying amounts of fly ash, from a few percent

when particulates are collected dry prior to scrubbing up to the total weight

of fly ash when- collection is incorporated with the FGD process. The

behavior of representative sludges in ponding and in vacuum filtration is

shown in Table 4.3. It may be noted that the solids content of high sulfite

sludges increases with ash content but not enough to permit compaction. For

Table 4.3 Comparison of Typical Sludge Dewatering Properties

AppL'uxliiiiiLe DugruB
of Dewatering, percent

solids

Sludge Type Settling Filtration

Approximate Percent

Solids for

Optimum Compaction

High CaS03-l/2 H2O
(low fly ash)

30-35 50 80

Higii CaS03-l/2 H2O
(high fly ash)

35-40 55-60 80

High CaS04*2 H2O
(low fly ash)

60-63 80 90

c
ts
"3

- Doc. Ex. 1348 -
Docket No. E-7, Sub 1214 
Joint Exhibit 2
I/A 



A9 >
a.
o
o

this reason, separately collected fly ash has usually been combined with ^
scrubber slurries before ponding, dewatering by centrifugation, or vacuum O

filtration.

O
The ponding of such mixtures presents many problems. The permeability

of the mixtures is low (10 '' cm/sec, 100 ft/yr) and problems arising from the

leaching of trace elements will be similar to those encountered in disposal of

fly ash alone. Samples of scrubber wastes have been found to contain var- ^
o

ious trace metals (As, Cd, Cr, Pb, Hg, and Se) in amounts exceeding EPA OJ

Proposed Public Water Supply Intake Criteria. Hg and Se exceeded the criteria CM

by more than an order of magnitude in every case. Leaching of the calcium §
solids can give rise to excessive o^Q^gen demand and total dissolved solids.

An impervious liner of clay, cement, or synthetics will therefore be required

for the pond. Capital costs for such liners can range from $5/kW for clay up

to $40/kW for 47-mil, doubly-reinfcrced plastic.

An overriding objection to simple ponding of the sludges, however, is

the fact that reclamation of the land is not possible and large areas of land

are permanently withdrawn from use. The weight of dry calcium solids from

L/LS FGD of a coal containing 3% sulfur and 12% ash is approximately equal to

that of the ash. Since the ponded sludge/ash mixtures contain only about 50%

solids, whereas ash ponded alone contains 80% solids, the area required for

disposal of the sludge/ash mixture is more than three times that for the ash

alone. It can be anticipated that as more FGD systems come on line that

simple ponding will not be permitted, particularly since other options are

available or being developed.

Chemical fixation of L/LS sludges is already being carried out at a

number of FGD installations. Several proprietary additives are available

that can be used to increase the compressive strength and decrease the

permeability of sludge/ash mixtures. Quantities of additives corresponding

to 5-10% of the weight of dry calcium solids are sufficient to lead to forma

tion of a low grade concrete from sludges that have been adequately dewatered.

Utilities have also concocted their own fixation recipes, adding a few

percent of lime or Portland cement and sometimes additional fly ash. In at

least one case, the fixed sludge, has been certified by EPA for, and actually

used, in a landfill operation. Leaching tests of sludges fixed with proprie

tary additives and cured have shown premeabilities in the range of 10 ®to
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lO"^ cm/sec, which is within the limits of acceptability for landfill. One ^
of the more uncertain aspects of FGD economics, however, is the projected O

U.
cost of fixing, transporting and disposing of the wastes. Better definition it

O
of these costs, as well as realistic information on the capital and operating

costs of regenerable FGD processes, are needed to determine the proper direc

tion for further developmental efforts on FGD.
ca

An alternative approach to waste disposal that is actively being g

investigated and shows promise involves oxidation of the spent (ash-free) ^
scrubber liquor to convert the calcium sulfite to calcium sulfatSi Since ^

gypsum can be satisfactorily dewatered and disposed of, environmental problems ^
would be eliminated if complete oxidation can be achieved. It has been shown

possible to grow Kentucky 31 grass.in a forcibly oxidized limestone sludge by

adding only fertilizer and water.

4.5 WASTEWATER CONTROL

Processes such as dewatering must also be considered in light of the

wastewater treatment and disposal problems they aggravate or create. These

are part of the overall wastewater control picture that is receiving increas

ing scrutiny in many quarters as it is related to power plant operation. One

result is a shift in emphasis from onde-through water systems to water recycle.

For purpocao of thia report, liquid effluents can be divided into three

categories: (1) blowdown and equipment cleaning waste, (2) solids handling

water, and (3) coal cleaning and conversion process water. Characterization

of these effluents is the topic of several current studies, but the available

data show that the waste streams can be highly variable, making treatment

problems site and plant specific. Cooling tower blowdown water typically

contains high concentrations of suspended and dissolved solids, and sometimes

significant amounts of residual chlorine. Chromium, zinc, phosphate, or other

corrosion inhibitors and biocides may also be found. The best available

treatment is lime-soda softening followed by reuse as makeup water. Boiler

blowdown can be treated similarly.

Equipment cleaning waste originates mainly from boiler and boiler tube

cleaning, and contains high levels of toxic chemicals. It appears that the

necessary treatment steps will include pH adjustment, precipitation, sedimen

tation, filtration, ion exchange or reverse osmosis, and ammonia removal.
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Solids handling water includes that used to sluice fly ash to settling ^

ponds. The main problems with ash pond effluents are suspended solids and O
trace elements combined with large variations in pH. Treatment methods will

have a high degree of site specificity depending principally on the pH range.

It is likely that this water will have to be recycled to meet the 1983 BATEA
requirements.

Coal cleaning and preparation techniques produce effluents higb in

suspended solids and trace metals. The majority of these processes are using

recirculating water systems with treatment by thickeners, filters, or settl

ing ponds in the cycle. Specific information on coal preparation is given in
Chapter 3 of this report.
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6 FUTURE PROGRAM EFFORTS ARB RECOMMBWATIOm ^
O
bE

During the coming year, this program will be moving forward on a

number of.fronts. The combustion processes and control technologies covered

in this report will be monitored and significant achievements will be

analyzed. In addition, certain areas crucial to those technologies will

receive the kind of in-depth analyses that have not been possible thus far. ^
I o

The scope of the program will also be expanded to take in several ^
additional areas of interest. These include production and combustion of ^
solvent refined coal, and the low-Btu gasification of coal with combined-

cycle combustion. Both of these technologies appear to show promise for the

economic and environmentally acceptable utilization of coal in power genera

tion. The list of potential pollutants under consideration will be enlarged

by the addition of studies dealing with the emission and control of the trace

elements present in coal.

Another important effort during the coming year will be a comparative

evaluation of the various control options. A significant start has already

been made in this area by a subcontractor to the ECT project who has scoped

out a possible control evaluation and selection procedure, as well as defining

the numerous 'technical parameters required for the process.

In general, the technologies will be broken -down into modules which

can then be combined to form a variety of different systems. Typical modules

would be fuel, fuel-pretreatment, combustion, and emission posttreatment.

For each module, the factors to be analyzed will include such things as the

required input, resource requirements,- e.conomic considerations, performance,

applicability, environmental consequences, and output characteristics.

While this approach gives great flexibility, it also requires the

manipulation of many parameters and very large amounts of data.- A computer

ized data base is planned to facilitate" that"task. This base will provide

the information required by other computer programs which will actually

perform the necessary calculations leading to the technological, economic,

and environmental output factors for each module. These calculational

programs will be developed over a period-of time in such a way that the level

of sophistication is commensurate with the available data.
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The results of the evaluations should provide insight into the optimum ^

control technology choices under various assumptions regarding location, new

or existing capacity, economic climate, and environmental regulations. It is

expected that these evaluations will be a continuing component of this

program, and that the procedure will be continually developed and refined as

experience is gained and more data are accumulated.

In that regard, a paucity of data has already been established in g
CM

several areas, as noted previously in this report. To alleviate this situa- ^

tion, a number of research and development needs have been identified and

summarized below. No attempt has been made to identify priorities.

Health Effects:

Evaluation of the health effects associyted with the
release of trace elements, heavy metals, and radio-
nuclides from coal combustion.

• Comparison of the potential health impacts of airborne
versus waterbome pollutants, incorporating factors
such as environmental sinks, food chains, synergisms,
and other factors affecting the biologically effect
ive dose to man.

• Development of quantitative mortality projection models or
descriptions for the health impacts of combustion effluents
in order to provide a basis for comparing the mitigating
effects of various control technologies on public health.

Preparation of a detailed generir. asfiRSSinpnt- nf aII of
the occupational and public health risks, arising frpm the
complete coal fuel cycle.

Low Sulfur Coal:

Evaluation of the technical aspects of using low sulfur
coal in existing utility boilers designed for midwestern
bituminous coal.

• Evaluation of the capital and operating cost differentials
for new utility boilers designed for low sulfur western
coal as versus those designed for midwestern coal.

Coal Preparation:

• Continuation of studies on the characteristics of U.S. coal
seams, particularly with respect to trace elements and coal
washability.

• Characterization of runoff and wastewater drainage
effluents from preparation facilities.

• Development of improved pollution control technologies for
all emissions, including noise, from preparation facilities.

CNJ
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• Development of improved techniques for the treatment and
disposal of fine-coal wastes.

• Development and evaluation of improved fine-coal dewater-
ing, handling; and drying techniques.

• Optimization of process conditions for the various
desulfurization methods under development (especially
chemical), and assessment of their potentials for
extracting nitrogen, trace elements, and mineral
impurities.

Evaluation of the economics and feasibility of employ
ing chemical processing for additional beneficiatlon
after physical cleaning.

Flue Gas Desulfurization:

Development of flue gas desulfurization (FGD) processes
which produce marketable and/or easily disposable end
products for conventional power plant combustion systems.

Development and demonstration of promising regenerable
FGD processes.

Development of techniques for the direct reduction of SO2
with coal.

Development of technology for the chemical fixation of FGD
wastes.

Development of a cost-effective process for" oxidizing FGD
solids to produce CaSOi».

Comparison on economic and environmental grounds of FGD
waste disposal alternatives.

Nitrogen Oxides Control:

Development and demonstration of improved burner designs.

Systematic and long-term evaluation of corrosion under
modified combustion conditions.'

Evaluation of the effect of combustion modification on the
emission of other pollutants, such as primary sulfate,
trace elements, and hydrocarbon particulates.

Development of improved methods for removal of by flue
gas treatment, both by reduction to N2 and by oxidation to
NO2 for removal by wet scrubbing.

Particulate Control:

• Development of a particulate size—distribution measurement
method applicable to fuel combustion emission sources.

• Development of control technology for removing particulates
from high temperature and high pressure gases (1700-2700®F
and 200 psia).
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Development of control' technology for removal of fine
particles (<1 ym diameter) with an efficiency of over 99%,

Determination of the ultimate fate of additives used to

improve the performance of electrostatic precipitators,
and evaluation of their potential for deleterious environ
mental effects.

Fluidized Bed Combustion:

Development and demonstration of a feasible sorbent
regeneration method.

Development of synthetic sorbents with improved reactivity,
regenerability, and attrition resistance.

Evaluation of control options for the reduction of NOj^
emissioTis.

Determination of the ultimate disposition of trace
elements from coal.

Determination of the chemistry of'hydrocarbon emissions,
and the effects of temperature and controls on their forma
tion and dispositiput

Evaluation of potential turbine materials and gas require
ments for turbine use.

Development of particulate removal methods for application
to hot gas streams.

Evaluation of the relationship between operating variables
and the cost of electricity.
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ENVIRONMENTAL CONTROL IMPLICATIONS
OF GENERATING ELECTRIC POWER FROM COAL J

ABSTRACT

o
o

O

E
UL

o

This is the first in a series of reports evaluating
environmental control technologies applicable to the coal—to—
electricity process. The technologies are described and
evaluated from an engineering and cost perspective based upon
the best available information obtained from utility experience q
and development work in progress. Environmental control
regulations and the health effects of pollutants are also ^
reviewed, C

Emphasis is placed primarily upon technologies that are
now in use. For SO2control, these include the use of low
sulfur coal, cleaned coal, or flue-gas desulfurization systems.
Electrostatic precipitators and fabric filters used for the
control of particulate matter are analyzed, and combustion
modifications for NOxControl are described. In each area,
advanced technologies still in the development stage are .
described briefly and evaluated on the basis of current know
ledge.

Fluidized-bed combustion (FBC) is a near-term technology
that is discussed extensively in the report. The potential for
control of SO2 and NOx emissions by use of FBC is analyzed, as
are the resulting solid waste disposal problems, cost estimates,
and its potential applicability to electric utility systems. /

The report is divided into two volumes. Volume II pre
sents the detailed technology analyses complete with reference
citations. This same material is given in condensed form in
Volume I, although the references are omitted. A brief exec
utive summary is also given in Volume I.

2 INTRODUCTION

1,1 THE ERDA PROGRAM ON ASSESSMENT OF ENVIRONMENTAL CONTROL TECHNOLOGY
FOR POWER GENERATION FROM COAL

In March of this year a program was begun at Argonne to evaluate tech

nologies for controlling the environmental impacts of processes for generat

ing electric power from coal, , The program is being carried out for ERDA*s

Division of Environmental Control Technology as part of its effort to assess

the effectiveness of methods for controlling pollutant emissions from energy

extraction, conversion, and utilization processes being developed by ERDA.
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The control technologies considered in the Argonne program include conven- j

tional coal combustion processes with add-on stack-gas cleaning, processes —

that involve the production and use of a cleaned or solvent-refined coal,
. . U-

and processes such as fluidized—bed coal combustion and low-Btu gasification/ Q
combustion in which the combustion and pollutant removal operations are

combined. Methods for controlling environmental impacts associated specif

ically with the mining and transporting of coal are not covered in this ^

work, but are being addressed in other ERDA programs at Argonne and else— q
CN

where, ^
csj

The focus of this program is the preparation of a series of comparative g
engineering assessments, based on performance, costs, and availability,

of alternative processes for abatement ot environmental Impacts from coal

utilization for power generation. It is intended that these assessments be

based on available information obtained from.all relevant technology devel

opment work in,progress and that they be kept current as new information

becomes available, Coal-to-electriclty technologies have, of course, been

subjected to a considerable investigation already and are being evaluated in.

several current studies. Consequently, it seems appropriate to state at the

outset the reasons for carrying out yet another study. First, ERDA is

required to review the status of environmental control technologies for

power generation and to develop independent positions on their technical

and economic feasibility. This program is to provide information and rec

ommendations for that effort. In addition, there are important differences

in emphasis and approach between the present assessment study and others.

In particular, there appears to be no other effort to compare all current

and near-term control technologies tor coal utilization on an In-depUi

engineering and cost basis. Such comparative evaluations of the alternative

control technologies for coal utilization can be expected to be of consider

able value in the selection of control systems for new power plants, and in

planning development and demonstration programs for improved control

technologies. Also there is apparently no other program that provides for a

continuing effort to maintain a current file of information on control

technologies for coal-to-electricity processes, as this program does.

Because of this it should be possible to follow progress in technology

development work and trends in overall performance of control systems, and

to anticipate effects of changes in emission regulations on control

technology requirements more readily.
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The evaluation of the performance of control system options is to take ^
account of all potential direct and Indirect environmental Impacts of coal ^

utilization. Direct Impacts that are considered Include emission of s
Bl.

atmospheric pollutants, such as particulates, sulfur oxides, nitrogen oxides, ^
hydrocarbons, and the trace elements In coal; pollutants in process waste-

water, Including polyaromatlc hydrocarbons and trace metals; and groundwater

contamination by infiltration of pollutants from landfill burial of waste

ash, coal fines, and scrubber sludge. Examples of Indirect Impacts are

pollutant emissions from the production of process materials such as lime- ^

stone used In scrubbers and fluldlzed—bed combustion units and from the CN

production of steam, electricity, and other utilities used to operate the ^

process or its control systems. The control technologies are to be evalu

ated In the context of existing and anticipated emissions regulations for

coal-fired power' plants. The regulations themselves are to be appraised

in the light of the cost penalties that they impose on the electric utility

sector and of Information about the health and ecological effects produced

by environmental disturbances from power plants. The program also Includes

monitoring of Investigations of health and ecological effects of all

pollutants from each technology. It is not intended, however, that the

program Is to undertake any new research on health or ecological effects

of pollutants from coal utilization processes^ nor will it provide any

new data on these effects.

The information on pollutant emissions and other disturbances

associated with the various control options for coal utilization processes

are then to be used for comprehensive assessments of their present and

future usefulness. These assessments are to take account of all factors that

may affect their potential for utilization. In addition to their environ

mental impacts, these factors include the time frame for availability of

demonstrated technology, capital and operating costs, overall energy

efficiency, operating reliability, adaptability of existing facilities for

retrofit or modifications, and potential for Improved control efficiency.

Consideration is also to be given to the availability of needed hardware,

manpower, materials, and transportation facilities. The assessments are to

give attention to the Important site-specific factors associated with the

technologies.

CO
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To be able to make comparisons among a number of complex alternatives .

involving a large number of factors, it is necessary to make use of a 3
systematic procedure for bringing these factors together on a common basis

and weighing them in accordance with appropriate criteria. Considerable q
attention must be given to the selection and development of the criteria

for comparison and a suitable procedure for carrying out necessary informa

tion handling and analysis. These activities have been major components

of the work to date, and will continue to be so during the next year. It is

planned that the first comprehensive comparative evaluation of the control

technology alternatives will be made in the latter half of FY 1977. ^

1.2 CONTENT AND ORGANIZATION OF REPORT

The principal arrivity nf fhp Argnnne staff during tho firot oiai

months of the program has been the compilation of current information on the

performance and costs of conventional combustion/stack gas cleaning systems,

coal preparation processes, use of low sulfur western coal as a sulfur

emission control strategy, and fluidized-bed combustion technology. The

purpose of this report is to discuss the current status of each of these

technologies and to provide a preliminary evaluation of their apparent

potential for meeting environmental protection requirements in a cost-

effective manner. The intention here is to present neither detailed

descriptions of these technologies nor comprehensive analyses of their

relative strengths and limitations. However, it is intended that the

currently available information on all of the important environmental

control issues associated with each technology be discussed and that areas

where heeded information is lacking be identified.

The order of presentation of the report is as follows. In Chapter 2

the current environmental protection regulations, both federal and state,

pertaining to power plants are described. These include ambient air quality

standards and stack gas emission regulations for air pollutants as well as

water quality and effluent discharge regulations. The current understanding

of the health effects of coal combustion pollutants is summarized in Chapter

3. The pollutants covered include sulfur oxides, nitrogen oxides,

particulates including fines and trace elements, and carcinogenic

hydrocarbons.

CO
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Chapter 4 contains a discussion of conventional combustion processes j

with stack gas cleaning for control of pollutant emissions. The discussion ^
covers the current status of lime/limestone scrubber technology and other

liSaflue gas desulfurization systems of both throwaway and regenerable types. q

Control of particulate emissions in power plant stack gases by means of

electrostatic precipitators and other devices is included, as is nitrogen

oxides emission control by combustion modification techniques and stack

gas cleaning. Disposal/utilization of waste solids and control of water

effluents associated with these technologies are also addressed. Control

of sulfur emissions from coal combustion by means of coal pretreatment

(washing and cleaning) and coal selection (low sulfur coal) is described ®

in Chapter 5. Finally, the potential of'fluidized-bed combustion for utility

application, and remaining problems, are discussed in Chapter 6.

The material presented herein has been obtained from a large number

of sources including reports available in the open literature, direct

communication with equipment vendors and architect/engineering firms, and

private consultants. Wherever appropriate, the sources of information have

been cited by referral to a list of references found at the end of each

chapter or major subsection. The Argonne staff assumes responsibility,

of course, for the accuracy of all other statements, as well as the con

clusions and recommendations that are given.

*

1.5 FUTURE WOEK ON THE PROGRAM

During the coming year work will continue to compile and evaluate

information needed for the assessment of the combustion processes and

control technologies covered in this report. Two developing technologies,

production/combustion of solvent refined coal and low Btu_coal gasification/

combined cycle generation, will be added to the program. It is planned

that this work will be carried out primarily by private companies and a

number of consultants under contract to Argonne to contribute their exper

tise to the program. Four subcontractors have already begun work on the

program, and at least four more subcontract programs are planned. It

is our intention to make extensive use of qualified experts for the in

formation required in the assessments of these technologies.

CO

o
CM

CN

C

- Doc. Ex. 1371 -
Docket No. E-7, Sub 1214 
Joint Exhibit 2
I/A 



>•
SL
O
a

During the last half of the year the comparative evaluation of the j

currently available environmental control options for coal combustion will ^
be initiated by the Argonne staff using the information on the technolo-

Um

gies developed by subcontractors and consultants. This assessment will O

cover all of the environmental control issues associated with conventional

combustion and stack gas cleaning, the use of low.sulfur coal and cleaned

coal, and combinations of these options, A report describing these issues ^

and the relative advantages and disadvantages of the control technology o

options will be issued at the end of the year in December 1977.

r'
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reach opposing conclusions and there are only a few points of common agree- ^
ment: (1) Class I areas present a major obstacle to growth, (2) industry ^

capital costs will increase as a result of prevention of significant de-

terioration regulations, (3) facility size, emission control technology, ®
and siting will be influenced by the regulations, and (4) future growth will

be restricted by the elimination of Class III areas..

2. 2 WATER QUALITY REGULATIONS

W

V O
CM

The Environmental Protection Agency has developed effluent limitation CM

guidelines and new source performance standards for wastewater discharges (b

from steam electric power generating plants as outlined"in Table 2.14,

which is taken from an Environmental Protection Agency development document.

These regulations fall into two categories: (1) best practicable control •

technology currently available (BPCTCA), and (2) best available technology

economically achievable (BATEA). These standards must be met by July 1, 1977

and July 1, 1983 respectively. It should be noted that with technologies

designated as BPCTCA or BATEA, terms such as "best practicable" or "best
available" do not limit the choice to a single process. Any technology that

meets the stated effluent limitations may be used. Table 2.15 summarizes

the major water pollutants from coal-fired power plants, their sources,

and current applicable treatment technologies. Although the information in

this table is several years old, it is expected that the relative costs

and capabilities of the treatment technologies have not changed significantly..

The current investigations of treatment methods described in Chapter 4

will provide updated and more complete information on the performance of

these systems.

Other regulations that affect the discharge of wastewater from power

plants include receiving-water quality standards, pretreatment standards,

limitations for toxic substances, drinking-water standards, and specific

state and local standards.^''
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Table 2.14 Summary of Effluent Limitations Guidelines and Standards for Folliitants Other Than
Heat from Steam Electric Power Generatii^ Plants^'

?»lloCftai ParAoecer gftluene UBltatlons*

BPCTCA (1977) BA7TA (19BT) Nav Seuteea

NocrecirculflC/BB eooliog water Free A^llable chlorine

Total reai^uAl chlorine

"0.2 (C.S iiaa)b '
b

Cooling tover 'blovdown free aviildile chlorine

Total rraldual chlorine

3.2 (O.S max)^
_ b _

-

ChrealiS, BC«'. , 1
Zlac, c«c<L '
Tocai pkoapacraa (as P>
CarrcttM) lahltlclng oa^crlala
cchce cEtn 7r, 2n. and f
All eoridSlCA Inhlbltlfg materials^

Total Bidpeaded aoltde
Oil and srease

Ho llsltaclon 3.2 (0.2 Baa)
l.O (l.C- nax)
S.O (S.O oax]
Caao-b/^aae

TO (100 Dax)
IS ( :o caa)

No dlocboTga

fieccoB eah creasport Total auapendad aollda
Oil and greue.

S.4
E.2

(8.0 Baa)
(1.6 aax)

1.5 <5.0 MX)
0.75 (1.0 Ml)

Fly eab crenaptrc Total atsperded eolids
Oil and greaaa

9

15

ClCO Dax)
C K Baa)

Ho diecharge
Vo discharge

Lov-voluse vaacee

Boiler Blowdcvn Total aujpei^ad aolida
Oil and grease
Copper I <otil
Iron* total

13
.11

1.0

1.0

(109 box)
( 23 aax)
(1.3 MX)
(1.3 MX)

Hecel csuipeenc cleening veecee Total auspeifed aolida
Oil and treaae

Copperg hocal
Iroag total

30
I!*
1.0

L.O

(iOd eax)
( 20 eax)
(1.0 MX)
(1.0 MX)

Otbtrs. except OAnitacy voaces
end radvASces

Td"pa1 enltHia ic (IDC* Bax)
Oil and graaae -S ( 2C Bax)

Ralntall runoff froo sdcerlali ator*
age pllea eod cenaeraceion fletivielea Total auaaeedad aollda Hei CO exceed SO

Rainfall runoff troo other aourcea* All pollutant pataeetata to- lieicatloo

Sanitary was tea radwaacea All pollucact pataaetera bo llBltBtlOB

All aoereea FolycblortAetad typhaeyla
pH valued

dlachatge
Within the rioga 6*(^9aO

at all tlxai _

NvBaben ace concentcaclona, B|/i, except fee pH valves. Efriueot llsltaeleaa. except for pH and. rainfall ruaoff. are qusaelciea of pollutaota
to be detemined by DulelpTylvg Che cooceneoclon lAdieatad cicos the flov of voter free tha coTTtepoedieg aource. effluent liBltatlona are
everages of dolly valuca fcr 10 conaecutlve deyt' (xbxIduo valuae for any one day are detendned feoD the ausbera lo parantheaea). except for
pH and rxlnfall runoff. In tie event that tastt aeteaea froa vorloua aourcca are eoahlned fer t;eateenl or dlachacge. the quantity of eaeh
pollutant attributable to eacl waate vaier xaurce anall net exceed the llBltatlon fot the; sourca. Ho llEltetloaa are preacrlbed for
courcca/pellutanco not apedfled In chla table.

Neither Itee available chlorlce nor total teildual chlorine may be dlacharged froo any unit for oere thaei tvo hours (aggregate) in any one
day and net more Char, one unit Is any plant may dlaehatgo free available chlorine or total reaidcal chlslne at any one tloo. Zxeeptiona to be
made, en a caee-by-eose basXe. if dlachargec deAnatracea that lloitatioea euat be exceeded in osder fer the cooling eyatea to operate
nffleienc^.

...and fraa focilitiea deolgnd, eonacrueted and operated to treat the voluee of material atorage rcnoff end ruaoff from conatructlon actlvle-
Ice that la aaaoelaced with a lO-yt, 3t-ht rxlnfsll event.

Troo all sources except nonredrculoclog cooling vatet. rainfall tiaioff froo aourcea othat then smterlala atorage pllea and construction
• ctlvltles^, Bonitory waseac and cadwnates.

o
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-•13Table 2.15 Chemical Wastes Control and Treatment Technology

Control and/or Effluent

Treatment Reduction Industry Costs

Pollutant Paraoater Technology Achievable Usage Capital Operating

CoiDinon*

pH Neutralization Neutral pH Common 910«20,000 (tamlu. $3-30,000 (chemlcalB,
with chemicals feeder, etc.) labor, etc.)

Dissolved Solids 1. Cnncencraeion and Complete removal Not generally S2SO,000-$1,660.000 $150,900-$4SO,000
evaporation in use - da costs are slgnlfi- costs are aigilficantly

sallnizacion eantly less In less in areas

technology areas where evap where evaporation
oration ponds are ponds are .
feasible. feasible.

2. Reverse osmosis

3. Distillation

.Suspended Solids 1. Sedimentation

2. Chemical coagulation
and precipitation

Specific;

Phosphate
(Bloudouni Chemical
Cleaning, Floor &
yard Drains, Plant
Laboratory & Sampling)

1. Chemical coagulation
and preclpicarlon

50-95Z

60-902

90-952

95-992

952

Not In use -

desallnlzation

technology

Not in use -

desallnizatlen

technology

Extensive

Not generally
practlced-water
treatment

technology.

Hoc generally
praetleed-water
treatment

technology.

2. Deep well disposal Ulclmate disposal not practiced

Iron

(Water Treatment,
Chemical Cleaning
Coal Ash Handling
Coal Pile Drainage)

1. Oxidation, chemical Removal to

coagulation & 0.1 o;g/4
precipitation

Limited usage

. SO-SO e/1000 gal.
total cost.

80-150 c/1000 gal.
total cost.

$1000-S20.000
KU

based on 500 gpd/MW

S10.000-S3S.000
KW

based on 500 gpd/MW

S7.000-S30.000
MU

b'ased on 500 gpd/MW

S10.000-S3S.000
—'si '—
based on 500 gpd/MW

1-20C/1000 gallons

l-20t/1000 gallons

1-20C/1000 gallone

1-20C/1000 gallons

Costs extremely variable- dependent
primarily on geologic eondlcloas.

$150-4.000x10' lO-lOCc/1000 gallons

2. Deep well disposal As described shove-————

Copper
(Once-through
Condenser Cooling)

Copper
(Bloudo-.-n, Chemical
Cleaning)

Mercury
(Coal Ash Handling
6 Coal Pile Drainage)

1. Replace condenser
tubes with stain

less steel or

titanium.

1. Chemical coagulation
and preeiplcation

2. Ion exchange

3. Deep well disposal

1. Reduction 6 pt'ecip-

ication

2. Ion nxchange

3. Adsorption

Elimination of

discharge.

Removal- to

0.1 ng/i

Removal to

0.1 ag/t

Removal to

0.3 ng/t

Removal to

0.1 mg/^

Removal to

50 Vg/t

Done in several

plants where tubes
have erroded or

cortoded-not done

for environmental

reasons.

Limited usage

Not prarclced

-As described above-

Limited usage

Not practiced

Hot practiced

Prohibitively
expenslve-wpuld
not be done except
where retubing is
required for process
reasons.

$lOO-$9,CO0/l000
gpd capacity

$400-$1200/100D
gpd capacity

$700/1000 gpd

$ie,000-$22,000/
1000 gpd

$5000-S50,000/
1000 gpd

No incremental

operating cost.

lU-lSOc/lOOO gollonc

31-61C/1000 gallons

7-27C/1000 gallons

Sl/lOOO gallons

$0.50-S2/lb.
Mercury removed
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Table 2.15 (Cont'd)

Control and/or
TreatnenC

Effluent
Reduction Industry Coats

Pollutant Parameter Technology Achievable Usage Capital Operating

Vanadium

(Chemical Cleaning)
1. H2$ treatment

precipitation
Removal of low

concentrations

Not practiced Cost data not available

2. Ion exchange
achieve

Not practiced Cost data not available

Vanadium

(Oil Ash Handling)
1. Convert to dry

collection

Ultimate
Disposal

Practiced in

aeveral plants
Cost date not available

2. Total recycle with
bloudown & pro*
cipltation

Complete recycle
of liquid

Not generally
practiced

Coat data not avail able

Chlorine

(Once-tlirough Con
denser Cooling)

Chlorine

(Recirculating)

aiuminum/Zlnc
(Water Treacment, •
Chemical Cleaning.
Coal Ash Handling, •
Coal Pile Drainage)

1. Concrol of residual

CI2 with sueomacic
• inscrumencaclon

2. Ucilize meclianleal
eleaning

1. Control of residual

CI2 with automatic
instrumentacion

2i Reduction of CI2
with sodium
bisulfite

1. Chemical precip
itation

2. Ion exchange

3. Deep well disposal

Limited usage In $S,000
the Industry-
ceehDulogy from
sewage treatment
practiced in uome
planco-oll ayatotno
are not capable np
being Lunverted to
tiSchanical eleaning.

NegligibleControl to

0.2 nig/£

Ellninates

CI2 discharge
No cost data available

— ---As described above-—-

Belou detect- 9elng installed In No coat date available
able llmita a new nuclear

fsulllty; however
evrpcs NaHSOg Ic
dlscltaxged

Removal to

1.0 mgft

Similar to

copper

Ltntred usage $SQO-$30QQ/lQQa gpd lQ-180</iaaQ. gallons

described above———™

Oil 1. Oll-warar separator Rcmovel to Coaon usage Sl.SOO^SlS.OOO No data

(Chemical Cleaning, (sedimentation 15 ng/l based nn..5nfl gal/^
Ash Handling, Floor with oUiiittuIng) 25-400 MU range
& Yard Drains)

2. Air flotation Removal to Limited usage S5,000-$50,000 No dota

10 mg/^

riiLi'iola 1* Bloloaical. F.vmval do Hut pracclued ¥15U-B-Jii00/I000 gpd 22C/1000 gallone

(Ash Handling, Coal treatment 1 mg/-£ in Che industry.

Pile Drainage, Floor
& Yard Drains)

2. Ozone treacment Removal to Not practiced No data Nn data

cO.Ol ng/i in the industry

3. Activated carbon Removal Co Not practiced $50-$3SO/10aO gpd 4c-15c/1000 gallons

<0.01 n>g/£ in Che industry.

Sulface/Sulfice Ion exchange (sulface) 75-95*; Not practiced Total cost of $2.00/1000 gallons
(Water Treatotenc, Oxidation ^ ion \b the industry.
Chemical Cleaning, exchange (sulfice)
Ash Handling, Coal
Pile Drainage, SDt
KenovaX)

Ammonia 1. Stripping S0-90t Not practiced; Total cost - 3c/100C gallons
(Water Treatment, several Installa-

Blwdoun, Chemical Cione in opyoic
Clwaiiltig, I'loeod treatment

Cooling Water Systetus)
2. Biological Removal to Not practiced for No data available

nitrification 2 mg/t these waste streams

3. Ion exchange B0-9SZ Not practiced Total cost - lOc/lOOC gallons
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Table 2.15 (Cont'd)

Polliitanc Parafflecer

Control and/or
Treatment

Technology

Effluent

Reduction

Achievable

Industry
Usage

Costs

Capital Operating

Oxidizing Agencs
(Chemical Cleaning)

Neutralization with

reducing agent and
pceciplcaclon where
necessary.

Neutral pH &
95S removal

Limited usage No data available

BOD/COD

(Sanlcacy Wastes)
Biological cceatDienc 8S-9SZ Coosaon practice $2S,000-$3S,000 Negligible

COD (Hater Tteacmenc,
Chemical Cleaning)

1. Chemical oxidation

2. Aeration

3. Biological

85-95*

05-95*

85-95*

Limited t'.sage

Not practiced

Not practiced

No, data available

No data available

No data available

Fluoride

(Chetalcal Cleaning)
Chemical precipitation Removal to

1 aig/.d
Licdted usage Total cost - lO-SOc/lODO gallons

Boron

(Lou Level Reduastes)
Ion exchange Reinoval CD

1 Bg/^
Hoc generally
pracclced - radlo-
aeclve macerial would

concentrate on Ion

exchange resin requir
ing Inclusion In solid
radwasee disposal
syscen.

No data available
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Principles for Minimum NOx Emissionsy Proc. Coal Combustion Seminar.
NTIS No. PB-244 2l0, pp. 141-171 (Sept. 1973), a

29. M. Pi Heap and T. J. Tyson, Bumen Design and Nitric Oxide Fbxwation
in Pulverized Coal Flamesy presented at the 68th Annual Meeting, AlChE,
Los Angeles (Nov. 16-20, 1975).

30. C. E. Blakeslee and A. P. Se.lker, Program for Reduction of NOx f^om
Tangential Coal-Fired Boilers Phase Ij NTIS No. PB-226 5'47 (Aug. 1973).

31. J. Ando, H. Tohata, and G- A. Isaacs, NO^ Abatement for Stationary
Sources in Japany EPA-60Q/2-7'6-013h (Jan. 1976).

32,. J. B, Pohlenz, The Shell Flue Gas Desulfurization Processy presented
at EPA Flue Gas Desulfurization Symposium, Atlanta (Nov. 4-7, 1974).

33. R. D. Stern, The EPJ\. Development Program for NOx Flue Gas Treatmenty
Proc. National Conference on Health, Enviroiiiuental Effects, and Control
Technology of Energy Use, Washington, pp. 280-283 (Feb. 9-li, 1976).

34. J. L. Friedrich and R. H. Pai, Nitrogen Oxides Reductiony Proc. of
NOx Control Technology Seminar, EPRI SR-39 (Feb. 1976).

35. Y. Habib and W. F. Bischoff, Diy Sysb&n for Flue Gas Cleanupy Oil and
Gas Journal, pp. 53-55 (Feb. 24, 1975). _

36. R. K. Lyon and J. P. Longwell, Selective, Non-Catalytic Reduction of
NOx NH^y Proc. of NOx Control Technology Seminar, EPRI SR-39
(Feb. 1976).

4,4 DISPOSAL OF.SOLID AND LIQUID WASTES

4.4,1 Sumary

The increased use of coal for power generation will result in increased

land requirements for the disposal of ash and sulfur abatement wastes as

well as increased potential for contamination of water supplies.

Annual production of ash by the electric utilities is already approach

ing 60 million tons. Despite intensive efforts to increase utilization of

>-
SL
o

25. G. A. Hollinden and R. L. Zielke, Evaluation of the Effects of Combustion j
Modifications in Controlling NOx Emission at TVA^s ]iidow*s Creek ^
Steam Elanty 'Presented at American Power Conference 38th Annual ^
Meeting, Chicago (April 19-22, 1976).

Bl

26. R. E. Thompson, M. W. McElroy, and R. C, Carr, Effectiveness of Gas g
Recirculation and Staged Combustion in Reducing Wx on a S60 MW Coal-
Fired Boilery Proc, of NO-x Control Technology Seminar, EPRI SR-39
(Feb. 1976).

27. C. E. Brackett and J. A. Barsin, The Dual Register Pulverized. Coal
Burner^ Proceedings of NOx Control Technology Seminar, EPRI SR-39
(Feb. 1976). o

28. M. P. Heap, T. M. Lowes, R. Walmsley, and H. Bartelds, Burning Design ^
04
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ash in the construction industry and <for soil stabilization, more than 80%

of the ash produced at the present time is merely ponded or used as landfill.

>-
e.
o
o

o

The major environmental problem in ash disposal is that the quantities ^
of trace metals and dissolved solids in leachates and runoff from the ^
disposal sites can exceed'water quality criteria, sometimes by an order of

magnitude. Attenuation of the leachate contents -by percolation through soil

is expected to pro'vide substantial protection against contamination of 0

aquifers by trace elements in some cases, but attenuation of some elements', ^
such as selenium and boron, is known to be ineffective. In most cases, ' ^
therefore, it will be necessary to install and maintain a suitable system E

of subsurface and trench drains to reduce the possibility of ground water

contamination. Some control measures are "already being employed by most

utilities.

Land requirements for disposal of the ash from power plants are also

significant. About 120 acres, ponded to a depth of 30 feet, are required

for disposal of the 5 million tons of ash that might be accumulated by a

1000-MWe coal-fired power plant during its lifetime. Until recently ash

ponds were merely abandoned, but reclamation is clearly desirable and will

be required in most cases. Gradual development of a suitable vegetative

cover should be possible if the landsite is carefully selected and the

landfill is properly protected against erosion.

The use of lime or limestone scrubbing to control sulfur-oxide emissions

from power plants adds a new dimension to waste disposal problems and

dramatically increases land requirements and costs. The calcium solids

produced in the scrubbing operation weigh close to five times as much as the

sulfur in the coal and, additionally, exhibit a strong tendency to retain

water. Fly ash is commonly collected with the scrubber solids or added

afterwards to increase the solids content, but even then the mixtures

cannot be dewatered by settling or filtration to the extent required to

support equipment or structures. For a plant burning coal with 3% sulfur

and 12% ash, the sludge/fly ash mixtures will typically retain an equal

weight of water and require more than three times the amount of land for

disposal than would ash alone. Leachates and runoff from the disposal ponds,'
like those from ash ponds, can result in contamination of water supplies

with trace elements and dissolved solids. The problem is a serious one
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( 5 because lime/limestone scrubbers are currently scheduled to be installed on j
25,000 MWe of generating capacity by 1980, and could be required on all coal- —
fired power plants by legislation now pending. II.

In most of the FGD systems now operating, the sludge is discharged to

an excavated pond without further treatment, but several options for miti

gating the water-pollution or land-use aspects of,disposal are available -or

under investigation. Leaching can be controlled by installation of an im- CO

pervious liner in the pond. Clay liners, at a cost of about $5/kW, are being ^
installed in a few of the newer FGD systems. Other barrie^rs, including ^
heavy duty plastics at costs up to $40/kW, are also being investigated, but

the long term integrity of any liner remains an uncertainty.

A second approach that addresses both the permeability and the physical

instability of the sludges is that of chemical stabilization. A' number of

recipes involving the addition of lime or cement have been concocted by the

utilities, and proprietary additives are offered by-several companies. After

curing for a month or more, stabilized sludges exhibit permeabilities in the

range of 10'® cm/sec and compressive strengths of 300-400 psi. Sludges at

: five of the operating FGD systems are being stabilized. In the most am

bitious project (the Bruce Mansfield plant of Pennsylvania Power Co.), thick
ened slurry is mixed with the stabilizing agent and pumped seven miles to a

disposal area formed by constructing a 450-ft dam in-a large ravine. The
costs of stabilization and disposal are not well established, biit a recent

estimate equivalent to 0.9 to 1.4 mills/kWh indicates that they can contri

bute significantly to total FGD costs.

An alternative approach to waste disposal that is actively being invest

igated and shows promise involves oxidation of the spent (ash-free) scrubber

liquor to convert the calcium sulfite to calcium sulfate. Since gypsum can

be satisfactorily dewatered and disposed of, environmental problems would

be eliminated if complete oxidation can be achieved

Power plant liquid wastes that require control include blowdown and

equipment cleaning wastes. Cooling tower blowdown water typically contains

high concentrations of suspended and dissolved solids, and sometimeis signif
icant amounts of residual chlorine. Chromium, zinc, phosphate, or other

corrosion inhibitors and biocides may also be found. The best available

£
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O

treatment is lime-soda softening followed by reuse as makeup water. Boiler J

blowdown can be treated similarly. Q

E
Equipment cleaning waste originates mainly from boiler and boiler ^

tube cleaning, and contains high levels of toxic chemicals. It appears

that the necessary treatment steps will include pH adjustment, precipitation,

sedimentation, filtration, ion exchange or reverse osmosis, and ammonia

removal..

O

00

o
CM

4,4.2 Fly Ash and Bottom Ash • CN
c
(D

4.4.2.1 Introduotion

All coal-fired boilers produce ash in amounts depending on the inor

ganic mineral (ash) content of the coal being burned. This by-product has

value as a titilizable raw material, but unfortunately only a minor fraction

is marketed. The balance must be disposed of in a manner that will do

the least environmental damage to the atmosphere, land, and water and will

be at the same time reasonable in cost.

As the use of coal for electric power generation increases, so also

will the annual production of ash — for which utilities will need to find

purchasers or else safe methods and sites for dumping. Added to this is the

possibility, even likelihood, that more stringent regulations may require

control measures to be instituted for reducing the environmental impact of

the several hundred million tons of ash that were stockpiled (dumped) during

the past several decades when pollution problems were of lesser priority.

Disposal of ash by landfill (the time-honored method) involves poten

tial problems of pollution of surface and subsurface water. Leaching tests

on ash samples from existing power plants suggest that runoff and seepage

from ash dumps may exceed established water quality criteria with respect

to concentrations of various chemical species, including toxic trace elements.

Other problems associated with disposal by landfill are structrual stability,

wind erosion, and the unsightliness of the ash pile. Utilities are well

aware of these problems; they and various other private and public institu

tions are developing and/or installing control technology to minimize or

resolve them.
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A great deal of R&D has been performed to investigate various end J
2

uses for ash. Significant beneficial uses have been developed, many of q

them of large-tonnage potential.

O
This section of the report assesses the current status of the disposal

problem and the direction and promise of R&D designed to alleviate it.

The report also assesses the current status, as well as progress and outlook,

for utilization. Where appropriate, areas requiring further information, ®
o

R&D, and/or assessment are identified. OJ

4.4.2.2 Magnitude and Nature of the Problem §

Quantities Expeoted

The amount of ash depends, of course, on the ash content of the coal,

the amount of coal burned, and the efficiency of the ash collection devices.

Coals vary considerably in ash content. For example, coal burned at

five utility stations was found to range from 10 to 25% ash.^ As indicated
in Table A.17, the current average ash content of coal burned by utilities

is about 15% by weight.

Greater efficiency of coal cleaning lowers the ash content consider

ably, but this is not expected to have a significant impact on the national

ash-disposal burden within the next 5-10 years.

More than 90% of the coal currently used by electric utilities is

burned in pulverized-coal boilers. In such boilers 70-80% of the ash is

produced in the form of fly ash, which is carried out of the combustor in

the flue gases and is separated from these gases by electrostatic and/or

mechanical collectors. The remainder of the ash drops to the bottom of

the furnace as bottom ash or slag. The amounts of each type of ash produced

in the U.y. during several recent years are listed in Table 4.17. It is

noted that the percentage of ash collected as fly ash has risen from 65% in

1971 to 71% in 1975.

As emission regulations were tightened in recent years, utilities

installed.more efficient ash collection devices. At one time an efficiency

of 95% was considered satisfactory, but regulations now require 99% or

higher.^ It is conceivable that growing concern over the health hazards
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oassociated with the emission of very fine particulates could lead to require- j

ments for collecting 99.9% or more of the fly ash. Although this would add ^
O

but little to the total bulk of ashes collected, it could exacerbate some ^

of the ecological and pollution problems associated with disposal/utiliza- q
tion.^

CharaateTiet'iQS of Ash
CO

The identities and concentration ranges of major chemical constituents O

in samples of fly ash and bottom ash from the region of southwestern ^
Pennsylvania are listed in Table 4.18. The chemical compounds that are most C

abundant in the ash are the oxides of silicon, aluminum, and iron. Although

a rather wide concentration range is indicated for each major constituent,

the ranges listed for fly ash rather closely resemble those listed for

bottom ash.**

Table 4.19 shows concentrations of selected trace elements in the coal,

bottom ash, and fly ash at the R.A. Allen Steam Plant of the TVA in Memphis,

Tennessee. The coal burned at this plant is a" mix of coals from southern

Illinois and western Kentucky containing about 12% ash (dry basis), and the

boilers are of the cyclone-fed type. Analyses were performed on samples of

fly ash obtained both upstream and downstream from the electrostatic pre-

cipitators.

Table 4.17 Megatons of Coal Ash Collected in the U.S.^

Year

Type 1971 1973 1974 1975 1980^ 1985C

Fly Ash 27.7 34.6 40.4 42.3

Bottom Ash 10.1 10.7 14.3 13.1

Boiler Slag 5.0 4.0 4.8 4.6

Total 42.8 . 49.3 59.5 60.0 75.0 120.0

Coal Consumed - - 390 403

Calculated Average
Ash Content - - 15.3% 14.9%

^Compiled by National Ash Association and Edison Electric Institute.

^Projection by R.E. Morrison, American Electric Power Services Co.

^Projection based on expected doubling in coal-fired power generation ,
1975+1985.^
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Table 4.18 Major Chemical Constituents of Fly Ash and Bottom ^
Ash from the Southwestern Pennsylvania Region ^ 0

E
uu

O
Fly Ash Bottom Ash

Constituent (% by Weight) (% by Weight)

Sulfur Trioxide 0.01-4.50 0.01-1.0

Phosphorus Pentoxide 0.01-0.50 0.01-0.4

Silica 20.1-46.0' 19.4-48.9

iron Oxide 7.6-32.9 11.7-40.0

Aluminum Oxide 17.4-40.7 18.9-36.2

Calcium Oxide 0.1-6.1 0.01-4.2

Magnesium Oxide 0.4-1.2 0.5-0.9

Sodium Oxide 0.3-0.8 0.2-0,8

Potassium Oxide 1.2-2.4 1.7-2.8

Titanium Oxide •1.3-2.0 . 1.3-1.8

^A.M. DiGioia et al., cited by Ref. 4.

Of the trace elements measured, eight (As, Cd, Cu, Ga,- Fb, Sb, Se,

and Zn) were more concentrated (6- to 100-fold) in the fly ash than in the

bottom ash, and tended to be more concentrated (4-.to 5-fold) in the (pre

sumably more finely divided) fly ash discharged up the stack than in that

collected by the precipitator. Thirteen trace elements (Ba, Ce, Co, Eu,

Hf, La, Mn, Rb, Sc, Sm, Sr, Ta, and Th) showed little preferential parti

tioning between the bottom ash and the collected or discharged fly ash. The

elements Cr, Cs, Ni, U, and V showed behavior intermediate between the above

groups. Mass balance calculations indicated that some of the Se, most of

the Hg, and probably most of the C1 and Br went up the stack in the

gaseous state.^

Hulett et al,, also have studied fly ash from TVA'a A.1.1en Steam Plant.®

They found that particle compositions vary with particle size, and that the

interior of a particle has a different composition than the surface. Iron

and aluminum tend to concentrate in the interior, while sulfur (occurring

as sulfate) seems to concentrate on the surface. •

Fly ash agglomerate contains hollow spheres (cenospheres), which

themselves are packed with smaller cenospheres that are in turn also packed

with spheres 1 pm or less in diameter.^ These systems of cenoshperes are

called plerospheres. The formation of the aluminosilicate plerospheres

probably results from rapid differential heating of the noncombustible coal

fraction and subsequent evolution of gas from thermal decomposition and de

hydration.

CO

o
cs

CN

c
(Q

- Doc. Ex. 1384 -
Docket No. E-7, Sub 1214 
Joint Exhibit 2
I/A 



173

Table 4.19 Concentrations of Selected Trace Elements in Coal

and Ash at TVA's Allen Steam Plant ^

Element Concentration (ppm)

Element Coalb Bottom ash . Inlet fly ash^ Outlet fly asl

As 4.45 18 iio 440

Ba 65 500 465 750

Br 3.7 2

Cd 0.47 1.1 B.O 51

Ce 8.2 84 84 120

C1 914 <100 <200

Co 2.9 20.8 39 65

Cr 18 152 300 •900

Cs 1.1 7.7 13 27

Cu 8.3 20 140

Eu o'.i 1.1 1.-3 1.3

Ga 4.5 5 81

"Hf 0.4 4.6 4.1 5.0

Hg 0.122 0.028 0.050

La 3.8 42 40 . 42

Mn 33.8 295 298 430

Ni 16 85 207

Pb 4.9 6.2 80 650

Rb 15.5 102 155 • 190

Sb 0.5 0.64 12 55

Sc 2.2 20.8 26 36

Se 2.2 0.08 25 88

Sm 1.0 8,2 10.5 9

Sr 23 170 250

Ta 0.11 0.95 1.4 1.8

Th 2.1 15 20 26

U 2.18 14.9 30.1

V 28.5 260 440 1180

Zn 46 100 740 5900

^Adapted from Ref. 5.
fixture of coals from southern 111. and western Ky. Ash content ^12%.
^Collected upstream from electrostatic precipitator.
•^Collected duwrisLream from electrostatic precipitator.
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Microcrystals observed on the surface of the cenospheres appear to -J
<

contain high concentrations of calcium and sulfur (probably CaSOi, or its q

dihydrate). It is suggested that these microcrystals are probably formed

by the leaching of metal oxides in the ash by condensed sulfuric acid. In O

connection with health hazards associated with inhalation of fine particu-

lates, these microcrystals may, because of their increased surface area and

potentially toxic chemical composition, have biological implications more co

critical than expected for the cenosphere material. o

The significance of the compositions and properties of the various es

components of ash will be discussed in subsequent sections on disposal and q

utilization. Suffice it to say here that the disposal technology chosen

and the hoped-for end use will need to be based on specific chemical and

physical characteristics of the ash produced at each site.

4,4.2.3 Ash Disposal Technology

The principal means of ash disposal in the electric utility industry

is a landfill operation that involves dumping the ashes into shallow ponds or

lagoons, usually on the site of the plant where the ashes are produced. This

practice can result in serious degradation of the land if the filled lagoons

are not subsequently reclaimed or the contents sold for industrial utiliza

tion.

Reclamation has not been practiced much in the past, but with increas

ing concern for the environment greater care will have to be given to site

selection, to management of the landfill, including monitoring for potential

water pollution, and to functional and aesthetic restoration of the dump after

it is filled.

"PoVLution from Ash Dimps

Leaching by percolation of rain, melted snow, or surface runoff

represents the greatest pollution threat posed by ash dumps. In fact, it is

a threat wherever ashes are exposed to rain or surface water. However, ash

that is hauled away and put to use in embankments, road and base construction,

and the like (where it is spread or mixed with soil, sand, gravel, and/or

stabilized by cementitious reactions) will yield a leachate that is less apt
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to be saturated and is more readily attenuated by the underlying or adjoining

soil. Moreover, in such applications, the elements being leached will

probably be exhausted in some reasonably short time. E

Table 4.20 compares the equilibrium concentrations of various trace

elements in ash leachates from five different power plants with the various

water quality standards.^ Concentrations that exceed one or more of the

standards are encircled in the table. Note that the concentrations of As, ®

Ba, B, Or, Hg, Mo, and Se exceeded one or more of the water quality criteria W

at one or more of the power plants. The pH of the leachates studied ranged S
from 8.2 to 12,5. ^

The leachability of a given species in the ash will be determined

largely by its solubility. Generally about 2-5% of fly ash is water-soluble.®

The resulting solution is usually alkaline due to the effect of free lime,

although some, ashes, especially from eastern coals, produce acidic leachates.

These acidic liquors often exceed stream criteria with respect to sulfate,

total iron, zinc, lead, cadmium, and manganese, but they are usually accept

able with respect to copper.

Aside from solubility, another factor influencing the leachability of

ash is the possibility that some of the solubles may become fixed by .parti

cipation in a pozzolanic reaction.®

The engineer in charge at an ash dump has recourse to several options

to reduce potential contamination of groundwater by leachate. Among these

are:

1« Excluding, intercepting or diverting all
or part of the surface flow and subsurface
water,

2. Maintaining a suitable system of subsurface
and trench drains.^®

Attenuation of the leachate contents by percolation through soil

is expected in many cases to provide substantial protection against trace

elements reaching an aquifer.^ Laboratory attenuation (percolation) data

obtained on soils at utility stations indicate that after 10 years of con

tinuous flow, the level of chromium and selenium (at soil depths of 30-50 ft)

would still be 95% less than it is in the original ash leachate. Boron

and arsenic were also significantly sorbed by the same soil.
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Table 4.20 Equilibrium Concentrations of Trace Elements in Coal Ash Leachate'

Station Nutiber Water Quality Cciterla^

-

2 3 4 5 Surface Nater

FWPCA (mg/^)
Irrigation

FWPCA"(mg/i)
Public Water Supply

Intake EPA (mg/t)

Eottom Ash 20 20 20 50 100

(wt %)

Preclpitator Ash 80 80 80 50 —

(«t :)

pH 12.5 9.5 12.2 12.0 8.2

Element

Sb .006 .Oia .033 .022 .0087 — — ~

As <.002 .013 .006 " 0.05 1.0 0.1

6a <P^ <.3 <7r^ <3 1.0 —
—

Be .003 .OOOAfi .0007 .001 .00026 — — —

B .03 <& .21 (S) .048 1.0 0.75 1.0

Cd <001 .0025 <.01 <.001 .0011 0.01 0.005 0.01

Or <.001 (S) .014 0.05 5.0 0.05

F 2.5 1.6 2.0 17.3 i.4 -- -- —

Ge <.01 <01 • <03 <.01 <.01 — — —

Hg .0006 .0005 <015) .0003 .0003 — — 0.002

Pb .0068 .0027 .026 .0043 .0063 0.05 5.0 0.05

Mn <Oj32 <.002 <002 <002 <002 0.05 •2.0 —

Mo (|052) (2b <010) — 0.005 —

N1 <05 . ^^T5 <05 7556 — 0.5 —

Se .009 .0005 Co^ <0005- 0.01 0.05 0.01

V <1 <1 <.i <.2 <1 — 10.0 —

Zn .038 .025 .19 .005 .0175 5.0 5.0 5.0

Cu <035 .031 .092 .013 .015 1.0 0.2 1.0

^FUPCA ° Federal Water Pollution Control Administration.
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The EPA is funding a TVA study that will: (1) assess the effect of

pH adjustment on the leaching of ash dumps, (2) define sampling and analy

tical procedures for effective monitoring of ash dumps, (3) characterize and

quantify the effects of coal ash leachate on groundwater quality, and (4) q

study fly-ash handling systems and methods of disposal, utilization, and

treatment. ERDA has indicated that leaching from ash dumps will continue

to be of interest,^^
00

o

ControlZ'ing Eros-ion of Ash dumps ^
CN

The following guidelines have been given for protecting ash dumps C

from erosion and liquefaction:^

1. Control internal erosion by making use of a properly

designed drainage and filter system to ensure that fine

material is not carried off by seepage water.

2. Control external erosion by providing a suitable veg

etative cover on the downstream slope and slope protection

on the upstream slope. Adequate spillway or runoff diver

sion capacity should be provided and maintained.

3. Control liquefaction by good compacting and proper

drainage.

On the downstream slope it would be sufficient to cover the compacted

ash with gravel and topsoil, followed by seeding with a close-turfing grass.

The upstream slope can be protected against erosion by a protective blanket

coneicting of an impervious clay-shale layer on a rock-fill layer, or else a

fine-rock layer.

Ash deposited in lagoons may pose a dust hazard as the material dries

out. The small, hollow cenospheres have a low density and are susceptible to

wind erosion. Proper compaction of the ash helps to prevent this. Also, in

some instances, the ash tends to form a skin that, if undisturbed, protects

it against blowing. Spraying the surface with polymer emulsions is also ef

fective in preventing wind erosion. Long-term control is best achieved by

establishing a suitable vegetative cover.
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Reatamation of Ash "Biles j
<

Ash does not readily support plant growth. This is due partly to lack O

of the necessary nutrients (a need that can be supplied by application of

fertilizers) and partly to the presence of inhibiting elements such as boron. ^
Yet natural colonization of an ash surface by vegetation often takes place.

The first plant to appear is usually a moss, which can cover a moist ash

surface within six months and which effectively binds together the ash part-

ides to inhibit erosion. A common weed is usually the next colonizer to ^
appear, and this can be followed by a range of other plants.^^ ^

C
Tests on ash piles have shown that boron may be 20 times as available ^

in fresh ash as it is in a normal soil. Chemical treatments for removing the

excess boron proved to be too expensive. Fortunately, various useful plant

species tolerate ash conditions. The clover family is, in general, quite

tolerant. Some grasses, particularly rye grasses, are tolerant. Of the

arable crops,, those of the beet and cabbage families do well. Sugar beets,

fodder beets, and mangels benefit from the boron in the ash, provided it is

not too high. Considerable success has been obtained with rye and wheat on

a field scale, and (at a later stage) even with the relatively intolerant

barleyOf course, if the ash can be .covered with topsoil to a depth of

perhaps 12 inches, then a great range of crops can be grown on the site.

However, cost usually makes this tactic impractical.

A variety of trees (alder, honey locust, spruce, poplar, and willow)

are tolerant to ash conditions, but their growth is not sufficiently vigorous

to sustain commercial timber production. A number of shrubs can also be

grown on ashes. Thus it should be possible to landscape an ash disposal site
1 k

with these tolerant species.

Other Methods of Ash disposal

' Direct deposition of ashes in underground mines is a possible disposal

option. Filling of deep mines with power plant ash has been used as a mine
A

subsidence prevention technique. The feasibility of this approach is cur

rently being investigated by the Bureau of Mines for disposal of lime/lime

stone scrubber sludges.

Another possible method of ash disposal that is partly dumping and

partly beneficial use would be the utilization of ashes in the rehabilitation
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of areas which have been desecrated by strip mining, quarrying, and the like.

It has been suggested that in these cases the cost of ash disposal could be
<
O

shared by the utilities'and other organizations (presumably the original

desecrators, land developers, or local governments).^ O

Conclusions

Subject to the findings of ongoing R&D, it seems reasonable to con- ^
elude at this time that while disposal of ash continues to pose an environ- S
mental problem, the problem is not much worse than other waste disposal CM

situations and is one that can be managed by careful monitoring and by ^
optimum employment of currently available technology. '

4.4,2,4 Utilization of Ash Wastes

Commercial use of ashes is an attractive alternative to disposal by

dumping or landfill. First, it represents a means of alleviating the ecolog

ical impact resulting from disposal of ashes in lagoons or land sites.

Second, to the extent that the ashes are sold or given away to be put to some

practical use, it reduces disposal costs. Third, there are technical as

well as economic advantages to the user who utilizes ash as a raw material,

e.g., for structural compositions, pavings, etc.

Industry, governmental agencies, universities, and other nonprofit

institutions have over the years conducted and/or sponsored extensive

investigations aimed at developing and perfecting various beneficial end

uses for coal ash. As noted in the following pages, these efforts have

borne fruit.

For the past 10 years, the National Ash Association has fostered

development of markets for power plant ash and promoted its use for new

applications. The NAA is a trade association sponsored by 30 of the electric

utility companies of the nation, some coal companies and the National Coal

Association, some university faculty meiiihera, and an impre.s.«=iive nuinber of

industrial firms active in utilizing ash and/or doing research on its uses.

If full usage of ash does not eventually become a reality, it will

not be for lack of effort by.organizations such as the NAA, the Bureau of

Mines, Dept of Transportation, the EPA, and various stale and local govern

mental agencies, as well as commercial ash-utilization firms.
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Extent of VtiUzati-on ^
European countries utilized a major fraction of their national pro- ^

duction of fly ash in 1971 (79% in the Federal Republic of Germany, 65% in q
France, 54% in the United Kingdom, 44% in Belgium, and 44% in Poland).^

In contrast, U.S. utilization in the past three years was only 14-17%,

However, .it is encouraging to note the growth in actual tonnage of ash con- oo

sumed in beneficial end uses. The tonnage utilized in 1975 was over three o

times that utilized in 1966 (9.8 compared to 3.1 million tons), even though ^
the percent utilization showed only a modest increase (from 12,1 to 16.4%). C
„ ^ • (0
Thus as the production of ash expands over the next few years, a grpater

tonnage may be utilized — but not necessarily a higher percentage.

As seen from the data in Table 4.21, specific end uses can be identi

fied for about 45% of the fly ash utilized, 48% of the bottom ash, and 80%

of the boiler slag; the balance in each instance is identified either as

"ash removed from plant sites at no cost to. utility" or as "ash utilized

from disposal sites after disposal costs." However, all these categories

represent ash for which the utilities are no longer responsible and which no

longer poses a disposal problem for them.

The bulk of the ash sold in the U.S. is marketed by a relatively few

companies specializing in the promotion and sales of ash — or by utility

companies that have their own active sales organizations,^ Collins^®

suggests that tax reductions, increased subsidies, or reduced transportation

costs might be- used as incentives for the expanded use of recyclable

materials such as fly ash,

The Markets

The construction industry currently consumes the largest amnnnt of

fly ash. As Table 4.21 shows, one of the main markets for ash is its use

as a component in Portland cement compositions. Another is its use for soil .

stabilization and in pavements. Blast grit and roof granules constitute

another substantial market.
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Table 4.21 Commercial Utilization of

(Kilotons)
Ash in the U.S. in 1975^

Use Fly Ash Bottom Ash Boiler Slag

Type 1-P Cement 225 70 36

Partial Substitute

for Cement 945 - -

Lightweight Aggregate 90 . 35 -

Stabilization & Roads 450 525 72

Filler in Asphalt Mix 135 - -

Ice Control - 280 54

Blast Grit & Roof Granules - 420 864

Misc. 180 350 414

Ash Removal at no Cost to

Utility^ 1,080 875 270

Ash Utilized^ from Disposal
Sites 1.395 945 90

1975 Total Utilized 4,500 3,500 1,800

^Compiled by the National Ash Association and Edison Electric Institute,

'specific end use not known.

O
O

<
o
K
u.

O
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O
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Cement and Concrete. Blended cements are usually made by inter- ^
grinding cement clinker with industrial by-products such as fly ash or O

granulated blast-furnace slag. Fly ash is attractive for this purpose be-

cause it is widely produced in large amounts and in a form that is usually

immediately suitable for the purpose.

Research by the Bureau of Reclamation showed that replacement of

15-30% of cement in normal density concrete by fly ash improves sulfate ^
resistance of test specimens by an average of 50-100%^® and prevents or ^

greatly'retards corrosion of the reinforcing steel.During the last 20 ^
C

years at least 50 dams, or locks and dams, were built that employed fly ash (0

in the concrete used in their construction. For example, the Dworshak Dam

in Idaho required 7.5 million cubic yards of concrete that consumed 250,000

tons of fly ash.^®

There are several economic and ecological advantages in utilizing fly

ash as a substitute for part of the cement used in concrete construction.

1. Cost. Where the delivered price of cement is about $30/ton,
fly ash will cost $6-$7/ton.

2. Convenience. It takes less pouring time and less finishing time
than does standard concrete.^®-

3. Conservation. There is a considerable saving in energy (1,300
Irt'fh/ton for cement vs. nominal kWh/ton for waste fly ash).^®
The savings are almost directly proportional to the degree of
ash substitution.^^

4. Expands production. Plant capacity is extended with practically
no investment in new facilities.

Aggregates for Li-ghiweight Concrete. A considerable quantity of fly

ash was utilized in 1975 for producing lightweight concrete, and this use is

expected to expand rapidly. Its resistance to freezing and thawing makes

lightweight aggregate prepared from sintered fly ash more valuable to road-

builders and to the concrete construction industry.The sintered ash is

produced by heating pelleted fly ash at about 2300°F. Incidentally, carbon

impurities (unbumt coal and soot) in the fly ash act as fuel to supply

part of the heat. Pelleting is necessary to control dust emissions during

the sintering.

CO
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Lime- and Cement-stabilized Fly-Ash Pavements. The use of lime/fly- . J
ash aggregate (LFA) and lime/cement/fly-ash aggregate (LCFA) mixtures in

pavement construction has increased substantially during recent years. ^
During 1971, nearly 2 million tons of LFA materials were placed in the United O

States, with over 1 million tons placed in the Chicago area alone. Perhaps

the largest job utilizing LFA and LCFA materials was the construction in 1967

of the Newark Airport. More than 2 million tons of LFA and LCFA were used as ^

base materials for the runway and taxiway systems serving jumbo jets. Five o

years later the pavements were observed to be in excellent condition. ^

C

Asphalt Pavements. In general, power plant aggregates (ash and slag)

can be successfully used in asphaltic compositions.^^ The advantages of fly

ash as mineral filler in asphalt paving are lower cost, acceptable size,

graduation without processing, and superior resistance to water.^^

Road Fill. The light weight of fly ash makes it extremely attractive

as road fill, especially when embankments have to be constructed over poor

ground, such as alluvial clay or silt, where excessive weight might cause

settlement beyond allowable limits and, in the worst case, could produce a

complete failure of the subsoil.

The wet weight of fly ash per compacted cubic yard is between 0.9 and

1.1 tons, depending on the source and moisture content of the material. This

compares very favorably with the weight of traditional filling material.

Slag as Anti-skid Agent. Bpiler slag has been used with some success

in West Virginia in deslicking applications. The dramatic reduction shown

in the reported accident data before and after deslicking is evidence of the

anti-skid characteristic of this mixture.

Sand—Blasting Gvit. Significant amounts of bottom ash and boiler slag

are being used for this purpose.^®

Load-hearing Fill. Because of its high load-bearing capacity, fly

ash is often used as load-bearing structural fill for industrial buildings,

schools, etc. Its light weight and self-hardening properties make fly ash

\ > an ideal construction raft for building development over poor ground.
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Settlement is reduced to a minimum; the-hardened fly-ash raft forms a mono- mJ

lithic structure that can then bridge weak spots in the subgrade and thus q

reduce differential settlement.
U.

O
Recently, the Central Illinois Light Company blended 400,000 cubic

yards of weak loess clayey-silt soil with 3% lime and 5% fly ash to provide

a base on which to place a 7-foot-thick concrete slab to support the boiler

and turbine generator of a 400-MWe powerplant.^
o
CM

Briak. Extensive R&D has been conducted on fly-ash brick by the Coal ^
Research Bureau of West Virginia University (CRB/WVU) — an effort that §
was crowned by commercial success. A fly-ash brick plant designed to produce

35 million bricks yearly, tising a process developed at the CRB/WVU, is

operating at Edmonton, Alberta. The demand for fired products from fly ash

has led to the construction of a second plant for the manufacture of paving

tile. Further expansion is reportedly being considered for this plant.

However, efforts to expand the use of fly ash in the manufacture of ceramic

brick in the U.S. have not resulted in consumption of substantial quantities.

MieoeZZaneous Uses. Other actual or potential uses for fly ash,

bottom ash, and/or boiler slag are:

1. As an agricultural soil amendment.

2. Ad Q component of grout.

3. In production of mineral wool.

4. As a filler or extender in a variety of materials.

5. For extinguishing burning spoil piles. .

6. As a source of chemicals (sulfui, aluiid.ua, iron oxide, etc.).

R&D, • A number of federal government agencies have initiated research

programs to investigate possible uses of various wastes in construction.

For example, the Federal Highway Administration has sponsored programs inves

tigating sulfate wastes, fly ash, and bottom ash. EPA has funded research

on the combined use of fly ash and coal waste as base-course material and an

evaluation of various-processes to stabilize chemical sludges. The Bureau

of Mines research program is aimed at developing new and improved ways (some

of which utilize ash) to stabilize, reclaim, or utilize mineral wastes.
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The Federal Energy Administration has funded an investigation of the

engineering properties of concrete mixes made from low-percentage blended

cements using various types of fly ashes, slags, and cement-kiln dusts. |j^
bu

ERDA is studying the economic and energy-saving aspects of increased use of Q

blended cements.

Impact of Flue Gas Desulfurization and Flwidized-bed Combustion

>
SL
o
o

<
o

CO

Where coal-fired power plants are equipped with FGD scrubber systems ^
employing lime or limestone, the disposal of ashes is usually linked with

disposal of the spent sorbent.(sulfited and sulfated stone). As pointed out C

in Section 4.4.3.2, the scrubber effluents can contain varying amounts of

fly ash, and additional fly ash is sometimes added to improve the rate of

drainage of excess water from the waste sludge, and also to improve its

physical strength. In fact, most fixation recipes designed to stabilize

and solidify the partially dewatered sludges utilize fly ash for its pozzo-

lanic (cement forming) properties.

Ashes produced by an FBC unit are apt to be "contaminated" with some

spent sorbent, which consists mainly of calcium sulfate, lime and limestone

(plus some magnesia in the case of dolomite)• Such contamination may for

some end uses be beneficial (e.g., landfill revegetation, reclamation, base-

course paving), while in other end uses it would probably be harmful (e.g.,

concrete, concrete block, cement, etc.). For example, ASTM C618 limits the

SO3 (sulfate) content of fly ashes for use in concrete to 5%. Furthermore,

FBC ashes may cause "unsoundness" because of their content of CaO and MgO.

These compounds will slowly hydrate after the cement paste matrix has

hardened. The products of the hydration have significantly larger volumes

than the initial compounds. These increases in volume result in internal

stresses that may eventually cause total disruption of the hardened cement.

Pollution Accompanying the Utilization of Ashes

Dust. Control of dust will always be necessary wherever dry fly ash

is handled. Hauling waste ash, even dampened fly ash, in open-bodied dump

trucks will not be tolerated much longer. Tank trucks would minimize the
2 6dust problem.
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Dust is a threat in the sintering of fly ash for use in synthetic ^
aggregates. However, this nuisance can be controlled by spraying with water; ^
by adjustment of flow, pressure, and moisture; and by dust collection ^

19 O
systems.

Leaching. The leaching of conq)ositipns containing ash may not be a

serious problem, because the ash is either well diluted with soil or other W

ingredients that may attenuate the more harmful components of the leachate, ^
or the ash is stabilized (rendered less soluble and/or unavailable) by ^
cementitious reactions. However, the leaching aspect certainly needs C

to be more fully investigated. ....... ^

4.4,3 Flue Gas Desulfurization (FGD) Wastes

4.4.3.1 Introduction
I

Lime/limestone scrubbers have been selected for a large fraction of

installed and planned FGD systems. They are scheduled to be installed on

5500 MWe of capacity by the end of 1976, and on more than 30,000 MWe of

capacity by the end of 1980.^^ Large quantities of watery wastes will be

generated in the operation of these scrubbers, and their disposal presents

major problems with respect to land use and water quality. The raw sludges

usually cannot be devatered sufficiently to support people or equipment and

must be disposed of by ponding. Reclamation of the disposal ponds may be

impossible unless the wastes can be permanently stabilized by chemical fixa

tion. In addition, overflow and leaching from the ponds can contaminate water

supplies with soluble species present in the waste liquor and the settled

solids.

The objectives of this report are: (1) to define the physical and

chemical'characteristics of the wastes and the magnitude of the.disposal

problem, (2) to assess the environmental acceptability and costs of available

and developing technology for disposal or utilization, and (3) to identify

information gaps and needed research or development.
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There Is also a problem with drainage from the refuse pile resulting J

from the coal washing/preparation. This effluent is very similar in com-

position to acid mine drainage, and can be treated as such.^^ The waste UL
ul

may be neutralized with lime, limestone, soda ash, or caustic soda. Again, O

this transfers the real problem to one of sludge disposal. Battelle^s

total environmental assessment of an I3C boiler plant will include coal

preparation, and therefore may contain the most current and complete analysis ^
T-

of this waste. O
CN

CM
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THE DISPOSAL AND RECLAMATION OF SOUTHWESTERN COAL

AND URANIUM HASTES

BY

Eugene M. Hewerka
o
eg

eg

University of California c
Los Alamos Scientific Laboratory

Los Alamos. NM 87545

1.0 INTRODUCTION

One of the major environmental problems confronting the coal and uranium

Industries of the Southwest Is the disposal and reclamation of the large

volumes of wastes produced by mining, processing, and on-slte utilization of

these resources. Wastes and drainages are produced during coal mining and

cleaning, and the burning of coal In modern boilers produces large quantities

of ash and slulge. Likewise, uranium mining and milling generates large

amounts of solid and liquid waste materials. The wastes from both of these

Industries must be carefully deposited in waste disposal sites, and reclama

tion measures taken to ensure their long tenn stability. In this paper, the

types of wastes produced by the coal and uranium Industries In the Southwest

will be described, some of the potentlc.1 e>.'-1ranmental Impacts from these

materials will be considered, and the procedures In current use for the

disposal and reclamation of these wastes will be discussed.

2.0 DISPOSAL AND RECLAMATION OF COAL WASTES

Coal Is a type of combustible rock that Is formed from plant remains and

various inorganic components. Because of this, coal Is a highly heterogeneous

material that contains a wide variety of rock and mineral Impurities in ad

dition to the carbon-like matrix. Host of the environmental contamination

and waste materials produced by coals are a direct consequences of these

impurities.
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In each step of the coal processing cycle, from mine to eventual utili- g

zatlon, various wastes or effluents are produced that must be treated, stored,

or disposed of (Fig. 1.). These for the most part are high volume wastes that

have the potential for causing great environmental damage If not properly
ô

handled. The coal Industry of tne Southwest is still In its Infancy, but ^
CN

dramatic Increases in the use of coal from the region (with the accompanying c

necessity to devote greater attention and resources to waste disposal and re

clamation) win be necessary if our nation is to decrease its dependence on

foreign energy sources and meet future energy needs.

2.1 COAL MINING WASTES

Coal is removed from the earth by two principal kinds of mining:

strip mining and underground mining. In the Southwest, strip mining is

the dominant form of coal extraction because most of the coal now being

mined in this region is deposited relatively close to the surface.^ In

the strip mining of coal, heavy equipment such as power shovels, bull

dozers, trucks, and draglines are used to remove the overburden and

expose the coal seam, and remove the coal from the mine pit. In the

past, many strip mines were simply abandoned with little or no effort to

reclaim them after the accessible coal had been removed, but with the

passage of the federal Surface Mining Control and Reclamation Act (1977)

such practices are no longer allowable. Strip mine reclamation has become

an integral part of the mining operation.

The surface mining act specifies that all surface soil must ba care

fully removed during mine development and stored so that it can be used

later during reclamation. The remaining overburden must also be stored

for reuse. As the coal is removed from the ground, the overburden is
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progressively backfilled Into the previously mined areas. When the mining q

operation Is completed the remaining overburden Is put Into the mine, the

top soil Is replaced, and native ground cover is reestablished.
CO

Although adherence to the federal strip mine act eliminates the ^
CM

necessity to separately dispose of solid mine wastes, the problem of ^
ground water containlnation or disruption during or subsequent to mining ^

remains a bothersome problem without an easy solution. Kuch of the strip-

able coal in the southwestern region lies above major aquifers, but for

that which does not, diversion and pumping of water from mining sites must

be done. After mining is completed, it is very difficult to restore the

condition of the original aquifers. Western coals and coal spoils are far

less likely to produce contaminated drainages when gro. water passes

through them than are eastern coals;^ however, it would be a recommended

practice to monitor the groundwater downfield from recently reclaimed

mining areas to assure that undesirable contaminants are not being released.

In the underground mining of coal, access shafts are sunk vertically

into the coal seam or mine shafts are bored directly into coal outcropplngsi

from these access points mine tunnels are distributed into the coal seam.

Conventional room and pillar mining is most often practiced in the under

ground mining of coal; however, some highly mechanized forms of mining,

such as long-wall mining, are becoming more popular where conditions

permit their use.^

The underground mining of coal produces a large amount of spoil or

mineral wastes. These are the overburden and rock removed from the mine

shafts while gaining access to the coal seams, and the rock intrusions in

the seams themselves. It has not yet proven feasible to replace under

ground mine spoils-back into the mine, so these wastes must be discarded at

the surface. The usual practice for disposing and rr 'aiming western
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mine spoils Is to place then Into a depression or gully, were they ^
O

can be compacted and graded to prevent erosion and perhaps seeded

with native vegetation." Nearby strip mines also provide a convenient

place for the disposal of underground mine spoils. ca
o

One of the most serious environmental problems associated with the

underground mining of southwestern coals Is the possible disruption and ^
degradaiion of aquifers located In the coal seam or associated strata.

There are no effective remedial measures for restoring the original

aquifer drainage once mining has disrupted It. Therefore, the best

means of avoiding aquifer damage during underground coal mining Is to

preplan the mining operation with as much knowledge as possible of the

geohydrology of the area.

2.2 COAL CLEANING WASTES

Coal, as mined, contains a great deal of extraneous rock and mineral

matter. These constituents usually comprise about lOZ to 20% of raw coals,

but they can run as high as 50% for some coals.^ The rock and mineral

matter Is expensive to ship, and it dilutes the energy content of the coal,

but, of most Importance from an environmental viewpoint, these Impurities

produce undesirable gaseous and partlculate pollutants when the coal is

burned. Therefore, about one-half of the total coal mined In the United

States Is prepared or cleaned prior to utilization to remove some of the

noncombustlble materials. Currently little western coal is washed or

cleaned before combustion, but the demand for higher quality coal will

undoubtedly result in a higher proportion of these coals being cleaned in

the future.

Coal cleaning Is largely a mechanical process, involving a series of

crushing, sizing, separating and drying steps. In most cases, the coal Is

separated from the mineral matter on the basis of density. Hodern coal

(0
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while reducing the mineral content of the coal considerably.^

O
o

J
<

a

u.
u.

o

a

The wastes produced by coal cleaning are similar in composition to the ^

spoil materials produced by coal mining. However, because cleaning wastes ^
c

are more finely divided than mine wastes, they present a greater problem

with regard to disposal and reclamation. The drainages from cleaning waste

disposal sites are often contaminated with dissolved and suspended solids.^

Also, because they contain some residual coal, cleaning waste dumps fre

quently catch fire; and, because of the poor structural quality of coal

cleaning wastes, disposal areas tor these materials often exhibit structural

instabilities.'

The disposal and reclamation of coal cleaning wastes is governed by the

Federal Coal Mine Health and Safety Act of 1969. Site choice and prepara

tion methods are clearly defined by che act. basically, the act specifies

that coal cleaning wastes are to be discarded on an impermeable layer of

clay, crushed refuse, or some other suitable material, and that succbssive

additions of waste be compacted as they are added to the dump. Erosion

stability of a completed refuse disposal area is provided by grading, fol

lowed by the addition of clay, top soil, or some other sealant. Although

precautions are to be taken to direct surface and ground waters away from

the disposal site, any water that does pass through the site must be im

pounded and treated, if necessary.

2.3 COAL COHBUSTIOH WASTES

The burning of coal, and the use of pollution control devices such as

scrubbers and precipitators, produces large volumes of solid waste materials

that need to be disposed of in environmentally compatible ways. The bulk of

the residue is bottom ash formed by the nonvolatile mineral matter in
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the coal I and fly ash. which is a fine particulate material removed from ^
l!U

the boiler effluents by precipitators or scrubbers. Kore than 60 million O

tons of bottom ash, fly ash and scrubber sludge are produced annually in

the United States from coal combustion.* There is growing awareness that
CO

the discarded wastes from coal combustion are a serious potential source of o
CM

surface and ground water contamination. ^

There is not yet federal legislation specifically addressing the dis- «

posal and reclamation of the various forms of coal combustion wastes. How

ever. both the Federal Water Pollution Control Act (FWPCA) and The Resource

Conservation and Recovery Act (RCRA) apply to coal combustion wastes, and.

in effect, dictate to some extent how these w .-s can be disposed.

Land filling and ponding are the two most prevalent methods for dis

posing of coal combustion wastes.^ Land disposal sites for ash include

gullies, natural depressions, excavated areas, and depleted strip mines.

One disadvantage of using land fill methods for disposing of coal ash in

the southwestern region is that considerable maintenance is needed to

reduce ash loses from the dump by the winds that frequent the area.

Much of the ash produced by coal combustion is discharged into ash

ponds. With Increasing frequency fly ash and scrubber sludge are being

discharged into the same pond.^ In these ponds the solids are allowed to

settle, and the water is decanted off into holding ponds or recycled ror

process use.

About 4 X 10^ acre-ft of land are required for the disposal of the 5 x

10* tons of ash that accumulate in the lifetime of a 1000 MWe coal-fired

power plant.^ If scrubber sludge is also ponded In the same area, land

requirements Increase disproportionately due to the relatively large volume

occupied by the sludge/ash mixtures.^

The reclamation of ash and sludge ponds is tricky business.due to high

amounts of residual water that these wastes retain. Often it is necessary

-6-
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to add cement, thickeners or stabilizing agents to the dried solids before q
IL

reclamation can proceed.®* '̂ Frequently stabilizing agents are added g
directly to the sludges before ponding, thus alleviating the need to rework

the material during reclamation. The final stages of ash and sludge pond

reclamation include compacting the dried stabilized solids, adding top
o

soil and establishing vegetation to reduce surface erodibility. ^
CM

The control of contaminated leachates and seepages from disposal ponds

for fly ash and scrubber sludge represents, perhaps, the most significant

environmental problem facing the southwestern coal and utilities industries.

Many trace contaminants that are present in the fly ash or sludge can be

mobilized by the waters present in the ponds.The transport of contami

nants from the disposal ponds into shallow or deep aquifers could result in

degradation of the quality of these waters. Frequently, ash and sludge dis

posal areas are lined with impermeable materials to reduce the loss of

water from them.®*^® Nonetheless, careful monitoring of the surface and

subsurface effluents from disposal ponds is a necessity in any well planned

disposal and reclamacion scheme for coal combustion wastes.

3.0 DISPOSAL AND RECLAW-TION OF URANIUM MINING AND HILLING WASTES

In addition to coal, the southwestern region of the United States is blessed

with an abundance of uranium ore. In fact, about 50/b of our current national

production of uranium concentrate comes from the San Juan Basin.The uranium

contents of the ores of the region are quite low (usually about Q.2%)^^ hence,

a relatively large volume of waste material is produced by the uranium mining

and milling Industries compared to most other primary minerals extraction processes,

Precluding the possible disposal of reactor wastes in southwestern sites,

the major types of wastes and effluents produced by the uranium industry in the

region are depicted in Fig. 2. There are many analogies between the disposal and

reclamation of coal mine and combustion wastes and uranium mining and milling

CO
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wastes; however, the mobile radioactive and nonradicactive components In many
u.

uranium wastes pose a far greater potential for environmental harm than do most O

coal wastes, dictating that much more care and judgement be exercised In disposing

of uranium Industry wastes. ^
o
OJ

3.1 URANIUM MINING WASTES S
c

There are three forms of mining practiced by the uranium Industry: open

pit, underground, and in situ leach mining. Host of the uranium ore in the

Southwest is extracted either by underground or open pit mining.'^ Nationally,

about Z% of the total uranium concentrate produced results from in situ

leach mining, although this form of mining is likely to become mire prevalent

as dwindling resources force the explolto.t'on of lower grade ores.

Underground mining of uranium ore produces many of the same types of

waste materials as does the mining of coal. These include both mine spoils

and mine drainage. Mine wastes (rock and soil) are generated while gaining

access to the ore bearing strata, and associated rock and lower grade ores

are ru-moved as waste during the development of the mine. Often groundwater

intrudes into the mining area and mine dewatering is required. The volumes

of water pumped from active underground uranium mines vary between 20 and

4000 gal/min.'" The quality of these water discharges is variable, but

sometimes treatment may be needed to reduce contaminant levels, or contami

nated water is ponded and evaporated.

The solid wastes or spoils produced by underground mining of uranium

ore is usually discarded in convenient nearby disposal sites. Uranium mine

spoils and ores are generally not considered to be highly hazardous materials;

however, there are documented instances where the contaminated drainages

from surface accumulations of these materials have caused suvere environmental

damage to plants and animals.*^

-B-
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H1ne water from underground uranium mines is usually pumped into

surface drainage channels or into evaporation ponds. Some mine water is O

also used as process water for mining and milling operations. Where the

volumes of water involved are very large, care must be exercised in dis
co

posing of them. Seepage from mine water holding ponds can pass through o

tailings or mine spoil disposal sites, picking up contaminants from these ^
c

sources, and transporting these contaminants into the environment. ^

In some parts oT the Grants Mineral Belt, mine dewatering has been

shown to result in degradation to the quality of aquifers in the area.^^

This was due to the acute drawdown of the aquifer volume and subsequent

increases in the salt contents of the water. Such consequences of mine

dewatering activities may dictate in the future that mine waters be re-

injected back into the strata in which they originated.

Open pit mining of uranium ore is practiced where the ore deposits are

located relatively near the surface, usually at depths of less than 500 ft.^^

In a fashion similar to coal mining, overburden is removed with front end

loaders, and scrapers. Additional spoils are produced during the mining

operation when low grade ores are discarded or stored, or additional over

burden must be removed to expose ore pockets. Water encountered during the

open pit mining of uranium is either diverted away from the mining site cr

is pumped to the surface and released or impounded. Here too, aquifer

disruption and loss of ground water quality are difficult problems to

circumvent.

There are no federal laws pertaining specifically to mine spoils or

reclamation following either the'strip or underground mining of uranium ore.

The recently enacted Uranium Hill Tailings Radiation Control Act (UMTCA)

does instruct EPA and NRG to report to Congress by 19B0 concerning the

locations and potential environmental hazards of uranium mine wastes,

along with recomnendations to eliminate these hazards. For the time
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LLbeing FWPCA and RCRA provide the major guidelines for the dipsosal and g
reclamation of these wastes. Reclamation practices for both underground

and open pit mine wastes produced by uranium extraction are similar to

these employed for coal mine wastes.

In many Instances, it is not practical to mine certain uranium ores.

CO

o
OJ

CN

due to the Inaccessablllty of the deposits or to the low quality of the c
(0

ore. Such deposits may instead be exploited by in situ leaching tech

niques.^^ In situ leach mining Involves the pumping of chemical leach

solutions Into the ore deposit through an injection wer. forcing the

leachate through the ore to dissolve or mobilize the uranium compounds,

and collecting the pregnant leach solutions at a series of recovery

wells. The uranium-bearing solutions are then processed at the surface

to recover the uranium.

In situ leach mining Is advan-'-ageous In that It produces very small

amounts of waste materials or aqueous effluents to be disposed and reclaimed.

However, these apparent advantages may be more than offset by the environ

mental problems caused by the escape of the chemical leach solutions Into

subsurface water systems. Unfortunately, even the best efforts at geologic

mapping cannot result in the total assurance that a leach mining site is

hydrologically isolated from its surroundings.

3.2 UR-ANIUH HILLING WASTES

Uranium milling is the process in which crushed and powdered uranium

oras are subjected to a series of chemical leaching ar.d extraction steps to

remove the minute amount of uranium from the ore. These chemical processing

steps partially break down the structure of the ore matrix, thereby releasing

the uranium contained within. As mentioned earlier, more than 993* of the

contents of the uranium ore are eventually discarded as mil! wastes.

One very important consequence of the milling operation is that it also
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mobilizes other potentially harmful components in the ore (such as toxic o

trace elements or other radioactive substances) that are released as wastes 1

tailings disposal sites. In addition mill tailings also contain small
CO

amounts of chemicals and solvents used in the milling processes. o
CSJ

Tailings are discharged from uranium mills in the form of aqueous ^

slurries. Typical mill tailings slurries contain water, sand, silt and 5

various slimes. The slurries are pumped into impoundments where the solids

settle out and the remaining water is decanted into evaporating ponds, or

is recycled back into the mill. However, seepage or overflow from tailings

poiids or holding ponds often escapes into the environment. When this

happens there is the strong likelihood that these waters will carry unde

sirable quantities of radioactive and nonradioactive contaminants with

them.^®'2°

Until recently the legal basis for regulating the disposal and reclama

tion of uranium mill wastes was quite confusing. NRC (or individual states

in agreement with NRC) held licensing authority over active tailings disposal

operations, but this authority terminated when the license was withdrawn at

the cessation of the mill operation. The responsibility for inactive tailing

disposal areas was left piecemeal up to the individual states. In late 1978,

Congress passed UMTCA, which directs that NRC provide licensing authority

over both active and inactive mill tailings disposal sites. EPA is charged

by the act with developing standards for tailings areas, and DOE is responsib'

for the development of control and reclamation methods for both active and

inactive disposal areas.

Environmentally, mill tailings disposal ites are particularly trouble

some because they can be the source of both atmospheric and water-borne

contaminants.^®*^® Radon, a radioactive gas, is produced by radioactive

-n-
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decay within the tailings materials, and may be emitted to the atmosphere O

if precautions are not taken to seal the surface of the tailing plle.'^

In ad'^itlon, as alluded to earlier, the large volumes of contaminated water
CO

In or near tailings dump sites can seep or discharge Into surface or ground- o
cs

water systems. Thus, the disposal and reclamations of uranium mill tailings ^

must provide for the containment of radon gas, the containment of aqueous re

solutions, and long-term resistance to erosion.

Past practices, where mill tailings were discarded without much regard

to environmental consequences, are no longer acceptable. Although the

details of current mill f'ailings disposal and reclamation strategies will

depend both un the nature of the disposal site and the volume of the materials

involved, several key components will be present in each.^' In the future,

mill tailings will more than Hkely be deposited into Impoundments or

settling ponds that are lined with an Impermeable layer of rock, clay or

other stable material. Frequently, siabilizing and floccing agents will be

used to more efficiently promote dewatering, and to assure the stability of

the dried tailing solids. All waste water will be recycled, evaporated or

treated prior to release. Upon completion of a disposal site, the entire

site will be capped with another impermeable layer of clay, asphalt or

concrete to retain radon and promote stability. Finally, the capping agent

may be covered with soil and plant growth reestablished.

4.0 SUMMARY

The types of solid wastes and effluents produced by the southwestern coal

and u anium mining and milling industries were considered, and the current methods

for the disposal and reclamation of these materials were discussed. The major means

of disposing of the solid wastes from both industries is by land fill or in some

\
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Instances ponding. Siuuges or aqueous wastes are normally discharged Into ^
u.

settling and evaporative ponds. Basic reclamation measures for nearly all coal o

and uranium waste disposal sites Include solids stabilization, compacting,

grading, soil preparation and re-.egetatlon. Impermeable liners and caps are
CO

beginning to be applied to disposal sites for some of the more harmful coal and o
cs

uranium waste material s. S
c
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Fig. 1. WastOB produced by coal mining and combiistlon.
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^ Tailings

Process Water

Fig. 2. Wastes produced by uraniun mining and milling.
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Health and Environmental Impacts of
Increased Generation of Coal Ash and ^
FGD Sludges
Report to the Committee on Health and Ecological
Effects of increased Coal Utilization

by Chakra J. Santhanam,* Richard R. Lunt,=^ Sandra L.
Johnson,* Charles B. Cooper,* Philip S. Thayer,* and
Julian W. Jonest

This paper focuseson the incremental impactis of coal ash and flue gas desnlfurizatlon (FGD) wastes
associaM with increasedcoalusage by utilitiesand industry under the National Energy Plan'(NEP). In the
paper, 1985 and 2000 are the assessment points using the baseline data taken from the Annual Environ
mentalAnalysisRe{mrt (AEAR,September 1977).Ineacb EPAregion, the potential mix ofdisposaloptions
has been broadly estimated and impactsassessed therefrom. Toaddition, future use ofadvanced combustion
techniques has been taken into acroiinL

The quantities of coal ash and FGD'wastes depend on ash and sulfur content of the coal, emisdon
regulations, the types ofash collection and FGD systems, and operating conditionsofthe systemsand boiler.
The disposal ofthese wastes is (or will be) subject to Feder^ and State regulations. The one key legal

. franework coQceming environmental impact on land Is the Resonrce. Conservation and Recovery Act
- (RCRA). RCRA.and related Federal and State laws provide a suffident statutory basis for preventing

significantadverse health and environmental impacts from coal ash and FGD waste diqwsal. However,
much of the development and Implementation of spedfic regulations lie ahead.

FGD wastes and coal ash and FGD wastes are currently disposed of exclusively on land.-The most -
commonland disposal mdhods are impoundments (ponds) and landfills, although some mine disposal is
also practiced. The potential environmental impacts ofthis disposal are dependent on the characteristics of
the disposal site, charaderistics of the coal ash and FGD wastes, controlmethod and the degree of control
employed. In general, the m^or potential impacts are grounded surface water contamination and the
''degradatioa" oflarge quantities of land. However, assuming land is available for disposal of these wastes,
control technology exists for environmentally sound disposal.

Because of existing increases in ccul use, the possibility of significant environmental impacts, both
re^onally and nationally, exists regardless ofwhdher the NERscenario developsor not. Existing baseline
dataindicatethat idthsoundcontroltechnologyand succes^ldevelopmentand implementationofexisting
regnlatory framework, r^onal scaleimpacts are likelyto besmall; however, site-specificimpari^ could be
significant and need to be evaluated on a case-by<ase basis.

Both Federal and privately-funded programs are developing additional ilata and information on disposal
ofFGD sludges and coal ash. Continuation of these programswdll provideadditional vital information in the
future. However, further information in several areas if desirable: further data on levels of radionucUdes

andtiacemrtalslnthes8wartes:studiesodbiologicalimpactsoftracemetals;andcompletionofcuiTeQtand
planned studies on disposal problems associated with advanced combustion techniques like fluid bed
combusticm. c

o
CM

CM

C
(0

- Doc. Ex. 1425 -
Docket No. E-7, Sub 1214 

Joint Exhibit 4
I/A 



commissioned 12 studies, including this paper. The
p^r focuses on the incremental impacts ofcoal ash
and-FGD wastes associated with increased coal
usage by utilities and industry under NEP.

In this paper 1985 and 2000 are the assessment
points using the baseline data taken from the Annual
Environmental Analysis Report (AEAR, under
ERDA Contract EE-01-77-0135, September 1977).
In each Federal region, the potential mix ofdispos^
options has been broadly estimated and impacts as
sessed therefrom. Potential impacts are dependent
on the characteristics of the wastes and the disposal
sites. Future use of advanced combustion tech
niques has been taken into account.

Technology and Production of Wastes

Coal-fired utilities and industrial boilers generate
two types ofcoal ash: fly ash and bottom ash. Fly ash
is collected by mechanical collectors—electrostatic
precipitators, fabric filters, or wet scrubbers. Flue
gas desulfiirization (FGD) can be accomplished by
nonregenerable or throwaway systems which result
in FGD wastes and regenerable systems which pro
duce a saleable product (sulfur or sulfuric acid). At
present, 50,000 MW of coal-fired utility boilers are
committed to flue gas desulfurization; 90% of these
use nonregenerable systems. Nonregenerable sys
tems require wet scrubbing technology. The four
principal types of systems are those based on direct
limestone, direct lime, alkaline fly ash and dual al
kali. Lime, limestone, and fly ash systems are com
mercially available while dual alkali systems repre
sent second generation processes now reaching
commercial demonstration.

The quantities ofcoal ash and FGD wastes depend

on ash and sulfur content of the coal, emission regu
lations, the types ofash collection and FGD systems,
and operating conditions of the systems and boiler.
To meet New Source Performance Standards
(NSPS), a typical utility operating at 70% load pro
duces 100-5(M tons of dry, ash-free sludge annually
per megawatt ofcapacity. Using baseline data in the
AEAR, production ofcoal ash and FGD wastes was
estimated. The increased generation ofcoal ash and
FGD wastes in each Federal region is shown in Table
1.

Disposal Options and Regulatory
Considerations

At present, control technology for environmen
tally sound disposal of coal ash and FGD waste ex
ists. This paper assesses the impacts on that basis.
Tlie disposal of FGD waste and coal ash will be
subject to Federal and State regulations. While sev
eral Federal laws address disposal, the one key legal
framework concerning environmental impact on
land is the Resource Conservation and Recovery Act
(RCRA). RCRA and related Federal and State laws
(e.g.. Clean Air Act and Federal Water Pollution
Act) provide sufficient statutory basis for preventing
significant adverse health and environmental im
pacts from coal ash and FGD waste disposal. How
ever, much of the development and implementation
of specific regulations lie ahead, including those with
respect to wastes considered in this paper. There
fore, throughout this paper it is assumed that ade
quate regulatory authority exists but that potential
impact issues require discussion so that future regu
latory planning can focus on prevention or minimi
zation of adverse impacts appropriately.

Table 1. IncrtMed generitlMi of ash asd FGD wastes — cnmolative*.

Coal ash only FGD sludges only Coal ash and FGD sludges

region 1985 2000 1985 2000 1985 2000

1 18 16 24 5 20 12

2 15 21 26 6 19 15

3 8 17 45 88 14 28

4 2 2 19 28 6 9

5 2 4 12 22 4 8

6 58 .22 77 60 63 15

7 2 4 21 33 7 13

8 18 37 67 150 20 43

9 56 28 911" > 1000" 64 38

10 104« 147® 596" 616" 119" 166«

National aver^ 9 12 26 36 12 19

*AU baseline Ham from the Annual Environmental Analysis Report (AEAR). Percentage incremental increase under NEP (over
pie-NEP)isshown.AH FGDsystemsassumedtobenonregenerable. Boilersassumedto meetNSPSstandardsin 15185 andBACTin2000.

Total sludge production in Repons 9 and 10 is low (less than \% of national).
Total ash and sludge production in Region 10 is low Oess than 2% of national).
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At present FiGD wastes and coal ash are disposed
of exclusively on land. Ocean disposal may be a
technically feasible alternative but current regula
tory disincentives preclude ocean disposal of FGD
wastes and coal ash. In the future, ocean disposal of
treated and sulfi^-rich sludges may be carried out to
a limited extent in regions where there are no mines
available and disposal sites for land impoundments
are scarce. However, if regulations constrain ocean
disposal, use of regenerable systems would be em
ployed in such regions.

The most common land disposal methods are im
poundments (ponds) and landfills, although some
mine disposal is also practiced. Future disposal
methods assumed in each region are shown in
Table 2.

Table 2. Disposal Methods.

EPA Region Method

1.2 impoundment, landfill, ocean
3,4,5,6,7 Impoundment, landfill, mine
8.9. 10 Impoundment, mine

The following impact assessments are based upon
this assumed mix of disposal options.

Environmental Impacts

Environmental impacts are dependent on the
characteristics of the disposal site, characteristics of
the coal ash and FGD wastes, control method and
the degree of control employed. Impacts are site-
specific and cannot be easily generalized over a
region. Furthermore, the existing regulatory
framework, if successfully implemented, should
prevent or minimize significant adverse impacts.
Against this background, some broad generaliza
tions on the potential environmental issues can be
made on a regional or national basis. Potential im
pacts are assessed on the combined generation of ash
and FGD waste by utility and industry. Regional
baseline data are not available at present for industry
alone, but wastes from industry will grow rapidly,
becominga very significant part of the national waste
generation by 2(X)0.

PotentiallyImportant impacts in most regions will
not come from the differences between NEP and
pre-NEP scenarios but with reference to the 1975
baseline, whichever scenario develops. Existing
baseline data indicate that with sound control tech
nology and successful development and implemen
tation of existing regulatory framework, regional
scale impacts are likely to be small; site-speciHc
impacts could be significant and need to be evaluated
on a case by case basis.

December 1979

Land'Related. Projected incremental land re
quirements under NEP (over pre-NEP) for disposal
of coal ash and FGD wastes are about 11% by 1985
and 19% by 2000. Projected total acreage involved
under NEP is less than 21,000 acres by 1985 and less
than 75,0()0 acres by 2000.* The existing regulatoiy
framework, if successfully implemented, will
minimize impacts on geology and soils. The mag
nitude of the incremental land use from a public
policy viewpoint is not significant on a regional or
national basis. However, the land required in a given
locality could require modifications ofland use plan
ning and practices on a site-specific basis.

Water-Related. On a regional basis, hydrologic
impacts are expected to be quite small. An important
potential impact is the contamination ofgroundwater
by leachate from the sludge/ash disposal area. In
l^tofthe existing data onsludge properties and on
the effectiveness of the various controls, there ap
pear to be adequate means for controlling the quan
tity of sludge leachate and, to some extent, its qual
ity. Thus, ^e impacts due tothe incremental sludge
or sludge plus ash caused by NEP will become a
site-specific question as to whether a potential dis
posal operation is feasible and to what extent control
measures are required. Since regulatory authority is
available to prevent deterioration ofgroundwater to
the extent that its existing end-use is altered, impact
on groundwater quality should be minimal.

Air^Related. Sludge and ash disposal methods en
tail significant levels of moisture in the disposed
materials. Generally the high moisture content ofthe
material would mitigate fugitive dust generation for
most operations, and impacts on air quality on a
regional basis would be small.

Biotic In^acta. Regional impacts on vegetation
and wildlife are primarily a function of the additional

*EPA policy involvesuse of metric units; however, this fuqwr
uses some nonmetric units for the reader's convenience. Metric
conversion factors are provided in Table 3 for readers more ac
customed to the metric system.

TaUe 3. Metric converslmi bctors.

Nonmetric Multiplied by Yields metric

Acres 4048 m*

BTU 1054,8 joules
0.252 kcal

ft 0.3048 meters

ft» 0.02832 m*

in 2.54 cm

lb 0.4536 kg
mirii 1.609 km^r

psi 703.1 k^m*
tons 907.2 kg
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land area required for landfill and impoundment dis
posal. Potential adverse impacts are: vegetation loss
at the disposal site and effects cmadjacent vegetation
and habitat. Potential positivi^impacts. include rec
lamation of surface-minded landsitPotenti^Bimpacts
on terrestrial or aquatic biota due to trace contami
nants in leachate reachingis'urface waters are not well
understood and need to b^evaluated on a case by
case basis. The existing regulatory framework pro
vides mechanisms focthe prevention of significant
adverse bioliCiitnpaet^, '.v'

Health Intpacu. As'ia the environmental impacts
discussed above, the available regulatory. Tuame-
work, if successfully developed and implemented,
should prevent adverse healtlT)iihpacts..With that in
mind, potential impact issues can be: occupational
(i.e., effects on workers in the disposal areaj; local
(i.e., effects on persons near the site due to fugitive
dust and impacts^n local ground and surface waters;
or remote (e!g., effect of materials, mainly trace
metals, carried as.leachate and turning up in water
supplies.

TTie potential impacts in.-most areas would not
come from" the differences between the NEP and
pre-NEP scenarios but with reference to the 1975-
baseline, whichever scenario develops. Existing
baselin&data is limited but suggests that, with sound
controltechnology and successful implementation of
the existing-regulatory framework,'iFegionaltmpacts
are likely to be small.-However, addrtional t^ta are
needed in this area. .. ..i!:

Data Gaps and Kesearch Needs .

The Environmental Protection Agency (EPA), the
Department of Energy ,(DOE), the Electnc Po^r
Research Institute (EPRI), arid others haye ongoing
programs to develop more baseline data t!nd infor
mation on disposal of FGD sludges and coal ash.
Continuation of .these programs will provide ad'di-
tim^. vital infprmatjpn '.in the future, in addition,
from the environmental and health viewpoints,
further information in several areas is desirable: data
on levels of polycyclic aromatics (if any), radionu-
clides, and trace..metajs in thesq wastes; studies on
biological impacts of trace metals including their
potential synergistic impacts^ andcompletion of cur
rent and planned- studies on disposal problems as
sociated with advanced combusdoil techniques Tike
fluid bed combrislion.

Introduction

Overview

The National Energy Plan (NEP) calls for study of
the health and environmental impacts of increased

IM

coal utilization. The Committee on Health and
Ecological Effects of Increased Coal Utilization was
established to fulfill this requirement. The Commit
tee commissioned the preparation of a number of
working papers to review the current state of knowl
edge on key topics concerning increased use ofcoal.:
This papersaddresses the health and environmental
impacts associated With the increased generation-of
coal ash and flue gas desulfurization (FGD) sludges
under the proposed National Energy Plan (NEP).
The paper was prepared by using the available
baseline data in the Annual Environmental Analysis
Report (AEAR), a MITRE report to ERDA under
Contract EE-01-77-0135, September 1977.

Approach

The proposed National Energy Plan (NEP) em
phasizes among other things conservation and in
creased energy efEciency and a shift toward in
creased use of coal with adequate environmental
safeguards. The increased use of coal will lead to an
increased generation of coal ash, including fly ash
and bottom ash and flue gas desulfurization (FGD)
sludges. ,

This paper focuses on the impacts associated with
the disposal of the above wastes. Utilization of the
above wastes in any commercial manner, which is
technically and economically feasible in many cases
and any consequent impacts are excluded from this
study. The following aspects of increased coal use
arec-dmbng others, outside the scope of this paper:
wastes generated during mining of coal, including
ooal washing; sources-associated with the transpor
tation of^i^oal; direct air pollution associated with
power plant emissions; sludges from water pollution
control activities; and wastes from coal processing
Oiquefaction, gasification, metallurgical coking, and
other direct use of coal in processing).

In order to place this assessment in perspective,
the following are noted.

The incremental impacts associated with in
creased coal ash and FGD sludge'generation have
beeri.the focus ofattention. The two basic scenarios
determining the incremental impact are: that under
the proposed National Energy Plan (NEP) and that
under restrained (except for EPA regulations) con
dition^ described' as pre-NEP. The incremental im
pacts and, where appropriate, baseline.impacts in
1985 and 2000 were chosen as assessment points,
using the AEAR. Important impacts in most areas
will-not arise out ofthe differences between NEP and
pre-NEP scenarios but with reference to the 1975
baseline, whichever scenario develops.

Impacts associated with coal ash alone are exam-'
ined separately from those, associated with' FGD
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sludges and coal ash together. FDG sludge is fre
quently disposed of in combination with coal ash.
Hence, the impacts of this combined disposal the
impact of coal ash disposal alone are d^U with sepa
rately.

Both regional and national impacts are.examined.
Local and regional impacts are more important than
averaged national impacts. Due to lack of baseline
data, impacts associated with industry alone in each
region have not been considered, Assessnient.has
been based on the combined impactofindustries and
utilities in each region.

In each Federal region, a potential mix ofdisposal
options has been broadly estimated and impacts as
sessed on this basis.

Potential impacts are dependent on the charac
teristics of the wastes and the disposal site. There
fore, it is necessary to integrate the method of dis
posal, type of control technology and the degree of
control in light of these site-specific and. waste-
specific characteristics.

The current regulatory framework established by
air, water and solid waste legislation, if successfully
developed and implemented, would minimize or
prevent sludge and ash disposal practices with sig
nificant adverse impacts.

Baseline data on waste generation does include
probable contribution of advanced combustion
techniques (like fluid bed combustion) for coal.

! \

Present Technology and Production ofjQoal
Ash in FGD Sludges

Coal Aah. Coal-fired utility and industrial boilers
generate two types of coal ash:.fly ash and bottom
ash. Both xjonslitute the noncombustlble (mineral)
fraction of the coal and the unbumed residuals. Fly
ash, which-accounts for the majority of the ash gen-
eratedy-'is-the fine ash fraction carried out of the
boiler in the flue gas. Bottom ash represents that
material which drops to the bottom of the boiler and
is collected either as boiler slag or dry bottom ash,
depending upon the type of boiler.

The total amount ofcoal ash produced is directly a
function of the ash content of the coal fired. Thus,
the total quantity of ash produced can range from a
few percent of the weight of the coal fired to as much
as 35%. The partitioning of ash between fly ash and
bottom ash usually depends upon the type of boiler.
Standard pulverized coal fired boilers typically pro
duce 80-90% of the ash as fly ash.-In cyclone-fired
boilers the fly ash fraction is usually somewhat less,
65-80% of the total ash created.

Fly ash carried in the flue gas stream can be col
lected in a number of ways to meet current particu-
late emission control limitations. Typical methods

December 1979

include mechanical collection, electrostatic pre
cipitation, fabric filtration and wet scrubbing.
Mechanical collectors generally are not capable of
meeting present emissions control limitations and,
when used, are generally followed by either an elec
trostatic precipitator or high efficiency wet scrub
bing systems.

FGD Sludges. FGD systems can .be:igenerally
categorized into two groups: nonregenerable, or
throwaway, systems which produce a waste material
for disposal; and regenerable, or recovery, systems
which produce a saleable byproduct (sulfur or sul-
fliric acid). There are now over 50,000 MW of coal-
fired electric utility boilers in the United States to
which flue gas desulfurization systems are being
applied (including systems in operation-, under con
struction, or in procurement). About 90% of this
capacity involves nonregenerable systems, most of
which employ lime or limestone to produce a solid
waste, calcium-sulfur salt for disposal. This technol
ogy can be.expected to dominate in boiler applica
tions of flue gas desulfurization systems for the
foreseeable future.

All commercial-nonregenerable processes today
involve wet scrubbing where gases are contacted at
some stage with aqueous slurries or solutions of ab
sorbent. Although most nonregenerable systems can
withstand relatively high levels of particulate and
trace contaminants and many in the past have been
designed for simultaneous SO2 and particulate re
moval, most systems being installed today, particu
larly on utility-scale boilers; follow high efficiency
electrostatic precipitators in -order to ensure a more
reliable service, "^e notable exceptions to this are
systems which utilize the alkalinity in the fiy ash for
SO2 control and therefore frequently remove fly ash
and SO2 simultaneously.

The principal types of nonregenerable systems
producing solid wastes for disposal are: direct
limestone scrubbing, direct lime scrubbing, alkalitie
flyash scrubbing, and double (dual) alkali scrubbing.

Most nonregenerable systems in operation today
are lime or limestone scrubbing systems. These
utilize a slurry of lime or limestone for SO2 removal
and can produce a waste ranging from a slurry to a
relatively dry filter cake. Lime, limestone and flyash
scrubbing are now considered to be a commercially
available technology. A number of these systems
have demonstrated high availability and reliability
on utility-scale boiler applications. Double (dual) al
kali systems represent a second generation technol
ogy which is now reaching commercial demonstra
tion. Double alkali systems utilize solutions for
sodium salts for SO2 removal which are then reacted
with lime outside the scrubber system to produce a
waste discharged as filter cake.-,-. •
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The quantity of ash-free waste solids produced
from nonregenerable systems is dependent upon a
number of factors including: the sulfur content of the
coal; the SO: emissions regulations; the type of FGD
system and its operating conditions; and the boiler
operatingconditions. In general, the quantityofdry,
ash-free sludge produced varies from 2.2 to about 3.0
times the quantity of SOz removed from the flue gas.
A typical utility operating at a 70% load factor and
meeting current New Source Performance Stan
dards (NSPS) for SOs would produceanywhere from
lOO-SOOtonsofdry, ash-free sludge annually per MW
of capacity.

CharacteristicsofCoal Ash and FGD Sludges

CoalAth Charaeteristiea. The chemical composi
tion ofcoal ash (bottom ash, fly ash, and slag) varies
widely, in concentrations of l^th m^or and minor
constituents. Table 4 shows a compilation of chemi
cal composition of both fly ash and bottom ash from
the firing of a wide range of different coals. The
principal factor affecting the variation in the com
position is the variability in the mineralogy of the
coal. However, differences in composition can exist
between fly ash and bottom ash (or boiler slag) gen
erated from the same coal due to differences in the
degreeof pulverizationof the coal prior to frring, the
typeofboilerinwhich the coal is fired, andthe boiler
operating parameters and combustion efficiency.
Regardlessof the type of ash (either fly ash or bottom
ash), more than 90% ofthe total wei^t ofthe ash is
usudly made up of silica, alumina, iron oxide, and
lime. It should be noted that the compositional
breakdown shown in Table 4 reflects only the ele
mental breakdown of the constituents reported as
their oxides and not necessarily the actual com
pounds present.

While the mqjorconstituents ofbottom ash and fly
ash are generally similar, there is usually an enrich
ment of trace elements in the fly ash as compared
with the bottom ash based upon Ae total quantity of
tr^ elements in the coal fired. A few of the ele
ments originally present in the coal (notably sulfur,
mercury, and chlorine) are almost completely vol
atilized and leave the boiler as gaseous species which
are not collected downstream in dry ash collection
equipment. However, these can be collected in wet
scrubber systems, as discussed later.

Up to 10% of fly ash can be water-soluble, so the
potential exists for release of contaminants through
leaching. The principal soluble species are usually
calcium, magnesium, potasssium, sulfate, and
chloride. Leachates resulting from ash are usually
alkaline due to the presence of calcium oxide and
other alkaline species, although some ashes have

136

Table 4. Range of coal ash composltloos.*

M^r constituents (wt %)
Silica (as SiOs) 25-60

Alumina (as AltOs) 10-30

Ferric oxide (as FesOs) 5-40

Lime (as CaO) 0.5-25

Magnesia (as MgO) 0.2-8.0

Potassium oxide (as KiO) 0.1-4.0

Sodium oxide (as NasO) 0.1-4.0

Titanium dioxide (as TiOs) 0.5-2.5

Sulfur trioxide (as SOs) 0.2-20

Carbon and volatiles ND-2

Selected trace constituents (ppm)
Antimony ND-200

Arsenic ND-1,000

Barium 50-10,000

Beryllium ND-200

Boron 15-6.000

Cadmium ND-0.5

Chloride —

Chromium 5-500

Cobalt 5-400

Copper 20-3,000

Fluoride —

Lead 10-Moo
Manganese 50-10,000
Mercury 0.01-100

Molybdenum 5-1.500

Nickel 15-70

Phosphorus 5-10.000
Selenium 1-50

Thorium —

Uranium —

Vanadium 10-1,000

Zinc 25-15,000

'Source: (/, 2).

been found to be inherently neutral or even acidic.
The physical properties of fly ash vary with the

type ofcoal fir^, the boiler operating conditions,
and the type of fly ash collector employed. A
mechanical collector, which generally removes only
the heaviest fly ash fraction, produces a relatively
coarse material with the consistency of a fine sand.
In contrast, the ash removed in an electrostatic pre-
cipitator is usually finer, with silt-like grading. The
range of specific gravities of fly ash depends upon
particle size distribution and fly ash composition;
however, specific gravities typically range from ap
proximately 1.9to2.7. A small portionof the flyash
(< 4%) consists of cenospheres (hollow spheres)
whichhave an apparent density less than water. Bulk
densities of fly ash, because of the variations in
specific gravity and particle size distribution, vary
greatly. Bulk densities of fly ash, therefore, vary
greatly, although the typical range for fly ash com
pacted at optimum bulk density would be 110-135
Ib/ft^.

An important property of coal fly ash is its poz-
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zolanic activity. Pozzolanic activity in fly ash either
by the lime in it or by the addition of lime causes the
fly ash to aggregate and harden when moistened and
compacted. Because of the presence of pozzolanic
activity in some fly ashes, the engineering properties
of fly ash vary greatly. In general, untreated fly ash
(that to which lime has not been intentionally added)
exhibits engineering properties similar to soils of
equivalent particle size distributions. Permeabilities
of compacted fly ash samples generally range from
5 X 10'® cm/sec to 5 x 10"® cm/sec. Treatment of
pozzolanic fly ashes with lime can result in signifl-
cant increases in compressive strength and increases
in permeability (depending upon the amount of lime,
the water content, curing time, and degree of com
paction).

Bottom ash can be collected either dry or in a
molten state, in which case it is generally referred to
as bottom slag. Dry-collected bottom ash is heavier
than fly ash, with a larger particle size distribution.
Since it has a similar chemical composition to that of
fly ash, it behaves similarly, although pozzolanic
activity is usually somewhat less in bottom ash.

Boiler slag is a black glassy substance composed
chiefly ofangular or rod-like particles, with a particle
size distribution ranging from fine gravel to sand.
Boiler slag is porous, although not of so great a
porosity as dry bottom ash. It is generally less reac
tive in terms of its pozzolanic properties than either
dry bottom ash or fly ash.

Because of the similarities between bottom and fly
ash, they have been grouped together for environ
mental impact assessments. Both bottom ash and fly
ash are frequently disposed of in pond disposal
areas. Typically, bottom ash and fly ash would be
sluiced to a central disposal pond where the ash
would be allowed to settle put and the overflow
liquor discharged or returned for sluicing. Analyses
of pond liquors indicate total dissolved solids levels
on the order of hundreds of ppm, the major con
stituents being calcium, magnesium, sodium, sul-
fate, and chloride, with lesser amounts of silicates,
iron, manganese, and potassium.

FGD Sludge Characteristics. Both the chemical
composition and the physical and engineering
properties of the sludge produced by any FGD sys
tem at any particular time will depend upon a variety
of factors including: the composition of the coal
burned; the type of boiler and its operating condi
tions; the method of paniculate control employed;
and the type of FGD system and the way in which it is
operated. Sludge characteristics, therefore, and the
chemical composition in panicular can vary over
extremely wide ranges.

The principal substances making up the solid
phase of FGD sludges are calcium-sulfur salts (cal
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cium sulflte and/or calcium sulfate) along with vary
ing amounts of calcium carbonate, unreacted lime,
ineris and/or fly ash. The ratio of calcium sulflte to
calcium sulfate (the latter present as CaS04 * H2O
or as gypsum, CaS04 •2H2O) will depend principally
upon the extent to which oxidation occurs within the
system. Oxidation is generally highest in systems
installed on boilers burning low sulfur coal or in
systems where oxidation is intentionally promoted.
Hy ash will be a principal constituent of sludge only
if the scrubber serves as a particulate control device
in addition to SO2 removal or if separately collected
fly ash is admixed with sludge. The amount of inerts
and unreacted raw materials (lime and/or limestone)
in sludges will depend upon the quality and utiliza
tion ofraw materials (system stoichiometry). Table 5
outlines typical composition data on both.

A variety of trace elements find their way into
FGD sludges from a number of sources: from coal
where they are present either as mineral impurities
or as organometallic compounds; from lime, lime
stone, or other reagents used in SO^ removal; and
also from the process water make-up used. The
greatest source oftrace elements, though, is from the
coal fired, and the levels of trace elements depend
primarily upon their level in the coal, the amount, if
any, of ash that is collected or admixed with the
sludge, and the efficiency of the scrubber system in
c«q)turing trace metal vapors and fine particulates.
Most of the elements in coal are not highly volatile
and will be retained in the ash matrix (either as fly ash
or bottom ash). The concentrations in the sludge of
those elements that are most highly volatile (notably
arsenic, mercury, selenium, beryllium, chloride, and
fluoride) will depend upon the extent to which they
are present and released from the coal, and more
importantly, the efficiency with which they are cap-

Table 5. Properties of untreated FGD sludges (typical)'

Major chemical
Category constituents (dry basis), wt % Solids, %

SuUate-rich 80-95% CaSOi • 2 HiO 75-90

0-10% CaSOs • jHsO (filtered)
5-10% CaCOs, MgCOs, Inerts" 50-65

0-10% Solubles—Na-^, Mg»+. (settled)
S04«-, Cl-

pH » 6.5 - 8
Sutfite-rich 40-85% CaSOs • V6 HsO 55-75

5-50% C&SOi' *H»0 (filtered)
5-10% CaCOa, MgCOs, CaO, inerts" 35-60

1-10% Solubles: Na^, (settled)
Ca**. S0<«-, C1-, COa*-

pH = 6.5-9

'Source; (2).
*^11103 and other nonreactive materials entering with lime

and/or limestone.
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tured in the FGD scrubber. Mercury and selenium
are likely to be present in the flue gas as elemental
vapors that might not be scrubbed ef^ciently. On the
other hand, chlorides and fluorides are almost com
pletely released from the coal and are very efficiently
scrubbed. Fluorides usually end up in the solid phase
of,the sludge (as CaF2), and chlorides, in the liquor
phase (CaCh is very soluble).

Liquid phases ofFGD sludges contain dissolved in
them a variety of substances ranging from traces ofa
variety of metals to substantial amounts of com
monly occurring ions such as sodium, calcium, mag
nesium, chloride, and sulfate. As was the case with
composition of sludge solids, concentrations of sol
uble substances in sludge liquors can vary by two
orders of magnitude or more. The total dissolved
solids (TDS) level can vary from about 2500 mg/1. to
as much as 100,000 mg/1., depending upon the
chloride/sulfur ratio in the coal, type of system, and
the extent to which solids are dewatered (and
washed), if at all. However, because of the insolubil
ityof many of the trace metal hydroxides, only a very
small fraction of the total amount of almost every
trace metal present in the sludge is found dissolved in
the sludge liquor. Tables 6 and 7 give ranges of trace
element concentrations in FGD sludges, liquors and
elutriates measured in samples from operating sys
tems.

For the most part, FGD sludges are fine grained,
with particle size distributions falling in the range of
5-50fim, a range corresponding to silty to fine sandy
soil. However, particles both smaller (< 1 fim) and
larger (at least 200 fim) have been observed. Viscos
ity of FGD sludges and the extent to which they can
be dewatered depend upon the size and shape of the
crystals and the quantity of fly ash present. The
highest viscosities have been observed for agglom
erated sulfite-rich crystals. These become difficult to
pump at greater than 40% solids. They can be typi

cally thickened to 20-40% solids and filtered to
45-75% solids. The lowest viscosities have been ob
served for sludges containing a high fraction of gyp
sum and/or fiy ash. These sludges can be pumped as
slurries in concentrations as high as 70% solids or
more. Sulfate-rich sludges can usually be thickened
to 30-60% solids and filtered to 60-90% solids. These
improved dewatering characteristics (which lead to
lower volume and better handling characteristics) of
sulfate-rich sludges are the rationale behind inten
tional oxidation in the scrubber system.

If the solids content of FGD sludges is increased
sufficiently by filtration, centrifugation, or other
means as addition of fly ash, they are amenable to
compaction into a material which can be quite firm
and which, if confined, can support considerable
weight. The unconfined compressive strengths of
such materials frequently range from nil to 50 psi or
more.

Treatment of FGD sludges by the addition of lime
and fly ash (or a similar source of silicate) can pro
duce a relatively hard material when compacted.
Such materials generally exhibit unconfined com
pressive strengths in the range of 100-400 psi (or
higher). Treatment also tends to reduce permeabil
ity. Reported values of permeability coefficients for
treated materials range from 10"® to 10"' cm/sec, as
compared with 10"^ to 10~® cm/sec for untreated
compacted materials.

Preliminary data on leachate potential obtained
from accelerated laboratory leach tests and field
testing in ponds indicate that treatment, in addition
to increasing strength and reducing permeability,
may reduce the concentration of dissolved solids and
the predominant soluble ions which constitute TDS
in leachates. In addition, the improved handling
properties of treated sludges in many cases permit
better control of sludge placement and therefore
better control of environmental impacts through

Table 6. Concentrations of trace elements in FGD sludges (typical).'

Concentration Median Number of Range of trace elements
Element ranges, ppm concentration, ppm'' observations measured in coal, ppm

Arsenic 3.4-63 33 9 3-60

Beryllium 0.62-11 3.2 8 0.08-20

Cadmium 0.7-350 4.0 9 —

Chromium 3.5-34 16 8 2.5-100

Copper 1.5-47 14 9 I-lOO

Lead 1.0-55 14 9 3-35

Manganese 11-120 63 5 —

Mercury 0.02-6.0 1 9 0.01-30

Nickel 6.7-27 17 5 —

Selenium < 0.2-19 7 9 0.5-30

Zinc 9.8-118 57 5 0.9-600

'Source: (2).
Values as reported.
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Table 7. Concentrations of chemical species in FGD sludge iiquors and elutriates (typical)."

Eastern coals Western coals

Range in Median, Number of Range in Median, Number of

Species liquor, ppm ppm observations liquor, ppm ppm observations

Antimony 0.46-1.6 1.2 4 0.09-0.22 0.16 2

Arsenic <0.004-1.8 0.020 15 <0.004-0.2 0.009 7

Beryllium <0.0005-0.05 0.014 16 0.0006-0.14 0.013 7

Boron 41 41 1 8.0 8.0 1

Cadmium 0.004-0.1 0.023 11 0.011-0.044 0.032 7

Calcium 470-2,600 700 15 240-(-45,000)" 720 6

Chromium 0.001-0.5 0.020 15 0.024-0.4 0.08 7

Cobalt <0.002-0.1 0.35 3 0.1-O.17 0.14 2

Copper 0.002-0.4 0.015 15 0.002-0.6 0.20 7

Iron 0.02-0.1 0.026 5 0.42-8.1 4.3 2
Lead 0.002-0.55 0.12 15 0.0014-0.37 0.016 7

Manganese <0.01-9.0 0.17 8 0.007-2.5 0.74 6

Mercury 0.0009-0.07 0.001 10 <0:01-0.07 <0.01 7

Molybdenum 5.3 5.3 1 0.91 0.91 1

Niclrel 0.03-0.91 0.13 11 0.005-1.5 0.09 6

Selenium <0.005-2.7 O.ll 14 <0.001-2.2 0.14 7

Sodium 36-20,000" 118 6 1,650-(~9,000)« — 2

Zinc 0.01-27 0.046 15 0.028-0.88 0.18 7

Chloride 470-5,000 2300 9 1.70(M3,000'' — 2

Fluoride 1.4-70 3.2 9 0.7-3.0 1.5 3

Sulfate 720-30,000" 2100 13 2,100-18,500" 3,700 7

TDS 2,500-70,000" 7000 — 5,000-95,000" 12,000 3

pH 7.1-12.8
—

2.8-10.2
—

"Source: (5).
"Levels ofsoluble chloride components Insludges 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.

"Levels of soluble sodium salts in dual alkali sludge (filter cake) depend strongly on the degree ofcake wash. The highest levels shown
reflect single measurements on an unwashed dual alkali filter cake.

better disposal site management. Sludge treatment
processes are now commercially offered. Several
such'sludge treatment and disposal facilities are in
full-scale operation on utility FGD systems in the
U.S.

Regional Coal and Waste Relationships
Four representative coals were selected as the

basis for the estimation ofsludge and ash production
rates: Appalachian, interior, Texas lignite and
mountain. Table 8 summarizes the characteristics of
these coals, and Table 9 gives assumed regional dis
tribution of coal consumption by coal type and the
predominant types of sludges produced by coal type
and region. The coal characteristics reflect assump
tions regarding coal cleaning prior to combustion.

Sulfate-rich sludges are produced predominantly
from low sulfur coal where scrubber oxidation rates
are highest. Thus, sulfate-rich sludges are assumed
to be the predominant type of sludge produced from
mountain coals. Since essentially ^1 of the coal
burned in Regions 7, 8, 9 and 10 is mountain coal,
these regions would generate sulfate-rich waste.

December 1979

Sulfite-rich sludge is produced, from high sulfur
coals. Therefore, sulfite-rich sludges would be pro
duced from interior coal and would be the predomi
nant type of sludge generated in Region 4.

With intermediate sulfur coals, either sulfate- or
sulfite-rich sludges can be produced depending upon
the type of FGD system and the boiler operation. In
Regions 1-3, 5, and 6, the mix of coals would be
expected to result in a mix of sulfate- and sulfite-rich
sludges.

Table 10 shows the quantities of sludge and ash
calculated for each type of coal under NEP and
pre-NEP regulatory calculated assumptions. Under
pre-NEP, an emission standard for SO2of 1.2 lb/10®
BTU is assumed for Eastern states and 0.6 lb/
10®BTU is assumed for Western states. Under NEP,
90% SO2 removal and 90% scrubber availability are
assumed for all coals and boilers.

Regulatory Considerations
ilie disposal of FGD sludges andcoalash is sub

ject to regulations at both Federal and State leve|s.
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Table 8. Coal/ash/sludge relationships (typical)".

Coal

' type Coal region

Coal characteristics

HHV,
BTU/lb %

Sulfur

lb/10" BTU %

Ash

Ib/IO" BTU Sludge type

I Appalachian 11.850 2.5 2.1 8.7 7.4 Sulfate- or sulflte-rich

11 Interior 11,419 4.1 3.6 10.3 9.0 Sulilte-rich

III Texas Lignite 7,500 1.8 2.4 11.0 14.7 Sulfate- or suUlte-rich

IV Mountain 9,000 1.03 1.15 9.2 10.2 Sulfate-rich

"Source: (5).

State regulations governing waste disposal on land
can be more stringent than corresponding Federal
regulations.

At present, FGD sludges and ash are disposed of
exclusively on land. Ocean disposal may be a techni
cally feasible alternative. In the future, ocean dis
posal may be carried out to a limited extent in regions
where there are no mines available and where dis
posal sites for land impoundments are scarce.

Disposal on Land, There are four major impact
issues concerning land disposal: waste stability/
consolidation, groundwater contamination, surface
water contamination, and fugitive emissions.

These are essentially regulated under the Federal
legislative framework listed in Table 11 and are
briefly discussed below.

The Resource Conservation and Recovery Act is
the m^or federal environmental legislation regulat
ing disposal in mines, landfills and impoundments.
Section 4004(a) of the Act requires development of
criteria to classify disposal areas as either open
dumps or sanitary landfills. The criteria will address
land disposal broadly — including impoundments,
land spreading and surface mine disposal. Following
the promulgation of criteria, state plans will be de
veloped so that existing open dumps will be closed or
upgraded and future land disposal will meet sanitary
landfill criteria. The criteria are expected to prohibit
any groundwater contamination which would re
quire additional groundwater treatment for intended

uses. To achieve the criteria in an environment
where accessible groundwater is useful for potable
or irrigation supply, it is likely that either: (1) the
disposal sites would be lined or have adequate im
permeability and soil attenuative capacity to protect
groundwater quality (unlined sites must also have a
contingency plan to control contamination when/if it
occurs); or (2) the waste would be admixed with a
fixation agent (e.g., fly ash and lime).

Under the Safe Drinking Water Act, states are
required to adopt programs prohibiting underground
injection of wastes without a permit. Regulations for

Table 10. Sludge and ash production rates by coal Qrpe."

Annual tons of

dry sludge/MWe''
Annual tons of

Coal type Sludge type pre-NEP NEP* dry ash/MWe

I Sulflte 210 240 225

Sulfate 260 300

Avg. region 235 270

II Sulfite 420 420 275

III Sulflte 250 280 450

Sulfate 310 340

Avg. region 280 310

IV Sulfate 145 160 310

•Source: {4).
load factor; 10 x I0« BTU/MWe/hr.

'Assuming NSPS = 1.2 for I, II, III; NSPS = 0.6 for IV.
•^Assuming 90% S0» removal (90% available).

Table 9. Coal/sludge/coosumption relationships."

Approximate coal consumption, %
Acre-ft/EPA Predominant

Region 1 II III IV sludge type 1000 tons dry sludge"

1.2,3 100 0 0 0 Sulflte or sulfate 0.8

4 50 50 0 0 Sulflte 0.9

5 25 50 0 25 Sulflte or sulfate 0.9

6 0 10 50 40 Sulflte or sulfate 0.8

7, 8, 9. 10 0 0 0 100 Sulfate 0.6

•Source: (5).
''Assumingno ash and typical sludge properties (compacted or settled).
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Tabk 11. Federal regulatory fremework for coal FGD: : disposal.

Impact issue Legislation Administrator

Groundwater Resource Conservation and Environmental Protection

contamination Recovery Act of 1976 Agency
Safe Drinking Water Act Environmental Protection

of 1974 Agency
Surface water Federal Water Pollution Environmental Protection

contamination Control Act Amendments Agency
of 1972

Sludge stability/ Surface Mining Control and Office of Surface Mining
consolidation Recalamation Act of 1977 Reclamation and Enforcement

Dam Safety Act of 1972 Army Corps of Engineers
Federal Coal Mine Health Mining Ertforcement Safety

and Safety Act of 1969 Administration
Occupational Safety and Occupational Safety and

Health Act of 1970 He^th Administration
Fugitive air Clean Air Act of 1974 Environmental Protection

emissions Agency
Federal Coal Mine Health and Environmental Protection

Safety Act of 1%9 Agency
Occupational Safety and Occupational Safety and

Health Act of 1970 Health Administration

Source: (5).

the state underground injection control programs
were promulgated by the EPA and apply to all delib
erate subsurface emplacement of wastes by wells.
The principal regulatory objective is protection of
groundwater from endangerment of viable drinking
water sources. This may influence underground
mine disposal of FGD wastes.

There would be some relevance of FGD waste
disposal to regulation of effluent discharges under
the Federal Water Pollution Control Act Amend
ments. For example, some current Effluent Limita
tion Guidelines are based on the principal chemical
constituents typically found in drainage from certain
industrial activities. Introduction of a waste material
could alter the designation ofsignificant constituents
Mv^ich should be limited, as well as the final effluent
concentrations which are achievable by available
technology, resulting in a need to modify the Effluent
Limitation Guidelines for the Utility or Mining in
dustry categories. Similarly, new guidelines may be
need^ for discharges from landflll and impound
ment disposal operation.

The Clean Air Act would be the primary vehicle
for regulating fugitive emissions which may result
from the handling and storage of FGD waste. Regu
lation would be accomplished under provisions of
the Act requiring that no emitting source interfere
with the achievement and maintenance of National
Ambient Air Quality Standards (e.g., standards for
particulates). In some cases, fixation of waste or dust
suppression methods may be required.

Federal mine disposal regulation for purposes of
groundwater protection would probably occur under

December 1979

the Resource Conservation and Recovery Act, and
disposal would have to meet sanitary landflll criteria.
However, the physical stability ofFGD storage piles
or mine disposal would be regulated under the Sur
face Mining Control and Reclamation Act. Under
this Act, placement of any waste within a surface
mine is prohibited if it would pose an environmental
or healfli hazard or cause physical instability of the
mine area.

The physical stability of impounded wastes may
be regulated under the Dam Safety Act. Under this
Act, an initial inspection and inventory of existing
dams was accomplished along with recommenda
tions of dam specifications and inspection proce
dures to be included in further laws and regulations.
Eventually states will establish their own programs
consistent with federally provided model legislation
and guidelines.

Standards promulgated under the Federal Metal
and Nonmetallic Mine Safety Act are designed to
protect miners from accident and disease. The stan
dards would apply to air contamination from fugitive
air emission of particulates or sulfur dioxide, to
noise,waste stability, and safeguards for mechanical
and electrical equipment. Similarly, standards
promulgated under the Occupational Safety and
Health Act would focus on protecting workers in all
aspects of FGD waste disposal outside of the mine
fenceline.

Diapoaal in the Ocean. Regulation of dispersed
ocean dumping of treated and untreated FGD waste
falls under the Marine Protection Research and
Sanctuaries Act and is administered by the En-
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viroiunental Protection Agency. The dumping would
be required to occur at EPA prescribed dumpsites
under the following conditions: trace contaminant
(e.g., Hg, Cd) content of the dumped materials
would be no higher than 50% above that of back
ground sediments at the dumpsite; concentrations of
the dumped material in the water column 4 hr after
release would not exceed 1% ofthe 96-hr LCso of the
material to local sensitive species; and no feasible
alternatives to ocean disposal are available.

If treated, bricklike FGD waste is used to create
artificial fishing reefs with EPA concurrence, the
£u:tivities would not be subject to ocean disposal
criteria.

Disposal and Utilization Options
DisposaL There are now a number of methods

being employed for the disposal of FGD sludges and
power plant coal ash. The most common method of
disposal today is impoundment (ponds), although
some mine disposal is also being practiced. In the
future, in addition to impoundments, landfills (i.e.,
sanitary landfill disposal in which layers ofwaste are
covered with layers of soil) would become a major
option. The types of impoundments include both
lined and unlined wet ponds and dry pits. In wet
impoundments, sluiced ash or FGD sludge (often
combined with ash) slurry is piped to the pond area
where the solids settle out. The supernatant is then
collected via overflow weirs and either discharged or
recycled to the scrubber or ash sluicing system. Wet
impoundments are used almost exclusively for on-
site disposal at the power plant. In addition to the
disposal, of untreated wastes, they are sometimes
used for treated materials (admixed lime and fly ash;
or admixed lime, fly ash and FGD sludge).

Dry impoundments and landfills are used for the
disposal ofdry ash or dewatered (or treated) sludges.
They can be either offsite or onsite; however, they
are usually located close to the waste source because
of the high cost of transportation. In dry impound
ments or landfills, the wastes are collected and
trucked to the disposal area. In landfills, the ash or
sludge would be mixed with and then spread over
layers of soil. In some cases, fly ash alone is spread
as a cover material. The operation of a dry im
poundment would be much the same except that
untreated sludge mixed with ash (or treated sludge)
would be layered in 6-in. to 1-ft. lifts and compacted.

There are three options for surface mine disposal
of dry wastes: (1) disposal on the working pit floor
prior to return of overburden; (2) dumping in spoil
banks prior to reclamation; and (3) mixed with over
burden. Sludge or ash would be transported to the
mine via rail or truck and then truck-dumped in the
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disposal area. There is a limited amount of fly ash
and/or FGD sludge disposal now being practiced
using the first two disposal options. Disposal ofFGD
sludges in active mines leads to less fugitive SO^
emissions because active mines are less acidic than
inactive or depleted mines; therefore the sulfur com
pounds in the wastes are less likely to be dissolved
(releasing SO2) in the less acidic environment.

In a few instances, fly ash has also been disposed
of in underground mines. The fly ash is sluiced and
pumped into mine voids through boreholes. Super
natant can be recovered via dams and sump pumps
and returned to a disposal basin or recycled for use in
ash sluicing. No commercial scale FGD sludge dis
posal in underground mines is now being practiced.

All of these options will undoubtedly continue to
be used in the future. However, based upon the
impending regulations prohibiting groundwater
contamination, unlined impoundments are expected
to decrease in usage. Mine disposal is expected to
increase in use due to the convenience and the elimi
nation of the large tracts of land required for im
poundments.

Ocean disposal of treated and sulfate-rich sludges
may also be carried out to a limited extent in regions
where there are no mines available and disposal sites
for land impoundments are scarce. Ocean disposal
could take the form of reefconstruction on the conti

nental shelf (shallow ocean disposal) using treated
material or dumping of treated or sulfate-rich mate
rial off the shelf (deep ocean disposal). Ocean dis
posal woiild probably be more likely to be practiced
in Regions 1 and 2. However, should regulations
constrain any form ofocean disposal, it is likely that
use of regenerable systems would be employed in
areas where land disposal is impractical.

Table 12 lists the potential disposal options and
sludge types appropriate to each disposal option en
visioned for the foreseeable future. Table 13 lists the
anticipated significance of each disposal option in
each Federal region. This disposal scenario was
compiled based on current trends in regulations, ex
isting data on characteristics of various types of
sludges, and expected impacts associated with such
OF>erations.

VtUisation. There are numerous uses of coal ash
that have been developed both in the United States
and Europe. However, at present, only about 20% of
the total ash produced in the United States is being
marketed. Fly ash, bottom ash and boiler slag, all of
which comprise coal ash, are used in somewhat dif
ferent applications. Only fly ash appears to be useful
in FGD sludge treatment.

Some of the more important markets for ash in the
United States include: manufacture of cement and
concrete, light aggregate for construction, filler (and
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Tabk 12. Slodge options disposal scenarios.

Disposal
scenario Requirements Sludge options

Land EHsposal
Landfill Immediate workability Sulfate-rich

Mixed with soil (Dry) sulfite-rich
Sulfate-rich + ash
Sulflte-rich + ash
Treated soil or brick

Managed Immediate workability Sulfate-rich

impoundment Sulfate-rich + ash
- Sulfite-rich + ash

Treated soil

Unmanaged Lined pond Any
impoundment
Surface mine Dry, soil-like Same as landfill

Ocean disposal
Shallow No (or low) COD Sulfate-rich

Dispersed availability*
No (or low) ash
Soluble

Shallow con Stable Treated, bricklike
centrated Low COD availability*

Non-dispersing
Deep con Low TOS availability Sulfate-rich

centrated Treated soil or brick

•Chemical oxygen demand (COD) is directly related to sulflte concentrations.

Tabk 13. Disposal scenarios (198S-2000).

Disposal methods (significance)^

EPA Re^on FGD sludge Ash

1 and 2 Impoundment (H) Impoundment (H)
Landfill (H)*- Landfill (H)^
Ocean (H)* Ocean (L)®
Mine (L) Mine (L)

3 and 4 Impoundment (H) Impoundment (H)
Mine (H) Mine (H)
Landfill (M)** Landfill (M)"
Ocean (L)® Ocean (L)®

S, 6 and 7 Impoundment (H) Impoundment (H)
Mine (H) Mine (H)
Landfill (M)*" Landfill (M)^
Ocean (L)® Ocean (L)®

8.9 and 10 Impoundment (H) Impoundment (H)
Mine (H) Mine (H)
Landfill (L)" Landfill (L)"
Ocean (LF Ocean (L)®

•Importance (significance) ofeach disposal option described in
parentheses; (H) = High in importance in the region*, (M) =
Medium in importance in the region; and (L) = Low in importance
in the region.

^Landfill refers to sanitary landfill type ofdisposal wherein the
layers of wastes are covert withlayersof soil.

•If regulations preclude all forms of ocean disposal, then it is
likely that ash utilization and the use of regenerable systems
would take up the slack where land disposal is impractical.

December 1979

antiskid additive) for asphalt, landfill cover, extrac
tion of mineral values, blasting (abrasion) com
pound, and soil additive.

In addition, there are numerous research and de
velopment programs being pursued to enhance ex
isting markets and open new markets.

In contrast to coal ash, there are essentially no
markets developed for utilizing wastes from non-
regenerable FGD systems in the United States. In
Japan, gypsum is produced in FGD systems and is
marketed for use in wallboard production and the
manufacture of cement.

However, in the United States, there is little or no
current market for gypsum as a byproduct material.
Other possible uses of nonregenerable wastes that
continue to be explored include use as a fertilizer
base or additive, a concrete additive, a low grade
construction base for construction ofartificial reefs,
for soil amendments, and for fume subsidence con
trol.

As an alternative to nonregenerable systems, re
generable systems produce sulfur or sulfuric acid as
byproducts. Markets for these products, though, are
quite limited and the cost for producing the by
product with flue gas desulfurization systems is high.
However, there are two circulstances under which
the regenerable processes can Hnd successful appli-
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Table 14. Regnal ash distributions: cumulative quantities.*

198S 2000

Federal 1975 Pre-NEF, NEP, A, A/Pre-NEP, Pre-NEP, NEP, A, A/Pre-NEP,

Region 10'tons 10® tons' 10® tons' 10'tons' % 10® tons' 10* tons' 10® tons' %

1 0.3 8.19 9.64 1.45 18 28.29 32.86 4.58 16

( 4.10) ( 4.82) (0.73) (14.14) (16.43) ( 2.29)
2 1.6 27.31 31.51 4.20 15 98.28 118.71 20.43 21

(13.66) (15.76) (2.10) (49.14) (59.36) (10.22)

3 8.4 108.34 117.38 9.04 8 317.45 371.74 54.29 17

(54.17) (58.69) (4.52) (158.73) (185.87) (27.15)
4 13.6 156.10 159.55 3.45 2 467.57 479.24 11.67 2

(78.05) (79.78) (1.73) (233.79) (239.62) (5.84)
5 19.4 232.54 237.93 5.39 2 660.29 686.49 26.20 4

(116.27) (118.97) (2.70) (330.15) (343.25) (13.10)
6 0.6 36.32 57.34 21.02 58 253.79 322.55 68.76 27

(18.16) (28.67) (10.51) (126.90) (161.28) (34.38)
7 2.0 36.93 37.57 0.64 2 128.84 133.89 5.05 4

(18.47) (18.79) (0.32) (64.42) (66.95) (2.53)
8 1.7 24.48 28.82 4.34 18 68.60 94.17 25.57 37

(12.24) (14.41) (2.17) (64.30) (47.09) (12.79)
9 0.3 10.71 16.69 5.98 56 84.23 107.67 23.44 28

(5.36) (8.35) (2.99) (42.12) (53.84) (11.72)

10 0.3 0.81 1.65 0.84 104 3.62 8.94 5.32 147

(0.41) (0.83) (0.42) (1.81) (4.47) (2.66)

Total . 48.2 641.73 698.08 56.32 9 2,110.95 2,356.26 245.31 12

(320.89) (349.07) (28.19) (1,056.50) (1,178.16) (122.68)

'Numbers of lOOO's of acre-ft are in parentheses. Numbers may not add up to the last digit due to roundoff.

cation and would be used: in specific locations where
a market for the products exists; in areas where
availability of disposal options for nonregenerable
processes is so constrained that the cost of waste
disposal is high.

It is important to note that most regenerable sys
tems also produce wastes; e.g., blowdown from pre-
scrubbers (which remove fine paniculate matter and
chlorides from the flue gas prior to its entering the
sulfur dioxide absorber) and blowdown of contami
nants from the regenerative ponion of the process.

Coal Ash-Related Impacts
Projected Production and Trends

In order to gain an insight into the impacts as
sociated with coal ash alone, estimates of the gen
eration of coal ash and FGD sludges have been
projectedseparately in each Federal region. The es
timates on the generation of coal ash developed in
the Annual Environmental Analysis Report have
been used as the basis for these impact projections.

Table 15. Geoeration of coal asb: industrial utility breakdovm.*

1985 2000

Pre-NEP, NEP, A, Pre-NEP, NEP, A.

10® tons 10® tons 10® tons 10® tons 10® tons 10® tons

{%of (%of (%of of (% of (%of

total) total) total) total) total) total)

Industrial 9466 18,987 9521 21,977 43,518 21,541

(11.7) (20.7) (83.1) (19.0) (33.6) (154.6)

Utility 71,011 72,947 1936 93,446 85,842 - 7604

(88.3) (79.3) (16.9) (81.0) (66.4) (- 54.6)

Total 80,477 91,934 11,457 115,423 129.360 13,937

'Source: (5). Basis: National Annual Waste Rates (Only boilers over 25 MWe ihcluded in industrial total)
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Table 16. Gcneratloii of FGD sludges iodnstiia] utility breakdown."

1985 2000

Pre-NEP, NEP, A, Pre-NEP, NEP, A.
IC tons 1(F tons tons I(F tons 10^ tons lO' tons
(%of (%of (% of (% of (%of (% of
total) total) total) total) total) total)

Industrial 1200 6500 4900 5800 23,100 18,000
(5) (20) (60) (15) (40) (95)

Utility 23,200 26,100 3300 32,900 34.600 1000

(95) (80) (40) (85) (60) (5)
Total 24,400 32,600 8200 38,700 57.700 19.000

•Source: (5)

The estimates presented in Table 14 include electric
utilities and largescale industrial boilers (> 25
MWe). The data presented are the cumulative gener
ation offly ash throu^ 1985 and 2000 under NEP and
under pre-NEP conditions. Tables 15 and 16 present
the overall national breakdown between industries
and utilities. It is clear that industrial wastes grow
rapidly and become a significant part of the total
wastes. However, data on regional breakdown of
industrial waste generation are unavailable as of this
writing. Hence, the specific impacts associated with
industry alone are not considered separately in this

8.NORTH CENTRAL

paper. The impacts discussed are broadly caused by
>s^te$ from utilities and industries. Tables 8-10 out
line the characteristics of coal, the quantities of ash
produced from various coals, and the estimated mix
of coals used in each EPA region.

The cumulative percentage increase of coal ash
generated in each EPA region under the NEP (com
pared to pre-NEP) is shown in Figure 1. The incre
mental percentages increase of coal ash under the
NEP is relatively small.

It should be noted that coal ash can be utilized
commercially. (Examples of commercial utilization

NATIONAL AVERAGE 9 (121

7. CENTRAL 5. kuowEv

NOTES:

1. percentace increase under nep
(cenporrd le pX-NEP] SHOWN,

2. I9BS FICURES AS SHOWN.

2000FICUHES IN { I.

3. REGION 10 - ACTUAL SlUOCE PRODUCTION
IN RECiON to IS <2% OF NATIONAL OUTPUT

6. SOUTHWEST

'<58 (27)^^

4 SOUTH ATLAMTtC

Figure 1. Regional co^ ash generation cumulative percentages in 1985 and 2000.
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include use in manufacture of cement, mixing with
asphalt, and as light aggregate for concrete road
beds); mixed with FGD sludge and subject to chemi
cal treatment prior to disposal; or directly disposed
of in landfills.

The net amount of coal ash, in particular fly ash,
available for disposal independent of FGD sludge
would be small for the following reasons. Assuming
all FGD sludge were treated (or admixed) and that fly
ash is required in the ratio of50:50 to FGD sludge for
treatment (in addition to lime), the net amount of fly
ash left over for disposal/utilization is negligible ex
cept in Regions 6,8,9, and 10. Utilization ofcoal ash
is likely to increase in future years.

The remainder of this section concerns impacts
associated with direct disposal of coal ash alone.

In this paper, the combined impact of wastes gen
erated by industries and utilities is addressed. Base
line data are not available as of this writing to con
sider the impact of wastes from industrial boilers
alone. It should be noted, however, that preliminary
estimates indicate that by 2000, the generation of
such wastes by industry, which is presently negli
gible, will be a sizable percentage of the total genera
tion of ash and FGD wastes.

Regional and National Environmental
Impacts

The existing regulatory framework governing dis
posal of ash/sludge, if successfully implemented,
should prevent or minimize significant adverse en
vironmental impacts. Hence, discussion on en
vironmental impact ofash or sludge disposal is basi
cally an attempt to focus on potential environmental
issues. The impact assessment in Sections 2.2, 2.3,
3.2, and 3.3 should be read against this background.

Land'ReUited Impacts. The additional land area
required for cumulative disposal of coal ash if dis
posed of alone is not great. By 1985, the incremental
land requirements under NEP (compared to that
under pre-NEP) is about 9% on a national scale. By
20(X), the incremental land requirements under NEP
are only 12% which would amount to less than 5000
acres of direct disposal area.

Depending upon whether or not the particulate
level from fugitive emissions is significant, disposal
of fly ash could affect nearby land use patterns.
Land-use regulations may restrict disposal to areas
where residential, commercial or recreational activ
ity is remote from the disposal area (i.e., buffer zones
are required), thereby substantially increasing the
land area temporarily affected by the disposal action.
Adverse affects of coal ash disposal can be amelio
rated by prudent engineering and design. Further
more, commercial utilization offly ash (as in cement

146

manufacture, as aggregate, etc.) reduces land use
impact. On balance, land-related impact associated
with coal ash disposal alone will be site specific. The
overall incremental land requirements under NEP
are such that the impacts on land use policy on a
regional scale are not very significant in any region.

Watet^Related Impacts (Coal Ash). The poten
tial water related impacts are those of a hydrologic
nature (This would be insigniEcant on a regional
basis for coal ash disposal on an incremental basis
under NEP) and those occurring as a result of
leachate moving from the ash disposal area and im
pacting water quality.

As in all other impacts, site-specific implementa
tion of available regulations and control technology
to the appropriate degree is the overriding factor; if
prudently applied and practiced, this could prevent
adverse water related impacts.

A potentially important impact issue is that as
sociated with the movement of leachate from ash
disposal. The site-specific significance of contami
nants in leachate depends on: whether the sur
rounding area groundwater is ofvery high quality or
highly mineralized and attenuation, displacement,
and dilution mechanisms which retard or prevent the
movement of many chemical species in soil media.

Application of fly ash to soils could increase the
avail^ility oftrace elements. The impactofleachate
is also ash specific; chemical treatment and compac
tion reduce permeability.

It appears that movement of trace metals and
principal chemical species (Ca, SO4, Cl, etc. through
soil into underground water) through leachates is one
significant environmental impact issue. The regula
tory objectives of RCRA, if successfully imple
mented, would prevent contamination of ground-
waters to any level preventing continuation of
existing use. This would impact siting consid
erations. The maximum incremental increase under
NEP in coal ash production is likely in Regions 3,5,
6, and 9. Region 10, while showing a large percentage
increase, is not projected to be a major generation
center.

Air Quality In^acu. A number of sources of at
mospheric dust can be related to the disposal ofcoal
ash. The dust generated from these sources is termed
"fugitive" because it is not discharged to the atmo
sphere in a confined flow stream. Although no reli
able emissions data exist for these sources, implica
tions of potential impacts can be made based on the
physical characteristics of the ash, the disposal
methods and the climatological characteristics ofthe
area. The dust generation process is comprised of
two basic physical phenomena, which are particu
larly applicable to dry materials: pulverization and
abrasion of surface material by the application of
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mechanical force during the disposal operation
Ooading, transporting, dumping, etc.); and entrain-
ment of dust particles by the action of turbulent air
currents. Airborne dust may also be generated inde
pendently, by wind erosion of an exposed surface if
the wind exceeds approximately 12 mph.

The air pollution impact of fugitive dust from coal
ash disposal depends on the quantity and drift po
tential ofdust particles emitted into the atmosphere.
The emission rate depends on the properties of the
coal ash and the activity level in the disposal process.
The physical characteristics of typical ash pertaining
to potential fugitive emissions are given in Table 17.

Coal ash disposal can involve wet or dry material.
At present, wet methods are favored, but regulatory
guidelines may encourage a trend toward dry han
dling. Even on dry systems, use of water and possi
bly dust mitigating agents is expected to be required
during field operations to minimize fugitive dust.

It should be noted that the moisture content ofcoal
ash is generally well above the level of5% by weight,
the amount required to totally mitigate emissions of
fugitive dust. Therefore, it can be assumed that the
emissions of fugitive dust, assuming sound disposal
practice, would be quite small regardless of the dis
posal procedure as long as the moisture content re
mains large. However, airborne dust may be gener
ated in disposal processes that allow the surface
material to dry to levels below 4-5% moisture con
tent.

Nearly 85% of the coal ash by weight (see Table
14) is less than 75 ^m in particle size. Thus, disposal
procedures that allow for surface exposure for ex
tended periods of time would allow for evaporation
and drying ofthe exposed surface particles and could
cause emissions of^giti vedust. Landfill andsurface
mine disposal procedures are the two options that
could cause increased fugitive emissions unless rea
sonable mitigative measures were undertaken. The
regions that utilize landfill and surface mine disposal
options could therefore potentially cause suspended
paniculate levels to increase in areas immediately
bordering the sites. The extent of increased ambient
concentrations depends on factors such as the sur-

Table 17. Physical properties of typical fly ashes."

Property

Specific gravity 2.5

Approximate moisture content, (% HzO) 25.0

Particle size distribution. %
> 1 mm 0

0.074-2 mm 11

0.002-0.074 mm (silt size) 85

"Source: (4).

December 1979

face area of the disposal site, the extent ofdryness of
the surface particles and the climatology of the area.

When one considers fugitive dust from coal ash
disposal, it is well to keep in mind that dry soil can
also cause analogous formation of fugitive dust. The
difference between soil and deposited coal ash in
terms of propensity to dusting is ofcourse specific to
the materials in a given locale.

The increased coal ash generation in Federal Re
gion 6 of 58% in 1985 as a result of the National
Energy Plan could cause significant site-specific
paniculate level increases near open disposal areas
such as landEll sites. Mitigative measures such as the
application of overburden, vegetative cover, and
fi^quent watering would minimize these impacts
greatly.

The Regional Ash Distribution Table indicates
that in the year 2000, the National Energy Plan could
cause particulate emissions from disposal operations
to have the most signiEcant increases in ash disposal
in EPA Regions 6 and 3. This information by itself
does not lead to the conclusion that impacts would be
significant. The more important consideration at
each site would be the site-specific requirements for
^plication of available control technology.

Biological Impacu. Potential vegetation impact
issues resulting from the disposal ofcoal ash could be
of several types: vegetation loss by construction of
disposal areas, effects on adjacent plant communi
ties through disruption of local hydrology, and pos
sible reduction in productivity due to fugitive dust.
Potential positive impact issues could include en
hanced surface mine reclamation and a possible
increase in diversity of vegetation following recla
mation of impoundments and landfills. Impact as
sessment has to be against the background of site-
specific data and requirements for the possible
^plication of available control and reclamation
technology to minimize impacts for certain types of
disposal.

^ch disposal method has a different combination
of potential impacts. Impoundments (lined and un-
lined) and landfills each require the disruption of an
existing land surface and removal of any natural
vegetation present. Creating impoundments or land
fills may also modify the local water runoff patterns,
thus affecting adjacent vegetative communities. For
example, wetlands may become drier or upland
areas may become wetter.

Coal ash disposal may not result in significant
levels of fugitive dust, particularly with prudent de
sign and operation ofdisposal methods. Impacts are
likely to be minimal, but could include decreased
vegetative productivity if significant dust deposits
occur.

The use of surface mines as disposal sites may
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potentially have positive impacts since such use may
help rehabilitate the extreme topography of surface
mine pits. Coal ash is generally alkaline and contains
sever^ chemical species including calcium, mag
nesium and potassium, which are essential plant nu
trients. Thus, coal-ash-filled areas have a reasonable
potential to be successfully revegetated and to be
come new habitats. In some localized situations, the
type ofvegetation selected for reclamation use could
increase diversity. For example, edge habitats could
be established in forested areas.

Impacts on terrestrial vegetation in the various
EPA regions will be closely related to the amount of
land needed for disposal of coal ash. As indicated in
the section on land-related impacts, estimated areas
i^eded by 1985 and 2000 are relatively small. While
some significant site-specific impacts are possible,
the overall impact in all regions appears small.

Since many of the utilities will be located near
surface water sources, the types of vegetation dis
rupted will include a variety of plant communities.
Specific studies for proposed ash disposal sites,
which will most likely be required for disposal per
mits, can ensure that rare or endangered species will
not be affected. Some sites will have only limited
natural vegetation because of prior agricultural or
industrial use.

All types of impacts are similar, with or without
NEP. The NEP would have the effect of increasing
the land area required for ash disposal by about 9%
by 1985 and 12% by 2000. The increase in area of
natural vegetation that is disturbed under NEP will
be dependent on the specific disposal sites selected.

Hie mqjor impacts of the disposal of coal ash on
terrestrial wildlife will result from the loss of poten
tial habitat and, in some cases, from enhancement of
habitat associated with reclamation. The loss of veg
etation could result in the local reduction of the
carrying capacity for some forms of terrestrial wild
life. Recognizing that site-specific impacts are often
overriding, the magnitude of the potential incre
mental impact on a regional basis is likely to be small
since the incremental land area used for the disposal
of ash in each EPA region under NEP is small.

Another potential impact exists from the chemical
constituents of coal ash. A relatively large percen
tage of the composition of coal ash consists of rela
tively inert materials (e.g., silica, alumina, ferric
oxide). These materials are relatively nontoxic to
terrestrial wildlife. Moreover, the solubility of coal
ash is relatively low. However, coal ash does have
trace elements such as arsenic, cadmium, and
selenium. Therefore, the contamination of surface
and groundwater is a possibility. This contamination
has the potential to cause chronic exposure of
wildlife to low levels of trace elements of a poten
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tiallytoxic nature. It is unlikelythat acute or chronic
toxicity effects will be significant if the RCRA
framework is successfully developed and im
plemented.

As in other areas of potential impact, the degree of
site-specific implementation of available control
technology is the overriding consideration in deter
mining the incremental impact under NEP as it re
lates to aquatic biota. The available regulatory
framework under RCRA, if successfully im
plemented, should prevent ash disposal practices
with important adverse biological effects. With that
in mind, the major potential concerns regarding
aquatic biota are discussed below to help focus fu
ture regulatory efforts. All appear to be controllable
with the application of siting and structural con
straints which prevent the near-field entry of ash
and/or ash liquor into surface waters.

The three characteristics of coal ash which appear
potentially problematic for aquatic biota are; small
particle size; relatively high percentages of ferric
oxide in the solid fraction; and relatively high pH and
trace metal concentrations in the liquor fraction.

Other characteristics about which too little data
are available to evaluate the potential for problems
are radioactivity and uncombusted carbon fractions
of the waste.

The small particle size of coal ash (comparable to
silts) Implies greater potential for adverse impacts
uponaquatic biota due to ingestion and impingement
than for solids composed of larger particles. This
would be of concern in any situation where higher
aquaticorganisms (e.g., finfish) are directly exposed
to ash solids with relatively high trace metal levels
which, if ingested,could be stripped and made avail
able for subsequent accumulation or toxicity in the
acidic environment of the digestive tract.

Ferric oxides, reportedly comprising up to 35% of
ash solids, have poorly understood impact implica
tions in aquatic systems. However, iron oxide floes
have been associated with reported fish kills, and the
presence in surface waters of large quantities of ash
rich in iron oxides could be considered problematical
without more definitive data about opportunities for
dissolution and flocculation as specific sites.

Ash liquors can exhibit pH values greater than 9
and a few trace metal levels in excess of recom
mended EPA criteria for the protection of aquatic
life. In the absence of adequate mixing and dilution,
these factors could create toxic conditions in af
fected aquatic systems. It is to be noted, however,
that dilution of leachates is often likely. Cadmium,
which is reported to be in excess of 10 ^^g/l. in ash
liquors, is a cumulative toxicant reported to ad
versely a^'ect salmonid fishes and certain zoo-
plankton in excess of concentrations between 0.4
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and 1.2 /ig/1. and less sensitive species between 4.0
and 12.0 fipX.

On a regional basis, the potential for any adverse
coal ash disposal impacts on aquatic biota appears to
be greatest in EPA Regions 6, 8, 9, and 10. These
areas show significant predicted volumetric and/or
percentage increases over pre-NEP conditions for
both 1985 and 2000. Regions 8 and 9 could be of
special concern because of the importance of sensi
tive cold water fisheries in numerous small streams,
in contrast to the strong preponderance of warm
water ecosystems in Region 6.

Heakh Related Impacts. The major health con
cerns expected to receive regulatory attention in the
disposal of coal ash as described in preceding sec
tions may occur at several levels. They are all
strongly dependent on a host of variables related to
disposal technique, total quantity of ash disposed of
and site-specific consideration, especially proximity
to population centers. Broadly, health-related im
pacts could be divided into three kinds: occupa
tional, local, and remote.

Occupational impact refers to effects on the health
of workers involved in the disposal operations.
These would differ according to location and type of
disposal. In mine reclamation and landfill, fugitive
dust is one of the significant distinguishing pos
sibilities but is expected to be controlled. Industrial
accidents and spills are considered outside the scope
of this study.

Local impact refers to effects on persons in the
vicinity of a disposal operation. This would be
largely related to the effects of fugitive dusts and,
peifiaps more importantly, to potential Impact on
local ground and surface waters.

The remote: effects comprise effects of materials,
primarily trace metals, emanating from the disposal
site as leachate, carried in surface and groundwater,
and turning up in water supplies (streams or wells)
used primarily for either human (or domestic animal)
drinking water or irrigation.

The potential impacts in most areas will not come
from the differences between the NEP and pre-NEP
scenarios but with reference to the 1975 baseline,
whichever scenario develops. The impacts would be
principally site-specific. Figure 1 outlines percen
tage increases in various regions. Lacking further
information, correspondingly higher levels of im
pacts could exist in these regions.

Whether the potential impacts are realized as ac
tual impacts depends on a further set of variables
including disposal methods, utilization of ground-
water versus surface water for drinking purposes,
the rate of groundwater passage through a fill site,
the rate ofleaching by surface water, the pre-existing
composition of the leach water and its distribution

December IS'79

afterwards, the absorption of ions in the soil, the
method of treatment of ash and the specific charac
teristics ofa specific disposal site. In summary, these
factors relate to possible regulatory actions enabled
by RCRA.

These remarks pertain to disposal of both ash and
sludge and, therefore, apply to the discussion of
health impacts of sludge disposal.

Because of the large matrix of variables, each
varying to some degree for each site, even within a
region, it is considered unrealistic to attempt a re-
fmed quantitative analysis of health effects.

Furthermore, the regulatory framework, if im
plemented successfully, will by definition prevent
adverse impact on any drinking water supply.

One can consider a potential worst case scenario
in which a water supply is postulated to contain
undiluted liquor and its composition is compared to
recognized standards (for drinking water), and then
examine what variables exist which might alleviate
any concerns so derived. This scenario ignores many
attenuating factors; actual levels of all incremental
dissolved material in any surface or groundwater will
be a fraction of those in ash liquors. Data developed
in recent work and on the recent report of the NRC
(Committee on Drinking Water and Health (6) points
to this.

The limited data available for ash liquors, which
are subject to further variation depending largely on
coal source, suggest that for most components there
would not be major cause for concern. Possible ex
ceptions are cadmium, selenium, and some other
trace elements. This water would not in any case be
considered a direct source ofdrinking water, and any
outflow from an ash disposal-site would need to be
monitored and diluted or otherwise treated to in
crease its acceptability.

In addition to water-quality related issues, ash
disposal more than sludge disposal will give some
concern for fugitive dust emissions. This could
therefore be mitigated by site-specific factors ofcon
struction design and operational procedures. The
presence of radioactive elements In coal ash has been
reported, but there are not sufficient data to deter
mine whether there is cause for concern on this sub
ject.

FGD Sludge-Related Impacts
Projected Production and Trends

Since the likelihood is that coal ash and FGD
sludge will be disposed of together, either as fly ash
admixed with FGD sludge (or SO2 and ash simul
taneously removed) or in the use ofash for the treat
ment of sludge, we have estimated production rates

149

)>-
a.
O
o

<

o

E

o

00
r-

O
CM

CM

c

"3

- Doc. Ex. 1443 -
Docket No. E-7, Sub 1214 

Joint Exhibit 4
I/A 



Table 18. R^cmal sludge distributions—cumulative.*

1985 2000

Federal 1975 Pre-NEP, NEP, A. A/Pre-NEP, Pre-NEP, NEP, A, APre-NEP,
Region 10* tons 10* tons 10* tons 10* tons % 10* tons 10* tons 10* tons %

1 <0.1 4.94 6.13 1.19 24 21.50 22.68 1.18 5

(3.95) (4.91) (0.95) (17.21) (18.14) (0.94)
2 0.2 14.82 18.65 3.83 26 63.98 67.70 3.72 6

(11.85) (14.92) (3.06) (51.18) (54.16) (2.97)
3 1.2 18.20 26.45 8.25 45 60.58 113.76 53.18 88

(14.56) (21.16) (6.59) (48.46) (91.01) (42.55)
4 1.7 38.74 46.23 7.49 19 156.53 199.81 43.28 28

(34.87) (41.61) (6.75) (140.88) (179.83) (38.95)
5 3.1 51.62 57.72 6.11 12 187.90 229.07 41.17 22

(46.45) (51.95) (5.49) (169.11) (206.16) (37.05)
6 <0.1 12.00 21.18 9.18 77 79.77 127.43 47.67 60

(9.60) (16.94) (7.35) (63.81) (101.95) (38.14)

7 0.5 14.75 17.91 3.15 21 56.65 75.25 18.61 33

(8.86) (10.75) (1.89) (33.99) (45.15) (11.17)
8 <0.1 1.29 2.15 0.86 67 3.83 9.59 5.76 150

(0.77) (1.29) (0.52) (2.30) (5.76) (3.46)
9 <0.1 0.10 0.98 0.89 911 0.43 9.33 8.90 >1000

(0.05) (0.59) (0.54) (0.26) (5.59) (5.34)
10 0.0 0.02 0.17 0.15 596 0.19 1.20 1.00 616

(0.01) (O.I I) (0.09) (0.12) (0.72) (0.60)

Total 6.8 156.48 197.57 41.10 26 631.36 855.82 224.47 36

(130.97) (164.23) (33.23) (527.32) (708.47) (181.17)

"Numbers of lOOO's of acre-it are in parentheses. Numbers may not add up to the last digit due to roundoff.

Table 19. Regnal sludge plus ash distributions — cumulative.'

19^5 2000

Federal 1975, Pre-NEP, NEP, A, A/Pre-NEP, Pre-NEP, NEP, A, A/Pre-NEP,

Region 10* tons 10* tons 10* tons 10* tons % 10® tons 10® tons 10* tons %

I < 0.4 13.13 15.77 2.64 20 49.78 55.54 5.76 12

(8.05) (9.73) (1.68) (31.35) (34.57) (3.22)

2 1.8 42.13 50.16 8.03 19 162.26 186.40 24.15 15

(25.51) (30.68) (5.17) (100.32) (113.52) (13.2)
3 9.6 126.54 143.83 17.29 14 378.03 485.50 107.47 28

(68.73) (79.85) (11.11) (207.19) (276.88) (69.69)
4 15.3 194.84 205.78 10.94 6 624.10 679.05 54.95 9

(112.92) (121.39) (8.47) (374.67) (419.45) (44.78)
5 22.5 284.16 295.65 11.49 4 848.19 915.56 67.37 8

(162.72) (170.92) (8.2) (499.26) (549.41) (50.16)
6 < 0.7 48.32 78.52 30.2 63 333.56 449.98 116.42 35

(27.76) (45.61) (17.85) (190.71) (263.23) (72.52)

7 2.5 51.68 55.48 3.8 7 185.49 209.14 23.66 13

(27.33) (29.54) (2.21) (98.41) (112.10) (13.69)
8 < 1.8 25.77 30.97 5.2 20 72.43 103.76 31.33 43

(13.01) (15.7) (2.69) (36.60) (52.85) (16.25)

9 < 0.4 10.81 17.67 6.86 64 84.66 117.0 32.34 38

(5.41) (8.94) (3.53) (42.38) (59.43) (17.05)

10 0.3 0.83 1.82 0.99 119 3.81 10.14 6.33 166

(0.42) (0.94) (0.52) (1.93) (5.19) (3.21)

Total 55.3 798.31 895.65 97.41 12 2,742.31 3.212.08 469.77 57

(451.86) (513.30) (61.42) (1,582.82) (1,886.63) (303.8)

"Numbers in parenthesesare areas in lOOO's of acre-ft. Numbers may not add up to the last digitdue to roundoff.
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for combined fly ash and sludge as well as FGD
sludge alone. Tables 13 and 14 show the projections
of the cumulative quantities and volumes of dry
sludge and dry sludge plus ash, respectively, by re
gion through the years 1985 and 2000 under pre-NEP
and NEP conditions. Figure 2 shows the percentage
increase in combined sludge and ash in each region
due to implementation of NEP.

Tables 15 and 16 outline the breakdown of indus
trial and utility-related generation of coal ash and
FGD sludges. Industrial wastes are likely to be a
major part of national waste generation. Due to a
lack of baseline data, impacts specific to industrial
wastes are not considered separately. The impacts
discussed broadly apply to both industrial and utility
waste.

These estimates were prepared based upon the
annual sludge rate projections in the Annual Envi
ronment Analysis Report (5) and assumptions re
garding the distribution ofcoal consumption by type
and region (see Tables 8-10 and 12). The basis for the
projections is as follows. All scrubber systems are
nonregenerable; Under the pre-NEP scenario, all
coal-fired utilities are required to meet standards of
0.6 lb SO2 emission/10® BTU heat input for Western
coal and 1.2 lb SO2 emission/10® BTU heat input for

8.NORTH CENTRAL

all other coals. Under the NEP scenario, all new
coal-fired utility boilers (and industrial boilers larger
than 25 MWe) on line in 1984 and after, are required
to meet BACT standards (81% removal of all sulfur
from all coals burned). Sulfur and ash contents of
coal given in Table 8 are after any assumed coal
cleaning or processing.

In developing the cumulative figures for sludge
and ash production, a linear relationship has been
used between 1975 and 1985, and between 1985 and
2000 for each scenario.

It should be noted that the tonnages and volume^,
of sludges and sludge plus ash do not take into ac
count the effects of any sludge treatment nor do the
cumulative sludge plus ash volumes take into ac
count variations due to simultaneous removal of ash
and SO2.

Treatment of FGD sludge or common disposal of
FGD sludge and ash could utilize essentially all
available coal ash in all regions except 6,8,9, and 10
(assuming 50/50 admixture).

The combined impact of wastes generated by in
dustry and utilities is the focus ofthis paper. Baseline
data are not available, as of this writing, to consider
the impact ofwastes fi'om industrial boilers alone. It
should be noted, however, that preliminary esti-

IttTiaWL AVERAGE 12 (19)

f\

7. CENTRAL 5. M'OWEST

NOTES:

}. PERCENTAGE INCREASE UNDER NEP
(compaiea topicNEP) Shown.

2. 1986 FIGURES AS SHOWN.

2000 FIGURES IN ( I.

3. REGION to-ACTUAL SLUDGE PRODUCTION
IN REGION 10 IS < 2% OF NATIONAL OUTPUT

mm

6. SOUTHWEST

^3.(35)^^

A. S0U1H

Figure 2. Regional FGD sludge + ash generation cumulative percentages in 1985 and 2000.

December 1979 151

co

o
CN

CM

C
m

- Doc. Ex. 1445 -
Docket No. E-7, Sub 1214 

Joint Exhibit 4
I/A 



mates indicate that, by 2000, the generation of such
wastes by industry, which is presently negligible,
will be a sizable percentage ofthe total generation of
ash and FGD wastes.

Environmental Impacts

The existing regulatory framework governing dis
posal of ash/sludge, if successfully developed and
implemented, should prevent or minimize significant
adverse environmental impacts. Hence, discussion
ofenvironmental impact of ash or sludge disposal is
basically an attempt to focus on potential environ
mental issues.

Geologic and Soils Impacts. The most direct im
pact ofdisposal would be on the geology and soils of
the area. The regulatory framework under which
disposal of FGD sludges and fly ash would take place
has been discussed above. Because of the minor
volumes of land required for disposal, incremental
impacts on land (under NEP versus pre-NEP) would
be minimal on a regional basis. On a site-specific
basis, the degree of potential adverse impact would
be related to the extent of requirements for the appli
cation of available control technology. If fully
applied, such technology is believed capable of pre
venting significant adverse impacts.

A broader consideration is the socioeconomic im
pacts of incremental land use discussed next.

Land Use Planning In^tacts. A typical 1(XK) MW
plant will require 400 to 700 acres for disposal of ash
and FGD sludges over a lifetime of30 years depend
ing upon the type ofcoal to be used and the region in
which it is located. The 400 to 700 acres include only
the excavated area O^ndfill or impoundment); the
actual disposal area required may be much larger
since land would be required for access roads, truck
parking, and unloading areas, and buffer zones to
screen off the disposal area. It is anticipated that in
the future public pressures will result in greater at
tention to buffer zones in populated or recreational
areas to minimize the adverse aesthetic impacts of
disposal areas.

The area required for disposal of such wastes from
atypical industrial boiler of 100 MW is roughly 10%
of that required for a corresponding industrial plant.
Cumulative wastes generated by an industrial boiler
during its lifetime will require from 40 to 65 acres for
the disposal area along with perhaps an additional 50
acres required for unloading areas, vehicular move
ment and buffer zones.

In considering land-related impacts, two perspec
tives are useful: baseline land requirements for waste
disposal under pre-NEP by 1985 and 2000; incre
mental land requirements under NEP over baseline
land requirements by 1985 and 2000.
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Tabk 20. Maximum total land requirements — cumulative.

Baseline Tola)

under pre-NEP, under NEP. Incremental

Year acres acres change, %

1985 18,000 21,000 12

2000 63,000 75,000 19

Preliminary estimates on maximum land require
ments for disposal area proper are summarized in
Table 20. These estimates are the upper limit figures
for disposal area proper if all sludge is disposed on
land (i.e., with no utilization or other than land dis
posal method). Actual land taken for this use (in
cluding access roads, buffer zones, and other areas)
would be higher. Actual land requirements depend
on design of disposal systems.

These land requirements may result in land use
controls by local communities. Land disposal areas
are usually zoned for heavy industry. This land use
may not be compatible with other uses such as resi
dential, commercial, and recreational.

Conclusions on land impacts are noted. From a
regional or state land use perspective, these land
requirements are not large. Regions 5,4,6 and 3 (in
that order) are projected to require maximum total
land and maximum incremental land under NEP.
While individual disposals would result in a loss of
land for other purposes, the impact when considered
on a regional or national scale is not very large. Much
of the land area required for disposal between 1985
and 2000 would result from the establishment of new
utility plants and industrial boilers. It is anticipated
that^ese "energy centers"will require a larger land
area than previous facilities and hence be sited in
relatively rural areas. Political and economic factors
are expected to increase land use planning for such
uses and place additional regulatory constraints on
utilities and industry. Potentially, demand could
arise to combine utility plant and disposal area into
one site, reducing requirements for off-site disposal.

WtUer Resource-Related Impacts, The overview
of national water resources was presented above and
applies equally to this section. The FGD sludge may
be disposed of separately, or mixed with coal ash.
Two disposal regimes are considered; inland dis
posal (on or beneath the ground), and disposal in the
oceans.

Inland Water Resource Impacts. All disposal
options previously cited have the potential for im
pacting the water resources of a region under the
conditions of pre-NEP or NEP. However, success
ful implementation of existing environmental regu
latory statutes could preempt each of the impacts
discussed below.
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The most likely form of impact would be the con
tamination of groundwater as a result of leaching of
the sludge, either from percolation of rainwater
through the sludge (in the case of landfill impound
ments or surface mine disposal above the water
table), or from the movement of groundwater
through the disposal area (in the case of impound
ment, underground mine disposal) or surface mine
disposal below the water table. Wet impoundments
have the potential for contributing directly to
groundwater contamination as a result of seepage of
the sludge liquor into the ground.

Chlorides and sulfates (primarily as calcium,
sodium and magnesium salts) are the major soluble
species.in sludge and, in most cases, total dissolved
solids (TDS) in the leachate plumes may exceed rec-
omniended drinking water standards. Soluble sulflte
in leachate from sulHte-rich sludge may also be of
consequence and represent an oxygen demand.
However, TOS (total oxidizable sulfur) levels should
be quite low in most cases. Other species present in
trace levels (such as cadmium, mercury, and zinc)
could also be substantially increased in waters re
ceiving sludge leachate depending upon the relative
low rates of. the leachate and receiving water and
their respective qualities.

Control techniques available for minimizing ad
verse^ impacts upon the water resource of an area
include: sludge processing or treatment, choice of
disposal method, collection and treatment of sludge
leachate or runoffs, and site selection, based on
hydrologic factors.

It is difficult to assess the potential impact on
inland water quality as a result ofthe additional FGD
sludge that would -be generated under NEP, since
several regulatory programs, including the Resource
Conservation and Recovery Act of 1976, the Surface
Mining Control and Reclamation Act of 1977, and the
Safe Drinking Water Act, contain provisions that are
intended to avoid or at least minimize the pollution of
groundwater from leachates. If sludge disposal sites
are designed properly and if the actual operations
conform to the design expectations, one could op
timistically conclude that incremental sludge dis
posal would have essentially no significant adverse
impact on groundwater quality.

The principal concern, therefore, focuses on
whether or not su^icient control measures exist for
mitigating or avoiding any adverse impacts regard
less ofthe implementation ofNEP, and whether such
measures can be effectively regulated to ensure
compliance. In light of the existing data on sludge
properties and on the effectiveness of the various
control measures noted above, there appears to be
adequate means for controlling the quantity ofsludge
leachate and, to some extent, its quality. Thus, the
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impacts due to the incremental sludge or sludge plus
ash caused by NEP will become a site-specific ques
tion as to whether a potential disposal operation is
feasible and to what extent control measures are
required. Since RCRA prevents deterioration of
groundwater to the extent that its potential end-use is
altered, NEP conditions would have minimal impact
on groundwater quality if that law is fully im
plemented.

Furthermore, it is not expected that surface waters
would be significantly affected because of the man
dates of RCRA and the Federal Water Pollution
Control Act. The principal determinant of impact
would be in the choice of sites appropriate for dis
posal within the content of local availability. Dis
posal sites could most likely be located in mid or
lower regions of a watershed having streamflow vol
ume that would adequately dilute any seepage of
contaminated groundwater.

Oceanographic/WtUer In^acts, Regulatory con
straints to prevent adverse impacts due to ocean
disposal are available under the Marine Protection
Research and Sanctuary Act. Four principal areas of
potential concern, relating to FGD sludge disposal, if
practiced, in the ocean water environment, are: im
pacts of benthic sedimentation; impacts of sludge
suspended in the water column; impacts of sulfite-
rich sludge; and trace contaminant impacts.

The impact of the introduction of sulfite into the
ocean environment as a consequence ofFGD sludge
disposal is of interest' because: first, sulfite has a
measureable toxicity; and second, it reacts with dis
solved oxygen, lea^ng to a depfetion of dissolved
oxygen.

F the FGD sludge solids would dissolve instan
taneously upon being diluted and dumped, and if the
oxidation in real seawater would proceed as rapidly
as in uncatalyzed laboratory experiments, one would
expect to find severe reductions in dissolved oxygen
inthe vicinity of the dump. However, calcium sulfite
is very insoluble and it is unlikely that complete
dissolution would occur in one or a few minutes. It is
likely that'sblids dissolution rather than oxidation
would be the limiting step in the dissolution/
oxidation sequence.

The anticipated initial dilution of sludge liquor by a
factor of 500 could result in concentrations of some
trace metals (notably mercury, zinc, selenium, cad
mium, and nickel) approaching or in excess of the
"minimum risk" levels recommended by the Na
tional Academy of Sciences in 1972. This range of
trace contaminant levels in the solid phase of FGD
sludges encompasses considerably higher concen
trations than found in the sample sludge liquors. As
with the liquors, values in the high range have been
obtained from sludges containing fly ash. As in the
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case of sulfite, the impact potential of trace con
taminants bound or adsorbed to the solid fraction of

the sludge will be dependent upon critical variables
such as dissolution rate and particle uptake by free-
swimming organisms. Too little is known of these
types of interactions over the short term to allow for
a feasible prediction of quantitative impacts.

Applicable control options to reduce water-related
impacts could be: the form of the sludge and its
composition; disposal by dispersion; control of dis
posal method to concentrate sludge at the bottom;
chemical treatment (e.g., adding lime and/or ash);
and dumping in the deep ocean waters.

Anticipating the application of some of these con
trol techniques, three options have been considered
for ocean disposal: treated bricklike sludge in the
shallow ocean; sulfate-rich sludge in the deep ocean;
and treated sludge in the deep ocean.

Ocean disposal can be a significant disposal option
in Regions 1 and 2. However, because of available
control options and the projection that the incre
ments in sludge and sludge plus ash, due to NEP, are
small in these regions, and because ocean disposal
would represent only a fraction of the sludge dis
posal, it is expected that there would be little impact
on ocean water quality due to the implementation of
NEP. Should any adverse affects be expected due to
sludge disposal in the ocean, then the current regu
latory disincentives to such disposal operations
would preclude disposal under pre-NEP conditions.
Then other means of disposing of the sludge or con
version to regnerable systems would be required.

Air Quality Impacts. Potentially important im
pacts, both subject to regulation under the Clean Air
Act, are: fugitive dust emissions and, under some
conditions, fugitive SO2 emissions from the wastes.

SO2 emissions could be significant if disposal is in
surface or underground mines where run-off water
could be acidic. However, sound control techniques
would preclude release of fugitive SO2 by such
chemical destabilization methods. Except in under
ground mine disposal, SO2 emissions are probably a
minor factor.

The impact on air quality from FGD sludge/fly ash
disposal is dependent principally on the moisture
content of the material and disposal option. The high
moisture content of the mixed FGD sludge/fly ash
material would prevent emissions during transfer
and transport to the disposal site; it is only the po
tential drying out of the surface particles at open pit
operations which could cause fugitive emissions.
Therefore, landfill and surface mine disposal opera
tions could generate fugitive emissions due to wind
erosion of the dry surface material.

Based on the regional sludge distribution table
(Table 13), the major increases in sludge disposal in
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1985 due to the National Energy Plan would be in
EPA Regions 3 and 6. The major increases in the year
2000 are in the same two regions.

The level of increased ambient total suspended
particulate (TSP) concentrations bordering a dis
posal site could be subject to the Prevention of Sig
nificant Deterioration (PSD) regulation in the Clean
Air Act Amendment of 1977. The particulate con
centration increases allowed under this regulation
are 19 (annual geometric mean) and 37 fi^nv'
(24 hour average, not to be exceeded more than once
per year). Because the fugitive emissions from dis
pose operations are at ground level, the impacts
near the source would be maximum and could, if
controlled, exceed the PSD values. Applicants for
FGD sludge disposal might be subject to PSD re
view. The expected ambient TSP concentration gra
dient from ground-level disposal sources is expected
to be great, indicating that levels immediately bor
dering the sites could be high, but should drop off
rapidly due partly to the settling rate of large parti
cles (> 0.075 mm). The impacts on the ambient con
centrations and the PSD increment would, therefore,
be much lower at property line receptors if a buffer
zone surrounded the disposal site. This zone may
have a radius as great as 1 km for operations that
have high fugitive emissions.

Terrestrial Biological In^acts. Potential impacts
on vegetation from the disposal of FGD sludge are
highly site-specific and similar to those resulting
from disposal of coal ash. Since FGD sludges are
often disposed of in combination with fly ash, im
pacts resulting from a combined disposal of sludge
and ash are focused on. Again, site-specific applica
tion of control technology, which is available under
existing regulatory mandates, would tend to min
imize all potentially adverse impacts. Impact from
landfills and impoundments is primarily disruption of
resident vegetation on the site. Leachates may be a
source of impact from landfills, surface mines and
unlined impoundments used for disposal. Such
leachates may have high concentrations of sodium
chloride which exert osmotic stresses on plants.
Plants exposed to leachates from FGD sludges and
ash may or may not take up toxic amounts of heavy
metals; such uptake depends on the total matrix in
the soil.

Potential positive impacts from combined sludge
and ash disposal include the return of surface-mined
lands to a topography compatible with the sur
rounding area. The reclamation of surface mines,
landfills and impoundments with vegetation some
what different from the surrounding area would in
crease the diversity of habitats available.

Regional impacts on vegetation are a function of
the additional land area required for landfill- and
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impoundment-type disposal areas. The NEP initia
tives would tend to increase the land required for
disposal, assuming a mix ofdisposal options, but the
overall regional impacts in any case are not large.

The major impact on terrestrial wildlife will occur
from the conversion of potential habitat. In general,
loss of vegetation has the potential to reduce the
carrying capacity of some areas for wildlife. The
magnitude of the NEP impact will bear some direct
relationship to the collective magnitude of the dis
posal options involving land surface area and, more
importantly, to the disposal sites chosen.

Another type ofpotential impact ofFGD sludge on
terrestrial wildlife relates to the possible impacts of
some of the chemical constituents in groundwater.
The leachate contamination of surface waters with
potentially toxic trace materials (e.g., cadmium,
lead, and selenium) is a possibility. Leachate con
tamination may occur both with surface and under
ground disposal options. This presents the possibil
ityofchronic exposure ofwildlife topotenti^ly toxic
trace materials. The ingestion of plant material
grown within a leachate field could also create such
exposure. The amounts Involved are unlikely to pro
duce acute effects. If unregulated, they could possi
bly have significant chronic effects, but there is not
data available to evaluate this potential.

Viewed from the regional perspective, EPA Re
gions 4 and 5 would have a relatively higher potential
to lose habitat because of the combination ofoptions
using land surface areas. With respect to leachate
contamination, those areas using lined impound
ments would tend to minimize the potential effects
on ground and surface waters. Consequently, the
potential impact on wildlife using such waters would
be minimized.

Aquatic Biological Impacts. Considerations of the
site-specific application of control technology and
protective regulatory framework discussed in Sec
tion 2.2.4 also apply here.

In that context, characteristics ofFGD sludge and
sludge/ash combinations which appear potentially
problematic for aquatic biota are: the combination of
small particle size and physical instability in soil-like
FGD materials; relatively high concentrations of
certain dissolved species in sludge leachate; the re
ducing capacity of untreated, sulfite-rich sludges;
and the presence of relatively high concentrations of
several trace metals in sludge/ash mixtures and a few
metals in sludges alone.

If enough soil-like FGD sludge or soil-like sludge/
ash mixture reaches the bottom of a fresh or marine
surface water body to form a sediment layer, the
particle size and "mudflow" characteristics of the
material could form a substrate unsuitable for col
onization by a diverse benthic fauna. This appears to
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have been the case in a shallow marine embayment
where an inadvertent FTD discharge took place.

If freshwater systems should be exposed to
leachate from the untreated FGD sludge, the rela
tively high concentrations ofsuch dissolved solids as
chlorides, sulfates, and fluorides could be prob
lematic. Chlorides and sulfates would be of potential
indirect concern as influences on salinity and the
toxicity of other chemicals, while fluorides have the
potential to cause health problems among popula
tions of domestic animals (e.g., cattle) consuming
fluoride-contaminated water.

There is evidence that sulfite-rich FGD sludges
dissolve quickly enough to exert considerable oxy
gen demand. If such sludges reach surface waters
with oxygen-limited environments (e.g., stratified
lakes), the resident biota could suffer direct stresses
due to anoxia and/or indirect stresses related to the
tendency ofa wide variety ofcontaminants to exhibit
greater toxicity in oxygen-depleted environments.

Several trace metals (including mercury, cad
mium, lead, nickel, iron, selenium, and zinc) have
been reported in a limited number of samples of the
solid and liquor fractions of FGD sludge/ash mix
tures in concentrations in excess of water quality
criteria recommended by the EPA for the protection
of aquatic life. In some cases dilutions on the order of
10,000 to 1 would be required to achieve concen
trations equivalent to minimal risk levels (e.g., for
cadmium). The aquatic biological impact potential of
the combined suite of trace contaminants in FGD
sludge/ash mixtures is presently under study, but the
area is still too poorly understood to project quan
titative impact potentials or effects levels. Sludges
alone appear to exhibit high concentrations of fewer
metals than the sludge/ash mixtures, notably for
such volatile species as mercury and selenium.

Control options involving chemical treatment of
FGD sludges, especially those producing brick-like
materials, seem to have the potential for reducing or
eliminating the impact potentials discussed above
and could play a major role in preventing adverse
impacts under either a pre-NEP or NEP scenario.

On a regional basis EPA Regions 6 and 3 are pre
dicted to experience the largest incremental sludge
disposal requirements in the 1985 and 2000
scenarios. In the absence of site-specific consid
erations, correspondingly higher aquatic biological
impact potentials could exist in these regions. Both
have a variety of valued and potentially vulnerable
coastal estuaries and warm-water systems, and Re
gion 3 has a number of high-quality, cold-water
fisheries in its northern portion. Regions 4 and 5 are
both projected to experience large volumetric (small
percentage) increments in sludge disposal. Both are
largely characterized by warm-water systems gener-
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allyhaving somewhat greater assimilative capacities
than cold-water habitats.

Health Related Impacts

The classes of regulatory constraints and health
concerns from disposal ofFGD sludge and fly ash are
the same as those outlined for ash in Section 2.3. It
must be taken into account that a major portion of
FTXj sludges will be disposed of in admixture with
ash, which tends to raise the content of many of the
trace metals but, if properly treated, reduces their
availability.

As with ash, the largest changes in impacts in most
areas will not come from the differences between the
NEP and pre-NEP scenarios but with reference to
the 1975 baseline in comparison to either scenario.
The impacts would be principally site-specific. Fig
ure 2 outlines the percentage increases in various
regions. Lacking further information, corre
spondingly higher levels of impacts could exist in
these regions.

Whether increases in tonnage result in increases in
health impact is again subject to all the variables
cited in connection with ash disposal.

Here again, the "worst case" discussion is based
on a comparison of undiluted FGD sludge and ash
liquors with recognized standards for drinking water
(6). From the median values for a limited number of
FGD sludge analyses, data indicate that potential
problem species may include beryllium, cadmium,
lead (Eastern coal only), molybdenum (Eastern, but
only one analysis), selenium, and sulfate. Individual
high values additionally suggest perhaps local prob
lems with arsenic, chromium, mercury, zinc, and
fluoride. These concerns, of course, are based on
considering each element or ion individually without
knowledge of its chemical form in the liquor, and
without allowing for synergistic adverse effects or
antagonistic effects, both of which are known to
exist among metals. Above all, this comparison ig
nores attenuating factors which would lead to actual
levels for all these elements in any surface or
groundwater much below those given for elutriated
liquor. Further problems with straight liquor com
positions arise from their high dissolved solids con
tent (i.e., salinity) which could produce osmotic ef
fects, in addition to specific ion effects.

Prevention of any of these concerns being man
ifested involves site-specific consideration of all
factors previously enumerated. It would appear
(with careful consideration of site location, suiiace
and groundwater relations, prudent treatment and
disposal methods, and other interrelated factors in
cluding regulatory mandates discussed in this paper)
that the potential health impact of the disposal of
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FGD sludges and ash could be brought within tolera
ble levels for protection of human health. Against
this background, the incremental health impact on a
regional basis of sludge and ash disposal due to in
creased coal utilization under the National Energy
Plan would be well within manageable limits. Site-
specific impacts in the absence of controls could be
significant and require case by case evaluation.

Data Gaps and Research Needs
A number of programs have been undertaken (and

are in progress) by the Environmental Protection
Agency (EPA), the Department of Energy (DOE),
the Electric Power Research Institute (EPRI), and
others. These efforts have provided much of the
baseline information for environmental assessment.
Provided these programs continue, additional data
and insight permitting better environmental assess
ment will be possible.

The EPA Program for Control of Waste and Water
Pollutionfrom Flue Gas Cleaning (FGC) Systems is
designedto evaluate, develop, demonstrate and rec
ommendenvironmentally acceptable, cost-effective
techniques for disposal and utilization of FGC
wastes, with emphasis on Flue Gas Desulfurization
(FGD) sludge,and to evaluate and demonstrate sys
tems for maximizing power plant water reuse/
recycle. The program currently consists of 19 proj
ects, each covering one of six areas of interest: (1)
environmental assessment of FGC waste disposal/
utilization processes and other power plant
effluents, (2) assessment of the technology of these
processes and development of new technology, (3)
studiesof the economics of these processes, (4)de
velopment of alternative FGC waste disposal
methods, (5) development of new FGC waste utili
zation methods, and (6) development of methods for
improving overall power plant water use. The en
vironmental assessment efforts include FGC waste
characterization studies; laboratory and pilot field
studies ofdisposal techniquesfor chemically treated
FGD sludges; characterization ofcoalpile drainage,
coalash, and other power plant effluents; and studies
of attenuation of FGC waste leachate by soils.

Programs undertaken by others also focus on
many of the above areas of interest.

Against this background of ongoing work, three
rnajor sectors exist where some additional informa
tion from new programs may be required.

Datagapsondisposal or utilization will notbefully
covered byexisting programs.Somepotential ques
tions are:

• Are there polycyclic aromatic hydrocarbons in
coal ash or sludge?
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• What are the radionuclides in ash or sludge, and
do they appear in liquors or elutriates?

• What are the amounts of the several trace met
als in ash and sludge, including antimony,
molybdenum and boron? (More data are
needed.)

• What are the biological and health effects of
mixtures of trace metals (in the form found in
liquors), such as zinc, copper, lead, mercury,
cadmium or nickel in combination with
selenium in particular, but also in other combi
nations? (Useful studies should be performed.)

• What is the uptake of potentially toxic materials
by vegetation adjacent to disposal areas?

, (Further work is needed.)
• What are the levels of concentration of heavy

metals and other potentially toxic materials in
vegetation and surface water that may produce
chronic health problems for wildlife?

• How does leachate move in-ground aquifers?
(Further woric is needed.)

• What are the socioeconomic impacts ofdisposal
of ash and sludges (including criteria) on land
use?

One key result of NEP would be to accelerate the
production of wastes by industries. Generation of
wastes is expected to grow rapidly between now and
2000. But the proportion generated by industry is
anticipated to grow even faster and will be acceler
ated further by NEP initiatives. Conservation mea
sures under NEP do not reduce quantity of total
wastes.

Thus the generation of coal ash and FGD wastes
vwll be somewhat shifted from large utility plants to a
mix of utility plants and small (25 to 200 MWe) in
dustrial units. The technological, environmental and
socioeconomic impact of this shift is probably the
key factor in FGD waste disposal. Programs focus

December 1979

ingon developing baseline data and information to
regulate and guide this shift would be desirable.

Advanced combustion techniques like fluid bed
combustion are anticipated to be in signiEcant com
mercial use by 2000. Potentially lesser environmen
tal impact will be one of the principal reasons to
consider advanced combustion techniques. But then
additional baseline data would be required on prob
lems associated with such wastes. This would re
quirecompletion ofcurrent programsin this fieldand
probably some new programs.

The authors are indebted to the Department of Energy and
International Research and Technology (McLean, Va.) for their
help inproviding baseline data for this assessment. In particular,
weacknowledge the assistancegivenby Mr.TedWilliamsof DOE
and Mr. Marc Narcus-Kramer and Ms. Andrea Watson of IRT.

Additionally, thanks are due Mr. Norman Miner of New En-
^and Research (Worcester, Mass.)and Mr.David Hellstrom,Dr.
Mark Bonazountas, and Ms. Dorothea Haas of Arthur D. Little
for assistance in preparing this paper.
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RESEARCH REPORTING SERIES

Research reports of the Office of Research and Development, U.S. Environmental
Protection Agency, have been grouped into nine series. These nine broad cate
gories were established to facilitate further development and application of en
vironmental technology. Elimination of traditional grouping was consciously
planned to foster technology transfer and a maximum Interface in related fields;
The nine series are:

1. Environmental Health Effects Research

2. Environmental Protection Technology

3. Ecological Research

4. Environmental Monitoring

5. Socioeconomic Environmental Studies

6. Scientific and Technical Assessment Reports (STAR)
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RESEARCH AND DEVELOPMENT series. Reports in this series result from the
effort funded under the 17-agency Federal Energy/Environment Research and
Development Program. These studies relate to EPA's mission to protect the public
health and welfare from adverse effects of pollutants associated with energy sys
tems. The goal of the Program is to assure the rapid development of domestic
energy supplies in an environmentally-compatible manner by providing the nec
essary environmental data and control technology. Investigations include analy
ses of the transport of energy-related pollutants and their health and ecological
effects; assessments of, and development of, control technologies for energy
systems; and integrated assessments of a wide range of energy-related environ
mental issues.

EPA REVIEW NOTICE

This report has been reviewed by the participating Federal Agencies, and approved
for publication. Approval does not signify that the contents necessarily reflect
the views and policies of the Government, nor does mention of trade names or
commercial products constitute endorsement or recommendation for use.

This document is available to the public through the National Technical Informa
tion Service, Springfield. Virginia 22161.
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ABSTRACT

At a TVA 1000-MW coal-fired power plant, approximately 700 tons
(635,040 kg) of ash residues (fly and bottom ashes) produced by burn
ing coal must be disposed of daily. The chief determinants of amount
of ash produced are the type of coal burned, ash content of the coal,
and method of firing (type of boiler). Dry or wet handling and dis
posal are employed, depending on the availability of water, proximity
of the disposal site, environmental regulations, and cost. The exist
ing prevalent method for ash disposal is by wet sluicing to ash ponds
near the power plants. The average size of TVA ash ponds is about 180
acres--17 percent of the total area of the plant sites. This report
addresses six major areas of concern in wet ash disposal, namely the
(1) characteristics of ashes and ash pond effluents, (2) effects of
ash and raw water characteristics on the pH of ash pond water, (3)
methods for pH adjustment of ash pond effluents, (4) settling
characteristics of both fly ash and bottom ash, (5) leaching of
minerals from ashes, and (6) relationship of trace metals to pH and
concentration of suspended solids in ash pond effluents.

The chemical characteristics of ash pond effluents are affected by
the ash material and the quantity and quality of water for slucing. TVA
ash pond effluents vary from a pH of 3 to 12. The acidity and alkalinity
depend on the content of sulfur oxides and alkaline metal oxides in the
ash and on the buffering capacity of water used for sluicing. Methods
for adjusting the pH of ash pond effluents may include (1) controlling
the ash-to-water ratio for ash sluicing, (2) combining effluents with
other wastewaters within power plants, or (3) adding chemicals. Because
of high ash concentration during sluicing, 90 percent of fly ash par
ticles follow hindered-zone settling behavior and settle faster than
those remaining ash particles, which follow discrete settling behavior.
Mathematical equations were developed to delineate the ash settling
behavior and to estimate the residual suspended solids concentration
in the effluent of a sedimentation basin or settling pond.

Mathematical analyses indicated the leaching of trace metals from
ash depends on the concentration of each trace metal in the ash matrix,
its chemical bonding in the ash, and particle size of ash. Laboratory
results showed that pH also influenced the leaching concentrations of.
trace metals. A delineation of potential trace metal pollution result
ing from ash disposal under various ash-to-water contacting ratios was
provided by laboratory studies. Trace metals in 14 ash pond effluents
were monitored quarterly. Several trace metals were found to occur in
potentially toxic quantities and some trace metals were present in both
dissolved and suspended forms. Adjustment of effluent pH between 6 and
9 and reduction of suspended solids concentrations to 30 mg/1 reduced
the total concentrations of many trace metals such as chromium, copper,
lead, and zinc. However, these measures did not appreciably reduce the
total concentrations of arsenic, boron, cadmium, iron, manganese, and
selenium. Iron was found mostly in suspended form.
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SECTION 1

INTRODUCTION

Coal ashes resulting from burning coal in steam electric utility
boilers consist of fly ash, bottom ash, and slag. Fly ash is a powdery
residue that is normally collected from the stack gas by mechanical
collectors and/or electrostatic precipitators. Bottom ash, which is
darker than fly ash, is collected in the bottom of the furnace section.
Slag is molten bottom ash, which turns black when quenched with water
in the wet-bottom boiler combustion process.

The major factors affecting the amount of ash materials collected
are the type of fossil-fuel used, ash content of the fuel, and methods
of firing.^*® In general, 700 tons (635,040 kg) of ashes can be pro
duced daily at a Tennessee Valley Authority (TVA) 1000-megawatt (MW)
power plant burning coal from the Appalachian and midwestern regions.
These ashes must be disposed of daily. In 1975, about 60 million tons
(5.4 X 10^® kg) of ashes were generated by U.S. electric utilities; only
about 16.3 percent of the total amounts of ash produced were used.^ The
current national emphasis on using coal to produce energy, coupled with
the expanded use of lignite and western coal, has caused the continuing
rise in ash production. Therefore, the problems associated with the
disposal of coal ashes will continue.

In October 1974, the U.S. Environmental Protection Agency (EPA)
V_^) established effluent guidelines to limit the discharge of pollutants

from existing and new point sources within the steam-electric power
generating category (Table 1). The limits set for oil and grease,
polychlorinated biphenyls, pH, and suspended solids for wet and dry
ash disposal are shown in Table 1. In June 1976, EPA launched a mas
sive program aimed at controlling 129 priority pollutants discharged
by 21 major industrial categories, including the steam-electric power
generating industry. The proposed regulations will be published in 1980.
In addition to the Federal effluent guidelines, each state may also have
its own water quality and effluent standards for discharges into public
waters. The various states may establish discharge limitations more
stringent than those established by the EPA under the National Pollution
Discharge Elimination System (NPDES) permit issuing program.

Ash disposal siting and operation are major items of consideration
during licensing procedures for new coal-f|ined power plants. At exist
ing plants, many utilities are being directed either to adopt corrective
procedures to relieve adverse public opinion, or to simply meet the
stricter regulations adopted or proposed by Federal and State agencies.
Nevertheless, economic consideration, in addition to the environmental
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lAHtS 1. CHEMICAL HFEI^JSIT GUIDBLIKES AHQ STAI?DABPS,
STEAM-EIBCIBIC B0W5R GiaKKAIIHG PLAOTS

All discharges
^ (except CQce-throu^ cooling)
Polychlorinated biphenyls

Bottom ash transport vater
Total suspended solids
Oil and grease

Ely ash transport water
Total suspended, solids
Oil and grease

Low-volume sources

Total suspended solids
Oil and grease

Metal cleaning wastes
and holler blovdcrwc

Total suspended solids
Oil and grease
Total iron

Total coro®r

Cooling tcrwer blcwdown
Zinc

ChrcEciuDi

Phosphorus
Other corrosion inhihitprs
Pree available chlorine

Once-through cooling
Free available chlorine

Material storage and
construction runoff

Total suspended solids®

BPCTCA

July 1. 1977

6,0-9.0
0

Average Dally

30

15

30
15

30
15

30
15
1.0

1.0

0.2

0.2

100

20

100

20

100

20

100

20

1.0

1.0

0.5

0.5

50

BATEA

July 1. 1983

6.0-9.0
0

Average
daily

30 -r 12.5

15 T 12.5

30
15

30
15

30
15
1.0

1.0

1.0

0.2

5.0
Case-by-case

0.2

0.2

50

Daily
naxiiKum

100 4- 12.5
20 -r 12.5

100

20

100

20

100

20

1.0

1.0

1.0

0.2

5.0
Case-by-case

0.5

0.5

Hev Source
Standards

6.0-9.0
0

Average
dally

30 T 20
15 -f 20

QC
0 =

30
15

30
15
1.0

1.0

None detectable
None detectable

None detectable

None detectable

0.2

0.2

Daily

100 4- 20
20 r 20

100

20

100

20

1.0

1.0

None detectable

None detectable

None detectable

None detectable

0.5

0.5

50

All units are in milligraas per liter. Allowable discharge is the quantity obtained by multiplying flow by standard in
milligrams per liter.
Neither free available chlorine nor total residual chlorine may be discharged frcm any unit f&r more than 2 h in ai^r one
day, and not more than one unit in any plant may discharge free available chlorine or total residual chlorine at any one
time unless the utility can daconstrate that the units in a particular location cannot operate at or below this level of
chlorination.

"^Initatlons'Were remanded by the Fourth Circuit Court of Appeals in July 1976.
Source: U.S. Environmental Protection Agency. Development Document for Effluent Limitations G*didelines

and New Source Perfbrmance Standards for the Steam-Electric Power Generating Point Source
Category. EPA-UlfO/l-7'»-029-a, October 197h. 8hO p.
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considerations, Is still an in^ortant factor for ash disposal. Thus,
the selection of ash ponds or landfill for ash disposal is site-specific,
depending on the comparison and evaluation of the environmental and

J engineering-economic factors. Environmental factors include air quality,
^ - aesthetics, aquatic ecology and water quality, land use, noise, public

health and safety, socioeconomic, and terrestrial ecology. Engineering
and economic factors include hydrology, site development, transportation
and access, geology, treatment equipment, land availability, and cost.
For instance, dry disposal of fly ash could be more desirable than wet

j disposal for some hew coal-fired power plants, particularly in arid
I regions; whereas wet ash could be more economical than dry ash disposal
^ for plants located in regions with an abundant supply of water.

j The prevalent method for ash disposal at existing plants is wet
I sluicing of ash to settling ponds near the power plants. The ash pond
I is usually designed for ultimate disposal of total ash produced during

a specified time period. Typical water requirements for sluicing coal
I ashes generally range from 1200 to 40,000 gal of water per ton of fly
! ash (5 to 167 liters per kg) and from 2400 to 40,000 gal of water per
I ton of bottom ash (10 to 167 liters per kg).® For TVA's 12 coal-fired
' power plants, ash sluicing water, requirements average about 11.5 x 10®
I gpd (43.5 X 10® liters per day) per 1000 MW capacity.^ In the United
I States, about 40 percent of the water requirements for ash sluicing at
j coal-fired power plants are greater than 10 x 10® gpd (37.9 liters per
I day) per 1000 MW capacity.

I The most significant potential problems associated with ash dis-
posal in ponds are (1) acidic or alkaline character of ash pond water
and quantities of suspended solids and trace metals in surface water

y effluents and (2) quantities of trace metals in groundwater leachates.
To meet the "best available control technology economically achievable"
(BATEA) effluent guidelines, existing coal-fired power plants using ash
ponds generally have to either (l) separate the fly ash and bottom ash
disposal ponds and recycle or provide a higher degree of treatment for
removing suspended solids from bottom ash pond effluents or (2) achieve
for combined ash pond effluents a suspended solids concentration equal
to a weighted average of the limits for fly ash and bottom ash transport
water. New coal-fired power plants using ash ponds would have to
(1) recycle or provide a higher degree of treatment for removing suspended
solids from bottom ash pond effluents and (2) coi^letely recyclie fly ash
pond effluent. In all cases, the pH must be maintained between 6 and 9
for any surface water discharges.

It is important to determine how adjustments in pH and reduction of
suspended solids concentrations affect trace metal concentrations in ash
pond discharges.

The scope of this study involved field survey of ash ponds at 12
TVA coal-fired power plants and bench-scale tests on TVA ash pond dis
charges. This report addresses six major areas of concern in wet ash
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disposal, namely, the (1) characteristics of ashes and ash pond efflu
ents, (2) effects of ash and raw water characteristics on the pH of ash
pond water, (3) methods for pH adjustment of ash pond effluents, (4)
settling characteristics of both fly ash and bottom ash, (5) leaching of
minerals from ashes, and (6) relationship of trace metals to pH and
concentration of suspended solids in ash pond effluents.

This report is complementary to two other studies: "Design of a
Monitoring Program for Ash Pond Effluents" and "The Effects of Coal-Ash
Leachates on Ground Water Quality," which are part of a project entitled
"Characterization of Effluents from Coal-Fired Utility Boilers" siq)ported
under EPA interagency energy-environment research and development program.

-4-
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SECTION 2

CONCLUSIONS AND RECOMMENDATIONS

Eight sfpecific conclusions can be drawn from this study:

1. At a TVA 1000 MW coal-fired power plant, approximately 700 tons
(635,040 kg) of ash residues (fly ashes and bottom ashes) pro
duced by the burning of coal must be disposed of daily.
Nationally, the increased use of coal for power generation
will result in increased ash production, land requirements for
ash disposal, and potential for contamination of water supplies

2. The options for ash disposal that are generally available are
ponding and landfill. The selection of ash disposal methods
is site-specific, depending on the evaluation and comparison
of the environmental, engineering, and economic factors. The
environmental factors include air quality, aesthetics, aquatic
ecology and water quality, land use, noise, public health and
safety, socioeconomics, and terrestrial ecology. The engineer
ing and economic factors include hydrology, site development,
transportation and access, geology, treatment equipment, land
availability, and cost. The existing prevalent method for ash
disposal is by wet sluicing to ash ponds near the power plants
The average size of TVA ash ponds is about 180 acres (728,460
square miles), which is about 17 percent of the total area of
the plant sites.

3. The principal environmental problems in ash disposal are
acidic or alkaline character of the ash pile runoff and ash
pond effluent, quantities of suspended solids in the runoff
and effluent, and quantities of trace metals in leachate,
runoff, and effluent from the disposal sites.

4. The pH of the ash transport water depends on either the
buffering capacity of makeup water and the ratio of alkaline
metal oxides to sulfur oxides in the ashes or the ratio of

total dissolved alkaline metal ions to sulfate ion in the

transport water. The equilibrium pH value of water, after
being in contact with fly ash, was acidic if the mole ratio of
CaO plus MgO to sulfur oxides as SO3 in ash was less than 5;
if the ratio is above 5, the ash transport water ranged from
neutral to alkaline. The pH of the ash pond effluent in
creased with the increase of concentration ratio of dissolved

calcium to sulfate in the effluent. The ash pond effluent was
neutral (pH 7) if the concentration ratio of dissolved calcium
to sulfate (in milligrams per liter) was close to 0.4. Also,
it is interesting to relate the factors that affect the pH

-5-

- Doc. Ex. 19 -
Docket No. E-7, Sub 1214 

Joint Exhibit 6
I/A 



of ash transport water to coal sources, and types of boilers.
For the WA power plants with circular, horizontal, opposed,
tangential, and vertical boilers that use pulverized coal from
western Kentucky, northern Alabama, and southern Illinois, the
ash pond effluents are alkaline. For those plants with tan
gential boilers that use pulverized coal from eastern Tennessee,
eastern Kentucky, and Virginia, the ash pond effluents are
neutral or acidic. The pH of the effluents from plants with
cyclone furnace boilers is neutral or acidic, even though the
coal sources are western Kentucky and southern Illinois.

5. Methods for adjusting the pH of ash pond effluents may include
(1) controlling the ash-to-water ratio for ash sluicing, (2)
combining ash pond effluents with other wastewaters within
power plants, or (3) adding chemicals. The quantities of
chemicals such as lime, limestone, soda ash, and caustic soda
required for acid effluent neutralization were relatively
small. The amounts of chemicals such as strong acid and C62
for neutralizing alkaline effluents were relatively large,
especially in consideration of the large flow of ash pond
discharge. At some plants, neutralization of alkaline ash
pond effluent by routing it into condenser cooling water
intake of condenser discharge has many practical advantages
as well as the obvious economic value of eliminating the need
for costly chemical treatemnt of ash pond effluents.

6. About 90 percent of the fly ash particles, following hindered-
zone or flocculent settling behavior, settled faster than those
residual fine ash particles which follow discrete settling
behavior. The flocculent settling behavior was caused by the
high ash concentration during sluicing and settling. Mathe
matical equations were developed to delineate the ash settling
behavior and to estimate the residual suspended solids con
centration in the effluent of a sedimentation basin or

settling pond. The design of ash settling basins or ponds
should be based on laboratory settling analysis. Discharge of
cenospheres into settling pond effluents must be prevented at
some plants to meet the effluent limitation guidelines for
suspended solids.

7. Theoretical analyses of mass transfer rates of minerals from
ash into water indicated that the principal factors affecting
the mineral leaching rate of fly ash were the concentration
and form of chemical species in ash, molecular diffusivity,
particle size, and intensity of turbulence. Experimental
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results indicated that the dissolved'minerals that leached
from ash into sluice water (river water) at the ambient
temperature^ reached tjieir equilibrium concentrations within
4 h, and that the equilibrium concentration levels depended on
the ash concentration. However, ash deposited in the bottom
of the ash pond may continue to leach while the ash is In
contact with ground water if the surrounding environment is
changed to anaerobic and low-pH conditions. The determina
tion of concentration levels of chemical constituents
leaching from ashes were analyzed mathematically. The amounts
of minerals leaching from ash depend on the concentration and
form of chemical species in ash, particle size of the ash,
and diffusivity of each individual species. Laboratory results
indicated that pH also influenced the leaching concentrations
of many chemical species. A delineation of potential trace
metal pollution resulting from ash disposal under various ash-
to-water contacting ratios was provided by both laboratoiTT
testing and field monitoring at TVA's 12 coal-fired power
plants.

8. Several trace metals in the ash pond discharges were found to
occur in potentially toxic quantities, and some trace metals
were present in both dissolved and suspended forms. The dis
tribution of specific trace metals between the dissolved and
suspended forms is site-specific, but it is iii5)ortant to
analyze the trace metals in both the dissolved and suspended
forms for monitoring trace metals in ash pond discharges.
Adjustment of acidic ash pond discharges up to pH 6 or
of alkaline ash pond discharges down to pH 9, and reduction of
suspended solids concentrations to 30 mg/1 reduced total
concentrations of many trace metals, such as chromium, copper,
lead, and zinc. However, adjustment of pH between 6 and 9 did
not appreciably reduce total concentrations of arsenic, boron,
cadmium, iron, manganese, and selenium. The solubilities of
arsenic, boron, and selenium are independent of pH. Dissolved
cadmium and manganese may be greatly removed at pH above 9 and
12, respectively. Because of the high iron content in the
suspended ash particles, total iron concentrations could not
be reduced to the 1 mg/1 level at neutral pH, even though
total suspended solids concentrations in some ash pond
effluents were reduced to 30 mg/1.

Six special areas needed for further research are recommended as
below:

1. The determination of the chemical formula of metallic oxides
and other important constituents such as sulfur oxides in fly
and bottom ashes.

2. The distribution of trace metals in the surface and bulk of
ash particles.
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3. The formulation of dynamic models on trace metal leaching
from ash into water including the considerations of rates of
chemical reaction, pH, temperature, and buffer intensity of
water.

4. The chemical speciation of trace metals in ash pond efflu
ents to determine the oxidation states of trace metals,
especially for arsenic, chromium, and selenium.

5. A demonstration of reduction of trace metals in ash pond
effluents by practical treatment methods such as pH adjust
ment, chemical precipitation, and coagulation; for example, a
reduction of arsenic in ash pond effluents to 0.05 mg/1
through the above conventional treatment methods.

6. The identification and analysis of toxic organic compounds
in ashes and ash pond effluents.
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SECTION 3

LITERATUIiE REVIEW

Coal is formed by the partial decomposition of vegetative matter
under anaerobic conditions and varying degrees of ten^erature and high
pressure. Organic matter composed of carbon, hydrogen, oxygen, nitro
gen, and sulfur is the principal constituent of coal. Inorganic matter
occurs partly in coal and primarily in ash. The major minerals present
in U.S. bituminous coals are listed in Table 2. Many trace elements are
also found in coal (Table 3). The average concentrations of some trace
elements in coal throughout the coal regions of the United States are
presented in Table 4.

Coal ash, the combustion byproduct from coal-fired power plants, is
derived primarily from the inorganic mineral constituents in coal. The
nature of the inorganic residual results from the geologic and geogra
phic factors associated with the coal deposits. The ash content in U.S.
coals, as summarized in Figure 1, varies from one coal bed to another.
In general, these raw coals contained an average of 14 percent ash.^^
However, as coal consumption in the United States continues to increase,
the quality of coal being used is deteriorating and the ash content is
increasing.Some of the subbituminous and lignite coals now being
used contain 15 to 18 percent noncombustible mineral constituents.^^

During combustion of coal in the furnace, the distribution of fly
ash and bottom ash depends on method of firing and type of combustion
chamber.^ When pulverized coal is burned in a dry-bottom furnace, 70 to
95 percent of the ash material is released as fly ash, and the other 5
to 3D percent is released as bottom ash. On the other hand, when pul
verized coal is burned in a wet-bottom furnace, about 50 percent of the
ash is released as fly ash, and the other 50 percent falls to the bottom
of the furnace as bottom ash or slag. With the cyclone furnace, 70 to
80 percent of the total ash is removed from the bottom of the furnace as
bottom ash or slag, and 20 to 30 percent is released as fly ash in the
flue gas.

Fly ash generally occurs as very fine spherical particles, ranging
in diameter from 0.5 to 100 pm or greater and having a specific gravity
of 2.0 to 2.9.^^ Bottom ash and slag occur as angular- and porous-
surface texture particles, ranging in diameter from 0.05 to 50 mm and
having a specific gravity of 2.2 to 2.8.^® Some low-weight, hollow-
sphere particles called cenospheres are found in fly ash. The true
specific gravity of the cenospheres ranges from 0.4 to 0.6.^^ The
cenospheres can be as much as 4 to 5 percent by weight, or 15 to 20
percent by volume, of the fly ash generated at coal-fired power plants.^®
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TABLE 2. CLASSIFICATION OF COMMON MINERALS FOUND IN COAL

SHALE GROUP (Group M)
Muscovite (KAls(AlSiOaO,n)(OH)s)
Hydromuscovite
Illite (K(MgAI,Si)(Al,Si3)0,o(OH)s
Bravaisitc

Montmorillonite

(MgAl)5(Si,0w)a(0H),n' 12H.0
KAOLIN GROUP (Group K)

Kaolinite (AIsSi:0s(0H)«)
Levisite

Metahalloysite
SULFIDE GROUP (Group S)

Pyrite (FeSs)
Marcasite (FeSs)

CARBONATE GROUP (Group C)
Ankerite CaCO.i*(Mg,Fe,Mn)CO.i
Calcite (CaCO.i)
Sidcrlte (FeCOa)

CHLORIDE GROUP (Group 0)
Sylvite (KCl)
Halite (NaCl)

OXIDE GROUP (Group O)
Quartz (SiOj) '
Hematite (FeaO^)
Magnetite (FcsOs)

ACCESSORY MINERALS GROUP

Sphalerite (ZnS)
Feldspar (K. Na)a0'Al803-6Si02
Garnet (3CaO*AlsOa-3SiO»)
Hornblende (CaO'3FeO*4SiOa)
Gypsum (CaSOi'ZHsO)
Apatite (9CJa0'3P20s*CaF2)
Zircon (ZrSi0»)
Epidote (4Ca0-3Al20a*6Si0i'H20)
Biotile (KsO-MgO AUOvSSiOa-HjQ)
Augite (CaO'MgO'2SiOa)
Prochlorite

(2Fe0'2Mg0-A1.0v2Si02-2Hs0)
Chlorite

(Mg,Fe,Al)a(Si,Al)40io(OH)9
Diaspore (AUOj'HiO)
Lepldocrocite (Fes0.i'Hs0)
Barite (BaSOi)
Kyanite (Al-Oa'SiOa)
Staurollte (2FeO-5AlaOa*4SiO2*H»0)
Topaz (AlF)fSiOi
Tourmaline HpAls(BOH)fShOiD
Pyrophyllitc (A]2SiiOio(OH)a)
Penninite (5MgO*AlsOa*3SiOa*2HsO)

Source: Lucas, J. R., et al« Plant Waste Contaminants In:
Coal Preparation, J. W. Leonard and D. R. Mitchell, eds.,
The American Institute of Mining, New York, 1968.
pp. 17.1-17.54.
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TABLE 3. TRACE INORGANIC ELEMENTS IN COAL

Constituent
Mean

Value
Unit

Standard
Deviation

Minimum
Value

Maximum
Value

As 14.02 PPM 17.70 0.50 93.00

B 102.21 PPM 54.65 5.00 224.00

Be 1.61 PPM 0,82 0.20 4.00
Br 15.42 PPM 5.92 4.00 52.00
Cd 2.52 PPM 7.60 0.10 65.00
Co 9.57 PPM 7.26 1.00 43.00
Cr 13.75 PPM 7.26 4.00 54.00
Cu 15.16 PPM 8.12 5.00 -61.00

F 60.94 PPM 20.99 25.00 143.00
Ga 3.12 PPM 1.06 1.10 7.50
Ge 6.59 PPM 6.71 1.00 43.00

Hg 0.20 PPM 0.20 0.02 1.60
Mn 49.40 PPM 40.15 6.00 181.00

Mo 7.54 PPM 5.96 1.00 30.00

N1 21.07 PPM 12.35 3.00 80.00
P 71.10 PPM 72.81 5.00 400.00

Pb 34.78 PPM 43.69 4.00 218.00

Sb 1.26 PPM 1.32 0.20 8.90

Se 2.08 PPM 1.10 0.45 7.70

Sn 4.79 PPM 6.15 1.00 51.00
V 32.71 PPM 12.03 11.00 78.00

Zn 272.29 PPM 694.23 6.00 5350.00

Zr 72.46 PPM 57.76 8.00 133.00
Al 1.29 Percent 0.45 0.43 3,04

Ca 0.77 Percent 0.55 0.05 2.67

C1 0.14 Percent 0.14 0,01 0.54
Fe 1.92 Percent 0.79 0,34 4.32

K 0.16 Percent 0.06 0.02 0.43

Mg 0,05 Percent 0.04 0.01 0.25

Na 0.05 Percent 0.04 0,00 0.20

SI 2.49 Percent 0.80 0.58 6.09

T1 0.07 Percent 0.02 0.02 0.15

Source: Ruch, R. R,, et al. Occurrence and Distribution of Potentially
Volatile Trace Elements In Coal. EPA 12-74-054, U. S. Environmental
Protection Agency, July 1974. 96 P.
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TABLE 4. AVERAGE CONTENT (%) OF TRACE METALS IN COALS

Trace metal content (%) In coal

Metal Appalachian
Interior

Eastern

Interior

Western

Great

Northern

Plains Southwestern Western

Antimony 0.001^ NA^ NA NA NA NA

Arsenic 0.0031^ 0.0011^ NA 0.08® 0.0073® 0.0004®

Beryllium 0.0025® 0,0025® 0.0015® 0.0015® 0.00006® 0.0015®

Cadmium NA NA NA NA 0.000003® NA

Chromium 0.0013^ 0.002® 0.0014® 0.0007® 0.006® 0.00069^

Copper 0.0015*^ 0.0011® 0.0012® 0.0015® 0.0008® 0.00046*^

Lead 0.0009® 0.0011® 0.0004® 0,0007® 0.0006^ 0.0008®

Mercury 0.000015® 0.000013® 0.000019® 0.000007® 0.000013® 0.000007®

Nickel 0.0014® 0.0015® 0.0017® . 0.00072® 0.0006'^ 0.00053*^

Thallium 0.00018^ 0.00007*^ NA NA NA 0.00005*^

Silver 0.00008*^ NA NA NA NA NA

Zinc 0.00082C 0.0044® 0.0193^ 0.0059® 0.0009^ 0.0025^

Product of average of the range of element percentages in ash and average ash content
of coal.

^Not available.

Based on average of the ranges of percentage of the element in coal.

*^Product of average value of element in coal and average ash content of
coal.

g

Based on average percentage of element in coal as reported.

Sources: Magee, E. M., et al. Potential Pollutants in Fossil Fuels. EPA-R2-73-249,
U.S. Environmental Protection Agency, June 1973, 151 p.

Wachter, R, A., and T. R, Blackwood. Source Assessment: Water Pollutants
from Coal Storage Areas. EPA-600/2-78-004ra, May 1978. 106 p.
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Figure 1. Range and average of ash content in U.S. coals.
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Source: Cavallaro, J. A., at al. Sulfur Reduction Potential of the Coals of the United States,
Report No. 8118, Bureau of Mines, U.S. Department of the Interior, 1976. 323 p.
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The composition of fly ash and bottom ash varies greatly and
depends on the geographical area from which the coal is derived, com
bustion conditions, and other factors such as the removal efficiency of
air pollution control devices. The primary constituents in fly ash and
bottom ash may be metal oxides such as alumina, calcium oxide, ferric
oxide, magnesium oxide, potassium oxide, silica, sodium oxide, and
titanium oxide, and other constituents such as sulfur oxides and carbon
residuals. Almost 40 percent of the ash component is silica, and
another 40 percent of the ash consists of alumina and ferric oxide.
Fifteen years ago, two studies reported that a wide range of trace
contaminants, including 17 trace metals, were identified in fly ash from
coal-fired power plants.Recent studies of coal ashes^^"®^ have
indicated that virtually every mineral constituent accumulated along the
deposit of coal on the earth's surface can be found in coal ashes. The
elements contained in coal ashes can be divided into five groups:
alkali and alkali earth metals, refractories, transition metals, halo
gens, and volatiles. Some recent studies^^"^® have established that
many trace elements, particularly the more volatile ones, are richer in
fly ash than in raw coal, and the specific concentrations of many trace
elements in fly ash increase significantly with decreasing particle size
of fly ash. Also, the natural radionuclides have been reported in fly
ash and bottom ash from coal-fired power plants.®®'^®

Virtually all ash disposal and utilization techniques expose ash to
water at one time or another. The exposure ranges from complete immer
sion of ash into water such as sluicing and ponding, or intermittent
percolation of water through ash landfill areas. Therefore, the water
quality problems of effluent and leachate from ash disposal depend on
the methods of ash disposal; e.g., the quantities of suspended solids
and trace metals depend on whether the ash is disposed of in ash ponds,
ash storage piles, or landfill sites. The water quality problems
associated with particular ash ponds have been reported extensively.

-14-

"tT»" Ti I 1 vi-ii-T(-i^> riril*"*

- Doc. Ex. 28 -
Docket No. E-7, Sub 1214 

Joint Exhibit 6
I/A 



f
SECTION 4

pH OF ASH SLUICE WATER

The pH of water contacted, with ash material may vary from acid to
alkaline, depending on ash characteristics and quality and quantity of
water used for sluicing. Primarily, the pH of ash sluice water is
affected hy the amounts and concentrations of chemical species that
dissolve from ash into water.

EFFECT OF ASH CHARACTERISTICS

The pH of ash pond effluent relates to those factors affecting the
ash characteristics. The operating conditions for TVA's 12 coal-fired
power plants are summarized in Table 5. For the plants that use pul
verized coal, the pH of the ash pond effluents is mainly affected by the
source of coal. Ash pond effluents from plants that receive coal from
western Kentucky and southern Illinois are alkaline, whereas those from
plants that receive coal from eastern Tennessee, eastern Kentucky, and
Virginia are neutral or acidic. However, the pH of the effluents from
the two plants with cyclone furnaces is neutral or acidic, even though
the coal source for both plants is western Kentucky and southern
Illinois.

The fly and bottom ashes are basically glass-like particles, and
fly ash is also coated with various oxides during the condensation
process after combustion.^ The composition of this coating varies
greatly from ash to ash, depending on the type of coal burned and
method of firing (type of boiler). Most of the sulfur oxides and
alkaline metal oxides in ash are readily dissolved in water. The
alkaline metal oxides of calcium, magnesium, potassium, and sodium can
produce a basic reaction in water as

fl^Oy * •> XM + 2yOH . (1)

The sulfur compounds dissolve in water and ultimately yield an acidic
reaction. One possibility for sulfur trioxide is:

-2 .+
SO3 + H2O SO4 + 2H . (2)

Therefore, the pH of the ash sluice water depends on either the ratio
of alkaline metal oxides to sulfur oxides in ash or the ratio of total
dissolved alkaline metal ions to sulfate ion in sluice water. CaO and
MgO are the two principal alkaline metal oxides in ash. Figure 2 shows
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Parameter Plant D Plant H

lABtB 5. BEUIIOI^HITS BETWKm FUm OfEBATIOH CONDITIONS AND pH VALUES
OP ASH POND EPELUEHTS AT TVA COAIr-PIRED POWEB PLANTS

Plant J Plant B Plant P Plant 0 Plant I Plant K Plant L Plant B Plant C Plant A

Coal sources E. Keatueljy Virginia
E. Kentucky E. Tennessee
E. Tennessee

Tangential Tangential Tangential Circu^r
tangential

E. Kentucky W. Kentucky W. Kentucl^ tf. Kentucky W. Itentucky S. IHlnois ff. Kentucky W. Kentucl^ VT. Kentucky W. Kentucky
S. Illinois

Opposed

16.3

80

20

19,U90

I.h

II.2®

W. Kentucky N. Alabama

Method of
firing

Ash content in

the coal^, i

Hy ash of
total ash®, %

Bottom ash of

total ash^, %

Sluice vater-
to ash ratio®,
gal/ton

pH value of
rav water^

pil value of
ash pond
effluent®

15.5

75

25

10,770

7.5

8.6®

15

67

33

n,ii25

7.0

8.9®

^sed on avezage values during 197'^.

^Ely ash pond only.
Combined bottom end fly ash pond.

"^Bottom ash pond only.

1 gal/ton • 4.2 X 10"^ 1/kg

19.1

75

25

9,520

7.6

6.3=

15.3

67

33

9,585

7.0

11.1®

Tangential Tangential Circular
horizontal

15.7

80

20

12,BUS

7.3

9.6®

lU

70

30

U2,U30

7.U

11.2®

15.6

75

25

17,265

7.6

10.8®

Horizontal Vertical
tsmgentlal

16

75

25

15,370

7.5

10.1®

lit.8

50

50

7.5

9.8^
8.0^

S. Illinois

Cyclone Cyclone

11

30

70

23,065

l.h

7.1®

IB.B

30

70

12,380^
9,aioc

7.7

7.2^
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the relationship of pH to the mole ratio of CaO plus MgO to sulfur
oxides as SO2 contained in fly ashes collected from seven TVA steam
plants. The equilibrium pH values of water, after contact with these
fly ashes, are acidic if the mole ratios of CaO plus MgO to sulfur
oxides as SO3 are less than about 5. Por a mole ratio greater than 5,
the ash sluice water can be neutral or alkaline depending on the dis
solution of alkaline metal oxides and sulfur oxides from ash into water.
The pH values of ash pond effluents at 12 TVA steam plants vary from 3
to 12. Figure 3 illustrates the relationship between pH and the con
centration ratio of calcium to sulfate in ash pond effluents. In
general, the pH increase is proportional to the increase of concen
tration ratio of calcium to sulfate in ash pond effluents.

EFFECT OF BUFFERING CAPACITY OF SLUICING MAKEUP WATER

The importance of the buffering capacity of makeup water used for
sluicing is apparent at Plant J, where the pH of the ash pond effluent
varies seasonally from acidic in the winter and spring to slightly
alkaline in the summer and fall (Figure 4). The cause of this variation
is that the water used, for sluicing consists of two separate river
waters—one, containing low alkalinity, is used for makeup water in
winter and spring; and another, containing relative high alkalinity, is
used for makeup water in summer and fall.

EFFECT OF ASH-TO-WATER RATIO DURING SLUICING

The equilibrium pH of ash sluice water is also affected by the
concentration of ash during sluicing as shown in Figure 5. Recently the
effect of ash-to-water ratio on the pH of ash transport water has been
dramatically demonstrated at two TVA alkaline ash ponds. At plant G,
the raw water flow for ash sluicing has increased from 10.6 x 10^
to 16.4 X 10® gpd (40.1 X 10® to 62.1 x 10® liter per day) (the average
ash concentration of ash slurry during sluicing decreased from 19.4 to
12.6 g per liter) and the pH of ash pond water has dropped from 9.6 to
9. At plant I, the raw water flow for ash sluicing has increased from
14 X 10® to 21.6 X 10® gpd (53 x 10® to 81.8 x 10® liter per day) (the
average ash concentrations of ash slurry during sluicing decreased from
5.6 to 3.7 g per liter) and the pH of the ash pond water has dropped
from 11.2 to 9.3.

The effect of ash-to-water ratio on pH can be important for those
ashes that have pH values close to either 6 or 9; therefore, a slight
change in ash-to-water ratio during sluicing can shift the pH values
within the limitation range.
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Figure 3. Relationship between pH and concentration ratios of calcium
to sulfate in effluents from combined ash ponds.
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SECTION 5

pH ADJUSTMENT OF ASH SLUICE WATER

The pH of ash pond effluents may he adjusted by (1) controlling the
ash-to-water ratio for ash sluicing, (2) combining ash pond effluents
with other waste streams within power plants, or (3) adding chemicals.

Various titration curves of acid and alkaline ash pond effluents
from TVA steam plants are shown in Figures 6 and 7. The quantity of
chemicals required for neutralization of acidic effluents is relatively
small, and the increase in the concentration of total dissolved solids
is insignificant (usually less than 60 mg/1). However, the amount of
chemicals required for neutralizing alkaline effluents is relatively
large, especially when considering the large volume of ash pond dis
charges, and the increase in total dissolved solids concentration may be
as much as 300 mg/1.

NEUTRALIZATION OF ACIDIC ASH POND EFFLUENTS

The degree of acidity of ash sluice water is affected by the ash
concentration during sluicing. Therefore, the alkaline reagent require
ment for neutralization is also affected. Figure 8 shows that the
caustic soda requirement for adjusting the pH of acidic ash sluice
water is related to the ash-to-water ratio.

The acidic pond effluents can be treated by a technique commonly
used for water and wastewater treatment throughout the industry. Lime,
limestone, soda ash, or caustic soda can be added to raise the pH of
acidic effluent to 6 and above. The choice of the alkaline reagent
depends on the volume of the effluent stream, variability of pH, and
price of the neutralizing alkali. The basicity and costs of the acid-
neutralizing methods and agents are con^ared in Table 6. Lime is used
most often, despite the frequent formation of precipitates or suspended
solids, which must be removed by sedimentation at the end of the flow
through ash ponds before the effluents are discharged to receiving
waters.

NEUTRALIZATION OF ALKALINE ASH POND EFFLUENTS

The acid requirement for neutralizing alkaline ash pond effluents
is also related to the ash-to-water ratio, as shown in Figure 9. Strong
acids or CO2 can be used to neutralize the alkaline ash pond effluents.
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Figure 6. Titration curves of acidic ash pond effluents
from TVA steam plants.
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TABLE 6. BASICITY COST COMPARISONS OF VARIOUS ALKALINE AGENTS^

Cost, $/ton
(approx.

Basicity
factor

Cost, $/ton
of basicity

NaOH (76% NajO) 290 0.687 422

Na2C03 (58% Na^O) 87 0.507 172

MgO UO 1.306 107

High-calcium hydrated lime 33 0.710 46

Dolomitlc hydrated lime 120 0.912 132

Hlgh-calclum quicklime 33 0.941 35

Dolomitlc quicklime 120 1.110 108

Hlgh-calclum limestone 12 0.489 25

Dolomitlc limestone 12 0.564 21

^Based on 1978 cost quotations.

^A measure of the alkali available for neutralization (grams of equivalent
CaO per gram).
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Strong Acid Treatment

A common method of neutralizing alkaline wastes is to feed sulfuric
acid into the waste stream. Techniques and equipment are commercially
available to monitor the effluent pH and automatically control the
sulfuric acid feed. The sulfuric acid reduces the pH by reacting with
the hydroxide and carbonate ions present in highly alkaline water.
Neutralization by adding sulfuric acid is ecologically acceptable
because the reaction products are primarily sulfate compounds, which are
relatively innocuous to biota and are normally present in natural waters.
The chief disadvantage of using sulfuric acid is safety-related, (sul
furic acid is a highly corrosive, strong oxidant that is hazardous to
handle). In the case of equipment malfunction, the pH of the effluent
stream could drop to extremely low values with the potential for adverse
environmental impact. The sulfuric acid storage facilities should also
be located within a diked area capable of retaining 110 percent of the
storage capacity.

Carbonation

An alternative method of neutralizing alkaline wastes is to add
carbon dioxide CCO2) to the waste disposal pond. This process is more
acceptable from two standpoints: (1) In the case of equipment malfunc
tion, the pH of the effluent stream will not drop below about 4.5, thus
minimizing ecological damage; and (2) the cost of treatment is somewhat
less. Carbon dioxide has been used by municipal water treatment plants
to recarbonate and neutralize water after the softening process. The
softening process involves the addition of excess lime, resulting in

f conditions similar to the conditions to be expected in the ash disposal
ponds.

Two methods available for adding CO2 to the ash pond are (1) onsite
generation of CO2 by burning a fuel such as oil, natural gas, or coke,
and (2) the purchase of commercial CO2 as a bulk liquid. The yield from
the combustion process varies from 12 to 18 percent CO2, depending on
the type of system and fuel used. The combustion process involves more
equipment (generally a compressor and scrubber, drier, etc.) than does'
the use of commercial CO2. In addition to the cost of equipment for
onsite generation of CO2, other problems remain. The gas provided by
combustion is corrosive and relatively impure, increasing the need for
equipment maintenance. Also, the nitrogen associated with the CO2 from
the combustion process reduces the solubility rate, thereby requiring
greater water contact time in the basin.

Adjustment of CO2 production in a generator is moderately diffi
cult and time consuming. Considerable care.must be exercised to main
tain conditions that will assure complete combustion. Natural gas is
almost universally used for CO2 generation. Current prices and availa
bility without interruption during cold weather may require a more
expensive second or standby fuel supply. At best, generation of CO2 for
carbonation is a process that is difficult to control; it requires
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considerable operator attention and maintenance over the useful life of
the equipment. For these reasons, the use of commercially available
bulk liquid CO2 appears to be a viable method for adding CO2 to effluents
An alternative method, similar to the onsite generation of CO2,
is the use of plant stack gases as a source of CO2 for neutralizing ash
pond effluents.

There are two general methods of carbonating water with bulk carbon
dioxide:

1. The most common practice is to admit CO2 to the bottom of the
basin through 3/4- to 2-in.-diameter (1.9- to 5.1-cm-diameter)
piping. The gas is diffused by a distribution grid of per
forated pipe with 1/16- to 3/32-in. (0.16- to 2.38-cm) holes
on 6- to 12-in. (15.2- to 30.5-cm) centers, with the holes
pointed downward to obtain a reasonable dispersion of the gas.
A line of porous ceramic tubing suitable for CO2 diffusion is
also commercially available. Pipeline regulators are used to
reduce the receiver pressure of 240 to 300 psig (17.3 to
21.4 atm) to a flowmeter-calibrated pressure of 50 psig
(4.4 atm).

2. A more sophisticated technique of adding CO2 to water entails
the use of a V-notch CO2 feeder, which carbonates an auxiliary
stream of water, which is then piped to the basin. These
feeders are available in capacities of up to 1500 lb (680.4 kg)
of CO2 per day. Most models are suitable for modulating CO2
flow in direct relationship to the water processing rate and
eliminate the need for diffusion grids in the basin.

Little information has been published on the efficiency of CO2
absorption systems, and an estimate of the cost of CO2 on a per-pound-
absorbed basis is difficult. An absorption efficiency of 98 to 99 per
cent can be achieved in a recarbonatlon process by using liquid CO2,
and absorption efficiencies in the range of 12 to 18 percent can be
achieved for combustion-generated CO2 because of the low percentage of
CO2 in the gas produced in the combustion process. Figure 10 shows the
laboratory result of neutralizing an alkaline ash pond effluent with
liquid CO2.

Combining Streams

A third method of neutralizing the alkaline ash pond discharge at
TVA plants involves reaction of the ash pond effluent with the incoming
cooling water by feeding the ash pond effluent into the condenser cool
ing water at the condenser inlet or discharge channel. The alkaline ash
pond effluent reacts with the carbon dioxide and bicarbonates naturally
present in cooling water, resulting in neutralization of the excess
alkalinity present in the ash pond effluent and a slight increase in
the pH of the cooling water. Ash pond effluents treated by this method
would meet the present water quality limitations.
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Figure 10. Neutralization of an alkaline ash pond effluent with liquid
carbon dioxide.
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In the case of comhining ash pond effluents with condenser cooling
water, the ash pond effluents would meet all.the concentration-controlled
pollutant limitations (e.g., total suspended solids and oil and grease)
before it is introduced into the cooling stream. The only parameter
being affected is the pH, which is not controlled on a basis of con
centration times flow. Although pH is not considered a pollutant as
such, it is controlled within a range that is not detrimental to biota
in the discharge area of the receiving waters.

Reuse of ash pond effluent by feeding it into the condenser inlet
or discharge has many practical advantages as well as the obvious eco
nomic value of eliminating the need for costly chemical treatment of ash
pond effluents.

The mixing of alkaline ash pond effluents with cooling water does
not generate significant additional dissolved solids, as occurs in
chemical treatment, e.g., sulfuric acid and CO2 treatment methods could
add as much as 300 mg/1 and 100 mg/1 of dissolved solids, respectively,
to existing concentrations in effluent streams. The chemical reactions
that occur when the streams are combined Involve reactants already
present in the water and result in a slight increase in reaction pro
ducts also already present in the cooling water. The primary reactions
that take place are shown by two equations:

2 oh" + CO2 CO3-2 + H2O, (3)

and

OH" + HCO3" ^ COs"^ + H2O. (4)

As shown by the equations, the hydroxide ions in alkaline ash pond
water react with carbon dioxide and bicarbonate ions present in cooling
water to form carbonates. The neutralization of alkaline ash pond
effluents with once-through cooling water has been investigated through
bench-scale tests. The water quality of once-through cooling water is
the same as that of river water. The maximum necessary ratio of cooling
water to alkaline ash pond effluents from TVA steam plants was about 10
to 1 to reduce the pH of alkaline effluents from about 11 to 9 (Pigure 11),
For a once-through cooling system, the cooling water available is adequate
to neutralize ash pond effluent. To reduce the pH of alkaline effluents
to 7.5, a reduction that may be needed to meet the quality criteria for
cooling system makeup water, the necessary blending ratio for a cooling
tower system would have to be greater than 50 to 1. Usually, the amount
of effluent from ash ponds is greater than that used for mixing with
cooling tower makeup water. Thus, only part of the alkaline effluent
could be reused in the cooling tower system.

Changing the pH of cooling water would affect the total CO2 (car
bonic acid, carbonate, and bicarbonate) concentration present in the
water. Fish and other aquatic life are sensitive to this balance in
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water. However, the actual effect of pH change in cooling water is a
small increase in the bicarbonate concentration and a small decrease in

^ the carbonic acid concentration. These small changes would not
j measurably affect aquatic biota.

A small benefit may be derived from the reuse of ash pond effluent
j because the change in pH and bicarbonate ion concentration may offset
i the decrease in pH caused by chlorination of the condenser cooling
I water, thus reducing the corrosion of condenser tubes and the release of
I heavy metals such as iron, copper, nickel, and zinc. This effect would
i be small, but nonetheless may be beneficial when the overall effect of
I numerous installations is considered.

I The major benefits of reusing the ash pond effluent in the feed to
I the condenser are economic. The benefits of essentially eliminating
I treatment costs and eliminating the need for adding treatment chemicals
I to the discharge with no potential adverse ecological effects makes the
' reuse of ash pond effluents as feed to the condenser cooling water the
' most practical method available.

o
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SECTION 6

ASH SETTLING

In the course of treating ash sluice water, both, "discrete particle
settling" and "flocculent settling" take place. Because of the gen
erally high ash concentration in ash sluice water, with interaction and
agglomeration of the ash particles, flocculent settling first takes
place. Discrete particles settling then occurs for the remaining ash
particles and can be analyzed by means of the classic laws of sedi
mentation formulated by Newton and Stokes.®"^ The terminal settling
velocity of discrete particles is a function of particle size and den'
sity. In the design of a settling pond, the usual procedure is to
select a particle with a terminal velocity and to design the basin so
that all particles that have a terminal velocity equal to or greater
than the specified terminal velocity will be removed. When flocculation
occurs, both overflow rate and detention time become significant factors
for design. Obviously, the degree of flocculation will be influenced by
the initial concentration of suspended solids. The design of ash settling
tanks or ponds should include laboratory ash settling analysis of both
discrete and flocculent settling behavior. In all cases, one has to
account for turbulence, short circuiting, and other interferences that
do not occur in the laboratory. Short circuiting in tanks or ponds can
be characterized by tracer techniques. The introduction of a plug of
dye, salt, or radioactive material into the inlet gives a concentration
distribution in the effluent stream that is characteristic of the flow
patterns.

PARTICLE SIZE DISTRIBUTION OF ASHES USED FOR SETTLING TESTS

At plants A and E, all the fly ash is collected by electrostatic
precipitators. At plant J, the fly ash is removed from stack gas by
mechanical collectors followed by electrostatic precipitators. Table 7
shows the size distribution and specific gravity of fly ashes that were
collected at these three different steam plants. The specific gravities
fall into the range of 2 to 3, except in the size fractions of large
particles. The reason for this low specific gravity of large particles
may be that the large particles contain some cenospheres. These ceno*
spheres do not settle, but float on the top surface of settling columns.
Removal of cenospheres was not considered in this settling study.

The cumulative particle size distribution of fly ashes used for
this study is shown in Figure 12. For fly ashes collected by electro
static precipitators, there were more than 50 percent of the particles
less than 10}jm; however, for fly ashes collected by mechanical collec
tors, there were about 50 percent of the particles greater than 40 |Jm.
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TABLE 7. FLY ASH PARTICLE SIZE ANALYSISj
Particle size (yra) Weight fraction Specific gravity

Plant J _ mechanical collector (cyclone)

<6.4 0.044 2.28

6.4 - 9.2 0.047 2,43
9.2 - 12.9 0.089 2.34

12.9 - 17.3 0.128 2.40

17.3 - 23.5 0.109 2.31

23.5 - 27.3 0.032 2.35

27.3 - 38.0 0.033 2,55
>38.0 - 0.518 1.63

Plant J - electrostatic precipitator

<3.3 0.269 2.23

3.3 - 6.5 0.245 2.17
6.5 - 9.6 0.181 2.21
9.6 - 13.4 0.142 2.14

13.4 - 18.3 0.107 2.14
18.3 - 29.9 0.041 1.59

>29.9 0.015 •k

Plant E - electrostatic precipitator

<3.1 0.237 2.56
3.1 - 5.9 0.134 2.67
5.9 - 8.9 0.103 2.60

8.9 - 11.8 0.096 2.80
11.8 - 16.1 0.073 IJl
16.1 - 21.1 0.062 2.85
21.1 - 23.1 0.022 2.58
23.1 - 44.0 0.056 2.66

>44.0 0.196 1.80

Plant A - electrostatic precipitator

<3.0 0.195 2.56
3.0 - 5,8 0.171 1.11
5.8 - 9.0 0.140 2.53
9.0 - 11.5 0.132 2.91

11.5 - 16.9 0.103 2.52

16.9 - 22.0 0.108 2.64
22.0 - 30.8 0.039 2.45

30.8 - 44.0 0.044 2.83

>44.0 0.068 2.13

^ \ *Not analyzed.
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Figure 12. Particle size distribution curves of fly ashes used for settling test.
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The fly ash collected by electrostatic precipitators at plant J was the
finest, because most of the coarse particles were removed by mechanical
collectors ahead of electrostatic precipitators. The particle size dis
tribution curves of fly ashes collected by electrostatic precipitators
at plants A and E were lower than that of fly ash collected by mechani
cal collectors at plant J, because both coarse and fine fly ashes were
collected by electrostatic precipitators at Plants A and E.

A sample of bottom ash was obtained from plant J. Grab samples
were collected at the end of bottom ash sluice pipe at 5-s intervals
during sluicing; all samples were then combined. The particle size
distribution and specific gravity of the bottom ash were analyzed,
and the results are given in Table 8- The particle size distribution of
bottom ash from plant J ranged from about 0.075 to greater than 2 mm,
and the specific gravity was about the same as that for fly ash.

The fly and bottom ashes collected from plants A, £, and J were
used for the settling study.

ASH SETTLING CHARACTER

Settling studies were carried out by using a column with five
sampling ports, as shown in Figure 13. Fly ash collected from the
electrostatic, precipitators or mechanical collectors was weighted
and soaked in tapwater in a bucket; it was then poured into the column,
where the tapwater was mixed by a stirrer. The ash-water mixture was
then mixed for a few minutes to achieve complete mixing,.and san^les
were taken from ports 1, 3, and 5 to determine the initial suspended
solids concentration. As soon as the stirrer was turned off, the
settling study started and the samples were taken from the five ports
at various time intervals. The time interval after the stirrer was

turned off is defined as t, the time of ash settling, and is independ
ent of depth. The time intervals selected.for this study generally
ranged from 10 minutes to approximately 9000 minutes.

A typical plot of settling curve of suspended solids concen
trations at five different depths versus settling time is shown in
Figure 14. The sharp drop of suspended solids concentrations at the
initial period indicates a hindered-zone settling behavior at this
initial high concentration of suspended solids (48,000 mg/1). The
zone (defined as an interface between the flocculent particles and the
clarified supernatant) settled at a uniform velocity under conditions of
hindered settling, and the velocity is a function of the concentration.®^
Unfortunately, the interface between the particle-liquid zone was not
visible because of the very fine particles remaining in the clarified
zone, which made it impossible to monitor the position of the interface
to study the clarification capacity. Instead, a graphical method was
used to find the velocity of the interface, as shown in Figure 15, where
the suspended solids concentration was plotted as a function of the
reciprocal of the settling veolcity t/z (t is again the time of ash
settling and z is the vertical distance of ash settling measured from
the water surface). This figure clearly shows the settling behavior
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TABLE 8. SIZE DISTRIBUTION OF BOTTOM ASH FROM PLANT J

Ash size (pm) Weight percent Specific gravity

>2000 45.6 a

2000-420 40.4 2.17

420-147 9.4 2,35

147-75 2.6 2.23

<75 1.8 2.38

^ery heterogeneous as to size and porosity—specific gravity
not run.
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Figure 13. Quiesent settling column with sampling ports
(1 ft = 30.A8 cm).
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of the zone so that its settling velocity can be determined graphically
by finding an intersection point of two lines described in the figure.
The value of t/z at this point is denoted as k, which is 19 min/ft

] (0.6234 min/cm). The settling velocity of the zone is the reciprocal of
k at that point of 0.0526 ft/min (1.604 cm/min).

If a suspended solids concentration of less than 30 mg/1 is desired
in the effluent from the sedimentation basin, this will depend on the
degree of fine ash particle settling after the zone settling. An
attempt was made to use concepts of discrete particle settling and floccu-
lent suspention, developed by Camp®® and O'Connor and Eckenfelder,
respectively, to estimate the removal efficiency of sedimentation
basins. This atten^t was not successful because the concentration
gradient over depth was too shallow to get either a meaningful settling-
velocity analysis curve by Camp's method, especially at the low settling
velocity, or meaningful isoconcentration lines by the O'Connor and
Eckenfelder method. For low suspended solids concentrations (less than
100 mg/1), the slope of the settling-velocity analysis curve was too
flat and the slopes of the isoconcentration lines were too steep to use
for estimating the fractional removal.

Therefore, a new approach was developed to interpret the fly ash
settling data in this study.

As the interface of settling zone passes a certain point, the
suspended solids concentration will change at this point at a drastic
rate, but will then rapidly slow down after the interface passes. The
profile of the suspended solids concentration versus settling time is
assumed to be a straight line. This assumption is accurate enough to

} analyze the settling data and predict the performance of a sedimentation
^ ^ tank, especially if the low suspended solids concentration range is of

prime interest. For low concentration of suspended solids, the rate of
ash settling is very slow.

This concept was applied to the data in Figures 14 and 15 to gen
erate Figure 16, where the suspended soldis concentration was plotted as
a function of a new variable, t - kz, which indicates the time measured
after the interface of hindered settling zone passed the settling depth z.
Here k is a value obtained from Figure 15. Figure 16 clearly describes
a well-defined relationship for all of the data, which were obtained
from five different ports.

The theoretical retention time, t^, requirement for ash settling
can be determined by the following equation:

where

t = — (5)

D = depth of sedimentation basin or pond,
A = area of sedimentation basin or pond, and
Q = flow rate of ash transport water into a sedimentation basin or

pond.
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In Figure 16, the data can be described by a straight line. The relation-
ship of instantaneous suspended solids concentration in effluent to any
instantaneous settling time t and vertical settling depth z can be
expressed as belov:

In C = a In (t - kz) + In b, (6)
where

C = suspended solids concentration, mg/l
a,b = constants.

For these specific data, a and b are found to be -1.0546 and 31,000,
respectively. Then the average suspended solids concentration in the
effluent, C over the whole depth of the settling basin or pond at a
retention time t, will be

d

'̂ eff =&4 =TO) tV"' -

where tj > kD and a ^ -1. (8)

This approach is also valid even for the case where the data follow
piecewise straight lines for concentrations of suspended solids below
100 mg/l.

For some cases where the data follow a straight line on a semilog
j paper, the relationship of an instantaneous suspended solids concentra

tion in effluent to any instantaneous settling time and vertical settling
depth can be expressed as

C = a In (t - kz) + b. (9)

Similarly, the average suspended solids concentration in effluent will
be

=5J"!
or

^eff = '̂ '"d - "3) - In + fcD], (10)

where

t^ > kD. (11)
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If the data do not follow the above mathematical equations,
the average suspended solids concentration in effluent still can be
estimated by segmenting the depth of sedimentation basin. If the
depth of basin is segmented by the positions where the sampling ports
are located in Figure 13, then the suspended solids concentration in
effluent can be approximated as

+ C4 + C3 + C2 ^3^ + Ci 22^ + Co ' (12)

where

C. = average suspended solids concentration of C. and C..^ at
^ t = tj, mg/l, ^

C^= suspended solids concentration at z = z^, rag/1.

is obtained from Figure 16 by reading and at (t, - k.z)
and (t, - k. -z), respectively, after drawing a smooth curve to^cover
the settling data.

To invesigate the effect of initial concentration of suspended
solids on settling, two additional experiments using different
initial concentration (C ) were performed and the results are shown
in Figures 17, IS, 19, and 20, Although all these cases yielded
straight lines in plots of suspended solids concentrations versus t ' kz
(Figures 16, 18, and 20), it was not possible to determine any general
trend on the effect of C . A more extensive study" is needed to deter
mine this trend and express it in a mathematical relationship, which
will allow prediction of the settling performance for a given initial
suspended solids concentration. A qualitative analysis is described
later in this report.

Similar experiments were conducted for the ashes collected by the
electrostatic precipitators at plants A and £; the results and analyses
are shown in Figures A-1 through A-12 in appendix A. The settling of
these ashes showed piecewise straight lines on plots of suspended solids
concentrations versus t - kz except in Figure A-12. Table 9 shows
the values of constants that were obtained from the graphical methods
and figures. These constants can be used to estimate the suspended
solids concentration in effluent from the sedimentation basin by using
Equations 7, 10, or 12.
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TABLE 9. VALUES OF CONSTAMTS FOR SETTLING CURVES

Plant

*^0
(mg/l)

Equation
used

Range of R*
Tmin)

k

(min/cm)

**

Constant

a b

J—electrostatic 48,000 <6) R>10 0.6234 -1.0546 31,000

preclpltator 30,000 (6) R>10 0.4429 -0.9895 5,300

8,900 (6) R>10 0.198 -0.8373 1,950

E—electrostatic 35,000 (6) 60.5>R>5 0.3117 -0.5374 770

preclpltator 35,000 (6) R>60.5 0.3117 -0.2904 275

22,000 (6) 200>R>10 0.2364 -0.8480 2,100
22,000 (6) R>2G0 0.2364 -0.0774 35

5,800 (6) 70>R>10 0.1101 -0.6052 850

5,800 (6) R>70 0.1101 -0.2973 230

A—electrostatic 31,000 (6) 200>R>5 0.5414 -0.8722 9,100
preclpltator 31,000 (6) R>200 0,5414 -0.5321 1,500

18,000 (6) 280>R>10 0.4593 -0.9064 11,000
18,000 (6) R>2B0 0.4593 -0.424 720

6,000 (6) R>5 0.1773 -0.8466 2,600

1 J—mechanical 30,000 (6) 180>R>10 0.2198 -1.1431 17,200
collector 30,000 (6) R>180 0.2198 -0.4175 3,900

17,500 (6) 250>R>10 0.1837 -1.0524 11,200
17,500 (6) R>250 0.1837 -0.5222 590

4,500 (6) R>5 0.16404 -0.9798 8,700
South Chlckamauga

Creek. 140 (9) R>10 0.19685 •18.559 174.9

I ;

R = t - kz.

Units for constants a and b are mg/l-mln and mg/1^respectively.

V y
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Results of the settling studies on fly ash collected by mechanical
collectors or cyclones at plant J are shown in Figures A-12 through A-18.
The settling velocity of hinder^ zone of this fly ash was about twice

I as fast as that collected by electrostatic precipitators at C = 30,000
mg/1 (compare k values in Figure 17 and A-13 and in Table 9). This
increased velocity is expected because the larger and heavier particles
are collected by cyclones. However, the mechanically collected fly ash
showed a slower settling behavior in the clarified zone (the zone behind
the hindered settling zone) than did the ash collected by the electro
static precipitator (Figures 18 and A-14). This difference in settling
behavior is quite interesting if the wide differences in particle size
distribution (Figure 12) between the two ashes are considered.

The difference in settling behavior illustrates again that the very
fine particles play a major role for achieving a low suspended solids
concentration of the effluent from the clarification process, since the
relatively heavier particles are removed at the initial stage through
hindered-zone settling. In Figure 12, less than 30 percent of fly ash
particles collected by electrostatic precipitators are greater than
20 pm, whereas more than 60 percent of fly ash particles collected by
mechanical collectors are larger than 20 pm. The hindered-zone settling
of ash collected by the electrostatic precipitators seems to entrap more
fine particles than that of the ash collected by mechanical collectors,
thus leaving a lower concentration of suspended solids behind the zone.
This entrapment phenomenon could result from the fact that the coarser
particles of mechanically collected ashes had less chance of interaction
with the finer particles because of the fewer particles and the less
contact time, or settling time, than did the ashes collected by electro
static precipitators. Examination of Figures A-14, A-16, and A-18 for
the settling of mechanically collected fly ash shows that the data do
not differ much, except for the low suspended solids concentration,
whereas data for the electrostatic precipitator fly ash vary signifi
cantly. This may indicate that the hindered settling zone only minimally
affects the initial removal of fine particles in mechanically collected
ash, whereas it significantly affects the settling of ash collected by
electrostatic precipitators.

The velocity of hindered settling zone (reciprocal of k) decreased
with the increase of initial suspended solids concentration, as shown in
Figure 21.

To investigate the applicability of this graphical approach to the
settling of suspended solids in river water, a sample was collected from
the South Chickamauga Creek, Chattanooga, Tennessee, after a rainfall
and a settling study was conducted by placing the sample in a settling
column. The movement of hindered settling zone could hardly be observed
in this case, as shown in Figure 22* The rate of sedimentation was
relatively slow, probably because of the fine silt, clay materials, and
other low-density materials present; it took more than two days to
reduce the suspended solids concentration to 30 mg/1. By estimating

1 )
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the best k value (Figure 22), it was found that the suspended solids
concentration followed Equation 9, as shown in Figure 23. Whether this
slow settling resulted from the different nature of suspended solids
present or from the very low initial suspended solids concentration (lAO
mg/1), or both, is not clear. The constants for Equation 9 are shown in
Table 9, and the effluent concentration of the sedimentation basin can
be estimated by Equation 10.

The effect of initial concentration of suspended solids on the
behavior of zone settling was studied by conducting a series of experi
ments on the lower initial suspended solids concentrations (390 to
3800 mg/1) of electrostatic precipitator fly ash from plant J. The
results are shown in Figures A-19 through A-24. The settling rate was
greater for the higher than for the lower initial concentrations of
suspended solids in this range (390 to 3800 mg/1); these results are
opposite to the previous cases for which the initial suspended solids

'concentratipn was high (8900 to 48,000 mg/1) (Figures 15 through 20).
The behavior of hindered zone settling seems to become less evident for
initial concentrations of suspended solids less than 8900 mg/1.

Examination of settling data over the concentration range of 390 to
48,000 mg/1 (Figures 15 through 20 and Figures A-19 through A-24) show
the degrees and changes of particle interaction for different initial
concentrations of suspended solids. Up to 8900 mg/1 the increase in
suspended solids concentration enhances the settling rate, probably
because of the flocculating type of interaction in which large particles
become even larger by colloiding with the small particles. However,
the suspended solids concentration is still not high enough to form
a hindered settling zone. As the suspended solids concentration

J increases further, however, the settling rate is reduced because of the
increase in hindrance and the formation of a hindered zone. This is
shown in Figures 16 and 18 for suspended solids concentrations of 48,000
and 30,000 mg/1, respectively.

At this higher concentration of suspended solids, (greater than
8900 mg/1), more water is displaced by settling in the hindered zone.
Therefore, behind the hindered settling zone, the relatively high dis
turbances induced by the flow of displaced water can prevent the residual
fine ash particles from settling. The poorer settling of fine particles
for very high and very low initial suspended solids concentrations indi
cates that an optimum initial concentration gives the best settling.
For the case of electrostatically precipitated fly ash from plant J, the
optimum initial concentration for suspended solids seems to be about
8900 mg/1. This optimum initial concentration of suspended solids
appears to be a point at which the suspended solids concentration is
(1) high enough to provide the particle interaction necessary for
the formation of larger particles, and (2) low enough to reduce the
turbulence resulting from the rise of displaced water caused by the zone
settling at high concentrations of suspended solids.
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A similar result was observed in settling of the mechanically
collected fly ash from plant J, as shown in Figures A-25 and A-26. The
degree of hindrance was reduced at an initial suspended solids concen-

} ) tration of 3000 mg/1 (Figure A*-25), as compared with the previous cases
where the initial suspended solids concentrations were 30,000, 17,500,
and 4500 mg/1 (Figures A-13, A-15, and A-17). At the initial suspended
solids concentration of 3000 mg/1, more fine particles escaped from
the hindered settling zone (Figure A-26) than in the previous cases
(Figures A-12, A-14, and A-16), probably due to the reason that was
discussed earlier.

Bottom ash settling tests were performed at two initial ash con
centrations, 30,000 and 10,000 mg/1. Results of the ash settling tests
are, presented in Figures A-27 and A-28. Bottom ash, due to its rela
tively large particle size, settled much faster than the fly ash. Also,
the settling characteristics of bottom ash differed from that of fly
ash; that is, no distinction was found between the behavior of high and
low suspended solids concentrations in the hindered settling zone during
bottom ash settling. After about two minutes of bottom ash settling,
only the fine particles, representing about 2 percent of the initial ash
weight, v?ere suspended in the water. However, these fine bottom ashes
behave like the fine fly ashes left behind the hindered zone.
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SECTION 7

CHARACTERISTICS OF ASHES

Coals contain various elements found in the earth's crust, inclu
ding various rare elements (Table 3). The mineral in coal comes from
the (1) inherent matter in the plants from which the coal bed forms and
(2) extraneous matter that is deposited in the coal bed from outside by
mechanical means (e.g., dust deposited from the atmosphere or suspended
and dissolved material carried by water). Most of the mineral matter of
coal is extraneous. After combustion, many trace and rare elements have
been found concentrated in the ashes of despite the
different chemical properties of coals. The chemical characteristics of
ashes from individual pieces of coal may also vary widely, even when the
pieces are selected from closely adjacent places in the same seam.
Three mass balance studies have been conducted at three TVA steam
plants.Many toxic trace metals were found to be enriched to a
significant extent in the combined particulate and vapor phases of stack
gas. These toxic metals may leach into water when ash contacts water by
ponding or landfill.

The distribution of major elements in fly and bottom ashes is
approximately the same, but more trace petals are concentrated in fly
ash than in bottom ash. Fly ash has been characterized within TVA.
Table 10 presents the chemical properties of fly ashes from 11 TVA steam
plants.

Fly ash contains cenospheres, which are thin-walled hollow spheres,
20 to 200 pm in diameter, that float on water. Some coarse-size ceno
spheres are either particles filled with smaller spheres (plerospheres)
or particles that have a thicker wall with a porous and irregular sur
face. The formation of cenospheres is dynamic, and gases of CO2 and
N2 are trapped inside the sphere.®® The proportion of cenospheres in
fly ash is probably affected by the nature of minerals in the coal being
burned,^®'®® fusing temperature, type of boiler, and efficiency of fly
ash collection. Almost all coal-fired power plants produce cenospheres.
At some power plants, the cenospheres are sufficient to form a thick
layer of floating material on the surface of ash ponds. Laboratory
tests were conducted to determine the amounts of cenospheres produced at
several TVA steam plants, and the cenospheres were defined as those fly
ashes with a specific gravity less than one and floating on water for
more than three days. The results in Table 11 indicate that the con
tents of cenospheres range from 0.02 to 0,13 percent by weight in fly
ash collected by electrostatic precipitators and from 0.1 to 0.42 percent
by weight in fly ash collected by mechanical collectors. To meet the
effluent limitations guidelines for suspended solids, discharge of
cenospheres into the ash pond effluent must be prevented at some ash
ponds.
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lABia 10. CHEMlCyiL COMPOSITION OF FLY ASHSS EWW TVA STEflM PLANTS

Plant A Plant C Plant D Plant E Plant F Plant 0 Plant H Plant I Plant J Plant K Plant L
ESP ESP ESP MC ESP ESP MC ESP MC ESP ESP MC ESP

Alumina (AlgO^)) % 20.4 22.7 29.6 16.2 16.6 17.5 23.7 25.7 24.7 20.9 26.5 25.1 20.6 21.6

Calciim (CaO), % 1.8 1.7 0.8 5.1 4.6 7.0 2.8 1.3 1.9 1.6 1.1 2.1 3.0 2.3

Iron (Fe203), % 21.1 11.3 3.8 23.0 29.0 20.3 13.7 12.3 12.9 18.4 12.2 12.4 24.3 4.9
Magnesium (MgO), % 0.9 0.93 0.9 1.1 1.0 1.3 1.1 1.1 1.3 1.0 0.9 1.2 1.0 0.9

Potassium (l^O), % 2.9 - 2.7 2.3 2.4 2.9 2.8 3.1 3.3 2.6 2.8 3.0 2.2 2.3

Silica (SiOg), ^ 47.4 47.6 57.5 47.6 42.5 47.9 48.6 51.2 51.8 51.5 48.7 52.4 45.2 48.3
Sodium (NagO), ^ 0.2 2.7 0.7 0.6 0.4 0.8 0.6 0.3 0.4 0.2 0.2 0.9 0.5 0.3
Sulfte (SO3), i 1.6 - 0.4 1.4 1.2 1.5 2.6 0.5 1.4 0.4 0.7 1.0 0.5 0.7
Titanium (TiOg), % 1.2 - 1.7 0.8 0.8 0.9 1.2 1.1 1.1 1.0 1.2 1.1 0.9 1.0

Beryllium (Be), ppa 14 - 12 8.7 8.4 5.5 12 11 13 7.3 8.5 12 8 7.3
Cadmium (Cd), ppa 5.3 8.0 <1 3.6 5.4 1.7 6.8 <1 5.1 <1 <1 9 <1 <1

Chromium (Cr), ppm 170 300 180 160 135 140 160 145 130 120 150 170 140 155
Copper (Cu), ppn 160 l4o 195 89 91 89 145 145 150 76 150 230 130 110

Lead (Pb), ppa 120 80 69 95 49 53 125 31 105 15 49 105 30 37
Manganese (Ma), ppi 285 298 51 328 395 635 255 240 250 255 230 70 245 345
Nickel (Ni), ppn 150 207 115 88 100 61 115 100 U5 91 105 115 97 120

Vanadium (v), ppa 150 440 130 490 235 235 230 125 160 115 130 130 120 150
Zinc (Zn), ppm 965 740 97 398 435 395 790 190 550 140 175 920 310 300

Specific gravity

Mean fly aah particle
dlOBieter# Iin

2.69

U.l*

2.69 2.13

10.1*

KP—electrostatic precipitatoE; MC—nschanlcal collector.

I&ta based on one grab sample from each plant.

2.53 2.66 2.ii8

8.U 9;8 13.3

B.hZ 2.11 2.6 2.3 2.07 2.1*5 2.1* 2.2U

6.3 14.7 3.8 13.5 10.3 5.2 15.6 17.1
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table 11. PERCENTAGE OF CENOSPHERES IN .FLY ASHES

Cenospheres
Ely ashes In fly ashes (%)

Plant A—electrostatic precipitator 0.022
Plant C—electrostatic precipitator 0.034
Plant E—electrostatic precipitator 0.042
Plant E—mechanical collector 0,094
Plant H—electrostatic precipitator 0.037
Plant H—mechanical collector 0,422
Plant J—electrostatic precipitator 0.132
Plant J—^mechanical collector 0,173
Plant K—electrostatic precipitator 0^092
Plant K—mechanical collector 0,101
Plant L—electrostatic precipitator 0,080
Plant L—mechanical collector 0.177
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Also, cenospheres were collected from two acid ash ponds and one
alkaline ash pond, and samples were analyzed for both the principal and
trace constituents. The results in Table 12 show that the chemical

composition of cenospheres is similar to that of fly ash, except that
the soluble constituents such as alkaline metals are lower in ceno
spheres than in dry fly ash because those cenospheres have already been
in contact with water in the pond for several days. However, when
cenospheres enter the discharges, they can contribute to both suspended
solids concentration and total concentration of trace metals in ash
pond effluents.
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TABLE 12. CHEMICAL COMPOSITION OF CENOSPHERES

Constituent Plant A^ Plant E^ Plant

Alumina (AI2O3), % 24.93 20,73 18.70

Calcium oxide (CaO), % 0.06 14.91 0.01

Iron oxide (^6203), % 4.07 6.59 4.43

Magnesium oxide (MgO), 7c: 0.50 0.98 0.73

Potassium oxide (K2O), 7c 3.01 4.22 4.58

Silica (SIO2), % 45,00 41.90 42.86

Sodium oxide (Na20), % 0,22 0.69 0.3

Sulfur oxide (SO3), % NA 0.19 NA

Titanium oxide (Ti02), % 1.50 1.22 1.63

Arsenic, yg/g 45 10 94

Cadmium, yg/g <1 <1 <5

Chromium, yg/g <5 32.5 70

Copper, yg/g 45 41 85

Lead, yg/g 140 65 110

Mercury, yg/g <0.1 <0.1 <0.1

Nickel, yg/g 100 140 80

Selenium, yg/g 8 8 <2

Zinc, yg/g 140 120 100

®Ash pond water—4.4 pH.

^Ash pond water—11,1 pH.

°Ash pond water—4,0 pH.

NA—Not Available.
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SECTION 8

LEACHING OF MINERALS FROM ASHES

Inorgaalc materials, including trace elements, present in coal ash
leach into water during ash sluicing and settling. Many trace elements
apparently are located on the surface of ash particles and thus cause
water quality problems at ash disposal sites. This section of the
report is on laboratory leaching tests to assess the levels of minerals
leached from ash into water and on mathematical analysis of mass trans
fer of chemical species leached from ash.

The rate of mass transfer of any chemical species from ash into
water can be expressed as

. K. <C, - C), <13,

= rate of mass transfer per unit area, g-raole/sec-cm^,

= coefficient of mass transfer between the surroundings and the
surface of solids, cm/sec,

C^ = concentration of a species at the interface, g-mole/cm®,

C = concentration of a species in the bulk liquid, g-mole/cm®.

The concentration of a species at a given point of ash surface
varies with time during leaching. The mass transfer coefficient for a
single ash piarticle can be calculated by using the Chilton-Colburn
analogy,as

»Sh = "Sho ^
where

N„, = Sherwood number (k Ly/D),
on m

where

L =: characteristic length dimension, cm,

y = mole fraction of a species in the bulk liquid,

D = volumetric molecular diffusivity, cm^/sec,
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Ngjjo - Sherwood niimber for molecular diffusion from a sphere,

^Re " Reynolds number (dVp/p),
where

d = diameter of a sphere, cm,

V = mean velocity, cm/sec,

p = density of solvent, g/cm^,

p = viscosity, g/cm-sec,

Ng^ = Schmidt number (p/pB),

a, m, n = constants.

The can be assumed to have a value of 2. Ranz and Marshall®^
obtained the following correlation for mass transfer of a component of
mole fraction y in a fluid to free-falling solidsj

"Sho = 2 + (,53
When ash materials are sluiced into the ash ponds or when water

seeps into the ash landfills, correlations of the fom of Equation 14
with or without Ng, can be used to describe forced-convection rates of
mass transfer only when the effects of free or natural convection are

V. ^ negligible. The effects of free or natural convection are negligible
for Reynolds numbers that satisfy the ei^ression,

»Re ^
where

Ngr ^ Grashof number for mass transfer {p^Ofgd (y^ - y)/M^}>
where

Of = concentration coefficient of volumetric expansion,
dimensidnless,

g = gravitational acceleration, cm/sec^,

y^ = mole fraction of a species at the interface.
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Twelve different correlations of Equation 14, with or without N„. ,
have been presented by various workers®^ for forced-convection mass
transfer from single spheres. Recommendation of one correlation rather
than another is somewhat difficult.

Reed et al.®® determined the mass transfer coefficient of calcium
ion from a Wyoming coal fly ash and produced the correlation equation,

N
Sho

where

= 3.26 X 10"® (w/p )-0-78 w 0.21 w 0.33
S X\6 oc

(17)

w = weight concentration of solids in solvent, g/cm®,

p = density of solids, g/cm®.
s

The mass transfer coefficient was calculated as ranging from 1.3 x 10~®
to 8.3 X 10'® cm/sec.

Based on the above theoretical analyses, many independent param
eters in the dimensionless numbers can affect the mineral leaching rate
of fly ash. However, principal factors may be the concentration and
form of chemical species in ash, molecular diffusivity, particle size,
and corresponding bulk flow velocity normal to the solid surface (or
intensity of turbulence).

Kinetic studies were performed to investigate the mineral leaching
rate of fly ash. Acid, neutral, and alkaline fly ashes were collected
from TVA steam plants, and certain amounts of fly ash were put in beakers
and mixed with water with two-blade impellers. The result of mineral
leaching represented by conductivity and the corresponding pH for each
of the 10 fly ashes with 3 percent ash concentration are presented in
Figures 24 and 25 and Figures B-1 and B-8 in appendix B. The kinetic
equilibrium curves of conductivity and pH for these ashes leveled off
between 10 and 240 min after the ash and water were in contact.

In general, the rate of mass transfer of.minerals for these fly
ashes was rapid. This indicated that the dissolved material in the ash
can leach into water within a very short period of contact time. For
wet ash handling, most of the dissolved minerals will be leached out of
ash during sluicing and transporting ash into ash pond. However, the
ash in the bottom of the pond will continue to leach while the ash is in
contact with water if the surrounding environment is changed, such as
under anoxic and low-pH conditions. TVA has monitored ash pond leachate
at two coal-fired power plants.®^ The interstitial water extracted from
several soil core samples collected underneath the ash ponds was found
to be acidic (pH about 4) even though the surface discharges of these
two ash ponds were alkaline.

-64-

- Doc. Ex. 78 -
Docket No. E-7, Sub 1214 

Joint Exhibit 6
I/A 



c\
en

-O" - cmtDUcriviTY

w 4.0

r'

I

MIXING TIME (mln)

Figure 24. pH and mineral leaching rate of 3 percent electrostatic precipltator fly ash from plant A.
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laboratory leaching studies were also conducted at four different
ash concentrations. The resulting kinetic equilibrium curves of con
ductivity and pH in Figures 26 and 27 and Figures C-1 through C-4 show
that the ash concentration has a major effect on the concentration level
of dissolved solids in water, but has little effect on the time of
mineral leaching. Obviously, the concentration level of trace metals
leaching to water significantly impacts water quality.

After the water has contacted the active sites on or in the ash

particle and dissolved the soluble chemical species, the mathematical
expression of the concentration of chemical species leaching from fly
ash can be derived by unsteady-state molecular diffusion in a sphere.
Therefore, three assumptions are made; (1) the concentration of solute
is uniform at C through the sphere at the start of diffusion (t = 0);
(2) the resistance to transfer in the medium surrounding the ash sphere
is negligible, so that the surface concentration of the ash sphere is
constant at C* and is in equilibrium with the entire water phase; and
(3) the diffusion is radial, there being no variation in concentration
with angular position, and physical properties are constant. The par
tial differential equation for unsteady-state diffusion can be generally
e3q)ressed by

_ -p. , 2 3C-.at - D (^ + - ^) . (18)

The boundary conditions follow from the initial assumptions:

C(r,o) =

C(rg,t) = C*,

lim C(r,t) = bounded,
r^o

where r is. the radius of the ash sphere,
s

Equation 18 can be solved by applying the methods of separating
variables and Fourier series:

C = C* + —^ (C - C*) 1 sin (—) exp • (19)
n=l s s

The total transfer up to time t is N,

where

N=47tr2 si - D(|f) dt =̂ (C^ - C*) Z^ (1 "exp (20)
r=r n=l s

s
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Figure 26, pH of ash transport water vs, mixing time for various ash concentrations j
(electrostatic precipitator fly ash from plant A).
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Figure 27. Conductivity of ash transport water vs. nixing time for various ash
concentrations (electrostatic preclpltator fly ash from plant A).
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A mass balance on the transfer up to time t is:

(C^ - C) XI =N, (21)

in which C is the average concentration throughout the ash sphere at t.
The fractional extraction from the ash sphere at time t may be defined
as follows and combined with Equation 20:

^0 - 3N _ 1 6 Y 1 /-Dn^7l^t^
C~^- 47trS(C -C*) - ^ 2 ^exp( p—)- (22)

0 so n=l

Skelland®^ indicated that the series in Equations 19 and 22 con
verge rapidly only for large times or large values of Dt/r^. The
previous kinetic studies show that the rate of mineral leaching from ash
is rapid, or that the value of Dt/r^ is small. Therefore, alternative
solutions useful for small times can be derived by use of the Laplace
transform. The results are in terms of an infinite series of error

functions and associated functions:

_ r 00 ('2n+l)r -r (2n+l)r +r
C = C + — (C*-C) I (erfc ^ erfc —) , (23)

° ^ ° n=0 2 ^ 2 ^^Dt

and

c - C /rTT f r.4.

=6 (^ +2 Z ierfc -^) - 3 (24)
o ^ s n=l V^t s

where

ierfcx = /** erfc0d0 = — exp(-x^)-x erfcx

Therefore, the amounts of chemical constituents leaching from fly
ash depend on the available concentration and form of chemical species
in ash, particle size of ash, and diffusivity of each individual species.

laboratory studies were conducted to determine the level of mineral
concentrations in ash sluice water resulting from the different ratios
of ash to water in contact. The chemical composition of three fly ashes

-70-

- Doc. Ex. 84 -
Docket No. E-7, Sub 1214 

Joint Exhibit 6
I/A 



used for this study are shown in Table 13, and these coinpositions are
within the range of expected values reported in the literature. Repre
sentative weight fractions of ash sauries were mixed with water at 20^C
for 24 h and filtered. The soluble minerals leaching from ash into
water should reach equilibrium levels under these conditions. The
results of this study are plotted in figures 28 through 33.

Results of the study indicated that .sulfur oxides and alkaline
metal oxides in the fly ash easily dissolved in water. The concen
trations of sulfate and calcium built up rapidly in the water as ash
concentrations increased, but their maximum concentrations depended on
pH, Carbonate alkalinity, and ionic strength of water. Potassium and
sodium also were released readily into the sluice water and were inde-•
pendent of the pH value. Chlorides dissolved only slightly. The
concentrations of dissolved potassium and sodium were less than the
concentrations of calcium in sluice water, but the concentrations of
potassium and sodium can increase linearly at high ash concentrations
because of their high solubility limits. The leaching of magnesium and
silicon oxides were continuously released into water, even though the
silicon has a low solubility limit. However, neither magnesium nor
silicon was leached from the alkaline fly ash.

According to Tables 10 and 13, silica, alumina, and iron oxides are
the three major components of fly ash. The other principal components
are calcium, potassium, magnesium, sodium, titanium oxides, and sulfur
oxides. Among these principal components, iron and titanium were not
released into the neutral and alkaline sluice waters, but were released
into the acid sluice water. Aluminum was not released into the neutral
sluice water; it dissolved only slightly in the alkaline sluice water,
but dissolved greatly in the acid sluice water.

However, pH is not the only factor that governs the release of the
components in fly ash. The total amount of dissolved salts released
from fly ash also depends on (1) the content of elements in fly ash,
sspecially the quantity of alkaline oxides and sulfur oxides in ash,
and (2) the manner in which each element is held to the fly ash. These
particular studies indicated that the concentrations of total dissolved
solids and the conductivity in the acidic ash sluice water were higher
than those in the neutral and alkaline ash sluice waters, and the
concentrations of total dissolved solids and the conductivity in the
alkaline ash sluice water were higher than those in the neutral ash
sluice water.

The leaching of trace metals from ashes is of particular concern.
Reachability of trace metals from ash is governed by the surface con
centration of each trace metal in the ash matrix,®® its chemical bonding
in the ash, and pH of water with which it comes in contact. In the
studies of neutral fly ash in contact with river water, chromium, lead.
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TABLE 13. CHEMICAL COMPOSITION OF DRY FLY ASHES
USED FOR LEACHING STUDY

Constituent Plant A Plant E Plant J

Alumina (AI2O3), % 22,67 18.52 31.19

Barium oxide (BaO), % 0.06 0.22 0.16

Calcium oxide (CaO), % 1.68 5.74 1.82

Chloride (Cl). % NA 0.25 0.35

Iron oxide (Fe203), % 20,02 20.79 8.76

Magnesium oxide (MgO), % 0.62 1.23 1.53

Potassium oxide (K2O), % 0.27 3.37 4.34

Silica (SlOj), % 44,91 46.28 49.70

Sodium oxide (Na20), % 0.35 0.66 0.32

Sulfur trloxlde CSO3), % 0.85 1.55 0.40

Titanium oxide (TIO2), % 1.17 1.07 1.27

Arsenic, Ug/g 72 55 170

Boron, yg/g NA 1800 400

Cadmium, yg/g 12 6 <2

Chromium, yg/g 140 90 140

Copper, yg/g NA 78 170

Lead, yg/g 460 75 100

Manganese, yg/g 250 410 220

Mercury, yg/g 0.15 0.1 0.42

Nickel, yg/g 280 100 100

Selenium, yg/g 4.8 6 8

Zinc, yg/g 1000 540 280

NA—-Not Available
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and mercury did not leach from the ash. This agrees with their solu-
hilitjy limits at neutral pH. Concentrations of arsenic, barium, boron,

/ "\ cadmium, copper, manganese, nickel, selenium, and zinc increased with
^ ) increasing concentrations of ash (Figure 31). Concentrations of arse-

^ nic, boron, cadmiiim, manganese, and selenium greatly exceeded the
' quality criteria for water.®® Copper and zinc apparently would have
I exceeded quality criteria for water if the ash concentration were
! higher than 60 percent by weight. Although these criteria (appendix E,

Table £-1) are not applicable to ash pond effluents, they are used here
. and elsewhere in this report as a screening process to identify water
' quality constituents that may deserve environmental consideration.

^ Alkaline fly ash in contact with water did not release cadmium,
I iron, lead, manganese, and mercury into alkaline water because of the
' low solubilities of these trace metals. However, boron, barium, arse*-
I nic, chromium, copper, nickel, selenium, and zinc did leach into the

sluice water, but their concentrations quickly leveled off somewhat
(Figure 29). Concentrations of barium, boron, chromium, and selenium
exceeded quality criteria for water.®®

When acidic fly ash was in contact with water, almost all the
metals mentioned above could have leached into the water (Figure 33).
Concentrations of arsenic, boron, cadmium, chromium, copper, iron, lead,
manganese, mercury, selenium, and zinc exceeded the quality criteria for
water.®® In addition, the concentration levels of boron, chromium,
copper, iron, manganese, nickel, and zinc in the acidic ash sluice water
were much higher than those in the alkaline and neutral ash sluice
waters. Therefore, according to these studies, low-pH water does favor

\ the leaching of most trace metals; however, the leaching of boron and
y selenium does not depend significantly on pH. Of these trace metals,

arsenic, barium, cadmium, chromium, lead, mercury, and selenium are
toxic to humans, and boron is toxic to plants.

The rankings of trace metal concentrations resulting from leaching
from these three particular ashes were: B>Ba>Se>Cr>Zn>Ni>Cu>Se>As in
alkaline ash sluice water; B>A8>Zn>Hn>Ni>Ba>Se>Cu>Cd in neutral ash
sluice water; and Ai>Fe>B>Zn>Cu>Ito>Ni>Ti>Cr>As>Ba>Pb>Cd>Se>Hg in acidic
ash sluice water.

The laboratory testing results may provide a delineation of poteu"
tial trace metal pollution resulting from ash disposal under various
ash-torwater contact ratios. Field characterizations of ash pond efflu
ents have also been conducted at TVA's 12 steam plants since 1967. TVA
ash ponds are divided into three categories: (1) those that receive
only fly ash, (2) those that receive only bottom ash, and (3) those that
receive both types of ash. Table 14 lists data related to the chemical
composition of ash pond effluents from TVA's 12 steam plants.
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TABU! lU (cbatlnued)

Plant A Plant B

Fly ash Bottom, ash Bottcn ash Plant C

uond tend nond nond East West Plant B Plant B Plant F Plant 0 Plant H Plant I Plant J Plant K Plant

Beryllium, mg/L EPF o.ca. <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

W <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Cadmium, mg/l EFF 0.038 0.001 0.001 0.002 0.006 0.002 0.001 0.001 0.001 <0.001 0.001 <0.001 0.001 .0.001 O.OQl

O.OQl 0.001 o.ooh O.OOU 0.001 0.001 <0.0Cd 0.001 0.001 <0.001 <0.001 <0.001 O.OQl <0.001 <0.001

Calcium, mg/l EPF 126 33 152 50 78 37 31 126 107 73 50 8it 76
BW 35 35 19 19 29 33 28 17 27 20 28 19 15 20 • 17

Chloride, mg/l EFF 7 7 6 7 11 U 3 6 5 Ih 6 5 10 6
RW 6 6 5 5 11 11 3 5 k k Ih 6 2 7 6

Chromium, mg/l EFF 0.072 0.007 0.013 0.009 0.006 0.009 <0.005 0.017 0.033 0.011 0.006 0.017 0.005 0.019 0.009
EW 0.010 0.010 <0.005 <0.005 0.012 0.013 0.005 <0.005 0.006 0.005 0.005 <0.005 0.005 0.009 0.009

Copper, mg/l EFF 0.33 0.07 0.03 0.06 0.05 0.06 0.03 0.08 0.03 0.05 O.OU 0.06 o.u 0.05 0.06
IW 0.09 0.09 0,02 0.02 0.11 0.12 0.07 0.05 0,05 o.crr 0.07 0.07 0.08 0.07 0.07

Cyanide, og/l EFF <0.01 <0.01 <0.01 <0.01 0.01 0.01 • <0.01 <0.01 <0.01 0.01 <0.01 <0,01 <0.01 <0.01 <0.01

Iron, mg/l EPT 2.3 5.2 i.h ^.7 1.7 6.0 0.3a 0,16 0.22 0.53 0.56 0.26 2.k 0.39 0.56
TW 2.7 2.7 0.57 0.57 6.5 7.2 0.51 1.0 1.1 1.3 1.1 1.7 0.7 1.9 1.03

Lead, mg/l EFF 0.066 0.017 0.015 0.018 0.021 0.017 0.016 0,017 0.013 o.ca.u 0.015 0.012 0.015 0.017 0.017
W 0.021 0.021 <0.01 <0.01 0.022 O.02U 0.012 0.015 0.019 0.019 0.019 0.15 0.010 0.01 C.OI6

Ijagnesium, mg/1 EFF lU 6.0 3.6 6.2 10 10 8.3 0.3 1.57 2.k 7.h 1.2 6.7 1.6 2.6
RW 6.1 6.1 h.3 1^.3 9.5 6.6 8.0 3.1* k.Z h.o 7.h 3.3 k,3 U.3 3.9

Manganese, mg/'l EPT 0.U9 0.17 0.12 O.lfO 0.20 0.18 0.02 O.OL 0.01 0.02 0.06 0.05 0.38 0.02 0.03
EW 0.13 0.13 0.06 0.06 0.31 0.31 0.07 0.05 0.07 0.10 0,1k 0.01 0.07 0.10 0.07

Mercury, mg/l EPF 0.0003 0.0005 0.0008 0.0009 O.OO3U 0.0070 0.0002 0.0002 0.0003 0.002h O.OOQk 0.0003 0,0003 0.0003 0.0002
BW <0.0002 <0.0002 <0.0002 <0.0002 O.OOOU 0.0003 0.0002 <0.0002 0.0006 0.00U9 0.0003 0.0002 0.0003 <0.0002 <0.0002
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y"

XAELE lU (CONTINUED}

Nictel, Qg/l

Total phosphate,
ng/l as P

Selenium, mg/l

Silica, mg/l

Silver, mg/l

Sulfate, mg/l

00 Zinc, mg/l
to

'Plant A Plant B

n.y aeh Bottcm ash Ply ash Bottom ash Plant C

Dond pond pond pond East Vest Plant D Plant E Plant P Plant G Plant H Plant I Plant J Plant E Plant

EFF 0.08 0.06 0.05 0.06 0.05 0.06 o.o6 <0.05 0.05 <0.05 0.05 0.05 0.05 0.06 <0.05
mt <0.05 <0.05 <0.05 <0.05 <0.05 0.(^ 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

SFF 0.03 0.07 0.06 0.06 0.04 0.12 0.03 0.01 0.02 0.07 0.12 0.06 0.06 0.05 0.06
m 0.07 0.08 0.02 0.02 0.22 0.25 0.02 0.07 0.13 0.09 0.14 0.17 0.02 0.10 0.03

EFF 0.002 0.002 0.015 0.007 0.010 0.003 0.070 0.007 0.014 0.010 0.017 0.012 0.004 0.010 0.010
m <0.002 0.002 <0.002 0.002 0.002 0.002 0.002 <0.002 <0.002 0.002 0.002 <0.002 0.003 0.002 0.002

EFF 13 7.h 7.1 6.h 7.4 6.7 4.0 7.0 6.0 4.4 4.9 7.1 6.4 6.7 5.7
5-6 5.6 5.k 5.4 6.1 6.2 5.2 4.7 4.5 4.4 4.9 5.4 3.9 4.6 5.1

EFF <0.01 <0.01 <0.01 <0.01 0.01 0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
IW <0.01 <0.01 0.02 0.02 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

EET 31+6 k5 2lU 102 158 99 57 147 i6o 182 98 81 119 83 80
W 21 21 12 12 23 49 16 20 19 17 19 21 22 20 13

EFF l.U o.cfi 0.05 0.13 0.13 0.14 0.03 0.05 0.05 0.05 0.05 0.08 0.07 0.05 0.04
RV 0.09 0.09 0.02 0.02 0.08 O.OS 0.04 0.08 0.12 0.09 o.n 0.07 0.06 0.07 0.06

®EFF—ash pond effluent (data from 1973 to 1975); BW"raw vater for ash sluicing (data frcm 197^ to 1975).

Average values of veekly grah samples; all other numbers are average values of cuarterly gxuh samples.
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V)

The quantity of water for ash handling is generally high at TVA
steam plants because of the large available quantity of water in the
Tennessee Valley. Therefore, the ash concentrations in the ash trans
port water during sluicing at TVA steam plants range from 5.6 to 25.2 g
per liter; these values are much lower than the nationwide range of 6 to
200 g per liter.^

Although the ash concentration in the ash transport water is low at
TVA steam plants, various trace metals were found to have concentrations
exceeding the water quality criteria. Based on quarterly ash pond
monitoring for a 3-year period, the percentage of each trace element
equal to or exceeding a given concentration are presented in Figures D-1
to D-15. Boron was not included in the monitoring, but the quantity of
boron in ash pond effluents would be high because the coal fly ash contains
significant levels of boron and the leaching of boron is not limited by
pH. The results from laboratory leaching tests and ash pond monitoring
indicate that many trace metals are present in ash pond effluents in
potentially toxic quantities.
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V ;

SECTION 9

EFFECT OF pH AND SUSPENDED SOLIDS ON TRACE METAL
CONCENTRATIONS IN ASH POND EFFLUENTS

Trace metals may occur in ash pond discharges in hoth dissolved and
suspended forms. The dissolved trace metals in the ash transport water
are governed by their leachability from the ash materials (see section 8).
The suspended trace metals in ash pond effluents may be associated with
unsettled ash and colloid particles which contain undissolved trace
elements.

A field survey was conducted at the plant E alkaline ash pond to
investigate the distribution of dissolved and suspended trace elements
in the intake water, ash transport water, and ash pond effluent. The
average concentrations of chemical species and their relative forms of
existence are presented in Table 15. The intake water, which was pumped
from the once-through cooling water discharge channel, contained very
low concentrations of total suspended solids (3 mg/1) as well as dis
solved and suspended trace metals.

During the survey, the average ash sluicing times per day were 240
min for fly ash collected by electrostatic precipitators, 93 min for fly
ash collected by mechanical collectors, 20 min for bottom ash, and 44
min for pyrite.

The total suspended solids concentrations in ash slurries were
quite high, and trace metals were mostly in the undissolved forms. For
instance, 8.5 mg/1 suspended lead and 0.017 mg/1 dissolved lead were
found in fly ash slurry from electrostatic precipitators, 1.8 mg/1
suspended lead and 0.047 mg/1 dissolved lead were foimd in fly ash
slurry from mechanical collectors, 14.7 mg/1 suspended lead and 0^016
mg/1 dissolved lead were found in bottom ash slurry, and 0.12 mg/1
suspended lead and 0.02 mg/1 dissolved lead were found in pyrite slurry.
Because most of the ash particles settled in the ash pond and only 11
mg/1 suspended solids was found in ash pond effluent, the suspended
trace metals were not observed in significant quantities. Also the
dissolved trace metal concentrations were low in the alkaline effluent.
Concentrations of some trace metals, such as copper, iron, lead, and
zinc were found to be lower in the effluent than in the intake water.

Laboratory studies were conducted to investigate the effects of pH
adjustment between 6 and 9 and reduction of suspended solids concen
tration to 30 mg/1 on the forms and concentrations of trace metals in
ash transport water after settling.
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CO
Ui

Constituent

Solids

Dissolved
Suspended

Alunlnun

Dissolved

Suspended

Calciun

Dissolved

Suspended

Chromium

Dissolved
Suspended

Copper
Dissolved

Suspended

Iron

Dissolved

Suspended

Magnesium
Dissolved

Suspended

Lead

Dissolved

Suspended

Zinc

Dissolved

Suspended

Silica

Dissolved

Suspended

Sulfate

Dissolved

Suspended

pH of water

table; 15. AVERASE COHCEBTBATIO^ (ag/L) OF DISSOLVED AliD SISFEITDED CHS>fS:AL SPECIES IN HHAEE WATER,
ASH SLUICE WATER, AND ASH POND EFFLUENT

Intake vater

10b
3

0.3
0.5

27
6

<0.005
<0.005

0.06
0.06

0.06
0.26

b.7
<0.1

0.01

0.01

0.03
0.01

2.3
0.5

10

<1

7.8

Fly ash slurry
Electrostatic Mechanical
preelnltator collector

U6,000

3.1
b,330

500
1,330

0.022

U.3

0.01

3.1

0.1

5,b57

<0.1

323

0.017
8.5

0.02

29

1.3
10,030

360
260

12.b

21,500

1.1

1,750

520 .

795

0.007
2.0

0.01

0.71

0.8
3,830

<0.1

135

0.0b7
1.8

0.02

7.8

1.1

b,2bO

133
lb7

12.b

Bottom asb

slurry

115,500

0.6

9,730

83
180

<0.005
0.1

<0.01
5.6

<0.05
19,850

b.O
7b0

0.016
lb.7

<0.01

88

3.6
2b,250

99
77

9.9

Pyrlte slurry

1,700

0.3
93

71
63

<0.005
0.1

<0.01

0.06

<0.05 .
220

5.1
8.5

0.02

0.12

<0.01

0.3b

2.1

210

135
b2

7.7

Ash pond
effluent

bl3
11

2.U8
0.28

158
20

0.022

0.018

0.01

0.03

0.05
0.17

0.25
<0.1

0.007
0.005

0.023
0.008

3.1
0.2

lb7
<I

11.3
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Study 1—Reducing Suspended Solids Concentrations to 30 mg/1 and Then
Adjusting pH to 6 and 9

f\ j Dry fly ash saii^les, representing acidic, neutral, and alkaline
characteristics, were collected from six TVA steam plants. Each ash
sample was weighed and then soaked in river water for about 3 h. The
water quality of the river water is shown in Table 16. Ash slurry
samples were prepared so as to contain 30 g/1 suspended solids, and each
slurry was poured into a column for settling tests, as described pre
viously. The concentration of suspended solids in the supernatant was
determined by measuring the sample withdrawn from the top portion of the
settling column at various time intervals. When the suspended solids
concentration reached about 30 mg/1, a large quantity of sample was then
taken, and the sample was analyzed for dissolved and suspended trace
metals. All acid and alkaline samples were adjusted to pH 6 or 9 by
using sodium hydroxide or hydrochloric acid solution before they were
analyzed for dissolved and suspended trace metals. The results of the
effect of pH on the settled ash transport water are presented in Tables
17 through 22.

The electrostatical precipitator fly ash transport waters at two
plants (plants A and H) were originally acidic. For the acidic ash
transport water sample at plant A, containing 30 mg/1 suspended solids
(Table 17), total concentrations of boron, cadmium, iron, manganese, and
lead exceeded water quality criteria for domestic water supply and long-
term irrigation.®® The concentration of suspended iron, which is asso
ciated with imsettled fly ash particles, was quite high (4.2 mg/1).
Although the concentration of suspended lead was not high, the concen
tration of total lead exceeded the 0.05-mg/l level of water quality
criterion. A high concentration of dissolved aluminum was leached from
the fly ash, but aluminum is not regulated in the quality criteria for
water by EPA.

After the pH was raised to 6, most of the dissolved aluminum and
iron were transformed to their suspended forms as aluminum and iron
hydroxides. Other trace metals did not change significantly at pH 6.

After the pH of the water was raised to 9, the aluminum slightly
redissolved, and arsenic, boron, barium, cadmium, magnesium, and sele
nium remained mostly in their dissolved forms. The other dissolved
trace metals were precipitated at pH 9. Therefore, for this particular
fly ash transport water, boron, cadmium, and manganese concentrations
exceeded the water quality criteria for domestic water supply and long-
term irrigation after pH had been adjusted to 6 and 9 and suspended
trace metals had been removed.

For the acidic ash transport water sample from plant H (electro
static precipitator), containing 30 mg/1 suspended solids (Table 19),
the total concentrations of boron, cadmium, iron, and manganese exceeded
water quality criteria for domestic water supply. The concentration of

-86-

- Doc. Ex. 100 -
Docket No. E-7, Sub 1214 

Joint Exhibit 6
I/A 



\

/ A

V.J

TABLE 16. CONCENTRATIONS OF DISSOLVED AND SUSPENDED

TRACE METALS IN TENNESSEE RIVER WATER^

Concentrations (mg/l)
Trace metal Dissolved Suspended

Aluminiim 0.4 0.3

Arsenic <0.005 <0.005

Boron 0.15 <0.1

Barium <0,1 <0,1

Cadmium <0.001 <0,001

Chromium <0.005 <0.005

Copper 0.05 0.01

Iron <0.05 0.26

Mercury <0.0002 <0.0002

Manganese 0.01 <0.01

Nickel <0,05 <0.05

Lead <0.01 <0.01

Selenium <0.002 <0.002

Zinc <0.01 <0.01

of river water was 7.2.
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TABLE 17. EFFFXT OF pH ADJUSTT'lENT ON TRACE METAL CONCENTRATIONS IN ELECTROSTATIC
PRECIPITATOR ASH TRANSPORT WATER OF PLANT A

Trace metal

Trace metal concentration (mg/1) in
water with varying pH

ash transport

pH 3.5 pH 6 pH 9
Dissolved Suspended Dissolved Suspended Dissolved Suspended

Aluminum 27 1.6 0.9 27.7 1.6 27

Arsenic 0.05 <0.005 0.04 0.01 0.04 0.01

Boron 4.6 <0.1 4.5 0.1 4.7 <0.1

Barium 0.3 <0.1 0.3 <0.1 0.2 <0.1

Cadmi\im 0.077 <0.001 0,077 <0.001 0.05 0.02

Chromium 0.023 <0.005 0.02 <0.005 <0.005 0.02

Copper 0.5 0.02 0.5 0.02 <0.01 0.5

Iron 3 4.2 0,9 6.3 0.6 6.5

Mercury <0.0005: <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Manganese 0.47 <0.01 0.47 <0.01 0.3 0.1

Nickel 0.12 <0.05 0.12 <0.05 0.07 0.05

Lead 0.047 0.01 0.045 0.01 0.01 0.04

Selenium 0,002 <0.002 0.002 <0.002 0.002 <0.002

Zinc 1.3 0.03 1.3 0.03 0.09 1.2

^Before settling, the ash concentration of the sluriry was 30 g/1. After
settling test, the suspended solids concentration of the collected water
sample was 30 mg/1 and the pH was 3.5. The pH of the unfiltered water
sample was then adjusted to pH 6 and 9 by adding sodium hydroxide.
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TABLE 18. EFFECT OF pH ADJUSTMENT ON TRACE METAL..CONCENTRATIONS IN ELECTROSTATIC
PRECIPITATOR ASH TRANSPORT WATER OF PLANT

Trace metal concentration (mg/1) iii ash transport
water with varying pH

Trace metal
pH 11.1 pH 9 pH 6

Dissolved Suspended Dissolved Suspended Dissolved Suspended

Aluminum 9.2 2.4 8.8 <0,8 0.4 11.2

Arsenic <0.005 <0.005 <0.005 <0.005 <0,005 <0,005

Boron 7.1 <0.1 7.2 <0.1 6.7 0.4 ,

Barium 0.3 <0.1 0.4 <0.1 0.4 <0.1

Cadmium 0.002 <0.001 0.002 <0.001 0,002 <0.001

Chromium 0.07 <0.005 0.04 0.03 0.07 <0.005

Copper <0.01 0.07 <0.01 0.07 0.07 <0.01

Iron 0.1 0,4 0.09 0.4 0.15 0.4

Mercury

)
<0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Manganese <0.01 0.01 0.01 <0.01 0.01 <0.01

Nickel <0.05 <0.05 <0.05 <0.05 <0.05 <0,05

Lead 0.012 <0.01 0.01 <0.01 0.01 <0.01

Selenium 0.046 <0.002 0.04 <0.002 0.04 <0.002

Zinc 0.04 0.02 0.04 0.02 0.04 0.02

^Before settling, the ash concentration of the slurry was 30 g/1. After
settling test, the suspended solids concentration of the collected water
sample was 30 mg/l and the pH was 11.1. The pH of the unfiltered water
sample was then adjusted to pH 9 and 6 by adding hydrochloric acid solution.
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TABLE 19. EFEECT OF tH APJUSPEST On TBACE MEtTAL CONCBrrBAJIOHS HT ASH IRAtl3P0Kl? WATER OP HAKT H

Trace metal coDceatration (mg/l) 1q dectrostatical predpLtator Troce metal coQcentiatioa (teg/l) In mechanical collector

Trace metal

Tfl 1^.3 tvH 6 tH 9 TiH 9.8 tB 9 pB 6
Dissolved Suspended Dissolved Suspended Dissolved Suspended Dissolved Suspended Dissolved Suspended Dissolved Suspended

Aluminum 13-6 2.03 0.8 lh.8 1.7 13.93 1.9 3.59 1.8 3-6. 0.9 ' 2.8

Arsenic 0.039 0.005 0.0h3 0.005 0.01+6 0.005 0.12 0.05 0.11 0.05 0.08 0.06

Boron 2.2 <0.1 2.0 <0.1 2.1 <0.1 0.96 <0.1 0,98 <0.1 1.2 <0.1

Barium 0.2 <0.1 0.2 <0.1 0.2 <0,1 0.2 <0.1 0.2 <0.1 0.2 <0.1

Cadmium 0.037 <0.001 0.029 <0.001 0.01 0.02 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Chromium 0.013 <0.01 0.012 <0.01 <0.005 0.01 0.026 0.008 0.021+ 0.008 0.035 <0.005

Copper 0.U8 <0.01 0.h7 0.01 <o.ca o.U 0.01 <0.01 0.01 <0.01 0.01 <0.01

Iron 1.8 3.66 0.7 "f.s 0.1 5.0 <0.05 2.92 <0.05 2.9 1.2 1.6

Mercury <0,0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0,0002

Manganese 0.5 <0.01 0.U9 <0.01 0.1 o.i» <0.01 0.01 0.01 <o.ca. 0.02 <0.01

Nickel 0.2 <0.05 0.2 <0.05 0.05 0.15 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <o.ca. <0.01 <0.01 <0.01 <0.01 <0.01

Selenium 0.007 <0.002 0.008 < 0.002 0.010 <0.002 O.Olh <0.002 O.QI6 <0.002 0.Q16 <0.002

Zinc 0.73 <0.01 0.71 <0.01 0.1 0.62 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Note: Before settling, the ash concentrations of both slurries vere 30 g/1. Alter settling test, the suspended solids concentrations of both collected water samples
were 30 mg/l; the j® of the electrostatical precipitator fly ash transport water was h.3, and the pH of the mechanical collector fly ash transport water was 9.8.
The p® of both water samples was then adjusted by adding sodium hydroxide or hydrochloric acid solution.
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T/^LE 20. EFFECT OF pll ADJUSTI-IENT ON TRACE METAL COHCPTTRATIOKS IN ASH TRANSPORT VATER OF PLAOT J°

Trace metal concentration (mg/1)
In electrostatlcal preclpltator ash Trace metal concentration (mg/1) In mechanical collector

Trace

metal

pH c3 pK 9 pH 9.3 pH 9 PH 6
Dissolved Suspended Dissolved Suspended Dissolved Suspended Dissolved Suspended Dissolved Suspended

Aluminum 0.9 4.9 1.8 3.7 1.7 3.9 1.6 4.1 0.7 4.8

Arsenic 0.26 0.005 0.23 0.005 0.11 0.007 0.12 0.007 0.06 0.009

Boron 2 <0.1 1.8 <0.1 0.57 <0.1 0.54 <0.1 0.7 <0.1

Barium <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Cadmium 0.001 <0.001 <0.001 0.001 <0.001 <0.001 0.001 <0.001 0.001 <0.001

Chromium 0.026 <0.005 0.025 <0.005 <0.005 0.01 <0.005 0.01 0.011 <0.005

Copper 0.05 <0.01 0.02 0.03 <0.01 0.01 <0.01 0.01 0.01 <0.01

Iron 0.19 0.2 4.0 <0.05 3.5 <0.05 3.5 0.9 2.5

Mercury <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Manganese 0.01 <0.01 0.01 <0.01 <0.01 0.02 0.01 0.01 0.02 <0.01

Nickel <0.05 <0,05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Lead <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Selenium 0.048 <0.002 0.068 <0.002 0.021 <0.002 0.023 <0.002 0.021 <0.002

Zinc 0.04 <0.01 0.02 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

before settling, the ash concentrations of both slurries were 30 g/l. After settling, the suspended solids concentra
tions of both collected water samples were 30 mg/1; the pD of the electrostatlcal preclpltator fly ash transport water
was 8, and the pH of the mechanical collector fly ash transport water was 9.3. The pH of both water samples was tben
adjusted to 9 or 6 by adding sodium hydroxide or hydrochloric acid solution.
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Trace metal conceatratloa (mg/D- In electrostatical Trace metal concentration (iag/1) in aeebanleal collector

•qE 10.8

tan

Tfi 9 TtF 6 rE 11.2 TP Q tjt 6

Trace metal. Edssolved Susn^ided Clssolved Susnended SissolTed Susnended Dissdwed Susnended l^ssolved Susnended Dissolved Susnended

Aluminum 1.9 3.6 1.7 3.7 0.9 4.7 1.1 2.9 1.0 3.0 0.6 3.4

Arsenic 0.16 0.1 0.18 0.1 0.16 0.1 0,12 0,05 0.11 0.05 0.22 0.05

Boron 5 <0.1 1».5 <0.1 5 <0.1 1.3 <0.1 1.5 <0.1 <0,1 <0.1

Barium <0.1 <0.1 <0,1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Cadmium <o.oca. <0.001 <0.001 <0.001 0,001 <o,oca <0.001 <0.001 <0.001 <o.oca. 0.001 <0.001

ChrcBnium 0.018 0.005 o.ca.8 0.005 0.02 <0.005 <0.005 <0.005 <0.005 <0.005 0.005 <0.005

Copper <0.01 0.01 <0.01 O.d 0.01 <0.01 <0.01 0.01 <0.01 0.01 0.01 <0.01

Iron <0.05 2.56 <0.05 2.6 0.6 2.1 <0.05 5.0 <0.05 5.0 0.8 4.2

Mercury <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Manganese <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.01 <0.01 0.01 <0.01

Nickel <0.05 <0.05 <0.05 <0.05 0.1 <0.05 <0,05 <0.05 <0»05 <0.05 <0.05 <0.05

Lead <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <6.01 <0,01 <0.01 <0.01 <0.01 <0.01

Selenium 0.22 <0.002 0.16 <0.002 0,2lf <0.002 0.029 <0.0002 0.026 <0.0002 0.022 <0.0002

Zinc <0.01 0.03 0.01 0.03 0.03 <0.01 <0.01 0.01 <0.01 o.ca 0.01 <0.01

^Before settling, the ash concentration of both slurries were 30g/'l. After settling, the suspended solids concentrations of both collected water samples were 30 og/1; the
pH of the electrostatical precipitator fly ash transport water 10.8, and the pH of the mechanical collector fly ash transport water was 11.2. The pH of both water
samples was then adjusted to 9 and 6 by adding hydrochloric acid solution.
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BPFEt?r OF tH ADJT^TMEHT oh trace MEa!AL CONCEKTRAIIOHS IM ASH IRANSPORI HAIEB OF PLAMT L

Trace metal cencestration (ag/1) in electrostatical Trace metal concentration (mg/l) in mechanical collector

Trace metal
pHll.7 PH9 PH 6 th 10.4 pH 9 pH 6

dsBolved SuswDded Dissolved 1Susuended Dissolved 1Suspended Dissolved Suspended Dissolved '•Suspended Dissolved Suspended

Aluminum 1.1 4.3 1.0 4.1j 0.7 4.7 1.7 3.2 1.6 3.4 0.8 4.1

Arsenic 0.074 <0.005 0.069 <0.005 0.071 <0.005 0.053 <0.005 0.052 <0.005 0.060 <0.005

Boron 7.1 <0.1 7.3 <0.1 7.7 <0.1 1.0 <0.1 1.2 <0.1 1.0 <0.1

Barium <0.1 <0,1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Cadmium 0.002 <0.001 0.002 <0.001 0.002 <0.001 0.002 <0.001 0.002 <0.001 0.003 <0.001

Chromium 0.03 O.Ql 0.03 0.01 o.o4 0.05 0.01 <0.005 0.01 <0.005 0.01 <0.005

Copper 0.01 0.01 <0.01 0.01 0.03 <0.01 <0,01 0.01 <0.01 0.01 o.ca <0.01

Iron <0.05 3,9 <0.05 3.9 1.0 2.9 <0.05 ,3.5 <0.05 3.5 1.1 2.5

Mercury <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Manganese <0.01 0.01 0.01 0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01

Nickel <0.05 < 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Lead <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Selenium 0.03 <0.002 0.022 <0.002 0.027 <0.002 0.058 <0.002 0.056 <0.002 0.268 <0.002

Zinc 0.01 0.01 0.01 0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01

®^fore settling, the ash concentrations of hoth slurries were 3C g/1. After settling, the suspended solids concentrations of both collected vater samples were 30 mg/l; the
pH of the electrostatical precipitator fly ash transport vater was 11.7, and the tH of the mechanical collector fly ash transport water was 10.1». The pH of both water
samples was then adjusted to 9 and 6 by adding hydrochloric acid solution.
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total dissolved aluffliniim in the acid solution (13.6 mg/l) was higher
than any other trace metal concentration. Except for suspended aluminum
and iron, all other suspended trace metal concentrations were relatively
low and insignificant. After the pH was raised to 6, most of the dis
solved aluminum and iron became suspended. Dissolved and suspended
concentrations of arsenic, boron, barium, and selenium did not change
after pH was adjusted to 6 and 9; but the other dissolved trace metals
were completely or partly changed to their suspended forms. However,
dissolved boron, cadmium, and manganese concentrations still exceeded
water quality criteria after pH adjustment.

The fly ash transport water at plant J (electrostatic precipita-
tor fly ash) was neutral (Table 20), and the concentrations of total
arsenic, iron, and selenium exceeded water quality criteria for domestic
water supply. The iron was mainly in suspended form and associated with
fly ash. This finding may indicate that suspended solids must be reduced
to a concentration of less than 30 mg/l to decrease total iron concentra"
tion to 1 mg/l or less. Raising pH from 8 to 9 resulted in little
change in dissolved and suspended forms of trace metals.

The other three electrostatic precipitator fly ash transport waters
(plants £, K, and L) and all four mechanical precipitator fly ash trans
port waters (plants H, J, K, and I) were alkaline. In these alkaline
water samples containing 30 mg/l suspended solids, concentrations of
total trace metals exceeding water quality criteria for domestic water
supply and long-term irrigation were boron, chromium, iron, and selenium
in transport water (electrostatic precipitator fly ash) of plant E;
arsenic, boron, iron, and selenium in transport water (mechanical collec
tor fly ash) at plant H; and arsenic, iron, and selenium in transport
water (mechanical collector fly ash) of plant J. Also, in alkaline
water samples, the concentrations of total trace metals exceeding these
water quality criteria were arsenic, boron, iron, and selenium in trans
port waters (electrostatic precipitator fly ash and mechanical collector
fly ash) of plant K; and arsenic, boron, iron, and selemium in transport
waters (electrostatic precipitator fly ash and mechanical collector fly
ash) of plant L.

Aluminum was also leached from alkaline fly ashes, but the amount
of aluminum leaching varied between ashes. After pH adjustments to 6
and 9 for those alkaline fly ash transport waters, the behavior of trace
metals was about the same as that after pH adjustment for acidic fly ash
transport water. The change of concentrations of arsenic, boron, and
selenium were not sensitive to the change of pH. Suspended iron remained
undissolved at pH 9 and 6, and dissolved chromium concentrations were
somewhat lower at pH 9 than either at pH 6 or at pH above 9. Therefore,
chromium in ash transport water may be in the trivalent form, because
solubility of hexavalent chromium is also pH-independent.
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Study 2—'Spiking Trace Metals into Composite Alkaline Ash Pond
Effluent and Adjusting pH to 9 and 7

} To investigate the behavior of trace metals in ash transport water
further, field samples of acidic and alkaline ash pond effluents were
collected from five TVA steam plants. The effluents from alkaline
combined ash ponds at 4 different plants were equally mixed, and the
mixture was spiked with 11 trace metals in the dissolved form 100 times

j in excess of their analytical detection limits. The pH of the composite
was then adjusted to 11 using sodium hydroxide and subsequently reduced

! to 9 and 7 by neutralizing with CO2. The results are given in Table 23.
Of the 11 trace metals, cadmium, chromium, copper, iron, lead, nickel,
and zinc were generally found in undissolved forms at pH 11, 9, and 7.
These seven trace metals may be precipitated as metal hydroxides, except
the lead may be precipitated as lead carbonate at pH 9 and 7. Although
the spiked concentrations of these trace metals were quite high, only
the dissolved concentrations exceeded water quality criteria at pH 7,
whereas dissolved chromium, copper, iron, lead, and zinc were below
their water quality criteria. Arsenic, mercury, and selenium were found
in both dissolved and undissolved forms. Aluminum was found in dissolved
forms at pH 11 and 9 and in undissolved form at pH 7.

Study S-'-Adjusting Acidic Ash Pond Effluent Using Lime and Investigating
Suspended Trace Metals Settling

! The acidic ash pond effluent from plant A was neutralized by adding
I liine from original pH 3.8 to 6, 7.3, 8.1, 9.0, and 10. After each pH
I adjustment, a homogeneous sample was taken and analyzed for dissolved

' and suspended cadmium, copper, iron, lead, and zinc. Then the mixture
was allowed to settle in the beaker, and the supernatant was carefully

I sampled at several subsequent settling times to study the sedimentation
I of metal precipitates. Examination of the data in Table 24 reveals that
I suspended solids, as well as cadmium, copper, iron, lead, and zinc, are

removed best by adjusting pH to about 9 with lime and settling for
several hours. Therefore, some of the trace metals apparently were in
the forms of metal hydroxides or metal carbonates (not contained in fly
ash particles) and precipitated after several hours.

Study 4"-Investigation of Dissolved and Suspended Trace Metals in TVA
Ash Pond Discharges

Because the pH of TVA ash pond effluents varies from acidic to
alkaline, grab samples were also collected from 14 ash pond discharges
at 12 steam plants to investigate the dissolved and suspended nature of
trace metals in ash pond discharges. The results are shown in Table 25.
The concentrations of mercury, nickel, and silver were less than the
general minimum detectable limits (0.0002, 0.05, and 0.02 mg/1, respec
tively) in all samples and, therefore, are not listed in the table.
Boron was not included in the chemical analysis.

V ;
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TABLE 23. C(VK)S1TX0II OF t>ISSOL,VED AHp UBDISSOLVED TRACE METALS
IF AIXALIFE CCMBIHKD ASE FOFD EETLCIERTS^

f!nTK»PTrt:raf<nng pg/1

Ash Fond

Effluent

Aluraimm Arsenic Caitnlim tlffl Copper Lead Mercurr

PH Lisa. Susp. Diss. Susp. Diss. Susp. Diss. Snap. Uss. Susp. Dtss. Susp. DLss. Susp. Diss. Susp. Diss.• Susp. Diss. Susp. Diss.

Plant £ 10.9 1.5 <0.2 0.01 <C.005 <0.001 <0.001 0.013 <0.005 <0.01 <o.ca <0.05 o.ot* <o.ca 0.012 <0.0002 <o.ooce 0.008 <0.005 0.008 <0.002 <0.01 <0.01 330

Plant F 10.7 0.5 <0.2 0.01 <0.005 <0.001 <0.001 o.oUa <0.005 <0.01 <0.01 <0.05 0.02 <0.01 0.015 <0.0002 <0.0002 <0.005 <0.005 :.oo8 0.007 <0.01 <0.01 1*00

Plant H 9-6 i.a O.k O.OU 0.015 <0.001 <0.001 0.009 <0.005 <0.01 <0.01 <0.05 0.21 <0,01 0.C12 <0.0002 <0.0002 0.007 <0.005 O.Cl <0,002 <0.01 <0.02 170

Plant L 9.1t 1.5 O.k 0.025 0.015 <0.001 <0.001 0.012 <0.005 O.OL <0.01 0.07 0.2 <0.01 o.oli* <0.0002 <0.0002 <0.005 <0.005 C.Ol <0.002 <0.01 <0.01 180

Ccoposlte 11 18 <0.2 0.25 o.i8 <0.001 0.092 <0.005 .0.1»65 0.05 0.95 <0.05 1».6 <0,(0. 0.91* 0.0096 O.OOUl* <0,005 0.1*6 0.C7 o.ol* <0.01 1 1800

Cooiposlte 9 16 <0.2 0.28 0.18 <0.001 0.092 <0.005 O.J465 0.05 0.9 <0.05 i*.l <0.01 0.91* 0.0069 0.0071 <0.005 0.1*5 V.C7 0.01* <0.C1 1 190c :

Composite 7 b.U 20 0.25 0.2 0.012 C.07U <0.005 0.1*65 0.05 0.81* 0.06 1*.3 <0.01 0.9 0.0069 0.0071 O.Oli* 0.1*1* o.ol* o.ol* 0.06 0.91* IBOO !

^Metals
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TABLE 2k. EFFECT OF pH ADJUSTMHOT USIHG LIME ON SUSPENDED AND DISSOLVED SOLIDS
AND TRACE METALS IN ACID FLY ASH POND EFFLUENT FROM PLANT A

VR

CaO

added

(bir/I)

Settling
tine

(h)
Solids (HR/l ) Cadmium (mg/1) Conner (mg/l) Iron (mg/'l) Lead (mK/'l) Zinc (ma/l'i

Susnended Dissolved SusTiended Dissolved Susnended Dissolved Susnended Dissolved Suspended Dissolved Suspended Dissolved

3.8 0 0 8 600 0.0008 .0.0U31 <0.01 0.3 l.U 0.68 0.013 0.102 O.OU 1.3
3.8 0 6 k 580 0.0007 0.0U59 0.01 0.31 0.53 0.79 <0.001 0.105 0.06 1.8
3.8 0 23 2 610 <0.0001 0.0507 0,01 0.33 0.36 0.7U <0.001 0,102 C.06 1.7

6.0 36.2 0 U2 560 0.0008 o.oUaS . 0.21 0.09 1.9 <0.05 0.061 0.008 0.2 1.3
6.0 36.2 2.5 8 570 O.OOOU o.ouoU O.OU 0.05 0.15 0.06 0.001 Q.OCU 0.06 1.3
6.0 36.2 19 2 580 <0.0001 0.0UC6 0.01 0.05 <0,05 <0.05 <0.001 <0.001 0.05 1.2

7-3 kl.9 0 Uo 580 O.OOOU 0.0327 0.28 0.01 1.3 <0.05 0.072 0.003 O.9U O.Ul
7.3 ln.9 h 10 570 0.0013 0.0197 0.05 <0.01 0.37 <0.05 o.ou <0.001 0.17 0.11
7.3 In.9 20.5 2 580 O.OCO7 0.0251 0.02 0.02 0.13 0.05 <0.001 <0.001 0.08 0.22

8.1 k6.k 0 Uo 580 0.0336 0.0090 0.27 <0.01 1.8 < 0.05 0.085 <0.001 l.u O.OU
8.1 3.5 5 570 0.0067 O.00U5 0.02 <0.01 0.1 <0.05 <0.001 <0.001 0.1 <0.01
8.1 U6.U 20 3 570 C.OQI5 0.0061 0.02 0.02 0.08 <0.05 <0.001 <0.001 0.06 0.02

9.0 53.6 0 U7 58c 0.0376 0.0009 0.27 0.01 2.1 <0.05 0.07U <0.001 2.1 <0.01
9.0 53.6 3.5 5 570 O.OO2U C.OOC9 0.02 0.01 0.17 <0.05 0.003 <0.001 0.15 <0.01
9.0 53.6 19.5 2 580 O.OCO5 0.0023 0.01 0.02 0.12 <0.05 <0.001 <0.001 0.06 0.01

10.0 67.0 0 72 560 0.0371 0.0.005 0.25 <0.01 1.9 <0.05 0.068 <0.001 1.9 <0.01
10.0 67.0 3 13 550 0.0011 o.cocu 0.02 0.02 0.1 <0.05 0.003 <0.001 0.11 0.02
10.c 67.0 19.5 5 560 0.0008 O.CCOl <0.01 0.02 0.05 <0.05 < 0.001 <0.001 0.05 <0.01

CaO blank 67.0 0 11 120 0.0009 <0.0001 <0.01 <0.01 0.11 0.05 <0.001 <0.001 0.08 <0.01

Delonlzed
water

blank 0 0 - - 0.0013 <0.001 0.01 0.01 0.05 <0.05 <0.001 <0.001 <0.0U 0.01

- Doc. Ex. 111 -
Docket No. E-7, Sub 1214 

Joint Exhibit 6
I/A 



t
vo
00

TABLE 25. TRACE ELEMENT CONCErcCRAIICaJS (mg/l) OP DISSOLVED AND SUSPENDED FRACTIONS
Uf ASH POND EFFLUENTS FROM PLANTS A THROUCffl L

Arsenic CadnluDi Iron Lead
Plant^ pH

Susp.
solids Piss. Suso. DlSS. SllSQ.

Chromlmn

Dias. Susp.

Copper
Dlss. Susp. Dlss. Susp. Piss. Susp.

A-b 7.0 Uo <0.005 0.005 <0.001 <0.001 <0.005 0.005 <0.01

A-f l+.O 2l+ <0.005 0.010 <0.001 <0.0C1 0.076 O'.OUO 0.28

B 6.0 20 O.OU5 Q.lI+5 0.003 <0.001 <0.005 0.010 o.oU

C 7.1- 15 <0.005 0.01 0.012 <0.001 <0.005 0.0G6 0.09

D 7.7 13 O.OU 0.005 <0.001 <0.001 <0.005 <0.005 <0.01

E 11.1+ 20 •<0.005 <0.005 <0.001 <0.001 <0.005

0
0

d
V

<0.01

P 10.8 7 <0.005 <0.005 <0.001 <0.001 <0.005 <0.005 <0.01

G 9.7 32 0.050 <0.005 <0.001 <0.001 0.035 <0.005 <0.01

H-b 8.8 29 O.lUO <0.005 <0.001 <0.001 <0.005 <0.005 <0.01

H-f 7.0 31+ o.ll+o 0.05 0.007 <0.001 <0.005 0.020 0.02

I 9.1 3U O.lUO 0.020 0.002 <0.001 0.007 <0.005 <0.01

J 3-6 23 0.050 0.090 0.032 <0.001 <0.005 <0.005 0.05

E 11.U 37 0.120 0.100 0.003 <0.001 0.006 <0.005 <0.01

L 10.9 U <0.005 <0.005 < 0.001 <0.001 0.012 <0.005 <0.01

0.03

0.02

0.12

% s bottom ash pond only; f = fly ash pond only, all other plants of coLslnei ash pond.

<0.05 If.O <0.01 <0.01

0.79 ^.0 0.03 <0.01

0.10 5.0 <0.01 <0.01

<0.05 I.'* <0.01 <0.01

<0.05 0,33 <0.01 <0.01

<0.05 0.66 <0.01 <0.01

<0.05 <0.05 <0.01 <0.01

<0.05 0.29 0.01 <0.01

<0.05 1.1 <0.01 <0.01

<0.05 0.97 <0.01 <0,01

<0.05 0.92 <0.01 <0.01

0.05 2.6 <0.01 <0.01

0.5i* 0.75 <0.01 <0.01

<0.05 <0.05 <0.01 <0.01

Manganese
Piss. Suep.

0.02 0.09

0.1f9 <0.01

0.37 <0.01

0.13 <0.01

0.06 <0.01

0.02 0.02

<0.01 <0.01

<0.01 0.02

<0.01

0.07

o.oii

0.01

<0.01 <0.01

0.23 <0.01

<0.01 <0.01

<0.01 <0.01

Selenium Zinc

Dias. Suap. Dlss. Susp.

<0.002 <0.002

<0.002 <0.002

<0.002 <0.002

<0.002 <0.002

0.010 <0.002

<0.002 < 0.002 <0.01 <0.01

0.007 <0.002 <0.01 <0.01

0.007 <0.002 <0.01 <0.01

0.002 <0.002 0.01 <0.0l+

O.OOl; <0.002 0.05 0.02

0.002 <0.002 <0.01 <0.01

<0.002 < 0.002 0.05 <0.01

0.002- <0.002 <0.01 <0.01

0.002 < 0.002 <0.01 <0.01

0.01+ 0.02

0.79 <0.01

0.20 <0.01

0.28 0.02

0.01 <0,01
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In the grab samples, concentrations of arsenic, cadmium, cliromium,
iron, manganese, and selenium exceeded water quality criteria for
domestic water supply. Dissolved arsenic concentrations exceeded the
0.05-mg/l level at five ash ponds (bottom ash and fly ash ponds at plant
H and combined ash ponds at plants I, J, and K), and suspended arsenic
concentrations exceeded the 0.05-mg/l level at four ash ponds (fly ash
pond at plant H and combined ash ponds at plants B, J, and K). The high
concentrations of arsenic occurred in these ash pond effluents in spite
of the water being acid, neutral, or alkaline.

Dissolved cadmium exceeded the 0.01-mg/l level at one combined ash
pond (plant J), where the effluent was acidic (pH 3.6). Dissolved.chro
mium exceeded the 0.05-mg/l level at one fly ash pond (plant A), where
the effluent was also acidic (pH 4.0).

Dissolved iron exceeded the 0.3-mg/l level at one acid fly ash pond
(plant A) and at one alkaline combined ash pond (plant K). The pH of
this alkaline ash pond effluent was 11.4; at this pH, the dissolved
ferric iron is no longer at minimum solubility level. The suspended
iron exceeded the 0.3-mg/l level at 11 ash ponds (bottom ash and fly ash
ponds at plants A and H and combined ash ponds at plants B, C, D, E, I,
J, and K). The suspended iron may be associated with unsettled ash or
cenospheres in effluents, because the content of iron, one of the three
principal constituents (aluminum, iron, and silicon) in fly and bottom
ashes, in ash ranges from 5 to 30 percent.^

Dissolved manganese exceeded the 0.05-mg/l level at two fly ash
ponds (plants A and H) and four combined ash ponds (plants B, C, D, and
J). The pH of these six ash ponds was either acidic or neutral. Sus
pended manganese exceeded 0.05 mg/1 at one bottom ash pond (plant A).
Dissolved selenium exceeded the O.Ol-mg/l level at one combined ash pond
(plant D).

Summary

Based on the laboratory tests, field surveys, and literature
reviews, conclusions may be drawn from the data for the trace metals
that exist in significant amounts in ash pond effluents: arsenic,
boron, cadmium, chromium, copper, iron, lead, manganese, selenium, and
zinc.

ARSENIC

Arsenic exists in aquatic systems in the 3-, 0, 3+, and 5+ oxida
tion states.®^ The pentavalent state (H3ASO4, H2As04~, HAs04^~) is
stable in aerated water, and elemental arsenic and arsine (ASH3) can
exist in highly reducing sediments or ashes. In more moderately
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reducing environments, the trivalent state (H3ASO3, HgAsOg"*, HAsOa^")
can exist.®' Although the pentavalent form is thermodynamically much
more stable in air-saturated water, about equal amounts of As(III) and
As(V) seem to occur in ocean water. The distribution of As(III) and
As(V) in ash pond effluents and ash pond leachate needs further inves
tigation. However, the solubility of total dissolved arsenic is
independent of pH. For As(V), H2As04~ is the predominant species in
the pH range of 3 to 7; HAs04^~ is predominant in the pH range of 7 to
11.5; and As04®~ predominates at pH above 11.5. For As(III), H3ASO3 is
the predominant species in the pH range Of 0 "to 9.2; H^AsOs" is pre
dominant in pH range between 9.2 to 12, and HAsOs^" predominates at pH
above 12.

Therefore, dissolved arsenic cannot be reduced to any great degree
by pH adjustment alone. Dissolved arsenic can be removed by complexa-
tion with polyvalent metal species, coprecipitation with metal hydroxide
adsorption onto a coagulant floe, sulfide precipitation, adsorption onto
activated carbon and alumina, and ion exchange.®®""®® Some of these
processes for reducing arsenic from ash pond effluents need to be demon
strated. Although removal of suspended solids could reduce suspended
arsenic, the suspended arsenic concentration may exceed 0.1 mg/1 when
total suspended solids concentration is 30 mg/1 (Table 24).

BORON

Boron(III) does not form a simple cation in solution.®' The
hydrolysis products of boric acid are B(0H)4"', B20(0H)s~, B303(0H)4~,
and B405(dH)4^". The solubility of boron is independent of pH, and
boron was found mostly in the dissolved form in ash pond water (Tables
17 to 22). Therefore, the boron content of an ash pond effluent cannot
be controlled by adjusting pH of the ash pond system. Reported treatment
methods for boron removal include evaporation, reverse osmosis, and ion
exchange.®®

CADMIUM

Cadmium exhibits only the 2+ valence in aqueous solution. Mono-
nuclear hydrolysis products appear above pH 8, but the Jow solubility of
the hydroxide limits the concentration of cadmium (CdOH , Cd(0H)2) to
<10~® Muntil pH 13 is reached. In the presence of carbonate ions, the
concentration of cadmium in solution is limited to even lower values by
the insolubility of CdCOs. The formation of (Ca-Cd)C03 is to be
expected because Cd^"*" and Ca^"*" ions are nearly the same size.®' This
may be an in^ortant mechanism for the removal of trace concentrations of
cadmium from water in contact with CaCOs. Cadmium.cannot be greatly
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removed from ash pond effluents by adjusting pH and reducing suspended
solids unless the pH value is 9 or more (Tables 17 to 25). Suspended

. cadmium can be readily settled within several hours (Table 24). Other
{ j treatment processes for removing cadmium are coprecipitation with, or

adsorption on, iron or aluminum hydroxide, sulfide precipitation^ ion
exchange, and reverse osmosis.®^

t CHROMIUM

I Chromium occurs in the 2+, 3+, and 6+ oxidation states in water.
' The divalent state is unstable with respect to evolution of hydrogen,
I the trivalent state has broad stability, and hexavalent chromium

occurs under highly oxidized conditions.®^ The minimum solubility of
hydrated Gr(OH)s is in the pH range of 8 to 9.5, but chromium(VI) is
extensively hydrolyzed yielding species of HCr04~, Cr04^', and Cr207^*'.
Neutralization of acidic or alkaline ash ponds to a pH between 8 and 9
can cause chromium precipitation (Tables 17 to 22). Therefore, it is
likely that chromium(III) ions predominately exist in ash pond water.

COPPER

I Only small amoimts of copper(I) ion can exist in water unless it
' is stabilized by complexing agents. The copper(II) ion at ordinary

concentrations begins to hydrolyze above pH 4 and precipitates the
oxide or hydroxide soon thereafter.®^ The minimum solubility of Cu^"*"
occurs at pH between 8 and 11. Therefore, dissolved cupric ion can

, ^ be removed effectively by adjusting pH to neutral values (Tables
17 to 25) and precipitating in ash ponds (Table 24).

I

j IRON
Iron in the 2+ and 3+ oxidation states is stable over broad

regions of potential and pH.®^ In ash sluice water, the ferric
ion is probably predominant. The minimum solubility of the ferric
ion occurs at pH between 6 and 9. Therefore, neutralization of acidic
ash pond effluents can result in soluble iron converting to the sus
pended form. However, because of the high iron content in coal ash,
reduction of suspended solids to 30 mg/1 might not reduce suspended
iron to the 1-mg/l level (Tables 17 to 25). The highest concentra
tion of suspended iron was found as 5 mg/1 at a suspended solids
concentration of 20 mg/1 (Table 25).

lEAD

Lead(II) is the most common form of lead and has the most con^lex
hydrolysis behavior. The minimum solubility for hydrolyzed lead(Il) is
at pH about 11. Lead carbonate is often the insoluble form of lead(II)

-101-

- Doc. Ex. 115 -
Docket No. E-7, Sub 1214 

Joint Exhibit 6
I/A 



'i

Neutralization of acidic ash pond effluents to pH between 8 and 9 may
precipitate dissolved lead(II) as Pb3(C03)2(0H)2, if sufficient carbonate
sj>ecies is available in water.

MANGANESE

Manganous ion, Mh^"*", is the most stable aqueous oxidation state for
the element.®' The 3+ to 7+ states also occur in solution, but are not
likely to occur in ash pond water. The manganous ion is not readily
oxidized to the manganic form, other than at elevated pH. The +3 state
(manganic) is quite unstable, being easily reduced to Mn"*"^ or disprb-
portionating to Mn^"^ and Mn02> The minimum solubility of manganous ion
is at a pH above 10. Adjustment of pH between 6 and 9 may not reduce
the concentration of manganese to a level of 0.05 mg/1 (Tables 17 to
22). The most common general approach seems to involve oxidation of the
soluble manganous fonn to insoluble manganous hydroxide or oxide at high
pH, with subsequent precipitation. Ion exchange treatment has proven
effective.®®

SELENIUM

Selenium(IV) and selenium(VI) are very soluble in water.®' Sele-
nium(IV) may be the most common form of selenium in ash pond water. The
predominant species of selenium(IV) in water below pH 2 is H2Se03,
selenous acid. The anions HSeOa" and SeOg^" form at pH between 3 and 8,
respectively. Therefore, adjustment of pH for ash pond systems will not

\ remove selenium (Tables 17 to 23, and Table 25). Selenite ions can form
^ complexes with several metal ions. For removal from wastewater, iron

would be preferred as the precipitant.®^ Selenium treatment by pre
cipitation after adding a sulfide salt at slightly acid pH (pH 6.5) has
been suggested.'® The likely treatment mechanism involved is reduction
of the selenite ion, precipitating elemental selenium. Sulfide would be
cooxidized in the process. However, the cost-effective treatment pro
cesses for removing selenium from ash pond effluents need further
investigation.

ZINC

2inc(II) hydrolyzes only sparingly in acidic media to produce ZnOH^
and Zn20H®*'' before precipitation begins in the neutral region. In basic
media, 2n(0H)4^*' and perhaps 2n2(0H)e^' are formed.®' The minimum solu
bility of zinc(II) occurs between pH 9 and 11. Adjustment of pH to
about 9 may control the zinc in ash pond effluents (Tables 17 to 25).
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In summary, some trace metals In ash pond effluents were present in
both dissolved and suspended forms. The distribution of specific trace
metals between the dissolved and suspended forms is site-specific, but
it is important to analyze both forms for monitoring trace metals in
ash pond discharges. Adjustment of pH between 6 and 9 and reduction of
suspended solids concentrations to 30 mg/l reduced total concentration
of many trace metals such as chromium, copper, lead, and zinc. However,
pH adjustment did not appreciably reduce total concentrations of arsenic,
boron, cadmium, iron, manganese, and selenium. The solubilities of
arsenic, boron, selenium are independent of pH. Dissolved cadmium
and manganese can be greatly removed at pH above 9 and 12, respectively.
Total iron concentrations could not be reduced to the 1-mg/l level at
neutral pH, even though suspended solids in some ash pond effluents were
reduced to 30 mg/l, because the high iron content In the suspended ash
particles.
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APPENDIX A

EFFECTS OF INITIAL CONCENTRATIONS OF SUSPENDED SOLIDS
ON SETTLING OF ASHES
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Figure A-7. Suspended solids concentration vs. the reciprocal of settling
velocity (electrostatic preclpltator fly ash from plant A; Initial
suspended solids concentration Cq = 31,000 mg/l).

-118-

- Doc. Ex. 132 -
Docket No. E-7, Sub 1214 

Joint Exhibit 6
I/A 



s

V-/

sUi'i I I I I—r
10^:

A —10

10 -

xi" «
10-

III I I I I—r

o PORT 1

O PORT 2

• PORT 3

^ PORT 4

PORT 5

- 31,000 mg/1

k •• 0.5414 iDln/cn

"'' ' ' ' »

102

t - kz (mln)

1111 h I I r
10-

10'

10-

102

10

' •«I I 1 I I

10

Figure A-8. Suspended solids concentration vs. t - kz (electrostatic
precipltator fly ash from plant A; Initial suspended
solids concentration Cq «> 31,000 mg/l).

-119-

- Doc. Ex. 133 -
Docket No. E-7, Sub 1214 

Joint Exhibit 6
I/A 



s

10^ J I I I I I I 1 MM M I I 1 1 M I I I I I r 10-

10'

10-

10'

10

•

A 0 0

o PORT 1

• PORT 2

A PORT 3
O PORT ft

PORT 5

Cq - 18,000 mg/1

k 0.ft593 nln/cm

•

A

A OO

^sqpO

k a 1ft mln/ft
(0.4593 mln/cm)

10'

'103

10'

ID

lUi i I 1 1 I I.
103

' ' ' '

!/
I I ' ' ' ' I

10' 10

SETTLINO T1ME/SETTI.ING DEPTH, t/z (mln/ft)
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APPENDIX B

RESULTS OF INVESTIGATION OF MINERAL LEACHING RATE
OF FLY ASHES
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APPENDIX C

pH AND CONDUGTIVm OF ASH TRANSPORT WATER VS. MIXING TIME
FOR VARIOUS ASH CONCENTRATIONS
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Figure C-l. pH of ash transport water vs, mixing tine for various ash concentrations (electorstatlc preclpltatcr
fly ash from plant E).

- Doc. Ex. 164 -
Docket No. E-7, Sub 1214 

Joint Exhibit 6
I/A 



I
h-i

tn
f-*

I

1800

1500

O 900

20 40 60 80 100 120

MIXING TIME imn)

T

SUSPENDED

3%

O

140 160

T

SOLID CONCENTRAtlON
2% 1% 0.5%
Ci O . o

180

Figure C-2. Conductivity of ash transport water vs. mixing time for various ash concentrations (electrostatic
precipltator fly ash from plant E)•

1800

1500

1200

900

600

300

- Doc. Ex. 165 -
Docket No. E-7, Sub 1214 

Joint Exhibit 6
I/A 



(.n
N>

t

I

K ;

10

CO

20 40 60

_L I ±

80 100 120

MIXING TIME (min.)

SUSPENDED SOLIDS CONCENTATION

3% ^ 1% asyc
A • V O

140 160 ISO

Figure C-3. pH of ash transport water vs. mlxiag tine for various ash concentrations (electrostatic preclpltator
fly ash from plant J).

V-..

10

e

- Doc. Ex. 166 -
Docket No. E-7, Sub 1214 

Joint Exhibit 6
I/A 



03
I

SUSPENDED SOLIDS CONCENTRATICN

37« 27o l7o 0.57o

O Ci O

I J'

MIXING TIME (min.)

Figure C-4. Conductivity of ash transport water vs. mixing time for various ash concentrations (electrostatic
pre^jpltator fly ash from plant J).

- Doc. Ex. 167 -
Docket No. E-7, Sub 1214 

Joint Exhibit 6
I/A 



( )

APPENDIX D

PERCENTAGE OF TRACE ELEMENT CONCENTRATIONS IN ASH POND EFFLUENTS
EQUAL TO OR GREATER THAN VARIOUS GIVEN CONCENTRATIONS
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Figure D-1. Percent of trace elements concentrations in fly ash pond effluent
at plant A equal to or greater than various given concentrations.
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WATER SUPPLIES
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TABLE E-1. WATER QUALITY CRITERIA FOR DOMESTIC WATER SUPPLIES®

Parameter ([ng/l> unless otherwise noted)
Concentration

Aluminum b

Arsenic 0.05

Boron b
Beryllium b
Calcium b
Cadmium 0.01
Chromium 0.05
Copper 1.0
Iron 0.3
Lead 0.05

Magnesium b

Manganese 0.05
Mercury 0.002
Nickel b

pH, standard units 5-9
Selenium 0.01
Sulfate 250
Sulfide b
Total dissolved solids 250
Zinc 5.0

U.S. Environmental Protection Agency. Quality Criteria for
Water. EPA-440/9-76-023, Washington, DC, 1976. 501 p.

^Not applicable.
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Parameter

Alkalinity,
total (pH 4.5)
mg/1 as CaCO^

Alkalinity,
phenolphtbalein
mg/1 as CaCO^

Aluminum

Hg/1 A1

Antimony

M8/1 Sb

Arsenic

lJg/1 As '

•1

APPENDIX F

ANALYTICAL PROCEDURES

Procedure

Titrimetric -

electrometric
(Orion Model 701)

Titrimetric -

electrometric

(Orion Model 701)

Atomic absorption -
direct (Techtron
Model AA-5 or 1200)

Atomic absorption -
direct (Techtron
Model AA-5 or 1200)

Digestion and
colorimetric

SDDC (Beckman Model B)

Atomic absorption -
gaseous hydride (Tech
tron. Model AA-5 or

1200)

Reference

SM, p. 278

SM, p. 278

EPA, pp. 81, 92

EPA, pp. 81, 94

SM, pp. 62, 65

EPA, pp. 81, 95

Minimum

detectable

amount

200

100

V
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Parameter

Barium

Mg/1 Ba

Beryllium
Mg/1 Be

Boron

M8/1 B

Bromide

Mg/1 Br

Cadmium

Mg/1 Cd

Calcium

mg/1 Ca

Procedure

Atomic absorption -
direct (Techtron
Model AA-5 or 1200)

Atomic absorption -
direct (Techtron
Model AA-5 or 1200)

ColorimetriC' -

curcumin

(Beckman Model DB-6t)

Titrimetric

Atomic absorption -
direct (Techtron
Model AA-5 or 1200)

Atomic absorption -
extracted (Techtron
Model AA-5 or 1200)

Atomic absorption -
direct (Techtron
Model AA-5 or 1200)

Reference

Minimum

detectable

amount

EPA, pp. 81, 95, 97 100

EPA, pp. 81, 99

SM, p. 287 and
EPA, pp. 13, 81

EPA, p. 14

EPA, pp. 81, 101

10

100

10

EPA, pp. 81, 89, 101 1

EPA, pp. 81, 103
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Parameter

Chemical

oxygen demand
mg/1 COD

Chloride

mg/1 C1

Chromiiua

Mg/1 Cr

Cobalt

Mg/1 Co

Conductance,
specific
Mmhos/cm at 25^C

Procedure

Titrimetric -

dichromate reflux

Colorimetric-automated
ferricyanide

Atomic absorption -
direct (Techtron
Model AA-5 or 1200)

Atomic absorption -
extracted (Techtron
Model AA-5 or 1200)

Atomic absorption -
direct (Techtron
Model AA-5 or 1200)

Atomic absorption -
extracted (Techtron
Model AA-5 or 1200)

Kohlrausch bridge
with carbon

conductance cell

(Lab-Line Mark IV)

Reference

EPA, p. 20

SM, p. 613

EPA, pp, 81, 105

v..

Minimum

detectable

amount

50

EPA, pp. 81, 89, 105 5

EPA, pp. 81, 107 100

EPA, pp. 81, 89, 107 5

EPA, p. 275 0.5
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Parameter

Copper
Mg/1 Cu

Cyanide, total
mg/1 Cn

Fluoride

mg/1 F

Hardness, total
mg/1 as' CaCO^

Iron, total
Mg/l Fe

Iron, ferrous
Mg/l Fe

Procedure

Atomic absorption --
Direct (Techtron
Model AA-5 or 1200)

Distillation and

colorimetric

(Beckman model B)

Specific ion
electrode (Orion
Model 101)

Distillation and

specific ion electrode
(Corning Model 101)

Calculation from

Ca and Mg values

Atomic abosrption -
direct (Techtron
Model AA-5 or 1200)

Colorimetric -

phenanthroline
(Beckman Model B)

Reference

EPA, pp. 81, 108

EPA, p. 40

EPA, p. 65

SM, pp. 388, 391

SM, p. 201

EPA, pp. 81, 110

SM, p. '•:08

Minimum

detectable

amount

10

0.01

0.1

0.1

50

10
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Parameter

Lead

Mg/l Pb

Magnesium
mg/l Mg

Manganese
[jg/l Mn

Manganese,
filterable

pg/1 Mn

Mercury

M8/1 Hg

Nickel

M8/1 Ni

Procedure

Atomic absorption -
direct (Techtron Model
AA-5 or 1200)

Atomic absorption -
extracted (Techtron
Model AA-5 or 1200)

Atomic absorption -
direct (Techtron
Model AA-5 or 1200)

Atomic absorption -
direct (Techtron
Model AA-5 or ,1200)

Atomic absorption -
membrane filter filtra

tion (Techtron Model
AA-5 or 1200)

Digestion and flameless
atomic absorption
(Coleman Model MAS-50)

Atomic absorption -
direct (Techtron
Model AA-5 or 1200)

Atomic absorption -
extracted (Techtron
Model AA-5 or 1200)

Reference

EPA, pp. 81, 112

Minimum

detectable

amount

100

EPA, pp. 81, 89, 112 10

EPA, pp. 81, 114 0.1

EPA, pp. 81, 116 10

EPA, pp. 81, 116 10

EPA, p. 118 0.2

EPA, pp. 81, 141 50

EPA, pp. 81, 89, 141 5
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Parameter

Nitrogen,
ammonia

mg/1 N

Nitrogen, nitrate
plus nitrite
mg/l N

Oil and grease
mg/1

pH
standard units

Phenols

pg/1 phenols

Phosphate, total
mg/1 P

Procedure

Colorimetric -

automated phenate
(Technicon Auto-
Analyzer II)

Colorimetric -

automated cadmium

reduction (Technicon
AutoAnalyzer II)

Separatory funnel
extraction and gravi
metric (Mettler Model
H51)

Potentiometric

(Orion Model 701)

Distillation and

colorimetric -

4-AAP (Beckman
Model B)

Colorimetric -

automated digestion
and single reagent
(Technicon Auto-
Analyzer II)

Colorimetric -

manual digestion and
automated ascorbic acid

reduction (Technicon
AutoAnalyzer I)

Reference

EPA, p. 168

EPA, p. 207

EPA, p. 232

EPA, p. 239

SM, p. 577 and
EPA, p. 241

EPA, p. 249
with TVA

modifications

EPA, p. 256

Minimum

detectable

amoimt

0,01

0.01

Not

Applicable

0.01

0.01
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Parameter

Potassium

mg/l K

Residue, total
filterable

mg/l

Residue, total
nonfliterable

mg/l

Selenium

Mg/l Se

Silica

mg/l SiO,

Silver

Mg/l Ag

Procedure

Atomic absorption -
direct (Techtron
Model AA-5 or 1200)

Gravimetric - glass
fiber filtration

(Mettler Model H51)

Gravimetric - glass
fiber filtration

(Mettler Model H51)

Atomic absorption -
gaseous hydride
(Techtron Model
AA-5 or 1200)

Reference

EPA, pp, 81, 143

EPA, p. 266

EPA, p. 268

EPA, p. 145

Colorimetric - automated EPA, p. 274
automated

by TVA

EPA, pp, 81, 146

Minimum

detectable

amount

0.1

10

0.1

10

molybdosilicate
(Technicon Auto-
Analyzer I)

Atomic absorption -
direct (Techtron-
Model AA-5 or 1200)

Atomic absorption -
extracted (Techtron
Model AA-5 or 1200)

EPA, pp. 81, 89, 146
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Parameter

Sodium

mg/1 Na

Sulfate

mg/1 SO^

Sulfide, total
mg/1 S

Sulfite

mg/1 SO,

Tin

Mg/l Sn

Titanium

Mg/l Ti

Turbidity
Jackson unitis

Procedure

Atomic absorption -
direct (Techtron
Model AA-5 or 1200)

Turbidimetric

(Hach Model 2100)

Colorimetric -

methylene blue
(Beckman Model B)

Titrimetric -

iodine

Titrimetric -

iodide-iodate

Atomic absorption -
direct (Techtron
Model AA-5 or 1200)

Atomic absorption -
direct (Techtron
Model AA-5 or 1200)

Nephelometric -
formazin

(Hach Model 2100)

Reference

Minimum

detectable

amount

EPA, pp. 81, 147 0.1

EPA, p. 277 1

SM, p. 503. 0.02

EPA, p. 284 1.0

EPA, p. 285 2

EPA, pp. 81, 150 <1000

EPA, pp. 81, 151 1000

EPA, p. 295

V.
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v..

Parameter Procedure Reference

Minimum

detectable

amount

Vanadium Atomic absorption - EPA, pp. 81, 153 500

M8/1 V direct (Techtron
Model AA-5 or 1200)

Zinc Atomic absorption - EPA, pp. 81, 155 10

M8/1 Zn direct (Techtron
Model AA-5 or 1200)

Abbreviations of references:

EPA - U.S. Environmental Protection Agency. Methods for chemical analysis of
water and wastes. EPA, Water Quality Office, Cincinnati, Ohio. 1974.
298 p.

SM - American Public Health Association. Standard methods for the examination
of water and wastewater. 14 ed., American Public Health Association,
New York, N.Y. 1975. 1193 p.

- Doc. Ex. 195 -
Docket No. E-7, Sub 1214 

Joint Exhibit 6
I/A 



TECHNICAL REPORT DATA
(Please readInstructions on the reverse before completing}

1. REPORT NO. 2.

EPA-600/7-80-067
3; RECIPIENT'S ACCESSION'NO.

4. rrruE and suerrrLE

Behavior of Coal Ash Particles in Water: Trace
Metal Leaching and Ash Settling

S. REPORT DATE

March 1980
6. PERFORMING ORGANIZATION CODE

7. AUTHOR(S)

T,-Y.J.Chu, B.R. Kim, andR.J. Ruane
8. PERFORMING ORGANIZATION REPORT NO.

9. PERFORMING OROANIZATION NAME AND ADDRESS

Tennessee Valley Authority
1120 Chestnut Street, Tower H
Chattanooga, Tennessee 34701

10. PROGRAM ELEMENT NO.

INE624A
11. CONTRACT/GRANT NO.

EPA Interagency Agreement
D5-E721

12. SPONSORING AGENCY NAME AND ADDRESS

EPA, Office of Research and Development
Industrial Environmental Research Laboratory
Research Triangle Park, NC 27711

13. TYPE OF REPORT AND PERIOD COVERED

Final: 5/75-11/79
14. SPONSORING AGENCY CODE

EPA/600/13
15. SUPPLEMENTARY NOTES lERL-RTP pvoject offlcer is Michael C. Osborne, Mail Drop 62,
919/541-2547. TVA project director is H.B. Flora U.
16. ABSTRACT ipjjg rcport glvos results of a study of the behavior of coal ash particles in
water, a study of importance to coal-fired power plants: at a 1000-MW plant, approx
imately 700 tons of ash residues (fly and bottom ashes) from coal burning must be
disposed of daily. Dry or wet handling and disposal are used, depending on water
availability, disposal site proximity, environmental regulations, and cost. Ash pond
effluept limitations for suspended solids can be met by properly designing ash ponds
or by modifying existing ponds. Because of high ash concentration during sluicing,
90% of fly ashes follow the hindered-zone settling behavior, and settle faster than
those following discrete settling behavior. Chemical characteristics of ash pond
effluents are affected by the ash material and the quantity and quality of sluicing wa
ter. TVA ash pond effluent pH varies from 3 to 12, depending on the content of SOx
and alkaline metal oxides in the ash and on the buffering capacity of the sluicing wa
ter, Alkaline pond water has a ratio of concentration (in terms of ng/l) of dissolved
Ca to S04 greater than 0.4. Trace metal leaching from the ashes depends on the con
centration of each trace metal in the ash matrix, its chemical bonding in the ash,
and the water pH. Trace metals in the ash pond effluents monitored quarterly under
NPDES permits include As, Cd, Cr, Cu, Fe, Pb, Hg, Ni, Se, and Zn,

17. KEY WORDS AND DOCUMENT ANALYSIS

a. DESCRIPTORS b.rDENTIFIERS/OPEN ENDED TERMS c. COSATI Field/Group

Pollution Settling
Water Waste Disposal
Coal Ponds
Ashes Suspended Sediments
Particles Sluices

Leaching

Pollution Control
Stationary Sources
Coal Ash

Trace Metals

13B

07B

21D 08H

21B

14B

07D,07A

IS. DISTRIBUTION STATEMENT

Release to Public

19. SECURITY CLASS (ThisReport}

Unclassified
21. NO. OF PAGES

194
20. SECURITY CLASS (Thispage}

Unclassified
22. PRICE

EPA Perm 2220*1 (9*73)

-182-

- Doc. Ex. 196 -
Docket No. E-7, Sub 1214 

Joint Exhibit 6
I/A 



LAW OFFICES OF

F. BRYAN BRICE, JR.
ATTORNEYS AT LAW

_____________________________________ 

127 W. HARGETT ST. TEL: 919-754-1600 

SUITE 600 FAX: 919-573-4252 

RALEIGH, NC  27601 matt@attybryanbrice.com 

March 15, 2018 

M. Lynn Jarvis, Chief Clerk

North Carolina Utilities Commission

4325 Mail Service Center

Raleigh, North Carolina 27699-4300

Re: Docket No. E-7, Sub 1146 

Dear Ms. Jarvis: 

Per the request in the rate hearing on March 5, 2018 in Docket 

No. E-7, Sub 1146, made by Commissioner Daniel G. Clodfelter for 

complete copies of documents excerpted as cross-examination testimony, 

Sierra Club hereby submits a complete copy of the 1981 EPRI Coal Ash 

Disposal Manual, excerpts of which were marked as Sierra Club — Kerin 

— Cross Ex 4. 

By copy of this letter, I am forwarding a copy to all parties of 

record by electronic delivery.  Please let me know if you have any 

questions or concerns. 

Yours very truly, 

/s/ Matthew D. Quinn 

Matthew D. Quinn 
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SUMMARY

PURPOSE

The purpose of this manual is to present detailed procedures for the evaluation of

the technical, environmental, and economic factors involved with the disposal of

coal ashes which include fly ash and bottom ash. The manual has been prepared to

aid utility design personnel in the selection and location of optimal disposal

systems and as such is not a state-of-the-art report. Therefore, only that informa

tion needed for the development and implementation of fly ash and bottom ash disposal

plans has been included. The background information for many of the detailed

procedures presented in the manual can be found in the references listed at the end

of each section.

The manual is to be a companion text to three other EPRI publications, FGD Sludge

Disposal Manual CS-l5lS, Manual for Upgrading Existing Disposal Facilities

RP168S~2, and Fly Ash structural Fill Handbook EA-l281, and is to be used in

conjunction with these documents. Therefore, detailed coverage of subjects such

as site design procedures and transportation systems are not included in this

manual. These subjects are covered in considerable detail in the FGD Sludge Dis

posal Manual and the information presented therein is largely applicable to ash

disposal as well. Similarly, design and construction procedures for ash fills

are not dealt with in detail, since they are the subject of the Fly Ash Struc~

tural Fill Handbook. The reader is encouraged to review these two EPRI public~

ations since they contain supplemental information that is applicable to fly ash

disposal.

Subjects covered in this manual are encompassed in three categories. The first

is information specific to fly ash and bottom ash, such as their chemical and

physical properties, examples of actual ash disposal systems, and cost esti-

mating methods for ash disposal. A second category incl~u$s items that are increas

ingly becoming subjects of interest to utility pexsonne I'c.lnvol.ved in ash disposal.

This category includes site selection methods, environmental monitoring, and site

reclamation procedures. Finally, a recent development of particular interest is

S-l
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the promulgation of solid waste disposal regulations under authority of the Resource ~-
Conservation and Recovery Act (RCRA). The details of this law and its associated

regulations and their impact on ash disposal are included in this manual.

DISPOSAL SYSTEMS

There are two basic ash disposal schemes, generally referred to as wet and dry,

which are currently being practiced in the utility industry. Section 1, Site

Selection Methodology; Section 3, Current Disposal Philosophies; Section 4, Impact

of Solid Waste Disposal Regulations on New Disposal Sites; and Section 5, Conceptual

Design of Ash Disposal Systems examine these disposal schemes and their variations

along with the factors which influence the selection of a particular scheme (i.e.,

ash characteristics, site characteristics, disposal regulations, etc.).

Figure 8-1 illustrates the variations in ash disposal systems which are presented

in the manual. The majority of disposal system component variations are in the

areas of:

• in-plant ash handling,

•
•

out-of-plant ash transport, and

disposal site.
(

Fly ash is commonly collected dry from particulate removal systems and temporarily

stored in hoppers. Upon filling these hoppers to a predetermined level, the fly

ash is pneumatically conveyed to either a storage silo prior to dry transport, or

to a mixing area where it is slurried for wet transport. Pneumatic fly ash handling

systems can be vacuum, pressure, or a combination of vacuum and pressure. From

storage or sluicing areas, ash is transported to either a wet or dry disposal area.

Dry fly ash transport methods include truck, conveyor, rail, and barge.

Bottom ash is commonly fed by gravity from the boiler bottom into a hydraulic

handling system, although dry bottom ash handling systems are available. Bottom

ash is sluiced from storage hoppers to a dewatering area for subsequent transport

to a dry disposal site, or directly to a w~t disposal site. Dry bottom ash transport

methods are the same as those for dry fly ash (i.e. truck, conveyor, etc.)

CONTENTS

Section 1, Site Selection Methodology, presents detailed information concerning the

selection of an optimal disposal site and includes a discussion of the physical,

S-2
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Figure S-l. Variations in Ash Disposal Schemes
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engineering, regulatory, environmental, and economic factors influencing site

selection. The characteristics of wet and dry systems are reviewed early in the

site selection process. Next, candidate sites are inventoried. This process

starts with review of the overall physical constraints such as site size, proximity

to the power plant, suitable topograpny, etc. These constraints are relatively

inflexible. For example, if a site does not have enough capacity, there is little

that can be done to significantly improve the situation, and the site will likely

be rejected. Sites which are acceptable physically are more closely scrutinized to

determine what engineering development is required to create a suitable disposal

area. These engineering criteria are typically somewhat flexible in that most site

constraints can be overcome, but at some development cost. Factors such as access

road construction, surface water control, and embankment design and construction

are identified and the estimated costs developed in increasing detail as the site

selection process proceeds. Construction and operating costs for each potential

site are used as one method of evaluating the alternatives.

Another factor to be considered in the site selection process are political or

regulatory constraints on site deve'Lopmen t; , Zoning restrictions, permits, and

local public acceptance are relatively inflexible constraints. While problems of

this nature can often be overcome through cooperation with the appropriate agencies

or governmental bodies, significant expense and time may be involved if substantial

conflicts exist. Ranking of candidate sites in terms of regulatory and political

restrictions is sometimes possible on an economic basis.

Environmental restrictions on site selection are typically flexible and will not

eliminate a site from consideration unless the impact is severe, such as the

displacement of endangered species. In most situations, the environmental impacts

are not this severe. However, they are also not cost relatable, and ranking candidate

sites is difficult.Tb resolve this problem and allow environmental concerns to be

includeq in the site selection process, Section 1 presents a decision matrix method

for ranking sites on the basis of environmental impacts. This decision matrix

provides a methodology which can minimize both cost and environmental impacts. A

case study of a typical site selection process using this method is included.

Section 2, Properties of Power Plant Ash, discusses the chemical and physical

characteristics of coal ash relative to the coal source and the effects of methods

of combustion, ash collection, and handling. Specifically, this section presents

information on the physical, chemical, and engineering properties of coal ash and

its leachate, and includes ranges of typical values for specific characteristics of

8-4
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( interest. In the past, most ash disposal was in wet systems where the ash was

sluiced to a pond with only minor handling. Little characterization as to its

physical or chemical properties was necessary. However, as environmental regulations

and concerns have become increasingly important, more attention is being given to

the chemical makeup of the ash. In recent years, many utilities have been switching

from wet to dry disposal systems. The use of dry disposal systems has also required

more attention to the engineering properties of the ash as a fill material than was

-----------------requ±r~d~with-wet-systBms-.--Thus~there-is-a-general~±rrcrease-in-interest-in-the'----------------------!

physical and chemical characteristics of ash and ash leachate.

Section 3, Current Disposal Philosophies, includes a review of current disposal

practices. The design philosophies relative to these alternative disposal methods

are also discussed to provide an overview. Finally, ash production, utilization,

and disposal practices are detailed on a regional and statewide basis.

(

Section 4, Impact of Solid Waste Disposal Regulations on New Disposal Sites, in

cludes a discussion of the requirements of RCRA for both hazardous and non-haz

ardous wastes. Although coal ashes are currently defined as non-hazardous, these

reg~lations should be of particular interest to many in the utility industry, since

they will have a major impact on coal ash disposal practices in the future.

Therefore, the details of the legislative history of RC~, its current status, and

anticipated future events are inclUded. As currently promulgated by the May 19,

1980 regulations, coal ashes are defined as being non-hazardous and as such are

currently regulated under Sub-title D, Section 4000. Regulation under this section

is by the individual states. To illustrate this regulatory approach, the ten

states with the greatest coal-fired capacity were reviewed as to their current and

proposed solid waste disposal regulations.

The purpose of Section 5, Conceptual Design of Ash Disposal 'Systems, is to present

the information required for the prediction of the waste quantities to be generated,

describe the individual components of ash disposal systems, and delineate specific

requirements for liners used with coal ashes. Coal ash waste quantities can be

predicted in terms of factors such as ash content of the coal, heat rate, plant

capacity, etc. A series of for.mulas that allow computation of expected ash quantities

is presented. Detailed liner_installation procedures are given in Appendix A.

Section 6, Case Studies, includes illustrations of current disposal philosophies

practiced at various sites around the U.S. Case histories of four regional sites

that are representative of the disposal practices in their area have been presented

S-5
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in detail. Example topics include revegetation procedures, groundwater monitoring

systems, ash transportation, and ash placement. Other sites which illustrate

certain key features of interest to site design are presented in Appendix B.

Section 7, Monitoring, provides an overview of surface water monitoring and ground

water monitoring well systems. Topics include the design and operation of monitoring

systems, the importance of modeling the groundwater conditions in developing a

monitoring system as well as the limitations of such models, the number of recommended

locations of monitoring points, the schedule for monitoring, and the selection of a

collection method to assure representative samples. The general design of monitoring

wells is also included along with typical details illustrating this design.

Equally important in the operation of monitoring systems are the testing procedures

to be conducted once representative samples are obtained. Rather than present

detailed testing procedures, the text refers the reader to appropriate sources of

information. Also presented in this· section is a discussion of which parameters to

test for, and why. Finally, a discussion of the cost of monitoring systems, sampling,

and testing is included.

The purpose of Section 8, Site Reclamation, is to present information on site

reclamation procedures for ash disposal areas. Because of increased environmental

awareness, increased concern for site aesthetics and resulting public opinion, and

more stringent environmental regulations, efforts to reclaim and revegetate disposal

sites have recently accelerated; however, there is considerable confusion regarding

which methods are appropriate. There are a number of reasons for this' confusion.

Because of differences in soil and climate, what works in one place may fail in

another; because of differences in ash properties, one investigator may report on

the toxicity of coal ash to plants, while another cites its benefits as a soil

supplement. State regulatory agencies may require a minimum of two feet of soil

cover as part of the site closure procedure, while in other states utilities may

report successful growth of vegetation directly on the coal ash. To assist utility

personnel in dealing with site retirement procedures in their area, this section

gives specific guidance to effective and economical site retirement and revegetation

procedures, as well as sources of additional information and assistance.

Section 9, Cost Estimating, presents a methodology for preparing cost estimates for

various coal ash disposal systems. Cost estimates for five different ash disposal

systems are developed for varying transport distances and site topographies.

Economic comparisons are key factors in the decision process when selecting an ash

8-6
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disposal system. The cost of disposal at alternate sites is also of primary

importance in the site selection process. Cost estimates prepared in accordance

with Section 9 are useful in conjunction with the site selection process presented

in Section 1.
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Section 1

SITE SELECTION METHODOLOGY

INTRODUCTION

The selection of coal ash disposal, sites is a complex problem, entailing the

development of engineering and environmental design criteria, and the evaluation of

environmental impact, economics, and regulations governing ash disposal.

This section describes a site selection methodology which provides for the orderly

collection, development, and evaluation of the data and ihformation required to

select coal ash disposal sites which will provide the optirnumal balance of low cost

and high environmental acceptability. The approach provides a means for documenting

the decision making process and helps ensure an equitable evaluation of all sites.

To summarize and illustrate the disposal site selection methodology, a case study

is included. This section will address only the siting of the disposal facility.

Specific details pertaining to the design and cost of a disposal facility can be

found elsewhere in this manual.

SITE SELECTION METHODOLOGY

The site selection method described below provides a systematic approach for

determining the best ash disposal site(s) from an inventory of potential sites. As

shown in Figure 1-1, the method involves the following phases:

• criteria development,

• Initial screening of prospective sites,

• Design, evaluation, and selection,

• Final design.

Criteria Development

As shown in Figure 1-1, the development of siting and design criteria for an ash

disposal area requires the following activities:

• Collection of power plant ash data,

• Review of applicable regulations.

1-1
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Collection of Power Plant Ash Data. The collection of power plant ash data involves

gathering the following types of information:

• Physical, chemical, and engineering properties of the ash,

• Expected quantities of ash,

• Production processes at the plant,

_______~.L_ _'O"P:erating_procedures at the p:""l",a"n"t:"'~ 1

The data indicated above should be collected for both the existing plant situation

as well as for a time period into the future for which the evaluation is being

made. The quantity of ash requiring disposal is dependent upon several factors,

including the degree of coal pUlverization, the type of boiler, ash content of the

coal, collection efficiency of emission control equipment, plant capacity factor,

operating life of the plant generating units, and quantity of ash marketed. Chemical

properties of the ash are required for proper environmental design of the site,

while physical and engineering properties, such as in-place dry density, are needed

to determine required disposal volumes. Production processes and operating proce

dures at the plant are discussed in Section 5.

Review of Applicable Regulations. The following regulatory information concerning

the siting and design of ash disposal sites should be collected and reviewed:

• zoning ordinances,

• Regional master plans,

• Waste disposal regulations - local, county, state, and federal.

As indicated, zoning ordinances and regional master plans may exist and the develop

ment of a site may require a variance. It should be kept in mind that the ultimate

site use after closure may determine the extent of variance from planned land use.

The geographic area involved in the collection of zoning ordinances, regional

master plans, and local and county waste disposal regulations cannot be generalized

since it is highly power plant specific. However, it is generally a good idea to

evaluate a zone around the power plant in circular areas having specific radii.

For example, an area having a radius of 10 miles could be initially evaluated. If

this area does not provide a fruitful ash disposal site, the radius of the zone

could be enlarged to possibly 20 miles.
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While regulatory requirements vary from location to location, it is possible to

identify permits that may be required for each site under consideration. Table 1-1

provides a checklist for possible local, state, and federal permits. As indicated,

local permits can involve health, zoning, water rights, land use, soil and water

conservation, and dumping/burning considerations. At the state level, permits can

involve dam construction, highway trucking, soil and water conservation, stream

encroachment, water rights, and water quality considerations. At the federal

level, National Pollutant Discharge Elimination System (NPDES), waterway obstruction,

water rights, and solid waste permits would be required. A detailed description of

Resource Conservation and Recovery Act (RCRA) requirements is provided in Section 4

of this manual.

Tab).e ). -i L

----- - - - - -FREQUENTI;r-ENCOtJNTERED-PERMTT -RE>2tJ'[-REMENTS

(

Local:

State:

County Health Department
Zoning Variance
Soil and Water Conservation
Dumping/Burning
Flood Plain Development

Solid Waste Disposal
Highway Occupancy
Erosion and Sedimentation Control
Stream Encroachment
Dikes and Dams
Water Withdrawal
Water QuaHty

(

Federal: Industrial Waste Discharge/National Pollutant Discharge
Elimination System (may be enforced by state)
Wetlands Construction under Section 404 of Clean Water
Act
possible Resource Conservation and Recovery Act Permit
(may be enforced by' state)
Waterway Obstruction in Navigable Waterways
(water withdrawal and intake structures)
Water Withdrawal or Usage in Navigable Waterways

),-4
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( A detailed review of specific permit requirements will aid in the development of

detailed siting and design criteria. For example, permissible slopes for dry fly

ash embankments may be specified or requirements regarding the monitoring of

groundwater quality would be indicated.

Develop Siting and Design Criteria. Based on a review of power plant ash data and

applicable zoning, planning and solid waste regulations, detailed siting and

design criteria can be developed for the potential dispos~l sites located within

the zone under study around the power plant. Siting criteria includes items such

as:

• floodplain limitations,

• earthquake considerations,

• water supply implications,

• c'rLt Lca.L habitat areas.

Design-criteria includes items such as:

(
•
•

volume requirements,

allowable ash embankment slopes,

• allowable cut slopes,

• maximum lift thickness,

• groundwater quality monitoring requirements,

• surface water quality effluent criteria.

Initial Screening of Prospective Sites

As shown on Figure 1-1, this phase involves the following activities:

• selection of preliminary prospective sites-,

• collection of generalized data on preliminary prospective sites,

• evaluation of each site's characteristics and impacts,

• selection of final prospective sites.

Selection of Preliminary Prospective Sites. The procedure for selecting prelirni-

nary prospective s~tes varies from utility to utility. In some cases, the real

estate department of a utility or the department directly responsible for dis

posal activities will have an inventory of potential disposal sites in the
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vicinity of each power plant. In other cases, there may be no inventory at all.

In that case, a review of United States Geological Survey (USGS) topographic maps,

property maps, etc., for the zone under consideration can lead to an inventory of

sites. The selection of preliminary prospective sites will be based on a review of

the site inventory relative to the specific siting and design criteria developed

previously. For example, only sites which can be developed to satisfy the design

disposal volume requirement should be placed on the preliminary site list.

Collection of Generalized Data on Preliminary Prospective Sites. The collection of

generalized data involves the following activities for each preliminary prospective

site:

• perform a literature search,

• inspect each site,

• inspect the areas adjacent to each site,
--- - - -_ .._----

• assess community acceptability.

A literature review generally includes the collection of the following types of

information for each site:

• ownership,

• USGS or other topographic maps,

• USGS geologic reports,

• aerial photographs,

• property tax maps,

• well and mine maps,

• floodplain information (Corps of Engineers, others),

• power plant environmental impact statement,

• groundwater data,

• Soil Conservation Service data.

The determination of ownership is a very important activity. This search should

include a study of mineral rights, water rights, rights-of-way and easements. The

assessment of these characteristics is important because they may place serious

restrictions on usable areas within a site or may be indicative of future subsidence

problems.

1-6
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(

\ The inspection of each potential site should include items such as:

• present land use,

• site accesS,

• natural screening opportunities,

• ground and surface water,

• vegetation,

• wildlife,

• wells and mine openings,

• construction limitations,

• potential for future development after closure.

While inspecting each site, the area adjacent to the site should also be evaluated

with respect to items such as:

• present land use,

( • potential future land use (if not specified),

• Ttransportation routes - modes and restrictions,

• downstream population and development,

• visibility of the site,

• susceptibility to disposal site generated air and noise pollution,

• identification of other potential sites (if required).

The assessment of community acceptability is a very important parameter in this

phase. Public opinion of ash disposal may be difficult to asseSSi however, there

is a tendency for community acceptability to follow previous utility performance.

Poor planning and operation of past disposal sites adversely affects public relat~ons,

making the acquisition and permitting of new sites difficult. On the other hand,

good past performance can go a long way to gain community acceptability of a new

site.

Evaluation of Each Site's Characteristics and Impacts. Based on the generalized

site data collected above, an evaluation of developing dry and/or wet disposal

alternatives for each prospective site should be made by an experienced designer of
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a sh d ispos a l sites . Some s i tes may be su i table f or both wet and dr y dispos al

a lternat ives a nd can be car ried t hrough t he r emainder of t he select ion process as

supporting both alterna t ives. This study generally i nc lude s a n evaluation of

engineering and env i ronmental siting and des ign criteria such a s:

• storage volume r equir ements,

• dam/embankment he ight,

• adequacy of exist ing soils ,

• s lope stability ,

• need fo r spec ial s t ructure s ,

• ·n eed f or special construction pr oce dures ,

• alternate t ransportat ion mode s, r outes, and d i s t ance ,

• segregated ash storage/ ash r ecovery,

• potent i a l surface and groundwater qual i ty p roblems ,

• potential air/no ise pol l ut i on ,

• need fo r well or mine sealing ,

• impact on vegetat ion and wildlif e,

• impact o f f ailure on lif e and property ,

• s ui t ab i l i t y bas ed on land us e cons ider a t ion s ,

• impact o f disposa l method on e xi s t i ng p l an t facilities ,

• pot e ntia l l and acquisition/rezoning d i f f icul t ies .

Se lecti on o f Fi na l Prospective Si tes . The evaluat ion o f site character istics and

impacts re lative t o the s ui tab i l i ty of each prel i mina r y p rospect i ve s i te will

result in a general ized ranking of the a l ter na t ives . Thi s listing can then be

s c reened t o select final p rospec t ive s i tes f or further s t Udy and eval ua t ion .

Des ign , Eva l uation and Se lection

As outlined on Fi gure 1- 1 , this pha s e involve s t he f ollowing a cti vities:

• develop a Class I - Si mpl i f ied Design f or each s i t e alternative ,

• develop life - cyc l e cos ts f or each s i te a lter na tive ,

• develop an environmental eva luat ion matr i x f or each s ite alter 
native,
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( • rank site alternatives based on environmental evaluation versus
life-cycle costs.

Develop Class I - Simplified Design. A simplified design of the disposal area

should be prepared for each of the final prospective site alternatives (wet and/or

dry). The layouts should be based on generalized site data previously developed

and should satisfy the engineering and envir~nmental design criteria previously

established for the sites. At this point in the selection procedure, the design

criteria which has the greatest influence on the layout of each site alternative is

required storage volume. The considerations involved in the various classes of

site design are delineated in Table 1-2.

Table 1-2

SITE DESIGN CLASSIFICATIONS

Design Design Information Required Map
Item Description Required Scale

( Class I Simplified General Site Conditions 1" = 2000 11

Geographic Location (USGS 7-1/2' Quad)
Plant Layout
Waste Quantities

Class II Preliminary Class I Information Plus 1" = 500'
Specific Site Conditions

Class III Detailed Class II Information Plus 1" 200'
Detailed Site Information

Class IV Finalized Same as Class III 1" 200'

Develop Life-Cycle Costs. Section 9 of this manual provides an outline of the

method and specific ex~ples of doing life-cycle cost estimates. The method in

volves the determination of total capital costs, levelized annual revenue require

ments and a cost per ton of ash for the design period under consideration. Once

the Class I designs are completed, using the technique of Section 9, life-cycle

cost estimates can be made for the disposal alternatives feasible at each pro

spective site.

( Develop Environmental Evaluation Matrix. Ash disposal necessitates the handling

and placement of great quantities of material over an extended period of time.
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During the operation of the disposal system, areas around the disposal site and

along transportation routes are altered. These alterations reflect the disposal

method practiced and the effioiency of the disposal operation. While impact on the

environment is inherent in ash disposal, it can be minimized through proper planning,

site selection, and design. Concern about environmental effects should be based on

a broad view of the disposal system as a whole.

In order to rank the final prospective site alternatives, it is necessary to

evaluate the impact of site development, operation, and closure activities on man

and his environment. Orga;ization of the pertinent environmental factors and

impacts into matrix form greatly aids this process. The matrix presented in this

section is based upon a technique developed by Leopold, et. al. (~), and is intended

to provide a basis of environmental comparison between sites.

(

Methodology. The environmental evaluation matrix provides a means of gauging

relative lmpacfS-tnrou.gh~negeneration ofanumericarvaTue---Omown asEne-- --- - ----.

environmental evaluation factor - EEF) for each site. Large EEF values corres-

pond to high adverse impact.

The first step in the determination of an EEF for each site alternative is the

development of environmental parameters to be evaluated. The selection of

environmental parameters is, to a great extent, site specific. However,

parameters such as the following should generally be considered:

• Aesthetics

• Air Quality

• Aquatic/Ecology Water Quality

• Cultural Resources

• Land Use

• Noise

• Public Health and Safety

• Terrestrial Ecology

• Socio-Economics

The list of environmental parameters given above can be reduced or expanded

based on the specific situation under study. For example, terrestrial ecology
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( could be divided into plant and animal categories, or even selected species,

if a more detailed analysis is warranted.

It- is well known that construction and operation activities can produce

environmental impacts at each site. However, significant environmental

impacts can also occur following closure of the site. Thus, the overall

environmental evaluation factor, EEF, for each site alternative is- computed as

the sum of a construction/operation EEF / and a post-closure EEF as follows:. c 0 pc

EEF

EEF

where:

[WF /c 0

m
1:

i=1
(WF i / x 1M. / )] + [WF

C 0 10 0 pc

m

1: (WFipc x 1Mi p c ) ]
i=1

EEF overall environmental evaluation factor

i
\

WF
c/o

WF. /1C 0

IMi c / o =

secondary weighting factor to reflect the importance of
impacts during construction and operation relative to post
closure; 0 < WF / < 1- co-

primary weighting factor for environmental parameter 1
during construction and operation

magnitude of impact of the project on environmental parameter
i during construction and operation

WF
pc

secondary weighting factor to
impacts post-closure- relative

reflect the importance
to pre-closure; WF

pc

of
1-WF

c/o

WF.
a.po

1M.
1pC

m

primary weighting factor for environmental parameter i after
closure

magnitude of impact of the project on environmental parameter
i after closure

number of environmental parameters being considered

The selection of weighting factors (WF's) and impact magnitudes (IM's) is an

important step in the development of the matrix.

The selection of values for the secondary weighting factor WF / depends on
c 0

whether the most significant impacts are going to occur during construction

and operation or after closure. For example, if impacts during construction

and operation are thought to be four times more significant than those which

will after closure, then WF 4
0.8. Accordingly, WF 1occur =

c/o 5 pc
WF / = 1 - 0.8 = 0.2c 0
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To assess values for the primary weighting factors associated with each

environmental parameter, an arbitrary range from 1 to 10 has been assigned to

the WF's with increasing values indicating increasing importance. Water

quality, for example, is extremely important at most sites and might have a

primary weighting factor value of 9. Land use may be somewhat less important,

and as such could be weighted 3 or 4.

Environmental concerns and their primary weighting factors will generally vary

from power plant to power plant throughout the United States; however, the

primary weighting factor for a particular environmental parameter during

construction and operation and after closure can generally be assumed to be

identical for a particular power plant; that is WF, / = WF. for a particular
lC 0 lpC

environmental parameter i at a given power plant.

To assess values for impact magnitudes for each environmental parameter, an

--- ----------ar15f'Erary range "f"rom·~S-Ei)TS-nas been -ass-;tgnea-t~tne-IM's-~--Negat~value~s---

indicate beneficial impacts, such as strip mine reclamation.

Care should be taken to insure uniform application of the matrix to all

prospective sites. It should be recognized that matrix evaluation entails a

numerical evaluation of qualitative elements, and as such reflects the biases

of individuals participating in the procedure. Group· consensus techniques can

help to minimize biased environmental evaluation, especially if individuals in

the group have diverse backgrounds such as engineering, hydrology, geology,

agronomy, ecology, construction, and planning.

Suggested Procedure. The procedure for matrix utilization can be separated

into several steps.

1. Review areas of environmental concern and develop a list of environ
mental parameters.

2. Select a primary weighting factor (WF) for each environmental parameter
and secondary weighting factors for the construction and operation and
post-closure time periods.

3. Determine the magnitude of the impact (IMi) which ash disposal would
have on each environmental parameter during the construction and
operation phase of disposal, and during the post-closure phase.

4. Calculate the environmental evaluation factor (EEF) for each parameter
(EEF

i
= WF. x 1M.) for both the construction/operation and post

closure ph~ses. ~
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( 5. Sum the EEF, 's for both the construction/operation and post-closure
1

phase.

(

(

6. Apply secondary weighting factors.

7. Calculate the overall site EEF by adding the weighted construction/
operation and post-closure EEF's.

Rank Site Alternatives. After the life-cycle costs and environmental impact due to
----------

the development of each site alternative have been developed, site alternatives can

be ranked and compared to determine desirability, A graph relating the life-cycle

cost and overall EEF for each site alternative will provide a visual method for

ranking the sites. Figure 1-2 is a schematic sketch of such a graph in which the

computed life-cycle cost, as well as the estimated range in Class I cos t. estimates

(±20 to ±30 percent) are shown. The objective of this ranking is to select the

site of least cost and least adverse environmental impact. In this example, the

completed life-cycle cost for Site 3 is slightly less than that estimated for

Sit~ 4. However, the adverse impact of Site 3 is much greater than Site 4. The

site planner must evaluate whether the savings associated with adopting Site 3 are

worth the relatively high environmental impact. If not, Site 4 would be selected

for final design.

In some cases, due to the degree of accuracy in Class I cost estimates (±20 to ±30

percent) it may be difficult to differentiate ·between sites. In that situation,

the following steps (shown in Figure 1-1) may be necessary to provide additional

information to aid in ranking the competitive site alternatives:

• Collect detailed data for each competitive site alternative,

• Develop a Class II or Class III Design for each site alternative,

• Re-evaluate life-cycle costs and environmental evaluation matrix,

• Rerank sites.

The collection of detailed data for each site alternative could involve activities

such as a detailed site reconnaissance, the drilling of test borings, etc. With

respect to a more detailed design of the ash disposal area, a Class II or Class III

Design of each competitive site could be performed depending on the degree of

accuracy needed in cost estimates at this stage of the selection process. Based on

the more detailed designs, life-cycle costs and environmental impact can be re

evaluated and the sites ranked once again.
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Figure 1-2. Schematic Relationship Between Life-Cycle Costs and Environmental
Evaluation FRctor (EEF)
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(

(

Final Design

The final step in the site selection procedure is to develop a Class IV Design for

the site alternative selected.

Develop Class IV - Finalized Design. Based on the site rankings shown by the

schematic relationship between life-cycle costs and environmental evaluation

-factors,-an-optimum-site can-be selected and a-Class IV Design performed~ The

final design may require additional site specific information such a~ test borings,

test pits, the installation of a groundwater quality monitoring system, etc.

CASE STUDY

.In this section, a case study of a typical ash disposal site selection study is

presented to illustrate the methodology previously outlined. Only general informa

tion is mentioned. Engineering and environmental criteria presented in this study,

while generally applicable to ash disposal as a whole, were developed specifically

for the sites considered. Siting and design criteria vary considerably between

generating stations. Therefore, site specific information presented in this section

should not be used in the selection of other ash disposal areas. It should also be

noted that this study was conducted prior to the establishment of current and

proposed RCRA regulations. Environmental requirements listed are those which were

in effect at the time that the study was done, 1976. Section 4 discusses in detail

the applicable RCRA regulations.

Background

As shown on Figure 1-3, the generating station is located along a major river and

is bordered on the east by a railroad and highway, on the north by a small town,

and on the south by wetlands which are part of a wildlife and fish refuge.

The generating station is comprised of five existing units and a sixth "unit cur

rently under construction. The total generating capacity of Units 1 through 5 is

210 megawatts. Unit 6 will have a capacity of 350 megawatts when it goes on-line.

At the time the study was made, bottom and fly ash were being sluiced to a wet

disposal area near the plant. This facility was nearing capacitYi thus, a new site

was required to handle the ash from Units 1 through 5 along with the anticipated

ash quantities from Unit 6. Four potential ash disposal sites shown on Figure 1-3,

were identified by the utility.
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Figure 1-3. Case Study Site Location Hap
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(
Engineering and Environmental Design Criteria

Units I through 5 burn bituminous coal from Kentucky and Southern Illinois and

subbituminous coal from Montana. Approximately 46,000 tons (42,000 metric tons) of

ash are produced by Units I through 5 annually. Approximately 80 percent of the

total ash is fly ash, and the remainder is composed of bottom ash and pyrites.

Unit 6 will burn low sulfur, subbituminous coal from Wyoming. Annual total ash

---- "pr-oduo'ti.on by- Unit 6 is projected-to-be- 90iOOO--tons (82,000 metric tons). Since

the utility plans to market half this volume only, 45,000 tons (41,000 metric tons)

per year will require disposal.

Based on anticipated annual ash production, projected retirement dates for older

units, and a 4:1 ratio of fly ash to bottom ash, the following volumes of ash

requiring disposal over a 35-year period were calculated, beginning with the 1979

on-line date for Unit 6.

• Fly Ash - 2,226,000 tons (2,000,000 metric tons)

• Bottom Ash - 554,000 tons (500,000 metric tons)

•

( The following in-place dry densities were assumed:

• Sluiced fly ash - 45 pcf (pounds per cubic feet)

3
Compacted fly ash - 70 pcf (1122 kg/m )

3
(721 kg/m )

• Sluiced bottom ash - 70 pcf (1122 kg/m
3)

Using the above assumptions, volume requirements were calculated. Sluiced fly ash

would require 3,664,000 cubic yards (2,801,700 m
3)

of disposal volume, dry compacted

fly ash would require 2,356,000 cubic yards (1,801,530 m
3)

of disposal volume, and

sluiced bottom ash would require 586,000 cubic yards (448,090 m
3)

of disposal

Volume.

The utility intended to sluice bottom ash to a redeveloped ash pond located near

the power plant. Bottom ash stored there would serve as a source of drainage

blanket material if dry fly ash disposal were chosen. The redeveloped ash pond was

large enough to store the anticipated volume of sluiced bottom ash.

At the time the study was done, the ash properties of the subbituminous coal to be

burned in Unit 6 were unknown. Due to the retirement schedule of the older units

and the comparatively large capacity of the new unit, unit 6 fly ash would form a

substantial portion of the total ash requiring disposal. Since this ash would be
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the end product of subbituminous coal combustion, there was a possibility that it

might be self-hardening. This reactive characteristic would severely limit the

distance that fly ash could be sluiced, would place restrictions on truck tran~port

methods, and would permit the addition of little or no water at the storage silo.

For short haul distances, it may be possible to add a small amount of water to

cause "caking" of the fly ash in small agglomerations. The agglomerations are

still fairly easy to transport and place in a disposal area using conventional

means; however, larger haul distances can require the use of pneumatic tank trucks

and special equipment to handle and place dry reactive ash once it reaches the

disposal site.

(

Regulations governing fly ash disposal were centered around protection of surface

and groundwaters. Water discharge from the ash disposal site had to comply with

the State Administrative Code and Environmental Protection Agency regulations.

These restrictions included the following effluent requirements:

------------ -_._~----------

• Total suspended solids < 15 mg/l

• pH range 6.0 to 9.0

• No release of substances toxic to aquatic life

(
It was anticipated that the State Department of Natural Resources would require

that any fly ash leachate released into the groundwater have no detrimental effects

on water quality.

The volume of leachate generated by a dry disposal area is considerably smaller

than that associated with a wet disposal area. The volume of leachate associated

with a dry disposal area can be minimized by restricting the amount of water entering

the coal ash through proper design and operating procedures. This can be accomplished

by sloping the surfaces of the disposal area to accelerate runoff, using peripheral

diversion ditches, slope benches, drainage blankets, compaction, and soil cover and

seeding.

The ability to successfully operate an ash disposal area without detrimental

effects on the groundwater should be assessed before site design and permitting.

Such an assessment is obtained from the following information:

• On-site soils - depth of overburden, in-situ penmeability

• Groundwater - depth, flow patterns, volumes, present quality

• Fly ash - Leachatie- characteristics, anticipated in-place perrneabilities (
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(

Sufficient information was available at the time of the site selection study to

indicate that all sites were technically feasible without liners. Due to the

uncertainty cf regulatory requirements, however, it was necessary to also con

sider liners for the sites. Although the use of liners may have a significant

effect on the cost of developing a site, the installation of liners does not

affect the relative ranking of the sites. Therefore, only the unlined· options are

discussed here for purposes of brevity.
------

It was further assumed that the utility would be required to monitor leachate

quality. Any disposal site discharge not in compliance with effluent standards

previously mentioned would require treatment.

Evaluation of Site Characteristics and Impacts

Each site was inspected to determine physical features, environmental setting, land

use, and access. Table 1-3 summarizes the topography, geology, soils, and hydrology

of each site. Table 1-4 summarizes the physiography, vegetation, wildlife, and

aquatic life of each site. A search of available information, including well logs,

USGS maps, property maps, and soil maps, was made for each site. For each site,

both wet and dry disposal schemes were "considered and possible operational difficul

ties were analyzed.

Site 1. Site 1, as shown on Figure 1-4, is located one-quarter mile north of the

existing power plant on the east side of the highway. The site is a narrow valley

comprising 109 acres (44.1 hectares). County Trunk Road liEu borders the north and

east edges of the property. A small cemetery, a commercial establishment, and a

number of homes are situated at the valley mouth between the property boundary and

the highway. The south and west edges of the site abut an upland wooded area.

Upland clearings south of the site are CUltivated. A house and a few farm buildings

are located on the property near the east boundary.

The principal advantage of Site 1 is its proximity to the generating station. As

indicated by Figure 1-4, the major drawback was seen to be the relocation of

transmission lines crossing the property.

Dry and wet disposal alternatives were considered for the site. Figure 1-5 shows a

plan of Site 1 developed for a dry disposal area. The dry disposal plan utilizes

28 acres (11.3 hectares) of land at the head of the valley and is capable of handling

35 years of ash production. Major features of the plan are:

• Relocation of the 12 kV distribution line,
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TOPOGRAPHY, GEOLOGY, SOILS, AND

Site Topography Geology

Table 1-3

I

HYDROLOGi

I

OF CASE STUDY SITES

Soils Hydrology

1 Narrow valley of 109
acres. Elevations 1222
to 717 feet. Valley
slopes 3:1 to 1:1.
Valley floor slopes
N.W. at 5 to 10%

Prairie du Chien Group
Shakopee Dolomite
New Richmond Sandstone
Oneato Dolomite sand
ston~1 Trempealeau
Formation
Francoria Sandstone
Dresbach Group

I

I
Steep ftony rock land
(SCS Sf) Upper Valley
SidesTiFayette silt
loam (SCS Fv) Lower
alluvikl Soil (SCS Lw)
Valley I Floor

No springs or seeps.
Ephemeral streams.
Groundwater elevation;

930-900 upland
660 near river

Watershed 270 acres

,...
J

N
o

2 Narrow valley of 118 Similar to Site 1
acres. Elevations 1220
to 680 ft. Valley
slopes 2:1. Valley
floor slopes S.W. at 7%

similar to Site 1

I

No springs or seeps.
Ephemeral streams.
Groundwater levels same
as Site 1. Watershed
350 acres.

660.

Located in major river
floodplain. Dike protec
tion: 150 year flood.
Groundwater elevation

f"

3

4

Varied valleys and up
land plain comprising
860 acres. Upland
plain elevations 1100
to 1240. Large valley
elevations 900 to 780.
Slopes south at 3%.
Smaller valley eleva
tions 840 to 780.
Slopes S.E. at 5%.
Valley·slopes 2:1.

Rail loop enclosing
22 acres. Bottom
elevation 645. Top of
dike elevation 680.
Elevation of undisturbed
wetlands 660 to 663.

Similar to Site 1

Sand and gravel
Mt. Simon sandstone

r>.

Upland l plain: Similar to Site 2. Water-
Fayetfe silt loam (Fa) shed 1,300 acres above
Dubuqpe silt loam (De) large valley; 635 acres

Valleyl Slopes: above smaller valley.
steepl story rockland{St)
Fayet~e silt loam (Fv)
Drne-Norden loam (Un)
Nordeh silt loam (Gf)

valleyl bottom:
Loamyl alluvial land (Lw)
Bertr~d silt loam (Be)
Cha.sebur-q silt loam (Ca)
Jackspn silt loam (Ja)

Silt +xcavated)

I

I

I

r-~
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Table 1-4

PHYSIOGRAPHY, VEGETATION, WILDLIFE AND AQUATIC LIFE OF CASE STUDY

i

JITES
,

!

Site Physiography Vegetation Wildlife
I ,

Aquatlc Life

None due to ephemeral
stream;flow.

....
I

'"....

1,2, Location in valleys
& adjacent to the
3 major river

floodplain

Second and third growth
of oak-hickory forest:
birch, aspen, maple,
cedar.
Fields and pasture:

Milkweed, foxtail,
yellow dock, white
cockle, dandelion, and
a variety of grasses~

Animal:
deer, raccoon, gray &
fox squirrels, cotton
tail rabbit, jack
rabbit, gray & red
foxes, woodchucks,
skunks, ground squirrels,
mice, shrews, moles.

Bird:
sparrows, finches,
English sparrows, wood
peckers, flickers,
thrushes, martins,
swallows, rough
shouldered hawks, blue
jays, barred owls,
great horned owls,
whippoorwills.

Bluegill, black & white
crappies, northern pike,
walleyed pike, sauger,
channel catfish, northern
redhorse, yellow perch,
largemouth bass.

beaver,
deer, mink,
amphibian,
species.

raccoon,
reptile,
& insect

Bird:
migratory waterfowl:

ducks, coot, geese crows,
woodcock, z-ed-wi.nqed
blackbirds, tanagers,
kingfishers, barred owls,
grackles, starlings,
wrens, red-shouldered
hawks, bald eagles.

Animal:
muskrat,

Wooded areas:
silver maple, American
elm, river birch,
swamp white oak.

Open marsh:
sedges, rushes,
grasses, submerged
aquatic plants, green
brier, wood nettle,
goldenrod.

Located south of the
power plant on the
major river flood
plain in bottomlands
intersection by
several shallow slow
moving sloughs.

4
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Figure 1-5. Case Study - Site 1 Conceptual Plan for Dry Ash Disposal Area
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• Site preparation - staged development to minimize erosion and sedimen
tation, construction of a haul road, clearing and grubbing, stripping
and stockpiling topsoil for later use, construction of runoff diversion
ditches, construction of a drainage blanket and underdrain system,

(

• Operation ~ fly ash transport by highway dump truck, spreading and
compaction of ash as soon as possible after arrival, dust control
through watering, special handling, and placement of reactive ash if
necessary,

• Restoration - staged restoration following completion of section of
fill, topsoil cover and seeding, possible future use as residential or
commercial agricultural site.

In order to maximize wet storage volume, it was deemed necessary to place a dam as

far toward the west end of the property as possible. The elevation of the top of

the dam was established by clearance requirements for an existing transmission

line.

---------- -------------- ----------

The conceptual scheme developed for wet storage on the site entailed a dam with a

crest elevation of 870 feet. However, even with the utilization of fly ash in

construction of the embankment, storage volume would accommodate only 11 years of

fly ash production, and relocation of the 69 kV and 161 kV lines would be required

to achieve sufficient volume. Furthermore, it was thought that sluicing ash 3,000

feet (914 meters) would be difficult if the fly ash from unit 6 proved to be reactive.

Based on the above constraints, it was concluded that an adequate wet disposal area

could not be developed on Site 1.

Site 2. This site, as shown in Figure 1-6, is a narrow heavily wooded valley

located one and one-half miles south of the power plant and east of the 'highway, and

is comprised of approximately 118 acres (47.8 hectares). A few homes are located

at the mouth of the valley along the east side of the highway. The only development

at the site was the cultivation of a small uplands plain.

While this site was thought to be suitable for development as an ash disposal area,

it had several drawbacks. The dry disposal plan for Site 2, as shown in Figure

1-7, entails the use of 26 acres (10.5 hectares) at the south end of the site. The

landfill configuration shown would provide adequate disposal volume for 35 years of

fly ash production. Additional storage could be created by increasing the height

of the terrace and both embankments.

While operation and abandonmeht of Site 2 would-be similar to those of s.ite 1, more

work would be required in the preparation of Site 2. Clearing and grubbing would

1-24
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Figure 1-7. Case Study - Site 2 Conceptual Plan for Dry Ash Disposal Area
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be more difficult due to the heavily wooded nature of the site. Since a back

embankment would be required, it would not be possible to carry runoff around the

site in diversion ditches. A 60-inch (1.5 meter) diameter reinforced concrete

bypass pipe would have to be installed in the existing stream channel to carry

runoff beneath the ash fill. Consideration would have to be given to the disposal

area's possible impact on the water quality of private wells downgradient of the

______~ite. ~~~~~~~_t~~~~te_~~__~~ep ~nd would ~equire considerable earthwork_.__~~ _

addition, the location and visibility of the site would make the establishment of

effective visual and audio screens difficult.

Wet storage would require dams at the front and back of the valley. The size of

the dams and the length of the valley is such that insufficient storage space would

remain between the two dams. Therefore, wet storage at Site 2 was considered to be

an unacceptable alternative.

Site 3. Site 3 is located two and one-half miles south of the power plant and east

of the highway. As shown in Figure 1-8, this site has varied topography and covers

860 acres (348 hectares). Use of the site was restricted to farming the upland

plains and terraces. A commercial establishment and a few dwellings are located at

the mouth of the two larger valleys. A small marina is located across the highway

and slightly south of the site. A wayside park is located just north of the site

on the east side of the highway.

The size and configuration offered development alternatives. Clearing operations

would not be extensive, and portions of the site are well screened. However, a

major drawback, as compared to Sites I or 2, is the distance from the site to the

generating station.

The dry fly ash disposal plan developed for Site 3 is shown in Figure 1-9. It

entailed the placement of ash on 38 acres (15.4 hectares) in the east valley. The

capacity of this area was sufficient to satisfy the design requirements. Site

preparation, operation, and abandonment would be similar to those of Site 1.

A conceptual plan for wet disposal in the large central valley ·of Site 3 is shown

in Figure 1-10. A dam approximately 120 feet (36.6 meters) in height would be

located across the mouth of the valley. Five and one-half years of fly ash produc

tion would be incorporated into the construction of the dam. The pond would have

the capacity to hold 30 years of fly ash production.
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Figure 1-8. Case study - Site 3 Existing Conditions
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Figure 1-9. Case Study - Site 3 Conceptual Plan for Dry Ash Disposal Area
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Figure 1-10. Case Study - Site 3 Conceptual Plan for Wet Ash Disposal Area
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preparation of a wet disposal area at Site 3 would require the construction of a

dam, clearing and grubbing, and stockpiling of top soil. Sluice line construction

from the plant to the site would be completed at the same time the dam was completed.

A backup sluice line and pump were recommended. It was anticipated that due to the

settling characteristics of the coal ash! the pond discharge would meet surface

water quality standards. Ash would be sluiced to the area 24 hours a day, with

river water being used for sluicing water. Drainage basin runoff would keep the

pond full and supply dilution water~

If reactive fly ash were to be produced by unit 6, sluicing would be extremely

difficult, if not impossible. However, wet disposal might still be possible if dry

ash were hauled to the site in tank trucks and pneumatically discharged into the

pond through a submerged hose.

Once the fly ash reached the design level of the pond, exces-s surface water would

be drained off and the surface covered with soil and seeded. Upper layers of ash

could be expected to drain with time. However, lower layers of ash would probably

remain in a saturated condition unless provisions for draining percolated pond

water were made.

Site 4. As shown in Figure 1-11, Site 4 is the area within the eXisting rail loop

adjacent to the power plant, with the exception of the redeveloped ash pond whi'Ch

lies in the northernmost portion of the loop. The area between the redeveloped ash

pond and the remainder of the rail loop is approximately 86 acres (34.8 hectares).

About 45 acres (18.21 hectares) of the northern portion of the area had been

dewatered and excavated to provide material for railroad dike construction. The

remaining southern 41 acres (16',6 hectares) were undisturbed wetland forest area.

While site proximity to the plant and configuration within the railroad dikes were

major advantages, some serious questions were raised concerning Site 4 18 suitability

as a disposal area. A portion of the site lies within a wildlife and fish refuge.

The site is located on a floodplain, and sloughs and channels which are classified

as navigable waters are present on the site. There would be a significant potential

for impact of the ash ponds on the water quality of the major river and surrounding

groundwater and a disposal site there would be environmentally undesirable.

Dry disposal at Site 4 did not receive serious consideration for a number of

reasons. A site liner would be required since ash cannot be placed and compacted

in standing water. Dry ash could not be placed at a rapid enough rate on a liner
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Figure 1-11. Case Study - Site 4 Existing Condition
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to counterbalance hydrostatic uplift pressures on the liner. Therefore, pumping

would be required for years until the overburden weight of dry ash was sufficient

to keep the liner intact. Ash transport would be by truck, which is more expensive

than sluicing. The potential for flooding would offset possible reductions in

groundwater contamination. OVerall, wet disposal was considered more feasible.

The 45-acre (18.2 hectares) excavated portion of Site 4 had the capacity of storing

--------30--years of slulced ash~ - Additional disposal capacity would require the excava-tiOn
of the south end of the rail loop, as shown in Figure 1-12. Alternately, fly and

bottom ash could be con~ined and sluiced to the redeveloped ash pond and the

excavated area, precluding the need for further excavation. This alternative

received economic and environmental evaluation in this study.

Since the redeveloped bottom ash pond was considered by regulatory agencies to be

an extension of an existing disposal facility, it was thought that the site could

have been developed and operated as in the past without a liner. The condition of

existing pump and sluice line was not known, but it was assumed that new pumps and

pipes would have to be installed. Existing culverts in the railroad dike would

require plugging to prevent ·washout of sluiced ash through the culverts. An

overflow-structure would have to be constructed.

Operation would be similar to that of the Site 3 wet disposal alternative. If

Unit 6 fly ash proved to be reactive, it was thought that sluicing might still be

a viable means of ash transport. This was based on the proximity of the disposal

site to the plant (2500 feet) (762 meters). As an alternative to sluicing, fly ash

could be conveyed pneumatically (by tanker or pipe), and pumped under water into

the pond. It was recognized that reactive ash could influence the permeability of

an unlined pond and also reduce the permeability of settled ash layers.

Once filled, the site could be dewatered, covered with topsoil, and seeded.

Future use of the site would be limited.

Economic AnalYsis

Table 1-5 summarizes the life-cycle costs based on a Class I - Simplified Design

for the case study sites. For this study, the life-cycle costs have been expressed

as levelized cost per ton of ash disposed. These calculations were performed in

accordance with the procedures outlined in Section 9 of this manual.
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( The levelized cost data indicate that Site 1 - Dry is the least cost alternative

while Site 3 - Wet is the most expensive. However, it should be emphasized that

cost estimates for Class I ~ Designs can have a range of ±20 to ±30 percent. For

this study ±25 percent was used. As indicated by Table 1-5, the cost differences

between Site 1 - Dry, Site 2 - Dry, Site 3 - Dry and Site 4 - Wet, fall within this

range. Accordingly, a Class II - Preliminary Design and cost estimate were warranted.

The results of the more detailed design and costing study are not presented for the
---~--------

sake of brevity.

Table 1-5

LEVELlZED COSTS BASED ON CLASS I - SIMPLIFIED DESIGN FOR CASE STUDY SITES

Site 1a Site 2
b

Site 3c,d
Site 4 3

Cost Item Dry Dry Dry Wet Wet

Capital Cost $3,650,000 $3,650,000 $4,180,000 $2,980,000 $2,854,000

First Year

( O&M Cost $ 230,000 $ 235,000 $ 245,000 $1,065,000 $ 317,000

Levelized Cost
per Ton of
Ash $ 15.10 $ 15.24 $ 16.73 $ 38.24 $ 16.21

a. Site 1 Dry: Narrow Valley, 1/4-mile truck transport

b. Site 2 Day: Narrow Valley, 1-1/2 mile truck transport

c. Site 3 Dry: Wide Valley, 2-1/2 mile truck transport

d. Site 3 Wet: Wide Valley, 2-1/2 mile pipeline transport

e. Site 4 Wet: Flat Land, 25' embankment, 1/2 mile pipe transport

Environmental Evaluation Matrix

The environmental evaluation of each disposal alternative was accomplished by the

matrix technique previously described. Four individuals participated in the

procedure: two had environmental engineering backgrounds, one had a non-engineering

environmental background, and one had a general engineering background. Group

consensus was reached on all decisions.
(

"
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I

I

I

I
Table 1-6 ~

ENVIRO~ffiNTAL EVALUATION I~TRIX FOR CA E STUDY SITES
I
I

Site 1 Site 2 I Site 3 Site 4
Dry Dry lJry Wet We't

C/o
l 2

,

Environmental Primary PC C/O PC C/O I PC --'L0_ PC C/O PC
Parameter WF 1M EFF 1M EF1" 1M EFF 1M EFF 1M

'f
I.M EFF 1M E:r-::P 1M EEI!' 1M EEl" 1M EEE'

Aesthetics 6 3 18 1 6 5 30 3 18 2 0 0 2 12 1 6 S 30 3 18

Air quality 5 2 10 0 0 3 15 0 0 2 0 0 1 .s 0 0 0 0 0 o
I

Aquatic ecology/
Iswater quality 8 1 8 2 16 1 8 2 16 1 2 16 3 24 1 8 5 40 5 40
I

Cultural I

resources 2 0 0 0 0 0 0 0 0 0
1

0 0 0 0 0 0 0 o o 0 0

.... I
I Land use 4 2 8 -3 -12 2 8 0 0 1

1

4 -3 -12 5 20 3 12 3 12 -1 -4w
en

Noise 5 4 20 0 0 5 25 0 0 3 ~5 0 0 1 5 0 0 0 0 0 0

I
Public health I

and safety 9 1 9 0 0 1 9 0 0 1 19 0 0 2 18 0 0 2 18 I 9
I

Socioeconomics 4 -1 -4 0 0 -1 -4 0 0 -1 ~4 0 0 0 0 0 0 0 0 0 0

1

Terrestrial
I

ecology 5 3 15 2 10 4 20 4 20 3 ~5 2 10 4 20 2 10 2 10 0 0

Summary EEF 3 84 20 III 54 ~9 14 104 36 110 63
Weighted EEF 71 3 94 8 ~9 2 88 5 94 9

Overall EEF
4

74 102 I 61 93 103

1 . / . IC/O - construct~on operatlon.
2PC _ post-closure. I
~Weighted EEl" = 0.85 x summary EEl" for construction/operation or O.~5 x summary EEl" for post-closure.

Sum of weighted EEF's.

r>: r>. ~
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( A scale of one to ten was selected for primary weighting factors, with increasing

value indicating increasing significance or importance. Environmental parameters

and primary weighting factors chosen for this evaluation are shown in Table 1-6.

It was thought that environmental parameters presented in Table 1-6 would be

affected in the following ways:

--. - ---Aesthetic - impacts would be primarily visual. Where possible, buffers
would be established to minimize this impact.

• Air quality impacts result from the transport and placement of ash.
Of primary concern were haul vehicle exhaust and dust from ash handling.

• Aquatic biology and water quality would be adversely affected by the
release of fly ash leachate or slurry water into surface or groundwater.
Aquatic habitats would be eliminated by filling operations in the
wetlands area.

• Cultural resource impacts are related to any historical or cUlturally
unique areas in or close to the disposal sites. None were known to
exist at the time of the study.

(

• The impact of fly ash disposal on land use is primarily the result of
using productive, or potentially productive, land for a temporary,
nonproductive use. The impact of ash disposal after site abandonment
was based on the potential of productive site use as compared to its
potential prior to disposal operations.

• Noise impacts were expected to result from ash transportation and
placement. Noise levels associated with dry disposal would be greater
than with wet disposal.

• Public health and safety impacts include increased vehicular traffic
between the power plant and the storage site, potential loss of life
or property damage resulting from dam breach or overflow, increased
flood levels due to filling operations in the floodplain, or dike
breach during flooding.

• Socioeconomic impacts would include increased revenue to
ing area resulting from site construction and operation.
after closure were not- considered.

the surround
Impacts

• Terrestrial ecology would be displaced by ash disposal operations.
After closure the site would regain use, initially as a meadow habitat.
The magnitude. of post-closure impacts were based on a comparison of
the pre-development and post-closure habitats.

Secondary weighting factors of 0.85 and 0.15 were assigned to construction/opera

tion impacts and post-closure impacts, respectively. Values for impact magqitudes

ranging from minus five to five were assigned to each environmental parameter, with

increasing values denoting increasing negative, or damaging impact .. If the impact

1-37

- Doc. Ex. 59 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



was considered to be beneficial, a negative number between zero and minus five was

assigned, with increasing negative value denoting increasing benefit.

The completed matrix is shown in Table 1-6. As can be seen, Site 3 - Dry had the

lowest overallEEF of the five alternatives. Site 4 - Wet had the largest overall

EEF, indicating that on a relative basis this site has the most serious environmental

problems due to ash disposal on the wetlands.

Comparison of Disposal Alternatives

(

As has been illustrated in this case study, environmental and cost parameters are

fundamental considerations in the comparison of site disposal alternatives. The

purpose of the disposal site selection methodology up to this point was to develop

numerical values for both parameters for each site alternative. Ideally, the best

ash disposal site is the one with the least environmental impact and the lowest

________cnat~Ji.g_ur8.-l~~_il_lus±rate_fL--±'hfL_r.e.lations.hip-....o:Lthe_five---. diawsaL 31tern.at.iY:eP _

to one another on the basis of levelized cost, expressed in dollars per ton, and

environmental impact expressed as a relative numerical value. While this graphical

technique provides a means of comparison, it should be noted that it is extremely

difficult to assign a cost to environmental impact. The environmental impact (

matrix and the graphical comparison techniques outlined in this case study example

provide a basis for sound decision making and documentation -of the selection process.

The final selection of a disposal site is a judgmental decision that weighs all

considerations.

AS indicated by the data shown in Figure 1-13, the Site 3 - Wet disposal alterna

tive is significantly more expensive than the Site 4 - Wet and all three dry site

alternatives. In addition, the disposal costs for Site 4 - wet and the three dry

alternatives are within the range of accuracy of a Class I Design cost estimate.

However, the .EEF's for Site 2 - Dry and Site 4 - Wet are significantly greater than

for Site 1 - Dry or Site 3 - Dry while the EEF's for these latter two sites are

reasonably close to each other. Thus, a definitive decision could not be made at

this stage of study since the difference in cost and environmental impact between

Site 1 - Dry and Site 3 - Dry are inconclusive.

The final decision between these two dry alternatives was based on a Class II

Preliminary Design and cost estimate. This analysis indicated that Site 3 - Dry

was the optimum selection for development.
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Figure 1-13. Case Study - Comparison of Alternate Disposal Site Costs and EEF's
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Section 2

PROPERTIES OF POWER PLANT ASH

INTRODUCTION AND OVERVIEW

The chemical, physical, and engineering properties of a particular power plant ash

are a function of many factors, including;

• type of coal and geographic source,

• degree of coal preparation, cleaning, and pUlverization,

• design, type, and operation of the power plant boiler unit,

• collection, handling, and disposal methods.

Due to the above factors, coal ash will display a high degree of variability in its

properties. Not only will the properties of an ash vary from power plant to power

plant, but they will also vary from boiler to boiler at a particular plant and

within ·an individual boiler at various times.

In this section, the variability which exists within the coal from which the ash is

derived will be examined; the effect that various combustion and collection techniques

have on the properties of the ash will be shown; and typical chemical and physical

properties of fly ash, bottom ash, and boiler slag will be presented. Finally, an

ash testing matrix is presented which identifies those tests which are pertinent to

the specific transport/disposal/utilization schemes currently being utilized.

PROPERTIES OF COAL

Since the composition of ash is primarily a function of the elemental composition

of the feed coal, a review of the elements (both major and trace) contained in coal

and their relative magnitudes is appropriate. The composition of the feed coal is

not the only factor which affects the composition of the ash. As stated earlier,

the properties of the ash are also a function of the types of combustion and

collection equipment used, degree of pulverization of the coal, temperature during

combustion, and many other factors.
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Coa l Major Elements

The major e lements comprising coal are car bon , hydrogen , oxy ge n , nitrogen , an d

s u l f ur . These e l ements typi c a l ly a c count f o r 70 t o 97 p e rcent of the total , and

are present i n va rying quantities . Al l of the maj or elements form gaseous com

pounds when burned . These combustion p roducts a r e mos t ly dischar ged wi th the f l ue

gases , and have little bear ing on the composi tion of the ash .

Coal Trace Element s

Tr ace e l ement s and minor const i t uents in coa l may or i g inate f r om a number of

sources . Some o f t hese elements were accumulated in the v eget a tion from which t he

coa l was f ormed during t he growth process , o ther e lements were deposited in t he

vicini t y of the vege t a t ion by mech anisms s uch a s e ros i on , and s t i l l others were

depos ited during an d a f t e r f ormation of t he co a l by ge o l ogic processes . Most)f

the t r a ce e lement s and mi nor co nst i t utents are not co mbustibl e and r emain i n the

ash . Typical a s h contents of co a l vary f rom 3 to 30 p er cent .

Table 2-1 describes t he t race element l evels i n co al s which hav e be en c a tegor i zed

by r eg i on . As c an be seen f rom the above , t he e lement a l compositi on of a coa l can

vary immensel y f r om region to r e g i on. The compos i t i on may also vary from coa l type

t o coal t ype , and even somewhat within a s i ngle se am. Table 2-2 illustrat e s t he

tota l r ange o f t race e lement concentrations f ound i n t he United States coals .

Coa l Ranki ng

The amount of ash gener ated by a bo i le r i s a f unction of t he ash content o f t he

coal. In general , higher grades o f coal wi l l have les s a s h than lower grades ;

however , t here are e xcept ions . There a re two p r imar y coal c lass i ficat ion systems ,

the American So c iety f o r Testing and Materials (ASTM) Coa l Class i fication Index and

the Specif i c Volati le I ndex . Figure 2-1 descr ibes t he ASTM Coal Classi f ication

Index which def ines the var ious coal grades . Although there a re various classifi 

c a tions i ndicated , the most i mportant a re :

• Anthr a c i te

• Bi tumi nous

• Subbitumi nous

• Li gnite

2-2
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Table 2-1

AVERAGE TRACE-ELEMENT CONTENTS
FOR COALS FROM VARIOUS REGIONS

OF THE U. S. (ppm)

Southwest Eastern Northern
and Western Interigr Great Plains Appalaah~an

Element Region
a

Region Region
a

Region

Boron 33 96 116 25

Beryllium 1.1 2.5 1.5 2.5

Cobalt 4.6 3.8 2.7 5.1

Chromium 13 20 7 13

Gallium 2.0 4.1 5.5 4.9

._._-~._-----~-----_._-~--.-.-._.------ -_._~-~-_._.

Gennanium 5.9 13 1.6 5.8

Lanthanum 6.5 5.1 9.5 9.4

Molybdenum 3.1 4.3 1.7 3.5

Nickel 14 15 7.2 14

Tin 1.3 1.5 0.9 0.4

Titanium 250 450 591 350

Vanadium 18 35 16 21

yttrium 7.4 7.7 13 14

Zinc 108 44 59 7.6

a 48 coals.
b 53 coals.
a = 51 coals.
d 73 coals.

Source: Los Alamos Scientific Laboratory.
Trace Elements in Coal Preparation Wastes.
Technical Information Service, August 1976.
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Table 2-2

RANGE OF TRACE ELEMENTS IN U. S. COALS

(

Element

Beryllium
Boron
Fluorine
Phosphorus
Scandium
Vanadium
Chromium
Manganese
Cobalt
Nickel
801'1'err----------
Gallium
Germanium
Arsenic
Selenium
Bromine
yttrium
Zirconium
Molybdenum
Cadmium
Tin
Antimony
Lanthanum
Mercury
Lead
Uranium

Range (ppm)

o 31
1. 2 356

10 295
5 - 1430

10 100
o - 1281
o 610
6 1B1
o 43
0.4 104
1~-B----18S--- ----- _
o 61
o 819
0.5 106
0.4 8
4 52

<0.1 59
8 133
o 73
0.1 65
o 51
0.2 9
o 98
0.01 1.6
4 218

<10 - 1000

(

Source: Los Alamos Scientific Laboratory. Environmental
Contamination from Trace Elements in Coal Preparation Wastes.
Springfield, VA: National Technical Information Service,
August 1976. PB 267 339.
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An a lterna t e approach , shown in Ta bl e 2-3 , describes t he Speci f i c Vola t i le Inde x

(SVI ) whi ch uti l i zes the per cent vo l ati le matte r , f i xe d ca rbon , and hea t i ng value

to devel op a numerical value. The SVI i s cal cula t ed as f o l l ows:

SVI
De t e r mined Bt u/lb - % Fi xed Car bon x 145

% Volat ile Mat ter

Note t ha t all values i n t h e above equat ion a r e based on a dry , a s h - f ree basi s .

Proximat e a na l ys es, which inc lude percent ash, volat i le matt er , fixe d ca r bon , a nd

Bt u cont ent , o f various co als ha ve bee n summa r i zed and are i nclude d i n Tab le 2- 4.

COMBUSTION AND COLLECTION EQUIPMENT

Fly ash , bott om ash , and boi ler s lag are by-products o f the combus t ion process

necess a r y f or the production o f e lectr ical e ne r gy at modern powe r s t a t i ons which

burn f os si l fuels . Fl y as h is t he ver y f ine , non-combustibl e resi du e which i s

ca r r ied of f i n the stack gas e s from t he bo i l e r un i t s and col lect ed by t he fl ue gas

c l eani ng equipmen t. It i s compos e d of t he non combustible mi ne ral matter pres ent i n

coa l an d c arbon i n various f or ms du e mainly to i ncomplete combus t i on . Bottom a sh

and boi ler s l ag a re the heavie r ash par t i c l e s wh i ch are co l l ected at t he bott om of

the boi l e r . The dif fe rence be tween bo t tom ash and boiler s l a g wi l l be discus sed

l ater .

Fo rma t i on o f Power Plant Ash

The f ormation of powe r p lant ash t a kes p l a ce i n t he furna ces o f the boilers which

p r oduce the s team us ed in ge ner at i ng e l ect r i ca l po we r . The re ar e three cat e gor i es

of f ur na ce s whi ch are in u s e today at powe r s t a t ions:

• pulver ized coal -fi red furn~ces ,

• cyclone f urna ces ,

• stoker - f i r e d furn aces .

Pu l ver i zed coa l - f i r ed uni t s a re wide ly use d in t he e l e c t r i c a l powe r indu s try for

i ns t allation s whe re gr eate r t han 50 , 000 I b (22 ,700 kg ) o f s team p e r hour mus t b e

p roduced. The y are espec i all y p r evalent in installa tions r equir ing a product i on of

over 250 ,000 l b (113 ,500 kg) o f s team per ho ur . The coal is dr ied and pUl ver i zed

s uch that 80 percent of the particles are smal ler t han 0 .074 rom . Th e pulve r ized

coal i s ae r a t e d an d t ransferred to t he bur ners , where combust ion takes p lace . Oi l

or gas is us ed f or i gni t i on , an d t he coal i s bur ned i n conjunct i on with co al is

burned i n suspension . Oil or ga s may also be bu r ned i n co nj un c t i on wi t h co a l f or

2- 6
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Table 2-3

SPECIFIC VOLATILE INDEX (SVI) CLASSIFICATION

SVI Rank or Class

Under 50 Woods

50 - 82 Peat

82 - 99 Brown coal
(lignite)

99 -125 Black lignite

ASTM Rank

Wood

Peat

Lignite

Lignite

Typical Heat
Value (Btu!lb)

8,300 - 9,200

7,000

<8,300

<8,300

125 -160 Subbituminous Subbituminous 8,300 - 13,000

160 -175 Bituminous C

175 -190 Bituminous B

190 -210 Bituminous A

210 -230 Super-bituminous
(low volatile)

230 -255 Semi-anthracite

255 -300 Anthracites

Bituminous

Bituminous

Bitiminous

Bituminous

Anthracite

Anthracite

11,000 - 13,000

13,000 - 14,000

>14,000

>14,000

>14,000

>14,000

Source:
N. J.:

Adapted from L. A. Munro.
Prentice-Hall, Inc., 1964.

Chemistry in Engineering.
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Table 2-4

PROXIMATE ANALYSES OF SOME NORTH AMEtICAN COALS

FixedVo La't.LLe
Moisture Ash Matte:t Carbon Heat Value

(Percent) (Percent) (perc~) (Percent) (Btu/lb)
As Dry As Dry As D As Dry As Dry

Rank and Source Mined Basis* Mined Basis* Mined B~sis* Mined Basis* Mined Basis*
i

Lignite:

I

Montana 37.5 a 6.1 9.8 26.8 42.9 29.6 47.3 6,580 10,528
N. Dakota 36.8 a 5.1 8.1 28.2 4~.6 29.3 46.4 7,204 11,399
S. Dakota 39.2 a 8.4 13.8 24.7 40.6 27.7 45.6 6,307 10,373
Texas 33.7 a 7.3 11.0 29.3 4~.2 29.7 44.8 7,348 11,083
Ontario 46.7 0 7.4 13.9 30.2 56.7 16.0 30.0 5,280 9,906
Saskatchewan 33.5 0 6.7 10.1 24.0 36 1 35.8 53.8 7,576 11,392

I .

Subbituminous:

'", Wyoming 23.4 0 3.6 4.7 33.6 4B.9 39.4 51.4 9,382 12,248co
3~.2Alberta 15.0 0 6.3 7.4 33.3 45.4 53.4 10,890 12.,812

J9

Bituminous:

Utah 7.5 a 5.6 6.1 39.7 47.2 51.0 12,520 13,535
Illinois 7.9 a 9.1 9.9 40.7 I 42.3 45.9 11,527 12,5154~.2

British Columbia 6.7 0 11.3 12.1 34.8 3~.3 47.2 50.6 11,690 12,529
Alberta 7.4 0 7.1 7.7 32.1 3, .7 53.4 57.7 11,630 12,559
Pennsylvania 3.4 0 5.3 5.5 35.9 3p.2 55.4 57.3 11,734 14,217
Alabama 3.9 0 7.5 7.8 35.1 36.5 53.5 55.7 13,343 13 ,884
Nova Scotia 4.0 32.2

' . 55.4 57.7 13,8960 8.4 8.8 33.5 13,340
I

Anthracite:
I

I

Pennsylvania 3.2 0 11.5 11.9 9.3 F· 6 76.0 78.5 13,043 13,474

*

EnlleWOOd Cliffs, N. J.:

Calculated Value

Source: Adapted from L. A. Munro, Chemistry in Engineering. Prentice Hall, Inc.,
1964.
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Approximately 80 percent of the ash produced in pUlverized coal-fired units with

dry-bottom removal systems exits from the furnace in the flue gas stream as fly

ash, leaving only 20 percent of the ash to form bottom ash. Typically, 65 percent

of this fly ash is finer than 0.010 rom. For units with a wet-bottom removal system,

the percentage of fly ash produced drops to about 50 percent and the quantity of

_________..ash....f.o.rmin.g:_ boiler slag increases according.1y.~. . .,__'. _

(

(

flame stabilization during firing upsets. The flames may be as long as 100 feet

(30 meters) to accomplish complete combustion. Ash can be removed from the bottom

of the furnace in a molten state and quenched in water (boiler slag) or in a solid

granular form (bottom ash). If the ash leaves the furnace in a molten state, the

boiler is referred to as a wet-bottom boiler, and if the ash is removed in a solid,

granular form, the boiler is called dry-bottom. The furnace is designed for a

particular method of ash removal, depending upon the fusion temperature of the ash

present in the coal and the variation of furnace temperature with boiler load. Ash

fusion temperatures below 1800° to 220QoF (1000° to 120QoC) favor wet-bottom removal

systems.

Cyclone furnaces Use crushed coal with a diameter of less than 1/2 inch (12.7 rom)

as fuel and are comparable in steam generation capacity to pulverized coal-fired

furnaces. The coal is burned by continuous swirling in a high-heat-intensity zone.

Between 80 to 85 percent of the ash melts and is tapped from the furnace as boiler

slag, leaving 15 to 20 percent of the ash to exit in the gas stream as fly ash.

Approximately 90 percent of the fly ash which leaves the furnace in the stack gases

is finer than 0.010 rom.

Stoker-fired furnaces can be used to fire boilers which generate from 10,000 to

250,000 Ib (4,540 to 113,500 kg) of steam per hour. Stoker-fired boilers are

practical only for power plants generating less than 40 MW of electricity. The

stoker-fired units have a system which mechanically feeds the coal into the furnace,

provides the appropriate quantity of air for combustion, and then mechanically

removes the unburned refuse. There are three types of stokers which are used:

• underfeed stokers,

• traveling or chain-grate stokers,

• spreader stokers.

The underfeed stoker is most suitable for use with coking coals; the traveling or

chain-grate stoker is used primarily for those furnaces which burn anthracite or

-1
I

I
i
I
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Middle Weste rn bituminous co a ls ; an d spreade r s toker s are used wi t h a variety o f

co a l s .

The fl y ash which is pr oduced by s toker - f i red un i t s is coa r ser than t he fl y ash

p roduced by pul ver i z e d coa l - f i red un i ts or cy c lone furnaces . Underfeed stok ers a nd

t ravel ing g rate s toke r s will p roduce 10 t o 20 pe r cent fly a sh wi th the remainder of

t he as h being col lect ed as bottom ash. Of t he fly ash collecte d , on ly 5 percent

wi l l be l e s s than .010 rom. Gene ral l y , 15 to 55 p e r cent of t he t otal ash p roduced

by spreader s toke rs i s fly as h and 10 t o 45 pe r cent of t hi s fly ash i s l e s s t ha n

0.010 mm.

Fly Ash Col lection

There are various methods for co l lect i ng fly ash , each wi t h its own ch ar acter i s t ics

a nd e f f icienc ies . In general , cur rent l y ava i l abl e particulate control equ ipment

can be c lassified as follows :

• wet s crubbers,

• mechanical col lectors,

• fabric filte rs ,

• e l ec t r os t a t i c p r ec i p i t ators .

There are var i ous advantages and disadvantages t o t he use and/ or applicability of a

p ar t icular t yp e o r series o f p ar t i cul ate co nt r o l devi ces . I n gene r a l , the decis i on

is a matter o f ba l anci ng t he required co l l e c t i on e f f ici enc y ve r sus t he ove ral l co s t

of the s ystem. Table 2-5 indicates various ope r a t i ng pa r amete rs f or the most

cornman pa r t icu l a te co l l ectors .

One spec i f i c effect whi ch the type o f parti c ul ate co nt r o l equipment ha s on t he fly

a sh colle cted i s t he gr a i n-size dist r i but ion of the collected a sh . In ge neral , the

fly ash from a n e lect ros tat i c precipi t a t o r o r vent ur i s c rubber wi l l have a similar

gradat ion , wherea s fly ashes from a cyclone will have a coarser gradation due to

t he r e spe c tive collection e f f iciencies .

I f the f l y ash is removed from t he f lue gas s t r e am by a wet co l lect o r , it will be

s l ui ced directly to a pond f or de water i ng or d isposa l . If the fly ash has been

co l lec ted by mechanical co l lectors , fabric filters or electrostatic prec ipi t ato rs ,

it must b e transported t o e i ther a t emporary s t or a ge silo or the as h s l uic i ng area.

Ash transport is described in Se ct ion 5 .
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Table 2-5 I
SEVERAL OPERATING CHARACTERISTICS OF !PARTlCULATE COLLECTORS

I
I Fractional Efficiency in Percent

I
Overall For

Pressure Loss Po'!e3" Reqd:n Eff.iciency Various Size Ranges in Microns

General Class Specific Type ____T..ypical capacity (in. Water)a (w/ft Jmin) (%) ~ 5-10 10-20 20-44 >44

3 3
I

Mechanical Settling 15-25 ft /min per it 0.2-0.5 0.03-0.10

collectors chamber casing volume (0.5-1.3) h-4l

1000-)500 ft
3

/ mi n per
i

Baffle 0,5
Ift

2
of inlet area (1. 3)

I

60 7,5 22 43 BO 90

Conventional
cyclone 65 12 35 57 B2 91

High-efficiency 2500-3500 ft
3

/ roi n per 3-5 OJ5-1.0

cyclones ft
l

of inlet area (7.5-12.5) <15-35) 95 40 79 92 95 97

W Fabric Automatic 1-6 ft
3/ mi n per ft

l
of 4-6 1~O-L3

)
>" filters fabric area (10-15) (35-45) 99+ 99.5 100 laO. 100 100
>" aL-l.oWet scrubbers Impingement 400-600 ft

3/min
per ft

2 2-5
baffle of baffle area (5-13) b-35)

Packed tower 500-700 ft
3/min

per ft
2 6-8

of bed cross-sectional (15-20)
area

Venturi 6000-30,000 ft
3/min

per 10-50
1
4

-
12

2
it of throat area (25-125) (l40-425) 99+ 99 99 99.5 100 100

Electrostatic Dry, single- 2-8 ft
3/min

per ft
2

of 0.2-0.5 0]4-1.0

precipi- field electrode collection (0.5-1.3) (15-35)

tnccc-s area

013-0.5
97 72 95 97 99+ 100

Wet (charged- 5-15 ft
3/min

per ft
2

of 0.5-0.7

drop scrubber) electrode collection (1.3-1.8) ciO-15)

area

aValues in parentheses under "pressure loss" are mbar-s ,

bValues in parentheses under "power required" are in W/m
3

/ mi n •

Source: Adapted from K. Wark ~ld c. F. Warner.
Publisher, ,1976.

Air !'ollutioIl, its Origin
i

aJ1l,d Control.

T
New York, New York: IEP a Dun-Donne11ey
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Bottom Ash/Boiler Slag Collection

In dry-bottom boilers, the bottom of the firebox has an open grate construction.

The heavy ash particles (bottom ash) fall through this grate into a water filled

hopper. Wet-bottom boilers and cyclone furnaces have a solid base at the bottom of

the fire box. In the base is an orifice which is opened to allow the molten ash

(boiler slag) to flow into a water filled hopper. The ash solidifies upon quenching

and then is crushed, if necessary, to break up any large pieces of ash and aid in

the handling process.

The bottom ash/boiler slag which has been collected in the hopper is typically

sluiced to either a settling pond or a dewatering bin. However, mechanical systems

are now on the market which are capable of removing the bottom ash, in a dewatered

state, from the boiler bottom. The settling pond can be either a temporary holding

facility or a final disposal site. If or disposed of at a dry landfill site, it is

removed from the pond and stacked to allow the water to drain prior to shipment.

In many cases when the bottom ash/boiler slag has a commercial value, it is sluiced

to a dewatering bin. This type of storage structure allows for a much more rapid

dewatering of the ash and facilitates the loading of the ash for transport.

CHEMICAL PROPERTIES OF POWER PLANT ASH

Fly Ash

Fly ash is comprised of very fine particles, the majority are glassy spheres,

scoria, iron rich fractions, crystalline matter, and carbon. Due to its size and

shape, the characteristics of fly ash are that of a high surface area to volume

ratio solid that has agglomerated materials on its surface. In general, the

composition of the spherical portion of the fly ash is somewhat immune to dis

solution due to its glassy structure. The nature of this spherical portion is

quite similar to glass, both in elemental composition and leaching properties, and

as such is relatively iner~. However, on the surface of the spheres exists either

easily exchangeable or adsorbed molecules which, when in the presence of a liquid,

become dissolved. It is this mechanism, some researchers believe, which Ultimately

produces leachate (~). Some of the very minute spheres may also dissolve into

solution and contribute to the leachate. The elemental composition of the structure

and surface material is then a function of not only the feed coal, but also the

combustion sequence and method of collection.

Fly ash contains large quantities of silica (8i02), alumina (Al z03),
ferric oxide

(Fe
203),

and smaller quantities of various other oxides and alkalies. The range of

2-12
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these major chemical components, relative to coal rank, in fly ashes is illustrated

in Table 2-6. Currently studies are in process to study the feasibility of using

such processes as: acid leach, lime-sinter, lime-soda sinter and sinter-leach

proQesses (calsinter and salt-soda sinter) for the recovery of alumina, iron,

titanium, silica and other trace minerals present in these ashes. Table 2-7

presents data concerning the average traoe element contents of ash from U.S. coals

of various ranks. A review of Table 2-7 provides a rapid indication of the

possibilities present in mineral recovery from ashes. If an economically practical

process can be developed, the utility industry will have a valuable mineral resource

which can be sold to provide income. At this time, these processes have not been

economically justified. Currently, a one ton per hour metal extraction unit is

proposed at Lawrenceburg, Tennessee, utilizing a patented process which is to be

funded by TVA, DOE, and other sources. It must be emphasized that this is a pilot

unit, and may not prove to be economical.

Carbon can also be present in various amounts. The carbon content is dependent

upon the efficiency of the particula-r boiler una t and the fineness to wfiicFi'"""1:'fie'·------------

coal is pulverized. Older boilers, stokers, etc., tend to produce higher carbon

fly ash than the new, more efficient units. In this context, carbon is considered

a contaminant in the ash, particularly if the ash is to be utilized.

Bottom Ash/Boiler Slag

For any particular type of coal, the chemical composition of the bottom ash or

boiler slag derived from this coal will be similar to, but may have a lower carbon

content than, the fly ash which is derived. Table 2-8 shows the chemical com

position of five West Virginia bootom ashes and boiler slags from bituminous coal.

Bottom ash consists of angular particles with a porous surface texture which are

normally gray to black in color. Boiler slag is composed of black angular

particles having a glassy appearance.

Trace Element Partitioning

Studies of trace elements and their distributions in the ash have shown that

partitioning of the various elements occurs due to the combustion process (~).

In addition to the enrichment in trace element content in the ash relative to

that of the coal, the ratio of trace element concentrations also varies within

the ash. As a result of this phenomenon, the trace elements can be divided

into three categories:

2-13

- Doc. Ex. 75 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



Table 2-6

VARI ATIONS I N COAL ASH COMPOS I TION WITH RANK

Rank
Anthr aci te Butuminous Subbituminous Li gnit e

% Si 0
2

48 - 68 7 - 68 17 - 58 6 - 40

% A1
20 3

25 - 44 4 - 39 4 - 35 4 - 26

%Fe
2

0
3

2 - 10 2 - 44 3 - 19 1 - 34

%Ti 0
2

1. 0 - 2 0 .5 - 4 0.6 - 2 0 .0 - 0 . 8

% CaO 0 .2 - 4 0 . 7 - 36 2. 2 - 52 12 .4 - 52

% MgO 0 . 2 - 1 0 . 1 - 4 0 . 5 - 8 2 .8 - 14

% Na
2

0 0 .2 - 3 0 . 2 - 28

% K
2

0 0 .2 - 4 0 .1 - 1. 3

% 5° 3 0 .1 - 1 0 . 1 - 32 3. 0 - 16 8 . 3 - 32

% Ash 4 - 19 3 - 32 3 - 16 4 - 19

So ur ce : Adapte d f rom S . S . Ray an d F . G. Pa rker . Ch aracteri z a t ion o f Ash Fro m
Coa l -Fired Powe r Pl ant s . Spr ingf ield , VA: Nati onal Te c hn i c al Informatio n
Servi ce , J anuary 1 97 7 . EPA-600/ 7- 77 -010 .

2- 14

- Doc. Ex. 76 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



(
Table 2-7

AVERAGE TRACE-ELEMENT CONTENTS
OF THE ASH FROM U. S. COALS OF VARIOUS RANK (ppm)

Medium High Lignite
Low Volatile Volatile Volatile and

Element Anthracite Bituminous Bituminous Bituminous Subbituminous

Silver <1 <1 <1 <1 <1
Boron 90 123 218 770 1,010
Barium 866 740 896 1,253 5,027
Beryllium 9 16 13 17 6
Cobalt 81 172 105 64 45
Chromium 304 221 169 193 54
Copper 405 379 313 293 655
Gallium 42 41 40 23
Germanium <20 <20
Lanthanum 142 110 83 111 62

Mang~..§.!3~,"__ . 270 280 1,432 120 688
---~~-- -- ..---_.~-_. " -- .~,._------

Nickel 220 141 263 154 129
Lead 81 89 96 183 60
Scandium 61 50 56 32 18

(
Tin 962 92 75 171 156
Strontium 177 818 668 1,987 4,660

Vanadium 248 278 390 249 125
yttrium 106 152 151 102 51
ytterbium 8 10 9 10 4
Zinc 231 195 310
Zirconium 688 458 326 411 245

The data in this table was determined by using atomic absorption analysis
on coals which were ashed in air at 11OQoF (600'C) . The number of coal
samples which were tested varied with the rank of the coal. A total of
57 coal samples were tested. In addition to the variations in trace
element content with rank indicated, considerable variation in samples
within any particular rank can also be expected.

Source: Los Alamos Scientific Laboratory.
Trace Elements in Coal Preparation Wastes.
nical Information Service, August 1976. PB

Environmental Contamination from
Springfield, VA: National Tech
267 339.
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Table 2-8

CHEMICAL ANALYSIS OF FIVE BOTTOM ASHES OR BOILER SLAGS

(

Percentage of Total Composition
Boiler Boiler
Slag 2 Slag 3

Bottom Bottom
Ash 1 Ash 2

Boiler
component Slag 1

Silica 48.9

Alumina 21.9

Iron Oxide 14.3

Calcium Oxide 1.4

Magnesium Oxide 5.2

Sodium Oxide 0.7

47.1

28.3

10.7

0.4

5.2

0.8

53.6

22.7

10.3

1.4

5.2

1.2

53.6

28.3

5.8

0.4

5.2

1.0

45.9

25.1

14.3

1.4

5.2

0.7

-----]Fotass±um-exi-.le-- --e~l----'e.-4 ---8~l----0~3---0.-3

Sulfur Trioxide

Source: R. K. Seals, L. K. Mou:+ton, and B.E. Ruth. "Bottom Ash: An Engineering
Material. 11 Journal of the Soil Meohanics and Foundations Division, ASeE, April
1972, pp. 311-325.

Undetermined 7.5 7.1 5.5 6.4 7.1

(
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( • elements concentrating approximately equally in the bottom
ash and fly ash,

(

• elements preferentially concentrated in the fly ash,

• elements tending to be discharged to the atmosphere as vapors.

Table 2-9 presents the breakdown of trace elements into each of these categories as

determined in one study.

Pozzolanic Activity

Fly ash is an artifical pozzolan, i.e., a siliceous or alumino-siliceous material

which is not cementitious in itself, but which in finely divided form and in the

presence of moisture reacts with alkali and alkaline earth products to produce

cementitious products. However, there is currently no quick and reliable test for

predicting the degree of pozzolanic activity which a particular fly ash will

possess (~).

A large percenta.ge of the components an fly ash are in:E~orm ofaglass carlea·-------·------

mul1ite (3 A1
20 3

• 2 Si0
2).

When lime and water are present with the mullite, the

glass experiences an alkali attack which results in the creation of calcium silicate

hydrates and calcium alumino-silicate hydrates, similar to the primary cementitious

agents formed by the hydration_of Portland cement. Some fly ashes contain a

sufficient amount of free lime, which reacts with other components of the fly ash

upon the addition of water to produce a cementitious compound. When this reaction

occurs, the fly ash is referred to as self-hardening. If a fly ash has this self-

hardening capability, then some of its physical and engineering properties, i.e.,

shear strength, compressibility, permeability, and frost susceptibility, will be

affected. The shear strength will increase with time and the other three parameters

will decrease.

Leachate

Leachate from ash disp~sal sites is of concern due to the possibility that the

heavy metals and ionic complexes, such as 804' present in the ash may enter the

groundwater system and comtaminate present or future drinking water sources. For

this reason, a disposal site should be designed in such a way as to minimize this

effect. Evidence is still inconclusive as to the degree of hazard of the ash

materials. EPA, recognizing that coal combustion products are of relatively low

conoern, has defined coal ashes as being non-hazardous while they conduct a site

monitoring and evaluation program, which is designed to assess the potential
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Tabl e 2- 9

PARTI TI ON OF ELEMENTS BY THEIR TENDENCIES FOR
DISTRIBUT I ON I N COAL COMBUSTI ON RESIDUES

Group I

El eme n t s Concentr ate d App r o x i mat e l y Equ a l l y in Bottom As h and F l y As h

Al

Ba

Ca

Ce

Co

Eu

Fe

Hf

K

La

Mg

Mn

Rb

Sc

Si

Sm

Sr

Ta

Th

Ti

Group I I

Elements Pr eferenti a lly Concentr ated i n the Fl y Ash

As

Cd

Cu

Ga

Mo

Pb

Sb

S

Zn

Gr oup I I I

El ement s Tending to be Discharged t o Atmosph e re as Vapors

Hg Br Cl

•

So ur ce : S . S .
Powe r Pl an t s .
J anuary 197 7 .

Ray and F. G. Parke r . Char acte r i zat ion of Ash Fr om Co a l - F i red
Sp r ingfield, VA: National Te chnical I nfo rmatio n Se rvice ,
EPA- 6DO/ 7- 77-010 .
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( hazards associated with ash disposal. Available control technologies will be

evaluated as a part of the program.

The water soluble content of fly ash ranges from very little to several percent.

The principal ions contained in the leachate are calcium and sulfate, with smaller

quantities of magnesium, sodium, potassium, and silicate ions present. Free lime

(CaD) accounts for part of the soluble calcium. The soluble sulfate is approxi

mately half the total sUlfate (804) present in the fly ash. Many of the earlier

studies of fly ash leachate characterized it as being alkaline in nature with a pH

value ranging from 6.2 to 11.5. Recent reports have shown, however, that some

bituminous fly ashes are acidic. The pH of the leachate is believed to be con

trolled by the ratio of leachable lime to iron present.

The prediction of ash leachate quality is not possible at this time. In general,

the quality of a leachate is governed by the physical-chemical characteristics of

the ash and tha soil-water matrix through which the leachate flows. To estimate

.t-he -l-eacha_te_qual-i_t.y__ at_an¥_point.,_one_mus_t._kno.w.-the-laho.r.atQry- leachate q~_.. .

and the specific attenuation-translocation factors of the soil-ash system.

To best estimate the leachate characteristics of ash, the actual mechanism of'

leachate generation must be reproduced. Thus, the existing methods of lab leachate

formation are based On the combination of water and ash, a specific contact period

and degree of agitation, separation of ash and water, and analysis of the water for

trace elements. However, there are many methods available to provide the resultant

liquid. The variety of methods are necessary due to the variability of conditions

which affect leachate production. In addition, some tests were devised for short

term analysis (shake test) versus long-term analysis (column leaching). Although

the column leaching test is often assumed to be a more accurate representation of

ash leachate generation under field conditions, the time required for this method

of analysis may be on the order of years. Therefore, short-term tests were devised

to attempt to rapidly predict the long-term leachate production.

Currently, two methods of leachate analysis are proposed as being standard. These

methods are the ASTM and the EPA methods. The following is a brief description of

these methods:

• ASTM Method - The ASTM has published Proposed Methods for
Leaching of waste Materials under the Jurisdiction of
Committee D-19 on Water. The ASTM leach test, which involves
either a water shake extraction (Method A) or an acid shake
extraction (Method B), involves the addition of approximately
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1.54 Ib (700 g)* as received sample and four times by weight
of Type IV Regent Water (prepared by either distillation, ion
exchange, reverse osmosis, electrodialysis, or some combination
of the above)'. This mixture is then agitated for 48 hours at
68° ± 4°F (20° ± 2°C). The resultant mixture is then separated
into its aqueous and non-aqueous phases by decantation,
centrifugation, or filtration. The resultant filtrate is then
analyzed by appropriate methods. This method also includes an
alternate sodium acetate buffer solution (pH 4.5 ± 1) for the
extraction (~).

• EPA Extraction Procedure (EP) - The EP test, consists of adding
coal ash to distilled, deipnized water [at a ratio of 1 (fly
ash) to 16 (water) by weight], then adjusting the solution pH
to 5 with 0.5N Acetic Acid until a maximum of 3.83 pints of
acid per pound (4 ml of acid per gram)* of solid has been added.
If after adding 3.83 pints of acid per pound (4 ml of ac.id per
gram) of solid the pH is still greater than 5, the 24-hour ex
traction is completed at that higher pH. This procedure is
explained in detail in the May 19, lB80,Federal Register (~).

Tables 2-10 and 2-11 contain a summary of the solids analyses and actual pond

discharge analyses, respectively, for fly ash and bottom ash which have been

reported in recent publications. Most of the inorganic compounds shown in these

tables were chosen for study because they appear in the US EPA National Interim

Drinking Water Standards.

The American Society for Testing and Materials (ASTM) recently undertook a study of

the proposed ASTM and EPA extraction procedures to determine if these procedures

were a satisfactory means of estimating the leachate from a solid waste. As a part

of this study, three samples of bituminous coal fly ash and one sample each of

lignite and subbutiminous coal fly ash, bituminous coal bottom ash, and bituminous

coal boiler slag were sent to laboratories across the u.S., where they were

subjected to the various extraction procedures. The range of values from these

analyses is presented in Table 2-12. Although various extraction procedures were

utilized in this study only the EPA ,extraction procedure is presented due to its

regulatory significance. The results of the analyses presented in Table 2-12 are

based on a limited size sample and, therefore, no valid conclusions can be drawn

about the quality of the leachate from ash. However, one fact is evident from this

data: the variation in test results among the laboratories performing the same

extraction procedure on the same waste sample can be great.

*The quantities are presented in both English and metric units for consistency
within the text. The quantities as they are presented in the proposed test
methods are given only in metric units.
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Source: O. W. Weeter and M. P. Bahor.
Conservation and Recovery Act Upon Coal
Oak Ridge National Laboratory, February

Technical Aspects of the Resource
Combustion and Conversion Systems.
1979. ORNL/OEPA-10.
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Table 2-11

ANALYSES OF ASH POND DISCHARGES (in ppm)

Fl y Ash Po nd
Sub s t anc e Range Avg . Da t a Pts .

Arsenic 0 .01 1. 1 0 .38 3
Barium 0.2 0 .3 0 .25 2
Cadmium 0 .001 - 0 .037 0 .019 2
Chlor ide 6 7 6 .5 2
Chromium 0 .02 0 .067 0.044 2
Copper 0 .02 2 .4 0.91 3
Cyanide
I ron 1.44 - 6 30 211. 12 3
Lead 0 .01 0 .91 0. 33 3
Manganese 0.13 0. 48 0 .31 2
Se lenium 0 .002 - 0.33 0 . 12 3
Silver
Sulfate 209 - 358 283 .5 2
Zinc 0 .06 - 2 .2 1. 26 3

---- Bottom Ash Pond
Substance Range Avg. Data Pts .

Arsenic 0 .006 - 0 .018 0.012 2
Barium 0 . 1 0 .2 0 . 15 2
Cadmium 0 .001 - 0 .003 0 .002 2
Chloride 7 8 7 .5 2
Chromi um 0.009 - 0 .01 0.095 2
Copper 0 .041 - 0 .065 0.053 2
Cyanide
Iron 5 .29 5 .98 5.64 2
Lead 0.02 0 .02 0 .02 2
Manganese 0 . 16 0 .58 0 . 37 2
Selenium 0 .002 - 0 .011 0 .007 2
Si l ver
Su lfate 49 - 139 94 2
Zinc 0 .09 0 . 14 0 . 12 2

Combi ne d Ash Po nd
Substance Range Avg . Data Pts .

Arsenic 0 .005 - 0 .038 0 .038 9
Bari um 0.1 0 .2 0 . 19 10
Cadmium 0 .001 - 0 .005 0.002 6
Chloride 3 14 7. 2 10
Chrom ium 0 .004 - 0.043 0.015 10
Copp er 0.01 0 .08 0.042 10
Cyanide 0.01 0 .05 0.03 3
Iron 0 .23 2 . 3 0.8 10
Lead 0 . 01 0 .025 0 .014 10
Manganese 0 .01 0. 39 0 .09 9
Se l enium 0 .003 - 0 .065 0 .016 10
Si lver 0.01 1
Sulfate 59 - 156 109 .7 10
Zinc 0 .03 - 0. 12 0 .053 10

Source: Same as Tab le 2- 10.
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Table 2 .....12 i
REPORTS OF THE EP LEACHATE TEST ON COllL ASH

I

.-~,

'",
'"w

,

BITUMINOUS COAL SUBBIf- LIGNITE EPA
COAL I COAL

EPA HAZARDOUS

FLY ASH BOTTOM BOILER FLY kH FLY ASH LIMIT WASTE
ASH SLAG ,

NUMBER
+1 +2 +3 +1 +1 +1 i +1

pH
4. B7 TO 3.29 TO 4.15 TO 4.75 TO 3.60 TO 12.01 to 4.95 TO 3 TO 12 -
5 57 4.90 11. 22 4.90 I 11. 465.30 13.30 i

CALCIUM (Co)
36.6 TO 344 TO 75 TO 1.2 TO 1. 0 TO 6B2 rnl 310 TO - -
330.2 950 BOO 47.0 61.0 1900 ! 1300

<0.01 TO <0.01 TO <0.01 TO <0.01 TO <0.04 <0 01 rn <0.01 TO 5 DOliSILVER (Ag) 0.05 o 06 0.03 0.02 0.08 i 0.05

ARSENIC (As)
1<: D. 010 TO <0.015 TO <0.002 TO 0.002 TO <0.010 0.0031TO 0.004 TO 5 0004

2.046 1. 11 0 0.150 0.007 0.400 1. BO 0

BARIUM (Ba)
<0.5 0.01 TO 0.2 TO <0.10 TO 0.01 0.4 TO 0.10 TO 100 0095

0.72 0.4 o 50 125. oj 1.9B

<0.01 TO 0.02 TO <0.010 TO <0 01 TO 0.002 TO <o. OI°ITO <0.01 TO I 0006CADMIUM (Cd) 0.06 0.21 0.034 0.02 0.030 0.022 0.07

0.01 TO 0.06 TO 0.06 TO <0.01 TO 0.006 TO D. 06 ~O 0.031 TO
5 0007CHROMIUM (cr)

0.39 1.00 0.30 0.02 0.020 1. 30 0.070

MERCURY (Hg)
<0.001 TO <0.000\ TO <0.0010 TO <0.0001 TO

<0.005 <D. OO~ TO <0.002 0.2 00090.050 0.003B 0.0026 0.0003 0.003

<0.02 TO <0.03 TO <0.01 TO <0.01 TO <0.01 TO <0.01 10 <O.OI·TO
5 OOOBLEAD (Pb) 8.70 0.17, 0.30 0.10 0.30 0.20 0.40

0.10 TO <0.02 TO 0.010 TO <0.010 TO
<0.2 0.03~TO 0.0176 TO

1 0010SELENIUM (Se) 1. 56 0.50 1. 000 0.010 0.300 0.6500

NUMBER OF

41
LABORATORIES 16 5 7 5 3 7 - -

PARTiCIPATING

SOURCE: U.S. DEPARTMENT OF ENERGY AND ASTM FINAL REPORT, PHASE rrl COLLABORATIVE TEST
PROGRAM: ANALYSIS OF SELECTED TRACE METALS IH LEACHATE FROM SELECTED FOSSIL
EHERGY MATERIALS, 'JANUARY. 19BO I
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PHYSICAL ENGINEERING PROPERTIES

The physical and engineering properties of power plant ash which could be of

concern when the ash is to be disposed of in a dry landfill site are:

• grain-size distribution,

• moisture content,

• density,

• shear strength,

• compressibility,

• permeability,

• capillarity,

• frost susceptibility.

(

era±n~ze-5±str±bution -----------

Grain-size distribution is important because many engineering parameters are

related to the variation of particle sizes of the material. This distribution is

generally presented in graphical form in a grain-size distribution curve. The

particle size is plotted to a logarithmic scale on the horizontal axis, and the

percent of particles smaller than a particular size is plotted to a linear scale on

the vertical axis.

The characteristics of the grain-size distribution for a given material can be

defined from the grain-size curve. A material having a steep curve, for example,

has a very small range of particle sizes and is said to be uniformly-graded

(sometimes referred to as being poorly-graded). A material having a flat curve is

indicative of a well dispersed assortment of material particle sizes and the

material Ls. said to be well-graded. A well-graded material can be readily compacted

to a dense condition, and will generally develop greater shear strength and lower

permeability than uniformly-graded material.

As can be seen from Figure 2-2, fly ash is usually uniformly-graded material with

particles primarily in the silt range (particle diameters between 0.005 rom and

0.074 rom). Figure 2-2 describes the entire spectrum of fly ashes including those

from anthracite, bituminous, subbitumindus and lignite coals. The grain-size

distribution of the fly ash can be altered by blending it with the bottom ash or

boil'er slag.

(

(
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Figure 2~2. Range of Typical Ash Grain-Size Curves

Source: J.H. Faber and A.M. DiGioIa, Jr. Use of Ash for Embankment
Construction. Presented at the Transportation Research Board
Annual Meeting, January, 1976 (2). and Seals et.al., 1972 (3).
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The p a rticle s i ze o f f ly a s h ran ge s from 0 .001 rom to 0 .100 mm in di ameter for t he

glassy spheres , wi th a n average of 0 .007 mm , a nd from 0 .010 rom t o 0.300 mm i n

diamete r f o r the more angular c a rbon particles.

Figu re 2- 2 also indica t es t he r a ng e o f grain - size distr ibution s f or bottom ash and

boi ler s l a g . As in t h e fly ash d istr ibut ion the bott o m ash cur ves a re a lso re

presentative of al l available coal t ypes . Th e s e two materials wil l h a ve p a rticles

ranging i n s i ze fro m fin e s and to f ine grave l . Ge ne rally , the boi ler s lag wi ll be

more uniform i n size t h a n the bottom ash.

Moisture Content

The moisture content o f an ash i s a measure of t h e amount of wate r p resent i n the

vo ids in the ash . I t is o f i n t e r e s t because it determines both the weight and

behavior of t he ash . The weight o f a quantity o f ash is the sum of the we i g h t of

the solid ash particles as well a s t h e weight of any water in t he voids . Since the

weight of t h e wa ter c an be a s igni ficant f ract ion of the t o t a l, and s ince the cost

of h andling a nd tran sport i ng ash can be weight depe ndent, the quantit y o f water

included in t he a sh is a n i mport a n t cons ide r a t ion. Th e i nfluenc e of mois t u re

conten t o n f ly a sh b ehav ior can be e qua lly important . A p articular fly ash may be

a dusty powder or a soupy mu d , depending sole ly upo n moisture content . Thus ,

moisture content wi l l affect engineering p roperties s uch as compaction behavior a nd

she a r strength.

Moisture cont ent is e xpressed as a percentage of t h e ash 's dry we ight a nd i s

determined by d i v i d i ng t h e weight o f the water i n the vo i d s by t h e we i ght o f the

a sh when d r y and then multiplying th is quotient by 100. Due t o this method of

determ i nation , it i s quite poss ible to h ave moistu re conte nts in excess o f 1 00

percent . Two moisture contents are of importance to geotechnical eng ineers when

determin ing the p r oper compact ion p rocedures for ash to be p laced i n a l and f i ll .

....-hey are the natural , o r in-plac e , moistu re content and the optimum moisture

content . The optimum mo i s ture content of an ash is discussed i n the f o l l owi ng

section on dens ity , since it is re lated t o the max imum density obtained by com

p action in t he laboratory .

The in-pl ace moisture content is a function of t he deposition envi ronment of t he

ash . It will p rincipal ly be a function o f the storage method prior to d isposition

in the l a n d f i ll . The n atural mois t u re content of an ash should be known , so that

the quantity of water which must be added or r emo v e d to bring the ash to its

optimum moisture content for compaction can be calculated , if the ash is to be
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(, compacted when placed in the landfill. Typical values of natural moisture content

are 2 to 5 percent for silo-stored ash, and 50 to 100 percent for Laqcon-et.ored

ash.

Specific Gravity

Specific gravity is the ratio of the unit weight of the material to the unit

weight of distilled water at-a temperature of 39°F (4°C). The specific gravity for

most soils ranges from 2.5 to 2.8. Fly ashes normally have a specific gravity

which falls within the range of 2.1 to 2.9. The specific gravities of bottom ashes

and boiler slags typically have a range from 2.3 to 3.0. In general, boiler slags

will have higher specific gravities than bottom ashes.

Typical ranges of values are presented below:

SPECIFIC GRAVITY
TYPICAL RANGES OF VALUES

Density

Coal-Type

Bituminous
Subbituminous
Lignite

Fly Ash

2.3 to 2.6
2.1 to 2.6
2.5 to 2.9

Bottom Ash

2.3 to 2.8
2.3 to 2.8
2.9 to 3.0

Density, as defined for engineering purposes, is the weight per unit volume of

material. The density of fly ash is important because it influences the perme

ability, stiffness, and strength of the ash which, in turn, will affect the

settlement and stability of a fly ash landfill. As the density of a granular

material increases, so does its strength.

A portion of the total volume of the ash is occupied by pore spaces, or voids,

which can contain either air or water. If the pore spaces contain only air, then

the density of the ash is referred to as the dry density. If all or part of the

voids are filled with water, then the ash will have a wet density with a cor

responding moisture content. If all the voids are filled with water, the ash is

said to be in a saturated state.

Figure 2-3 presents ten fly ash moisture-density curves for Western Pennsylvania
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( bituminous fly ashes. Figures 2-4 and 2-5 present moisture-density curves for

Western United States seven lignite and subbituminous fly and bottom ashes. As can

be seen from these curves, the maximum dry density, as determined by the Modified

Proctor compaction .test (ASTM Test Designation D1557-70), 0-£ £ly ash can range from
3

75 to 120 pef (1200 to 1934 kg/m ) with corresponding optimum moisture contents of

30 to 10 percent. Typical ranges of optimum moisture contents and maximum dry

densities are provided below:

OPTIMUM MOISTURE CONTENT
TYPICAL RANGES OF VALUES

Coal Type

Bituminous
Subbituminous
Lignite

Fly Ash

13 to 30%
14 to 20%
10 to 12%

Bottom Ash

14 to 26%
12 to 23%
14 to 25%

-----------
MAXIMUM DRY DENSITY' (PCF)

TYPICAL RANGES OF VALUES

(
Coal Type

Bituminous
Subbituminous
Lignite

Fly Ash

75-105
70-102

104-120

Bottom Ash

72-116
65-76
85-110

•As determined by the Modified Proctor Compaction Test (ASTM Test
Designation D 1557-70).

Shear Strength

The shear strength of the fly ash which is placed in a landfill will determine the

steepness of fill slopes which can be safely constructed and the magnitude of

future loads which can be safely supported by the ash. Since the fly ash will

seldom be loaded in tension or hydrostatic compression, shear strength is the

primary strength parameter used in the design of fly ash landfills.

The shear strength of a soil is related to two engineering properties: cohesion

and the angle of internal friction. Cohesion is a measure of the shear strength

developed by the attraction of individual particles for one another. The angle of
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i n t ernal friction i s a measure o f the fr i ctio nal r e s i s tanc e betwee n pa rticles. Th e

magnitude of the s he a r str ength develop ed thr ough inte rpa r t icle friction is equal

to t he pr oduct o f the normal f o r ce app l ied t o the ma t e r ial and t h e t angent o f the

angle of i nt erna l f ric t i on .

Fl y a shes which do not have s e l f - ha r deni ng p roper t ies possess no cohesion ; however ,

they may e xhibit some appa rent cohes ion due t o capi l l a ry f o r c e s produced by pore

water . This appar ent cohe s ion c an be destroyed by complete dryi ng or sat uration.

Fl y ashes whi ch sel f -harden deve lop a streng t h which i s o f ten re f e r red t o as

cohes ion ; however , this st reng t h more c l ose l y r e s embles the chemical bonding

s t rengt h of c ement than t h e cohe s i ve s t rengt h of a soi l . Typi cal unc onfined

compressi ve strengt h ranges of some s e l f -ha r dening ashes are incl uded below :

UNCONFINED COMPRESS IVE STRENGTH (PSF)
TYPICAL RANGES OF VALUES

Coa l Type

Anthracite
Bituminous
Subb itumi nous
Li gni t e

0 Day Str engt h 7 Day St rengt h 28 Day Strength

400-1410 570-1690 900-21 0 0
260-2100 320-2000 25 0 - 323 0

18 00-2 83 0 950- 40 00 1 3 00 - 6 500
1 300-3470 44 , 280- 96 , 020 52 , 480- 141 , 000

The angle of internal friction o f bitumi nous fly ash varie s with the de gr e e of

compa c t i on and i s generally in t he r a nge of 25 ° t o 40 °. As with fly a s h , the she a r

s t r engt h of bottom ash and boiler s l ag will vary with t he degree o f compaction.

The angle o f internal fri c tion f or bottom ash and bo i l e r s lag in a loos e condi t i o n

c an vary from 38° to 42 .5° (~) .

Compressi b i l ity

The compress ibi lity o f a f ly ash f i l l de termines the rate and magnitude o f s e t t lement

o f a str ucture which m~y be founded on t he f i ll . Non-self- hardening fly ash behave s

s i mi l a r to a cohesive soil in terms o f cons o l i dat ion and set t lemen t . The str e s s i s

i nitially s ha red by t h e so i l s t r uc t ure and p ore water upon application o f a vertical

pr essur e . The e xcess po r e wa ter pressure g r adua l ly decreases as t he water i s

squeezed o ut of the pores , and as t he pore water pr e s s ur e decrease s , the l oad i s

t ransfe r r ed t o the f ly ash s t ructure , p r oduc i ng a volume change. Laborat ory

consol i da tion t ests have i ndicated that compact ion can s igni f icantly reduce the
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(
compressibility of fly ash. Typical ranges are presented below:

COMPRESSIBILITY'
TYPICAL VALUES

Bottom Ash
Fly Ash

1.4
1.8

•Percent of Original Height @ 50 psi (345k Pal

The amount of settlement that a foundation will experience from the load it applies

to a fly ash fill is proportional to the logarithm of the change in pressure caused

by the foundation load and the Compression Index" Co, The compression index for

Western Pennsylvania bituminous fly ashes has been seen to range from 0.10 to 0.25
------

1
( Permeability

A material is considered permeable if it has interconnected pores, cracks, or other

passageways through which water or gas can flow. Clean gravels can have a coefficient

of permeability as high as 3.12 x 10 7 ft/yr (30 em/sec) and clays can have a
-9

coefficient of permeability as low as 0.00104 ft/yr (10 em/sec).

The coefficient of permeability applies to the flow of water and was developed as

a convenient means of estimating the quantity of water which will seep through a

mass of earth in a given time period. The permeability of a soil mass is a function

of the viscosity of the water, the size and shape of the soil grains, the degree of

compaction, and the number of discontinuities present in the soil mass. The range

of permeabilities of coal ash compacted to its maximum dry density is reported

as follows:
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PERMEABILITY (cm/sec)
TYPICAL RANGES OF VALUES

(

Fly AshCoal Type

Bituminous
Subbituminous
Lignite

10-4
-5

1 x 10_
6

9 x 10

to
to
to

10-7
-6

3 x 10_
7

1 x 10

Bottom Ash

-2 -2
3 x 10_3 to 9 x 1°_3
1 x 10_3 to 6 x 1°_3
1 x 10 to 7 x 10

The permeabilities of self-hardening ashes, from subbituminous and lignite coals,

may decrease with time due to the chemical reactions occuring within the material.

Typioal permeability values relative to curing times for several self-hardening

ashes are presented below:

_------1'ERMEABILITY-CHANGES--'JF_SELF-"'IARDENING_ASHEJL _
(ALL VALUES IN CM/SEC)

Coal Type 0 Day 7 Day 28 Day

Subbituminous 2.8 x 10-5
5.2 10-6

4.4 x 10-6 (-6
3.0

x -6
10-6

7.3 x 10_5 x 10_5 3.0 x
1.6 x 1°_5 1.9 x 10_5 7.7 x 10-6

3.6 x 10 2.6 x 10 1.8 x 10-5

Lignits
-6

7.9
-7

1.2
-6

8.6 x 10_6 x 10_7 x 10_7
2.5 x 1°_6 4.8 x 10_7 4.7 x 10_7
2.0 x 10 1.4 x 10 3.2 x 10

Capillary Rise

Capillary rise is the physioal phenomenon in which a liquid, such as water, is

drawn into a tube of very small diameter due to the surface tension forces.

Because of its grain-size distribution, this same activity will occur in fly ash.

Capillary rise is of concern in the design of a fly ash fill because the fly ash

can become saturated by groundwater which is drawn up into the ash by capillary

action. If this occurs, the ash will lose some of its strength and the landfill

could become unstable. To eliminate the problem of capillary rise, a drainage

blanket is normally placed between the fly ash and the existing ground surface to

intercept the groundwater before it can enter the fly ash.

(
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( In one study, it was computed that the ·capillary rise in fly ash could range from

6 to 32 feet (1.8 to 9.6 m). Little if any information concerning the capillary

rise which has occurred at existing sites has been published.

Frost Susceptibility

Bottom ash and boiler slag have a low susceptibility to frostfreezing conditions.

Materials with a grain-size distribution, such as fly ash, are generally suscep

tible to frost heave when exposed to freezing temperatures and a source of water.

Frost heave in soils is caused by the freezing of the water in the soil pores. The

magnitude of heave is greatly influenced by the flow of ground water by osmosis

into the soil pores as the zone of freezing advances downward. The susceptibility

of a soil to frost heave is a function of the tensile strength of the soil and its

permeability. As the tensile strength increases and permeability decreases, the

ability of the material to resist frost heave increases. For this reason, self

hardening fly ashes are less susceptible to the problems of frost heaving than are

the non-self-hardening ashes. The only means of ·accurately determining if a

particular fly ash will be frost susceptible is to perform laboratory tests under
------

heave when well drained.

(

" ASH TESTING MATRIX

The selection of an ash management program which will provide the least cost

option to the utility is highly dependent on a number of factors. Of significant

importance is a knowledge of the ash properties such that viable disposal/marketing

scenarios may be developed. However, various ash properties are of importance to

each disposal/utilization option and only upon review of those properties will the

viable options be known. To this end, an ash testing matrix, shown in Figure 2-6,

delineates those primary and secondary properties which must be considered and

shows that each option may require additional analyses, etc. prior to initiation.

However, the properties and analyses contained herein will provide that initial

overview which will allow a logical selection of alternatives.

REFERENCES

1. T. L. Theis and R. o. Richter. "Chemical Speciation. of Heavy Metals in
Power Plant Pond Leachate. II Environmental Science and Technology, Vol. 13,
No.2, February 1979.
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Section 3

CURRENT DISPOSAL PHILOSOPHIES

INTRODUCTION

In selecting a new coal ash disposal system, it is helpful to look at existing ash

disposal systems and review, if possible, the rationale invqlved in the selection

of their location, ash handling method, and overall management practices. This

section presents an overview of current utility ash disposal systems, summarizes

state and regional ash disposal practices, and discusses ash disposal trends.

While most coal ash is currently handled in wet systems, the national trend is away

from wet disposal systems toward dry handling methods. A number of factors are

r~-~p~nsible for this'--~hange,---i~~-luding recent ~nvironmental regulations. Two

(
federal laws and their resulting regulations have been deemed most significant with

respect to their effect on coal ash disposal practices: the Federal Water Pollution

Control Act as amended by the Clean Water Act of 1977 and the Resource Conservation

and Recovery Act of 1976. The impact of federal guidelines on state regulations

for solid waste disposal is discussed in Section 4 of this manual. These guidelines

will also significantly affect future coal ash disposal practices. Additional

regulations implemented by individual states will result from these two laws and

will also greatly influence future coal ash disposal practices.

ASH UTILIZATION

An alternative to disposal of coal ash is utilization of the ash. A wide variety

of uses has been found for power plant ash. For some of the applications, criteria

have been established to specify the properties that a particular ash must have to

perform adequately in the givep application. Other uses have not been as well

documented or researched, and detailed material specifications have not been

developed; however, many have been performed sucoessfully. The categories listed

represent areas of utilization:

• Fill and cover material,

• Roadways and pavements,

( • Soil improvement,
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• Drainage,

• Pozzolan,

• Structural produots,

• Lightweight aggregate,

• Grout and mortar, and

• Metal extraction.

Pozzolan applications have historically represented the largest outlet for fly ash,

but the other areas are utilizing increasing amounts of coal ash as natural resources

continue to decrease in supply or availability.

DISPOSAL SYSTEM ALTERNATIVES

Ash disposal systems can be classified as wet, dry, or a combination of wet and

dry. The purpose of the following descriptions of these systems is to provide an

overview of physical characteristics, operation, and advantages/disadvantages.

Wet Systems

Wet ash disposal systems hydraulically transport ash from the power plant to an ash

disposal pond or ponds which function as large-scale sedimentation basins. Bottom

ash and fly ash can be placed in the same pond, in different ponds, or sluiced to

different areas of the same pond to enhance ash segregation. In general, bottom

ash, economizer and air heater ash, and pyrites (if not segregated from the ash

disposal system) are transported by the same sluicing system.

Fly ash is pneumatically transported from particulate removal devioes and collected

in a central area for sluicing. Ash sluicing systems are typically designed for

each generating unit in the plant, and incorporate special materials to resist

erosion by the ash slurry. Transport distances from the plant to the disposal area

are commonly less than one mile.

Ash entering the disposal pond settles, leaving a supernatant. The supernatant can

be treated and discharged, recycled, evaporated, or impounded. Local climate,

receiving stream water quality, and environmental regulations strongly influence

supernatant disposal. Ash cenospheres do not settle, and can cause operational

problems if present in a quantity sufficient to impede outlet weir and skimmer

functions. Cenospheres have to be collected, on an occasional basis, and removed

3-2
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( from the disposal site for landfill or sale. The area may either be operated as a

permanent disposal area, or may be sequentially filled, drained, and dredged as

discussed below under Combination Systems.

Wet site construction requires the building of an embankment, pond excavation, or

a combination of these methods. The possibility of groundwater pollution by ash

leachates may, in the future, lead to regulations requiring the siting of ash

basins in impermeable soils or the installation of liners. Exposed embankments

should be protected from erosion by vegetation or rip rap. Site closure normally

involves the placement of a soil cover over the pond surface and the diversion of

surface water from the site. For additional discussion of wet site design con

siderations, see the EPRI FGD Sludge Disposal Manual (!).

Due to the difficulties and expense of slurry transport over long distances, wet

sites are often located in the immediate proximity of power plants. Selection

factors center around environmental and cost considerations. In general, wet

disposal system advantages and disadvantages are as follows:
-----------

Advantages

( • Wet disposal operations are unaffected by transportation
strikes,

• Noise, dust, and traffic are reduced at the site and along
transportation routes,

• Slurry transport systems are unaffected by rising petroleum
(fuel) prices.

• Ash transportation and site operation are simpler and generally
less expensive than those of dry disposal.

Disadvantages

• High site development costs,

• Liner costs (if required) ,

• Larger quantities of leachate generated than with dry
systems,

• Larger disposal site volume required than with dry methods,

• Value of fly ash for reuse reduced,

• Operation inflexible with regard to future changes,

• Use of land after site closure, perhaps difficult and costly I

• Potential for spills of slurry,
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• Cenosphere collection and disposal problems, c
• Cannot be used to transport self hardening fly ash over long

distances.

Dry Systems

Dry disposal systems essentially entail the landfilling of ash conditioned with a

sufficient amount of water to aid placement. Bottom ash, usually hydraulically

transported from the boiler bottom to a dewatering bin or pond, is commonly trans

ported separately from fly ash. Fly ash is collected in storage silos for transport

to the disposal site. Bottom ash is relatively inert (see Section 2 - Properties

of Power Plant Ash) and has good porosity. As such, it is sometimes used to

construct drainage blankets and filters. Fly ash can be delivered to disposal

areas and spread with conventional earth-moving equipment. Depending on economic

oonsiderations and plans for the future use of the site after closure, the ash can

c.be coompact.ed., __If_.cnmpac.ted,_ the .r-equi.z-ed ..storage.....v_oLume ..is_re.duQ.sd_ aC.GQrcling.1y ~ng_

the site can be used for development such as housing, parks, golf courses, and

industrial sites, since compacted ash is capable of supporting moderate foundation

loads. Ash stored in this manner also usually retains its chemical properties.

Thus, dry disposal provides ash stockpiles for future uses, such as metal and

mineral extraction or construotion additives. It can also serve as a Source of

material for projects requiring structural fill material.

Dry sites can be designed and constructed to minimize the quantity of leachate

produced and other environmental problems such as wind and water erosion. Should

natural site conditions not appear ade~uate to protect groundwater, a liner can be

installed~or a drainage blanket can be used to collect leachate and. relieve hyd~o

static pressures within the fill. Surface water should be diverted around the

site. If the site is located in a valley, an earthfill dam or embankment may be

constructed at the toe of the disposal area to serve as a starter dike or to improve

stability. In addition, the site should be developed to the uphill limit of the

valley So that surface ~ater can be diverted around the site, thus avoiding the

installation of a buried storm water drainage system. For additional discussion on

dry site design considerations, see the EPRI FGD Sludge Disposal Manual (!).

While the transportation of dry ash is most commonly done by truck, it can also be

moved by rail, belt or pneumatic conveyors. Commonly used systems are discussed in

Section 5. For a more detailed discussion of transportation systems see the EPRI

FGD S~udge Disposal Manual (l).
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( As ash arrives at the site, it is usually dumped in piles and spread in layers. It

may be compacted to reduce the overall volume required or as part of the site

development plan. The addition of water at the site is sometimes necessary to

achieve sufficient moisture content for dust control and proper compaction. The

amount of Water required depends upon local weather, ash characteristics, and water

added prior to transport. Ideally, compacted fly ash fill slopes should be main

tained at 2 Qr 3 horizontal to 1 vertical to assure adequate slope stability, while

uncompacted fly ash slopes (placed and spread in layers) should have 3 to 5

horizontal to 1 vertical slope ratios. To control erosion and runoff, the slopes

should be benched at regular intervals. As each section is completed, it should

receive a topsoil cover and veget~tion.

Dry disposal systems may be the only economical disposal alternative when the

available ash disposal sites are distant from power plants, as discussed in Section

9. During the process of site selection, transportation and operational consid

erations should be incorporated with cost/environmental assessments. Advantages

and .9JE_~QY§Ylt~9§lLg~_.<iD'__ ~'!.~gP.Q_.!!-~J:._~:f_I?_;

Advantages 1

(

•

•
•

•
•
•

Lower development costs since extensive dams and dikes are not
required,

More efficient use of disposal area and volume,

Possible reclamation of- site for a specific land use after
closure,

Flexibility in operation,

Reduced leachate quantities,

Easier reclamation of ash for utilization than with wet dis
posal.

Disadvantages

• Need to control noise and dust problems,

• Operation subject to possible transportation strikes,

• Higher operational costs in most cases,

• Operational costs subject to rising fuel costs,

• Increased visual impact along transportation routes.
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Combination Systems

Several combinations of wet and dry disposal systems are possible, depending upon

ash oharacteristics and in-plant collection and handling systems. For example, a

combination system might involve pumping the ash slurry to a pond located close to

the power plant site. After dewatering, the coal ash can be excavated and trans

ported to a dry site for final disposal.

Another example of a combination system involves the handling of very reactive fly

ash. One method of handling the reactive ash is to transport it dry to the disposal

site. At the disposal site the fly ash is mixed with water and deposited into

ponds Where it cures and hardens.

OVERVIEW OF CURRENT UTILITY ASH DISPOSAL PRACTICE

The estimated total national ash production in 1979 (~) was 58.4 million tons (53

million metric tons).* Approximately 9.7 million tons (9 million metric tons) were
------------ ----- - - - --------------- --- ---- -- --- - ----------- - --- ------

utilized, and 48.7 million tons (44.2 million metric tons) required disposal. 25.1

million tons (22.8 million metric tons) were placed in wet disposal areas, while

24.4 million tons (22.1 million metric tons) were placed in dry and mine disposal

sites. Table 3-1 summarizes disposal practices by state and by EPRI region for

1979.

Regional Disposal Practices

Region 1, Northeast, includes Maine, New Hampshire, Vermont, Massachusetts,

Connecticut, Rhode Island, New York, Pennsylvania, Delaware, Maryland, Virginia,

and West Virginia. Overall Region 1 produced 22 percent of the national ash

production. Coal-fired plants are concentrated primarily in Pennsylvania, West

Virginia, Maryland, and Virginia. Pennsylvania produced 6 million tons of ash in

1979 (5.4 million metric tons), which was 10 percent of the national production. A

total of 4.3 million tons of Region lash (3.9 million metric tons) were placed in

wet disposal sites, and 6.1 million tons of ash (5.5 million metric tons) were

placed in dry disposal sites.

Region 2, Southeast, includes Tennessee, North Carolina, South Carolina, Georgia,

Alabama, Mississippi, and Florida. Region 2 produced approximately 11.7 million

* This estimate was based on a survey of power plants, larger than 200 MW, performed
by Michael Baker, Jr., rno , , (2).
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Source:

'rI\BLE 3-1
U,S, ASH PRODUCTION 1979

Michael Baker, Jr., Inc., EPRI Utility Survey, 1980
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tons of ash in 1979 (10.6 million metric tons), 20 percent of the national ash

production. Eighty-one percent of the ash generated was placed in wet disposal

areas, and 4 percent was placed in dry disposal areas. The remaining 15 percent

was sent to utilization projects.

Region 3, East Central, includes Ohio, Kentucky, Indiana, Illinois, Michigan, and

Wisconsin. Region 3 produced 17.4 million tons of ash in 1979 (15.8 million

metric tons), 30 percent of the national production. Ohio produced 24 percent of

Region 3 ash, and 7 percent of the national, ash production. Forty percent of

Region 3 ash was placed in wet disposal sites, and 50 percent was placed in dry

disposal sites.

Region 4, West Central, includes Minnesota, Iowa, Missouri, Kansas, Nebraska, South

Dakota, and North Dakota. Region 4 produced 4.8 million tons of ash in 1979 (4.4

million metric tons), 8 percent of the national production. Sixty percent of

________Re..gion_4_ash _walL_pla.oeJ:Lin_wet ....disRQSal_---.Si.t_ill:l_and l~r.QEill.t_ was---l2-J,_~c:edJ!LQ1;:Y _

disposal sites.

Region 5, South Central, includes Arkansas, Louisiana, Oklahoma, and Texas.

Region 5 produced 4.8 million tons of ash in 1979 (4.4 million metric tons), 8

percent of the national ash production. Three percent was placed in wet disposal

sites, and 74 percent was placed in dry disposal sites.

Region 6, West, includes Wyoming, Montana, Colorado, New Mexico, Arizona, Utah,

Idaho, Washington, Oregon, Nevada, and California. Region 6 produced 7.0 million

tons of ash in 1979 (6.4 million metric tons), 12 percent of the national production.

Nineteen percent was placed in wet disposal areas, and 66 percent was placed in dry

disposal areas.

ASH DISPOSAL TRENDS

Overall, wet ash disposal, 43 percent of the national production, is used slightly

more than dry ash disposal, 42 percent of the national production. Wet disposal is

predominant in the Southeast and West Central regions of the country, while dry ash

disposal is predominant in the Northeast, East Central, South Central, and West

regions of the country. As discussed in Section 9 of this manual, there are

several factors ~hich influence ash disposal practices and costs. These factors

include:

• Disposal site topography,

3-8

(

- Doc. Ex. 107 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



~ .r-:-; ~

w
I

co

.~

UTAH

6

1\-1.0

U-l.O

<,
"<.

EPRI REGIONS

1. NORTHEAST

2. SOUTHEAST

3. EAST CENTRAL

4. WEST CENTRAL

s. SOUTH CENTRAL

6. WEST

tiOliTH'--·
oAKO T"

N[8R.l.S1\:"

r:OlORAQO

p;AN US
U-Ll

'NEW MDI CO

TEXAS

5

,-..1--- '!',--~'

A" ASH PRODUCED

U "ASH UTILIZED

TONS x 106

Figure 3-1. Regional Breakdown of U.S. Electrica~ Utility Ash Production, 1979
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• Land availability and location,

• Water availability,

• Ash properties.

Generally, wet ash disposal is the lowest operating cost alternative when the

disposal site can be located near the power plant (less than 1 mile), and the

disposal site topography lends itself to embankment construction. For instance, a

narrow valley could be easily developed into a wet disposal site with a minimum of

embankment construction.

Future Trends

Coal-fired electrical generating capacity is expected to increase auring the 1980s

(see Table 3-2). While difficult to predict, ash disposal for new sites will

probably be dry rather than wet. Reasons for this trend include:

• Increased ash marketability,

• Increasingly stringent environmental regulations for surface water and
groundwater protection.

Ash marketability, particularly for fly ash, is likely to increase for several

reasons. Section 6000 of RCRA currently proposed regulations are intended to

stimulate the use of ash in concrete used by the federal government. The current

classification of ash as non-hazardous, discussed in Section 4 of this manual, may

help to increase the use of ash as landfill and construction material.

Currently proposed New Source Performance Standards for ash transport water,

discussed in Section 4 of this manual, would require either the recycling or

treatment of fly ash Sluicing water. The cost of a recycle or treatment system for

ash transport water would increase the cost of wet ash disposal. Further additional

wet disposal costs could be brought about by site liner requirements. Wet disposal

sites require a larger disposal volume than do dry sites, due to lower in-place ash

densities; therefore, wet sites usually require a larger surface area than dry

sites, and larger site liners for groundwater protection. In addition, liners for

wet sites are usually placed under the entire site prior to site operation, while

dry site liners can be developed in stages as the site develops.
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( Table 3-2

EXISTING, PROJECTED, A~D CQWERTED COAL
GENEPATING CAPACITY - APRIL 1979

Converted from Projected
Existing oil New Construotion Total

State MW Rank -"!!i...... Rank ~ Rank MW Rank

Alabama 10412 9 5138 10 15550 7
Alaska 54 '0 ll5 40 169 46
Arizona 2987 20 2753 25 5740 26
Arkansas 512 36 2800 23 3312 35
California 0 1600 33 2.600 38
Colorado 2846 23 8874 4 11720 14
Connecticut 0 934 5 0 934 41
Delaware 341 39 392 10 446 39 1179 40
Florida 4528 15 616 8 6678 7 11822 13
Georgia 10566 8 163 12 3814 12 14543 9
Hawaii 0 0 0
Idaho 0 0 0
Illinois 16750 3 520 9 3932 II 21202 6
Indiana 14706 4 9233 3 23939 3
Iowa 4247 17 3347 18 7594 20
Kansas 2647 24 3010 21 5657 27
Kentucky 12337 6 10676 2 23013 ,
Louisiana 0 6702 6 6702 24
Maine 0 99 14 568 37 667 42
Maryland 1780 28 668 6 2046 32 4494 31
Massachusetts 0 2785 2 0 2785 36
Michigan 10348 10 641 7 2782 24 lJ7il 1O

---··-Minn~sota-·- - '·-4473· 16 35'50- 13 8023 '19
Mississip\;li 1283 32 2496 29 3779 34
Missouri 10265 11 3007 22 13272 H

Montana 939 35 1556 34 2495 37

(
Nebraska 1151 33 27lC 26 3861 33
Nevada 1978 26 2550 28 4528 30
New Hampshire 459 38 l50 13 0 609 43
New Jersey 1687 30 1593 3 1100 35 4380 32
New Mexico 2927 21 3398 16 6325 25
New York 2547 25 3876 2460 30 8883 17
North Carolina 1.1259 7 2217 31 13476 11
North Dakota 170S 29 3390 17 5095 29
Ohio 23379 1 3213 19 26592 1
Oklahoma 1144 34 7015 5 8159 18
Oregon 0 560 38 560 44
Pennsylvania 18706 2 230 11 6447 8 25383 2
Rhode Island 0 2 62 15 0 62 47
South Carolina 3511 18 3430 15 6941 22
South Dakota '88 37 0 486 45
Tennessee 10048 12 0 10048 15
Texas 7880 13 14783 1 22653 5
ut ah 1847 27 5700 9 7547 21
vermont 30 4l 0 30 48
Virginia 2899 22 1454 4 840 36 5193 28
Washington 1330 31 0 1330 39
West Virginia 12605 5 2668 27 15273 8
Wisconsin 5a80 14 3205 20 0086 16

W'loming 3410 19 ~ 14 ~ 2J

TOTAL 228891 14183 154298 397372

Source: U. S. Department of zne rqy , Inventory of Power Plants in the United States - April 1979
Energy Information Administration, "DE/EIA-C09S. May 1979
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Section 4

IMPACT OF SOLID WASTE DISPOSAL REGULATIONS
ON NEW DISPOSAL SITES

INTRODUCTION

Increased public awareness of the potential consequences of solid waste disposal

has led to increased government regulation of siting, design, operation, closure,

and financial aspects of solid waste disposal sites. Prior to the current re

gUlations, solid waste disposal was administrated primarily by state and local

agencie~. Generally in the past l if a solid waste regulation existed, it was most

likely based on "garbage" disposal and included requirements such as daily cover to

prevent rodent infestation and uncontrolled fires. Clearly, these regulations did

-------:nut-app-ly-tUCloa:1-as .

(

(

This section discusses, in overview, federal legislation and regulations which

pertain to utility coal ash disposal. Further summary information of state solid

waste regulations for siting, design, and closure criteria are presented for the

ten greatest ash producing states in the United States.

FEDERAL LEGISLATION

The federal government has recently taken an active role in the control of coal ash

disposal. Discharge of the ash pond supernatant and landfill runoff to surface

waters had previously been allowed with only minimal requirements concerning water

quality. Similarly, the potential for groundwater contamination by leachate from

ash disposal sites has only recently become an area of concern. Other aspects of

ash disposal which have received recent attention include concern for its use in

filling wetlands and abandoned mines, and the handling and transportation of the

material. Table 4-1 summarizes federal legislation which could affect ash handling

and disposal.

Many of the laws listed in Table 4-1 apply only in special cases. For example, the

provisions of the Federal Coal Mine Health and Safety Act are only applicable to

situations where ash is disposed in, or adjacent to, coal mines. In addition to

the federal laws listed in the table, state and local laws, and regulatory decisions

may apply to ash disposal practices.
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Table 4-1

FEDERAL REGULATORY FRAMEWORK FOR DISPOSAL OF COAL ASH

...
I
~

Possible Environmental Impact

Surface water contamination

Groundwater contamination

Waste stability/ consolidation

Fugitive air emissions

Contamination of marine
environment

Legislation

Clean Water Act of 1977

Resource Conservation and Recovery Act of 1976

Safe Drinking Water Act of 1974

Dam Safety Act of 1972

Surface Mining Control and Reclamation Act of 1977
I

Occupational Safety and Health Act of 1970

I

Federal Coal Mine Health and Safety Act, of 1969

Clean Air Act

Hazardous Materials Transportation Act of 1969

Federal Coal Mine Health and Safety Act' of 1969

Occupational Safety and Health Act of 11970

Marine Protection Research and Sanctuaries
Act of 1972

Administrator

Environmental Protection Agency

Environmental Protection Agency

Army Corps of Engineers

Office of Surface Mining
Reclamation and Enforcement

Occupational Safety and
Health Administration

Mining Enforcement Safety
Administration

Environmental protection Agency

Department of Transportation

Mining Enforcement
Safety Administration

Occupational Safety and
Health Administration

Environmental Protection Agency

Source:
National

r~"

J. W. Jones, "Disposal of Power Plant Wastes," In Proceedings o~f Energy/Environment III,
Conference on the Interagency RED Program, Washington, D. C., 1'978, EPA-600/9 78 022.

I

/-"

The Third

/'-:'\
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( The two federal laws which have the greatest impact on coal ash disposal are:

• The Resource Conservation and Recovery Act of 1976, (RCRA).

• The Clean Water Act of 1977 (CWA).

Resource Conservation and Recovery Act

The Resource Conservation and Recovery Act was enacted on October 21, 1976, with

the stated principal objectives of promoting the protection of human health and the

environment, and conserving valuable material and energy resources. These objectives

are to be achieved by:

• Providing technical and financial assistance to state and local
governments for the development and implementation of solid waste
management plans.

• Providing training grants in solid waste occupations.

• Prohibiti~g future open dumping on land and requiring upgrading or
closing of existing open dumps.

• Regulating the treatment, storage, transportat~on, and a~sposal~-------------------------+

hazardous wastes.

( • Promulgating guidelines for solid waste management practices and
systems.

• Conducting a research and development program for improved solid
waste management and resource conservation techniques.

• Demonstrating improved solid waste management and resource conserva
tion and recovery systems.

• Establishing a cooperative effort among federal, state, and
local governments and private enterprises.

The RCRA was preceded by two other laws which dealt with the handling of solid

wastes. These laws were the Solid Waste Disposal Act of 1965, PL 89-272 and the

Resource Recovery Act of 1970, PL 91-512.

The Solid Waste Disposal Act was an amendment to existing air pollution legisla

tion. The primary objective of the act was to identify and quantify the municipal

solid waste disposal problem. Coal ash was placed in the same category as sanitary

landfills. Under this act, the 1968 National Survey of Solid Waste Practices

discovered that only around six percent of land disposal facilities met minimum

sanitary landfill criteria. Based on the results of the survey, the Resource

Recovery Act of 1970 was passed to provide the information needed by Congress to

determine which type of federal legislation would be most effective in the area of

4-3
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solid waste management.

The Resource Recovery Act called for a comprehensive report on hazardous wastes and

provided for the promulgation of guidelines for resource recovery, collection, and

disposal. However, these guidelines were mandatory only for federal facilities and

had no impact on the utility industry. As a result of the information obtained

under this Act, the Resource Conservation and Recovery Act was passed in 1976.

The intent of the ReRA is to "close the loop" in pollution control. Although

enacted in 1976, initial hazardous waste regulations were not finalized until

May 19, 1980, and then only in part. Based on these regulations,-fly ash and

bottom ash have been defined as non-hazardous materials. However, the Environ

mental Protection Agency (EPA) is currently studying the impact of coal ash on the

environment. Ultimately coal ash's regulatory status will be based on the results

of these studies. Table 4-2 summarizes the EPA regulations pursuant to RCRA.

Table 4-3 presents the organization and contents of the subtitles which comprise

the ReBA. As can be seen in Table 4-3, -non-hazardous material disposal is regu

lated by RCRA Subtitle D, Section 4000, and the implementation and enforcement of

the section is to be accomplished by the states. Hazardous waste disposal 'is

regulated by RCRA Subtitle C, Section 3000, and the implementation and enforcement

of this section is by the EPA. Figure 4-1 provides a flowchart for the identifi

cation of those regulations pertaining to a particular waste.

Current EPA Study. The EPA is currently studying utility waste disposal practices

and plans to publish the results in late 1983. As part of this overall study, the

EPA is undertaking a two-part study of coal ash disposal practices. The first part

of the study was conducted in the spring of 1979 and involved a survey of ash

disposal site characteristics and management practices. The purpose of the survey

was to identify representative sites for detailed future study. The second part of

the study will include field testing and groundwater monitoring at selected sites.

The purpose of these field studies is to assess the environmental impact of current

disposal practices with an emphasis on groundwater quality. The results of these

studies will influence future revisions of the RCBA regulations concerning

disposal of utility solid wastes.

To overview the EPA studies ahd comment on the rule-making process, a group of

utilities has formed an ad hoc organization called the Utility Solid Waste

Advisory Group (USWAG), under the auspices of the Edison Electric Institute
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Table 4-2

5/19/80 Part II

7/31/79 Part III

9/l3/79 Part IX
Cas corrected 9/2l/79]

3/26/79 Part II

5/l9/80

260

256

257

24l

l23

SUMMARY OF EPA REGULATIONS PURSUANT TO THE RESOURCE CONSERVATION AND RECOVERY ACT OF 1976

40 CRF Part Corresponding RCRA Section and DescliPtive Title Federal Register Date

122 and 124 Section 3005: Permits for Treatment, storLge, and Disposal of 5/19/80 Part X
Hazardous Waste I

Section 3006: Guidelines for Authorized srate Hazardous Waste
Programs

Section 1008: Landfill Disposal of Solid rastes - Proposed
Guidelines

Sections 4002 and 4003: Guidelines for Derelopment and Imple
mentation of State Solid Waste Management rlans

Sections 1008 and 4004: Criteria for Classification of Solid
Waste Disposal Facilities and Practices l
Definitions used in other Parts correspond'ng to the 3001
through 3004 rules, and general provisionsl applicable to these
Parts

..
I

'"

26l

262

263

264

265

Section 300l, Identification and Listing if Hazardous Waste

Section 3002: Standards Applicable to GeJrators of
Hazardous Waste

Section 3003: Standards Applicable to Tr sporters of
~~_e I

Section 3004: Standards Applicable to gers and Operators
of Hazardous Waste Treatment, Storage, an Disposal Facilities
Supplemental Notice of Proposed Rulemakin

Section 3004: Interim Status Standards Applicable to Owners
and Operators of Hazardous Waste Treatmen~, Storage, and
Disposal Facilities

5/l9/80 Part III

5/l9/80 Part V

5/19/80 Part VI

5/l9/80 Part VII

lO/8/80

5/l9/80 Part VII
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Table 4-3

RESOURCE CONSERVATION AND RECOVERY ACT
ORGANIZATION AND CONTENTS

Subtitle A - General Provisions

Sections 1001 through 1008
Contains table of contents, objectives, definitions, etc. Under
Section 1008, guidelines for minimum acceptable solid waste management
practices are mandated.

Subtitle B - Office of Solid Waste; Authorities of the Administrator

sections 2001 through 2006
Establishes an Office of Solid Waste within EPA

Subtitle C - Hazardous Waste Management

Section 3001
Authorizes EPA criteria for identifying hazardOUS wastes and a listing
of wastes presumed hazardous

Section 3002
Standards for generators of hazardous wastes

Section 3003
Standards for transporters of hazardous wastes

Section 3004
Standards for siting and operation of hazardous waste treatment,
storage and disposal facilities

Section 3005 and 3011
Defines permitting requirements and federal and state authority

Subtitle D - State or Regional Solid Waste Plans

Sections 4001 through 4009
Contains provisions for State Regulatory control of non-hazardous
solid wastes in compliance with federal standards. Section 4004
provides for minimum standards for non-hazardous solid waste disposal
sites.

Subtitle E - Duties of the Secretary of commerce in Resource and Recovery

Sections 5001 through 5004
Establishes Department of Commerce as lead agency in enoouraging
resouroe recovery.

Subtitle? - Federal Responsibilities

sections 6001 through 6004
Deal with responsibilities of government agencies

Subtitle G - Miscellaneous Provisions

Section 7001 through 7009
Contai~s provisions for citizen suits, dealing with imminent hazards,
jUdicial review, etc.

Subtitle H - Research, Development, Demonstration and Information

Sections 80Ql through 8007
Authorizes and funds research studies demonstration projects and
dissemination of information
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c---------1: RCRA SOLID WASTE fiol~I----

(

I GARBAGE, REFUSEI
OR SLUDGE I

'.

I WASTE MATERIAL I

ISOLID, LIQUID, SEMI-SOLr~
OR CONTAINED GAS "I

EXCEPTIONS

DOMESTI C SEWAGE

CWA POINT SOURCE DISCHARGE

IRRIGATION RETURN FLOW

AEC SOURCE

IN-SITU MINING WASTE

NOT EXEMPTED

EXEMPTED

.. '.
INOT A RCRA I
SOLID WASTE

(
••

CONSIDERED
NON-HAZARDOUS
BY DEFINITION

BOTTOM ASH
FLY ASH

EXCEPTIONS FROM HAZARDOUS
WASTE DESIGNATION

HOUSEHOLD WASTES

AGRICULTURAL WASTES

SEWAGE SLUDGE

NO

DOES THE WASTE
EXHIBIT CHARACTERISTICS
AS SPECIFIED IN 251C

YES

!
I

•

IGNITABLE
CORROSIVE
REACTIVE
TOXIC

THE WASTE IS A NON
HAZARDOUS WASTE

CONTROLLED UNDER
SUBTITLE D

YES

,.
THE WASTE IS A HAZARDOUS WASTE

CONTROLLED UNDER SUBTITLE C

Figure 4-1. Flow Chart For Determining Applicable RCRA Regulations
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(EEl). Other organizations are also conducting studies as to the effect of proposed

RCRA regulations and coal ash disposal practices. These include the American

Society for Testing and Materials (ASTM), the Department of Energy, and the

Electric Power Research Institute (EPRI).

If the EPA'S study concludes that coal ash is a hazard to human health or the

environment then coal ash may be subject to Subtitle C requirements.

SUbtitle C Regulations. Subtitle C, Section 3000, calls for the promulgation of

regulations to identify those wastes which are hazardous, and to control the

transportation, treatment, storage, and disposal of such wastes.

To determine whether a solid waste is hazardous and subject to the disposal re

gulations of Section 3004, or non-hazardous and subject to the less stringent

disposal requirements of Section 4004, the EPA has developed a hazardous waste

classification-crlteria~ These criteria aye described-In-the Federal-Register,-

May 19, 1980. A waste is classified as hazardous if it exhibits the characteristics

described below:

(

• Ignitabi1ity

--A waste is ignitable if a representative sample of the waste
is liquid and has a flash point less than 140°F (60°C) as
determined by using ASTM Standard D93-79 or 03278-78; is not
liquid and can cause a fire through friction, absorption of
moisture, spontaneous chemical change, such that when ignited
to burn so vigorously and persistently that it creates a
hazard; is not liquid and when ignited will burn vigorously
enough to create a management hazard; or is an ignitable
compressed gas. Fly ash and bottom ash are not ignitable
wastes.

(

• Corrosivity

--A waste is corrosive if a representative sample of the waste is
aqueous and has a pH less than or equal to 2.0, or greater than
or equal to 12.5. Another proposed criteria is if the waste
corrodes SAE 1020 steel at a rate greater than 0.250 inch per
year at a temperature of 130°F (55°C) as determined by using
the National Association of Corrosion Engineers Standard TM-Ol-69.
Some slurried fly ash can have a pH as low as 2.0 or as high as
12.5. However, values of either extreme are not common.

• Reactivity

--A waste is reactive if a representative sample of the waste is
normally unstable and will undergo violent chemical change
without detonating; reacts violently with water or forms
potentially explosive mixtures with water or generates toxic
gases when mixed with water in a quantity sufficient to present

4-8

- Doc. Ex. 119 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



(

•

a danger to human health or the environment; is capable of
detonation or explosive reaction; or can be classified as an
explosive under other federal regulations.

Toxicity

--A waste is classified as toxic if the extract of that waste,
obtained by using the Extraction Procedure (EP), has a con-
taminant concentration in excess of 100 times the drinking
water standards. The extract is analyzed for contaminant con
centrations by using the atomic absorption techniques described in
"Methods for Analysis of Water and Wastes I It Environmental Protection
Agency, Office of Research and Development, Cincinnati, Ohio,
March 1979, (EPA.-600/4-79-020) and l1Methods for Benzidine,
Cholorinated Organic Compounds, Pentach~orophenol, and Pesticides
in Water and Waste water, II September 1978, Environmental Pro-
tection Agency, Environmental Monitoring and Support Laboratory,
Cincinnati, Ohio. The values for the allowable contaminant
extract level listed in Table 4-4 are based on 100 times the
National Interim Primary Drinking Water Standards. Some coal
ash leachates may exhibit heavy metal toxicity. However, as
presently regulated, even if the extract of a particular fly ash or
bottom ash has a contaminant concentration in excess of the allowable
limits given in Table 4-4, it would be classified as a non-

--------------h-az-a-rdou-s-wast-e-an-d-be-sub:j.-ect--t--o-regu-l-a-'C--ion-unde-r-See:t-i-on----------------f
4004 of ReM.

( Subtitle D Regulations. Subtitle D, Section 4000 is of specific interest to the

electric utility industry. It calls for the EPA to publish guidelines for the

development of comprehensive state of regional non-hazardous solid waste management

programs. These wastes include fly ash and bottom ash generated from the com

bustion of coal. The exclusion of these ashes from hazardous listing could be

temporary, as mentioned before, pending the results of the comprehensive utility

waste study being conducted by the EPA.

Section 4004 of Subtitle Dis important to utilities since it specified minimum

performance standards for non-hazardous solid waste disposal areas. The criteria

established by the EPA are discussed later in this section.

Solid Waste Disposal Guidelines. Subtitle A, Section 1008 of RCRA contains

guidelines which identify and describe available solid waste management practices

that provide for the protection of public health and the environment. The

proposed guidelines entitled "Guidelines for the Landfill Disposal of Solid

Wastes," were issued by the EPA on March 26,1979 (44 FR l8138). These guidelines

will replace 40 CFR 241. The proposed rule states "The purpose of these guidelines

is to suggest preferred methods for the design and operation of those solid

waste disposal facilities which employ landfilling techniques. The decision as
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Table 4-4

MAXIMUM CONCENTRATION OF CONTAMINANTS FOR
CHARACTERISTICS OF EP TOXICITY'

(

EPA National Interim
Hazardous Primary Drinking Allowable

Waste# Metal Water Standard rng/l Extract Level, mg/l

0004 Arsenic 0.05 5.0

0005 Barium 1.0 100.0

0006 Cadmium 0.01 1.0

0007 Chromium 1.05 5.0

DQ08 L~a_9. 0.05 5.0
-- - - - - - - -

0009 Mercury 0.002 0.2

0010 Selenium 0.01 1.0

0011 Silver 0.05 5.0 (
\.

0012 Endrin 0.0002 0.02

0013 Lindane 0.004 0.4

0014 Methoxychlor 0.1 10.0

0015 Toxaphene 0.005 0.5

0016 2,4-D 0.1 10.0

0017 2,4, 5-TP Silvex 0.01 1.0

*Source: May 19, 1980, Federal Register, Page 33122, which is based on 100
times the Primary Drinking Water Standards.
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( to what mix of these and other practices will be required to meet regulatory

standards for land disposal will be a matter of state concern. II The guidelines are

intended, therefore, to assist the states in the development of their solid waste

management plan.

The EPA1s Solid Waste Disposal Guidelines are divided into the following sections:

site selection, design criteria, leachate control, gas control (not a problem with

ash), runoff control, site operation, and monitoring. A brief summary of each

section of the guidelines which may be applicable to ash disposal are contained in

the following paragraphs.

Site Selection. Site selection for solid waste disposal sites is to be based

upon an evaluation of ground and surface water conditions; geology, soils, ahd

topographic features; solid waste type and quantity; and social, geographic,

and economic factors. Aesthetic and environmental impacts are also to be

considered. To insure that these factors are given proper consideration, the

----------EPA-nas recomrnena.ea-t:n-e-f5IIowings1~'E"eSelece-ionproceau

• Environmentally sensitive areas, while not prohibited, should receive
lowest priority as potential disposal sites.

• Applicable requirements of the Clean Water Act and the Endangered
Species Act must be complied with.

• Zones of active faults and karst terrain should be avoided.

• Cost effectiveness should be considered.

• Sites traversed by sewage, water, or other pipes should be
rejected.

• On-site soils should be evaluated with respect to their effect on
performance and operation of the site.

• Sites should be accessible in all weather conditions.

• The socia-economic effect of the disposal site on neighborhoods
in which the site is located and through which vehicles must
travel should be evaluated.

Design Criteria. The EPA has outlined the following steps for the design of

non-hazardous solid waste disposal sites:

• The quantity of waste to be disposed should be used as a basis
for design.
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• Groundwater resources in the vicinity of the site should be
surveyed to establish background data on waterqualitYi depth,
direction, and rate of flow of groundwater; and potential
interaction between the 'landfill and ground and surface waters;
and hydraulic conductivity and attenuating capacity of the
site soils.

(

• The quality, quantity, source, and seasonal variations in the
surface waters of the area should be determined.

• The location of the IOO-year floodplain should be determined.

• A water balance for the site should be established.

• Leachate control measures should be incorporated as required.

• An analysis of environmental impacts, economic factors, future
use, and Waste characteristics and their impacts should be
included.

• Minimum requirements for design, construction, operation and
maintenance plans are also included in the guidelines.

Leachate ContrOl. The guidelines identify two approaches which can be taken

in the management of leachate. One approach involves relying solely on the

attenuating capacity of soil while the other relies on containment of leachate

generated at the site by liners. Under the guidelines, leachate control

systems which adopt either of these approaches or fall somewhere between these

extremes may be used. The four alternate designs shown in Figure 4-2 are

included in the guidelines. The following are also recommended:

• Unless the groundwater in the area is already unusable, the
bottom of the landfill should be maintained at least 5 feet
(1-1/2 meters) above the seasonal high water table.

• Runoff diversion structures, capable of diverting all runoff
from a IO-year, 24-hour storm, should be constructed.

• If needed, dikes to prevent inundation by the IOO-year flood
should be included.

• Final grade of the landfill should be between 2 and 30 percent
so that erosion and infiltration are minimized.

• Terraces should be included at 20-foot (6 meter) vertical
intervals.

• The final soil cover should be seeded to minimize erosion and
maximize evapotranspiration.

(

• Either low permeability or high permeability soils should be
used as cover depending upon design considerations for leachate
control.
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(

-_..._- sz
CASE I CASE n

NATURAL HYDROGEOLOGIC CONDITIONS
SUFFICIENT TO PREVENT CONTAMINATION,
NO CONTROL REQUIRED

LINER REDUCES AND CONTROLS LEACHATE
QUANTITY AND IMPROVES QUALITY BY SOIL
ATTENUATiON. ADDITIONAL LEACHATE
IMPROVEMENT BY DILUTION OR ATTENUATION
IN SITE SOiLS

(

\sWiRe

LINERS

LEACHATE
COLLECTION

LINEA

WASTE

LEACHATE ---'< ~~~~~ffi~i!E!c
COLLECTION
SYSTEM

sz
CASElli CASEN

NATURAL CONDITIONS PROVIDE ONLY
MINIMUM LEACHATE IMPROVEMENT. LINER
AND LEACHATE COLLECTION REQUIRED.

NATURAL CONDITIONS PROVIDE LITTLE OR
NO LEACHATE IMPROVEMENT. MULTIPLE
LINERS AND LEACHATE COLLECTION REQUIRED.

Figure 4-2. Leachate Control Methods for Non-Hazardous Waste Disposal Sites
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• Liner materials sho~7d have a coefficient of permeability of
0.1 ft/year (1 x 10 cm/sec) or less.

(

• Minimum thickness for in-place or constructed soil-liners is 12
inches (30 centimeters) and for synthetic membranes is 20 mils.

• Synthetic liners should rest on and be covered by sUfficient
granular material to prevent puncture.

• Liner grades of one percent or more are required.

• Collected leachate must be treated before discharge.

Runoff Control. The following requirements for runoff control are also

included:

•

•

•

Locate the landfill in an area where drainage from adj acent
lands onto the site is mi.ni.mel.,

Construct suitable runoff diversion ditches surrounding the
site.

Slope the landfill surface to grades not in exoes s of 30 percent.

• Use well compacted, fine-grained soil for final cover.

• Route off-site runoff and uncontaminated on-site runoff to'a
sedimentation basin prior to discharge. Contaminated on-site
runoff must be collected and decontaminated prior to discharge.

(

Site-Operation. Many of the recommended operating procedures are not relevant

to ash disposal sites since they are directed primarily toward sanitary

landfill practices. A few which are applicable to ash include:

• The completed landfill should be covered with 6 inches (15
centimeters) of clay and 18 inches (45 centimeters) of soil
capable of supporting vegetation.

• The waste should be compacted to conserve site capacity.

• Records of waste received, both quantitative and qualitative,
Should be maintained.

• An on-site source of water for dust control should be provided.

• The landfill should be maintained in an aesthetic manner.

• Upon site closure, a long-term maintenance'program should be
instituted.

Site Monitoring. A groundwater monitoring system should be installed if the

landfill has potential for discharge to underground drinking water sources,

No groundwater or leachate monitoring wells should be installed through the
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( bottom of the landfill. Samples should be collected from the monitoring wells

prior to commencement of disposal operations at the site so that a background

level for water quality can be established. Refer to Section 7 for a discussion

of monitoring practices.

Criteria for Solid Waste Disposal. The EPA has also published "Criteria for

Classification of Solid Waste Disposal Facilities," promulgated under Subtitle D,

Section 4004 of the RCRA, which establish performance standards for the land

disposal of solid waste. The criteria were issued by the EPA on September 13, 1979

(44 FR 53438). The criteria are designed to define the level of health and

environmental protection which a land disposal facility must achieve to avoid the

designation of an "open dump. II

The test for compliance with the criteria is whether there will be "no reasonable

probability of adverse effects on health or the environment" associated with

disposal of solid waste at a facility. This is a case by case decision based on

------~1;he-pa-;'Et-ieu1-a-r-G-i-r.Gums-tanGe-s~fo,und---at-each--si-te.•-----------------------------t

(
The relationship between the guidelines and the criteria is that "the guidelines

are an informational resource which can assist state officials and site operators

in determining the particular set of Waste management practices which are

needed to achieve compliance with the criteria at each site. 1I A site could also

satisfy the criteria by employing an approach not discussed in the guidelines, suah

as an innovative technology.

The criteria consist of eight performance standards or operational techniques which

are designed to accomplish the goal of no adverse effect on health or the environ

ment. These criteria include:

• Floodplains,

• Endangered Species,

• Surface Water,

• Groundwater,

• Land Application,

• Disease,

• Air,

• Safety.
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Not all the criteria specifically relate to utility ash disposal. The following is

a brief summary of those that do:

• Floodplains - maintenance of the disposal area outside of the 100 year
floodplain.

• Endangered Species - facility shall not cause or contribute to the
taking of an endangered or threatened species.

• Surface Water - discharge shall not exceed National Pollutant Dis
charge Elimination System (NPDES) or state water quality require
ments.

(

• Groundwater 
water source.
are proposed.

facility shall not contaminate an underground drinking
Standards are listed in Table 4-5, secondary standards

• Air - shall not violate applicable sections of the Clean Air Act.

• Safety - minimize adverse effects involving potential accidents which
could be caused by solid waste disposal activities.

- 1\ review -of the- current 'errqd.nee r'Lnq practi-ce- use-d in -the-uosLcn -arrd -ocnst.ruot.acn "of - 

disposal sites should be performed prior to design and construction of future

sites. Considerable detail on site design is contained in the EPRI FGD Sludge

Disposal Manual, CS-15lS, and the EFRI Fly Ash Structural Fill Handbook, EA-1281.

Federally Mandated Use of Fly Ash in Cement and Concrete. A promising alternative

to fly ash disposal is its utilization as a partial replacement in Portland cement

and concrete. This utilization has been increasing for several years, but there

remains a potential for an even greater utilization, especially if the EPA promulgates

its currently proposed guidelines for Federal procurement.

Section 6002 of RCRA calls for the Federal government to mandate its own use of

materials recovered from solid waste. This would be done by requiring all Federal

agencies (and j'eder aj.Ly funded state and local agencies) to maximize the percentages

of recovered materials in their day to day procurement. The EPA started to prepare

procurement guidelines to meet the requirements of Section 6002, but it was soon

apparent that development of these guidelines was an impossible task. The EPA

therefore decided to cbncentrate its efforts on recoverable materials that would

have the greatest national benefit. Recovered fly ash, recycled paper products,

construction materials, and composted sewage sludge were selected to contribute to

the intent of Section 6002. Fly ash was selected for the following reasons:

• Significant solid waste problem.

In 1978, 48 million tons of fly ash were generated, of which
82 percent was disposed of as waste. Estimates for 1985 are
70 to 80 million tons annually.
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(

MAXIMUM GROUNDWATER CONTAMINANT LEVELS'

Parameter

Interim Primary

Maximum Level

(

Arsenic 0.05 mg/1
Barium 1. 0 mg/1
Cadmium 0.01 mg/1
Chromium (VI) 0.05 mg/1
Fluoride 1.4-2.4 mg/1
Lead 0.05 mg/1
Mercury 0.002 mg/1
Nitrate 10.0 mg/1
Selenium 0.01 mg/1
Silver 0.05 mg/1
Endrin 0.002 mg/1
Lindane 0.004 mg/1

______~------JMethox,(Oh1or'-----------IQ.Lmgi~----------------------t
Toxaphene 0.005 mg/1
2,4-D 0.01 mg/1
2,4,5-TP Si1vex 0.01 mg/1
Radium 5 pci/1
Gross Alpha 15 pci/1
Coliform Bacteria 1/100 ml
Turbidity l/TU

Secondary (proposed)

Chloride
Copper
Foaming Agents
Hydrogen Sulfide
Iron
Manganese
Sulfate
Total Dissolved Solids
Zinc
Color
Corrosivity
Odor
pH

250 mg/1
1 mg/1
0.5 mg/1
0.05 mg/1
0.3 mg/1
0.05 mg/1
250 mg/1
500 mg/1
5 mg/1
15 Color Units
Non-corrosive
3 Threshold Odor Number
6.5-8.5

*Based on the EPA Interim Primary and Proposed Secondary Drinking Water
Standards.
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• Feasible methods of recovery.

Two-thirds of coal-fired stations have collection and loading
facilities for fly ash.

c
• Technically proven uses.

The U.S. Army Corps of Engineers has used fly ash concrete in
daros for many years. The Georgia Department of Transportation
has placed over 3 million cubic yards of fly ash concrete
pavement and performance has been good.

• Federal purchasing power.

Federal funds account for two-thirds of public construction
nationally, translating to approximately 23 million tons of
cement annually.

In addition to these criteria, the use of fly ash shows many environmental and

economic benefits. The primary advantages are:

• Reduced energy consumption, especially in the Portland cement
industry, which accounts for two percent of the total energy
used by U.S. industry,

•
•

Reduced cement cost, largely a result of energy savings,

Reduced amount of land used for fly ash disposal, cement raw
material mining, and cement waste products disposal,

(

• Reduced air and water pollution.

In light of this reasoning, and the Section 6002 requirement, the EPA proposed a

"Guideline for Federal Procurement of Cement and Concrete Containing Fly Ash" on

November 20, 1980 in the Federal Register (p. 76906; 40 CRF 249). The EPA was

undecided· whether to require or encourage fly ash use and invited public comment on

the matter. It was reasoned that a fly ash requirement would be counterproductive

and unnecessary, considering that the economics of fly ash use allow it to compete

fairly in the open market. The guideline, in effect, would actually deregulate fly

ash use somewhat by recommending the elimination of current Federal specifications

that discriminate against the use of recovered materials, or that require virgin

materials. Some of the highlights of the proposed guideline are listed below:

• Designation of fly ash use in cement as a product area requiring
affirmative procurement.

• Elimination of agency specifications that (1) exclude fly ash as
a component in cement or concrete, or (2) require virgin materials.
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( • Requirement that in purchases of $10,000 or more, agencies must
use fly ash cement or concrete unless: (1) such cement is not
available, (2) such cement is unreasonable priced, (3) the purchase
will result in an unsatisfactory level of competition, or (4) such
cement does not meet reasonable performance standards.

(

• Certification by vendors of the amount of fly ash incorporated in
their product, although no minimum or maximum level is speci~ied.

• Recommendation for lengthening of the time periods used in evaluating
concrete strength standards.

• Responsibility for providing a satisfactory product remains with the
contractor.

The status of the proposed guideline as of June, 1981, remains unchanged. The

public comment period closed in January, 1981, and the guideline is expected to be

finalized in September, 1981. The greatest change between the proposed and final

versions is the possibility of shifting from requirement to encouragement of fly

ash use.

elean Water Act

The Federal Water Pollution Control Act Amendments of 1972, Public Law 92-500,

established regulations directed toward attaining the goal of zero discharge of

water pollutants in the United States by 1985. Under this law the Environmental

Protection Agency established discharge limits for various industries and for

various pollutants. This act was amended again in 1977 as the Clean Water Act with

implementation via the National Pollutant Discharge Elimination System.

The current new source performance standards (NSPS) for steam-electric power plant

ash disposal ponds are set at the following discharge limits:

Bottom Ash Fly Ash
Transport Transport

Water Water

pH 6-9 6-9

PCB (mg/l) 0 0

Total Suspended Solids (mg/l) 100/30* 100/30*

Oil and Grease (mg/l) 20/15** 20/15**

*100/30 designates a monthly maximum of 100.mg/1 with a monthly average of
30 mg/l.

**20/15 designates a monthly maximum of 20 mg/l with a monthly average 15 rng/l.
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The current new source performance standards for discharge (runoff) from dry ash

disposal sites are less stringent than the discharge limits for ash ponds. The

NSPS for dry coal ash disposal area runoff have been Set at a monthly average of 50

milligrams per liter total suspended solids. While less stringent than the standards

for coal ash ponds, the dry disposal site runoff standards are strict and will

dictate that considerable attention be paid to site restoration and vegetation.

Additional details on these subjects are contained in Section 8 of this manual.

On October 14, 1980, the EPA pr.oposed the following NSPS for steam-electric power

plant ash disposal ponds:

(

pH

PCB (mg/l)

Total Suspended Solids (mg/l)

oil and Grease (mg/l)

Copper (Cu) (mg/l)

Nickel (Ni) (mg/l)

Zinc (Zn) (mg/l)

Arsenic (AS) (mg/l)

Selenium (Se) (mg/l)

Bottom Ash
Transport

Water

6-9

o

100/30*

20115**

Fly Ash
Transport

Water

6-9

o

detectible
limit (0.005)

detectible
limit (0.010)

detectible
limit (0.010)

detectible
limit (0.003)

detectible
limit (0.004)

(

*100/30 designates a monthly maximum of 100 mg/l with a monthly
average of 30 mg/l.

**20/15 designates a monthly maximum of 20 mg/1 with a monthly average of
15 mg/l.

These proposed standards will considerably limit the ability to discharge from new

fly ash ponds without treatment of the effluent, due to the allowable metal con

centration requirements.

4-20

(

- Doc. Ex. 131 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



( The NSPS proposed by the EPA did not specifically include dry coal ash disposal

area discharges. These standards may be defined by the states operating the NPDES

system or imposed by the permit writer, based on his best engineering jUdgement.

Table 4-6 identifies those states and territories which have approved NPDES permit

programs.

SUMMARY OF FEDERAL LEGISLATION

The resource Conservation and Recovery Act (RCRA) is the federal regulation with

the greatest degree of impace on coal ash disposal. However, the Clean Water Act

(CWA) could also significantly affect coal ash disposal.

Fly ash and other coal combustion wastes are currently excluded ·from hazardous

waste regulation under Subtitle C of RCRA. These wastes are regulated under

Subtitle D of RCRA, State, and/or Regional Solid Waste Plans. Although the re

gulations which will control ash disposal in the future have not been promulgated

to date, the following can be concluded:

(

• Some coal ashes may ultimately be classified as hazardous based
on RCRA toxicity criteria. This classification would most
possibly be due to their heavy metal/trace element contents.
How much ash will be classified as hazardous on this basis is
presently unknown. Two other possible areas under which some
ash may be classified as a hazardous waste are mutagenicity and
radioactivity.

• The EPA is currently conducting studies to determine which dis
posal regulations are appropriate for coal aShes.' The results
of these studies are expected in late 1983.

• Disposal of coal ash classified as non-hazardous will be regulated
by the states. State regulations governing disposal of non-hazardous
solid waste are to be consistent with proposed EPA guidelines,
published in the Federal Register, March 26, 1979. These guide
lines are more comprehensive and stringent than most current
state regulations.

• Whether ash is classified as a hazardous waste and controlled by
the EPA, or classified as a non-hazardous waste and controlled by
the states in compliance with federal guidelines, it appears
likely that future regulations will be more stringent than those
governing ash disposal in the past. These regulations will
affect most aspects of ash disposal including siting, protection
of groundwater and surface water, monitoring, operation, and
closure.

• Current NPDES discharge requirements for both dry and wet dis
posal are not prohibitive and can usually be met without treatment.
However, the proposed NSPS could possibly eliminate discharge
(without treatment) from fly ash ponds due to the metal concen
tration standards.

4-21

- Doc. Ex. 132 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



Table 4-6

FEDERAL NPDES PERMIT PROGRAM

(Effective 1/15/81)

States and Territories
(alphabetical listing)

(

Approved Not Approved

I. Alabama'* , ** I. Alaska
2. California* 2. American Samoa
3. Colorado 3. Arizona
4. Connecticut 4. Arkansas
5. Delaware 5. District of Columbia

- 6-. Georgia* 6. - -B'Lor-Lda
7. Hawaii* 7. Guam
8. illinois* 8. Idaho
9. Indiana* 9. Kentucky
10. Iowa* 10. Louisiana
11. Kansas II. Maine (12. Maryland 12. Massachusetts
13. Michigan* 13. New Hampshire
14. Minnesota*,** 14. New Jersey
15. Mississippi 15. New Mexico
16. Missouri* 16. Oklahoma
17. Montana 17. Puerto Rico
18. Nebraska* 18. Rhode Island
19. Nevada* 19. South Dakota
20. New York* 20. Texas
2I. North Carolina 2I. Trust Territories
22. North Dakota 22. Utah
23. Ohio 23. West Virginia
24. Oregon*
25. Pennsylvania*
26. South Carolina*
27. Tennessee
28. Vermont
29. Virgin Islands
30. Virginia
3I. Washington
32. Wisconsin*,**
33. Wyoming

*Approved to regulate Federal Facilities under NPDES.

**Approved State Pretreatment Program.

4-22

(

- Doc. Ex. 133 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



( • The overall impact of other federal regulations is unclear. It
appears that they would only be significant on a site by site basis.

(

STATE PROGRAMS

The EPA has published the "Guidelines for Development and Implementation of State

Solid waste Management Plans," issued July 31, 1979 (44 FR 45066), which outlines

the minimum requirements for state solid waste management plans, as required by

Section 4003 of the RCRA. The EPA will provide financial assistance to help the

states develop and implement these plans.

Congress intended that the states and localities retain the overall responsibility

for the planning and operation of solid waste management programs under Subtitle D

of the RCRA. In accepting a Subtitle D grant, the state agrees to develop a plan

for closing or upgrading existing open dumps (facilities found to be in violation

of the criteria), and to prohibit new open dumps. The state also agrees to work

toward development of regulatory powers to implement the plan.

The annual state grant application (the "work program") will be developed with

public participation and include a list of those facilities which the state intends

to evaluate against the criteria during the year.

state Coal Ash Disposal Regulations

As defined by the RCRA Subtital 0, regulations pertaining to the disposal of non

hazardous wastes are to be promulgated by individual states with guidance from Epa.

Due to the non-hazardous status of coal ashes as currently defined, these state

regulations will, for the immediate future at least, define their disposal re

quirements. Based on those criteria published by EPA, states must comply with the

following minimum requirements for those waste disposal facilities:

• May not restrict the flow of or be washed out by a IOO-year flood.

• May not disrupt any endangered species or their habitats.

• May not Cause point or non-point surface water pollution under the
Clean Water Act; i.e., NPDES requirements must be met.

• May not contaminate groundwater beyond the property boundaries.
Maximum contaminant levels are currently based on the interim primary
drinking water standards. However, it has been proposed that the
proposed secondary drinking water standards be added to the maximum
contaminant levels. The primary and secondary drinking water standards
were delineated in Table 4-5.
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Requirements for surface and groundwater monitoring are not stated exactly. However,

monitoring is implied in the performance standards and by the requirement that the

site owner must prove that the waste is not polluting the. groundwater. Monitoring

is the best practical way to document compliance.

In reviewing individual state regulations, the ten states that have the greatest

coal-fired generating capacity were surveyed. These states and their generating

capacities are:

(

State

Ohio
Pennsylvania
Illinois
Indiana
West Virginia
Kentucky- 
North Carolina
Alabama
Missouri
Tennessee

Existing Coal Generating
Capacity-1979 (MW)

23,379
18,706
16,750
14,706
12,605

_12,337
11,259
10,412
10,265
10,048

(
The regulations in these states vary widely. Only one state, Pennsylvania, has

regulations specifically for coal ash. There are some generalizations that may be

made:

• Most states loosely apply sanitary landfill regulations to coal ash
disposal. Because of their special nature, and large volumes, ash
disposal operations are invariably evaluated for permits on a case by
case basis.

• Many of the regulations designed for municipal wastes are not sensible
or necessary when applied to coal ash disposal. These requirements
are usually waived or altered. Some examples:

--Daily Coyer

--Vector Control

--Organic Leachate Control

--Open burning

Conversely, there may be properties of fly ash that cause special
problems not anticipated in sanitary landfill rules.

• There are certain sanitary landfill rules that do apply to coal
ash and are common to a majority r if not all, of the ten states-:
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( --Location of the fill outside of the IOO-year floodplain

--No contamination of ground or surface water

--Control of leachate

--Diversion of on-site runoff and run-on precipitation

--Dust control

--Two feet of final topsoil cover with revegetation

--Erosion and sediment control

--A permit

A detailed description of the
permitting and construction.
of the following information:

disposal plan is required before
This plan may include most or all

--Pre- and post-construction topography

--Aerial photographs

-------------c-cc-=>E=xi-sting Iana.uusseess----------------------------------t

--Public and private utilities

( --Excavation plans

--Residential dwellings and water wells

--Hydrological, hydrogeological, and geotechnical details

--Soil and permeability data

--Water table levels

--Surface and groundwater quality and quantity

--Meteorology

--Types and quantities of waste

--Leachate estimates and leachate control plans

--Liner properties

--Intended final use of the land

--Post-closure care

--Financial responsibility

Even though this information is used for determining acceptance or denial of a

permit, the technical criteria used by each permitting agency are usually not
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complete in a state·s published regulations. Once again, all information is

integrated on a case by case basis.

• In the wake of RCRA , most states are now considering more
stringent and more specialized solid waste regulations. Some
states are writing specific rules for coal ash.

• As with the EPA, coal ash is not considered hazardous by any state.
However, a few states may require testing of ash for toxicity to
determine if any state hazardous waste regulations apply.

Table 4-7 has been compiled to summarize the siting, design, and closure regulations

for the ten states. The following are summaries of the status of each of the ten

states· solid waste regulations.

• Alabama

--Current regulations are fai~ry general and coal .ash is not men
tioned. These regulations are somewhat dated (1972), but new
_reguJ~tiQn§ ~re c~r~ent~y _~e~n9_dra~te? ~or ash~ ~he_n~w

regulations will require weekly wetting and compacting, leachate
analysis, and groundwater monitoring.

• Illinois

--Coal ash is considered a special waste in Il.linois. Hazardous
waste is a subcategory of special wastes, and coal ash could be
considered hazardous, depending upon toxicity. The current
regulations (1973) are being revised; at present, they do not
mention coal ash. Currently, Illinois ash is subject to sanitary
landfill rules with special provisions included on a case by case
basis.

• Indiana

--The current solid waste regulations in Indiana (1974) are
now being revised and may include coal ash guidelines. Presently
ash disposal operations are considered case by case, and certain
unnecessary rules are relaxed. The prime concerns are ground
water pollution and dust control.

~ Kentucky

--Coal ash in Kentucky will fall under the category of "non
hazardous" or lI s pec i a l " . Regulations for high volume, low toxi
city, special wastes are now being written. Current regulations
(1975) do not provide specific guidelines for ash, so modified
sanitary landfill rules are followed.

• Missouri

~-The current regulations (1973) do not specify coal ash, but
designs are encouraged such that the ash may lie uncovered for
60 days, and then the final cover be placed. The regulations
are currently being revised.
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(

Table 4-7

Solid Waste Disposal Regulation Sununary

FEDERAL A,-ABA~A
-~

lLLl~Ol_~

SOLI 0 WAST{-OTsroSAL i
NAME OF LAW

RESOURCE CONSERVATION ANO
II DISPOSAL ACT #77(1;59)

EI,NI R()NI1EN-:- AL PROHCTIOr-; ACT
RECOVERY An

-
ILL '-"01 S POLLUTIoN co-nact

~ CURRENT REGULATIONS "' eFR 257 "TITLE sz SECT] O~IS 346-351 50M.D PiAI'. 7z
0

"
EFFECTIVe: DATE OCTOBER 15, 1979 SEPTEMBER n , 197~ ,JJLY 27 I 1973

5 USEPA0

" NAME ANO ADDRESS OF OFFICE OF SOLlD WASTE DEPARTMf'NT OF rvat. t c HEAL.ni n i.neors EPA
ur• Rf'GULATORY P,L'THORITY WASHINGTN" 0, C, 20 1160 DIV, OF SOLID WASTI:::S PIV. Of' LAND POLLU~JON CON'.'.OL

0 (202) 755-9206 Ii MON,GOMERY) ALABAMA 36104 S?'ZIN:?FTEl.P, I LI NO] 5 62705
z (05) B32-6728 (217) 782-6760
<
~

:1~ CLASSIFICATION OF
SPEcrAL ""ASH; COU'_D lE,

~ NON-HAZARDOUS NON-l ;AZA?DOUS HAZARQDt.:S, DEPf".JDING ON
Fl.Y ASH

,
~OXIClT':'

THE FOLLOWING CRITERIA ~iON-HAZARPOUS SOUL! N-H SOLl D
FLY .:"SII N'-H SOL! P : FLY _ASH

,

cc TO : WASTE WASTi::: 'flASH

FLOODPLAIN

I

,CO YEAR 1 :

-- --
LAND usr

s
" VERTICAL PROXIMlTY TO•0 GROUNDW,ATER

"u ~~~;;~~T~A~~R
" -- -z PRE-OPERATION ',..rATER IE MONITORING

ENCOURAGED

- --

SOIL ANO PERMEABILITY

{ OTHER ENDANGERED SPECIES i
I\.

GROUNPWATER MONITORING ENCOURAGED X A

i_._. ;
SURFACE WATER MANAGEMENT NPPES PERI·H' R.f.QUIRf.D i

,
i I i

s SEPARATION BETWEEN FILL ANO
1

I
• WATER TABLE

,
•0 LEACHATE CONTROL NO GROUND oe SURFACE WATER

• CONTAr-'.lNATION X X
u --

Iz LINERS
"
~

- ----~--- ,
•0 RUNOFF/RUN-ON DIVERSION ;

TEMPORARY COVER WEEKLY DAILY ,
DUST CONTROL

, X
i

OTHER •

FINAL COVER z FL ! , FT.

MINIMUM SLOPE

MAXIMUM SLOPE

REVEGETATION X i
I

"---

< EROSION , SEDIMENT CONTROL ,
:;

POST-CLOSURE MAINTENANCE• , YR5.

" PERIOD !:;
u POST-CLOSURE LEACHATE 3 YR5.
• CONTROL• ----
0-PROPOSED LAND USC STATEMENT X
0
~

u ,
CORRECTlVE MEASURES 3 YRS.

i-
FINANCIAL RESPONSIBILITY OWNER

( OTHER
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(
Table 4-7

(Continued)

(

(

KEN CKYINDIANAFEDERAL W

NA."1E 0" :"A\;'
RESOURCE CONSERVATION AND REFUSE DISPOSAL ACT, KENTUCKY REVISED srATUTE 224

RECOVERY ACT ENVIRONMENTAL MANAGEMENT AO "ENVIRONMENTAL PROTECTION"

~ CURRE~T REGULATIONS 4c CFe 257 RULE 330 TAC 4 401 KAe 2: 010
z
~ EFFECTIVE DATE OCTOBER 15, 1s79 AUGUST 15 J 1974

JUNE 4) 1980 (HAZARDOUS)

< MARCH 13, 1975 (SOLID)

" USEPA0 INDIANA STATE BOARD OF HEALTH DEPT < OF NATURAL RESOURCES

I~
NA'-1E AND ADDRESS OF OFFICE OF SOLID WASTE

ISOLID WASTE MGMT, SECTION DIV, OF HAz. MATERIALS ANDREGULATORY AUTHORITY WASHINGTON, D.C. 2C 1joC
,INOTANAPOLlS, INDrANA 46206 WASTE MGMT,} FRANKFORT} KY

10 (202) 755-9206 :(17) 633-0176 40601 (502) 564-671£
I~
~

~ CLASSIFiCATION OF NON-HAZARDOUS EITHER NON-HAZARDOUS OR

" FL Y ASH
, NON-HAZARDOUS SPECIAL

THE ~g~t$W~~~ CRITERIA NON-'1AZARDOUS SOLID N H SOLlD
FLY ASH

N-H SOLID FLY ASH
·I4ASTE WASTE WASTE

FLOODPL.AIN 1DO YEAR TOO YR. WI 5 YR'~Il{~O YR. 5 YR'WI+fIO YR.
APPROVAL

PERMISSION PERMISSION

, LAND USE ZONING LOCAL ZONING LOCAL ZONING

~ .-•• VERTICAL PROXIMITY TO
X 2 FTo on MORE a FT. OR MORE

~ GROUN T

•u PROXl."1ITY TO X 200 FT. 200 FT.
• SURFACE WATER -- - -

'C' =-=-
~ PRE OPERATlON--WATER ENCOURAGED X X
~ MONITORING
~ 1 FT/l X 10- 7 1 FT/I X 10- 7

SOIL AND PERMEABILITY X
eM5 CM~

OTHER ENDANGERED SPECIES 600 FTo FROM DWELLiNG
WETLANDS, HISTORICAL, eN·
PANGERED SPECIES, ENCOURAGE
USE OF ABANDONED LANDS

COD, FH, Pe,

!

GROUNDWATER MONITORING ENCOURAGED CL, COND. , x X CASE-BY-CASE
OTHERS

SURFACE WATER MANAGEMENT NPDES PERMIT REQUIRED DIVERSION DIVERSION
I

~
~

SEPARATION BETWEEN FILL ANO X
,

2 FTo 2 FT,• WATER TABLE ,

I; LEACHATE CONTROL NO GROUND OR SURFACE WATER
X

CONTAINED CONTAINED
CONTAMINATION ! ON SlTE ON SITE

--~-------

iliNERS X X

~

X 10 YR,/24 HR. TO YR./24 HR.• RUNOFF/RUN-ON DIVERSION0 STORM STORM
TEMPORARY COVER 6 INCHES DAI LY 6" AS NEEDED

DUST CONTROL X X NO FUGITIVE NO FUGlTIVE
DUST DUST

DAI LY COMPACTION
OTHER COMPACTION IN THIN LIFTS

2 FTo 3D m. OR 3D IN. CR
FINAL COVER MORE MORE

MINIMUM SLOPE " 3' 3%

!

MAXIMUM SLOPE 3: 1 3: 1

LEGUMES
REVEGETATION X AND PERENNIAL X

, GRASSES

EROSION , SEDIMENT CONTROL
X X X

<
;;

POST-CLOSURE MAINTENANCE.'~' PERIOD 2 YRS, 2 YRS.

•u POST-CLOSURE LEACHATE
• CONTROL

NOT TREATED X X
•0
~ PROPOSED LAND U<E STATEMENT REQUESTED X X0

"u
CORRECTIVE MEASURES X X

FINANCIAL RESPONSIBILITY NONE OWNER POSTS OWNER POSTS
BOND BOND

OTHER
RECORD LANDFILL WITH LOCAL MONITORING eN
LAND Rf:CORDING AUTHORITY CASE-BY-CASE BASIS
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(
Table 4-7

(Continued)

FEDERAL MISSOUR, r;CRTH CAROL:N,~

OF LAW
RESOURCE CONstRVATlON ANO MiSSOURI SCl.lD wes rn : SOL ,0 'IiASTE MANM;EMENT ASTNAME RECOVERY ACT !'1I\,NAGEME~H LAW-

CURRENT REGULATIONS 40 OFR '57 T lTLE 10 DrVISiON en i n t,:AC 10 0·z0
EFFECTIVE DATE OCTOSER 15, 19 79 JU~jE 1973 ~r,Y 15, 1975;:0 J 0,

<
" USEPA,

DEPT. or NATURAL RESCL:RCES DIV, Of HEA.L," SfORVICES• NAMF. ANO ADDRESS or OFFICE OF SOLID WASTE
DIY. OF E'NIRONHENTAl. Q,-)ALlTY SOL 1 0 \\'Asn: BRANCHw

REGULATORY AUTHORITY WASHINGTON, D. C, 20 1,£0• JEFFf.RSO~j cr TYI MO 56101 RAl.r:IGH, NO 7.76 J 2
0 (202) 755-9206

(314) 751-4422 (919 : 733-217.9
~

•
~ CLASSIFICATION OF

NON-HAZARDOUS NON-I~AZARPOUS

" FLY ASH

THE
~g~~~w~~~

CRITERIA NON-HAZARDOUS SOLID N-H N-Cl
SOl.] P WASTE fL Y i\S;-: SOlIG WASTE ; FLY AS"WASTE

FLOODPLAIN 100 YEAR 100 YR. 100 Yi< • ,
ZONING ZONI"G

i
!LAND DOE OReI ~1.A.NCI:::S

:s
•

YERTIg~~u~~~~~~~TY W Xw
0
• PROXIMiTY W Xu ,

• SURFACE WATER

" PRE-OPERATION WATER
ENCOURAGED X

,

0 MONITORING
~.

SOIL AND PERMEABILITY X X I

OTHER ENDANGERED SPECIES !

I
( GROUNDWATER MONITORING ENCOURAGED X X ,

M1SSOURI CLEAN MCNITOR ,
SURFACE WATER MANAGEMENT NPDES PERMIT REQUI RED Wp.TER AT LEAST

COMMISSION .A.f'NliALI.Y

s SEPARATiON BETWEEN FILL AND x• WATER TABLE
w

i0 LEACHATE CONTROL NO GROUND oe SURFACE WATER
X X• CONTAMIr.ATIONu

Iz LINERS X I~ ,--_.
I~ RUNOFF/RUN-ON DIVERSION X X , ,0

TEMPORARY COVER 60 D,"-YS PAl:'" Y ,
PUST CONTROL X i x , !

eN SIE DRA,NAGE DES1 cu FC.'< ! I
OTHER 20-YEAR STORM I

2 FT, i , i'To
,

.FINAL COVER

MINIMUM SLOPE X
MAXIMUM SLOPE 33% X

REVEGETATION X , x

i , ,
EROS ION 0 SEDIMENT CONTROL X

<

i Pf.RPET:"'AL
:;

POST-CLOSURE MAINTENANCEw

" PERIOO:; ,

u POST-CLOSURE LEACHATE ONG AS ,w CONTROL ECF.SSA.'lY•,
, x• PROPOSED LAND USE STATEMENT ,0 ,

"u
I PERPETC'AL

CORRECTiVE MEASURES

I

fINANCIAL RESPONSIBILITY ,

OTHER fILE SITE WITH COUNTY iRECORPER OF DEEDS

(
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FEDEi'<AL

Table 4-7
(Continued)

OHIO PENNSYLVANIA

c

i !

NA/¥'.£ ce LAW
RESOJRCE CONSERVATION AND SOLI D WAST!: MANAGE~.ENT ACT

RECOVERY ACT DC 1980 } "T 97

· CURRENT REGULATIOr.;S 40 CFR 257 OAG - 37 1f5-27 AN) 37 CHAP. 75 - SW MMJAGEI1ENT
z - - - 75,37 - eLY ASH
B EFFECTIVE DATE OCTOBER 15, 1979 JULY 29, 1976 SEPTEMBER S, B8Qc -'",
<
~ USEPA0• NA.ME AND ACJJ?ESS or OFFICE or SOLID WASTE OHIO EPA PEPT, or ENVIRONt-lENTAL RiOS.w

" REGULA¥ORY ,\,UThORITY WASHINGTON, D. c. 2C 1j60

Ii
DI v, oe sot ru WASTES DIV, or SOLJP 'n'(,STE MGMT.

0 (202) 755-9206 (alUMS!.)S, OHIO 43215 HARRIS8URG, CA 17120

~

l
(614) 466-8934

•• SOl! D WASTE Ie TOXIC,<i CLASSI"ICATJON OF NNHIAZARDOUS
~

"LY ASH
~ON-HAZARDOU5 UNREGULATED 1e NON-TOXIC

,

¥HE FJLLO'n'Ir-iG CRIT:.:RIA NON-HAZARDOUS SOLlJ SOLlD WASE eLY ASH
N-H

APPlY" TO: WASTE sct.t 0 WASTE CLY A,H
- -

FLOODPLAIN
.

100 YEAR 100 YR, 100 Ye.

OT IN SAND OR
LAND USE GRAVEL P1T oe

~
QUARRY

" -VER,IC-AL PROX-I."11TY- TO - 5 F-T, - - -w - - - - - -

0 GRO:JNDWATER --
'"! u! PROXIMITY TO aon CT.

• SURFACE WATER --:: PRE-OPERATION WATER ENCOURAGED X
0 MONITORING

•
SOIL ANO PERMEABILITY X e i x 10- 7CM/S X

OTHER ENPANGERED SPECIES NDT TO " LOCATED WITHIN
1000 CT oe A WATER WELL lN
use

SEMI-ANNUAL
Mnnr-<.UM ) WELI:S

GROUNDWATER MONITORING ENCOURAGED QUARTF.RLY
SAMPLI NG

, SURFACE WATER MANAGEMENT NPDES PERMIT REQUl RED CLEAN STREAMS CLEAN STRo:AMS
LA'"" LAW

< SEPARA7ION 9ETWEEN FI LL ANO ,;; WATER TABLE CT.
w -- .-
c NO GROUND oa SURFACE WATER;; LEACHATE CONTROL CONTAMINATION X X X
u

z LINERS
VERY DETAILED

la
SPECIFIC/,TIONS

RUNOFF/RUN-oN DIVERSION X i x x
0 ,

TEMPORARY COVER
.-

DUST CONTROL X X

ORAl NAGE:
,

CT. LAYERS
OTHER 10 YR,-lHR. 0 COMPACTION

-
FINAL COVER 2 eL 2 CT, 2 CT,

MINIMUM SLOPE " 1 r":3%

MAXIMUM SLOPE 2s3 lsi 15-33%---
REVEGETATlON I X I

I x x
- ---~ f-- I A, LONG AS --

EROSION , SEDIMENT CDrHROL ) YRS, 10 YRS,
NECESSAR,!~s

" POST-CLOSURE MAINTENANCE ESTIMATE Ar--<,T, AS LONG AS
w 3 YRS, oe LEACHATE NECESSARY
0 PERIOD e" 10 YRS,

" ----- -u POST-CLOSURE LEACHATE X
w coNTROL

" -~
._--- - r--- - --A~0• PROPOSED LAND use STAT~"1ENT x LONG AS

0 NECESSARY~

u
OWNER POSTS

CORRECTIVE MEASURES
I BOND, AMY, ~elBY BCR

i FINANCIAL RESPONSIBILlT" 1 ---_.,
OTHER I

PREMATURE SITE CLOSING Be
ABANDDNMENT FORFEITS BOND
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Table 4-7

(Continued)
FEDER/,L TENNESSEE '",EST V[~GIN!A- ----

RESOURCE CONSERVATION ANO TEN~ESSEE INAME OF LAW RECOVERY ACT SalJO WASTE D1SP05AL ACT WATER POLLUTION CONTROL ACT j
TE~1N • CO')E SEC. ~3-4301 TO CHAPTER '0, ARTICLt 5.4 ,

• CURRENT REGULATIONS 40 CFR 257 53-1+315 AND 53-4321 'IiEST '11 RG1NI/\ CODEz --------- ---
0

EFFECTIVE DATE OCTOBER 15, .1979 ;.IARe" 12, 197 e
"

JULY J, 1977

s USEPA
-_._- ------- - - --------,

DEPT. OF PUBLl C HEf,LTH ;:JEPT. CF NATUR,,:_ RESCURCES• NAME AND ADDRESS OF OFFICE OF SOLID WASTE
01 V. OF SOLI;) WASTE MGMT. :JIV. OF WATER RI'SDURSC:Sur

REGULATORY AUTHORITY WASHINGTON, D, C. 7.01100• NASHVILLE, TN 37219 G:IARl.ES"'ON, NY a5311 s,
0 (02) 755-9206

(}04) 348-C375z
<·~ CLASSIfICATION OF NON-HAZARDOUS CLASS ,
" FLY ASH

NON-HAZARDOUS (WATER PO:"'LU7JCN FO-:-ENTIAL)

'HE ~~~~~w~~G: CRITERIA NON-HAZARDOUS SOLID N-., INDUSTRIAC~ -FLY ASH---

WASTE SOLI P WASTE FL Y ASH WASTE GUI0ELHIE_S

fLOODPLAIN 100 YEAR 1 0n YR. 1CO YR,

-
LAND USE ZONING

RDINANCES
~ ._---•

VERT I ~~~'l~~~~~~~ TY
rc x I•0 ,

• PROXIMITY ro Iu

• SURFACE WATER

Iz PRE-OPERATION WATER ENCOURAGEDE MONITORING i
~

SOIL AND PERMEABILITY X

OTHER ENPANGERED SPECIES

( GROUNDWATER MONITORING ENCOURAGED X CASE eY CASE :

I
n, WATER AnR POLLUTION I

SURFACE WATER MANAGEMENT NPDES PERMIT REQUIRED QUALITY CONTROL ~ON!TORING CONTROL PERMIT I
ACT OF 1971 I< SEPARATION BETWEEN Fl LL ANO;; WATER TABLE•0 LEACHATE CONTROL NO GROUND on SURFACE WATER

T~~~0~~~6• CONTAMINATIONu
z LINERS ENCOURAGED
~ -• x LOO YR. i oJ YR.• RUNOFF/RUN-ON DIVERSiON " HR. S-:'ORM 2 L ~R • STORM0 -

TEMPORARY COVER DAILv --
DUST CONTROL X

OTHER TALTER:-JATIVE EMERGENCY STC'<AGE

FINAL COVER 2 n. i x X

MINIMUM SLOPE X
MAXIMUM SLOPE X 50%

REVEGETATION X

,
I X :<50 MG/L SCLlDS

~
EROS I ON 0 SEDIMENT CONTROL LN DISCI-;ARGE

• POST-CLOSURE MAINTENANCE ,• ,

0 PERIOD ,

•u POST-CLOSURE LEACHATE
• CONTROL X ,•
~ PROPOSED LAND USE STATEMENT 1 YR. X0

"u
CORRECTIVE MEASURES OPERATOR

POSTS BeND

FINANCIAL RESPONSIBIllTY

OTHER

(
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• North Carolina

--Most of the coal ash in North Carolina is placed into ponds;
the remainder is handled as a routine solid waste. The current
regulations are fairly recent (1979) and there are no anticipated
major revisions. Coal ash is not specified in these regulations,
therefore ash disposal sites are handled on a site by site basis.

c

• Ohio

--In Ohio, coal ash is a solid waste if it is toxic. If it is
not toxic, it is not considered a solid waste, and therefore not
regulated by the Ohio EPA. I·f this is the case, ash disposal
would probably be governed by federal definition and subject to
landfilling. The current regulations were effective in 1976
and do not specify regulations governing coal ash. However,
there may soon be guidelines available for ash disposal.

• Pennsylvania

--Pennsylvania is the only state of the ten that details coal
ash disposal. Ash is subject to all solid waste regulations
exc~pt when super§ege9PY tpe~~a1 as~ s~c!i~n of ~he regulations.
Also included are provisions for incorporating slag and FGD sludge
into the fly and bottom ash. The regulations are very recent
(1980) and there are no upcoming revisions.

• Tennessee

--Coal ash in Tennessee is considered a solid waste, except for
certain waivers. The current regulations are relatively dated
(1972) and coal ash is not mentioned. Groundwater monitoring
will probably be incorporated into any upcoming revisions.

(

• West Virginia

--Coal ash in West Virginia is regulated by the Water Resources
Division of the Department of Natural Resources. However, coal
ash is not directly addressed in the regulations. (Solid Waste
Regulations, 1974; Water Quality Regulations, 1980.) There may
be upcoming guidelines for coal ash.

REFERENCES
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( 4. Landfill Disposal of Solid Waste - Proposed Guideline, published in the
March 26, 1979 Federal Register (44 FR 18138) .

(
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Section 5

CONCEPTUAL DESIGN OF ASH DISPOSAL SYSTEMS

INTRODUCTION

In developing cost estimates for coal ash disposal, it is first necessary to create

a conceptual design of the ash disposal system as a whole, including in-plant

handling, out-of-plant transport, and ash placement at the disposal site. This

section outlines the following items involved in an ash disposal ·system:

• Determination of ash quantities,

• In-plant handling of the ash,

• Out-of-plant transport of the ash,

• Ash placement at the disposal site,

( • Liner installation procedures.

(

The intent is to provide background information necessary for site selection as

outlined in Section 1, and for cost estimating as discussed in Section 9. In

general, ash quantities are used to size disposal system components which, in turn,

are used to estimate operating and capital costs. Comparison of conceptual ash

disposal systems can be used both as a means of optimizing disposal costs, and as

an aid in disposal site selection.

Ash disposal schemes are generally categorized as eithe~ wet or dry. Possible

combinations of ash disposal system components were described in Section 3. Sec

tion 1 examined the factors which influence the selection of a disposal system (ash

characteristics, site characteristics, disposal regulations, etc.). Section 4

describes criteria and guidelines to be considered in the design of wet and dry

systems and Section 6 illustrates actual disposal systems.

DETERMINATION OF ASH QUANTITIES

An integral part of developing an ash disposal system is the estimation of the

amount of ash requiring disposal. The quantity of ash produced is determined by

the amount of coal burned, ash content of the coal, boiler type, collection system

efficiency, and operating load. The operating load will vary over the life of the
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plant. Generally, there are two operating conditions which warrant consideration

when calculating ash quantities: average lifetime load and peak load. The expected

average lifetime load is used to calculate the total disposal volume required.

Peak loads and available surge capacity are used to size ash transport and placement

systems. For instance, if a seven-day ash storage capacity is available at the

power plant, the maximum weekly load would be used to determine transportation

requirements.

The steps in estimating ash quantities can be summarized as follows:

Step 1: Calculate average annual coal consumption

Tons coal burned/year = [power plant generating unit
rating, (kW)]

days hours
x x ----- x average lifetime load

year day

(

x heat rate,

Step 2: Calculate annual ash quantity

(BtU)] +(lb x
kWh ton

~)
lb

c
Tons ash/year = tons coal burned/year x % ash in coal

Step 3: Calculate annual fly and bottom ash quantities

Tons fly ash/year = tons ash/year x % fly ash in ash

x overall collection efficiency (%)

Tons bottom ash/year = tons ash/year x % bottom ash in ash

Knowing the tons of ash produced, it is possible to calculate the required disposal

volume for fly and bottom ash from the in-place dry density of the ash. The dry

density of fly and bottom ashes is variable, as mentioned in Section 2. Sluiced

ash typically has a lower dry density than landfilled ash. Compaction of dry ash

can substantially increase the dry density of ash, thereby reducing disposal volumes.

The following example problem illustrates the methodology used to calculate ash

quantities and required disposal volume over the plant life. It should be noted

that the wet disposal volumes calculated do not include provisions for freeboard,

variations in pond arrangement, residual water stored after abandonment, or size

requirements to ensure adequate particle settlement. It is also assumed that the

total wet disposal. volume is the sum of the fly and bottom ash volumes.
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Coal

2. Estimate Annual Ash Quantities

365 days 24 hr
(1,000,000 kW x x --- x 0.70

yr day

= 2,628,000 tons/year

x 9 000 BtU) f (2000 lb x 10,500 Btu
, kWh ton Ib

315,360 tons ash/year x 80% fly ash in ash

x 99% collection efficiency

250,000 tons/year

or 7,500,000 tons in 30 years

2,628,000 tons coal burned/year x 12% ash in coal

315,360 tons/year

Tons fly ash/year

Tons ash/year

63',000 tons/year

or 1,900,000 tons in 30 years

Tons bottom ash/year = 315,360 tons ash/year x 20% bottom ash in
ash

Tons coal burned/year

10,500 Btu/lb

12% ash

70% average capacity or lifetime load factor over 30-year life

Heat rating 9,000 Btu/kWh

80:20 fly ash:bottorn ash ratio

99% fly ash removal efficiency (electrostatic precipitators)

3. Estimate Fly Ash and Bottom Ash Quantities

1. Estimate Average Annual Coal Consumption

Given: 1000 MW Coal Fired Power Plant

2 units rated @ 500 MW each

Example Problem: Find the dry and wet disposal volumes required for a power plant

with characteristics listed below. No ash will be utilized.

(

(
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4. Estimate Required Disposal Volumes for 30 year storage

Dry Disposal

(

Fly Ash - (in place dry density

lb Ib
Disposal Volume (7,500,000 tons x 2,000 + (70

ton ft3

x 27 8,000,000 yd
3

Bottom Ash - (in place dry density

Disposal Volume

x 27 1,500,000 yd
3

(

Total Disposal Volume 9,500,000 yd
3

Wet Disposal

Fly Ash - (in place dry density = 60 lb/ft
3

)

Disposal Volume = (7,500,000 tons x 2,000 Ib ) t
ton

(60

x 27 9,300,000 yd
3

Bottom Ash - (in place dry density

Disposal Volume (1,900,000 tons x 2,000 lb ) +
ton

5-4

(70

(

- Doc. Ex. 148 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



5-5

• Bottom ash from the boiler bottom.

2,000,000 yd
3

11,300,000 yd
3

Total Volume

• Boiler design and configuration,

• Plant layout,

• Ash quantities, physical, and chemical properties,

• Fly ash from particulate removal systems,

• Distribution of ash between fly ash, bottom ash, economizer ash and
air heater ash,

• Type, configuration, and location in the exhaust gas stream of par
ticulate removal devices.

• Ash deposited in the economizer and air heater hoppers,

• Plant geographical location,

Ash must be transported away from the boiler area to prevent the shutdown of the

generating system. For the majority of utility coal fired power plants, the major

sources of ash are:

General Design Criteria

The major components available for in-plant ash handling systems are delineated

below. General design information is provided, but specific system design is

beyond the scope of this report.

Since ash handling is of critical importance in ensuring generating system opera

tion, ash handling systems are typically designed to carry in a 6 to 8~hour shift

the daily maximum volume of ash produced. This is to allow adequate time for

maintenance on ash handling systems. The design of ash handling systems for 24

hour operation is also possible. Backup or duplicate systems can also be installed

to provide an additional factor of safety in operation.

In developing preliminary designs for ash handling systems, there are a number of

factors to consider. These include the following:

IN-PLANT ASH HANDLING SYSTEMS

(

(
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Fly Ash Handling Systems

Fly ash is commonly removed from the flue gas by either electrostatic precipitators

or baghouses, and deposited into hoppers located directly beneath the collection

equipment. From these hoppers, dry fly ash is either transported to an ash stor

age/transfer silo or to a mixing device, where water is added to form a slurry. An

alternative method for fly ash collection is a wet scrubbing system. This system

has the advantage of avoiding the use of pneumatic ash handling equipment by crea

ting a slurry, which can be directly pumped to the disposal area. However, wet

scrubbers have a limited use due to their high operation cost and limited collec

tion efficiency. Other wet scrubber disadvantages include the formation of sludge

and a low pH, corrosive liquor.

Pneumatic transport systems, utilizing ne,gative pressure, positive pressure, or a

combination of both, are used for dry fly ash handling. A brief description of

~h~s_e_f~y_ ~s~!l~n~1~!!9__~y~~e!Jl~_ ~_o!l~w~_~_

• Negative Pressure (Vacuum)

--Fly ash is transported from ash collection hoppers through a
hydraulic vacuum producer to an air separation tank. The
fly ash is then sluiced to a wet disposal area.

--Fly ash is transported from collection hoppers to a dry
storage silo. Hydraulic or mechanical exhausters are used
to create the vacuum. From the silo, fly ash is transported
to a dry disposal area.

• Positive Pressure

--Fly ash is transported from collection hoppers to a dry
storage silo or transfer station, and subsequently trans
ported to a dry disposal area.

--Fly ash is transported from collection hoppers to a wetting
device and subsequently sluiced to a wet disposal area.

• combination

(

(

--Fly ash is transported from
station by a vacuum system.
ash is transported to a dry
system.

collection hoppers to a transfer
From the transfer station, fly

storage silo by a pressure

Vacuum systems have a limit on the effective distance to which they can transport

fly ash. This distance is dependent upon the configuration of the system and its

altitude above sea level. Pressure systems are generally used where the conveyance

length or altitude is too great for a vacuum system. The efficiency of these dry
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(

ash conveyance systems is dependent on the particle size and density of the material

being transported.

Economizer and Air Heater Ash Handling Systems

Economizer and air heater ash can be handled by systems previously described for

fly ash. It is necessary to either provide crushers or secondary hoppers, installed

under each economizer and air heater hOEper, to facilitate 2neumatic tran~port,~d~u~e~ 1

to the tendency of this ash to sinter.

With wet ash disposal, it is possible to collect economizer and air heater ash in

water filled tanks, from which it is periodically pumped. Once wet, this ash is

difficult to dewater. Therefore, hydraulic handling of economizer and air heater

ash precludes the use of dry ash disposal.

Bottom Ash Handling Systems

Bottom ash is collected in hoppers located directly beneath the boilers. The

description of a "wetl! bottom boiler describes the physical state of the bottom ash

within the boiler. Thus, the bottom ash from a wet bottom boiler is in a molten

state when removed. Bottom ash from a dry bottom boiler is in a solid state when

removed. For both types of boilers the bottom ash is typically dropped into a

water filled hopper. This shatters the molten ash leaving the wet bottom boiler.

It reduces the ash's temperature for future handling in either case. The number of

bottom ash hoppers per boiler depends upon the boiler type and the ash melting

temperature. A minimum of two is required. Bottom ash hoppers are typically

arranged in "V" or "WI! configurations. Discharge from bottom ash hoppers is

usually automatic, but manual discharge facilitie~ are incorporated to provide a

backup discharge system.

Bottom ash leaving the hoppers is usually passed through a clinker grinder for size

reduction, then pumped to' either a dewatering area for dry disposal or directly to

a wet disposal pond. Bottom ash pumps can be jet or centrifugal types. Jet pumps

cannot be air bound, require no sump pit, and are capable of handling overloads.

They are limited by head and are subject to increased wear in closed-loop sluice

water systems, where there is an increase in suspended solids. Centrifugal pumps

can be placed in series for high head applications, and are relatively unaffected

by the quality of recirculated water. Centrifigal pumps require a sump pit and

must be 'oversized to account for loss of efficiency due to wear, and to handle

overloads.
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OUT-OF-PLANT ASH TRANSPORT

There are a number of methods available to transport the ash from the storage silo,

dewatering bin, or slurry pump to the disposal area. These ash transport systems

require a large capital expenditure and warrant careful design. The degree of

variation in transport systems is typified by the following list of options:

• Truck

• Rail

• Barge

• Pipeline

• Belt Conveyor

• Pneumatic Conveyor

Each transport option also includes several alternatives. An important consid-

eration to be made in conjunction with the method of QuE-of=-prairt. -ash- fransport- is·- 

whether the bottom ash and fly ash will be transported jointly or separately. Most

transport systems can be designed for combined transport. Combined transport of

the ash may preclude the use of the bottom ash at the disposal site.

Truck Transport

The transport of ash by truck is normally restricted to dry or lightly wetted ash.

Commonly used methods of truck transport are:

• Highway trucks

--Triaxial, dump truck, 2S-ton capacity (22.7-metric ton capacity)

--Pneumatic trailers, IS-ton capacity (13.6-metric ton capacity)

--End dump trailer, 30-ton capacity (27.2-metric ton capacity)

• Off-road trucks

--Off-road dump truck, 35-ton capacity (3l.7-metric ton capacity)

--Self-powered scraper, 30-ton capacity (27.2-metric ton capacity)

This list represents a cross section of available truck transport methods and

commonly used sizes and types of equipment. Many other types and sizes of equipment

are available.

5-8
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(

Truck transport has the advantage of utilizing an existing technology that is

capable of quickly reacting to changes in operating conditions. If breakdowns

occur, additional equipment can be rented; if the primary transportation route is

made unusable, other routes are usually available. Truck transport places the ash

at the point of active disposal operations and, therefore, does not require second

handling. These advantages provide for flexible operation, and the ability to meet

future changes. Disadvantages of truck transport are primarily labor and operating

costs; its cost is directly related. to these items. The reliability of truck

transport is dependent on the truck drivers, the trucks, and the availability of

fuel. Truck transport disadvantages also include high visiblity, increased traffic,

and dust problems.

Rail Tran§port

The transport of dry ash by rail car is not cornman at present due to operational

constraints, such as unloading facilities and scheduling. Rail transport is

advantageous since rail routes made necessary by coal transport to power stations

may already exist. The cost of new track construction specifically to the ash

disposal area, however, would be included with ash transport costs. Applicable

rail transport operation costs include fuel consumption on the return trip, additional

track and bed maintenance, and the cost of dumping the ash on the return trip at

the coal mine or disposal site. Train routes are usually not affected by outside

influences and are essentially independent of weather. Disadvantages of rail

transport include increased required on-site ash storage capacity, difficulties in

unloading cars at disposal site, and double handling to place the ash in the disposal

site.

Double handling of ash is required since railroad cars can only deposit ash at a

central location or along a specific rail line. To place this ash in a disposal

area requires that it be picked up, transported, and finally placed. Rail transport

disadvantages also include dust problems, labor interruptions, and interference

with mining operations.

Barge Transport

Barge transport of coal ash may be practical for a few cases, but it does not show

the possibility of wide applicability. Barging will be limited to stations located

on or very close to navigable waterways, stations which can consider ocean disposal,

and/or stations requiring a long transport distance (greater than 100 miles, 161

kilometers). Barging theoretically can accommodate wet or dry ash wastes, and
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provide high system reliability at very low unit costs. However, the limited

transportation routes and the special loading and unloading facilities make the

overall economics unfavorable for all but a few selected cases. Barging alone will

not get the waste to the disposal site, except for ocean disposal. Disadvantages

include increased required on-site ash storage capacity, difficulties in unloading,

and double handling to place the ash in the disposal site (~).

Pipeline TranSport

The transport of ash by pipeline requires the slurrying of ash (typically ten

percent solids by weight) and pumping it to an ash disposal pond. The pump design

is consistent with standard pumping system design. The only specific requirement

is that the minimum velocity be sufficient to maintain the ash in suspension.

Conveying velocities range between 4.5 and 12.0 feet per second (1.4 and 3.7 meters

Per second), depending on a number of factors such as particle size, material

density, and pipeline configuration. After the pipeline system has been designed,

the type of pipe can be selected. Pipe selection is based on various parameters,

including ash properties. The types of pipe available for ash transport are:

(

• Steel,

• Cast iron, (
• Hard iron alloy,

• Basalt lined steel,

• Ceramic lined fiberglass,

• Plastic (PVC, PCVC, ASS, etc.),

• Fiberglass.

The pipe selection requirements for a fly ash transport system are not as severe as

for a bottom ash or combined transport system, since fly ash is less abrasive than

bottom ash. Standard utility practice tends to favor either steel or cast iron

pipe with mechanical joints. As the pipe wears, it is rotated so that the pipe is

more evenly worn. A single pipe can be rotated three times prior to replacement.

Other types of pipes are enjoying increased popularity. These include high quality

abrasion resistant pipe, such as basalt lined steel pipe and ceramic lined fiberglass

pipe. 'rhese pipes provide substantial increases in the life expectancy of the

pipe, and thus may warrant their high initial capital cost. Fly ash may coat the

inside of the pipe and in time will reduce its capacity. Because of this possibility,

provisions for periodic cleaning of the lines must be provided. Examples of this
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\

are periodic pumping of bottom ash, designed access points for hydraulic and mechani

cal cleaners, and back-up lines and pumps.

An integral part of the pipeline transport system is the overflow water return

system. Based on currently proposed regulatory requirements for a new point

source, an ash pond discharge will be limited to a small concentration of suspended

solids. The most expeditious method of compliance may be a water recycle system

which would require a water return line from the ash pond to the plant and~,~i~f~--------------------I

there is not sufficient head, a water-return pump. Since the suspended solids

concentration in the recycled water would probably be low, other conventional

pipeline materials, such as plastic and fiberglass pipe, could be used for the

water-return pipeline.

The advantage of a pipeline ash transport system is that it is relatively independent

of labor or energy problems. The primary disadvantage of a pipeline is continual

maintenance, although this may be reduced by the use of abrasion resistant pipe.

conveyor Transport

conveyor transport includes both belt and pneumatic transport of ash. Although the

design basis of these transport alternatives are not similar, they do share similari

ties in that they:

• Require a dedicated transport line,

• Have a high initial capital cost, and

• Require a storage silo or pile at the disposal area.

Belt Conveyor Transport. The transport of ash by belt conveyor requires that the

ash be dry, although partial wetting may be used to reduce dusting. Conveyor

systems consist of one or more conveyor flights, each made up of a continuous belt

supported by rollers and powered by a central motor drive. Each flight is sepa

rated by a transfer station where the ash is transferred from one flight to another.

The length of a conveyor flight is constrained by both the strength of the conveyor

belt and required horsepower of the motor drive. Conveyor flights in excess of 10

miles (16 kilometers) have been constructed. Another restriction of conveyors is

the geometry of the transport system. The maximum slope of the system is typically

restricted to less than ten percent, and large curves or turns cannot be executed

without a transfer station. The number of transfer stations should be minimized

since both their capital and operation costs are quite high. A final requirement

of ash conveyor systems is that fugitive emissions be minimized. This can be
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accomplished by either wetting the ash or enclosing the conveyor. Reduction of

fugitive emissions by wetting could cause emission violations unless moisture

control over the entire length of the conveyor is exercised. Therefore, an enclosed

conveyor system would be preferred.

Advantages of a belt conveyor system include a lack of dependence on either labor

or energy. Disadvantages include its high capital cost; plant disruption in a

case of failure, unless a back-up system is available; and the requirement of

double handling at the site to place the ash in the fill.

Pneumatic Conveyor Transport. Pneumatic ash transport requires that the ash be

completely dry. Pneumatic ash transport consists of a pressurized pipeline system

in which the ash is transported along a stream of air. The actual design of the

transfer method may be either dense phase or dilute phase, referring to the con

centration of ash particles within the air stream. Upon reaching the disposal
----

area, thealr-velOcltyTsr8auced--· ana "bfie --ash"set:'ETes-into ast-orcrge---s-:tlo-pri-or -to------ -

placement in the landfill. The carrier air is exhausted through a baghouse with

the removed ash redeposited into the silo. Design of this type of system is re-

stricted by the ability of the carrier air to transport the ash. Specific transport

distance capabilities are based on the type of phase transport, temperature of the

air and/or ash, piping system resistance, and altitUde. If long transfer distances

are required, a transfer or booster station may be necessary.

Advantages of pneumatic transport include unattended operation, USe of an existing

technology relative to ash handling, and ability to conform to existing topography.

Disadvantages include high capital cost and double handling of the ash at the

disposal area.

COAL ASH DISPOSAL

Dry Ash Disposal

Dry disposal areas are commonly designed and constructed with methods similar to

those used for the design and construction of earth fills. The EPRI Fly Ash

structural Fill Manual (~) contains detailed information concerning the testing of

ash to determine its physical properties along with design considerations which are

somewhat unique to ash. The major factors in the design of dry disposal areas are:

• Fill configuration and cons~ruction,

• Erosion and sediment control,

c
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( • Surface and groundwater protection.

(

Fill Configuration and Construction. The overall slope stability of the site is

influenced by its configuration and the manner in which it is constructed. Figure 5-1

shows a typical dry ash fill. The simpliest ash fill would be where all the ash

was placed in a similar manner, regardless of any material zoning. The major

configuration and construction features that influence slope stability are:
----

• Method of ash placement,

• Fill slopes,

• Exclusion of water from the fill.

In dry ash disposal, ash is commonly hauled to the active portion of the fill,

dumped, spread, and possibly compacted. The degree of compaction of the ash will

influence the overall stability of the fill, the permeability of the ash, and also

the volume required for ash disposal. For example, compacted ash will have a

higher in-place density, higher shear strength, lower volume, and lower permeability

than an ash loosely dumped without compaction.

Depending upon the method of ash placement and degree of compaction, fill slopes

are designed to ensure the stability of the disposal area. Normally ash fills will

be designed with overall slopes of 3 or 4 horizontal to 1 vertical, and incorporate

terraces at 15 to 25 foot vertical intervals; however, material strength may dictate

greater or lesser slope ratios. Local terrace s-lopes may be as steep as 2 horizontal

to 1 vertical. It should be noted that the length and steepness of local slopes

can influence other site features, such as soil cover and vegetation used in erosion

control measures.

Water should be excluded from the fill to minimize the formation of leachate and

ensure the fill integrity. The primary means of excluding water are:

• Collection of groundwater with a layer of inert, permeable material
placed beneath the fill. In some circumstances, the groundwate~ may
require collection in a pipe underdrain network for discharge,

• Diversion of surface water away from the disposal area,

• Provision of positive drainage from the ash fill surface and provision
of drainage systems to carry runoff away from the fill,

..

• Covering of the ash with a soil material capable of supporting
vegetation and providing minimal infiltration.

5-13

- Doc. Ex. 157 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



.1 (TYPICAL)

EXISTING GROUND
SURFACE

1
2j

!

~ UNDERDRAIN,
2' BbTTOM ASH - (np)

COMPACTED ASH TOE
(OPTIONAL)

BENCH

TOE OF SLOPE

tn
J

f-"..

Figure 5-1. Cross-Section: Dry Ash Disposal Area
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Erosion and Sediment Control. In order to satisfy environmental regulations and to

prevent erosion, it is necessary to incorporate measures to control erosion and

subsequent sediment transport from the fill. These design features commonly in

clude:

• Staged site development to minimize the area of ash exposed without
soil and vegetal cover,

• Sedimentation P:Qnd to tra}2 sediment carried by s""'i.,t"'e'--'r,.un=o"=f.,f",'--- ~ I

• Ditches for channeling and controlling the surface runoff on the
disposal site,

• Manipulation of the slope, length, and gradient of disposal area to
control runoff velocity and sediment transport potential,

• Berms at the foward edge of benches to keep runoff from flowing
over the bench face,

• Sloped benches to direct runoff into collection ditches,

• Temporary sediment traps, such as straw bale barriers or sandbags,
to trap sediment eroded from exposed ash or earth stockpiles,

• Soil cover and vegetation, if needed, on all exposed ash surfaces
and soil stockpiles.

Surface and Groundwater Protection. Increasing concern about the pollution of

surface and groundwaters has necessitated the use of water protection measureS in

the design of dry ash disposal areas. The use of these protection measures is

determined by regulatory requirements, the type and permeability of soils under

lying the site, and ash leachate characteristics. Common measures used to protect

surface and groundwater include:

• A site liner, natural or synthetic,

• Surface water diversion ditches and pipes,

• A permeable layer of inert material beneath the site to collect
leachate,

• Treatment of site leachate, if needed.

Wet Ash Disposal

The design of a wet ash disposal area incorporates the following major items:

• Sizing,

• Disposal area configuration,

( • Embankment design,
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.. Surface and groundwater protection, (
• Required settling time.

In addition to these design features, consideration should be given to the post~

closure requirements of a wet disposal area. If the disposal area is filled with

ash and the power plant discharge is stopped, then the site is a landfill which

should meet the design requirements previously discussed for dry disposal sites.

If water continues to enter the site, then continuing maintenance of the embankment

and discharge structures is required to ensure their integrity.

The sizing and configuration of a wet ash disposal area is discussed in Section 9

and will not be included here.

Embankment Design. The design of earth embankments is a detailed topic beyond the

scope of this manual. Figure 5-2 has been included to illustrate some factors in
---- ------------- .------ - --------- ---------;

such an embankment or levee. The height and type of embankment are influenced by

the soil types and quantities available near the site along with the site topo

graphy and the required disposal volume.

Surface and Groundwater Protection. The protection of groundwater may entail the

use of a site liner. This liner may be constructed of natural or synthetic mater

ials, or it may make use of naturally occurring features, such as an aquiclude.

Surface water protection is somewhat more complex to analyze. It is possible that

effluent quality restrictions will preclude pond discharge to surface waters, and

will require treatment or the use of a closed loop water recirculation system. If

a closed loop water recirculation system is to be used, it will be necessary to

undertake a water balance study to compare water entering the disposal area from

sluicing operations, precipitation, and upl~nd runoff with water leaving the area

by evaporation and discharge. This type of study is necessary to determine the net

amount of water returned to the plant and the need for upland runoff diversion

ditches. The water quality must also be investigated to assure that a build-up of

dissolved solids will not degrade the recirculation system.

Currently, several methods of handling sluice water discharges are available.

These are:

• Filtration of the discharge to achieve zero suspended solids,

• Evaporation of the discharger
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• Operation of the system in a closed loop system in one or more of
the following modes:

--Operate until the dissolved solids exceed a set limit, then
treat or evaporate the spent water,

(

--Operate with frequent bleed-offs and water
tain the system at a pre-determined level.
would require treatment or evaporation,

additions to main
Any bleed-off water

--Operate with constant acid addition (sulfuric, hydrochloric,
etc.) to maintain a neutral pH,

--Operate with a side stream diverted for advanced treatment
(reverse osmosis, electro-dialysis, etc.) such that the system
dissolved solids would be maintained at a pre-selected level.

Required Area for Settling. One of the primary functions of a wet disposal area is

to provide sufficient detention time of the incoming ash slurry to allow the settl

ing of ash particles. The settling of solids is theoretically related to the pond

--- - ---- - ---Gu-tf-10w--l:'a-te,- the -su-l:'f-aGe-a-rea-Gf-tRe-pGnd-7- -an Gl -tihe -G-~i-tica-l---sett--l-ing-ve-1GG-i-tY---G-f------- - - ----+

the ash particles in the pond influent. This relationship can be stated as:

Required Settling Area
Outflow Rate

critical settling velocity of
the smallest particle to be
retained

(

Other design features~ such as baffles or skimmers, may be required for cenosphere

removal and to prevent short circuiting. It may also be necessary to incorporate

underflow weirs, trash racks, or antivortex plates on discharge structures to

prevent the outflow of particles and ensure the proper functioning of the discharge

structure.

LINER INSTALLATION PROCEDURES

Installation 6f liners for coal ash disposal sites should follow well designed and

detailed procedures. There should be adequate planning, use of good quality

materials, and proper construction techniques. The design and installation of a

liner can be divided into four steps:

1. Define facility function and geometry,

2. Select liner material,

3. Plan, design, and conduct suitable subgrade preparation procedures and
proper liner installation procedures, and provide adequate seepage
monitoring and collection provisions,

5-1S
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( 4. Develop appropriate post installation operation and maintenance pro
cedures.

(

This section reviews liner installation procedures. Additional detailed infor

mation is available in the EPRI report Disposal Area Liner Design RP 1457(!).

Liners are used primarily to prevent leachate from the coal ash from entering the

--------'groundwater-.--h~ners-shou~d-prov±de-a-permeab~~~cy-0f--less-~han-l-£~fyear--~lO-7GID!se~)~.-------------1

By using a site liner it must not be assumed that total prevention of leachate ever

entering the groundwater system is achieved. Its use reduces the rate of leachate

migration relative to the unlined case, but does not eliminate it. The Use of a

dual liner system significantly reduces the rate as compared to the single liner

case.

The degree of success of a liner installation is related to:

• Initial quality of the liner material,

• Cornpatability of the liner with the waste material,

• Suitability of liner construction.

No long range predictions as to the lifetime performance of a liner can be made at

this time due to the lack of long te~ experience. However, various studies are

ongoing which are attempting to answer this question.

Liner Categories

There are four liner types that are applicable to coal ash disposal operations.

These include:

• Compacted clay liners,

• Admixture liners,

• Asphaltic liners,

• Polymeric membrane liners.

A more detailed description of these liners can be found in the EPRI FGD Sludge

Disposal Manual CS-l515(!). A recent study (~) outlined procedures for the design

and construction of two liner categories:

• Polymeric membrane liners,

• Bentonite (clay), asphalt, and cement liners.
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This section will describe installation procedures for both categories. Procedures

that are common to both categories will be described first, followed by more

detailed procedures for each category.

Approach

Liner installation can be divided into three categories:

• Subgrade preparation,

• Liner placement,

• Special design considerations.

Subgrade preparation will be the same, regardless of the liner type. Liner placement

is specific to the type of liner used, and special design considerations are as

required for each installation.

Subgrade Preparation. The disposal site must be prepared for liner placement.

Subgrade preparation can be divided into six operations:

(

l. Cleaning, grubbing, and stripping,

(
2. Sterilization,

3. Excavation and filling,

4. Com,?action,

5. Proof rolling,

6. Subdrainage and gas venting.

All the listed operations must be performed to insure an acceptable subgrade (~).

The first task is to clear off all tall grasses, trees, brush, fences, poles,

stubs, rubbish, debris, and refuse. With plant removal, it is especially important

that the entire root system is removed. To insure eradication of all plant life,

the prepared subgrade should be treated with a reliable herbicide. The herbicide

should be applied in a uniform manner over the entire site, including the top of

the berms, disked into the soil at a minimum depth of 2 11 to 4 11
, and the earth

moistened. The magnitude of the excavation and filling will be determined by the

scope of the project, and the results of the soils investigation. If the site is

to receive the liner directly, the surface should be smooth, free from fractured

rock, and no rocks should be over 1/4" in diameter. The next step is compaction of

5-20
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( the disposal area. After compaction, the area should then be proof-rolled with a

minimum· 5-ton smooth-wheeled or pnuematic tire roller.

If leachate collection from the' site is required, a highly pervious layer of soil

or geotextile fabric is placed over the compacted soil, providing a path for the

leachate to travel. Venting for the site must be provided if gas production

beneath the site is expected or if a fluctuating water table is present immediately
-~~-~-----I

below the pond surface. This venting will allow the produced gas to be vented, and

allow air forced upward, by a rising water table, to be vented.

Liner Placement. Subsequent to subgrade preparation, the liner itself is installed.

As previously mentioned, each liner type has a specific installation procedure.

The basic procedure described will be for polymeric membrane liners. A series of

photographs depicting this procedure are included in Appendix A. Installation

procedures specific to the other liner category will follow.

Liner installation can be divided into six steps (2):

1. Factory preparation,

( 2. Placement at the site (panel placement),

3. Securing the line~ (anchoring),

4. Seaming liner sections,

5. Seaming around penetrations (inlet pipes, vents, etc.),

6. Soil covering (optional).

To insure that the installed liner will perform as designed, a strict quality

control program must be enforced in all phases. The materials used and the workman

ship involved must be of high quality. The liner to be installed will be prepared

for shipping from the factory. At the site, proper storage of liner materials

should be provided. It is important that the liner material be covered, whether by

placement in a building or under a protective cover. This must be done to prevent

possible degradation due to sunlight or heat buildup; The type of storage is a

function of liner type, anticipated weather, storage time, and ambient temperatures.

The first step in the actual installation of the liner is to place liner panels in

position for installation. The panel is then unfolded and pulled into position.

The panel, once positioned, is then anchored by being secured into a trench on top

of the embankment. The next panel is placed in position and, like the first panel,
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pulled into position. The first two panels are joined together by a seam crew. At

the same- time, the third panel is positioned and pulled into place.

There are a variety of field seaming techniques which may be utilized. These

techniques may include:

e Two part epoxy adhesives,

e Gum tape,

e Tongue-and-groove splice,

e Contact adhesive,

e Bodied solvent adhesives,

e Pure solvents,

e Hot air,

c

_e_

The first four represent the most common seaming techniques for membrane type

liners (~). More difficult is the seaming around protrusions through the liner.

These protrusions could include inlet and outlet pipes, vents for gas relief,

column supports for pipes, etc. These protrusions must be kept to a very minimumi

however, for those that do exist it is necessary that a good seal be achieved

around them. A common method for insuring a good seal is the use of a boot, which

is constructed to fit over the protrusion and seal to the liner.

The last phase of liner placement is the use of a soil cover over the liner to

protect the liner from the harmful effects of ultraviolet radiation and heat. This

is not necessary for all liner materials. However, the soil cover also acts as a

stabilizing agent, holding down the liner beneath. A problem arises in the placement

of the soil covering: the effect of heavy equipment on liner integrity is not

clear at this time. It may cause the liner to have a shortened life. There are

methods to abate potential liner damage from the usage of heavy equipment.

Examples are:

• Limit the absolute weight of equipment that is allowed on the
liner,

• Use bulbous tired or tracked vehicles with relatively low
contact pressures,

e Vary the entrance/exit locations for the heavy
equipment onto the liners.
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(

(

The second category of liner--asphalt, admixture j or clay--can be applied in a

similar manner. This type also requires the same subgrade preparation as described

previously in this section.

Asphalt concrete liners can be placed by conventional paving machines. A compacted

thickness of two inches may be sufficient, except for areas of heavy truck usage.

In addition, this type of liner requires side slopes no steeper than two horizontal

to one vertical (~).

Admixture liners are composed of soil, cement (coal ash may replace some cement),

and water. Installation of this liner involves placing the admixture in a com

pacted layer of sufficient thickness to insure a permeability of less than 1
-7foot/year (lOam/sec). Quality control is imperative to prevent curing cracks

from occurring, which can drastically increase tiner permeability.

Installation of clay liners is performed in a manner similar to that of admixture

type liners. Clay is spread and compacted in six inch layers until the necessary

thickness is obtained. This must be done with the clay in a·dry state. A soil

cover is recommended for a clay liner.

Special Design Considerations. There are certain options which may be necessary

for the disposal area, depending upon local topography or regulations. These can

include:

• Monitoring,

• Control of surface runoff,

• Dual liners,

• Special subgrade preparation,

• Provision for future expansion.

Monitoring wells may be required to identify the presence of a leak in the disposal

area. Surface water control is important for two reasons: 1) increase the useful

life of the facility, and 2) insure the integrity of the disposal area. Dual

liners provide additional security ~gainst leachate migration from the waste disposal

area. Special subgrade preparation may be necessary if there is a damaged or

irregular subgrade. Provision for future expansion will allow for economical

expansion of the facility, if required.
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The most important feature of any liner installation procedure is quality. The

materials used, and especially the workmanship must be of high quality to insure a

leak proof liner system. There should be a Quality Control inspector at each site.

A well developed plan for inspection, developed prior to liner installation,

should be followed to insure liner integrity.

Liner Cost

The installed cost of the liner is more important than the material cost of the

liner alone. Liner costs should be calculated on a total cost basis, including

maintenance costs. The cost of a liner is included in the disposal cost, discussed

in Section 9. A thorough review of liner costs is provided in the EPRI FGD Sludge

Disposal Manual CS-1515 (~).
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Section 6

CASE STUDIES

INTRODUCTION

During the course of col lecting data for this ma n ual, twenty-seven coal-fired

generating s tations , whi c h are believed t o represent most of t he variations

in ash d i s p o sal methodologies in the United States, were visited. The a lternative

methodologies are shown in Figure 6- 1 . This section is not intended to provide

design guidance, but is merely a compendium of concepts that the utilities visited

have used in the past . Each generating station and ash disposal system was d iffer

ent , but cornmon comparative features we re noted and are summarized in Table 6 -1.

These include:

• p lant size and location ,

( • boiler type ,

• average coal consumption,

• average ash content in coal ,

• ash disposal method.

As stated above , variations of ash disposal practice were observed . These d iffer

ences in basic wet or dry disposal sys tems are the result of specific problems

encountered by utilities . The selection of a particular ash disposal method and/or

the location of the disposal a reas a t a given plant is a f unc t ion of a given

u tility 's e xperience with a disposal method and i t s economic t r a de-off s, cornmon

practice of a region , topographic and p roperty constraints , and any unusual contrac

t ual requirements. For example, many northeastern utilities truck their dry ash to

compact it in a disposal area due to a lack of available disposal s ites and high

property acquisition costs. Table 6-2 is a breakdown of the variations observed.

From t h e sites visited, two we t and two dry s ites were selected for an i n-depth

discussion of their ash disposal systems. Three of the sites are in the major coal

burn ing reg ions of the country, and the other is in an area which may become a

ma jor coal burning region . The plants were selected because they represent the

general practice for larger, more modern plants in their portions of the country.
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Figure 6-1. Ash Disposal Methodologies
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,

NAV"'JO SALT RIVER
~LACK ! [22.6J I SUB BITUMINOUS

GENERATING PROJi;OT 2~000 to 11.0 c r a '"
< '--+--"'- MOST OF THE F.A

STATION MES'" , I IS CiJRRENTL, Y MARKETED.

FRONT PENNA, I
STREET ELECTRIC CO 1000 p.o.. ts " <1.5 '" 0 r , 41.8 0.316 ce

I
..

STATiON

WAUKEGMI
COMMON- WEST- 0,39- r LOW SULFUR

STATlON WE"'L TH 5000

'" 10- I~ 0,51) 9,3-9,9 0 r ,o. et t.s aa ..
SOLD MOST OF B...., 3. B.S,EDiSON CO.

ALLEN s. NORTHERN MONT. s.s
KING PLANT

STATES 5000 & iLL. AVG. (1,2) • s 0 r '" '" a.s ae .. ALSO UTILIZES PETROLEUM COKE
POWER 00.

POWERTON coMMON-
WEST- O,~,,-

as t.e PRIOR TO JULY 1979, ILLINOIS COAL
GENERATING WEALTH 12000

'"
to 0,53 9,3-9.8 0 r 0.0 rc M ne s t BURNED, 5010110 F,A. 15 SOLD FOR USE

5T",TION EOl50N 00. IN BITUMINOUS PAVEMENTS

COOPERATIVE

'"
WET DISPOSAL FOR ~OTTOM "'SH,

CO"'L CREEK POWER 21000 ". • .4-,8 5,8- 8,8 "'. He e etu '" " .. DRY MINE DI5POS",l
ASSOC, BOTH UNITS FOR FL I' "'SH,

PACIFIC
CENTR",LlA PCWER 3. 19000 "' " " eo 0 r ,

'" '" " "LIGHT CO.

TEX"'S
WET DISPOSAL FOR BOTTOM ASH;

BIG BROWN UTILITIES 19200 tx. " c.e •• "'. He s '" '" a t er DRY MINE DISPOSAL
FOR FLY ASH.

~ LELAND OlOS
BASIN

1~000 MA~, " to •o. 6,0 - 7,0 • , .s t so iliA " ..ELECTRIO

HUNTER
UTAH POWER 6800 ur. 10,5 ." '" 0 r a.s t ao '" " "3. LIGHT BITUMINous

PUBLIO
jO.O-OHEROKEE SERVICE CO. 6000 00. e .4-.5 0 , , as '" te eo

Of OOLORADO 11.0

PACIFIC
JIM BRIDGER POWER & ~4000 MAX. .,. ru o.e e.s 0 r r N" '" a "'LIGHT 00

-.
n , w.
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Table 6-2

CASE STUD IES O~ SPECIF IC ASPECTS OF COAL ASH DI SPOSAL

Powe r Plan t

A. Wet Disposal

1. Ope ration Alterna tives

a .
b .

, .

d .

e .

Once chtu a sh slu r r y s ys tems
Once t h r u a sh slurry s ys tems
w/ eff luen t treatment
o Car bo n Dioxide
o Acid
o Lime
Pa r t i a l sluice wa te r
r e c yc le s ystem
Tot al re c i r cu lat i on
o Bottom ash s lur ry

water only
o To t al water reci rculation
Se ries op e r at ion pond systems

Bull Run , Al l en, Leland OI ds

Labad ie , Rush I s l and
Br un ne r I s l a nd
Sunbury
Kings ton , Jack ~cDonough

~o ntro se , San Juan , ~avajo,

Bi g Bro wn
Gi bs on
Naughton , Gi bs on

2 . Ash xovemen c and Con t r o l

b .
C

d .

f l oat ing a s h slurry d i s ch a r ge
line
Dre dging
Dragline
Se gregation of bot t om and
f ly ash

Cl if ty Cre ek

Na r shaLl,
Kin gston
Labad ie , Rush I s l a nd

3. Embankme nt Type s

, .
b .

Emba nkme n t / e xc ava t i on
Cro ss va lley
S id e hill

Rush Is land, Labadi e
l1arsha l l
x cuonough

B. Dry Disposal

1.
2 .
] .

,.
5 .

Canyon o r Va l l ey Fi l l
Open Ar ea fill
Strip Mi ne

Dist u r bed Area Restorat i o n
Fixation

Na va j o
Key stone , Hunte r
Sa n J ua n , l1on t ro s e , Bi g Brown,
Coal Cr e e k , J i m Bridger~

Cen tra lia
Front St ree t , Che roke e
T•vaukegan

C. Envir onme nt a l Considerations

1. ~onito r in g

a .
b .

Ash pond discharge
Groundwater monito r i ng

Allen
Ki ng, Sa n Ju an

2 . Rev egetation

a. wec
b . Dry

0 Ea s t e rn
0 We s tern

Allen

Keyst one, Powerton
~avaj o, Sa n J uan

\

) . Cons tructed Si t e Line r

6-5

Powe r t on , Front St r e e t ,
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Appendix B contains brief descriptions of the other generating stations visited.

These are included to illustrate the broad range of current practices in the two

primary disposal methods which vary from those observed at the four sites described

in this section, and to serve as a possible reference for utilities with similar

problems. The geographic location of all twenty-seven plants is shown on Figure 6

2.

Data on monitoring systems is presented only where it varies from that r~quired

under National Pollutant Discharge Elimination System (NPDES) requirements.

IN-DEPTH DISCUSSIONS

The power plants selected for in-depth discussion are:

Wet Ash Disposal:

Allen Station - Duke Power Company

--- - - - -- -- - --- - - - -Gibson -Sta t.Lcn =~ublic .servdce Compan-y .of .r ndf.ane. _ __ __ __ _ _

Dry Ash Disposal:

(

Keystone Station - Pennsylvania Electric Company

San Juan Plant - Public Service Company of New Mexico (

The Allen and Gibson Stations are located in the South Atlantic and East North

Central portions of the country, respectively, where wet ash disposal is predominant.

Keystone Station, located in the Middle Atlantic region, and San Juan Station,

located in the Mountain region, are both situated in areas where dry ash disposal

is predominant.

Allen Station

Allen Station, as shown in Figure 6-3, is a 1100 MW coal-fired power plant owned by

Duke Power Company and located near Charlotte, North Carolina. The area is located

in rolling terrain and has a moderate population_ density. At normal operating

capacity the power plant consumes 6,100 tons (5,530 metric tons) of bituminous coal

per day. There are five units, units land 2 are 150 MW each, Units 3 and 4 are

265 MW each, and Unit 5 is 275 MW. Units land 2 were brought on-line in 1957 and

have tangentially-fired boilers. Units 3, 4, and 5 were brought on line in 1959,

1960, and 1961, respectively. These units have two boilers per unit. All boilers

are Combustion Engineering, dry bvttom type and operate General Electric turbines.

The boilers are fueled primarily by Western Kentucky Coal with less than 1.5 percent

sulfur, an average of 12 percent ash content, and an average heat value of 12,000

6-6
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Figure 6-2 . Location of Sites
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( Btu/lb (27 ,890 kj/kg) . The coal is no rmally delivered to the plant via unit trains .

Add i tional coal is obtained through the spot market a nd delivered b y train at

single car rates.

Al len Station has a uniq ue water arrangement due to i t s prox i mity to both t h e

Catawba and South Fork Rivers . Water is wi t hdrawn from the Ca tawba River for once

through cooling and is then discharged via a canal t o the South Fork Rive r. Some

of t hi s intake water is diverted for o t her uses, s uch as ash slur ry wa t e r , and-i~sc------------------+

ultimately dischar ged t o ash ponds . The thr ee - mile l o ng d ischarge canal s upports a

s ubstantial population of strip ed bass, c rappie , car p , catfish , sunfish , and bream,

common ly r eferred to as b luegill.

Units land 2 boiler exha ust gases are routed t hrough mec h an i c a l collectors fol lowed

b y Research-Cottrell e lectrostatic p recipitators (99+ percent overall efficiency).

Fly ash from Units 3, 4 , and 5 is collected by Research-Cottrell hot side precipita

tors followed by Joy-Western cold side p r ecipitators. This system provi des 99+

percent collection e f f i c i e n c y . Th e exhaus t from t h e s e part iculate removal systems

e x i t s t hro ug h f ive 250 ft (76 m) h igh stacks.

Fly ash i s transported dry , v i a a vacuum t ransfe r syste m, to an ash s lui c ing area .

Here, t h e fly ash i s combined with the quenched bott om ash a nd pyritic r efuse a nd

s luiced t o the ash d isposal ponds by a j e t p r opulsio n pump. This t ype of arrange

me n t is uti lized to mi n i mi z e the a bras i ve ef fec ts o f b otto m a sh on the pumps. Th e

s lurry lines are cast i r o n , mechanical joint pipe whic h i s r o t ate d approximately

eve r y t hree years and provides 9 to 1 0 y e ars o f service. Alternatively , fly ash

can be handle d dry for s ale. Average da i l y product ions o f fly a sh and bottom ash

is 526 tons (478 metric tons ) per day and 175 tons (1 59 metric tons ) per day,

r espectively.

The ash disposa l area , shown o n Figure 6-4 , i s comprised of active and aba ndo ne d

s ites . The original ponds , which include the t wo we s t coves, 20 t o 30 acres (8.09

t o 1 2 . 1 ha) and the e a s t cove , 50 acres (20.24 ha) , p rovide d the initial a s h disposal

c apacity. These p onds were approximately 25 t o

provide d approximately 3 ,630,000 y d s (2,776,950

30 f t (7.6
3

m ) of ash

t o 9. 1 m) deep and

storage.

Th e e a st a nd west coves , presently f i lled to capacity, are being u s ed for r ev eget a -

t i o n research . In the west cove, Duke Powe r Company i s studying t h e effe c t s o n

r e veget a tion created by varying the depth of soil cover on f ly a sh . Table 6-3

s hows the details of the revegetation study. Figure 6- 4 indicates r e ve g e t a t i o n
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Figure 6-4. Allen Station Ash Disposal System
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( areas. Although depth of soil cover varys appreciably, no noticeable variations i n

the density of vegetation have been noted to date , as can be seen i n Figure 6-5.

Table 6 -3

Al len Station jceveqe t a t Lon Areas

Area Depth of Soil Cover

I

II
II I

IV
V

3 in (7 .6 em)
6 i n (15.2 em)
12 in (30 .5 em)
6 in (15.2 em)
6 in (15.2 em)

not disked
not disked

By comparison , the east cove has not been covered or revegetated. However, a

substantial cover of natural vegetation was present on the above water areas of the

pond (see Figure 6-6 ) . Duke Power is ma i n t a i n i ng the water level i n t he east cove

to minimize f ug itive dust emiss ions. It also plans t o study t he vegetative cover

and terrest r ial species which have begun to populate the pond .

The new ash disposal pond , comp leted in 1975 , i s a 130- a c r e (52.61 ha) pond construc

ted i n a previous backwater embayment in the Catawba River (see Figure 6-7) . The

po nd i s impounded by an earthen embankment

(21.3 m) . It has a current storage volume

which has a maximum height of
3

o f 1, 200, 000 yds (918,000 m )

70 ft

which i s

sufficient fo r 3 years of disposal . Silty clay was excavated f rom the pond area to

provide the material for the pond embankment. The d i ke wil l eventual ly b e raised

to 90 f t (27.4 m) to i ncrease disposal volume .

Present ash pond operation consists o f pumping the ash slurry to the western cove

and allowing i t to f low t hrough a canal to the new pond. The supernatant is dis

charged t o the Catawba River . In addition to the ash slurry water , all o ther plant

water discharges , except the cooling water , are piped directly t o the ash disposal

pond. Th2se discharges inc l ude the ammoniacal b romate and hydrochloric acid

utilized i n bo iler c lean ing operations. Studies conducted by Duke Power i nd i c a t e

that the ash disposal pond is effective in treating these wastes and that the

r e s ultant discharge does not violate their NPDES permit limitations which include

arsenic, sel~nium and other heavy metals.
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( In addition, Duke is presently studying ash basin leachates and monitoring ground

waters in the vicinity of these basins. Because of the natural clay deposits in

this area, both the old .and new ponds are underlain by relatively impermeable soils

similar to constructed clay liners. Thirteen monitoring wells have been placed

within and around these ponds and samples are analyzed on a monthly basis. The

results of this study will provide both short-term (new pond) and long-term (old

ponds) in situ metal migration data which may improve and broaden practice in

disposal pond utilization.

Gibson Station

Gibson Station, shown in Figure 6~8, is a 2600 MW-~oal fired power plant owned by

Pub.lie Service ·Company of Indiana and. located on the Wabash River near Mt. Carmel,

Illinois. The station is located in flat terrain with low population density. The

power plant now has four 650 MW units. A fifth unit is presently under construction.

Southern Illinois bituminous coal, with an ash content ranging from 8 to 15 percent,

sulfur content ranging from 1 to 4 percent, ar.d ·heating value of from 10,000 to

11,000 Btu/lb (23,240 to 25,560 kj/kg), is burned at a maximum rate of 23,000 tons

(20,860 metric tons) per day. It is supplied to the plant either by unit trains or

trucks. Daily coal deliveries consist of approximately two to three unit trains

and 400 to 500 truck loads.

Gibson Station utilizes Foster Wheeler, pulverized coal, dry bottom boilers which

produce 4,588,000 lb (2,081,000 kg) of stearn per hour. The combustion exhaust

gases ar~ passed through cold side electrostatic precipitators which provide 99+

percent fly ash removal efficiency. The Plant has two 500 ft (152 m) stacks; a

third stack will be added for unit 5. Plant cooling water is obtained from a

closed recirculation system which uses a 3,00a-acre (12.14 ha), approximately 15 ft

(4.6 m) deep, impoundment for storage and cooling. Although the cooling system is

classified .as closed, make-up water from the Wabash River is required to maintain

the lake level. During the summer months more than 56,000 gpm (3,528 lis) is

pumped into the cooling lake to maintain the water level. The cooling water lake

has been developed by the utility for recreation; however, water skiing and swimming

are not permitted. Shad are the dominant species in the lake, and because of their

number cause problems at the plant water intake during certain periods of the year.

Presently, it has been proposed to solve this problem by stocking the lake with

bass which feed on shad.

Fly ash is collected dry and transported via a vacuum system to a slurry area.

There it is combined with the sluiced bottom ash and pyritic refuse and pumped to
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disposal, areas by 1,250 hp , 3,,720 gpm (932.5 kw, 234 1/s80) pumps. Average daily

production of fly ash and bottom ash are 2,800 tons (2,500 metric tons) and 700

tons (630 metric tons) respectively. The ash ponds are shown in Figure 6-9. In

addition to slurried ash, the ponds receive coal pile drainage, treated sanitary

wastes, and other plant water. As the water reaches a predetermined level in the

ponds, discharge pumps are turned on to transfer water to the main cooling lake.

____--=U"'n"'i"t"s--=l--=and 2 have a pair of ponds" 210 acres and 20~cre::s (84.9 and_~l-,h",a")'-"-. 1

units 3 and 4 also have a pair of disposal ponds, 225 acres and 60 acres (91.0 and

24.3 ha). Ash disposal plans for unit 5 are not presently known.

The ash ponds operate in series. The first pond provides primary particle removal

and the second pond provides final settling and skimming. Presently, operation of

the first pond for Uni~s I and 2 ash is hampered by the rapid settling of the

bottom ash near the point of slurry discharge. Due to this rapid settling, the

bottom ash forms a delta and subsequently retards the movement of the ash slurry.

To provide for the unimpeded movement of the ash slurry, this bottom ash is removed

by either drag line or other coal pile handling equipment, and is placed on nearby

ash deposits or the pond embankment; (see Figure 6-10).

A similar problem has been avoided in the Units 3 and 4 ash ponds since the slurry

pipe extends approximately 1,000 ft (305 rn) into the first ash pond. The bottom

ash delta formed at the pipe outlet does not adversely affect the flow of the ash

slurry.

Pond embankments are either rip-rapped (interior levees) or seeded (exterior

levees). Natural vegetation occurring in rip-rap areas (including grasses and

trees) is discouraged by periodic spraying of herbicides. This is done to prevent

water movement along tree roots, which could cause Leachi.nq or structural (soil

piping) problems. Soil borings in the ash disposal and cooling pond area prior to

construction indicate the presence of 5 to 6 ft (1.5 to 1.8 m) of gray or brown

silty or sandy clay overlying various sand layers. Since the pond areas were

excavated to provide plant fill material, the pond area is underlain- by the sandy,

permeable layer and is prone to seepage. To minimize the percolation through the

sand, a clay liner was placed over pond interiors.

Keystone Station

Keystone Station, as shown in Figure 6-11, is a 1680 MW mine-mouth coal-fired power

plant operated by the Pennsylvania Electric Company and located in rolling, lightly

populated country near Elderton, Pennsylvania. The plant consists of two 840 MW
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units which were brought on-line in 1967 and 1968. These units consume approximately

15,000 tons (13,600 metric tons) per day of western PermayLvan.i a bituminous coal.

Until recently, the plant had peen burning bituminous coal with an ash content of

18 to 19 percent and containing approximately 2 percent sulfur. The average heating

value of this coal was 11,600 to 11,700 Btu/Ib (27,000 to 27,200 kj/kg). However,

due to variations within the coal seam, coal cur~ently being used is of somewhat

poorer quality having a 22 percent-ash content and an energy content of only 11,300

----'t'i'o'n-;-40u-m'u11b-(2E,3DO-tO-26,5DO-Kj7Kg)-.-Exl1aust-fre>rn-the-bni-l-e:rs-i-s-p-'''rs-.rt!I-----------1

through Research-Cottrell electrostatic precipitators rated at 99+ percent efficiency

which utilize ammonia fly ash conditioning. The gases are then exhausted through

two 800 ft (244 rn) stacks.

Bottom ash is sluiced to dewatering bins. There is also a bottom ash pond for

emergency backup. Approximately 25 percent of the bottom ash is sold and the

remainder is placed in the disposal areas. Fly ash is collected dry from the

precipitator hopper and transferred via a vacuum system to storage silos. The fly

ash is either marketed (in a dry state) or mixed with water to reduce fugitive dust

emissions and trucked to the disposal area (see Figure 6-12).

The disposal area is permitted by the state of Pennsylvania as a solid-waste

disposal facility, and ·is located in an area previously strip mined. Initial site

capacity was 5,590,000 tons (5,070,000 metric tons) of ash when disposal operations

began in 1967. However, as of January 1, 1979, only 5 years of ash disposal capacity

remained. This has required an investigation into a new ash disposal area.

Fortunately, the power station is located in a rather rural area and the original

power station property has adequate area for a valley fill ash disposal area.

The current disposal area is operated by placing an 80 ft wide compacted fly ash

embankment-.around the perimeter of the site to the height of the proposed fill.

Ash embankment side slopes are approximately 2.5 horizontal to 1 vertical with

benches 40 ft (12 m) wide at 20 ft (6 m) vertical intervals. Maximum height of the

embankment will exceed 100 ft (30 m). When a side slope is constructed, it is then

covered with 6 in (15 em) of soil material stripped from the surrounding area,

hydro-seeded (Crown Vetch and Kentucky 31 Fescue) and mulched (see Figure 6-13).

Ash placement proceeds within the confines of this barrier. The embankment provides

both structural support and aesthetic enhancement to the site since disposal opera

tions are hidden from view.
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and 1976. These units are Foster-Wheeler wet-bottom boilers.
--- - ------------ --- - ------ ----

Ash in the interior of the disposal area is end dumped (see Figure 6-14). Fly ash

will be spread in two-foot layers and mechanically compacted. This serves to

densify the embankment, reduce the rate or amount of water infiltration due to

decreased ash permeability, and increase the disposal capacity of the site.

Surface and subsurface discharge from the site is monitored monthly at a surface

monitoring point below the ash area after combination with other plant water, and

currently complies with NPDES requirements.

San Juan Plant

San Juan Power Plant, as shown in Figure 6-15, is a 700 MW coal-fired power plant

located in flat country of low population density near Farmington, New Mexico, and

is owned by Public Service Company of New Mexico and Tucson Electric Power Company.

The power plant consumes approximately 9,000 tons (8,100 metric tons) per day of

coal. The San Juan Plant has two 350 MW units, which were brought on-line in 1973

A 550 MW unit was

brought on-line in 1980 and an additional 550· MW unit is under construction, with a

1982 scheduled completion date. These units are Babcock and Wilcox wet-bottom

boilers. Subbutuminous coal is supplied by the San Juan Mine, which is adjacent to

the power plant. This coal has an average ash content of approximately 20 percent,

a sulfur content of approximately 0.8 percent, and an average heating value of

9,250 to 9,500 Btu/1b (21,500 to 22,100 kj/kg).

Plant water is obtained from the San Juan River. units 1 and 2 condenser water is

cooled by wet cooling towers. During the permitting of units 3 and 4, sufficient

water rights could not be obtained to satisfy the required cooling capacity during

all seasons. Therefore these two units will use a combination wet/dry cooling

tower system. A storage lake has bedn created to maintain water reserves during

dry months and to supply irrigation water used in mine reclamation.

Fly ash is removed from the plant exhaust by Joy-Western hot side electrostatic

precipitators which provide 99+ percent particulate removal efficiency, and is then

transported to storage silos by a pressurized ash handling system. The transfer

from the precipitator hoppers, which are under a slight vacuum, to the pressure

system is accomplished by a proprietary air-lock system. After particUlate removal,

the exhaust gases are routed through a 802 scrubber and absorber system. The

absorber solution is then treated in a regenerative S02 removal system whose end

product is elemental sulfur or sulfuric acid. The end products are collected and

sold.
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Bottom ash is quenched and sluiced together with the pyritic refuse to dewatering

bins! shown in Figure 6-16, prior to transport to the disposal area. Supernatant

from ash dewatering is clarified and returned to the ash surge tank, completing a

closed loop water system in bottom ash handling.

Approximately 1500 tons (1363 metric tons) and 300 tons (272 metric tons) of fly

ash and bottom ash, respectively, are produced per day. Prior to loading, fly ash

is passed through dustless unloaders where it is moistened with water (5-6 percent

moisture content), Fly ash and dewatered bottom ash are then loaded into 60-ton

(54 metric ton) open-end, off-road, dump trucks for transport to disposal areas

(see Figure 6-17). The disposal scheme essentially entails the placement of ash in

strip mine pits of the San Juan Mine. If the mine is operating, ash is end dumped

into open pits prior to replacement of overburden. This procedure creates an ash

seam,approximately 4 ft (1.2 m) thick, at the same elevation as the coal seam (see

Figure 6-18). Alternately, if the mine is not operating or emergency disposal is

required, pit areas are completely filled with ash. This is accomplished by end

dumping with subsequent equipment spreading and compaction as shown in Figure

6-19. Ash is placed in 3- to 6-ft (0.9- to 1.8 m) lifts until alternate areas are

filled to within 5 ft (1.5m) of the ground surface. Normal operation procedures

require that at least one pit be left open for this purpose. Water trucks- are used

on access roads and open disposal areas to control dust.

Western Coal Company, a"subsidary of the Public Service Company of New Mexico and

Tucson Electric Company, leases mineral rights, obtains mining permits, and reclaims

mining areas. Utah International Mining Corporation does the actual mining, and

coal and ash hauling. Large drag lines with a capacity of 55 and 62 yds (42 and
3

47 m ) are used to remove overburden and expose the coal seam. After blasting, a

smaller shovel loads the coal into 120 ton (109 metric ton) bottom dump trucks for

transport to the coal preparation plant. Coal seam thickness is approximately

16 ft (4.9 m). OVerburden th"ckness varies from 0 to 200 ft (0 to 61 m).

Site restoration consists of filling the strip pit with overburden material and

placing stockpiled topsoil on the surface in one 8 in (20.3 em) layer, or about the

normal thickness of topsoil in this area, and then revegetating. However, due to

the unfavorable climate, specific revegetation practices have been devised to

mitigate erosion and establish a well diversified, permanent vegetative cover.

This area of New Mexico receives an annual precipitation of 6 to 8 in (15.2 to

20.3 em). Much of this accumulates as snow which is subject to significant evapora

tive losses. In the summer season, the low relative humidity coupled with lOOOF
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Figure 6-16. Bottom Ash Dewatering Bins, San Juan Power Plant
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(30°C) daytime temperatures causes evaporation rates to exceed 0.5 in (1.3 em) of

water per day.

The topsoil which is available at the San Juan mine for reclamation reseeding is

less alkaline than most in the area, falling in the pH range of 7.5 to 8.0 and is

chemically well suited for plant growth. Unfortunately, these soils also have a

predominantly sandy texture which results in a low water holding capacity in an

already moisture d~ficient environment.

(

(

Native plant species are used for revegetation, since these plants are already

adapted to this growing environment. Species now being used include Indian rice

grasses, fourwing saltbush, shadscale, alkali sacaton, sand dropseed, winterfat,

galleta, western wheatgrass, and streambank wheatgrass. Irrigation water is pumped

f r-oia the storage lake and sprayed on revegetated areas during the first two years

after a particular area has been seeded (see Figure 6-20). In the first year,

T6-rh- "\40.-6 -cm)------c>f wate:r--is appl±e-a: ;--Two' "Lrrchea" (-5 -;-l-cm) ---is-applied -imrned-iatel-y- -- - - - - - - -

after seeding and 0.5 in (1.3 em) is applied every other day thereafter through

emergence (usually 8 to 10 days). The remainder is applied as needed. During the

second year, only 8 in (20.3 em) is applied.

This reduced amount of water represents an attempt to "harden" vegetation in

preparation for an existence the following year supported solely by natural precipi

tation. Fertilizer is applied to some revegetated areas; however, little difference

is noted in the fertilized and ,.control U areas. Water harvesting, consisting of

parallel tapered areas to optimize water infiltration as shown in Figure 6-21, is

also being investigated.

The area affected by both the strip mine and power plant is presently being monitored

for changes in the groundwater system. This monitoring program was put into ef.fect

to assess the impact of surface mining on the groundwater system. However, it will

also indirectly aSSess the impact of ash disposal. Nine monitoring wells, similar

to that shown in Figure. 6-22, have been located around the area to monitor alluvial

groundwater and the aquifer below the coal seam. Wells are sampled and analyzed on

a quarterly basis for the constituents shown in Table 6-4.
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Table 6-4

GROUNDWATER QUALITY PARAMETERS
SAN JUAN POWER PLANT

FARMINGTON, NM

(

pH
Specific Conductance
Alurninum*
Arsenic*
Barium*
Boron
cadmium*

____Galc_hUlL__
Chloride
Chromium
Cobalt*
Copper
Cyanide*
Fluoride
Gross Alpha
Gross Beta
Hydrogen Sulfide
Iron
Lead*
Magnesium

Manganese*
Mercury*
Molybdenum*
Nickel*
Nitrate
Nitrite
Nitrogen, Total
Phenols*

-- -------

Phosphate
Potassium
Radium-226, 228*
Selenium*
Silver*
Sodium
Sulfate
Total Dissolved Solids
Total Organic Carbon
uranium*
Vanadium*
Zinc

(
\

*Measured annually; all other parameters measured quarterly.
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Section 7

MONITORING

INTRODUCTION

Water quality monitoring of utility solid waste disposal sites is increasingly

being required by many regulatory agencies. These requirements are based on the

potential for ash disposal to adversely affect the water quality in the vicinity of

the disposal site. Monitoring programs are designed to detect pollutants emanating

from the disposal area, and assess their impact on the water quality of the area.

The monitoring of a coal ash disposal site may consist of surface water, ground

water, and leachate monitoring. A surface water or groundwater monitoring system
-----

(

allows for the detection of contaminants once they have entered the water system.

Leachate monitoring provides the opportunity to detect possible contamination prior

to entering the groundwater system.

The method of sampling and frequency plus the number of monitoring points is a

function of the specific disposal site. In some cases, the selection of the

monitoring system will be made by a regulatory agency. Site specific and ash

specific data mayor may not be used in their selection process. The typical

minimum number and location of water quality monitoring points are as follows:

• Surface water - ash pond discharge or subsurface drain outlet,
sedimentation pond outlet, and upstream surface flow, if present.

• Groundwater - upgradient, downgradient.

If these monitoring points are determined and placed in operation at a reasonable

interval prior to the start of construction, valuable background data can be obtain

ed that may be used in the design and operation of the disposal area or in evalua

tion of the monitoring data.

Water quality monitoring has been studied and reviewed in the literature. Many

references have become the standard in the field due to their excellent coverage of

the material and/or to their widespread use by regulatory agencies. These refer

ences are listed in a bibliography at the end of the section. Table 7-1 is a

7-1

- Doc. Ex. 205 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



brief listing of some regulatory and professional organizations dealing with pollu

tion monitoring. Although neither the bibliography nor Table 7-1 is a complete

listing, they do include some of the fundamental texts, references and organizations

concerned with monitoring. In addition, there are many environmental information

services, journals, and organizations that deal with the area of pollution mon

itoring.

REGULATORY REQUIREMENTS

Monitoring requirements may result from federal, state, or local regulations.

State and local monitoring requirements are variable and changing rapidly. Some

states' requirements were reviewed in Section 4 and will not be discussed herein.

However, the federal requirements which will have the greatest impact on the

design and operation of ash disposal areas will be reviewed.

The two principal federal laws pertaining to water quality monitoring are the
- - -

Resource Conservation and Recovery Act (RCRA) of 1976- and the Clean Water Act {cWA)

of 1977 (through the National Pollutant Discharge Elimination System (NPDES).

Table 4-1 of this manual lists other federal regulations that could also affect the

monitoring requirements of an ash disposal area.

Table 7-1

ORGANIZATIONS INVOLVED WITH POLLUTION MONITORING

Regulatory

U. S. Environmental Protection Agency (USEPA)
U. S. Geological Survey (USGS)
U. S. Bureau of Mines (USBM)
Various State Environmental and Natural Resource Departments and Agencies

Professional

American Water Works Association (AWWA)
Water Pollution Control Federation (WPCF)
American Society for Testing and Materials (ASTM)
Environmental Protection Service (EPS) (CANADA)
World Health organization (WHO)
American Society of Civil Engineers (ASCE)
American Society of Agricultural Engineers (ASAE)
Soil Science Society of America (SSSA)

7-2
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( Resource Conservation and Recovery Act

The Resource Conservation and Recovery Act (RCRA) of 1976 (Public Law 94-580,

October 21, 1976) provides for specific controls over solid waste disposal. On

March 26, 1979, guidelines for the disposal of non-hazardous wastes were published.

Regulations were published by the Environmental Protection Agency (EPA) on May 19,

1980, to govern the determination and- disposal of hazardous wastes. Section 4 of

this manual reviews in some detail the requirements of RCRA.

Currently, fly ash and bottom ash are excluded from the EPA's list of hazardous

wastes (45 FR 33120, Section 261.4, May 19, 1980). Therefore, utility ash is

governed by the RCRA Subtitle D - State or Regional Solid Waste Plans. The specific

regUlations pertaining to surface water and groundwater can be found in the Code

of Federal Regulations (40CRF 257.3-~,4).

In the RCRA regulations, surfa.cewater discharges from a disposal facility are

_____s.Yb.J.e~_t. __t.c the__~e_q:u,j,.reme.'O'~_s __Qb_ the __Ql_e_l~_n W...a.:t.er__ Act and will be described later.

Groundwater pollution, on the other hand, is regulated by RCRA, which basically

states that, "A facility or practice shall not contaminate an underground drinking

water source beyond the solid waste boundary ... ". The regUlation does not specifi

cally state that the groundwater must be monitored. However, it is difficult to

prove non-contamination without monitoring, and the burden of proof is placed on

the industry. State regUlations for non-hazardous coal ash will be developed in

accordance with the proposed RCRA Subtitle A, Section 1008 guidelines which encour

age monitoring.

The EPA suggested groundwater monitoring procedures (!) for utility wastes require

a minimum of four monitoring wells, one upgradient and three downgradient. One of

the downgradient wells should be located adjacent to the site and all of the wells

are required to be located within site property lines. In addition, these monitor

ing wells are to be located at depths where groundwater pollution is likely to

occur.

Sampling of the monitoring weI-Is should begin at least three months prior to the

cormnencement of disposal, with sampling on a monthly basis continuing for a period

of one year. These analyses provide background water quality required to determine

the impact the solid waste disposal site has on the groundwater.

7-3
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After this first year of monitoring, the sampling period is dependent on the

groundwater flow rate. The periodicity of sampling after the first year as recom

mended by the' EPA is as follows:

• Groundwater flow rate less than 25 meters/year (82 ft/year) 
annual sampling, comprehensive analysis.

• Groundwater flow rate 25 to 50 meters/year (82 to 164 ft/year) 
semi-annual sampling, one comprehensive analysis, one minimum
analysis.

• Groundwater flow rate greater than 50 meters/year (164 ft/year) 
quarterly sampling, one comprehensive analysis, three minimum
analyses.

Groundwater flow rates are quite variable even on the local level. Therefore, they

should be measured rather than estimated. The procedures for measuring groundwater

flow rates are well documented in the literature (~, ~, !). Groundwater flows are

a_f~n9tiQn_ofPQr9~ity,_p~rm~~bi~i~y,_and_h¥~r~u~i~gradient, and vary from a few

meters per year to tens of meters per day.

Other factors that could influence monitoring frequency are:

(

• Complaints from near-by residents,

• Abnormal rainfall,

• Another possible pollution source,

• An unusual operational occurrence.

Upon completion of the initial l2-month comprehensive analysis program, the ground

water background data base is established. To determine the extent of effect of

the ash disposal area, subsequent groundwater analyses are compared to the back

ground data base levels. The regulations specify that the disposal area has

significantly affected the groundwater if subsequent analyses indicate levels that

exceed the background level's 95 percent confidence level as statistically deter

mined by the Student's t, single-tailed test.

The samples obtained from the groundwater monitoring system during the first year

of operation should be given a comprehensive analysis similar to that shown in

Table 7-2. After the background conditions are established during the first year,

those characteristics not common to that specific ash can be eliminated from

the comprehensive analysis required in subsequent years. If more than annual

sampling is required in subsequent years because of the groundwater flow rate, the

7-4
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( Table 7-2

GROUNDWATER MONITORING ANALYSIS PARAMETERS

Comprehensive Analysis:

Specific conductivity
pH
Chloride
Total dissolved solids
Dissolved organic carbon*
Arsenic
Barium
cadmium
Chromium (VI)
Fluoride
Lead
Mercury
Nitrate (as N)
Selenium
Silver
Endrin*

- ----------Eindane*--------

Methoxychlor*

Toxaphane*
2,4-0*
2,4,5-TP Silvex*
Copper
Foaming Agents
Hydrogen Sulfide
Iron
Manganese
Sulfate
Zinc
Color
Corrosivity
Odor
Beryllium
Nickel
Cyanide

-------r'iphenolic Compounds*

Organic Constituents
Alkalinity

(by GC Scan) *

( Other parameters possible in coal ash:

Aluminum
Cobalt
Molybdenum
Potassium
Sodium
Sulfur

Boron
Magnesium
Phosphorus
Silicon
Strontium
Titanium

Minimum Analysis:

Specific conductivity
pH
Chloride
Total dissolved solids
Dissolved organic carbon
Principal hazardous constituents found in the ash

•Probably not necessary for coal ash.
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additional samples are only subject to a minimum analysis, shown in Table 7-2.

Clean Water Act

The RCRA regulations stipulate for both hazardous and non-hazardous wastes, that

site runoff is to be considered a point source discharge and is subject to the

requirements of the Clean Water Act (40 CFR 257.3-3). If the ash disposal area

involves a point surface water discharge (e. g. surface runoff, leachate collection

system, springs, etc.), a National Pollutant Discharge Elimination System (NPDES)

permit will be required. This permit program was originally established by the

Federal Water Pollution Control Act Amendments of 1972, and was continued under the

Clean Water Act of 1977. Usually a state's water quality agency administers the

NPDES permit program. Permitting under the NPDES system currently suggests that a

leachate analysis be made of the ash, a water balance about the disposal area be

calculated, and an estimate be made as to the average daily discharge from the

site .-- Current -diseh-arge -criteria -are as--follows-:--

• pH between 6 and 9.

• Suspended solids (average monthly discharge)

--less than 30 mg!l for ponded sites, and

--less than 50 mg/l for dry sites.

However, depending on the size and quality of the receiving stream, these discharge

requirements can be made more stringen~ to preclude degradation of existing stream

quality.

Under the present permitting process, applications for permits are filed with the

appropriate authority (federal or state); draft permits and fact sheets are then

prepared by the authority and made available for comment. The draft permit and

fact sheets set the effluent limits and determine the degree, if any, of treatment

and monitoring requirements for the permitted discharge. The fact sheets are

intended to explain in detail how and why the agency arrived at specific permit

conditions. After comments have been received and analyzed, any necessary changes

are made by the permitting authority and the -final permit is issued. All permittees

are required to monitor and analyze discharges in accordance with the permit docu

ment. The monitoring results are usually reported on a monthly basis and the

analyses are conducted for those pollutants which effluent guidelines Were set in

the permit.

7-6
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If a particular state has not assumed authority for NPDES permitting, the Regional

EPA Office administers the program. The EPA may require an Environmental Impact

Statement if they consider the discharge to cause possible significant deterioration.

The normal permitting process requires six months to one year, assuming that there

are no requirements for appeals, hearings, or an Environmental Impact statement.

SURFACE WATER MONITORING

Surface water monitoring may consist of monitoring a discharge pipe, small intermit

tent stream, or larger water body. To describe the processes that are operating

within the aquatic system of interest, a series of samples is required. In general,

a single grab sample is not adequate to describe an aquatic system since it is

unknown whether a normal, high or low situation exists at the time the sample is

secured. Therefore, the majority of monitoring programs will entail the gathering

of water samples over a specific period of time and at a specific location. Sampling

plans should be carefully developed with the aid of an experienced hydrologist.

_~!2_ae_ samp.l i.nq__plans__.shcul.d. .. inc.lude_the__f.ollowing_: _

• a baseline data set which characterizes the effluent with a greater
detail, precision, and accuracy than the data to be obtained from
the monitoring ,program under design,

• the variation of the baseline data with time,

• an estimate' of the statistical distribution of the baseline data,

• the number of samples to estimate the mean as a function of the
monitoring program under design, and

• an estimate of the desired precision of the monitoring program under
design (5).

After gathering the samples, they must be handled carefully (so that the constituents

of interest do not change or degrade), analyzed at an approved laboratory, and

subsequently reviewed and compared to current standards. The result of this proce

dure will be either the approval to discharge, or the design of a treatment process

such that the discharge will be acceptable under current standards.

Sampling Points

Sample collection consists of obtaining the sample, anyon-site preparation or

analysis which may be required, and subsequent storage and shipment. The actual

collection of the sample may be manual or automatic. The sample may be single or

composite, and the sampling method either grab or periodic. Whatever the mode of
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collection, the primary purpose of a single sample is to describe the water body at

that moment in time. A set of samples, in turn, will describe the fluctuations of

that water body over a period of time.

The number and location of sample collection points are based on two criteria:

• Sufficient collection points to -monitor the effluent and its
effects; and

• As few collection points as possible to minimize the cost.

The location of an effluent discharge is normally an obvious monitoring point. Any

disposal site, wet or dry, will have a discharge point(s). In general, dry disposal

sites will be monitored either at the subsurface drain discharge(s) or at the

sedimentation pond discharge, or both. Wet disposal sites are normally monitored

only at the pond outlet.

In addition, sampling points in the receiving stream may be required both above and

below the site. These sampling points provide information as to the receiving

stream water quality and the effects of the discharge on that stream. The selection

of monit?ring points within the receiving stream and method and timing of sampling

should be analyzed carefully.

Monitoring points are easier to locate for large streams and rivers due to the

assimilation and buffering capacity of the water. However, for smaller streams,

the ability of the water to assimilate the discharge is decreased. An additional

sampling complication is that small.er streams may undergo large daily variations in

both their inorganic and organic composition due to physical and biological influ

ences. Thus, the selection of sampling time is of great importance as is the

maintenance of that time during subsequent sampling. This can be seen in the

comparison of a large river, the Allegheny, located in western Pennsylvania and
3

south central New York state (average flow = 19,100 CFS or 535 m Isec), to a small
3

stream, the Deep River in North Carolina (average flow = 118 CFS or 3.3 m Isec).

The variation in dissolved oxygen in the Allegheny River varies only a few ppm on

any given~ay. However, the Deep River can vary from zero dissolved oxygen to a

supersaturated state of dissolved oxygen in one day, all due to biological factors.

In addition, the concentration of both inorganic and organic constituents in the

water can also vary due to the alternating oxidizing-reducing conditions. Sampling

points should also consider mixing zones, plume effects, and other points of dis

charge within the river, as well as seasonal variations in flow. If one is not

7-8
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(
careful in the selection of monitoring points and times, ODe could confuse the

effects'of a natural process for pollution. Thus, monitoring points and times must

be selected much more carefully for smaller streams.

Sample· Collection

After selecting the number and location of the monitoring points, the type of

sample and method for obtaining it must be determined. Depending on the type of

process (i.e., wet or dry disposal), receiving stream, and regulatory agency, the

collection method and periodicity will vary. Sample collection methods include

either manual or automatic methods. Manual methods are normally used at monitoring

points where samples are taken at greater than daily intervals. This type of

sampling is typical for wet ash disposal areas since the discharge rate from these

processes is usually quite consistent. This method consists of manually collecting

the sample in a suitable container, preserving and/or analyzing the sample as

required, and transporting it to a laboratory for further analysis.

----~- --~

(

Although quite simple in nature, sampling is probably the single greatest source of

error in environmental monitoring. Sampling errors occur since a small sample is

being collected whose constituent~ are being used to determine the concentrations

in the entire water body. Thus, obtaining a representative sample is of utmost

importance. There is, however, no clear cut method to obtain a representative

sample. In general, obtaining the sample from the main flow stream will provide

data on the majority of the water; however, it does ignore backwater considerations.

To obtain a sample from the main flow stream is sometimes difficult, although

various samplers have been'marketed to aid in this activity. Once the area to be

sampled has been reached, by shore, bridge, boat, etc., then the actual collection

of the sample may commence. First, the sample jar should be of the proper type and

should be either new or cleaned in accordance with the methods described in

Standard Methods (§J. These cleanings should be followed by at Leas-t three complete

rinsings with distilled water and, in case of trace metals, should be followed by a

rinse with distilled-deionized water. To obtain the sample, the sample container

should be rinsed two or three times with the water being sampled and then filled to

the brim. This must be done with a minimum of turbulence as to minimize either the

entrainment or loss of gases. Upon filling the sample container, the required

preservative (discussed later in this section) may be added, and the bottle quickly

capped. An alternative procedure is to rinse the bottle with the water to be

sampled, add the required preservative, and then fill the bottle to the brim. The

bottle may then be capped. If the sampling procedure is to be done automatically,
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the samples are obtained and preserved within the automatic sampler. The samples

may then be removed at predetermined intervals for analysis.

The type of sample obtained may be either grab or composite. Grab samples are

those samples that are obtained and then analyzed. A composite sample is one where

small samples are obtained at specified time intervals or intervals of equal volume

of flow and combined. This combined sample is then analyzed and reported. For

example, hourly samples could be combined in a single composite sample whose chemical

composition would represent the daily average chemical composition.

The method of obtaining grab samples may be of two types: single or periodic.

Grab sampling is obtaining and anal¥zing a single sample. This is typical of water

monitoring at an ash disposal site. Periodic sampling requires obtaining single

samples at specific intervals and is aimed at describing the waterbQdy or discharge

as a time-related function.

GROUNDWATER MONITORING

Groundwater monitoring is the surveillance of groundwater for pollutant movement or

changes. This is accomplished by providing access to the groundwater via a monitor

ing well. Although similar in nature to surface water monitoring, groundwater

monitoring entails major differences. These are due to the variations in groundwater

movement versus surface water movement, and to the differences in the method of

sampling.

The location of the groundwater monitoring points is not as well defined as that of

surface water monitoring points, since groundwater does not travel in well defined

paths. In fact, it is not uncommon to find the groundwater flow direction to be

contrary to the surface contours. The rate of groundwater movement under natural

conditions is quite slow when compared to surface waters. Therefore, it does not

require sampling as frequently as surface water. The EPA-recommended sampling

frequency based on estimated groundwater flow rates was presented earlier in this

section.

Groundwater Monitoring Wells

The location and depth of a groundwater monitoring well(s) is the single most

important aspect of a groundwater monitoring program. The successful placement of

a well can provide a wealth of information, whereas an incorrectly placed well may

be of little or no use. Placement should be determined with the aid of an exper-
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ienced geohydrologist. To accurately determine the proper location of a groundwater

monitoring well requires a knowledge of site subsurface conditions. These data can

be obtained in many ways. These include:

• A site subsurface investigation,

• Background data from the power plant design/construction process

• Published data available through:

--Bureau of Mines

--Soil Conservation Service

--Geologic Survey

--State Environmental and Natural Resource Agencies

.--local universities

--professional journals

In general, only an on-site subsurface investigation will provide the detail

necessary to locate the monitoring wells; however, this investigation should

include a survey of the· power plant design/construction data and previously published

data. The cost of a preliminary subsurface investigation is quite variable as to

geographical area, general site geology, site area, depth to rock, background

information, etc. A general range of costs would be from $5,000 to $30,000 per

site and would include a review of existing subsurface data, test pits, a series of

borings with at least two deep borings of approximately 100 feet (30 meters), a

site topographic map or aerial photograph locating the borings, a geological cross

section(s), and a brief report including the boring and test pit logs. Upon comple

tion of this investigation, sufficient information is available to determine the

general direction and flow rate of the primary and secondary aquifers.

Geohydrologic Considerations. The specifics in determining the direction of

groundwater flow are quite complex; however, the general procedure is somewhat

straightforward. By reviewing water-related data such as streams, springs, marshy

areas, groundwater depth (in the borings), etc., the groundwater level may be

estimated. This groundwater surface is defined as that level at which the water is

at one atmosphere of pressure. This level is described by the groundwater level in

a well which is exposed to one atmosphere of pressure. It should be noted that

this does not include any water that has risen in the soil/rock matrix due to

capillary rise. This water, known as the capillary fringe, partially fills or

saturates the material above the groundwater level. If sufficient data exist,
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groundwater level contours can also be estimated. This groundwater. level data then

indicates the direction of groundwater flow, but does not indicate the specific

aquifers in which it is tran$ported.

Groundwater flow is primarily in either porous or semi-porous soil layers, rock

strata, or at the interfaces between rock strata (!). The rate of groundwater flow

through the aquifer is a function of the driving force or head operating on the

water and the permeability of the aquifer. The permeability of the aquifer is

defined as the rate at which water can flow through the soil or rock under a

hydraulic gradient of one. Aquifer permeability can be determined by on-site

pressure tests, pumping tests, estimates based on previous experiences with similar

soil or rock types, or laboratory permeability tests conducted on samples obtained

from the borings. However, one must be cautious with utilizing permeability data

obtained in the lab, due to other factors affecting in-place permeability.

Soil permeability is influenced by the soil grain size distribution, and other

factors including soil density, porosity, and homogeneity. Horizontal and vertical

permeability may vary by an order of magnitude or more due to non-homogeneity and

stratification.

Rock permeability is a function of rock porosity, or the volume of voids per unit

volume of rock, the degree of fracture (joints and bedding planes within the rock),

and interface effects between rock strata and adjoining material. Rock porosity

can vary from extremely porous karst limestone with large solution cavities to a

semi-porous sandstone to a relatively nonporous shale o,r claystone. Although the

rock porosity, and as a result the permeability, will be highest in the limestone

and lowest in the claystone, rock fracture and interface effects can alter these

dramatically. A relatively impervious shale can provide for the relatively

unimpeded flow of water if in a fractured state. Thus, rock permeability data

should be used with caution in analyzing aquifer systems. In aquifers of fracture

and solution porosity, it is possible that monitoring wells might not intersect the

leachate plume. If possible, in-place permeability tests should be conducted with

the exploratory drilling program to provide specific in-place permeability data

which is invaluable in future analysis and design of an ash disposal area.

By comparing the in-place permeabilities of the soil layer's rock strata, the

primary and secondary aquifers may be determined, and the primary flow direction in

these aquifers estimated. It should be noted that many groundwater systems consist

of only one aquifer whioh may include one or more adjacent rock strata. By comparison
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( other groundwater systems may include three or more aquifers, although these systems

would be relatively uncommon.

Well Location. Figure 7~1 shows an example of groundwater contours superimposed

upon a dry ash disposal area. The small arrows indicate the general direction of

groundwater flow, whereas the large arrow indicates the estimated direction of

travel for the ash disposal site leachate. Figure 7-2 shows the layout of the

groundwater monitoring points for the site. Monitoring Points U-l and 0-1 are the

minimum number of monitoring points necessary to pick up both upgradient and down

gradient samples. The upgradient samples will provide a background sample whereas

the downgradient sample will provide a sample that exhibits the effects of the ash

disposal area on the groundwater system.

(

As suggested by EPA, additional monitoring wells may be desirable or required, such

as wells D-2 and D-3. Although not obvious in plan view, the additional monitoring

wells are to provide additional pollutant plume coverage and provide groundwater

-----~----data---nn--speci-fic~--a-qu·if-ers-.--Figure-?=3-irrd-±catB-s--a---geo-rogica"i-sBcti-on-takBn-through-------- ---

wells U-l and D-l with the _other wells projected onto the section. On this site,

the extra wells have been used to specifically sample the primary and secondary

aquifers whereas the primary wells sample the combined groundwater system.

Although adequate for a dry disposal site or a lined wet disposal site, this type

of groundwater monitoring system would not be sufficient for an unlined wet disposal

area, due to the alteration in the groundwater surface contours by the water perco

lating from the wet disposal area. Figure 7-4 illustrates this situation; a mound

in the groundwater table. The solid lines are the groundwater level contours,

influenced by the pond, and the dashed lines indicate pre-pond or undisturbed

groundwater level contours. As can be seen, the wet disposal area drastically

affects the groundwater system. The small arrows indicate the general direction of

groundwater flow as affected by the pond. In this situation there is now no single

primary direction of travel for the ash leachate. As indicated by the three large

arrows, the leachate would spread out in a general westerly direction.

Figure 7-5 shows the location of the monitoring wells required to monitor the

groundwater beneath the site previously described by Figure 7~4. The upgradient

wells, V-I and U-2, are placed to sample the background water. Although these

wells could be combined in some cases, the extent of the entering groundwater in

this example dictates two wells. Background data obtained prior to the disposal

site operation would provide significant information concerning upgradient leachate
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Figure 7-1. Groundwater contours supperimposed upon a dry ash dis
posal area. Small arrows indicate general groundwater flow directions.
Large arrow indicates the estimated direction of travel for the ash
s i, te leachate.

7-14

(

(

(

- Doc. Ex. 218 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



(

L,o",._,•..1--.•.•,,"_.__,._"''''~.••."

400' 0 1200'

,
I (,)

, t", ,
/ ' ,,

p,Yf'H(:!Xtf."ti\i f.
FH~,r'LR j"',

L;UUNOi\ii"

"

Figure 7-2. Groundwater Xonitoring Point. tor a Dry Disposal Site.
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Figure 7-3. Geologic Cross-Section of Disposal Area
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Figure 7~4. Effect of Wet Disposal Area on Groundwater System.
Small arrows indicate groundwater flow directions. Large arrows
indicate direction of travel for ash disposal leachate.
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Figure 7-5. Groundwater Monitoring Points for a West Coal Ash Disposal
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movement.

Downgradient wells D-l, 0-2, and 0-3 are placed to monitor the near effects of the

ash leachate. These wells are designed to provide an early warning system if some

groundwater parameter would reach too high a level. Wells D-4 and 0-5 are designed

as backup wells. If wells D-l through 0-3 should miss the pollutant plume, due to

preferential travel, poor well installation, etc., then wells 0-4 and D-S would

intercept this water prior to its movement onto other property. The decision of

whether or not to install backup monitoring wells is based on both the quantity and

quality of leachate expected. Other influencing factors may be the proximity of

water supply wells or environmentally sensitive areas to the disposal site.

Design and Installation. The purpose of a groundwater monitoring well is to

provide access to the groundwater for sampling. However, the installation of a

monitoring well must be done with care since:

• A representative sample of the groundwater is desired, there-
----- f6re-tnemotri~t:i5rtng werrma'Eeria:lssnoula--15e- relat~very-tITeyt-;,~--

• The installation of the well could be the cause of surface infil
tration into the system, thus a source of contamination.

The inability to accurately predict groundwater levels prior to drilling requires

experienced personnel to supervise the drilling and to record the samples for

future analysis and testing.

Figure 7-6 indicates a cross section of two monitoring wells; one designed to

sample the combined groundwater, and one designed to intercept a specific aquifer.

As can be seen, the materials recommended for use are relatively inert while at the

same time provide an economical installation.

The danger of surface contamination is very real in the use of monitoring wells

(!). Referring to Figure 7-6, it can be seen that without the presence of the

concrete cap, surface water would be free to penetrate the well. However, even

with the concrete c~9 there is still some possibility of contamination due to the

soil-concrete cap interface. Therefore, the installation of the monitoring well

should be accomplished with adequate surface drainage considerations.

The installation of a monitoring well is normally performed by a private drilling

contractor. The method of constructing each monitoring well will vary as to the
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sailor rock encountered but can be summarized as follows (!):

• A hole is drilled to the size and depth required. Although a
specific size monitoring well may be called for, this hole must,
be drilled oversized to permit pipe installation. In addition,
in certain soils such as sand, the sides of the hole tend to
cave in and a casing is required. One final consideration is
the amount of rock drilling required. The drilling of rock is
much different than soil drilling and, therefore, requires
special equipment. These above factors all combine to deter
mine the cost of drilling.

• After the hole has been drilled, an~ cased as required, the
monitoring well pipe is inserted into the hole. At this point,
the determination of an open or closed bottom monitoring well
must be made. A closed bottom well is usually preferred to
prevent well cuttings from infiltrating through the bottom.

• With the pipe in place the annular fill material, either pea
gravel or grout, is placed. If grout is being used, the driller
must be careful to control its placement .

• - Upon-frlIing-the-annuLar-space-wit:h-theproper-rnaterlaY;- tne
concrete cap and the top cap should be installed. The top cap is
made commonly of steel pipe. It should be installed with a
padlock to prevent vandalism.

(

• Finally, the well should be flushed. During the drilling and
backfilling sequences, water or a water-clay mixture is used as
a lubricant. This process may result in foreign materials being
either enmeshed in the existing soil matrix or trapped at the
bottom of the well. Thus, the well must be flushed to remove
these materials. If the amount of groundwater is insufficient to
flush the well, the hole should be drilled by rotary air methods.
Using this method, the well may be flushed using a compressed
air-vacuum system.

Sample Collection

The collection of representative samples from a groundwater monitoring well is one

of the more difficult water sampling problems. Not only are the practical difficul

ties greater than in a surface water situation; but there is also more potential

for sample contamination. Three possible sources of contamination in groundwater

sampling are: the well' casing material, entrained atmospheric gases and their

subsequent chemical reactions, and the stratification of contaminants due to well

water stagnation.

To avoid sample contamination it is important that a sample of the actual groundwater,

i.e., not the water initially in the well, be obtained. This· is accomplished by

either bailing or pumping the well to remove the initial water. It is recommended

that at least one, and preferably three to five volumes of water be flushed from
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the well. This flushing not only clears the well of standing water but also clears

the sampling equipment of water from previously sampled wells. Excessive flushing,

however, may cause stratification of the leachate concentrations resulting in a

decrease or an increase of contaminant concentration from what is representative.

Dryer wells should be flushed o~ly once and allowed to refill.

The most expedient and acceptable method of sampling is pumping, since it removes

all the sediment in the bottom of the well and provides a positive mechanism for

well water removal. For this method, either an aboveground or in-well pump is

utilized to remove the initial well water and subsequent samples. The type of pump

and method of sampling must be chosen with care to avoid the entrainment of atmos

pheric gases in the sample.

Various types of pumps have been produced that are suitable for sampling monitoring

wells and are available through scientific supply companys. Above ground pumps can

be used for lifts of up to 25 or 30 feet (7.6 or 9.1 meters). They may either be

electric or manually operated. The units basically consist of a suction hose,

pump, and discharge hose. The electric units can be operated with standard 12 volt

dc, 110 volt ac, or attached to a vehicle electrical system. For pumping heads

greater than 30 feet, in-well pumps must be used. Truck mounted submersible pumps

are capable of lifting well water from as much as 300 feet (90 meters) at 7-14 gpm

(.4-.9l/s). These pumps will fit into a casing as small as 4-1/2 inches (11.5 em)

inside diameter (ID). Portable submersible pumps are also available and are capable

of pumping up to 175 psi (12.3 kg/cm
2),

which is equatable to approximately 400 feet

(120 meters) of water, at flow rates up to 0.17 gpm (630ml/min.). These portable

pumps will fit into a casing as small as 3 inches (7.6 em) ID.

One advantage of using aboveground pumps, either electric or manual, is the.monitoring

well diameter required. The suction hoses on these pumps are usually less than one

inch (2.5 centimeters) in diameter and, therefore, require only a two-inch (5

centimeter) 1D well. In-well p~ps have the disadvantage of requiring larger well

diameters. Some pumps are available that fit into a three or four-inch (7.5 or 10

centimeter) well as mentioned before; however, six-inch or eight-inch (15 centimeter

or 20 centimeter) wells are normally required. This larger diameter increases the

cost of the monitoring well, but for deeper wells, in-well pumps are the only

alternative. AlthQugh more expensive, the larger diameter wells do provide added

sampling capabilities. They can accommodate samplers which are capable of obtaining

samples at specific depths with minimal interference.
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Another consideration in choosing a monitoring well diameter besides the type of

pump is the possibility of in-well analysis. Depending on the information required,

certain tests may be conducted via probes inserted into the well itself. These

tests include pH, temperature, conductivity, dissolved oxygen and other chemical

parameters. This capability allows testing on a depth basis which oould provide

leachate movement information.

Bailing of a groundwater monitoring well can be a tedious operation. However, when

done properly, it can provide a reliable groundwater sample. Bailing consists of

using a bailer" which is any weighted container, inserting it into a well, lowering

it, and obtaining a water sample. Kemmerer or Van Dorn samplers are examples of

bailers. The problems associated with bailing include the inability to adequately

clean the monitoring well, the suspension of deposited sediment during sampling,

and the inability to obtain large samples. To provide a single large water sample

a series of small samples must be obtained. -A recent development in bailer design

has permitted 'the use of a mechanized- bailer apparatus. This apparatus, while not

-nega-t-ing-t-he--defieiencies--of--t.-he':"'pFoees-s-,--dees---pr0v-ide--a-m0re-ma-na~eab-le-s-am~le

collection system.

Another method of groundwater sampling is the use of a bubbler sampler (!). As

shown in Figure 7-7, the sampler consists of two tubes and a chamber. The sampler

is operated by inserting the assembly into a bore hole. The smaller tube is then

pressurized by a small compressed gas canister. When the buoyant pressu~e in the

chamber exceeds the weight of water in the larger tube_ the water in the larger

tube is conveyed to the surface by the gas bubble. This procedure is operated

until either the well is cleaned or a sufficient sample has been obtained.

The actual process of Obtaining the sample is similar to the sampling of surface

waters. Once the well has been flushed of its standing water, the recommended

sampling procedure -Ls as follows: insert the inlet line (or in-well pump) to a

depth just below the water surface and, if possible, pump-the groundwater at the

recovery rate of the well. When a relatively steady state has been attained, and

the water is flowing free of air bubbles, -sampling may begin. The sampling bottles

should be prepared as described earlier in this section under surface water monitor

ing. The bottles should be filled quickly to the brim and immediately preserved

with as little turbulence as possible. Contact between the sample and the air

should be minimized. This is necessary because of the possibility that the ground

water constituents may be in a reduced state and that the entrainment of oxygen may

oxidize these constituents and subsequently provide erroneous values when analyzed.
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LEACHATE MONITORING

The purpose of leachate monitoring is to intercept any contaminants migrating from

the disposal site before they encounter and contaminate the groundwater or surface

waters (!). Leachate concentration is likely to change as the plume proceeds

through the underlying substrate. This is due to:

• Soil attenuation and dissolution,

• Ion exchange capacity of the soil,

• Dispersion l

• Depletion of contaminant source after closure of the site,

• Solubility differences because of changes in pH.

Each leachate contaminant behaves differently with respect to each of the above

_p~o~~rt~e~._ For example, heavy metals are prone to attenuation while chloride does

not attenuate or exchange at all~ This property of chloride makes it ideal for

measuring plume dispersion and leachate depletion.

The advantage of leachate monitoring is that, if successful, it allows early

detection of leachate problems prior to contamination of groundwater or surface

water. Early detection can minimize the cost and extent of any remedial measureS

required. Under the proposed RCRA regUlations for hazardous solid wastes, leachate

monitoring would be required. This requirement does not include ash disposal sites

as currently drafted. For those sites where leachate monitoring might possibly be

required, sampling frequency and analysis are similar to those for groundwater

monitoring systems.

Various alternatives, as shown in Figure 7-8 r exist for leachate monitoring. The

simplest procedure is to sample the outflow from leachate collection systems.

Leachate collection systems may include granular blankets above or below liners

which drain to sumps or underdrain systems beneath landfills. Sampling procedures

are similar to surface or groundwater sampling, as appropriate. The purpose of

monitoring leachate in this situation is not so much to detect a threat to the

groundwater, but to provide an input to a leachate treatment process.

When leachate collection systems are not included in the disposal site design,

leachate sampling is generally accomplished via pressure-vacuum lysimeters, as

shown in Figure 7-8. They are installed specifically for leachate monitoring (!).

This specialized lysimeter is designed to draw water from the zone of aeration (the
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Figure 7-7. Schematic of a Bubbler Sampler

Source: U. S. Environmental Protection Agency. Procedures
for Groundwater Monitoring at Solid Waste Disposal
Facilities. Cincinnati, OR: Solid Waste Information,
USEPA, 1977. EPA/530/SW-611.
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( unsaturated soil above the groundwater table). It is relatively inexpensive and

quite reliable. The lysimeter consists of a sealed, vertical chamber installed in

the ground with a porous cup at the bottom. Through the cap are two tubes leading

to the surface. The pressure-vacuum tube terminates just inside the lysimeter cap.

The sample tube extends to a point just above the low point ,of the porous cup. The

process is started by applying a vacuum to the pressure-vacuum tube while sealing

the sample tube and leachate water is drawn into the chamber through the porous

cup. The water sample may then be forced to the surface by applying pressure to

the vacuum tube and unsealing the sample tube.

(

The major problem in 'leachate monitoring by- pressure-vacuum lysimeters is that

samples need to be taken from the natural soil matrix directly beneath the fill.

The EPA advises against locating monitoring wells within the bounds of the waste

material because of vertical conduits that might form between the well casing and

the soil matrix. The same logic would be true for lysimeters, although to a

lesser extent, because they do not usually extend all the way into the water

----- --ta:lSTe.-----Uel1erpronTems--are tnat: sampler fa:tlu-re-i---s-irreparaBTe;-ene sample volume'-.s--

are small, depth is usually limited to less than 33 feet, and the porous cup may

contaminate' or clog the sample.

An alternate approach sometimes used with existing disposal sites is soil coring

(!). In this procedure, soil samples from the aeration zone are obtained through

test borings and retained for the laboratory analysis. This is probably the best

way to measure leachate attenuation and the vertical distribution of leachate

concentrations by separating the core into several sections. In situ conditions

can be maintained with proper handling. The process has several drawbacks, however,

of which the foremost is the scarcity of commercial laboratories to perform the

analyses. Also, this process is not standardized for leachate monitoring because

the soil water is extracted from the soil rather than leached. Again, there is the

potential problem of creating unnatural vertical channels through the soil. Finally,

the use of soil sampling for leachate monitoring is normally not employed on a

continuing basis because of cost.

The state-of-the-art in aeration zone sampling is not adequate to handle coal ash

leachate without disturbirig the permeability properties of the underlying substrate.

In some cases, the decision to monitor leachate will be precluded by the use of

liners for leachate collection. In other cases, leachate will not be monitored

simply because it is not required. In the remaining cases, the decision to monitor

may be based upon the practicality of the situation, and whether it is possible to
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obtain valid leachate samples at a reasonable cost.

SAMPLE PARAMETERS

Prior to obtaining any sample, one must determine the parameters which are of

interest. These parameters may be dictated by regulatory requirement or permit

requirements, or may be utilized to control specific process parameters, i.e., an

acid feed to control pH. Parameter selection must be done prior to obtaining

the sample since the method of preservation and size of sample must be selected to

be commensurate with the parameters of interest. In many cases, two o~ more

samples may be required due to the various preservation techniques required. If

only one sample is used for several parameters, some loss of accuracy may occur.

In that case, the analysis and method of preservation should be noted such that any

sUbsequent analysis of the data will not be biased.

Water associated with ash leachates Can contain a myriad of chemical constituents

whose presence or effect can be analyzed as either general characteristics or metal

concentrations. Federal analysis requirements listed in Table 7-2 are specifically

(

related to the RCRA regulations.

dictate other analyses.

Other federal, state, and local requirements may

(
Although the parameters in Table 7-2 are those water parameters which apply to ash

in general, the analysis of a given sample mayor may not include all of the

parameters. A general procedure for determining which elements should be analyzed

is as follows:

• On the initial leachate studies or background samples, all
applicable analyses should be performed. This analysis level
would include all of the general characteristics and the metals
of interest as described in Table 7-2, plus any other parameters
that may be required by specific regulations (federal, state, or
local) .

• Upon obtaining the leachate and background groundwater data, the
non-applicable analyses may be excluded from the analysis schedule.
The non-applicable analyses are those that are either approxi
mately equal to or much less than the background water quality or
if the concentration is much less than (approximately 1/10)
either standards or accepted safe levels. However, in no caSe
should the general characteristic analysis be deleted. Also any
parame~ers required by regulatory agencies cannot be deleted.

• Subsequent analyses should then be based on this reduced set of
parameters.

7-2S
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(

(

The above general procedure may be altered by either regulations and/or site

specific criteria. However, it does provide some mechanism to reduce the amount of

analysis required without sacrificing accuracy of the monitoring process.

Of particular interest in Table 7-2 is specific conductivity because of the positive

correlation between- conductivity and total dissolved solids. This correlation

would be even more evident in coal ash leachate due to the high metals content and

low organic (non-polar) content. An upward shift in groundwater conductivity would

indicate an increase in total dissolved solids, which, in turn, would indicate the

probable arrival of a leachate plume. Monitoring for conductivity is quite inexpen

sive because of the low cost of the equipment, the capability of in-well measurement,

and the low level of skill required by the field operator. Therefore, conductivity

monitoring can be used as a frequent spot check for leachate movement and a shift

in conductivity would serve as a basis for prioritizing subsequent sampling. In

addition, quality control is enhanced.

SAMPLE PRESERVATION

After selecting the location of the monitoring points, method of samplinq, and

chemical parameters to be analyzed, t~e next consideration is the selection of the

preservatives necessary to maintain the chemical parameters in their sampled

state. This is necessary due to the possible reactions of the chemical parameter

with other chemicals in the sample. One example would be the analysis of hydrogen

Upon obtaining the water sample, oxygen will be entrained in the

or a family of other sulfate species.

sulfide (H2S).
water and react with hydrogen sulfide to produce oxidized

By undergoing this

species (H
2S0 3,

H
2S0 4)

reaction, the amount of

H2S that will be determined in the sample at the laboratory will be less than the

amount of H2S in the original sample. To preclude this possibility, a preservative

(zinc acetate) is added to the sample to maintain the sulfide as a sulfide.

Unfortunately, the addition of the zinc acetate will preclude the use of that

sample for the analysis of zinc in the sample and will, therefore, require a second

sample which would be maintained by another preservative. Thus, the selection of

chemical parameters must be made prior to sampling since the number of samples and

the preservation techniques involved are based on the subsequent analysis.

Various preservation techniques are utilized for water and wastewater analysis. A

listing of all currently used techniques are beyond the scope of this manual;

however, the EPA-preferred methods are listed in Table 7-3 along with their general

chemical action and application (~).
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Table 7-3 relates the method of preservation to the primary constituents normally

analyzed for in environmental samples. The initial consideration involving sample

preservation is the selection of the size and type of sample container.

Table 7-3

PRESERVATION METHODS

c

Preservative

Mercuric Chloride (HgC1
2)

Nitric Acid (HN0
3)

Sodium Hydroxide (NaOH)

Refrigeration

Action

Bacterial
Inhibitor

Prevents Metal
Precipitation

Ba6ter-ia:l
Inhibitor

Salt formation
with organic
bases

Salt formation
with volatile
compounds

Bacterial
Inhibitor and
retards chemical
reaction rates

Applicable to

Nitrogen, Phosphorus

Metals

-Organic-S-amp2es iCOD,-Oil
and grease, organic carbon,
organic Nitrogen, organic
phosphorus)

Ammonia, Amines

Cyanides, organic
acids

Acidity, alkalinity,
organic constituents,
(BOD, color, odor,
Phosphorus, Nitrogen,
Carbon, etc.) and
biological organisms

(

Although not specifically a preservation technique, the sample container should not

affect the sample. Plastic or glass sample bottles are generally preferred. By

knowing the chemical parameters of interest and by utilizing Table 7-4, the number

and types of sample bottles may be determined. In addition, the table also includes

the sample size, as determined by EPA, so that the sample bottle size may also be

determined for each preservative.

After obtaining the water sample, the sample must be analyzed on site as required

and the remainder preserved for future analysis. If the water sample is not
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Table 7-4

RECOMMENDATION FOR SAMPLING AND PRESERVATION
OF SAMPLES ACCORDING TO MEASUREMENT

Recommended
Vol. Req'l ml Maximum

ASTM EPA Container Preservativo Hc Ld i.na Time(6)

100 100 P, 8(2) Cool, 4'C 24 hours
100 100 P, 0 Cool, 4'0 24 ;,o:lrs

100 P, 0 HNO to FH<2 6 l!\onthh)
1000 P, 0 Coor, 4'C 6 hours

Determine on site No holding
Cool, 4·0 24 hours
Cool, 4·0 24 hours
NaOH to pH 12

Cool, 4'0 24 hour-s
Cool, 4°e 24 hours

FiltGr 00 site 6 months
HNO to pH<2
Filter on sitG 6 I:\onths
HN0

3
to pH<2 6 months

days
days

24 hours

24 hours (4)

24 hour-s

7 days (4)

24 hours(4)

24 hours(4)

24 hour-a
24 hours

38 days
(Glass)
13 days (Hard
p.Las t t c )
3B days (Glass)
13 days (Hard
PLa s t Lc )

H
2S04

to pll<2
None required

Cool, 4°C
H

2
S0

4
to pH<2

Filter
HN0

3
to pH<2

HN0
3

to pH<2

Det.-on-si.t;e---No-holdi-ng-----
Fix on site 4-8 hours
Cool, 4°C days
Cool, 4°C 7 days
HN0

3
to pH<2

Cool, 4"C
H

2
S0

4
to pH<2

Cool, 4°e
H

2
S0

4
to pH<2

Cool, e-c
Cool, 4°C
Cool, 4°e
H2S0 4 to pH<2
or Hel
Cool, 4 eC

H
2S04

to pH<2

500
100

100- 200
100 100 P, G

200
lUO- 200

SO- lDO 50 P , c
25- 100 50 P, 0

200
2000-4000 50 " C
100- 500 50 " G

25- 100 500 " G

100- 200

_500~000--300_G_on1-y__
500- 1000 300 G only

200 JOO " 0
50- 100 100 P, 0

50- 100
1000

SO- lDO
100 100 " G

250 P, G

200 P, G

100- 1000 100

200- 4000
100- 4000

100 " G

100 P, C

100- 200

SOC 400 - P, G

500
500- 1000 500 P, G

10- 100 100 " G

50- 100 50 " 0
50 P , C

3000- 5000 1000 G only

25 P, G

Detergents
Dissolved oxygen
_.p.r.obe

Winkler
Fluoride
Hardness

Measurement

Total

Suspended
Total

(except) :
Copper
Lead

Acidity
Alkalinity
Arsenic
BOO
Btlcteria Iron
Sulfur, Reducing
Bicarbonato (HC0

3)
Bromide
carbon Dioxide
Carbonate (C03~)

COD

Chloride
Chlorine
Chlorine Res.
Color
Cyanides

Hydrazine
Hydrogen (H2)_
Hydroxide (OH )
Iodide
MBAS

Metals
Dissolved

Mercury
Dds sof.ved

Microorganisms
Nitrogen

Ammonia

ammom on
Total Kjeldahl

(Organic Nitrogen)
Nitrate

Nitrite
NTA
Oil & Grease

Organic Carbon

(
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Table 7-4 Cont. )

(

50 P, C Filter on site 24 hours
[4)

Cool, 4'C [4)
100- 208 50 P, G Cool, 4'0 24 hour-a

H
2SO4

to pll<;~
(4)

50- roc 50 P, c Cool, 4~C 7 days (4)
50 P, G Filter on sito 24 hours

Cool, 4'C

Measun}men t

pH
El.ec t r crne t.r-Lo

Colorimetric
Phenolics

phosphorus
orthophosphat8
Dissolved
liydrolY:1:i:tble
[pc Lyphoephatie )
Total
Total, Dissolved

Va:.. Rag, , ml
ASTM EPA Container

100 25 P, G

10- 20
800- 4000 sao G only

pre s e rva t Lve

Cool, 4"C
Det. on site

Cool, 4°C
H

3P0 4
to pH<4

1. 0 9 CuSO/l

Recommended
Maximurr.

Holding Time (6)

24 bouxs

Radioactivity
Residue

riltel'abl.B
-NoT'.--?i:lterablo
To':al
vo La t i.Le

Snttleable Matter
g e l en i.um
SEica
Sclvent Bxtracted

Matter
Spociric Gravity
specific Co~d~ctance

Sulfate
Su Lf ide
su1£i':8
Sulfur tii.ox i do (S02)
~8~nir, and Lignin
Temperat-c.1re

'j'hre s ho Ld Odor
Toxicity
Tl.:rbidity
volatile & P'l ami.nq

ArrLne s

10J- 1800

50- 1000
180--20GOO-

50- 1000
1000-25000

lCO
100

100- 1000
100- 500

50- 100
100

100- 200
Flowing
g ampLe

10()0-20000

100- 1000
500- 1000

lOG P, C Cool, 4~C 7 d ays
-100 - -l',.-G - _ Coo.L, _4°C _ _ 7 .day s_
100 1', G Coo:'., 4'0 7 days
10C P, G Cool, 4"C 7 dnYfl

1800 EO , G None ree::. 24 hours
50 P , 0 HNO to pH<2 6 months
.')0 p only cool, 4'c 7 dilyS

100 P, G cool, 4'C 24 hours (5)

50 P, C Cool, 4°C 7 day s
:iOQ P, C 2 m1 zinc i.lcetate 24 hours

50 P, C Dnt, 00 site No holding

1000 P, G Det. on flite No holding

200 G only cool, 4'C 24 hours

100 P, C cool, 4"c 7 days

(

i:)More specif.ic i~struotio~s for preservation and sampling are found with eaoh prooedure
as detailed in E2A-60014-79-020. A general disoussion on sampling water and industrial
wastewater may be fcu~d in ASTM, Part 31, D-3370 standard Practi~es for Sampling Water,
1979.

(2)Plas~ic or Glass

(3) If samples cannot bo r e t.ur-ned to the laboratory in 18SB than 6 hour a and holding time
exceeds this limit, the final reported data should indicate t-he actua.l holding time.

{
4 jMercuric

chloride ~ay be \,J,sod as an altornate preservative at a conce~tration of 40 mg/l,
e spe c i.a l.Ly if a Lonqe r ho'..ding time is r-uqu i.r-ed , noveve.r , the use of moz-cur-Lc chLorLde
is discour<lged.whenever possible.

(5)1: the eecipj.c is s t.abf Li.z ed by cooling, it should be warmed to 25°C for z eadLnq , or
ccxperet.ur.. cor-z-cc t Lon made and results ropo r ted at 25°C.

(6) I';; has been c'nown that s amp l e s propo r iy preserved may be held for nxbcnded periods beyond
the rQcomme~ded holdir,g time.
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( properly prepared prior to analysis, the ultimate water analysis, while being

analytically correct, will not represent the water being sampled due to chemical

changes occurring within the sample container. To avoid this occurrence, procedures

have been suggested for various chemical parameters. Table 7-3 is a summary of the

currently accepted preservation techniques based on the EPA Publication, "Methods

for Chemical Analysis of Water and Wastes H and the ASTM "Methods of Water Analysis,

Vol. 19 11 (see Bibliography). In general '0 the determination of chemical parameters

on-site is always preferable as long as accuracy can be assured. However, the

analytical problems of on-site analysis preclude this possibility for most analysis.

To provide on-site analysis capability, various manufacturers, such as HACH, Fisher,

ORION, etc., have marketed on-site or portable analysis equipment that, in general,

operates on colorimetric or electrometric principles. Unfortunately, the resulting

data is normally unacceptable to regulatory agencies which require analysis by

qualified laboratories using EPA approved methods. Thus the bulk of the chemical

analysis must normally be accomplished in qualified laboratories.

-- MONI1'ORING_COSTS

(

The cost of implementing and conducting a monitoring program at an ash disposal

site is highly site specific. For example, the cost of installing groundwater

monitoring wells will depend on the number of wells, the depth of the wells, and

the subsurface strata they penetrate, as well as the accessibility of the well

locations on the surface. The degree of analysis will depend on the ash charac

teristics and the frequency of sampling may depend on the rate of groundwater flow.

Table 7-5 presents a cost breakdown .for three different sites. To illustrate

monitoring program costs, only the cost of groundwater monitoring is addressed.

Site 1 is the dry disposal area of Figure 7-2; Site 2 is the wet disposal area of

Figure 7-5; and Site 3 is a fictitious dry disposal area on a flat terrain with

four 50-foot wells. The groundwater flow rate at Site 3 is slow enough that only

annual comprehensive sampling is required. The monitoring req~irements for an

actual disposal site will vary according to site conditions, size, and state or

local regulations.

REFERENCES

1. Procedures for Groundwater Monitoring at Solid Waste Disposal Facilities,
EPA/530/SW-611, August 1977.
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1966.

7-33

- Doc. Ex. 237 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 
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6. Standard Methods for the Examination of Water and Wastewater, APHA, WPCF
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Table 7-5

COST EXAMPLES FOR THREE GRO~"'::WATER IDNITORING PROGRAMS

""">,

Site 1 (Fig. 7-2) Site 2 (Fig. 7-5) Site 3 (Dry, Flat)

Installation
Monitoring Wells

(Drilling and Monitoring Wells
@ S25/vertical foot)

Ul(65')
Dl(7S'}
02(125')
03(50')

s 1.625
1,875
3,125
1,250

01(50') s
U2(SO')
01(75')
D2(50')
D3(75')
D4(100')
05(150')

1,250
1,250
1,875
1,250
1,875
2,500
3,750

Ul(50')
01(50')

D2{SO'J
D3(50')

$ 1,250
1,250
1,250
1,250

Total Drilling Costs

First Year Background Monitoring
Monthly Comprehensive Analysis

$ 7,875 $ 13.750 $ 5,000

...,
I

W
en

Labor @ S125/man-day x 12 days
Analysis @ S500/sample

Total Background Monitoring Cost

Accumulated Annual Cost
(30-year Site Life)

Labor @ Sl25/man-day
Analyses: @ $500/Comprehensive;
$50/Minimum

Total 30-Year Annual Sampling Cost

~
Installation

.First Year Background Monitoring

Acctmulated Annual Cost

Total Eite Monitoring Costs

1,500 1,500 1,500
24,000' 42,000 24,000

$25,500 $ 43,500 $25,000

Quarterly sampling Quarterly Sampling Annual Sampling
1 comprehensive 1 Comprehensive 1 Comprehensive
3 Minimum 3 Minimum

15,000 15,000 3,750

78,000 136,500 60,000

$93, 000 $151,500 $63,750

7,875 13,750 5,000

25,500 43,500 25,500

93,000 151,500 63,750

-- ---- ---

$126,375 $208,750 $94,250
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Section 8

SITE RECLAMATION

INTRODUCTION

The advent of recent federal and state laws involving clean water and waste disposal

standards has created a need to closely manage the progression and final closure of

ash disposal sites. The implementation of a well conceived reclamation program,

including plans for erosion control and revegetation, in compliance with the laws,

promises benefits for the site owner in terms of reduced post-closure maintenance

and increased future land use options. The purpose of this section is to provide

the designer and operator of ash disposal sites with basic reclamation practices to

be initiated during the progressive retirement of an ash disposal site. Actual

detaII~--paiticularlYconcerning plant species adaptation and soil nutrient re

quirements, are site specific and may require assistance from local agricultural

extension services or a private consultant. Reference sources that contain more

specific information on erosion control, surface water hydrology, and revegetation

are presented at the end of this section. This section presents a stepwise procedure

for developing a comprehensive site retirement plan. Specific topics include:

• federal regulations affecting site management,

• Development of a post-closure land-use statement,

• Preaisturbance site investigation and inventory,

• Erosion and sediment control practices,

• Revegetation planning,

• Vegetation establishment procedures,

• Post-closure maintenance.

FEDERAL REGULATIONS

The major regulatory act which presently affects the operation and retirement of

ash disposal sites is the Clean Water Act of 1977 (CWA). The Clean Water Act

supercedes the Pederal Water Pollution Control Act Amendments of 1972. This

basic federal water pollution control law accomplishes three basic tasks: 1)

regUlation of discharges of pollutants from point sources, 2) regUlation of spills
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of oil and hazardous substances, and 3) financial assistance for construction of

public water treatment facilities.

The strength of the CWA lies in its regulation of point source pollutants.

Guidelines for effluent quality have been promUlgated which restrict chemical and

physical characteristics of discharge water. Total suspended solids (TSS) and pH

are two major parameters regulated in water discharged from ash landfills. Effluent

guidelines for ash storage piles for steam electric power generating point-source

disoharge are:

(

TSS

pH

50 mg/l (50 ppm)

6.0 to 9.0

These standards are presently also applicable to ponds upon retirement. The most

efficient method of meeting the guidelines for total suspended solids and avoiding

high site-ma1nt-enance- cosEs-isoy- mrnimiZ-ing-eros:Lon or the -atspo13a-l "sLce-; - The- - -- 

alternate approach is to treat the runoff prior to discharge. If the pH of ash

landfill effluent lies outside the guideline range, then effluent treatment will be

required.

The other federal law which is likely to affect ash disposal site operation and

maintenance is the Resource Conservation and Recovery Act (RCRA). This law and

regulations are discussed in Section 4 of this manual. Under RCRA, hazardous waste

sites are regulated in terms of closure and post-closure care, and funding must be

established to ensure proper closure. There are no such rUles under Subtitle D,

however, and since utility ash has been ruled non-hazardous, closure regulations

have been left to the individual states. Regulations for several states are

described in Section 4.

On March 26, 1979, the EPA published suggested guidelines for state compliance

which could have a significant impact on erosion control, revegetation, and closure

of ash disposal sites including:

• Runoff diversion structures should be constructed.

• Terraces should be included at 20-foot vertical intervals.

• The final soil cover should be seeded.

(

• Landfill grades should not be in excess of 33 percent.

• Unoontaminated on-site runoff should be routed to a
sedimentation basin prior to discharge.

8-2
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( • Final landfill cover sho~ld be 6 inches (15 centimeters) of
clay followed by 18 inches (45 centimeters) of soil capable
of supporting vegetation, the upper 6 inches (15 centimeters)
of which is to be topsoil.

• The landfill should be maintained in an aesthetic manner.

POST-CLOSURE LAND-USE STATEMENT

In some states, permitting of solid waste disposal sites may require development of

a post-closure land-use statement. In any event, a permit application accompanied

by a comprehensive land-use statement that complies with state and federal standards

will more likely be permitted than the application containing a sketchy, nonspecific

statement. Public opposition to the disposal of utility solid waste may be lessened

if a productive end-use is planned. In general, a post-closure land-use statement

has the advantage of providing an immediate plan of operations for on-going re

clamation activities. The investigations necessary for development of a comprehensive

land-use statement may bring to light the opportunity for alternate end-use choices

___________ ancLshoJlld_hel.P----±..Q-IDinimi2Le~1._h..EL_CIT_exall~qonomic impact of closure and post-cJ"Qsure __

maintenance. At a minimum, a post-closure land-use statement should include the

following topics:

(, • Summary of ash disposal regulations and guidelines pertinent to
that particular site,

(

• Results of investigative work to determine surrounding land-use,

• Proposed use(s) of site after closure,

• General outline for operation and closure procedures.

Solid Waste Disposal Regulations

State and local regulations pertaining to solid waste disposal should be reviewed

to determine if they will influence planning for the site's end use. Any requirements

set forth by the state may be more strict and/or comprehensive than federal regul

ations. More stringent requirements may affect the final proposed use of the site,

or the format and information contained in the post-closure statement itself.

Surrounding Land-Use

An assessment of surrounding land-use may be helpful in the planning of possible

site uses after closure. For example, an ash disposal site located in a predomi

nantly agricultural area could be designated for future use as an agricultural area

or wildlife habitat. Conversely, a site located in a developing area could be used

as a recreational area or commercial development area after closure. Regional
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and/or local planning agencies can provide information concerning surrounding land

use and assistance in assessing possible land-use alternatives.

Proposed Site Use (6) After Closure

It should be noted that the term "proposed use(s)" is used in the discussion of

this topic. A statement containing several alternative end uses will increase the

flexibility in site closure methods and allow for changing land use of the surrounding

area that may affect the site's ultimate use. As an example, a site originally

planned for recreational development in 1980 (when filling operations began), may

in the year 2010 (when filling operations have ceased) be better suited for in

dustrial use. A statement containing both end-use alternatives would allow more

flexibility at the time of final site closure than one which contained a single

end-use.

Table 8-1 shows general land-use categories and their requirements. These categories
- --- - - - - - -- - ------ - ------ - - --- ---- ----- -- -- - - - - --- -

are intended to provide a general list of possible ash site end uses. A delineation

of more specific end uses may be possible in the writing of a post-closure land-use

statement Where site-specific information is available. The EPRI Manual CS-l51S,

FGD Sludge DiSposal Manual (~) provides more information concerning possible site

USes after closure, along with factors which may affect the ultimate choice of land

use, such as economic return. The EPlU Manual Ely Ash structural· ELll Manual (~)

contains information pertaining to the placement of ash in landfills which have

projeoted future use as commercial or light industrial development areas.

PREDISTURBANCE SITE INVESTIGATION AND INVENTORY

As part of the initial site selection process considerable information will be

gathered that impacts directly on later reclamation decisions. Of particular

importance to reclamation planning is specific information concerning the site's

climate, local vegetation habitat, and soil types and distribution.

Climatological Data

Climatologioal data is of importance in the selection of plant species suitable for

revegetation, in the scheduling of planting, and in the design of erosion control

structures. Detailed information is required on precipitation (amounts, distribution

and intensity) and temperature (mean monthly, diurnal and monthly ranges, frost-

free period and degree days). Local climatological data may be obtained from

nearby U.S. Weather Bureau or Agricultural Experiment (university and government)

Stations. Site specific data may pe available from investigations conducted for
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Table 8-1

POST-CLOSURE LAND-USE CATEGORIES FOR ASH DISPOSAL SITES

possible site Use After Closure

Wildlife Habitat, Wilderness

Requirements

Adequate cover and vegetation.

(

Limited Agriculture or
Recreation
--·-graztrrq

hunting

Developed Agriculture or
Recreation

crop land
athletic fields
golf courses

Adequate cover and vegetation, added protection
of fill or embankment slopes to prevent erosion

-------re~u~t±rrg-from-arrimal-u-r-vehi~~e-trarfrc,_main~

tenance of vegetation.

possible increase in soil cover depth, manage
ment and maintenance of vegetation, stable under
lying ash, possible increased erosion control
to prevent the exposure of ash.

Light Commercial and Industrial
Development

warehouse
shopping plaza
parking lot
materials storage lot
light industry

stable underlying ash capable of foundation
support (where required), increased erosion
control and drainage considerations, management
and maintenance, of vegetation.
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the preparation of environmental impact statements or for the monitoring of fugitive

emissions. Later on this information, coupled with soil test data and soil drainage

characteristics of the disposal site, will provide the basis for the proper seleotion

of plant species best adapted to the individual site.

Local Vegetation Habitat

If the objective of the revegetation plan is to bring a site back into harmony with

its surrounding natural habitat, it is reasonable to establish a final long term

vegetation cover that readily adapts to the environmental conditions at that site.

This may be done by using plant species already successfully established within and

near the proposed ash disposal site. The existing plant species will reflect

preferential growth conditions such as soil drainage, light and wind exposure

intensities, available moisture, and nutrient requirements. These growth con

ditions can then be matched with similar conditions anticipated on the disposal

site, and a rational selection of plant species can be made within the constraint

Table ~-2 and Figure 8-1 illustrates the format for. a vegetation inventory. Data

collection in this example is based on a grid-system sampling pattern. At each

respective sampling site, the surveyor would mark off a sampling plot ranging from

1 square yard (0.8 square meters) at a grassy site, to 10 square yards (8 square

meters) within forested stand. The plot would then be inventoried for its re

presentative plant species, their estimated surface coverage, the degree of slope,

soil pH, and degree of exposure and light intensity. Plant identification will

need to be checked by a competent plant taxonomist, either in the field or from

COllected specimens. Soil-plant relationships including drainage, moisture,

nutrient, and textural requirements can then be estimated by superimposing the

observed plant species identified during reconnaissance onto a soil survey map of

the area.

Soil Types and Distribution

An integral part of any site selection process should be a detailed investigation

of existing soil conditions. The quality, thickness and spatial distribution of

this potential cover soil resource could impact greatly on the subsequent success

of sediment control practices and site revegetation, soil amendments, stabilization

and long term maintenance.

The primary objective of a predisturbance soils inventory is the determination of
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Figure B-1. High intensity soil survey of proposed ash dispo~al site with grid overlay for
vegetation sampling and representative soil profiles.
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potential soil volumes within the disposal area suitable for use, as 1) topsoil,

2) friable subsoil and, 3) low permeability cover lining material. Rough estimates

of soil volumes can be obtained using modern, air photo base, soil survey maps

prepared by the Soil Conservation Service at a scale of 1:20,000. Modern surveys

are not, however, available for all areas and are particularly incomplete in

sparsely populated western states. In any event, it is recommended that a higher

intensity soil survey of the disposal area be undertaken by a trained soil scientist

to insure spatially detailed soil identification that will ultimately be used

during the actual stripping operations.

~gure a-I illustrates a high intensity soil survey delineating the principle soil

types found at a proposed disposal site. The basic profile characteristics of each

soil type including depth and thickness of organic rich topsoil ('A' and '0' horizons),

friable sUbsoils suitable for plant root growth ('B' horizons excluding subsoils

with high salt, coarse fragment and clay contents, and pan developments), and low

permeability «lxlO- 7 ern/sec) subsoils, are shown- as determined from the field

xeccnna'iaaence.. Il.sing_this-in£oI:ma_tion_,_tne_si_t-e-planne.r-eafl-p;r:.epa·re---a-s-ex--ies--of

interpretative maps (Figures 8-2, 8-3, and 8-4) showing the quantities and dis

tribution of the various cover soils.

The procedure for developing these interpretative maps requires setting up a

legend with designated depth categories; e.g., 0 to 1.99 inches (0 to 5.05 centi

meters) of topsoil, etc. Once the categories are defined, reference to the soil

profiles prepared by the soil scientist will enable pigeon-holing of the respective

soil units into their proper thickness category. Soil volumes are then calculated

with the aid of a planimeter to determine the map area encompassed by each soil

unit. Actual ground area is estimated using the average slope value determined by

field measurement. A map unit designated 34-A would represent soil type 34 on

A-slope (0° to 3°) having an average slope of 1.5 degrees. The ground area when

multipled by the upper and lower limits of the appropriate thickness category

provides an estimate of soil volume.

As an example 9f the calculation format consider the topsoil- legend category: 3 to

5.99 inches (7.6 to 15.2 centimeters) which includes 6 distinct map unite (Figure

8-2) :

The volume of topsoil in the other legend categories could be calculated in a

similar fashion, and when added together would provide an estimate of the strip

pable topsoil within the entire disposal site.
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LEGEND: TOPSOIL THICKNESS
(INCHES)
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Figure 8-2. Interpretative soil map showing thickness of
organic rich topsoil.

LEGEND: SUBSOIL THICKNESS
~INg£_S)_
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Figure 8-3. Interpretative soil map showing thickness of productive
subsoil.
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T~UCKNESS (INCHES)
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Figure 8-4. Interpretative soil map showing thickness of high clay
subsoil.
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supplemental irrigation systems such as runoff collection in perimeter diversion

ditches can be used for getting vegetative barriers established. If possible, the

best protection is a dense cover of vegetation. Vegetation will not only absorb

most of the wind's force, but root systems tend to hold soil in place while root

exudates cement soil particles together.

Soil management practices, such as mUlching and .dry farming techniques including

contour terracing, will help to conserve moisture and provide sufficient cover in

semiarid regions. The use of chemical soil binders and stone surfacing can be

apPlied where insufficient moisture exists to establish a permanent vegetation

coVer. Chemical soil stabilizers are designed to coat and penetrate the soil

surface and physically bind particles together. Chemical stabilizers work best on

dry; highly permeable soils subject to sheet rather than concentrated water flow.

They are sometimes used in lieu of temporary mulch material or in conjunction with

mulch to act as a combined mulch tack and soil binder.

REVE()E'l'A'l'J:~N-RLANNJBG"-- _

In planning the revegetation of ash disposal sites, consideration should be given

to the properties and quality of ash for plant growth, required depth of final soil

cover, the nature and available quantity of cover soil material, water availability

and the selection of plant species. The choice of the proper revegetation teChniques

and plant species is largely site specific though general criteria exist. More

detailed information and site assistance is readily available from agronomists

associated with local Cooperative Extension and Soil Conservation Service Offices

located in most counties.

Ash as a Growth Medium

pilot experiments indicate that fly ash can be disposed beneficially in agricul-

tural soils (13, 14). Fly ash is instrumental in increasing the plant available

boron, molybdenum, phosphorus, potassium, and zinc, either by supplying soluble

forms of these elements or by modifying the pH of the soil. Research on estab

lishing vegetation directly on fly ash, including pilot and full scale demonstrations,

tends to indicate that the direct growth of plants is restricted by toxic levels of

certain compounds and the lack of nutrients within the rooting depth. Successful

growth of vegetation directly on fly ash most likely occurs after alteration of the

fly ash. For example, on older ash disposal sites, native vegetation has been

reestablished as a result of surface weathering of the ash with subsequent leaching

of growth inhibiting substances to nontoxic levels. Characteristics of fresh ash

which may prevent or retard the establishment of new vegetation include soluble
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salt toxicity, alkalinity, concentration of plant available boron, self-hardening

capability, and susceptibility to erosion. The importance of these factors in

relation to attempts to establish vegetation directly on fly ash is discussed in

the following paragraphs. It should be noted that chemical or organic additions to

fresh ash may be used to alter some of these characteristics.

Soluble Salt Toxicity. If the concentration of soluble salts in the solution

surrounding fly ash particles exceeds a certain level (TableS-3), plants will have

a difficult time absorbing water.

This difficulty in absorbing water arises from an imbalance in osmotic pressures

between the fly ash particle solution and the internal solution of the plants.

When the pressure is greater in the outer solution than in the plants, water

absorption is impeded and plant growth retarded. Fly ash that has been leached or

disposed of by the wet disposal methods will have a lower potential for soluble

salt --toxicit-y.- --- -- --- - --- -- - - -

Table 8-3

ELECTRICAL CONDUCTIVITY OF SATURATION EXTRACTS OF SOILS (
Electrical Conductivity

of Saturation Extract,
mmho/cm at 25' C.

0-2

2-4

4-8

8-16

> 16

Plant Response

Salinity effects usually negligible

Yield of very salt-sensitive crops may be restricted

Yield of salt-sensitive crops restricted

Only salt-tolerant crops yield satisfactorily

Only a few very salt-tolerant crops yield
satisfactorily

Source: US. Salinity Laboratory Staff.
and Alkali Soils. Washington, D.C.: US.
1954.

Diagnosis and Improvement of Saline
Department of Agriculture Handbook 60,

Alkalinity. Alkalinity, usually expressed in terms of pH, will not by itself limit

plant growth. However, the solubility and availability of various nutrients

essential for plant growth are pH dependent. In a natural soil, pH values normally
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( fall in the range of 5.0 to 7.0 where solubilities and availability of nutrient

elements are in balance with plant requirements. The pH value of some dry, fresh

ash may be in the range of 11 to 12. As alkalinity increases (pH increases above

7.5), the availability of phosphorus and several trace elements (zinc (Zn), iron

(Fe), copper (Cu), etc.), decreases. This may result in a plant nutrient deficient

medium. Attempts have been made to reduce the alkaline nature of disposed fly ash

by making additions of sulfuric acid (H2S04). The large amounts of acid required

to bring alkaline fly ash into the pH range required for plant growth makes this

treatment economically infeasible. Instead, a soil cover over the fly ash can be

used to provide the proper pH medium suitable for plant growth.

In some cases, the alkalinity of fly ash has been used to aid the establishment of

vegetation. If soil pH is less than 6.0, then fly ash may be used as a "liming"

material. The fly ash should be incorporated (mixed) into the final cover as any

other liming material, such as hydrated lime or limestone would. The proper amount

of fly ash required to raise the pH to a suitable level (usually 6.0 to 7.0) can be

________.__~__----d.e_t,ermin.ed _by taking__ repres,entativ:e_samples_fr.om~the_topsoi-l..-s_tockplle_and~mi-x-ing

in increasing amounts of fly ash until the desired pH is attained. There should be

a time allowance for an incubation periOd permitting the fly ash to react with the

( soil and for the pH to stabilize. Five tons of lignite ash, (high in calcium (ca)

and neutralizing power), is equivalent to approximately one ton of calcium car

bonate (limestone). On average about 56 tons of bituminous coal ash must be added

to equal 1 ton of limestone (!l). Mixed samples of fly ash and soil at the desired

pH should be sent to a testing lab to insure that toxic conditions will not prevail

and to determine the remaining nutrient imbalance.

Plant Available Boron. Most fly ashes have plant available boron contents (10-600

ppm) whioh are much higher than that of most soils. Boron contents of fresh dry

disposal ash can be toxic to plant growth. Table 8-4 will provide some guidance in

estimating potential boron toxicity. Again, some attempts have been made to

ameliorate borcn toxic conditions existing on fly ash disposal sites, particularly

where fresh, dry ash is present. As with efforts to mitigate alkaline conditions,

these methods have proven either unsuccessful or impractical. Where there is

potential boron toxicity, a soil cover will provide a medium for plant growth and

establishment until toxic conditions are reduced.

Self-Hardening Properties. Self-hardening properties occur primarily with ash

from subbituminous coal or lignite and can pose serious problems for growing

vegetation. If fly ash were to set up, the folume of water available for plant
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Table 8-4

BORON PHYTOTOXICITY IN ASH LAGOONS

(

Concentration
of Available B

ppm
Less than 4
4-10
11-20
20-30
Over 30

Degree of Phytotoxicity

Nontoxic
Slightly toxic
Moderately toxic
Toxic
Highly Toxic

Source: D. R. Hodgson and W. N. Townsend. "The Amelioration and Revegetation
of Pulverized Fuel Ash". In Proceedings of Internal Symposium on Ecology
and Revegetation of Drastically Disturbed Areas,· University Park, Pennsylvania,
1%9, _

9rowth and the rooting volume would be limited to that in the overlying soil lay~r.

Enough soil cover should be placed so as to provide sufficient water storage. In

some cases, this solution would cause more soil to be placed as final cover than is

otherwise necessary simply to adequately support vegetation. Placing bottom ash as

an intervening layer between cover soil and fly ash is a viable alternative. This'

method would increase water storing capacity above the fly ash, allow for disposal

of additional waste material, and reduce the amount of soil cover required to cover

the site.

Susceptibility to Erosion. Erosion is detrimental to the establishment of vegetative

cover since it destroys the seedbed before the plants have sufficient time to

become well established. The erodibility of fly ash is generally greater than most

naturally occurring soils unless a surface crust has formed. Therefore, placing a

soil cover with a topsoil surface layer over fly ash will reduce erosion and help

establish a uniform vegetative cOver.

Required Cover Soil Depth

Of primary concern in completing final site closure is determination of the "required"

depth of soil cover. Many states (e.g. Arizona" Florida, Illinois, Kentucky,

Missouri, Montana, Pennsylvania, Oklahoma, etc.), have solid waste disposal regUlations

defining minimum Cover as having a two-foot depth. This amount of cover is not
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always necessary to successfully establish a permanent, erosion control vegetative

cover. While vegetation can be established directly on fly ash, the characteristics

discussed above often make revegetation without some soil cover difficult. Therefore,

when soil is available for final cover, it is generally used in vegetating ash

disposal sites.

Experimental studies (.§., '!J -have shown that certain plants could be grown on as

little as six inches of topsoil overlying fly ash, although heavy fertilizer

applioation was required. With twelve inches of topsoil, minimal toxic effects and

satisfactory moisture conditions prevailed, suggesting that 12 inches of cover soil

should provide adequate rooting and minimal susceptibility to drought in mos-t;

instances. Increased thickness of soil cover will be required where:

• the soil is capable of holding limited amounts of available moisture
(~.g. highly sandy or clayey soils),

• slope gradients are steep and rapid drainage produces droughty
conditions,

.- m--:Cfie-·cl1.ma~is marKea-15y severe aeflciency ofInOisture durlng tne-'
growing season as typically found under west Coast Mediterranean
and Mid-Latitude steppe and desert climates.

Various other factors which will affect the required depth of soil cover include

the quality of the soil cover material, availability of water for growth, and the

plant species selected.

Quality of Final Cover

The quality of cover material used for site closure will influence the depth of

that material required to support vegetation. If the cover exhibits soil charac

teristics that are conducive to plant growth, the amount of cover needed will be

reduced. If the available soil quality is less than optimum, then the thickness of

the soil cover can be increased or soil supplements added to improve quality.

Once a soil is moved from its original position on the landscape, it loses many of

the properties that make it a unique body. This is especially true of certain

physioal characteristics such as structure and relative proportion of air and water

porosity. However, textural class is still intact and ~easurable. This should

provide the most meaningfUl index to suitability for establishing vegetation.

A soills textural class is determined by the proportional content of sand, silt and

clay particles. Once the relative proportions of the various particle sizes is
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known, the textural class can be determined using Figure 8-13~ Soils having United

States Department of Agriculture (llibA) textures between sandy loam and silt loam

are best suited for plant growth. Textural classes outside thts range may require

special management techniques. Soils possessing a coarse~ (sandier) texture may

have low water holding capacity and so may be susceptible to drought. Additions of

siltier textured soils or organic matter (sewage sludge, plant matter, animal

manures, etc.) will increase water holding capacity, cation exchange capacity, and

structural stability, and provide essential nutrients.

It is important to add "new" or "fresh" sources of organic matter to soil. Older

sources and sources having a carbon to nitrogen ratio (C:N) of greater than 30:1

may cause nitrogen deficient conditions for plants. Sources with a C:N of 20 to

30:1 mayor may not cause nitrogen deficient conditions, depending upon several

external factors. Addition of organic matter with a C:N of less than 20:1 will

usually result in additional nitrogen being made available for plant utilization
-(rsf. - - - - - - - -- - - - - - - - - - - -- - - --

Large applications of lime and fertilizer to sandy soils may soon be lost through

leaching and are no substitute for organic matter additions. Fiy ash may also be

added to soil to improve the water holding capacity and add plant nutrients,

particularly potassium (K). Care should be taken, however, not to create plant

toxic conditions witn fly ash applications to the final cover.

Soils having textures at the other extreme, clayey soils, may also represent

management problems. Often water holding capacity is so high as to preclude

sufficient air from being present or diffusing to respiring roots. This effect may

seriously limit vegetative growth by inhibiting water and nutrient uptake. Additions

of fly ash and/or organic matter may "loosen" a clay soil providing better aeration

characteristics and, at the same time, augment plant nutrient supplies.

When soil removed from a disposal site is to be used as final cover, consideration

should be given to its suitability to support plant growth. If. a predisturbance

soil survey is conducted as suggested earlier in this section, information on the

relative suitability of the existing soil horizons for plant adaptation will be

presented by the soil scientist in his report. Some advantages which the surface A

and B horizons have over underlying material are higher nitrogen content, fertility,

cation exchange capacity, plant seed content, and microbial population. All these

factors can increase the chance for successful establishment of vegetative cover.
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SOIL TEXTURAL CLASSES
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Figure 8-13. Relationship between the textural class name and
particle size distribution. (Source: Soil Conservation
Service. U. S. Department of Agriculture. Soil Taxonomy.
Washington, D. C.: Government Printing Office, 1976. AH-436.)
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Final Cover Storage Procedures. Procedures for determining the potential volumes

of on-site soils useful as cover soil was previously discussed under "Predistur

bance Site Investigation." When stripping soil, it is strongly recommended that

separate stockpiles be kept to segregate topsoil, productive subsoil and imper

meable subsoil. These soil piles should be vegetated with a temporary, quick

(

growing grass to prevent excessive erosion. ~om an environmental and agronomic

viewpoint it would be correct to apply cover soil in the following sequence:

• an impermeable layer to serve as a protective seal preventing
recharge and leachate generation.

• an intermediate subsoil with good rooting characteristics.

• an upper topsoil zone with high biological activity and nutrient
content, that will encourage plant germination and reduce surface
runoff.

Availability of Water
---- ----- ---

As water available for plant utilization increases, in general, minimUm soil cover

requirements should decrease. The reasoning is that plants will be able to obtain

their needed water from a smaller volume of cover material assuming that available

nutrients are also adequate within the volume of COVer. If an ash disposal site

planner is not familiar with moisture availability, precipitation records should be

consulted. Distribution of precipitation is just as important to consider as total

amount. For example, in an area where most of the precipitation arrives in the

form of snow, most of which results in surface runoff when it melts, little moisture

will actually be available for plant utilization. The detailed climatological data

obtained during the predisturbance site investigation will provide useful, site

specific data on precipitation and its distribution.

As the amount of precipitation increases, the speed of the weathering process which

reduces any toxicities that may be present in fly ash will usually be accelerated.

More precipitation means more water will be available to leach soluble salts and

boron. Water leaching into fly ash will contain carbonic and organic acids that

will help neutralize any alkalinity present in this material. Accelerated

weathering would therefore tend to reduce the amount of soil necessary to establish

vegetative cover.

Selection of Plant Species

Plant species selected for the final ground cover should be well adapted to con

ditions present at the site. The logical choice, in most cases, would be to

select plant species native to the surrounding area as determined in the
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( predisturbance investigation. These native species would already be adapted to

the growing environment of the site, except where drainage and/or light conditions

have changed. There will be cases when seeds for plantings of native vegetation

are not available or prohibitively expensive and new vegetation must be selected.

Table 8-5 lists grasses and Table 8-6 lists legumes commonly used in revegetation.

Plants selected must be tolerant of not only the environment normally encountered,

but also of the possibility of having ash as a substantial part of its rooting

medium. Generally, if the ash is not a good growth medium, the deeper the root

system of the plant species selected for revegetation, the thicker the cover

soil requirement. Converely the less nutrient and water demanding a vegetative

cover, the shallower the cover soil need be.

Plant species selected should be able to meet the following criteria:

• Provide good surface coverage, preferably low growing and dense
foliage,

• Have seed or stock readily available and at reasonable expense,

• Have a degree of tolerances for ash as a growing medium,

( • Withstand erosion and traffic,

\.

• Adapt to soil conditions at the site (pH, moisture, texture,
fertility) ,

• Adapt to the climate of the site (sunlight-wind exposure,
temperature, rainfall),

• Be compatible with other species selected for revegetation,

• Be capable of propagating,

• Be compatible with post-closure land use.

After the final cover is in place and before vegetation is planted, a chemical

test to determine the nutrient status of the soil should be made. Many state

universities and private companies offer soil testing services and kits outlining

soil sampling procedures along with the containers to send samples to laboratories.

These results will provide guidance in selection of amendments (lime and fertilizer)

to be applied to the final cover. It is recommended that the local Soil Conservation

Service representative, county agricultural extension personnel or agronomists be

consulted for the final selection, since they will be most familiar with growing

conditions and problems that may be encountered in vegetative establishment on a

specific site.
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Table 13-5

CHARACTERISTICS OF COMMONLY USED GRASSES
a

FOR IREVEGETATION PURPOSES

Season site suitability !~~_~uitability

Moderately Somewhat Gro~ H . Waterways
Conunon Botanical Dry (not Well Well Poorly Poorly , P Eroulble and

Name_____ Name Cool Warm droughty) Drained Drained Draiped Drained Habit
b

range
C --E~~~ Channels Agrigult~~ H~I1I~~~~ ~

I ~--.

Bahiagrass Paspalum X X X X P I 4.5-7.5 X X X Tall, extensive root
notatum system. Maintained

at low cost once es
tablished. lIble to
withstand a large
rangE of soil condi
tions. scarify seed.

Barley Hordeum X X X A 5.5-7.,8 X X Cool season annual.
vulgare Provides winter cove~

Bermuda Grass CynQdon X X X X X P 4.5-7.5 X X X Does best at pH of
dactylon 5.5 and above. Grows

best on well drained
soils, but no't; OIl
waterlogged or tight

'f soils. Propagated
W vegetatively by
m planting rwmers or

crowns.

Bluegrass, Poa compreB5a X X X X P 4.5-7.5 X X Does well on acid,
Canada droughty, or soils

too low in nutrients
to support good
stands of Kentucky
bluegrass.

Bluegrass, Paa pratensis X X X X P 5.5-7.0 X X X Shallow rooted;
Kentucky - best adapted to well

drained soils of
Ldmesrt.one or-:igin.

Bluestem. Andropogon X X X X p! 5.0-7.5 X X Strong, deep rooted,
big gerardi and short underground

stems_ Effective in
controLling erosion.

r>. r>. ~\
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Table 8-5
(Continued)

CHARACTERISTICS OF COMMQNLY USED GRASSES E10R REVEGETATION PURPOSES

Good winter cover
plant. Extensive fi
brous root system.
Rapid growth and easy
to establish.

Dense root system;
grows in a clump to
3 feet tall. More
drought tolerant than
big bluestem. Good
surface protection.

ure Remarks

X

X

Use Suitability
Waterways

and d
Channels Agricul t """""""- _

X

x

6.0-8.0

6.0-7.0~

Pi
!

i,
1

Poorly Grorth pH Erodible
Drained H~tb range

C
Areas

X

Suitability
somewhat
Poorly
Drained

Site

X

X

Moderately
Well

Drained

X

X

Season

x

x

Andropogon
scoparius

Botanical
N_

B:romus
arvensis

Bluestem,
little

Bromegrass,
field

Common.-

Bromegrass, Brol,llus X X

<X> smooth inermis,
w
--J

Buffalograss Buchloe X
dactyloides

X X

X

x

X

pi

p

5.5-8.0

6.5-8.0

X

X

X x

x

Tall, sod forming,
drought and heat to
lerant. Cover seed
lightly.

Drought tolerant.
Withstands alkaline
soils but not sandy
ones. Will regener
ate if overgrazed.

Canarygrass,
reed

Phalaris
arundinacea

X X X X x X pi 5.0-7.5 X x x Excellent for wet
areas, ditches,
waterways, gullies.
Can emerge through 6
to 8 inches of sedi
ment.

Deertongue Panicum
clandestinum

X X X X X X p 3.8-5.0 X x Very acid "t.olerant;
drought resistant.
Adapted to low fer
tility soils. vo.tan
t-eens in many areas.
Seed not available.
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Table 8-5
(Continued)

CHARACTERISTICS OF COMMONLY USED GRASSES

,

,

FOR 'REVEGETATION
,

,

PURPOSES

Suitability

ULe Remarks

____-:cCUc:SH suitability
Waterways

=d
Channels Agricult d '"'''''''''''- _

I
,

Growth pH .
Poorly bl c ErodJ.ble

Drained Habit I range _~eas

Somewhat
Poorly
Drained

Site
Moderately

Well
Drained

Season

Botanical

,''''''''
COIlUllOn

xaee

Fescue, Festuca rubra
creeping red

X X X X x P i 5.0-7.5
,

x x x Grows in cold weathe~.

Remains green during
summer. Good seeuer,
Wide adaptation.
Slow to establish.

Fescue, tall Festuca
arUndinacea

X X X x I
P 15.0-8.0 X x x Does well on acid and

wet soils of sand
stone and shale ori
gin. Drought resis
tant. Ideal for li
oing channe.Ls c : Good
fall alld winter pas
ture plant.

00
I

W
00

Grama, blue Bouteloua
gracilis

X X X X x p 6.0-8.5 x More drought resis
tant than sideoats
graroa. Sod forming.
Extensive root system.
Poor seed availabil~

ity.

creee ,
sideoats

Bouteloua
curtipendula

X X X p 6.0-7.5 x x Bunch forming; rare
ly forms a sad. May
be replaced by blue
grama in dry areas.
Feed value about the
same as big bluestem.
Helps control wind
erosion.

Indian grass Sorgastrum X X X P I 5.5-7.5 X X

nutans

Lovegrass, Eragrostis X X P 6.0~7.5 X X

sand trichodes

Provides quick ground
cover. Rhizomatous,
tall. Seed availabl~_

A bunchgrass of med~

ium height.. Adapt
able to sandy sites.
Good f'0>:" qr-azLnq ,
Fair seed availabil
ity.

~. r>. ~.
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Table 8-5
(Continued)

CHARACTERISTICS OF COMMONLY USED GRASSES F0R REVEGETATION PURPOSES
!
,

Remarks

Bunchgrass, rapid
early growth. Grows
well on infertile
soils. Good root
system. Low palatab
ility. Short-lived
in Northeast.

Use Suitability
Waterways

=d d
Channels Agriculture

x4.5-8.0p

i
GroWth pH .

Poorly. I b Erodlble
Drained Bab~t EangeC Areas

X

Sortlewhat
Poorly
Drained

SuitabilitySeason Site
Moderately

Dry (not Well Well

Cool~ droughty) Drained Drained

X X X X

Botanical
N_

Eragrostis
curvula

Common
Name

Lovegrass
weeping

Millet,
foxtail

Setaria i talica X X X X 4.5-7.0 X x Requires warm wea
ther during the grow
ing season. cannot
tolerate drought.
Good seedbed prepara
tion important.

00 Oats Avena sativa X X X
I

W
co

oatqrnss , Arrhenatherum .X X X

tall elatius

5.5-7.0

5.0-7_5

x

x

x

x

Bunch forming. Win
ter cover. Requires
nitrogen for good
growth.

Short-lived perennial
bunchgrass. mat.ur-ee
early in the spring.
Leas heat tolerant
than orchardgrass ex
cept in Northeast.
Good on sandy and
shallow shale s Lr.es ,

Orchardgrass Dactylis
glomerata

X X X X X
,p 5.0-7.5 x x Tall-growing bunch

grass. Matures early
Good ferti,lizer re
sponse. More summer
growth than timothy
or bromegrass.

Redtop Agrostis alba X x x X x x ,p 4_0-7.5 x x x Tolerant of a wide
range of soil fer-'
tility, pH, and
reof.st.ure conditions.
Can withst.and
drought; good for
wet oorad.i.t-Lonss ,
Spreads by rhizornes_
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Table 8-5
(Continued)

I

CHARACTERISTICS OF COMMONLY USED GRASSES FORIREVEGETATION PURPOSES

I
Season Site Suitability Use suitability

Moderately Somewhat I Waterways
Growth pH

Common Botanical Dry (not Well Well Poorly Poorly h Erodible ="
N=e Name Cool Warm droughty) Drained Drained Drained Drained Habit :E2!l-~ Areas -i.~!J.~els Aqricul!...ured Remarks

Rye, winter secale X X X X A 15• 5-7• 5 X X Winter hardy_ Good

cereale , root system. sur-
I vives on coarse, san-
I dy spoil. Temporary

cover.

Ryegrass, LoliUJl\ X X X X A ,5.5-7.5 X X Excellent for tempor-
annual multiflorum ary cover. Can be

established under dry
and unfavorable con-
ditions_ Quick sec-
mination; rapid seed-
ling growth.

Ryegrass, Lolium X X X X P 15.5-7.5 X X Short-lived perennial

00 perennial perenne bunchgrass. More re-
I istant than weeping.. love or tall oatgrass

0
I

Sandreed, calamoullfa X X X P 16• 0-8• 0 X TalL drought roaex-
prairie longifolia ant. Can be used

on sandy sft-es , Rhi-
zomat.ous , Seed
avai.lability poor.

Sudangrass Sorghum X X X X X A 15. 5-7• 5 X X Summer annual for
sudanense temporary cover.

drought tolerant.
Good feed value.
Cannot withstand cool
wet. soils.

Switchgrass Panicum X X X X p
1

5 • 0- 7 . 5 X X X Withstands eroded.
vergatUlll acid and low fertil-

ity soils. Kanlow
and B~ackwell varie-
ties are most often
used. Rhizomatous.
seed available.
Drainageways, terrace
outlets.

r> /"-, ~

- Doc. Ex. 265 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



,-,

Table 8-5

(Continued)

CHARACTERISTICS OF COMMONLY USED GRASSES FOR REVEGETATION PURPOSES

~.

ure Remarks
Common

Name
Botanical
N~.

Season

Dry (not _Well
Cool Warm droughty) Drained

Site
Moderately

W<til
Drained

suitability

somewhat Grdwth pH
Poorly Poorly i b Erodible
Drained Drained H~it ranqe

C
Areas

Use Suitability
Waterways

and ~

Channels Agricult

00
I

'"I-'

Timothy

Wheat,
winter

Wheatgrass,
tall

Phleum
pratense

Triticum
aestivum

Agropyron
elonqatum

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

E

•j

I•i

4.5-8.0

5.0-7.0

6.0-8.0

x

x

x x

x

x

x

Stands are maintained
perennially by vege
catIv-e z epr-oduct.Lon,
Shallow, fibrous root
system. Usually sown
in a mixture with al
falfa and clover.

Requires nutrients.
Poor growth in sandy
and poorly drained
soils. Use for tem
porary cover.

Good for wet, alka
line areas. Tolerant
of saline conditions.
Sad form1ng. Easy to
establish.

be based on local recommendations.

U. S. Environmental Protection Agency"

4.5-7.0Wheatgrass, Agropyron X X X X X X :'
western smith!!

:Grasses should be planted in combination with legumes. seeding rates, time, and varie ·les should
P - perennial; A ~ annual. I
~Many species survive and grow at lower pH; however, opt.imum growth occurs within these ranges.

Hay, pasture, green manure, winter cover, and nurse crops are primary agricultural use,.
Source: Erosion and Sediment Control, Surface Mining in the Eastern U.S. Waslrlngton, D. C.:
Vol. I and 2, 1976. EPA 625/3 76 006.

x x x Sod forming, spreads
rapidly, slow germin
ation. Valuable for
ez-o s Lon control.
Drought resistant.

~~------------------------
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Table 8-6
I

CHARACTERISTICS OF COMMONLY USED LEGUMES
a

FORI REVEGETATION PURPOSES

SeaS~l____ Site suitability
'--. , _. use suitab.il.~.tL

Moderately Somewhat
Growth I pH

Waterways
Common scientific W.,U Well Poorly Poorly _ b I nccatr.i.e =d

Agricultur~d.N=c Name .<,:001 Wa= Dry Drained Dr<lined Drained Drained ~. :rang e C Areas Channel:> Remarks

Alfalfa Medicago X X X X P 16,,,-7.5 X X Re.<;[ll,ires high fertil-
sativa It.y and good dr-ai.naqe

,

Clover, Trifolium X X X X X P Is.0-7.5 X X (;ood for seeps and
Alsike hyhrid.iu.rn I and other wet areas.

Dies after two years.

Clover, red Trifolium X X X P 16.0-7.0 X X Should be seeded in
jc-at.ecse early spring.

co Clover, Trifolium X X X X P 16.0-7.0 X X Stand thickness de-
I white z-eperrs creases after several

'" years_
IV

X X X X P
I .

X seed is toxic to gra-Flatpea Lathyrus X 15• 0-6• 0

sylvcstris zing animals. coca
cover.

Lespedeza, Lespedeza x x X A 15.0-6.0 X Low-growing, wildlife
common striata -like seed. Kobe va-

riety most often u.:ed
Acid tolerant.

Lespedeza, r.espedeza X X X X X A 15 . 0-7• 0 X Less tolerant of ac:id
Korean stipulacea ~oils that L~mmon

lcspedeza.

Lespedeza, Lespedeza X X X X X P 15.0-7.0 X X Woody, drought tol-
ser:icea cuncata

I
erant, seed should be
scarified. Bunchl:ike
growth.

Milkvetch, Astragalus cieer X X X X p ! 5.0-6.0 X X Drought tolerant.
cicer Low growing. No ma-

jor diseases. Bard
seed coat.

r>. ~ /C\
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(
Volume Estimate

AV.S1ope of Map Area Ground Area (cu. yds.)
Map Units Map Unit (8) (X) (x/cos. 8) Lower Upper

(3 to 5.99 i.n.) (Degrees) (sq. yds.) (sq. yds.) Limit Limit

4c 11.5 66,157 67,512 5,626 11,233

7-8 5.5 10,615 10,665 889 1,775

9-C 11.5 72,828 74,320 6,193 12,366

15-A 1.5 26,121 26,129 2,177 4,348

158 5.5 83,553 83,940 6,995 13,966

178 5.5 19,100 19,188 1,600 3,192

Topsoil Volume Range in 3 to 5.99 Inch Category 23,480 46,880

Estimated Topsoil Volume (Av. ) i.n 3 to 5.99 Inch Cat. 35,680 cubic yards

~-~~-~~~~------~--------------

(

Variations in the method of calCUlating soil volumes more suited to the operational

schedule of th€ s I te could be devised. For instance, at a dry ash valley disposal

site Where clearing and disposal prooeed progressively up-valley, it may be pre

ferable for storage reasons to estimate strippable soil volumes expected with the

building of successive lifts. stockpile(s) reduction from the progressive covering

of retired portions of the site could then be weighted against anticipated cover

soil additions in formulating a cover soil allocation scheme.

EROSION AND SEDJMENT CONTROL

The detachment of soil particles from their initial resting place by wind or water

describes the process of erosion. When placed in motion these partioles become

sediment, a potential water pollutant. Whereas erosion control practices are

designed to prevent soil particles from being detached, sediment control practices

aim to prevent the detached particles from leaving the site at unacceptable levels.

Some degree of erosion and sediment loss is natural and not considered harmful in

most cases. However, when an area is highly disturbed and soil and/or ash is

exposed to the erosive agents, the natural rate of erosion and sediment yield from

the area will greatly accelerate to unacceptable levels. While it is particularly

important to design ash disposal sites to minimize erosion after site closure, it

is also important to control erosion during site development and operation.

Generally, the best means of accomplishing this is to minimize exposure of ash and

8-11
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The soil erosion process by water begins when

stripped soil surfaces. This can be done by developing a dry site in stages with

the progressive reclamation of the retired portions of the ash site, and by main

taining a temporary cover on exposed surfaces in active areas. At wet ash disposal

sites, ash is effectively controlled during site operations by proper maintenance

of water levels in the pond.

Water Erosion

Water is capable of detaching and moving soil particles through energy transfer

ences associated with the impact of raindrops on the soil surface and as more

conoentrated overland flow known as runoff. Surface runoff occurs when precipi

tation exceeds the rate at which water can infiltrate the soil. Both forms of

water erosion interact to some extent, and factors controlling the effectiveness of

erosion by raindrop impact also affect the generation of surface runoff.

Controlling Raindrop Erosion.
- ---- -- - - - - -- - - -- - - ---- - - - -- - ---- --- - ------- -- -- - - -- -- ---

raindrops impact on the soil surface. The force transmitted to the surface-by the

impacting raindrop influences erosion in a number of ways including:

(

•

•

Detaching soil particles or breaking down soil aggregates and
thereby making transport by surface runoff easier,

Destroying surface soil structure producing pUddling or crusting
that reduces rainfall infiltration and increases runoff.

(

• Transporting detached soil particles downslope in the resulting
raindrop splash.

Rainsplash erosion has been found to be a major process for the release and transport

of sediment downslope where the surface is unprotected by vegetation (~). Parti

cularly severe erosion occurs during heavy downpours where the rate of sediment

movement is proportional to 1.0 to 1.5 power of rainfall intensity (!). studies on

unvegetated slopes in Arizona (~) indicated mean annual transport by rainsplash in

aocordance with the relationship:

where S

R

Rate of rainsplash transport (om
3/cm/yr)

Mean annual rainfall in millimeters

(8-1)

Reducing the force of the raindrop impact at the soil surface will serve to protect

the integrity of the soil aggregates while suppressing rainsplash by breaking the

impact of the raindrops. Covering the soil surface with either dense grassy or

8-12
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( shrubby vegetation, or applying an artificial cover such as organic mulch, has

proven effective in controlling rainsplash erosion, as illustrated in Figure 8-5.

The establishment of vegetation and application of mulches is discussed later in

this section.

Controlling Surface Runoff Erosion. The causal factors affecting runoff and

subsequent erosion are identified in the "universal soil-loss equation" stated as

follows:

ARK L S C P

Where A, the computed soil loss per unit area, is the product of the following

factors:

R rainfall inputs

K soil characteristics

LS = slope length and gradient

C crop or vegetation cover

( p erosion control practice

l

Controlling the rate of surface erosion therefore requires a manipulat~on of these

causal factors or the implementation of erosion control structures which intercept

and divert runoff flow. Some physical and climatic factors including the amount,

intensity and duration of prec~pitation, and the antecedent moisture content of the

soil ~efore a storm, can not be readily controlled. As these factors are increased,

the volume of surface runoff will invariably increase as well. Soil, vegetation,

and slope characteristics that can be managed to reduce runoff and the potential

soil loss are as follows:

Vegetation Cover. The tremendous difference between rates of soil loss on

vegetated and unvegetated slopes, on the order of 1,000 to 10,000 times

(Figure 8-6), shows that the presence or absence of vegetation is the over

riding factor in affecting the rate of erosion. Vegetation acts to reduce

runoff and its velocity and thereby decreases the ability of water to carry

away soil particles by:

• Interoepting precipitation, reducing the amount of water avail
able for surface runoff,

• Breaking the impact of raindrops (discussed previously) ,

8-13
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Figure 8-6. The Influence of Vegetation on Runoff and Erosion

Data Source: Meginnis, H. G. Effect of CoVer on Surface Run-off and Erosion In
the Loessial Uplands of Mississippi. Washington, D. C.: U. S. Department of
Agriculture, Circular 347, 1935. Hudron, N. W., and D. C. Jackson. Erosion
Research: Report of Progress, 1958-1959. Henderson Research Station, Rhodesia:
Ministry of Agriculture, 1959.

Data polnts: 1. Cultivated Cotton: Rows Downslope. 2. Cultivated Cotton:
Rows on Contour. 3. Barren Abandoned Land. 4. Black Locust-osage Orange
Plantation. 5. Scrub Oak Woodland. 6. Bermuda Grass Pasture. 7. Broomsedge
Field. 8. Oak Forest. 9. Bare Soil. 10. Mosquito Gauze OVer Bare Soil.
11. Dense Grass.
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• Improving soil structure and infiltration within the soil
around roots,

(

• Interrupting and slowing overland flow,

• Physically bUilding the soil forming a root mat.

The proper planting of various combinations of grasses, legumes and shrubs

will insure long-term soil stabilization. Not all types of vegetative cover

are equally effective in reducing soil loss. Those" plants that produce a low,

dense cover such as crownvetch or lespedeza would offer greater protection

than plants consisting mostly of stems with few leaves. The exact type and

mixture of individual plant specie~ to be used will depend on soil and drainage

conditions, erosional stresses and post-closure land-use. Considering the

high erosive potential of bare surfaces, the planting of quick growing

perennials and annuals to provide temporary protection is recommended on

stockpiled cover soil, or where seasonal constraints prohibit thB establishment
-------- --------

of more- permanent plant species.

Soil Characteristics. The sediment yield of a hillslope or embankment is

largely determined by the amount of runoff accumulating downslope, and by the

erodibility of the soil. The amount of runoff is influenced by variations in

the infiltration capacity of the soil while the erodibility is dependent on

the texture and degree of aggregation of surface soil particles.

The erodibility of exposed fly ash by both wind and water is exceedingly high

as might be anticipated from its textural similarities with wind deposited

glacial loess, one of the most erosive natural sediments (Figure 8-7).

Composed primarily of low density silt size particles, the erosive force

required to initiate transport is low relative to other size fractions (Figure

8-8). Without the benefit of some clay and organic matter which provides

cohesive strength and -forms erosion resistant aggregates in most topsoils, fly

ash, particularly freshly placed fly ash, will present a major sediment

pollution hazard. To prevent excessive sediment loss from exposed fly ash, it

is imperative that a protective gurface cover be applied. The growing of

vegetation directly on fly ash has been investigated with minimal success 1~,

2). This research tends to indicate that high concentrations of soluble salts

and plant available boron commonly found in some fly ash are toxic for the

long term establishment of most plant species. A covering layer of topsoil is

therefore usually recommended. In addition to providing a suitable growth

media, topsoil has the advantage of reducing runoff by promoting percolation

8-16
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Figure 8-7. Composite of grain size distributions for
bituminous fly ash and glacial loess. (Sources: Pewe,
T. L. "Origin of Upland Silt Near Fairbanks, Alaska."
Geological Society of America BUlletin, Vol. 66, 1955,
p. 701 and Figure 2-2 of this manual.)
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of surface water. The high infiltration rate of topsoil is related to its

open structure, the result of particle aggregation by decomposed organic

matter and the by-products of rnicro~organisms. These organic stabilized

aggregates tend to be water resistant and resist the detaching forces o£

falling raindrops which readily crusts surfaces without organic bound aggre

gates. Working easily decomposed organic matter such as grasses, animal

manure and sewage sludge into the topsoil before seeding will help to loosen

soil structure, promote plant growth, and reduce runoff and subsequent erosion

(.§.) •

In areas where a temporary cover is desired, mulching of the surface has

proven effective in controlling runoff erosion. Reference to points 10 and 11

in Figure 8-6 clearly demonstrates that a surface covering of gauze is nearly

as effective as a dense grass cover in controlling erosion. Used in con

junction with revegetative planting, mulch protects seedbeds from excessive

-erosion-prior- to--s-eed germination- and-provides a --favo-rahl-e-envi-ronment-----for-

plant development. As an easily applied and relatively inexpensive erosion

control method, organic and inorganic mulch 'materials are effective for short

term erosion control in areas of active operations. A common method of con

trolling fugitive dust from fly ash is the placement of a surface layer of

heavier and COarser textured bottom ash.

Mechanical roughening of the soil surface to increase depression storage and

infiltration is an established moisture conservation technique. When used in

conjunction with seedbed preparation, surface roughening is effective in

reducing runoff and erosion during plant development. Common methods of

loosening and/or roughening a soil surface inolude scarification, gouging,

tracking, and furrowing (~). The objective of all these methods is to form a

series of small d~pressions or ditches oriented with the slope contour that

serve to intercept surface water flow and detain water for latter infiltration.

Slope Length and Gradient. The erosive force of overland flow increases with

both its distance from the divide and -the slope gradient (Figure 8-9). As

water flows downslope it picks up velocity and concentrates in increasingly

larger rills and gullies where its capacity to transport and erode is in

tensified. In substances where it is relatively easy to dislodge particles,

the resulting pattern of rills and gullies will shift about lowering the

surface evenly. However, in older fly ash deposits where' a surface crust has

formed, gUllies that have formed in the crust will be maintained and further
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Figure 8-9. Graphic representation of empirical model: Transport tt

(Distance)1.35 {Slope)1.35, for unvegetated field soils. (Source:
Musgrave, G. W. "Quantitative Evaluation of Factors in weter
Erosion - A First Approximation. II Journal of Soil and Water
Conservation, Vol. 2, 1947, p. ]13.)
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accentuated. Consequently, it is important to grade sites to drain sheet flow

across ash and to repair or line gullies as they form.

Where slopes are steep, as on the face of lifts and pond embankments, or where

slopes are exceedingly long, as on top of landfills and retired ash ponds, it

is important to restrict the velocity and volume of runoff through the use of

diversion structures. These structures, including reverse benches, slope

benches, and diversion dikes (Figure 8-10), decrease the overall length of

slope and provide for the retention and positive control of runoff in erosion

protected ditches (10). It must be remembered that shorter and flatter slopes

are less erodible. It is important to consider that slopes greater than 2:1

(50 percent) place severe limitations on the ability of plant roots to hold

and bind soil particles. As a rule of thumb, a 2:1 slope is assumed to be the

maximum slope upon whicp vegetation can be established and maintained satis

factory. However, maximum vegetative stability cannot be attained on slopes

- s-teeper-than-- 3-3 -percent-(3-: 1-) .----The- max.imum-s Lope-n-u'te ahoukd-ronLy -be -epp-l i-ed - 

to ideal soil conditions Where the soil is not highly erodible and has adequate

moisture holding capacity.

The shape of a slope also has a major bearing on soil loss. Assumingthat

conditions remain uniform through the slope, the base of a slope is more

susceptible to erosion than the top since the volume and velocity of runoff

increase downslope. Constructing a convex slope obviously magnifies the

problem, whereas a concave slope would reduce it. Leaving a relatively flat

slope near the base not only reduces erosion and the tendency to form gUllies,

but also traps sediments from upper portions of the slope (~).

Erosion control Practices. It is desirable to limit the amount of runoff and

channelized flow entering the site. In most cases, a system of diversion ditches

and waterways can be constructed to prevent outside runoff from entering the site

and contributing to surface erosion and leachate generation problems.

In arid and semi-arid regions, however, the diversion system could be designed for

spreading collected runoff onto vegetated portions of the landfill at nonerosive

rates, if permitted by prevailing regulations. ~gure 8-11 shows a plan view of

diversion and interception ditches around a valley fill. Water diverted around the

site passes into an existing waterway while water intercepted from the site is

channeled to a sedimentation pond. Diversion d~tches shOUld be capable of handling

surface water runoff from upland drainage areas from specified storm events.
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Figure 8-11. Schematic plan view of interception and diversion
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( Federal regulations designate the following design precipitation events:

• Hazardous waste; 25 year '24 hour,

• Non-hazardous waste; 10 year 24 hour.

Interception ditches are currently required, by federal regulations, to be able to

handle the site runoff from a 10 year 24 hour precipitation event. As previously

mentioned, research of prevailing state and local regulations should be made prior

to ash disposal site design to ascertain the most stringent, prevailing criteria

governing ash disposal practice.

The design of diversion and interception ditches falls under the broad topic of

open channel flow. References outlining specific design criteria and methodologies

are found in the bibliography at the end of this section. These references contain

information covering the calculation of runoff, open channel hydraulics, rainfall

intensities for storms of various frequencies, and design charts for sizing open

channels. In general, the following factors must be known or assumed before an

_aneLys Ls. of required__ ditch-.-size,_and~t¥pe_can_be_made_"· ~

,e Design flow from stormwater r-unof f ,

( • Slope reaches for ditch segments,

e Ditch lining and Manning's roughness coefficient.

Ditches are commonly rectangular, trapezoidal, or triangular in cross-section, and

typically have grass, rock, or concrete linings, depending on anticipated flow

velocities, for erosion control.

In addition to controlling the amount of runoff entering the site, it is desirable

to construct entrapment structures to limit the amount of sediment leaving the

disposal area. These devices include sediment basins or ponds,. check dams, vegetative

buffers, and filters. As shown on Figure 8-11, interceptor ditches carry sediment

eroded from the site to a sedimentation pond. The primary purpose of the pond is

to reduoe total suspended solid concentrations of the ash disposal site effluent to

meet state and federal effluent regulations. To accomplish this requirement,

sedimentation ponds should be designed to provide a sufficient settling time for

suspended solids carried off the site by a designated storrnflow. Current federal

regUlations state that sedimentation ponds should be able to handle a 10 year 24

hour storm and provide an effluent with a maximum total suspended solids· con

centration of 50 mg/l. In addition to providing sediment removal, a sedimentation

pond should also have sufficient volume to provide sediment storage in order to
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preclude the need for frequent sediment removal. In general, the following para

meters should be known or assumed to undertake a pond design (!l):

• Design outflow rate (design stormflow) ,

• Anticipated grain-size distribution of the incoming sediment,

• Expected suspended solids concentration in the inflow,

• specific gravity of the incoming solids,

• Anticipated pond water temperature.

The settling of solids is theoretically related to the pond outflow rate, the

surface area of the pond and critical settling velocity of the particles in the

pond influent. This relationship can be stated as follows (II):

. , outflow rate
Requlred settllng area = ~~.~.~~~~~~.----~~~.~~~~-c-- - -- - - - - - - - - - - -.-.cr~_tlcal s.e.t t Li.nq. vej.oc.tt.y .cf'. the

smallest particle to be retained

However, it is unlikely that ideal settling conditions will occur, due to a number

of disrupting factors. These include (l!):

• short circuiting,

• bottom scour,

• turbulence,

• nonuniform deposition of materials,

• entrance and exit effects,

• shape of the suspended particles,

• velocity of the suspending liquid.

Conversely, it may be possible to improve the pond removal efficiency. These

techniques include (~):

• using baffles to increase detention time,

• constructing two or more ponds in series instead of one larger pond,

• Constructing energy dissipators at the pond entrance to reduce
inflow

velocity,

c

(

• wrapping a filter cloth around a standard perforated riser,
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( • constructing a very wide overflow weir instead of a standard weir
pipe to reduce outflow velocity,

(

• Using coagulants to enhance particle settling.

Detailed design information for sedimentation basins can be found in the bibli

ography references listed at the end of this section.

Wind Erosion

As was the case for water erosion, the loss of soil by wind movement' involves two

processes, detachment and transportation. The abrasive action of wind results in

some detachment of small soil grains; however, its abrasive action is increased

greatly when the wind is laden with soil particles. Once in motion, particles are

transported in one of several ways inclUding:

• saltation, where particles move in a short series of bounces
along the ground surface,

• CI:'f?E?l)_!or~ ~QJ.Jj·ng and sliding of larger particles 1' _

• suspension, where particles of fine sand size and smaller are
moved upward in wind currents.

Susceptibility to wind erosion is related to moisture content; i.e. the higher the

moisture content, the less susceptible a soil will be to wind erosion. Hence, wind

erosion is more a problem in the western half of the country, particularly in the

semi-arid and arid southwest where there is either little or no water svrplus at

any time, or a distinct seasonal moisture deficit. A soil with a higher moisture

content resists wind erosion by binding capillary forces created by the water film

covering soil particles. Resistance is greatest when the film joining all particles

is continuous. When the film becomes discontinuous, as the soil dries out, the

capillary forces among the particles starts to decrease and susceptibility to wind

erosion increases.

The severity of wind erosion is also related to the velocity and turbulence of the

wind, as well as the surface characteristics of the soil. Tests have shown that

wind speeds of about 12 mph are required to initiate soil movement (~). At higher

wind speeds, the severity of soil movement is proportional to the wind velocity

cube.. Thus at wind speeds in excess of 12 mph, the quantity of soil carried by

the wind goes up very rapidly. Certainly not all size particles are equally

susceptible to erosion, nor require identical wind velocities to initiate movement

(Figure 8-12). Reference to Figure 8-8 indicates that particles about 0.1 rom in

diameter are most easily stripped from the surface. Again, it would be anticipated
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that exposed fly ash should be highly susceptible to wind erosion. Yet other soil

charaoteristics, including the mechanical stability of dry soil aggregates and the

(
presence of a stable crust, must also be considered. The"importance of cementing
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Figure 8-12. Effect of soil moisture and texture
on the wind velocity required to move soils.

(Source: Bisal, F., and J. Hsiek. "Influence of
Moisture on "Erodibility of Soil by Wind. 1I

Soil Soience,: Vol. 102, 1966, p. 143).

agents is quite apparent. In the western states particularly, where high lime ash

is produced from the burning of subbituminous coal or lignite, little wind erosion

may OCcur provided the self-hardening, pozzolanic reaction is rapidly developed and

a stable crust is formed.

Two major types of wind erosion control measures are used. The first type retards

surface wind velocities while the second type affects the soil characteristics.

Wind breakers, shelterbelts, and contour strips are effective in controlling wind

erosion by reducing the wind velocity and its competence to erode the surface.

These measures effectively control erosion up to a distance oflO times the height

of the barrier. Even roughening the surface or plowing in stubble mulch, per

pendicular to the prevailing wind direction, may be effective in significantly

reducing surface wind velocities while trapping moving particles. In arid regions, (
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Table 8-6
(Continued)

CHARACTERISTICS OF COMMONLY USED LEGUMES ~OR REVEGETATION PURPOSES

~.

Season site suitability Use suitability

Moderately Somewhat "hrowth pH Waterways

Common Sc~entific Well well Poorly poorly, b Erodible and

Name Name Cool Warm Dry Drained Drained Drained Drained Habit rangeC Areas Channels Agriculture
d

Remarks

sweetclover, Melilotus X X X X B 6.0-B.0 X X Requires high pH

white alba spoil. Tall growing.
Produces higher
yields. Less reli-
able seed production.

Sweetclover, Melilotus X X X X

I
B 6.0-8.0 X X Requires high pH

yellow officinalis spoil. Tall growing.
Can be established
better than white
sweetclover in dry
conditions.

Trefoil, Lotus X X X X X P 5.0-7.5 X X survives at low pH.

ro birdsfoot corniculatus
Inoculate with spe-

I cial bacteria. Plant..
w

with a grass.

Vetch. Coronilla X X X X P 5.5-7.5 X X Excellent for erosion

crown varia
control. Drought to~

Ler-ant; , Winter hardy

Vetch, Vicia villora X X X X

I
A 5.0-7.5 X X Adapted to light

hairy
sandy soils as well
a~ heavier ones.
Used most often as a
winter cover crop.

a Legume s should be inoculated4 Use four times normal rate when hydroseeding.

b A "" annual~B := bdennd.aLr P "" perennial.

CMany species survive and grow at lower pRt however, optimum growth occurs within th$~ .r.anges.

d Hay, pasture, green manure.

Note: Prepared in cooperation with the Soil Conservation service plant material speclialists and State conservationists.

Source: same as Table 8-5.
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VEGETATION ESTABLISHMENT PROCEDURES

Disturbed land surfaces should be revegetated as quickly as possible to avoid

serious erosion and sediment loss from the disposal area. Embankments and dikes at

wet disposal sites should be revegetated soon after construction while unused

portions of dry ash sites should be graded and revegetated immediately upon retire

ment from use. Grasses, legumes, trees and shrubs can be planted on most sites

with adequate cover soil, but their growth may be hindered by extremes in pH, lack

of available plant nutrients, toxicities, improper selection of adapted varieties

and poor drainage. A wide variety of plant species can be used if their specific

growth requirements are met (16). Recognizing that establishment procedures vary

with climatic and soil conditions, it is the intent here to present common estab

lishment practices in general use in the Eastern United States with examples of

specific regional recommendations (!l) available from local Agricultural Extension

Services.

Plant Selection

Each plant species has its own growth characteristics that determine its. value in

stabilizing soil. Grasses and legumes are the most effective plant materials for

controlling erosion in early stages of reclamation. Trees and shrubs are not

effective in controlling erosion in the early stages of their development, but

la'ter on as grasses and legumes die off, the trees and shrubs form a protective

canopy and organic leaf litter for controlling runoff.

Grass provides a quick, dense ground cover with a high degree of adaptability.

Species are available for different exposure conditions, and for planting during

the spring, summer and fall. Some species are highly tolerant Of wetness while

others do well on dry, droughty soils. The ability of many grasses to spread by

surface and underground runners (stolons and rhizomes) is an important consid

eration. Given time, these grasses are able to heal minor breaches in the ground

cover resulting· from erosion.

Legumes are commonly used in combination with various grasses. They are important

because of their ability to take nitrogen from the air and store it in their roots

and make it available to other grasses requiring nitrogen. Before planting, the

seeds are treated with the proper inoculant to insure the presence of nitrogen

fixing bacteria needed to carry out fixation. Tables 8-7, 8-a, and 8-9 give the

species and varieties of grasses and legumes recommended for erosion control and

conservation planting in the northeastern states. Suggested rates of application

8-44
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Table 8-7

SPECIES AND VARIETIES FOR EROSION CONTROL AND CONSERVATION PLANTINGS

~

pH Tolerance
Very Minimum Seed Specifications

Soil Drainage Tolerates Acid Moderately Ready Hard
Forms Tolerance Low Below Acid Shade Purity Gell1\ Seed Total Preferred

Species Sod Droughty Wet FertiHty 5.5 5.5 to 6_0 Tolerant ~ ---.i!L ---.-J..!L Ge= Varieties

Deertongue
grass** no yes yes yes yes yes no 95 75 75 Tioga

Kentucky
bluegrass yes no no no no yes no 85 75 75

Red fescue yes yes no yes yes yes i yes 95 80 8U,
Tall fescue no yes yes yes no yes yes 35 80 80 Ky 31

Reed canarygrass yes yes yes yes no yes yes 95 75 75

Redtop yes yes yes yes yes yes no 95 80 80

Annual Ryegrass no no no no no yes no 95 85 80
00
I Perennial rye-

'"ot grdss no no no no no yes I no 95 85 85 Pennfine
or
Manhattan

crownvetch t yes yes no yes no yes no 98 3.'> 75 70 Penngift

Birdsfoot tre-
foil* t no no yes yes yes yes i nD 38 50 25 75 Rrnpire &

Viking or
Maitland

Flatpea** t yes yes no yes no yes yes 98 55 20 75 Latheo

Winter Wheat no no nD no no yes no 98 85 8S

Winter Rye no no no yes no yes no 38 85 8S

Spring Oats no no no no no yes no 98 85 B5

Sudangras5 no yes no no no yes 00 98 BS 135 85

t Needs specific legume inoculation. Inoculant suitab18 for garde,n peas and sweetpclas is satisfactory
* A 50-50 mixture of Empir,o, variety and either Viking or Maitland varieties or Euro~ean common seed Ls

over the entire st.ace except in the extreme sout-heast; where crown and root rots ~y injure s tands .
**Seed limited; do !lot specify in large amounts. !

for .f La t-pea ,
z-econunended , Birdsfoot trefoil is adapted

souxce s College of Agriculture Extension Service. 1979~onomy ~~.. University IPa.rk, pcnneyLvan.La c Pennsylvania State University, 1979.
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Table 8-8

SEED MIXTURES FOR PERMANENT COVER FOR CONSERVATION PLANTINGS IN THE NORTHEAST

(

Mixture
Number*

1**

3

4

5

6

7**

8

9

Seeding Rate
Species (lb/acre) kg/ha

Tall fescue, or 35 39
Red fescue, or 35 39
Kentucky bluegrass, 25 28
plus Redtop, or 5 6
Perennial ryegrass 15 17

Birdsfoot trefoil, plus 10 11
Tall fescue, plus 30 34
Redtop 5 6

- --- -- ---- - ..- - - --- - - --- -- -- -- - --- --- -- - -

Birdsfoot trefoil, plus 10 11
Reed canarygrass, plus 25 28
Redtop 5 6

Crownvetch, plus 10 11
Tall fescue, or 20 22
annual ryegrass 20 22

Birdsfoot trefoil, plus 4 5
Crownvetch, plus 6 7
Tall fescue 20 22

Flatpea, plus 40 45
Tall fescue, or 20 22
annual ryegrass 20 22

Tall fescue, plus 40 45
Red fescue 10 11

Deertongue grass, plus 8 9
Birdsfoot trefoil 6 7

Deertongue grass 15 17

(

* Mixture numbers are used in Table 8-9.

**These mixtures suitable for frequent mowing. Do not cut shorter than 3 inches.

Source: Same as Table 8-7.
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( Table 8-9

MIXTURES FOR VARIOUS NORTHEASTERN SITES

Grass and legume-grass mixtures suitable for erosion control and stabilization
of various conservation structures are recommended below. Use Tables 8-6 and
8-7 to select constituents of a seed mixture. Use only seed high in
germination. Variable drainage refers to areas where well-drained soils and
poorly-drained soils are intermingled.

Gullies and Eroded Areas

Conservation Structures
(a) Sad waterways, spillways, and other frequent

water flow areas
----(-b} --- ur-adneqe-rdd-eches-

(1) shallow, less than 3 feet deep
(2) deep, non-mowed

(0) Pond banks, dikes, levees, dams, diversion
.channels, and occasional water flow areas

(1) mowed areas
(2) non-mowed areas
(3) for hay or silage on diversion channels

and occasional water flow areas

(

Slopes
(a)

(b)

Type of Area

and Banks (non-mowed)
Well-drained
Variable drainage

Seed rnixture*

4 or 6
2 or 5

2, 4 or 5

1, 2 or 3

1 or 2
4 or 5

1 or 2
4 or 5

use adapted hay
mixtures

Highways
(a) Non-mowed areas

(1) well-drained
(2) variable drainage

(b) Areas mowed several times per year

Utility Right of Way
(a) Well-drained
(b) Variable drainage

Effluent Disposal Areas

sanitary Landfill Areas

Strip Mine Spoil Banks, Mine Wastes, Fly Ash, Slag,
Settling-Basin Residues, and Other Severely Disturbed

Areas

(a) pH initially below 5.0 (lime according to soil

test)
(b) pH initially above 5.0 (lime according to soil

test)

*See Table 8-8.

Source: Same as Table 8-7.
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outside the northeastern: Uni ted States, the :0'.8. Soil Conservation Service (SCS)

and the county agricultural extension agency should be contacted for species and

varieties of grasses best suited for erosion control and conservation planting.

and mixtures for various erosion control purposes are also indicated. lOr .areas (

Spreading of Cover Soil

After the ash has been graded to its final form, the final cover should be placed.

Most blade type maChinery may be used to spread the final soil cover. The major

concern in this step of site revegetion is to,monitor the degree of densification

that occurs within the soil cover during placement. For proper plant establishment

and growth, a dry bulk density of the soil cover falling ·in the range of 1.2 to
3

1.6 glam (75 to 100 pef) is recommended. Bulk densities higher than this range

may result in poor root permeability and low soil oxygen content. If the ash

surface is crusted, it should be roughened before the cover is applied to insure

that a sound bond can be formed. If an impervious layer is spread over the ash, it

should be densified as much as possible to insure minimum permeability. Final

covers should be spread and allowed to air dry before compaction. Spreading soil

at higher moisture contents over a site and allowing machinery to travel on it

could result in the formation of a crust upon drying that would make plant growth

difficult.

Preparation for Seeding

The goal in establishing cover is to apply soil amendments and plant the seed in as

few steps as possible. Surface soil crusting resulting from delays in seeding can

result in poor seed germination and loss of seed due to wind action and surface

runoff. Immediately after placement of the final cover, fertilizer and lime, or

its equivalent in fly ash, should be added at application rates determined from

soil tests on representatives samples of the cover material. Seedbed preparation

is accomplished by disk harrowing the surface to a depth of six to eight inches.

This operation serVes to mix the amendments into the cover soil. Herbicides can be

used to control competing vegetation, but should also be compatible with the

vegetation that is to be used.

Seeding

Once the seed-bed is harrowed, seeds may be planted by a number of methods. Some

of these are:

8-48
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( • Broadcast - The seed is dispersed by means of a fly wheel mecha
nism as seed falls from a container. Uniform distribution is
difficult on sloping areas or areas difficult to negotiate with
planting equipment.

• Seed Drill - Seed placement (distribution and depth) is nearly
guaranteed. Probably the preferred method for establishing
herbaceous vegetation. Cannot be used on slopes greater than
3 horizontal to 1 vertical.

• Hydro-Seeding - Most common method (not necessarily preferred)
fbr seeding disturbed areas. Application of seed and possibly
fertilizer and mulch is made by spraying a slurried mixture over
the surface. Can be used On steeper slopes than drilling or
broadcasting.

• Aerial Seeding - Basically a broadcast method from the air. Can
cover large areas in a short period of time. No guarantee of
distribution. A lot of establishment problems may arise (largely
because of uncertain distribution). Probably not the first
choice for seed application.

It is important to obtain a uniform distribution of seed. Open or sparsely seeded

(

areas could induce er~sion that would eventually expand into vegetated areas. In

the northeastern U.S., fall legume seedings need a growing period of at least 10

weeks to produce a seedling large enough and hardy enough to survive the winter.

Grasses generally require at least 4-5 weeks of growth prior to hard frost. After

these dates it is preferable to seed the grass alone (Table 8-10) and seed the

legumes as a dormant hard coated seed in the fall or frost seed in late winter when

the ground thaws during the day. For quicker growth on critical slopes or other

problem areas, crownvetch and flatpea have received widespread use. On bare areas,

annual ryegrass seed should be applied to provide a temporary cover until the

crownvetch plants are established.

MUlching

Mulching is required to protect the newly seeded area from soil erosion during and

immediately following the germination period. In addition, mulching provides a

better environment for germination and plant development by ensuring soil moisture,

moderating soil temperature, and providing soil nutrients. Mulching materials

include hay, straw, wood chips, and some artificial materials (Table 8-11). Some

materials, especially ~traw and hay, require stabilization to prevent them from

being uncovered by wind and water. This is accomplished by applying chemical tacks

that bind the mulch material together and to the soil surface. Hay and straw may

also be "crimped" into the surface to secure their position. When performed along

the ground contour, crimping produces a surface texture that inhibits surface
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Table 8-10

TEMPORARY COVER ·FOR EROSION CONTROL ON CONSTRUCTION
SITES AND OTHER SEDIMENT-PRODUCING AREAS IN THE NORTHEAST

MULCHING

(

Mulches alone will
initial protection
top of the mulch.
ton per hectare).
District Roadside

help protect areas from erosion. Mulches also provide
if area is to be seeded later. Seed may be hydroseeded on
Use hay or straw at a rate of 2.5 tons per acre (5.6 metric
For other suitable mulching materials, contact your PENNDOT

Specialist.

SITE PREPARATION

Apply 1 ton (2.2 metric tons per hectare) agricultural-grade limestone plus
fert11-izer -at th~rate of--40-46=40-poUnds of N-P -O--KO per acre-(45=-45~45-- - -
kg/ha) and work in where possible. Secure a soit-fest before making a permanent
seeding. After seeding, mulch with hay or straw at a rate of 2.5 tons per acre
(5.6 metric tons per hectare).

SEED MIXTURES

For Spring Seeding: (up to June 30)

Ib/acre (

45
108
108

(a) Annual ryegrass, or
(b) Spring oats, or
(c) Spring oats plus annual ryegrass

40
96 (3 bu)
96 oats

+
26 ryegrass 29

For Late Spring and Summer Seeding:
(a) Sudangrass, or
(b) Annual ryegrass

For Late Summer and Fall Seedings:
(a) Annual ryegrass, or
(b) Winter rye, or
(c) winter wheat

Source: Same as Table 8-7.

(May 15 to August 15)
40

(August 15 on)
40

168 (3 bu)

180 (3 bu)
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Table 8-11

EROSION CONTROL MATERIALS
!

---\

Material

Bagasse

'temporary
Soil

Stabili.zation

x

Mlllch

x

Mulch
Tack Application .Method

Straw mulcher

Application
Rate

1-2 tons/ac
(2.2-4.5 metric tonS(ha)

Remarks

Wast.. product from sugar cane indu.stry.

B=k

Wood Chips

Excelsoi!:

Man=e

x

x

x

x

x

x

x

x

Modified straw
mulcher

Modified straw
mulcher

Blank or loose

SpreadeI:

25-30 Yd~/ac
(47-56 m /hal

30 Yd~/ac
(56 m /hal

8-10 ronsyac
{l8~22 metric

!,

i
i

I
tonsfJial

Waste product from lumber industry _ Can
cause nitrogen deficiency if mixed into
seed bed.

Can cause nitrogen deficiency if rniJ<ed
into seed be.L

Secure blanket with staples or stakes.
'rack material can b" used to stabilize
loose excelsior_

lIas nutrient value as well as mulching
ability_

00
I

en,...

Paper

Sawdust

Straw/Hay

Wood Fiber

Fib!'r Glass

Gravel, Bottom
Mh

Net't.ing

Chemical Binders

x

x

x

x

x

x

x

x

x

x

x

x

x x

Hydro"leeder
(slurry)

Spread/mix

S't.z'aw mulch"r

Hydrosecder

lIand place mat,
spray loose
strands

Front end loader,
dozer

Hand place

lIydroseeder or
nenair entlC"aining
equipment

1,500 Ib/ac
(1- 7 metric tons/hall

275-810 yd]{,,-c
(520-1530 III /ha)

2 tOlls/ac
14.5 metric tons/haJj

1,000 to 1,500 lbfa,
(1.1-1. 7 metric ton~/ha)

Mat or loose
$trands

3 to Gin. deIlth
(8 to 15 em)

Varies

Not". as long 1a51:".in'1 as straw tacked with
asphalt or waoil fil,er.

Can be used as mulch or soil amendment.
Should be mixed 2 to 6 incbes into soil.
Subject: t.o wind and water erosion. Re
quires additional nitrogen addition.

Most commonly used mulch. Should be
crimped into soil, or held in place with
asphalt tack or netting.

Best utilized on st.eep slopes. Can be
applied a].ong with se",d, Lfme nnd fertil
izer.

Erosion resis·t.ant~ when held by staples.
Loose strands can h.. lp reinforce .roo'tmat.

Provides good erosion protection. Can be
used in combination wj:t.h vegetation.

Can be jute, fiber glass, plastic, or paper
yarn. Can be used to hold straw, hay, or
wood chips. Shonld be stapled to ground.

Wide varieties of m<,t,erials avai.Lahj.e ,
Canbe appLied with seed, fertilizer, and
mulch as a bindcl:, oz' applied as a tack.

Source, Same as Table 8-6.
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runoff. Between 1 and 2.5 tons (2.2 and 5.6 metric tons per hectare) of mulch

should be applied per acre.

POST-CLOSURE MAINTENANCE

The degree of post-closure maintenance required at ash disposal sites is largely

dependent upon the post-closure land-use of the site, method of ash placernent t and

federal or state regulations. The basic purpose of post-closure maintenance is to

preserve the integrity of the site and prevent exposure or escape of disposed ash.

Possible post-closure maintenance items include:

• cover and vegetation,

• access and haul roads,

• earth embankments,

• erosion and sediment control structures.

Cover and Vegetation

The primary purpose of soil cover and vegetation is to aid in the control of

erosion of underlying ash deposits. Depending upon plant species selected and soil

conditions, periodic refertilization may be required to keep vegetation healthy.

In addition, impact on vegetation and soil cover from post-closure site uses should

be closely monitored and controlled in order to prevent the unwanted loss of

erosion protection. For example, the uncontrolled use of a closed site by off-road

vehicles, such as motorcycles, can lead to loss of vegetative and soil cover, thus

leading to extensive maintenance. Conversely, land intensive uses, such as a

agriculture, which are properly operated can decrease maintenance requirements and

increase site usef'ul.ne s s s

Access and Haul Roads

After closure, roads used for accesS and hauling may r-equ.l.re maintenance to prevent

erosion and subsequent transport of sediment from the site. There are two Common

ways of controlling the pOtential erosion of abandoned roadway~ providing a wearing

surface such as gravel or asphalt, or establishing a vegetative COver. In the case

where an ash site is being developed it may be expeditent to upgrade access roads

by covering them with a wearing surface. If a site is to be designated as a

wildlife habitat, the establishment of vegetation and blocking of roadways to

prohibit uncontrolled vehicle traffic would probably be the preferred way of

minimizing erosion and additional future maintenance.

8-52

(

(

(

- Doc. Ex. 293 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



(

(

Earth Embankments

Earth embankments constructed for wet disposal sites or sedimentation ponds require

post-closure maintenance and inspection in order to ensure their continuing in

tegrity. Maintenance requirements are dependent upon a number of factors including

site use, surrounding land use, and climate. In some cases it may be possible to

dismantle or breach an embankment. An example of this might be the dismantling of

a sedimentation pond embankment when the site effluent is capable of meeting

federal or .st.at;e standards without treatment. Embankment maintenance comrnonLy

includes maintenance of vegetation, protective coverings such as riprap, and over

flow structures.

Erosion and Sediment Control Structures

Erosion and sediment control structures, including interceptor ditches, diversion

ditches, and sedimentation ponds, require maintenance after site closure to ensure
- -- - --~---- - -.~._-._----_..-

proper operation. In addition to maintaining the structural integrity of these

structures, accumulated sediment should be removed in order to ensure the functioning

of these structures at design levels. Removed sediment should be handled and

disposed of in a manner that will prevent immediate return into runoff diversion

and collection systems. Essentially this entails the use of erosion and sediment

control techniques discussed previously in this section.
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Section 9

ECONOMIC ANALYSIS

INTRODUCTION

This section presents a method for making an economic comparison of alternative

coal ash disposal systems developed for new power stations. The approach presented

is based on EPRI recommended procedures for comparison of alternative investments

by investor-owned, regulated utilities (l, ~). Additional assumptions concerning

the relationship of certain capital and operating costs are based on TVA experience

(i, !' ~, ~(2)· The total cost obtained using these economic premises may not be

applicable to a specific facility, but the use of the methods presented should

_J2_:r:~~~~_~__yalj~_~_~~:r:omic comparison of disposal system alternatives. The basic

assumptions presented can be modified when required. A methodology for preparing

site specific estimates is presented.

A computer program, ASHDAL, was developed to generate cost estimates for several

coal ash disposal systems operating in varying topographies, operating under

alternative strategies, operating at various distances from the power station, and

handling ash quantities ranging from approximately 200,000 to 1,700,000 dry tons

per year (~). Results from the computer program, the revenue requirement expressed

as levelized dollars per dry ton of ash disposed, are included.

A basic cost estimating procedure for coal ash disposal systems for new investor

owned utilities is described. The cost analysis procedure presented is not applic

able for existing plants. Such information may be found in EPRI Manual RP 1685-2,

Upgrading of Existing Disposal Facilities. Flue Gas Desulfurization (FGD) wastes

are also not considered in cost estimates found in this section. Disposal costs

for those wastes have been described in EPRI Manual CS-15l5, FGD Sludge Disposal

Manual.

ECONOMIC ANALYSIS

There are four basic categories of ownership of electric utilities. These cate

gories are investor-owned companies, Federal agencies, Public Power Districts, and

Cooperatives. The type of ownership affects the types of expenses and investment

9-1
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rates for a utility. Each category of utility ownership has a different cost of

capital.

Costs for the alternative disposal schemes were divided into three categroies:

capital, replacement, and operation and maintenance (O&M) costs. For the example

given later in this section it was assumed that the major facilities such as the

ash disposal pond embankment, dry ash disposal site development, etc., would be

completed in 1980 and become part of the capital cost of the facility. This Cost

would include the in-plant handling system, the out-of-plant transport system, and

the disposal area. Replacement of capital items was handled separately, as a

replacement cost. operation and maintenance items of the in-plant handling system

Were assumed to be those items necessary to maintain the system. Transport oper

ation and maintenance included the cost to where the coal ash is dumped or placed

into the disposal area. Maintenance and operaton costs of the disposal area

included spreading, compaction, ash redistribution, and regrading of the site.

(

The economic analysis of the disposal system cost was performed using EPRI's

levelized revenue requirement method (!). This approach utilized a weighted cost

of capital which combines the inflation rate with the cost of capital. The weighted

cost of capital represents the impact of the cost of capital to the utility. The (

following equation was utilized in the determination of the weighted cost of capital:

(1 + r) (1 + x) (1 + L)

or

r = [(1 + x) (1 + i)] - 1

where:

(~)

r = discount rate (weighted cost of, capital in the presence of inflation)

x ~ cost of capital in the absence of inflation

i inflation rate

The assumptions and methodology presented are based on the economics applicable

to investor-owned utilities regulated by a Public utility Conunission (PUC).

Alternative disposal schemes and sites were compared on the basis of the present

worth of the levelized revenue required annually by each disposal scheme during the

time period covered by the analysis. These revenue requirements include fixed

costs due to the investment of capital in the facility and operating costs such as .

9-2
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(

labor, materials, and maintenance.

The annual fixed capital cost for a disposal system, referred to as the Levelized

Capital Requirement (LCR), is an amortization of the capital investment in the

system. This capital investment is called the Total Capital Requirement (TCR).

Since the operating costs for a disposal system will generally be different during

each year in the time period covered by the analysis, it is necessary for com

parison to express the varying operating costs as a uniform payment which would

have to be paid annually during the lifetime of the facility. This constant annual

payment is referred to as the Levelized operating Cost (LOC).

The total Levelized Annual Revenue Requirement (LARR) is defined as the sum of the

Levelized Capital Requirement (LCR) and the Levelized operating Cost (LOC).

LARR = LCR + LOC

------- ------ ------------------
Since operating costs are subject to general inflation as well as escalation

relative to inflation, these effects should be considered when determining the

Levelizing Factor for operating costs. This LevelizingFactor is applied to the

First Year Operating Costs (FYOC) to compute the Levelized Operating Costs.

Operating costs, which are expected to be incurred in an uneven pattern over the

life of the facility, i.e. replacement costs, should be levelized for their ex

pected pattern. The Total Capital Requirement (TCR) is not subject to escalation

relative to inflation, since capital costs are estimated at a specific point .in

time. The Levelized Capital Requirement is affected by inflation's effect on the

weighted cost of capital. The effect of inflation is included in the Fixed Charge

Rate. This Fixed Charge Rate is used to spread the Total Capital Requirement over

the facility life.

Assumptions

Section V of the EPRI -Technical Assessment Guide (~) provides a detailed des

cription of how to calculate the Levelized Annual Revenue Requirement. Formulas

for calculating the Levelizing Factor for operating costs and the Fixed Charge Rate

are given along with values for several combinations of the parameters. Also

illustrated are calculations necessary to levelize and sum these costs to obtain

the Levelized Annual Reve~ue Requirement (LARR). In a Present Worth Analysis, LARR

represents an Equal Payment series of the capital and operating costs.

9-3
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The Fixed Charge Rate is applied to the Total Capital Requirement to determine the

Levelized capital Requirement. The Levelizing Factors were computed assuming that

there is no real escalation of operating and maintenance costs relative to in

flation.* This factor is applied to the estimated First Year Operating Costs to

determine the Levelized Operating Costs. The Present Worth Factors should be

applied to future costs which are expressed in 1980 (Commercial Operation Date)

dollars.

Prior to starting an economic analysis for coal ash disposal systems, the following

publications should obtained and read:

• Technical Assessment Guide (EPRI PS-120l-SR) (I).

• Economic Premises for Electric Power Generating Plants (EPRI) (~J.

• ASHDAL (EPRI RP 1260-24) (.§.).

- -- -~- - - -G0S~T-E£T:EMATE£- - -- ------ -- - --

In the EPRI publication, Economic Premises for Electric Power Generating Plants

(~), four classes of estimating costs for power plants are detailed. These classes

are:

• Class I - Simplified,

• Class II - Preliminary ,

• Class III - Detailed,

• Class IV - Finalized.

(

Table 9-1 lists the classes, detailing the requirements for each class. The

following sections describe the cost estimating procedure for the four classes.

CLASS I - SIMPLIFIED DESIGN COST ESTIMATES

During the site selection and'conceptual design stages for an ash disposal system,

it is often desirable to make simplified cost estimates (Class I as described in

Table 9-1) for each of the alternatives being considered.

The economic analysis procedure for a Class I estimate is as described in the EPRI

*Although the annual maintenance costs might be expected to increase as the
facility ages, this increase is assumed to be offset by the normal decrease
in the operating capacity factor as the power plant ages.
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Table 9-l

DESIGN. AND COST ESTIMATE
I

CLASSIFICATIONS
,

By overall project or section-by-section based on capacity/
cost graphs, ratio methods, and comparison with similar work
completed by the contractor, with material adjusted to current
cost indices and labor adjusted to site conditions.

Design/
Estimate

....Jte~ Description

Class
I

Simplified

Class
II

'" Pr-e.l.Lmi.naz-y
J
tn

--
Class
III

Detailed

Project
COIltingency

Range

20'

to

aos

15\

to

20'

10'

to

Design Information Required

General site conditions, geographic
location and plant layout.

Process flow/operation block diagram.

Product Output capacities.

As for Type Class I plus engineering
specifics, c.9.:

Major equipment specifications.

Preliminary P&I flow diagrams.

Complete process design. Engineer
ing design usually 20% to 40%
complete. Project construction
schedule. COntractual conditions
and local labor conditions.

Major Equipment

Recent purchase
costs (includ
ing freight)
adjusted to
current cost
index.

}'irm quot.acLcna
adjusted for
possible price
escalation with
some critical
items corrunitted.

Cost Estimate Basis
Other Materials

By ratio to
major equipment
costs on plant
parameters.

Firm urii t cost
quotes (or cur
rent billing
costs) based on
detailed quantity
take-off.

Labor

Labor/material
ratios for simi
lar work, site
conditions and
using expected
average labor
rates.

Estimated man-hour
units (including
assessment) using
expected labor rate
for each job classi
fication.

15' Pertinent taxes and freight
included.

Class
IV

Finalized

5'

to

1o,

As for Class III - with
with engineering essentially
complete.

"As for Class III ~

with most items
conuni t ted.

As for Class III 

with material on
approximately 100%
finn basis.

As for Class III 

some actual field
labor productivity
may be available.

Source: Economic Premises for Electric Power Generating plants. Palo Alto, Calif.~ IElectric Power Research lnstitute, July 26, 1978.
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Technical Assessment Guide (!). As the design process proceeds, detailed, site

specific, cost estimates (Class II, III or IV) will be required. A computer

program, ASHDAL, was developed during the course. of this project. ASBDAL outputs a

Class I-Simplified Design cost estimate for a variety of disposal alternatives.

Estimates were prepared for specific caSes and were used as numerical data for the

computer program. The plant location and fuel characteristics are consistent with

EPRI recommendations, given in Power Plant Design Premises (~). Much of the

additional information has been adapted from detailed estimates for FGD sludge

disposal prepared by TVA (l, !, 2r §) and EPRI (1:Q.). Additional cost and pro

duction invormation was obtained from References (11) through (~.Q).

(

CLASS II, III and IV COST ESTIMATES

The preparation of Class II, III, and IV cost estimates is necessary to properly

evaluate the several disposal.alternatives which, on the basis of simplified cost

-_.- --_·--estimateTf-an-d-tlTevarivus -other-non=economi-c--consider-ati-ons-d-i-s-cuss-ed --i-n- See-t-ien-l---, - -- - - ---

are selected from those initially considered. A detailed, cost comparison may be

necessary for several alternate disposal systems (e.g., pipeline to a pond vs.

trUCking to a landfill) or for particular aspects of a particular system (e.g.,

landfill compaction vs. no compaction).

Table 9-1 defines the 'level of design and estimating effort required for Class II,

III, and IV cost estimates. The basic steps necessary to make such estimates for

a disposal alternative are:

Step 1 : Establish design assumptions

Step 2 : Establish the disposal system

Step 3 : Determine the Total Capital Requirement

Step 4: Determine the First Year Operating Costs

Step s: Determine the LevelizedAnnual Revenue Requirement

Step 1. Establish Design Assumptions

The basic design assumptions, both economic and technical, must be established

before a detailed cost estimate can be prepared for any system. For investor

owned, regulated utilities the economic premises discussed previously are

appropriate. In addition, the EPRI References Economic Premises for Electric

Power Generating Plants (~) and Power Plant Design Premises (~) provide guidance

for design and economic assumptions. All technical design assumptions, discussed

in detail in other Sections of this manual, should also be stated at the outset.

9-6
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These assumptions include:

• The anticipated operating life of the disposal system. Sufficient
disposal volume is usually included to account for the total life of
the power plant.

• The annual coal ash disposal requirement. This value depends upon
many factors which include the power plant size, the capacity
factor, the percent ash in the coal, the efficiency of the
collection system, and the amount sold or otherwise consumed (see
Section 5).

• The method of ash collection and handling. The collection and
handling system must be known to insure a compatible disposal
alternative.

Step 2. Establish the Disposal System

Table 9-1 outlines the design information required and the cost estimating basis

for Class II, III, and IV designs. For example, to prepare a Class III Detailed

Cost Estimate, the process design should be essentially complete, and 20 to 40

__per~nt of t~~ engineering design finished. A detailed flow diagram and eg~ment _

list with descriptions should be developed and firm price quotations obtained for

all major equipment items. Unit prices for other materials should be based on a

detailed quantity take-off. The construction schedule should be considered when

estimating labor costs as well as local labor conditions.

Step 3. Determine the Total Capital Requirement

The components of the Total Capital Requirement include capital and replacement

costs and are described later in this section. The Detailed Cost Estimate should

be prepared in this standard format, an outline of which is given in Table 9-2.

Step 4. Determine the First Year Operating Costs

The operating costs should be estimated for the first year of the disposal system

operation for use in developing a Levelized Annual Revenue Requirement. The items

included as operating costs will be discussed in detail later in this section. The

format given in Table 9-2 should be used for presenting these costs.

Step 5. Determine the Levelized Annual Revenue Requirement

The Levelized Annual Revenue Requirement (LARR) is the sume of the Levelized

Capital Requirement (LCR) and the Levelized Operating Costs (LaC). The LCR is

determined by multiplying the Total Capital Requirement (TCR) by the appropriate

Fixed Charge Rate (FCR), while the LOC is determined by multiplying the First
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Table 9-2

FORMAT FOR COMPUTING TOTAL CAPITAL REQUIREMENT, FIRST YEAR OPERATING COST,
ANO LEVELIZED ANNUAL REVENUE REQUIREMENT SUMMARIES(~)

Item

Plant Investment
Process Capital*
General Facilities Capital
Engineering and Home Office Fees
Project Conti~gency

Process Contingency
Sales Tax**

Total Plant Investment

Royalty Allowance
Preproduction Costs

________ Inv-.enLory_C-.a.pita~ _
Initial Catalyst and Chemicals
Allowance for Funds During Construction
Land Acquisition

TOTAL CAPITAL REQUIREMENT

Fixed Operating and Maintenance
Operating Labor
Maintenance Labor
Maintenance Materials
Administrative and Support Labor

Total Fixed O&M Cost

Variable Operating and Maintenance
Consumables
Variable Maintenance

Total Variable O&M Cost

Byproduct Credit
TOTAL FIRST YEAR OPERATING COST

30-Year Levelized Costs

A

B
C

o
E
F

L
M

N
P

S
U

Cost

TPI

G

H.

I
J

K
X

TCR

FOM

VOM

V
FYOC

c

Levelized operating Cost

Levelized Capital Requirement

Levelized Annual Revenue Requirement

LOC = LF .J( FYOC

LCR FCR x TCR

LARR LOC + LCR

FCR Fixed Change Rate

LF ~ Levelizing Factor

*A detailed breakdown of the Process Capital should be performed.
**Sales tax should be included as a separate item unless included in

the line items. (
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(

(

Year operating Costs (FYOC) by a Levelization Factor (LF). Table 9-2 illu~trates

the relationships among these costs.

By adding these two levelized annual costs, the Levelized Annual Revenue Require

ment is established~ Although the LARR is an annual cost ($/year), it is often

informative to express the cost as mills/kWh or as dollars/dry-ton of coal ash.

These un~t revenue +equirements are det~rmined by dividing the LARR by the annual

production (kWh and dry tons of ash, respectively). Naturally, the former must be

multiplied by 1000 mills/$ to obtain the correct units.

To help in estimating the components for Class II, III, and IV costs estimates

listed in Table 9-2, the following outline is provided.

Total Capital Requirement

The Total Capital Requirement (TeR) for the disposal systems of a regulated utility

includes all capital necessary to complete the entire facility. These items

include: a) Total Plant Investment; b) Royalty Allowance; c) Preproduction Costs;

d) Inventory Capital; e) Initial Catalyst and Chemicals; f) Allowance for Funds

During Construction; and g) Land Acquisition.

Total Plant Investment. The Total Plant Investment (TPI) is comprised of five

parts: Process Capital, General Facilities Capital, Engineering and Horne Office

Fees, Project Contingency, and Process Contingency. These items and their com

ponents are discussed below.

Process Capital. Process capital is the direct cost of all facilities re

quired for the disposal system. Included under this item are the capital

costs of in-plant ash handling system, transport equipment, transport pipe

lines, electrical equipment, excavation and site preparation. Major items in

this category include the landfill deVelopment cost for dry disposal or the

pond construction cost for wet disposal. However, since the landfill develop

ment costs are generally incurred during the life of the site, only that

portion which must be expended prior to the commercial operation date of the

facility should be charged as a capital cost under site preparation. Site

reclamation costs for wet and dry disposal are also incurred differently.

Pond reclamation cost is incurred primarily at the end of the site's life;

therefore, the present worth of that expense can be included as a capital

cost. Landfill sites, on the other hand, generally must be reclaimed during

the life of the site, and the cost can be included as an operating expense.
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General Facilities Capital. The General Faoilities Capital includes the cost

of off-site facilities such as roads, buildings, shops, laboratories, parking

lots, tools, fences, etc., which are not directly involved in the disposal

operation. These costs include both permanent and ternp0rary facilities.

Generally, the costs for these facilities range from 5 to 20 percent of the

Process Capital Costs (~).

Engineering and Home Office Fees. The engineering fee and the home office

overhead and fee are included in these costs. The salaries and expenses

for security personnel at the site during construction should be considered

a home office fee. These costs range from 10 to 15 percent of the Process

Capital (~).

(

----------

Project Contingency. A capital cost contingency factor should be developed

for the disposal system. This·factor is intended to cover additional

equipment or costs which would result from a more detailed design for an

actual site. Table 9-1 presents guidelines for relating the project con

tingency to the level of design/estimating effort.

Process Contingency. This capital cost contingency is applied to new

technology in an effort to quantify the uncertainty in the cost of a

commercial-sale operation. Table 9-3 provides guidelines for assigning

process contingency allowances.

---I

(

Royalty Allowance. Any prepaid royalties applicable to the system should be

included as a capital cost.

Preproduction Costs. This item is intended to cover personnel training, equipment

checkout, major changes which may be required, and inefficient operation during

start-up. The costs may be estimated as the sum of 1/2 (one month) of the First

Year Operatin9 Cost (FYOC), and 2 percent of the Total Plant Investment (TPI) (~).

Inventory Capital. A one-month supply of consumables is capitalized and included.

Initial Catalyst and Chemicals. The initial cost of any catalyst or Chemicals

that are contained in the ·process equipment (but not in storage) is to be included.

~?I

Allowance for Funds During Construction. This allowance is necessary to update

construction expenditures from the time that construction begins up to the commercial

9-10
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(
Table 9-3

PROCESS CONTINGENCY GUIDELINES (~)

State of Technology Development

New Conoept with Limited Data

Concept with Bench-Scale Data Available

Small Pilot Plant Data (e.g., 1 MW Size) Available

A Full-Size Module Has Been Operated (e.g., 20-100 MW)

The Process is Used Commercially

% of
Installed Cost

25% and up

15-25%

10-15%

5-10%

0-5%

operation date for the facility. An Allowance for Funds During Construction (AFDC)

is computed by estimating the center of gravity (cg) of all capital expenditures

and calculating the interest charge for the Total Plant Investment (TPI) from that
-----~----.--~-

point in time until the operation date of the facility (~).

calculated as follows:

The AFDC can be

(
AFDC [(1·+ Annual Interest Rate)eg

- 1] x (TPI)

The center of gravity time period (cg) is estimated. Representative centers of

gravity for power plants are as follows:

Total Design-
Construction Center of Gravity

Time (eg)

5 years 2 years

3 years 1 year

2 years 0.5 year

Land Acquisition. Land costs are highly site dependent. The disposal site, after

closure, may even have a value equal to or greater than the acquisition costs if

the disposal operation has significantly improved the site, as could be the case in

the filling of abandoned mine or quarry areas. Unless a specific use can be

anticipated and its value estimated, the land aquisition cost should be treated as

a capital cost, with no anticipated return.
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Annual Operating Costs

The operating costs for a disposal facility should be estimated for the first year

of operation. This First Year Operating Cost (FYOC) is then levelized using the

appropriate Levelizing Factor. This cost should be projected forward to the

commercial operation date for the disposal system. The FYOC is the total of all

costs which result from operating and maintaining a disposal system. These costs

which inClude Fixed Operating and Maintenance Costs, Variable operating and Main

tenance Costs, and Byproduct Credit are described in general terms below. Guide

lines for assigning values to the items are presented later in this section.

Fixed Operating and Maintenance Costs (FOM). These costs for a disposal system

include the Fixed Operating Labor, Fixed Maintenance Costs, and Overhead.

Fixed Operating Labor. The operating labor is the product of the estimated

number of jobs necessary to operate the disposal system, the estimated average

___________J~Q1:'_~~~L~~'li1~_~stimated~~~_()J"_~ourE ~~a.! !he f~iIity ~i~_~e _

operated annually.

Fixed Maintenance Costs. The estimated annual costs for system maintenance

must be included in the FOM. Labor and materials should be evaluated and

reported separately, if possible, but a 40:60 labor to material ratio may

be used if other information is not available (~). Although the amount of

equipment maintenance required for each hour of operation generally increases

with age, the annual plant operation time generally also decreases to the

extent that the total maintenance costs are assumed to be relatively constant

over the life of the facility (~). Table 9-4 presents a range of maintenance

costs which is considered representative for several processing conditions.

Table 9-4

MAINTENANCE COSTS (;D

(

Type of Processing Conditions

Corrosive and Abrasive Slurries

Maintenance % of Process
Capital Cost/Year

6 - 10 (& higher)

Severe (Solids, High Pressure &
Temperature)

4 6 (& higher)

Clean (Liquids and Gases Only)

Off-Site Facilities & Steam/
Electrical Systems

2 - 4

1.5
(
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(

Overhead. The cost of administrative support labor ov~rhead should be included

and may be estimated as 30 percent of the fixed operating and maintenance

labor. General and administrative expense should not be included in the cost

estimate (~).

Variable Operating and ' Maintenance Costs (VOM). The VOM is dependent on the amount

of ash that is disposed of during the year. The disposal quantity is estimated for

the first year of the facility operation and the associated VOM is calculated for

that quantity.

Consumables. Costs associa~ed with ash disposal which are in~luded under this

item include the power costs for operation, such as electricity for ash

sluicing. Also, additional operating costs which are incurred as a function

of the quantity of ash disposal. The primary items under this category are

operation contracts with private contractors for services such as hauling,

placement, compaction, and land reclamation.

Variable Maintenance. A variable component of the maintenance cost should be

included if there is a basis for estimating how maintenance costs vary with

capacity factor.

Byproduct Credit. The net revenue from the sale of byproducts should be subtracted

from the annual operating costs. Since the sale of ash usually involves additional

handling and storage expenses, it is important to include only the net revenue (or

expense) associated with this use.

30-Year Levelized Costs

The 30-year l.evelized cost is calculated from the First Year Operating Costs (FYOC)

and the Total Capital Requirement (TCR). The FYOC is levelized, as stated earlier,

using a Levelization Factor. Similarly, the TCR is levelized over the life of the

facility using a Fixed Charge rate. To facilitate the comparison of cost estimates,

all estimates should be prepared in the format presented in Table 9-2, which was

established by EPRI (~). An example of a 30 year levelized cost calculation is

presented in the subsection "Development of Base Case Estimates. ll

CLASS I BASE CASES COST ESTIMATES

The purpose of the Class I estimates developed in this section is to compare the

relative costs of wet and dry methods of ash disposal for five ash disposal
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quantities, ranging from 200,000 to 1,700,000 tons/year. The ash quantities and

number of power plant units are as follows:
(

Ash Quantity (tons/year)

200,000
400,000
600,000
870,000

1,700,000

units

1
2
2
3
4

Conceptual disposal sohemes, shown in Figure 9-1, were developed. These disposal

schemes include a number of options within major segments of the disposal process

to allow for variable conditions, such as disposal site topography.

A computer program, ASHDAL, was developed to calculate the levelized annual cost of

various ash disposal alternatives (~). This program provides an economic analysis

of various methods for coal ash disposal. In this program, the coal ash can be

disposed by wet or dry disposal systems, can be transported by several means of

transportation, and can'be compacted or left uncompacted. There are other para

meters upon which a decision must be made before the disposal method is completely

described. This program evaluates many possible combinations from an economic

standpoint, and provides a levelized annual cost for each alternative.

ASHDAL consists of 10 subroutines in addition to the main program. Figure 9~2 is

the flow chart for the program, illustrating the program logic. Each sUbroutine,

exoept for the economic analysis subroutine, utilizes only input data and does not

rely on values computed by another subroutine. The economic analysis subroutine

sums up the capital' costs, first year operation and maintenance cost, and the

replacement cost from the other subroutines, and performs an economic analysis on

the total.

The following are the data inputs to ASHDAL:

• total ash produced per year,

• type of in-plant handling system,

• type of transport system,

• type of disposal system,

9-14
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Figure 9-2. Flow Chart for ASHDAL Computer program (
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( • type of topography,

• use of site liner,

• transport distance,

• inflation rate,

• weighted cost of capital,

• current Engineering News Record construction cost index.

The output from the program consists of the the various subroutines; capital cost,

yearly O&M cost, and replacement cost of the individual modules, if applicable;

total capital cost; total yearly O&M cost; total 30 years O&M cost,in 1980 dollars;

total replacement cost; and total levelized annual revenue requirement. Enough

values are presented to follow the development of the total cost throughout the

program.

The computer program ASHDAL was written in FORTRAN IV for use on a Digital Equipment
----- -~--- -~-- ~-~-

Corporation (PEC) 11/40 computer system having 32K words available in memory for

programs. The program can be readily adapted to other computer systems.

(
Base Gases. The primary assumptions which were made specifically for the Class I

estimates are described. Table 9-5 describes the bulk densities of bottom ash and

fly ash used in the cost estimates. System parameters, such as unit heat input

requirement, coal heating value, fly ash:bottom ash ratio, and collection

efficiency can be included by calculating their effect on the total coal ash dis

posal quantity. This value can then be used as an input to ASHDAL (~).

Table 9-5

ASH DENSITIES'

Method of
Bottom Ash Fly Ash

Ash Placement (lb/ft
3)

(lb/ft
3)

Wet (Slurry) 60 40

Dry Uncompacted 80 60

Dry Compacted 100 80

Composite
Density

lb/ft
3

45

65

85

•
All densities are expressed as dry bulk densities.

9-17

- Doc. Ex. 313 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



This section compares the relative costs of wet and dry methods of ash disposal

for five coal ash quantities, ranging from 200,000 tons/year to 1,700,000 tons/year.

Disposal schemes include a number of options within major segments of the disposal

process to allow for variable conditions, such as disposal site topography. Table

9-6 lists the variables tested and the conditions examined.

Table 9-6

VARIABLES TESTED AND RANGE STUDIED IN ECONOMIC ANALYSIS

(

Parameter

Ash Conditon

Disposal Method

Conditions Examined

Wet, Dry

Flat land, Narrow Valley, Wide Valley

Transport Distance

Inflation Rate

Cost of Capital
(absence of inflation)

1, 5, 10, and 25 miles

6, 10, andl4 percent

3, 3.8, and 5 percent

•

Simplified cost estimates necessarily limit the parameters which can be varied.

Therefore, the basic assumptions which have been used to estimate the disposal

costs are presented below. If these combinations of parameters are not reasonable

for a particular disposal system, adjustments may be made or a more detailed cost

estimate, as outlined earlier in this section, may be prepared.

Disposal System. The following system assumptions have been made:

1. Newly-constructed baseload, power plant and disposal system with an
estimated life for the disposal site of 30 years from the mid-l980
startup date.

2. Baseload plant with a levelized capacity factor of 48.5 percent with
a 70 percent capacity factor for the initial years of operation.
Peak -in-plant and out-of-plant conveyance capability is provided
to handle a 100 percent capacity factor.

3. Power unit heat input requirement is 9000 Btu/kWhr (9500 kJ/kWhr).

5. Coal ash is 80 percent fly ash and 20 percent bottom ash.

4. Coal ash quantities range from 200,000 to 1,700,000 tons/year (181,400
to 1,541,900 metric tons/year). (
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( 6. Fly ash collection efficiency is near 100 percent.

(

7. Disposal cost estimates include in-plant handling, out-of-plant
transportation, and disposal site costs.

Economics. The following economic assumptions have been made:

1. Midwestern plant location. Site has no special problems.

2. Capital costs are calculated for 1980.

3. Annual operation and maintenance costs are calculated for a mid-1980
startup.

4. Annual capital and operating costs have been levelized over a 30
year period.

5. The 30-year Fixed Charge Rate ranges from 16.0 to 26.6 percent
per year.

6. The 30-year Levelizing Factor for operating and maintenance costs
ranges from 1.820 to 3.444.

Wet Disposal AssumpEions

Ash Sluicing to pond.

--Hydraulic in-plant ash handling system.

--Slurry water recycled, not treated.

--Pumps and transport lines have the capacity to transport all
coal ash collected from a plant operating at 100 percent
capacity factor, while the disposal pond size is based on a '
levelized capacity factor of 70 percent over the 30-year life.

--Spare pumps and a pipeline are included for slurry delivery.
No spare pumps are provided for water recycle, but there is a
spare pipeline.

--Disposal is for fly ash and bottom ash; pyrites are excluded.

--Coal ash slurry pumped at 10 percent ash by weight.

--Pond location varies from one mile (1.6 kilometers) to 25 miles
(40 kilometers) from plant.

--Fly ash slurry settles to a dry density of 60 pounds per cubic
foot (960 kilograms per cubic meter). Excess water is recycled
to sluicing system.

--Disposal site is lined to prevent groundwater contamination by
leachate from the coal ash.

--Four disposal site configurations were examined, wide valley
with dam, narrow valley with dam, and ponds with 25 feet (7.6
meters) or 50 feet (15.2 meters) embankments on flat land.
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Dry Ash Disposal Assumptions

1. Truck transport to disposal site.

--Pressure or vacuum pneumatic in-plant ash handling system.

--Hauling, placing, and compaction (if done) are performed by
the utility.

--Existing public and/or private roads are utilized in addition
to haul roads constructed on-site.

--Compaction by on-site equipment and a towed, 5-ton (45 metric
ton) roller, but without strict field control, results in an
in-place density for dry coal ash (composite fly ash/bottom
ash) of 85 pounds per cubic foot (1360 kilograms per cubic meter) .

--Disposal site location varies from I mile (1.6 kilometers)
to 25 miles (40 kilometers) from plant.

--Four disposal site configurations were examined: wide valley
with toe, narrow valley with toe, and flat land sites with
75 feet (22.8 meters) or 150 feet (45.6 meters) embankments.

(

------------------- - ---- -- ----------- ---- ---- ---- - - - - - - -- --------- -- - - ----l

2. Conveyor belt transport to disposal site.

--A pressure or vacuum pneumatic in-plant ash handling system.

--Transport, placing, and compaction (if done) are perfonmed by
the utility.

--Disposal site location varies from 1 mile (1.6 kilometers)
to 25 miles (40 kilometers) from plant.

--Four disposal site configurations were examined: wide valley
with dam, narrow valley with dam, and flat landfills with
75 feet (22.8 meters) or 150 feet (45.6 meters) embankments.

--A totally enclosed system with an 18 inch (0.45 meter) belt
is used for up -to 870,000 tons (790,000 metric tons) of ash
per year.

--A totally enclosed system with a 36 inch (0.90 meter) belt
is used for over 870,000 tons (790,000 metric tons) of ash
per year.

--Yearly O&M cost for the conveyor belt is assumed to be 17% of
total capital oost (!).

--The conveyor belt has the capacity to carryall the coal ash
collected from a plant operating at 100 percent capacity factor,
while the landfill size is based on a capacity factor of 70
percent over the 30-year life.

Development of Cost Estimates. The base case estimates were used in the development

of the computer program, ASHDAL. These estimates were prepared using the .as sumpt.i.one

9-20
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( and methodology outlined and are applicable to regulated, in¥8stor-owned utilities.

The scope of the base case disposal system cost estimates includes in-plant handling,

transportation, and disposal of the coal ash. The cost data and assumptions which

were made for the base case estimates are detailed below.

As an aid in understanding the cost estimating methodology, Table 9-7 was prepared

to demonstrate a Class I Simplified Cost Estimate for a typical wet disposal base

case, while Table 9-8 provides the same type of cost data for a typical landfill

base case. Cost assumptions which make up the Total Capital Requirement are

provided for the example estimate.

capital Cost Estimates

1. Transport Equipment-wet. Pumps for the sluicing system are the primary
equipment required for wet disposal. Costs for this equipment have been
adapted from the detailed estimates prepared by TVA. The ash slurry
pipeline costs were aslo adapted from TVA estimates (!).

2. Transport Equipment-Dry. Hauling and compaction equipment purchased
------- ----- -------yor---dry-aTsp6,sar-by-Ene utiTi'Ey wourd--~inclua.ea.-rn-Elfi---s-rEem.

(

3. Excavation and Site Preparation. The primary excavations for wet
disposal are the trenches for underground transport pipelines (!).
Pond excavation costs are not included under this tiem." The landfill
development is the major cost item for dry disposal.

4. Pond Construction. Detailed estimates by TVA (4) and the results
from a computer model study (21) indicate that ~ost per acre for
a disposal pond, when built a~its optimum geometry, is realtively
constant. This assumes that there is no constraint of the.amount
of flat land available for the pond. The cost for this optimum
size pond has been calculated to be approximately $18,000 per
acre ($44,500/hectare)/ excluding the land cost. For the given
assumptions (25 foot (7.6 meters) pond depth and 60 pounds per cubic
foot (960 kilograms per cubic meter) settled ash dry density), one
acre (0.40 hectare) of pond area is required for each 32,700 tons
(30,000 metric tons) of ash which must be disposed of.

5. Site Reclamation. The site reclamation costs for wet disposal are
assumed to be incurred at the end of the life of the site. site
reclamation Qosts for dry disposal are incurred over the life of
the site. The costs are incorporated in the levelized cost economics
by calculating the present worth of the cost and including it as a
capital cost. Since the reclamation cost estimate has been made in
current dollars, this future cost can be brought forward using the
weighted-cost of capital in the absence of inflation which is 3.8
percent (.!o).

6. Land Acquisition. A cost of $1,500 per developed acre ($3,700/
hectare) is assumed in accordance with Reference (~).
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Table 9-7

Levelized Annual Revenue Requirement
Sluicing to Pond Base Case

(

Total Capital Cost
Estimated Cost in
Thousand of Dollars

In-Plant Handling System
Darn Appurtenances
Embankments
Site ,Preparation
Drainage Ditch
Equipment for Disposal Area
Transport System

Total Replacement Cost

Total

2,285
100

9,617
11,339

573
194
590

24,698

---.Tran~:RO~~YE.te~ _
Equipment for Disposal Area

Total

Yearly O&M Cost

1,663- ~5- ------- - -- ----- ------ _ ..---f

1,958

In-Plant Handling System
Dam Appurtenances
Drainage Ditch
Equipment for Disposal Area
Transport System

Total Levelized Cost (per year)

Levelized Cost per Dry Ton

Note:

1. Pond With 50 Feet Embankments.

2. 600,000 Tons of Coal Ash Per Year.

3. 10 Percent Weighted Cost of Capital.

4. 1 Mile Transport Distance.

9-22

388 (
10
57
93

713
Total 1,381

7,515

$12.51/ton

(
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( Table 9-8

Levelized Annual Revenue Requirement
Truck Transport to Landfill Base Case

Total Capital Cost
Estimated Cost in
Thousands of Dollars

(

In-Plant Handling System
Sedimentation Ponds
Site Preparation
Drainage Ditch
Equipment for Disposal Area
Transport System
Drainage Pipe
On-Site Haul Road

Total Replacement Cost

Transport System
Equipment for Disposal Area

Yearly O&M Cost

In-Plant Handling System
Drainage Ditch
Equipment for Disposal Area
Transport System
On-Site Haul Road

Total Levelized Cost

Levelized Cost per Dry Ton

Note:

1. Landfill With 150 Feet Embankments.

2. 600,000 Tons Coal Ash Per Year.

3. 10 Percent Weighted Cost of Capital.

4. 1 Mile Transport Distance.

9-23

$

Total

Total

Total

6,168
30

20,855
445
262
180

90
45

28,075

210
533
743

1,049
45

156
182

9
1,441

8,277

$13.78/ton
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Operating and Maintenance Costs. The following operating costs are assumed to be

independent of the facility capacity factor.

Operating Labor. Based on the ash disposal site visits made in conjunction

with the preparation of this manual and the experience of TVA (l, !, ~, ~),

it has been concluded that one person is required full time for operation of

an ash disposal facility. The high 0apital cost required for an increase in

disposal capacity makes it most economical to operate wet disposal facilities

during the full operation time of the plant (6132 hours/year for the first

year capacity factor of 70 percent). Dry disposal operations, however, are

not capital intensive and are generally economical when operated only during a

normal work week. Assuming an additional 5 percent to cover occasional

overtime, the first year operation time for dry disposal is 2184 hours. A

labor rate of $13.85/person hour, as recommended by EPRI (~), was utilized.

Maintenance Costs. Maintenance costs for the base case wet disposal facilities

were estimated, based on the TVA experience (l, !, ~, ~), as four percent of

the Process Capital excluding the pond construction cost and three percent of

the pond construction cost. The base case dry disposal maintenance costs were

estimated to be four percent of the Process Capital. The 40:60 labor cost to

material cost ratio suggested by EPRI (~) was used.

Although the percentages for wet disposal are somewhat less than the recom

mended allowance of 6-10 percent shown in Table 9~4 for Corrosive and Abrasive

Slurries, TVA's experience was considered to be appropriate for these estimates.

The 4 percent is within the range recommended in Table 9-4 for handling

solids.

Overhead. The administrative an4 support personnel overhead were estimated to

be 30 percent of the operating and maintenance labor costs (~).

Consumables. The primary consumable operating cost item for wet disposal

systems is the electricity required to operate the sluice pumps. The amount

and cost of the electric power required was estimated from the TVA information

(!) using an average price of $0.030/kWh. The operating contracts for dry

disposal were estimated using References (~, ~, ll, and !l). The site

preparation costs are estimated to be $2l,600/acre ($8,750/ hectare) which

amounts to about $720/acre ($290/hectare) each year during the 30-year life of

the site. The hauling unit price varies with the transport distance while the
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( placement and compaction unit price was estimated at $1.6Q/dry ton ($1.45/dry

metric ton) [$1.48/compacted c.y. ($1.94/ cubic meter) 1.' Site reclamation

costs for the dry disposal operation are assumed to be incurred uniformly over

the life of the site. These reclamation costs were estimated at $7,400/acre

($3,OOO/hectare). Wet disposal site reclamation costs are assumed to be

incurred primarily at the end of the site life and, therefore, are included in

the capital costs using the present-worth of the cost as described earlier.

30-Year Levelized Costs

The First Year Operating Costs (FYOC) should be levelized using the 30-year level

ization factor to determine the Levelized Operating Cost (LaC). Similarly the

Total Capital Requirement (TCR) should be recovered over the assumed 30-year life

of the site. Thus:

Levelized Operating Cost,

Levelized Capital Requirement,

LOC

LCR

LF x FYOC

FeR x TCR

(

(

The sum of these two levelized costs is the Levelized Annual Revenue Requirement

(LARR). This annual cost can be expressed as dollars/year, or dollars/dry-ton of

ash disposed. These calculations are shown on Tables 9-7 and 9-8 for the base caSe

disposal system examples.

Table 9-9 summarizes the economic conditions utilized in the analysis. The range

of capital costs utilized portray typical capital recovery rates for the electric

power industry (~). The cost of capital, as related to disposal economics,

represents the utilities' anticipated rate of return on investment in the absence

of inflation. The 3.0 percent value is the approximate long-term cost for a non

profit or government utility, the 3.8 percent cost of capital is EPRI's (~) current

recommendation for investor-owned utilities, and 5.0 percent represents current

cost of capital for investor-owned utilities in the absence of inflation.

ASHDAL Results

ASHDAL was run using many input conditions to provide a broad datQ base of Class I

estimates. In general, the results presented will be for a 6 percent inflation

rate and a 10 percent weighted cost of capital, unless otherwide noted. These

percentages represent current EPRI policy, as presented in Technical Assessment

Guide (l). The data presented represent Class I estimates, previously described

in this section.
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Table 9-9

COST OF CAPITAL, INFLATION RATES, AND WEIGHTED COSTS OF CAPITAL UTILIZED
IN THE ECONOMIC ANALYSIS OF COAL ASH DISPOSAL ALTERNATIVES

Capital -cost Inflation Ra-te Weighted Cost of Capital
Percent Percent Percent

3.0 6.0 9.2
3.0 10.0 13.3
3.0 14.0 17.4

3.8 6.0 10.0
3.8 10.0 14.2
3.8 14.0 18.3

5.0 6.0 11. 3
5.0 10.0 15.5
5.0 14.0 19.7

Table 9-10 presents the levelized cost for various ash disposal systrnes. The 10

percent weighted costs of capital reflects EPRI economic premises. The costs range

,from $10.40/ton ($9.43/metric ton) to $233.03/ton ($211.40/metric ton, with many

alternatives in the $lO-$20/ton ($9-$18/rnetrio ton) range. In all cases, the cost

per dry ton of ash disposed decreased as the quantity of ash increased. With the

exception of wet disposal on flat land, most costs were within $2 to $3/dry ton of

each other. For smaller quantities of ash, wet disposal in a narrow valley is the

least cost option. Larger quantities of ash are handled less costly by compaction

and truck transport to a landfill with high (150 feet) embankments.

The results indicate that compaction reduces the cost of disposing dry ash. It

costs approximately $2/dry ton less to handle, transport, and dispose of compacted

ash than uncompacted ash. The table also illustrates that truck transport is a

less costly alternative for dry ash than conveyor belt transport.

Table 9-10 also illustrates the effect of increasing- transport distance on the

various disposal alternatives. In all cases, the cos-t per ton increases with

increasing transport distance. For truck transport, this increase is less than 40

percent when the transport distance is varied from 1 mile to 25 miles. The other

two transport alternatives, pipeline and conveyor belt, increase in cost over 100

percent from 1 mile to 25 miles transport distance. At 25 miles the cost dif

ferential between the various site topographies decreases. For belt transport of

compacted or uncompacted ash, the difference between the various alternatives is a
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~ /~, ~

Table 9-10

ASH DISPOSAL SYSTEM I
I

LEVELIZED COST IN DCLLARS cs) PER DRY TON
I

I
200,000 I 400,000

,
Transport Distance i Mile

Transport Distance
DISPOSAL HETHOD 1 Mile 5 Miles 10 Hiles 2S MiltS 5 Miles 10 Miles 25 .!-liles ~-I ~~ ---- -----

p LpeLi.ne 'l'ransport

IWet Ash
Flat 25' Ernbanl~,ents 28.67 50.45 77.57 159.32 23.88 39.50 59.03 117.61 22.04

,

Flat 50' Lwbankments 35.27 57.04 84.26 165.91 24.70 40.32 59.85 118A3 20.94
Narrow Valley 16.69* 38.46 65.68 147.33 14_29* 29.91 49.44 108.02 12.51*

Wide Valley 17.31* 39.09 66.31 147.96 i4.84* 29.96 49.48 108.07 12.76*

L.!!.:1!ck Transport

Dry Uncom~acted Ash
Flat 75.......---~.bankmE'nts 17.79* 18.59* 19.60* 22.63* 16.69* 17.70· 20.73* 15.25

co Plat 150' Embankments 16.90* 17.71· 18.72" 21. 74* :13.79* 14 _60· 15.61" lB.64* 12.76*, Narrow Valley 17.17* 17.98* 18.99* 22.02* 16.97 17.77* 18.78 21-81* 14.93'"
,

eo Wide Valley 19.72 20.53 21.54 24.56* 20.12 20.92 21.93 24.96 16.81
-J

L.>Dry_ CD;:]pact~.9_ Ash
Flat 75' Embankments 15.95* 16.76* 17.77* 20.79* 14.84" 15.85* 18.88* 13.78*

Flat 150' Embankments 15.84* 16.64* 17.65* 20.68* 12.73** 13.54** 14.54** 17.57** 12.07*"
,

Narrow Valley 15.40** 16.21** 17.22** 20.25** 14.87* 15.67* 16.68* 19.71* 13.78*

Wide Valley 17.19* 16.00* 19.01* 22.04* 17.75 16.55 19.56 22.59 15.55

!!el t _'l'ransport

Dry uncompa_c_t:..e~~sh

Flat 75' Embankments 26.14 60.30 103.00 231.10 1,9.92 37.00 58.35 122.39 17.85

Flat 150' ~~ankrnents 25.26 59.41 102.11 230.21 i7.83 34.91 56.26 120.31 15.36
,

123.48 17.53Narrow Val1ey 25.53 59.69 102.39 230.48 21.00 38.08 59.43
,

Wide Valley 28.08 62.24 104.93 233.03 24.15 41.23 62.58 126.63 19.40

Dry Co..,pacted Ash I
Flat 75' Embankments 24.31 58.46 101.16 229.26 18.07 35.15 56.50 120.55 16.37

Flat 150' Embankments 24.19 58.35 101.05 229.15 16.76 33.84 55.19 119.24 14.67*

Na:cr:uw valley 23.76 57.92 100.62 228.71 18.90 35.98 57.33 121.38 16.38
,

Wide Valley 25.55 59.71 102.41 230.50 21. 78 38.86 60.21 124.26 18.15

1

!

**LEast cost, option per' co Iumn
-r.ess than 25 percent greater than least cost option
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Table 9-10
(Continued)

600,000
Tran~;;rt:Distanc~
5 MiJ,es 10 Miles 25 Mile~

74_61
70.99
65.16
65.66

40.39
36.77
30.93
31.44

28.99
25.36
19.53
20.03

1,700,000
Transport Distance

~J!i_~s_ 10 Miles

19.86
16.24
10.40*
10.91*

1 Mile

65.49
83.21
76_00
76_36

25. Miles_._ .•.__ ...•-

45.11
42.88
35.68
36.04

31. 73
29.44
22.24
22.60

870,000
Transport DistanCE

5 Miles .!."-M.i.l-l

I

20.98
18.69
11.49
11.85

1 Mile25 Miles

95.22
94.12
85.69
85.94

49-49
48.38
39.96
40.20

34.24
33.14
24.71
24.95

DISPOSAL METHOD

Wet Ash
Flat 25' Bnbankments
Flat 50' Embankments
Narrow Valley
Wide valley

Pipeli.ne Transport

Truck Tr~:mspo!-.!:.

16.94
14_20*

15.75*
16.f14co

1
N
co

Dry uncompacted Ash
Flat 75' Embankments
Flat 150' Embankments
Narrow Valley
Wide Valley

~c~actedAsh
Plat 75' Embankments
Flat 150' Embankments
Marrow Valley
Wide Valley

16.06*
13.57*

15.74*
17.61

14.59*
12.88**
14.59*
16.36

17.07*
14.58*
16.75*
18.62

15.60"
13.89**
15.60*
17.37

20.10*
17.61*
19.78*
21.65

18.62*
16.92**
18.62*
20.40*

15_12
12.38*

13.94*
15.03

13.27*
11.32**
12.76*
13.85*

15.93
13.19*

14_ 74*
15_83

14.08*
12.13**
13.57*
14.66*

I

I

15_09* I

13.13-*
14.58*
15.67*

19.96*
17.23*

18.78*
19.87*

18_11
16.16**
17_60
18_ 70-

14.68
11.67*

12.53*
12.73*

12.96*
10. 74*
11. 8.8
12.21*

15.49
12.48

13_33*
13_54*

13_ 77*
11.54-*
12_69
13.01*

16.50
13.49*

14.34*
14_55*

14_ 7a
12.55*
13.70*
14.02-

19_53
16.51*
17.37*
17.58*

17.81*
15.58**
16.77.*
17.05*

~el t Tr~~E9.E!.

Dry Uncompacted Ash
Flat 75' Embankments
Flat 150' Embankments
Narrow Valley
Wide valley

29.23
26.74
28.91
30.79

43.47
40.98
43.15
45.02

86.17
83.68
85.85
87.72

17_34
14.60
16.15
17.24

27_25
24.52
26_07
27.16

39.65
36.91
38.46
39.55

76.83
74.09
75.64
76.73

15.65
12_64*
13_49
13.70

20.61
17.59
18.45
18.66

26.80
23.79
24.65
24_85

45.39
42.38
43.24
43.44

Dry Compacted Ash
Flat 75' Embankments
Flat 150' Embankments
Narrow Valley
Wide Valley

27.76
26.05
27.76
29.53

41.99
40.29
41.99
43.77

84.69
82.99
84.69
86.47

15.49
13.53*
14.98
16_07

25.40

23.45
24.89
25_98

37.79

35.84
37.28
36.38

74.97

73.02
74_46
75.56

13.93
11. 70*
12.85*
13_17

18.89

16.66
17.80
18.13

25.08
22_86
24_00
24. J3

43.67
41.45
42.59
42.91

**Least cost option per' column
*Less than 25 percent greater than least cost option

Note: I. 10 Percent weighted Cost of Cap~tal

2. 1 Mile Transport Distance

r> ;", ~
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( maximum of $4/ton, with the average at $43.00/ton, for 1,700,000 tons ash per year.

It is interesting to note that these results mirror current ash disposal practices.

In the east, where most disposal occurs in hilly terrain, wet disposal predominates.

Table 9-10 indicates that wet disposal is the least expensive option with valley

fills. Similarly, in the west, where most disposal occurs on flat land, dry

disposal predominates. Table 9-10 indicates that dry disposal is the least ex

pensive flat land option.

Table 9-11 shows the categorical breakdown of'disposal system component costs for

several disposal alt~rnatives. Within each transport category, only the cost for

disposal differs. The in-plant handling and transport costs are equal. A similar

situation occurs with in-plant handling costs. In-plant handling costs are es

sentially equal for the same ash category, regardless of disposal option.

Ash Utilization. An alternative to disposal of coal ash is utilization of the ash.

_. A~wide yar.i_e.t_y--Qf Uses has been found for :Rower 12lant ash. For some of the appli_- _

cations, criteria have been establiShed to specify the properties that a particular

ash must have to perform adequately in the given application. Other USes have not

( been as well documented or researched, and detailed material specifications have

not been developed; however, many have been performed successfully. The categories

listed represent areas of utilization:

• Fill and cover material,

• Soil imporvement,

• Roadways and pavements,

• Drainage,

• Pozzolan,

• Structural products,

• Lightweight aggregate,

• Grout and mortar,

• Metal extraction.

Pozzolan applications have historically represented the·largest outlet for fly ash,

but the other areas are utilizing increasing amounts of coal ash as natural re

sources continue to decrease in supply or availability,
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Table 9-11

ASH DISPOSAL SYSTEM
LEVELlZED COST IN DOLLARS ($) PER DRY TON

(

In-Plant
Handling Transport Disposal

DISPOSAL METHOD

Pipeline Transcort

Wet Ash
~, Embankments
Flat 50' Embankments
Narrow Valley
Wide Valley

s 0.71 1. 28 0.71 2.37 $16.67 0.31 22.04
0.71 1. 29 0.71 2.36 15.53 0.34 20.94
0.71 1. 28 0.71 2.36 6.92 0.53 12.51
0.71 1. 28 0.70 2.36 7.15 0.56 12.76

Truck Transi50rt- ----- - -- ---

Dry Uncompacted Ash
Flat 75' Embankments s 1. 94
Flat 150' Embankments 1. 93
Narrow Valley 1.93
Wide Valley 1. 93

Dry Compacted Mh
Flat 75" Embankments 1. 93
Flat 150' Emba.nkmeri ts 1. 93
Narrow Valley l.93
Wide Valley 1.93

Belt Transport

Dry t:ncompacted Mh
Flat 75 I Embankments 1.93
Flat 150' Embankments 1.94
Narr.ow Valley 1, 93
Wide Valley 1. 92

",y Compacted Mh
Flat 75 ' Embankments s l,93
Flat 150' Embankments 1. 94
Narrow Valley 1.93
Wide Valley 1. 92

Note:

600,00C Tons Ash Per Year.

2. L Mile Transport Distance.

3.48 0.12 0.59 8.66 0.46 15.25
3.46 0.13 0.60 6.24 0.40 12.7.6
3.48 0.12 0.60 8.35 0.45 14.93
3.48 0.12 0.61 10.18 0.49 16.81 r

\

3.47 $ 0.12 0.61 6.96 0.69 13.78 "-
3.48 0.12 0.60 5.30 0.64 12.07
3.47 0.12 0.61 6.96 0.69 13.78
3.47 0.12 0.61 8.69 0.73 15.55

3.46 1.04 2.28 8.68 0.46 17.85
3.47 1.04 2.27 6.24 0.40 15.36
3.47 1.03 2.28 8.36 0.46 17.53
3.47 1.05 2.27 10.20 0.49 19.40

3.47 1. 05 2.28 6.95 0.69 16.37
3.47 1.04 2.27 5.32 0.63 14.67
3.47 1.05 2.28 6.96 0.69 16.38
3.48 1.03 2.27 8. 72 0.73 18.15

3. 10 Percent Weighted Cost of Capital.

(
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(

(

Table 9-12 is a comparison of costs for disposing of 600,000 tons/year between ash

management schemes of 100 percent disposal and 50 percent disposal/50 ~ercent

utilization. The savings resulting from ash utilization are approximately 25

percent of the cost. The savings are primarily from reduced capital costs for

disposal area development.

The effect of increasing the weighted cost of capital on disposal system cost is

illustrated in Figure 9-3. This figure illustrates that as the cost of capital

increases, the ash disposal system cost per dry ton also increases. This increase

occurs whether the weighted cost of capital increases due to incre~sed inflation or

increased cost of capital in the absence of inflation. The ranking of each alter

native remains the same, regardless of the weighted cost of capital.

In general, at EPRI recommended conditons, 6 percent inflation and a ~o percent

discount rate, the estimated costs are within the same range, except for wet dis

posal on flat land.
-----------------------------

SUMMARY

The computer program, ASHDAL, is useful for preliminary comparison of disposal

alternatives. The estimates can be adjusted for some differences with the basic

assumptions as indicated. Some differences may require the preparation of a

specific estimate; however, it may be appropriate to merely modify one of the base

case estimates described in this section by changing a unit price or an assumed

capacity factor.

It is important to note that the simplified and base case example estimates are

levelized over a 30-year period in accordance with EFRI guidelines. Therefore, the

computed levelized costs are nearly 90 percent higher than those which would be

experienced in 1980, the first year of operation.

Detailed cost estimates, as outlined in Table 9-1, require that the system be more

fully defined so that firm prices can be established. The form of the estimate

should follow that given in Table 9-2 so that it can readily be compared with other

estimates.

Conclusions

The following general conclusions may be made based on the economic analysis:

• Dry compacted ash disposal is less expensive than dry uncompacted
disposal.

---l

I
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Table 9-12

ASH DISPOSAL AND UTILIZATION SYSTEM
LEVELIZED COST IN DOLLARS ($) PER DRY TON

(

In-Plant
Handling

DISPOSAL-METHOD

pipeline Transcort

Transport Disposal

Wet Ash
~Valley 100\ Disposed $ 0.71
Narrow Valley 50\ utilized

50\ Disposed 0.71

Truck Transport

1.28

1. 29

$ 0.71

0.47

2.]6

1. 76

6.92

3.91.

0.53

0.37

12.51

a..51

Dry uncompacted Ash
Narrow Valley 100\ Disposed 1. 93 3.48 0.12 0.60 8.]5 0.45 14.93

Narrow va Lj ey 50\ Utilized
50\ Disposed 1. 94 3.47 0.05 0.30 4.97 0.40 11.13

Dry Compacted Ash (
Narrow Valley 100\ Disposed $ 1. 93 3.47 0.12 0.61 6.96 0.69 13.78

Narrow Valley 50\ Utilized
50\ Disposed 1.93 3.49 0.06 0.30 4.09 0.39 10.26

Conveyor Transport

Dry uncomnacted Ash
Narrow Valley 100\ Disposed 1. 93 3.47 1.03 2,28 8.]6 0.46' 17.53

Narrow Valley 50\ utilized
50. Disposed 1. 93 3.47 0.97 2.12 4.98 0.40 13.87

Dry Uncompacted Ash
Narrow Valley 100% Disposed 1. 93 3.47 1. 05 2.28 6.96 0,69 16.38

Narrow Valley SOt utilized

50' I;lisposed 1. 94 3.47 0.96 2.13 4.11 0.39 13.00

Note:

1. 600,COO Tons Ash Per Year.

2. 1 Mile Transport Distance.

3. 10 Percent weighted Cost qf capital.

(
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Figu~e 9-3. Ash Disposal System Levelized Cost in Dollars ($) Per Dry Ton, 600,000
Tons Ash Per Year, and 1 Mile Transport Distance, In A Narrow Valley
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• Truck transport is less expensive than cpnveyor transport. (
• Site topography can significantly impact overall disposal system

economics.

• Variation in the economic premises utilized in the analysis can alter
certain disposal system decisions.
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LINER INSTALLATION PROCEDURES

Solids and .Hazardous Waste Research Division,
Municipal Environmental Research Laboratory,
U. S. Environmental Protection Agency, Cincinnati,
Ohio, and Southwest Research Institute, San
Antonio, Texas
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Figure A-I. Sheepsfoot Roller used for
subgrade compaction.

Figure A-2. Vibratory roller used for
subgrade compaction.

Figure A-3. Large watering vehicle used
for dust control.

Figure A~4. Surface scraper used for
final smoothing.

Figure A-5. Uhdesirable subgrade
surface texture.

Figure A-6. Disc suitable for soil
blending.

A-I
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Figure A-7. Workmen removing small racks
during subgrade inspection.

Figure A-S. "Salt qr-as s" growing through
a flexible membrane liner.

Figure A-9. Liner repair required due to
"salt grass" damage.

A-2

Figure A-IO. Liner replacement due
to "salt grass ll damage.

Figure A-II. Application of an herb
icide to the subgrade
for soil sterilization.

Figure A-12. Site storage of liner
material showing pro
tective plastic.

(
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Fi~Jre A-13. Initial placement of a Figure A-16.
liner into an anchor trench.

Differential settlement of
a concrete slibgrade.

(

(

Figure A-14. Anchor trench filled with
concrete.

Figure A-IS. Finished anchor trench
concrete.

A-3

Figure A-I? Stainless steel batten
strips securing a liner to
concrete.

Figure A-IS. Bentonite applied to a soil
where spreading was uneven.
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Excessive accumulation
liner material.

Figure A-23. Patching compounds applied
to concrete panel joints.

Figure A-20. Support board for working on
steep incline.

Figure A-19. An iron II r ake " used to blend
bentonite and native soil.

Figure A-2l. Unsuccessful seaming with a
solvent adhesive in cold
temperatures. (

A-4

- Doc. Ex. 337 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



(

(
Eigure A-24. Field seams parallel to

side slope toe.

Figure A-25. Large wrinkle at edge of
liner panel.

Figure A-26. Plastic dowels being used
to pull liner panels.

Figure A-27. Field generator.

Figure A-28. Removing wrinkles from panel.

A-5
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Figure A-33. Knee pad used by field
crews.

Figure A-32. Seaming_b,~o"a"r"d".~ _

Figure A-29. This seam wrinkle will
require removal.

Figure A-31. An impoundment being util~

ized while liner replace
ment continues.

Figure A-34. Material overlap.

A-6
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Figure A-35.
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Use of a chalk line
a liner for removal
cess material.

Figure A-38. Completed boot installa
tion.

(

Figure A-39. Liner pad around a con
crete penetration.

Figure A-36. Field constructed boot for
a liner penetration.
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Figure A-37.
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Pipe penetration being
pared for installation
"boot".

pre
of a

A-7

Figure A-40. Pad prior to
steel batten

locating
strips.
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figure A-41. Placement of steel battens
around concrete penetration.

Figure A-42. Liner panels used to prevent
wind damage.

A-43. Use of sandbags along a
seam.

A-8

Figure A-44. Wind damage.

Figure A-45. Wind damage.

Figure A-46. Wind damage

(
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Figure A-47. Stretching of material by
wind.

Figure A-48. Wafting effect on a liner
not secured by a soil cover.

Figure A-49. Use of cover material in
place of sandbags.

A-9

Figure A-50. Batten strip to secure
liner to concrete subgrade.

Figure A-51. Rubber-wheeled vehicle
used for placing soil cover.

Figure A-52. Large dump truck placing
soil cover.
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Figure A-53. Equipment to place soil
cover.

Figure A-54. Equipment to place soil
cover.

Figure A~55. Results of sun aging and
degradation.

Figure A-56. Dust control on haul
roads.

Figure 'A-51. "Blocking".

Figure A.-58. Repair of "Blocking".

A-10
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Figure A-59. solvent Figure A-62. Multiple patching should
be avoided.

Figure A-60. Patch over field seam.

Figure A-61. Patch over field seam.

Figure A-63. Planned quality control
inspection.

Figure A-64. Exposing edge of liner
for expansion.

A-ll

- Doc. Ex. 344 -
Docket No. E-7, Sub 1214 

Joint Exhibit 7
I/A 



Fi gure A- 65 . Flap t o be used for future
e xpans i on o f l i ne r .

Figure A-66 . Flap sealed i nto p lace
(shown of l e ft) .

Fi gur e A- 67 . Shows the u s e o f two l i ner
mate r i a ls.

A- 12

Fi gure A-68 . Two materials "mar r i e d II

t oge t he r for cost effec
t i ve des i gn .

Fi gu r e A-69. Mon itor i ng wel l casi ng

Fi gure A-70 . Completed l a ndfill cover .
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Figure A-71. Surface cover for a landfill
showing gas vent pipes.

l

Figure A-72. Surface runoff diversion
dam shown in upper left hand corner.

Figure A-73. Shows use of a membrane
and soil liner.

Figure A-74. Placement of filter fabric
over differential settling crack in
concrete.

A-13
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BRIEF DESCRIPTIONS OF ASH
DISPOSAL PRACTICES
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BRIEF DESCRIPTIONS OF ASH DISPOSAL PRACTICES

Bull Run Steam Plant

The Bull Run Steam Plant is a 950 MW single-unit coal-fired power plant owned by

the Tennessee Valley Authority located on the Clinch River near Oak Ridge, Tennesseew

The power plant was brought on line in 1965 and burns 7,500 to 8,000 tons (6,800 to

7,200 metric tons) per day of bituminous coal from Kentucky and Tennessee. The

coal is burned in a Combustion Engineering wet-bottom boiler. Exhaust gases pass

through American Standard Precipitators and out a single 1,400 ft (426 m) stack.

Fly ash removal is 99+ percent efficient. The Bull Run Steam Plant was visited to

observe a simple once-through ash slurry water system.

Bottom ash from the Combustion Engineering wet-bottom boiler is quenched and

sluiced to an ash dumping area. It used to be sluiced to a l5~acre (6.07 ha)

bottom ash pond; however, this pond has been taken out of service and the bottom

ash is now discharged to the fly ash pond.

Fly ash is removed from the precipitator hoppers, slurried, and pumped through a

combination of steel and fiberglass pipes to the disposal area. Presently, the

power plant is replacing the steel pipe with fiberglass pipe. The ash is then

discharged into a 200-acre (80.9 ha) dual cell series pond. The ponds are separated

by an ash levee with a sk~er system to catch cenospheres (hollow floating fly ash

particles) before they enter the secondary pond (see Figure B-1). The secondary

pond discharge passes through three corrugated metal pipe discharge structures

equipped with an underflow weir to provide additional protection from floating

matter, including cenospheres. The effluent then enters the Clinch River. Current

discharges are analyzed weekly and are acceptable under present NPDES requirements.

Labadie Plant

Labadie Power Plant is a four-unit, 2,400 MW coal-fired power plant owned by Union

Electric Company and located near Labadie, Missouri. The plant currently consumes

14,400 tons (13,000 metric tons) per day of southern Illinois bituminous coal. Low

sulfur coal may be required in the future to reduce sulfur emissions. The coal is

combusted in tangentially fired boilers. Exhaust gases are passed through

Research·-Cottrell electrostatic precipitators and three 700 ft (213 m) high stacks.

Labadie Power Plant was selected as a case study to describe a means of reducing

the ash pond discharge to a pH between 6 and 9 as required by NPDES.

Figure B-2 indicates the general power plant ash pond arrangement. All water

wastes, i.e., ash Slurries, blowdown water, pyritic refuse slurry, acid wash

B-1
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Figure B-2. Ash Disposal Schematic, Labadd e
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water, neutralization water, etc., are pumped to the pond. Fly ash and bottom ash

slurries are discharged to separate areas of the pond to maintain some degree of

segregation. In this manner, the bottom ash can be excavated and utilized as anti

skid material (see Figure B-3). The fly ash, bottom ash, and pyrite refuse settle

as they exit the discharge pipes. Pond effluent is discharged by pump to a one

half mile (0.8 km) long discharge canal which enters the Missouri River. The fly

ash slurry pH is approximately 11 to 12 as discharged into the ash pond. However,

by mixing this slurry with the other plant water, the resultant pond pH is in the

range of 9.S to 10. Labadie accomplishes compliance with their NPDES permit, i.e.,

maintaining a pH of between 6 and 9, by bubbling carbon dioxide gas through the

pond discharge.

The addition of the carbon dioxide is accomplished by a constant feed system that

is activated by the ash pond effluent discharge pump on-off control. When the pump

is turned on, the carbon dioxide is bubbled into the pump intake. The pump _acts as

- a mIxiilg dev Lce" to- assu-re even "and complet-e mixing----: In addi.Ei.on , - t:he-dis-ch-arge

piping permits a sufficient detention time for the carbon dioxide to react, so when

the discharge reaches the effluent canal its pH is less than 9.

Rush Island Plant

Rush Island Plant has two 600 MW coal fired units for a plant capacity of 1200 MW,

is located near Rush Tower, Missouri, and is owned by Union Electric Company. The

plant utilizes Combustion Engineering tangentially fired dry-bottom boilers to fire

a mixture of bituminous coals obtained by both long-term and short-term contracts.

The exhaust gases are passed through Lodge-Cottrell electrostatic precipitators and

a 700 ft ( 213 m) high dual dive stack. Bottom ash and fly ash are sluiced'to the

pond through separate lines. Their discharges are at separate corners of the pond

which provides a reasonable degree of segregation. Rush Island was selected as a

Case study to illustrate embankment/excavation pond construction. This method of

construction is quite common where on-site material is acceptable.

The ash pond is a 96.4-acre (39.0 ha) impoundment, shown in Figure B-4. Origi

nally, the ash pond site was a gently sloping area that ran from the river bank to

the base of a series of bluffs overlooking the Mississippi River. Material was

removed from this area to raise the power plant above the SOO-year flood level.

Additional material was also removed from this area to construct the ash pond

embankment. These materials consisted of silts and sandy silts with some clay.

The embankments were constructed with 3 horizontal to 1 vertical slopes and a

B-4
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( maximum height of 50 ft (15.2 m). After construction, the s.lopes were seeded and

rip-rap placed on the lower outside embankment areas to provide slope protection

from flooding.

Bottom ash and fly ash are discharged into the pond at different points to permit

excavation and use of the bottom ash. Pond effluent is treated with carbon dioxide

in a manner similar to Labadie. As water enters the discharge

injected by jets installed in the riser pipe (see Figure B-5) .

in the outlet pipes leading to the discharge channel.

Brunner Island Power Plant

structures, CO
2

is

Mixing is accomplished

Brunner Island is located along the Susquehanna ~iver in York Haven, Pennsylvania.

It is owned by Pennsylvania Power and Light Company. The plant has three combus

tion engineering tangentially fired wet bottom boilers which have a total maximum

generating capacity of 1485 MW. A maximum of 12,500 tons (11,300 metric tons) of

central Pennsylvania bituminous coal are burned each day. The average ash content

of the coal is 14.4 percent.

Fly ash is collected by electrostatic precipitators supplied by Research-Cottrell

Buell (Units 1 and 2) and Joy-Western (Unit 3) with 90 to 98+ percent removal

efficiency for Units 1 and 3, and 99.5 percent efficiency for Unit 2. A fabric
I

filter supplied by Joy-Western will be added to Unit 1 particulate removal equipment

and the old precipitators will be by-passed and gutted. A Lodge-Cottrell precipita

tor will be added to Unit 3 particulate removal equipment. In addition, S03

injection systems have been installed on units land 3. The older ash ponds were

constructed with an above ground dike system so that pond level was at plant grade.

However, newer ponds were built so that pond level lies above the 1972 Agnes Hurri

cane flood level. Fly ash is slurried to a disposal pond along with bottom ash.

Pyritic refuse is sluiced to a separate disposal area.

This plant was visited, because it uses sulfuric acid to reduce the pond effluent

pH. As shown in Figure B-6, acid is added to the effluent water as it leaves the

pond. The effluent pH normally varies between 5 and 9. Acid is added at the pond

discharge only when it is necessary to bring the pH to an acceptable value (less

than 9). Mixing is accomplished by turbulence in the discharge structure.

Sunbury Power Station

Sunbury Power Station is a four unit 362 MW (net) coal-fired power plant owned by

the Pennsylvania Power and Light Company and located in Sunbury, Pennsylvania, on

B-7
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the Susquehanna River. The plant steam supply consists of six Foster-Wheeler dry

bottom boilers. The stearn from the five boilers feeding units 1 (75 MW), 2 (75

MW), and 3 (94 MW), is collected in a common header and is used to operate the

three turbine units. Unit 4 (128 MW) is a standard boiler-turbine combination.

Boilers 1 through 4 burn a mixture of anthracite coal (sulfur content less than one

percent) and coke (sulfur content of six to eight percent), whereas Boilers 5 and 6

burn a bituminous coal with 1-1/2 to 2 percent sulfur. The plant consumes approxi

mately 4,100 tons (3,700 metric tons) of coal and coke per day, which is obtained

from the eastern and central Pennsylvania area. Sunbury Power Station was selected

as a case study because it uses lime as an ash pond treatment method due to the low

pH of the ash pond -water. This low pH is due to the use of the anthracite coal,

coke and possibly the type of bituminous coal presently being burned. Another

feature of the plant is its use of both electrostatic precipitators and bag-houses

for particulate control.

Units 1 and 2 have Joy-Western bagnouses-wnereasnUntts-:;- ana.-4-nave-Bue-l-l------an-u---------- - - --- 

Research Cottrell precipitators in parallel. The exhaust stream from Units 3 and

4 is split such that 30 percent of the exhaust gases is routed through the' Research

Cottrell System and the remaining 70 percent is routed through the Buell system.

The gas streams from the units are then exhausted through a pair of 300 ft (91 m)

high stacks. The baghouse presently provides 99+ percen.t removal efficiencies,

.wherees the precipitators provide 98+ per-cent; removal. To improve the precipitators'

removal efficiencies, S03 conditioning has been installed on units 3 and 4.

Bottom ash is collected from the boilers and slurried to a 25-acre pond near the

plant, shown in Figure B-7. This is a dual pond with a small primary pond and a

larger secondary pond. Bottom ash is excavated from the first pond to be marketed

for anti-skid material and sand blasting operations. It is currently marketed to

Bethlehem Steel Corporation for sand blasting ship hUlls. Due to the acidity of

the slurry, a lime solution is injected into the slurry pipe line near the plant to

produce an effluent which is acceptable under their NPDES permit. If, however,

there shOUld be some system breakdown or failure, the ash pond discharge structure

Can be boarded up, using stop logs, to prevent pond discharge. This allows the

addition of chemicals to alleviate the pond water problems. After the water has

been treated, the discharge structure can then be opened up and normal discharge

continued.

Fly ash, produced at a rate of approximately 200 rOOO tons (181,400 metric tons) per

year, is Sluiced to a pond located approximately 1.6 kilometers (one mile) from the

B-IO
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plant. As with the bottom ash slurry, the acidity of the fly ash slurry requires

the addition of a lime to reduce acidity prior to discharge to the pond.

Kingston Steam Plant

The Kingston Steam Plant is a 1700 MW coal-fired power plant located near Kingston,

Tennessee, and owned by the Tennessee Valley Authority. The plant consists of

four 175 MW -units and five 200 MW units, all of which were placed on line in 1954

and 1955. Presently, the entire output from this plant is utilized by the Oak

Ridge Atomic Energy Installation. Bituminous coal is delivered from Kentucky and

Tennessee mines via trains and trucks. Twelve thousand to 16,000 tons (10,800 to

14,500 metric tons) of coal are fired daily in the balanced draft, dry-bottom

boilers. The exhaust passes through mechanical collectors and two sets of electro

static precipitators -operated in series to provide 99+ percent particulate removal,

then out 1,000 ft (300 m) high stacks.

Bottom ash and pyritic refuse are slurried along with the fly ash to a series of

both old and new ash disposal ponds. The ultimate effect of this arrangement is

that the slurry is discharged into a canal, located within a former ash pond, which

discharges to the newer 250-acre (101.2 ha) settling pond. This new pond incorpor

ates a discharge channel equipped with a skimmer arrangement. Water ultimately

passes through an underflow weir discharge structure and into the plant cooling

water intake channel. The skimmer arrangement is used to keep censopheres from

entering the discharge. Currently, a private contractor is collecting these ceno

spheres for sale.

Figure B-3 is a schematic delineating the caoling water and ash handling distribu

tion about the power plant. This discharge arrangement is a cross between a once

through system and a total recirculation system. The advantages of this system are

that the environmental effects of the ash pond discharge are reduced prior to

discharge to the receiving water, and that the problem of soluble salt buildup is

negated since this is not a true closed loop system.

As described above, the ash slurry is discharged into a canal which Ultimately

leads to the primary settling pond. However, due to the low flow velocity through

this section, a ~ubstantial amount of bottom ash settles out and becomes an obstruc

tion to the incoming slurry. To solve this problem, a dragline has been placed in

operation to remove this accumulation of bottom ash (see Figure B-9). The bottom

ash is then stockpiled on the sides of the canal where it dewaters. These piles

are a source of bottom ash which is utilized locally for roadbase, aggregate replace-

ment, etc.
B-12
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Plant McDonough

Plant Jack McDonough is owned by Georgia Power Company, has a generating capacity

of 490 MW, and is located near Atlanta, in Smyrna, Georgia. It burns,approximately

3,800 tons (3,450 metric tons) per day of bituminous coal from Kentucky and Tennessee.

The coal has an aver~ge ash content of 10 percent and- a heating value of 12,000

Btu/lb (27,900 kj/kg). The plant has two 245 MW units, each of which has wet-

bottom boilers. Plant Atkinson, a 240 MW oil fired generating station, is located

adjacent to Plant McDonough. This ash disposal system is of note because it has a

sluice water return line from the ash ponds t? the ash pumping area, and because

the pond construction is representative of side-hill embankment.

Fly ash at Plant McDonough is collected by Buell electrostatic precipitators which

are 99+ percent efficient. The fly ash is moved to either storage silos for use in

concrete, or to a mixing area where it is sluiced with bottom ash to disposal

ponds. Presently, approximately" 35 percent of the fly ash generated is used for

concrete. In the future, bottom ash will be separated and sluiced to a holding

pond for dewatering and sale.

As shown in Figure B-IO, the wet disposal system is primarily a two pond series

operation. The ash slurry enters Pond 3 for initial settling. Pond 3 discharges

into Pond 4 through a channel. Pond 2 is currently empty and will be used for

bottom ash dewatering. Supernatant from that operation will be pumped to Pond 3.

Pond 1 is abandoned and has been covered with soil and seeded. Effluent from Pond

4 can be returned to the plant by gravity flow through a 24 in (61 em) line or

mixed with cooling-water and discharged to the river. Approximately 50 percent of

the ash pond effluent is recycled.

The pond embankment is shown in Figure B-l1. Pond 3 has an average depth of 20 ft

(6.1 m) and Pond 4 has an average depth of 30 ft (9.1 m). Ash is presently being

dredged from Pond 3 to Pond 4 to increase slurry retention time in Pond 3 and

prolong its life. The system as a whole has an estimated remaining life of 18

years.

Montrose Station

Montrose Station is a three-unit 510 MW coal-fired power plant located near Clinton,

Missouri, and is owned by Kansas City Power and Light. The power plant consists of

three Combustion Engineering boilers with dry bottoms that consume an average of

5,000 tons (4,500 metric tons) of coal per day. unit I was broughton line in

1959, Unit 2 in 1960, and Unit 3 in 1974. The power plant is a mine mouth operation
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which acquires subbituminous coal from a Peabody Coal Company mine. The coal has

an average ash content of 30 percent and is a blend of washed and unwashed coal

with an average sulfur content below six percent. Montrose power station was

visited to examine its complete recirculation of. bottom ash slurry water and its

use of a private railroad to transport ash.

Bottom ash is removed from the boilers, slurried with the pyritic refuse, and

dewatered in dewatering bins. The supernatant from the dewatering bins is then

recirculated to the boilers and reused forbottorn ash transport. Salt buildup or

other recirculation problems have not yet been encountered. The bottom ash-pyritic

refuse is subsequently loaded onto side dump railroad cars and transported to the

ash disposal area.

c

•

Fly ash is collected from the precipitator hoppers and transferred to a storage

silo. The ash is then either marketed or placed in side dump railroad cars as

snown iI1Flg1.i~r2-.-rf~ne------asn-i--s-oet"ng--a1sposea.- or-;-the-:rai-lyoa-a.-cars-are---- ----- ----

hauled to the Peabody Coal Mine. Here, the fly ash is deposited in the stripped

area, covered with spoil material and revegetated. The use of the railroad and

side dump cars, Figure B-13, for ash transport imposes restrictions on disposal

operations. Because of their limited right-of-way the railroad tracks have to be

moved periodically to avoid long disposal hauls of the ash. On-site spreading

equipment is needed on a full time basis to spread the ash after it is dumped. In

addition, the on-site equipment must be capable of cleaning out ash stuck in cars

and of lifting derailed cars back on the track. If the ash does not discharge when

the car is tipped, the car will tip off of the track.

Naughton Power Plant

The Naughton Power Plant is a 688 MW coal-fired power plant located near Kemmerer,

Wyoming, and owned by Utah Power and Light. This plant utilizes subbituminous coal

from the Sorensen Mine, located adjacent to the power plant, which is 8-9 percent

ash and 0.4 to 0.7 percent sulfur. This coal is fired in three Combustion Engineer

ing tangentially fired pulverized coal wet-bottom boilers. Flue gasses are passed

through Research-Cottrell electrostatic precipitators. The Naughton Power Plant

was visited due to its conversion from single cell ponds to two cell series ponds

and to observe a method of constructing pond embankments using self-hardening ash.

Bottom ash is removed from the boilers, quenched, and slurried together with the

pyritic refuse. Fly ash is removed from the precipitator hoppers and either

marketed or sluiced together with the bottom ash-pyritic slurry to the ash
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disposal ponds. Units 1 and 2 (367 MW) orginally discharged to a single 20 acre

(8.1 ha) pond, the effluent from which exceeded NPDES suspended solids require

ments. They now discharge to a 26-acre (10.5 ha) two stage pond with a 6-acre (2.4

ha) primary area as a sediment trap and 20-acre (8.1 ha) secondary area for final

clarification prior to discharge. A schematic of this pond is shown in Figure B-14.

The 320 MW Unit 3 discharges into a similar two stage pond with 6-acre (2.4 ha) and

30-acre (12.1 ha) primary and secondary areas.

The ponds are divided by a soil dike between the primary and senondary areas, such

that there is no more than a two foot difference in water level between the areas

(see Figure B-lS). The difference in water level is controlled by the primary area

discharge structure~ Ash entering the primary area is settled, and the supernatant

is discharged to the secondary area. As the depth of ash in the primary area

approaches the top of the dike, the dike is raised. The ability to raise the dike

is due to the self hardening property of the ash. Since the ash behind the dike

sets up, it exerts little thrust, thus all0wing the dike to be raised with little

fear of structural failure.

Clifty Creek Power Plant

Clifty creek Power Plant is a 1284 MW coal-fired power plant located near Madison,

Indiana. Although privately owned through a consortium of power companies, the

electrical output of this plant is dedicated to the Department of Energy, Portsmouth

Gaseous Diffusion Plant in Portsmouth, Ohio. Coal from Southern Indiana and Western

Kentucky Mines is presently supplied to the plant by barges. Ash is removed from

the exhaust gases by electrostatic precipitators. New precipitators were completed

in 1979. Plant ash yearly production, 55 percent fly ash and 45 percent bottom

ash, is approximately 243,000 tons (220,000 metric tons) of bottom ash and 297,000

tons (269,000 metric tons) of fly ash. The Clifty Creek Power Plant is of interest

due to its use of floating, flexible, plastic pipe to control the placement of ash

within the disposal area. This method can achieve excellent ash disposaldistribu

tion within a pond with minimal effort by the plant personnel.

Bottom ash is slurried to two bottom ash ponds. Because increased precipitator

efficiency will require more storage capacity, one of the bottom ash ponds may

eventually be converted to a fly ash disposal pond. Then all bottom ash will be

slurried to one pond. This is possible due to an original oversizing of the

bottom ash ponds and subsequent marketing of the bottom ash.
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Fly ash is collected dry from the electrostatic precipitators. It is then slurried

and pumped to the fly ash disposal area. During the use of the present fly ash

pond, full utilization of the volume became a problem due to its long narrow geometry.

Fly ash settled out near the sluice line discharge and would not fill the entire

pond. This problem was alleviated by extending the slurry lines with polyurethane

heat welded plastic piping with flotation collars, as shown in Figure B-16. Piping

was extended through the pond and terminated at a floating platform positioned by

guy wires to the shorea Present operation consists of moving the floating platform

via guy wires to a predetermined position. Once sufficient amounts of fly ash have

been deposited, the platform is moved to another position. This method requires

minimal manpower and negates the need for either motorizing the platform or utilizing

a boat when the pipes are moved. When the existing pond is full, piping will be

installed to the converted bottom ash pond.

Marshall Station

Marshall Station is a 2025 MW coal-fired power plant located on Lake Norman, near

Terrell, North Carolina, and owned by DUke Power Companya Lake Norman is a 100,000

aCre (40,470 ha) impoundment created by Cowans Ford Dam, a Duke PoWer company

hydroelectric project. Also located on Lake Norman is Plant McGuire (a nuclear

power plant). A third plant is possible based on cooling water availability.

Marshall Station consists of four units which were brought on line in 1961, 1962,

1969, and 1970. Bituminous coal is brought to the plant by unit trains from Kentucky

and Tennessee. Particulate removal on units one and two is accomplished by mechanical

collectors followed by electrostatic precipitators. This combination provides a

99+ percent particulate removal.. This performance is enhanced by chemical Lnject.Lon ,

Units three and four each have two electrostatic precipitators in parallel with

particulate removal performance of 99+ percent. Marshall Station was visited to

observe its method of maximizing its ash pond capacity by dredging.

Bottom ash is removed from the boilers, quenched, and slurried together with the

pyritic refuse to the ash disposal area. Fly ash is collected from the precipi

tator hoppers and either marketed by Amax Resource Recovery or sluiced with the

bottom ash-pyritic refuse slurry to the ash pond.

The ash pond is a 268-acre (108.5 ha) impoundment created by an earthfill dam

across an unnamed stream. The maximum pond depth is approximately 75 feet (22.9 m)

at the dam. Initial disposal capacity was 19,000,000 yd
3

(14,535,000 m
3)

of ash.

In addition to the plant water, the ash disposal pond must also handle runoff from

the drainage basin contiguous to the ash pond. Although not large in comparison to
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the size of the pond, this drainage area does contribute substantial quantities of

stormwater runoff, decreasing pond settling time and, therefore, total effective

ash storage volume. This complicates not only ash placement, but final pond closure

since this runoff volume must be diverted when the pond is abandoned. As initially

designed, the ash slurry discharge was near the point of pond discharge causing

poor distribution of ash in the pond. In addition to preventing full utilization

of the impoundment volume, it also threatened to violate the ash pond discharge

requirements. A barrier was constructed to prevent ash entering the discharge

structure and a canal constructed such that a greater percentage of the pond would

be utilized. However, even this flow rerouting still did not permit its full

utilization. This was duel in part, to the irregular shape of the pond. To maximize

the disposal potential, a dredge is now being used to transfer ash from the main

ash deposition areas to backwater areas (see Figure B-1?). This shifting of ash

permits full use of all the available storage volume within the embayments that

would otherwise remain unfilled under previous ash disposal operations. The use of

(

---- ---- - ----- ----- ----

a dredge to redistribute the ash was selected due to the ownership of a dredge

within the power company. Since the dredge is somewhat portable, it can be trans

ferred between jobs, if required.

Navajo Station

The Navajo Station is a 2400 MW coal-fired power plant managed by the Salt River

Project and located near Page, Arizona. The plant burns subbituminous coal which

is mined at the Kayenta Mine located on the Black Mesa, 78 miles (125 km) from the

plant. After stripping operations, the coal is moved by conveyor to a coal storage

silo, where it is loaded onto the Black Mesa and Lake Powell Railroad and transported

to the plant. The coal, which has an average ash content of 10 percent and a

sulfur content of 0.51 percent, is fired in Combustion Engineering wet-bottom

boilers. Under full load about 24,000 tons (21,820 metric tons) of coal are burned

per day. Exhaust gases are routed through Joy Manufacturing hot side electrostatic

precipitators operated in parallel, then through one of three 750 ft (229 m) high

stacks. The Navajo Station was visited to observe trucking dry ash to a canyon

disposal site in an arid environment.

Bottom ash is removed from wet-bottom boilers, quenched, and slurried along with

the pyritic refuse to dewatering bins where the supernatant is decanted. This

supernatant is passed through a secondary settling operation prior to return to the

bottom ash quenching/slurry operation, completing the water recycle loop.

(
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Fly ash is -transported from the electrostatic precipitator hoppers by a pneumatic

system to storage silos. Here, air is bubbled through the ash to fluidize it.

This is done to minimi~e caking and agglomeration problems due to the high free

lime in the fly ash. Ash which is being marketed is loaded into tank trucks. Ash

which is sent to disposal is mixed with water in a dustless unloader and placed in

60 ton (54 metric ton) off-road, end-dump trucks along with the dewatered bottom

ash-pyritic refuse for transport to the disposal site.

(

The Navajo ash disposal area is a canyon located approximately two miles from the

power plant and designed to oontain approximately· 41,460,000 yd 3 (31,716,900 m3)

of ash when completed. The ash disposal area is designed to be filled with ash

that is placed in 2 ft (0.6 m) layers and compacted by machine tracking. The high

free lime of the fly ash serves to cement the ash into a solid mass, further con

solidating the fill. Due to current utilization of the fly ash as a concrete

filler, the majority of ash transported to the site is the bottom ash~pyritic

-- ----- -- ----------------1

Studies are being conducted to assess the possibility of bottomrefuse mixture.

ash utilization, which would require the separate disposal of the pyritic refuse.

The compacted fly ash has a permeability of 17 feet/year (1.6 x 10-
5

em/sec). Fill

side slopes are maintained at a 3 hori~ontal to 1 vertical slope. As areas within

the dlsposalareas are completed they are covered with 2 feet (0.6 m) of sandy soil

(see Figure B-18) .

No revegetation is attempted, other than to allow native species to volunteer.

This is due to the arid climate, less than 7 in (18 em) of precipitation per year,

which makes any revegetation difficult. However, the end purpose of a vegetative

cover, i.e., erosion control, is adequately fulfilled by the two foot sand cover

which provides prctection from severe dusting. In addition, when heavy rain occurs,

the site has been designed to contain the disposal area runoff from a lOa-year

storm. All of the runoff will be collected and evaporatedi consequently, no sediment

discharge occurs.

Front Street Station

Front Street Station is a 110 MW coal-fired power plant located in Erie, Pennsylvania.

The plant is owned by the Pennsylvania Electric Company and was originally brought

on line in 1921; however, the existing Units 7 and 8 date from 1942 and units 9 and

10 from 1952. Bituminous coal from western Pennsylvania is delivered to the plant

and burned in water tube, drum type, dry-bottom boilers which provide steam to

condensing and one back pressure turbines. The exhaust gases are routed through

Research-Cottrell electrostatic precipitators and discharged through short stacks.
(
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Coal consumption at the plant varies due to its current use as a cycling station;

however, maximum coal consumption is approximately 1,000 tons (900 metric tons) per

day at peak capacity. Ash production is currently on the order of 39,000 tons

(35,400 metric tons) per year. Front Street Station was visited to oLserv€ the use

of fly ash as a means of restoring disturbed areas. Since the plant is located on

the shore of Lake Erie in downtown Erie, the ash must be trucked to an off-site

disposal area approximately 7 miles (11.3 km) from the plant.

Bottom ash is removed from the boilers, slurried, and dewatered in settling ponds.

After settling, bottom ash is then excavated and piled on the sides of the ponds

for final gravity dewatering. It is then loaded into dump trucks and transported

to the ash disposal area. Fly ash is removed from the precipitator hoppers and

transferred to a storage silo. It is then mixed with water to prevent dusting and

transported, along with the bottom ash, to the disposal areas by tandem, end-dump

trucks (Figure B-19).

The ash disposal area, as shown in Figure B-20, is a sand and gravel pit. This

area, which is-about 42 acres (17.0 ha) in size and has a capacity of about 316,000

tons (287,,000 metric tons) of ash, was designed, permitted, and placed in operation

in 1977. The site has been prepared for the ash by providing a PVC liner and

subs~rface drain system to intercept groundwater flow and isolate it from the ash.

In addition, ,a bottom ash drainage blanket has been placed under the entire site so

that the majority of the water percolating through the ash would be collected for

subsequent treatment, if required. The ash is currently placed in an uncompacted

state. Four monitoring wells were installed to monitor ground water quality in

compliance ~ith Pennsy1vani~ regulations.

Due to the site's proximity toa highly traveled highway, it is likely that it

could be used as light commercial or industrial property once the site is brought

to grade ang 'closure completed. Siting studies for the ash disposal project consid~

ered a number of properties. This site was selected because the cost of land near

Erie is rather high and, by utilizing a disturbed area for ash disposal, the power

company has been able to minimize its capital expenditure, even though site prepara

tion costs are high. In addition, by proper site planning, the disposal area

property is available for future resale at a higher value, thus providing a return

on investment for the power company.

Waukegan station

The Waukegan Station, located near Waukegan, Illinois, is an 800 MW coal-fired
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( power plant owned by Commonwealth Edison Company. The power plant has five older

units which have been retired, and now consists of three units, one with a cyclone

boiler and two with pUlverized coal-fired, dry-bottom boilers. The plant consumes

5,000 tons (4,500 metric tons) per day of western subbituminous coal with a 10

percent ash content and 0.4-0.5 percent sulfur content. Exhaust gases are passed

through either Research-Cottrell (Unit 6), P. C. Walter (unit 7), or Koppers (Unit 8)

electrostatic precipitators. Units 6 and 8 utilize S03 injection to enhance particu

late removal. Overall fly ash removal is approximately 98 percent. Although the

plant is owned by Commonwealth Edison Company, American Admixtures Corporation

(MC) is responsible for the ash disposal. The 37-acre (15.0 hal ash disposal area

is the Newport landfill, owned by Me and located near Zion, Illinois, approximately

one-half mile (0.7 km) south of the Wisconsin Border. Fly

Newport landfill site incorporates the American Admixtures

ash d.i.spo'seI at the
TM

FAS System, which is a

proprietary system. The Newport landfill site was visited to observe the use of a

stabilization process in the disposal of ash from western coal.

Bottom ash is collected and slurried at a rate of 100 tons (~l metric tons) per day

and dewatered in dewatering bins. The bottom ash is then sold or trucked to the

ash disposal area for use as access road base material.

Fly ash, 500 tons (450 metric tons) per day, is transferred from the precipitator

hoppers to silos where it is pneumatically transferred to sealed tankers and sold

or trucked to the disposal area, depending upon the demand for fly ash. The fly

ash must be maintained dry since it is a reactive ash which will set up if subjected

to moisture. Moisture in the tankers must be avoided since handling would be

difficult and the heat of hydration may result in vaporization of the water and

excessive internal pressure in the tanker. Once at the site, the fly ash is either

temporarily stored in the tankers or transferred to a storage silo. Prior to

disposal, it is mixed into a thick slurry (25-50 percent water content as a percent

of dry fly ash) with proprietary admixtures added when required for stabilization.

The resultant slurry is then pumped into a clay-lined cell, shown in Figure B-21,

where it proceeds to harden into a product similar to soft shale. The purpose of

the mixtures is to increase pumpability and strength and decrease permeability so

that leachate movement is prevented. Ultimately, the disposal area is to be covered

with the original clay/topsoil mixture which has been retained. It is expected to

be used for agricultural purposes after closure. Monitoring wells have been installed

by others beyond the perimeter of the area to evaluate leachate movement according

to Illinois EPA permits.
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Allen S. King Plant

The Allen S. King Plant is a 581 MW coal-fired power plant owned by Northern States

Power Company and located near Oak Park Heights, Minnesota. The plant utilizes a

Babcock and Wilcox Universal Pressure cyclone fired boiler to burn 5,100 tons

(4,625 metric tons) per day of subbituminous and bituminous ·(Montana and southern

Illinois) coal and petroleum coke. The gases are passed through Research Cottrell

electrostatic precipitators which have a 95+ percent fly ash removal efficiepcy.

The Allen S. King Plant was visited to observe a current method being used to

establish the magnitude and quality of leachate from a dry fill.

Bottom ash (slag) is slurried, dewatered, and placed in the bottom ash place~ent

area. Fly ash is pneumatically transferred from the precipitator hopper to a

storage silo where it is mixed with water in,a dustless unloader, placed into dump

trucks, and hauled to the placement area. There the ash is end dumped and spread

with a dozer. Approximately 96,000 tons' ( 87,300 metric tons) of ash were placed

in this manner in 1978.

The Allen S. King ash placement area is presently serving as a fly ash leachate

monitoring study area. Both monitoring wells and test cell have been constructed

to analyze in-place leachate generation and its impact on the groundwater system.

Figure B-22 shows the test cells as installed at the ash placement area. To

analyze various leachate generation conditions both "ac i.di.c" fly ash from the Allen

S. King Plant and "eLkaLdrie" fly ash from the High Bridge plant were utilized. In

addition, two ash densities will be studied. Two t~st cells were placed by end

dumping only; the other two cells were placed and compacted. To determine the

amount of rainfall occurring, i.e., percolating through the ash, a rainfall gage

has been installed.

The test cells were installed in the fall of 1978. However, when leachate collection

begins, it will be measured and tested monthly for quantity and quality (pH, dissolved

oxygen, alkalinity, total dissolved solids (TDS), sulfate, chloride, phosphorus,

barium, boron, cadmium, arsenic, manganese, niokel, zinc, aluminum, iron, magnesium,

and selenium).

In addition to the leachate generation stUdy, the ash placement area is currently

being monitored for groundwater changes. As shown on Figure B-23, four 4-1/2 in

(11.4 em) PVC groundwater monitoring wells have been installed. One upgradient

monitoring point will provide background samples. Three downgradient. wells are
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being utilized to determine the impact of the site on the groundwater system.

Sampling of the groundwater monitoring points will be performed quarterly to deter

mine total dissolved solids (TDS), sulfates, manganese, boron, and pH. Boron has

been specified as an indicator metal, i.e., if the boron concentration changes by

more than 50 percent, the fly ash leachate is assumed to have entered the groundwater

system. If this occurs, then a metals analysis will be performed to determine

cadmium, copper, hexavalent chromium, lead, mercury, nickel, zinc, arsenic, silver,

selenium, and iron concentrations.

Powerton Station

(

(

The Powerton Station, located at Pekin, Illinois, is a 1800 MW plant owned by

Commonwealth Edison. The plant had been burning 12,000 tons (10,900 metric tons)

per day of bituminous Illinois coal with an average ash content of 10 percent and a

sulfur content of 3 percent. However, subbituminous western coal with a sulfur

content of 0.24 to 0.53 percent is now being burned to help control sulfur emissions.

---T-h-e boilers ~r~-th~-cyclone type, and produce- 42 -percent fly ashand-58 percent- ---- - - ---

boiler slag. This disposal site was visited due to the ·use of a constructed site

liner and because they are currently using the completed surfaces of the site for

growing agricultural products.

Fly ash is collected by electrostatic precipitators and pneumatically conveyed to

two 1,500 ton (1,360 metric ton) storage silos. It is either sold for use in road

materials, pozzo1anic or bituminous pavements, or sent to the disposal area.

Boiler slag is sluiced to a dewatering bin, dewatered, then trucked to the disposal

area or sold for various commercial purposes.

American Admixtures Corporation places all ash and slag requiring disposal in the

Mahoney landfill. The disposal site is located in a low lying area, a portion of

which is within the floodplain of Lost Creek. The soil profile for the site indicates

that large sand and gravel deposits underly two to seven ft (0.6 to 2.1 m) of silty

clay. In order to minimize the flow of leachate into the groundwater, the Illinois

EP~ required the installation of a site liner. The liner used is 8 in (20 em) of

pozzolanic concrete (as shown in Figure B-24). A new site to be located adjacent

to the existing site will have a 5 ft (l.S m) thick pozzolanic concrete liner. The

pozzolanic concrete is a mixture of lime, fly ash, and boiler slag aggregate which

is sold commercially for roadbase and similar applications. Samples from 9 monitor

ing wells within and around the disposal site are analyzed for total residue,

sulfate, iron, and chlorides.
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Fly ash and boiler slag used in the pozzolanic concrete are stockpiled in a damp

condition prior to mixing. Fly ash sent to disposal is placed in the fill by end

dumping from open end dump trucks and spread and compacted by a dozer. The fill

has a maximum height of 30 ft (9.1 m) and side slopes of 2 horizontal to 1 vertical.

When a section of the landfill reaches final grade, it is covered with 18 in (46 em)

of silty clay and 6 ~n (15 em) of imported topsoil, then seeded with a mixture of

grasses. As shown in Figure B-25, some portions of the completed fill have been

seeded with winter wheat to assess the possibility of using the closed site for

agricultural purposes. The completed portion of the site has now been harvested

for the first time and the wheat- sold.

Coal Creek Power Plant

The Coal Creek Power Plant near Underwood, North Dakota, is jointly owned by the

Cooperative Power Association (56%) and the united Power Association (44%).

Lignite from the nearby Falkirk mine is burned in both 550 MW units. The boilers

are Combustion Engineering pu Lvez'Laed ~oal-;- dry':"b;-tt;m~-balanceddraftboIiers-:------- ----- - -----{

The plant has an expected life of 35 years, which is also the expected life of the

lignite reserve. With both units at peak capacity, the plant will burn approximately

21,000 tons per day of lignite that has a heat value of 5800-6800 atus/lb. and 9%

ash. Coal Creek was visited to observe lignite ash disposal.

Bottom ash is sluiced to a disposal pond, Figure B-26. Effluent is currently

recycled from the pond back to the plant for use as bottom ash sluice water. A

second pond is under construction and is approximately four times larger than the

pond currently in Use. The ponds were lined with two feet of clay with a permea-
-6

bility of 1 X 10 em/sec. These ponds encompass an estimated 400 acres, and are

designed to store ash through the life of the plant.

Fly ash is collected by cold-side Wheelabrator Fry electrostatic precipitators and

transported to silos by a pneumatic pressure system. Fly ash is also being used in

a lime/fly ash 802 scrubber. Fly ash is trucked from the silos to the mine for

burial during mine reclamation, or loaded into trucks or rail cars for sale.

Centralia Power Plant

The Centralia Power Plant is located in southwest Washington near Centralia, and is

jointly owned by Pacific Power and Light (48%) and several smaller interests,

including other power companies and cooperatives. The plant has two 665 MW generat

ing units made by Combustion Engineering that have been operating since 1972.

Subbituminous coal is strip mined nearby and trucked to the plant. The plant burns
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an average of 19,000 tons of coal per day. The ash content is 15-17 percent and

the heat content is about 8,000 Btu/lb. Centralia was visited to observe mine

disposal of subbituminous ash.

Bottom ash is sluiced from the boiler hoppers approximately 300 feet to dewatering

bins by a United Conveyor closed loop system. Water is returned to the system

through a settling tank and a surge tank. Additional make-up water is supplied

from recycled wastewater. Bottom ash removed from the bins is stockpiled for

future sale or sent to the strip mine for disposal.

Fly ash is collected by two sets of precipitators. The first set is from Koppers

and removes 99% of the ash. Lodge-Cottrell precipitators were added in series to

meet particulate emission standards. OVerall removal efficiency of the series of

precipitators is 99.96 percent. Fly ash is handled in-plant by a United Conveyor

pressurized pneumatic system and transported to storage silos. From the storage

silos, fly ash is either loaded dry into Pozzolanic Inc. carriers, or unloaded

through rotary unloaders into trucks for transport to the mine disposal area.

Pozzolanic Inc. carriers are either rail cars especially adapted for ash transport,

or bulk tank trucks.

Fly ash sold to Pozzolanic Inc. is used for bulk concrete replacement material and

also as a pozzolan. Pozzolanic Inc. unloading facilities include an air classi!ier

and bagging facility. Bottom ash is sold to a trucking firm, which sells the ash

for use in road base and driveways.

Ash that is not sold is mixed with the strip mine spoils during reclamation, Fig

ure B-2? At an active pit, over 250 feet of overburden was being removed to reach

coal seams varying from 10 to 30 feet in thickness. Ash placed in the mine is end

dumped and spread by rubber-tired dozers. The ash is then buried during the

reclamation process. Ash and other waste products, such as coal cleaning wastes,

are mixed with the lower soil horizons during the reclamation procedure. Final

reclamation includes the placement of topsoil, seeding, and the planting of saplings.

Big Brown Plant

The Big Brown Power Plant is situated near Fairfield, Texas and is equally owned by

three power companies: Texas Power & Light, Dallas Power & Light, and Texas

Electric Service, all members of Texas Utilities. The two 575 MW units burn

approximately 20,000 tons of pUlverized lignite per day, which is strip mined about

four to six miles away by Texas utilities. The lignite contains approximately 15
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( percent ash content and approximately 6.,800 Btu/lb. Both boilers are Combustion

Engineering, tangentially fired, supercritical, dry-bottom models. Water from Lake

Fairfield, 2,500 acres, is used for cooling. Boiler make-up water is obtained

from wells located adjacent to the plant. Big Brown was visited to observe lignite

ash disposal and treatment of recycled bottom ash sluice water.

Bottom ash is quenched as it leaves the boiler and, after crushing, is pumped by

jet pumps to disposal ponds located an estimated 2,500 feet from the plant. The

bottom ash disposal system has two dewatering ponds which are used on an alter

nating basis. The bottom ash delta formed near the point of slurry discharge is

moved out into the pond with a dozer. Bottom ash excavated from the ponds is

either trucked to strip pits for disposal or used on plant and strip mine roads as

an aggregate replacement. The typical fill/excavation cycle for the ponds is three

months. Bottom ash pond effluent is 100 percent recycled. After passing through a

skimmer discharge structure, the effluent is treated with sulfuric acid to reduce

the pH to between 6.0 and 9.0. Approximately 3,000 gallons of acid are used each

month. The recycled water then flows by gravity through 24-inch diamete~ pipes to

a high pressure pumping system for reuse. Make-up water is supplied from plant

discharges, including auxiliary boiler blow-down, area runoff, and service water

make up (wash-down water) .

Fly ash is collected by Research Cottrell precipitators, which have been rewired

for double power and also use an Appolo additive to enhance collection. After

collection, fly ash is pneumatically conveyed to two storage bins and a silo located

an estimated 1,500 feet from the plant by a United Conveyor Handling System. The

storage bins are o~ed by TUGCO and operated by General Portland Cement; the silo

is owned and operated by Texas utilities. one General Portland storage bin is used

to store ash for subsequent transfer by tank trucks, Figure B-28, to a rail line

for shipment to a central bulk cement plant. The other General Portland storage

bin stores ash which is used for grouting, and mixed with a proprietary additive

prior to shipment. The Texas Utilities silo is a transfer station in the fly ash

disposal system. Fly ash transferred to this silo is unloaded into off-road scrapers

through united Conveyor dustless unloaders, (10 percent moisture added)', and hauled

to certified disposal sites. Approximately 1728 tons of fly ash per day require

disposal.

Leland aIds Station

The Leland Olds Station is owned by the Basin Electric Power Cooperative, and

located near Stanton, North Dakota. The plant has two units. Unit 1, rated at 21,6
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MW, burns pulverized lignite in a Babcock and Wilcox boiler,' Unit 2 has a 'Babcock

and Wilcox cyclone boiler rated at 440 MW. The bottom ash to fly ash ratios for

the units are 35:65 and 67:33, respectively. Lignite for the station is strip

mined at the adjacent GlenHarold mine; it contains about lO'percent ash and 6,000

7,000 BTU/lb, as received. Maximum lignite consumption is 13,000 tons per day.

Leland Olds was visited to observe wet lignite ash disposal.

Both units have cold side electrostatic precipitators. Unit 1 has a Research

Cottrell precipitator and Unit 2 has a Joy Western precipitator. Both precipi

tators operate at 99.9 percent efficiency, and achieve particulate removal in

compliance with the state opacity regulations.

The Leland Olds Station uses a wet ash disposal system. Fly ash is collected by

vacuum, sent to a hydrovactor, and then slurried by gravity to the ash ponds which

are located some 2,500 feet east of the power station. Bottom ash, after grinding,

is sluiced by jet pump to the disposal ponds. The fly ash and bottom ash are sluiced

together to the same pond. The fly ash, which is self-hardening, has a tendency to

clog pipes and restrict slurry transport. High-pressure water cleaning has proved

effective in cleaning individual pipe joints.

The ash disposal ponds function in a series arrangement. At present, there are

four ponds. Three ponds are now' in use. Pond 4 is out of service until ash is

excavated. The surface area of the first pond is approximately 50 acres, the

second 40 acres, the third 3 acres, and the fourth 70 acres. The ash slurry from

Units I and 2 enters the first pond where the coarse ash settles. Supernatant is

drawn off into the second pond for further settling, and the third pond acts as a

polishing pond for water prior to pumping back to the plant. (B~29)

Water from the ash ponds is recycled to the plant where it is mixed with cooling

water, and either discharged into the Missouri River or recycled in the Sluicing

system. Plant cooling ~ater is handled on a once-through basis from the Missouri

River, through the plant, and back into the Missouri River. The pond supernatant

is diluted to avoid solids build-up in recycled water, and to dilute any high

concentrations of chemicals in the pond discharge.

Hunter Power Plant

The Hunter Power Plant near Castle Dale, Utah, is owned by Utah Power & Light. The

two 410MW units burn approximately 6,800 tons of pulverized subbituminous coal per

day from a nearby surface mine owned by Utah Power & Light and operated by the
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Emery Mining Corporation. The coal contains approximately 13.5 percent ash and is

delivered to the plant by truck. The boilers are Combustion Engineering pulverized

coal, dry-bottom, controlled circulation boilers. Water for the plant comes from

reservoirs that are approximately ten miles east of the plant. The Hunter Plant

was visited to observe subbituminous ash disposal in a flat topographical setting.

Fly ash is collected by Buell cold-side electrostatic precipitators and transported

by a United Conveyor ~nuematic pressure system to silos. There is one silo for

each generating unit and they are located approximately 1000 feet from the collectors.

From the storage silos, fly ash is loaded into 35 and 40 ton off-road dump trucks,

both end and belly dump. A private contractor hauls the ash and operates the

disposal site which is located 2-1/2 miles from the plant, Figure B-30. Approximately

700 tons of fly ash per day require disposal.

Bottom ash, economizer ash, and pyrites are handled wet and sluiced together to

dewatering bins located approximately 500 feet from the boilers. There is one set

of dewatering bins for the two units. One bin fills each day and the bins are on

an alternating daily basis for dewatering and filling.. Bottom Ash is trucked from

the dewatering bin to the same disposal site as used for fly ash. The trucks used

for bottom ash transport are the same as used in fly ash transport.

Bottom ash sluice water operates in a total recyple system. Make-up water to the

sluicing system comes from plant wastewater and boiler blowdown. The plant has no

dischargei evaporation ponds are used to dispose of boiler blowdown and wastewater.

Jim Bridger Power Plant

The Jim Bridger Power Plant, located 30 miles east of Rock Springs, Wyoming, is

jointly owned by Pacific Power and Light (67%) and Idaho Power Co. (33%). The

plant has four 510 MW generating units with Combustion Engineering, dry-bottom,

pulverized coal boilers. Subbituminous coal from Bridger Mine, adjacent to the

plant, is burned at a peak consumption of 24,000 tons/day. The coal has an ash

content of approximately 10 percent. The Bridger Plant was visited to observe

strip mine disposal of subbituminous ash.

Water is pumped to the plant from the Green River, located approximately 40 miles

to the west of the plant. This water is used for cooling and process makeup water.

Plant wastewater is discharged to an evaporation pond. Some of the water is later

pumped into an irrigation system.
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Bottom ash is sluiced to dewatering bins by United Conveyor Equipment. The bottom

ash sluicing water is recycled for each unit. A unit running at full capacity

takes five to six days to fill a bottom ash dewatering bin. Some problems with

plugging of bottom ash dewatering bin screens by· fines have occurred. A vacuum

truck is used to remove fines from the screens and also to clean the sludge from

bottom ash clarifiers.

Fly ash is collected from Flakt cold-side electrostatic precipitators. A united

Conveyor pressurized fly ash system is used to transfer ash from the precipitator

to the silo, which is located 400 to 500 feet from the boiler. Ash unloaded from

the silos and the dewatering bins is taken to the strip mine by 60-ton, end-dump,

off-read trucks, Figure B-31. Ash is hauled 24 hours per day, 5 days per week.

Bottom ash and fly ash are trucked separately. A problem with freezing of the ash

in the trucks occurs during the winter, which diminishes effective truck capacity.

Fly ash was observed by plant personnel to be self-hardening and, when mixed wich

water, will harden into a solid mass. Coupled with freezing temperatures in the

winter, this property makes fly ash difficult to unload from the trucks. Transport

distance to the mine disposal site is approximately seven miles. A portion of the

ash is sold to Pozzolanic Inc. for use as bulk concrete replacement material and

also as a pozzolan.

Cherokee Power Plant

The Cherokee Power Plant of the Public Service Company of Colorado is located in

suburban north Denver, adjacent to industrial and residential areas. The plant has

four generating units, Unit 1 (100 MW), Unit 2 (110 MW), Unit 3 (150 MW), and

Unit 4 (350 MW). The average daily coal consumption for the entire plant is

7,500 tons. Typical fly ash to bottom ash ratio is 70 to 30. The coal is sub

bituminous from the Fresh Water seam with an ash content of 10 percent and a heat

rate of 10,000 Btu/lb. The Cherokee Plant was visited to observe sub-bituminous

ash disposal in a metropolitan area.

A variety of partiCUlate removal devices are used at the plant. Typically, each

unit has mechanical and electrostatic partiCUlate removal equipment. In addition,

units 1 and 4 have partiCUlate scrubbers, and Units 2 and 3 have Buell bag houses.

Sulphur captured with partiCUlates creates an acidic scrubber effluent, pH approxi

mately 2, which is neutralized with lime. This neutralization process creates a

sludge which is slurried to dewatering ponds along with bottom ash. Approximately

500,000 cubic yards of ash are produced each year by the plant. Typically, there
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( are 1,500 pounds of ash in a cubic yard, which indicates that 375,000 tons of ash

are produced per year.

The in-plant ash handling system incorporates a wide variety of ash handling

equipment from United Conveyor and Allen-Sherman-Hoff. In general, heavier ashes

including bottom, air heater, economizer, and mechanical cyclone ash are handled

wet. Scrubber ash and mill rejects are also handled wet.

Electrostatic precipitator ash and bag house ash are handled dry. Dry ash is

transferred pneumatically to 2 silos, which are located approximately 150 feet from

the boilers. Units 1,2, and 3 are vacuum'pneumatic systems, and Unit 4 has a

pressure system.

There are three ash settling ponds. Ash is allowed to settle, and the effluent is

pumped to two polishing ponds. Water from the polishing ponds is re~ycled to the

plant for later use in the sluicing system. The dewatering ponds are used on an

alternating basis. Typical time for ponds to fill is four to six weeks. Dewatered

ash is excavated and trucked to the dry landfill, which was once a gravel quarry.

Ash transport to the disposal site and site operation are done by a private contractor.

Fly ash is trucked from the storage silos to the disposal site in 20 ton, end-dump

trucks.

Placement of ash entails end-dumping and spreading of the ash, Figure B-32. A

rubber-tired dozer works in combination with two or three trucks during an eight

hour shift. Hauling is done on a continuous basis. The haul distance from the

plant to the site is approximately one mile. The general plan of operation is to

fill the gravel pit from the periphery working towards the center. The site covers

an estimated 100 acres, and typical fill depth is approximately 40 feet. There is

some revegetation of the site. The estimated life of the site and the duration of

the hauling contract is ten years.

The landfill is lined with bentonite and will be eventually developed as an office

complex and warehouse building site. Site lining was required by county solid

waste disposal regulations. No monitoring of the groundwater is done. Industrial

and light commerical property are adjacent to the disposal site.
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