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MASTER

ABSTRACT

Of the approximately 70 million tons of fly ash, bottom ash, and boiler slag
produced by United States utilities in 1978, only 24 percent was used. The rest
was placed in storage or disposal areas. This manual was developed to provide
reference information for ash disposal. It is intended to aid in the selection
and operation of ash disposal systems with respect to cost considerations and
current governmental regulations by furnishing specific disposal criteria, where
available, and by outlining methodologies for decision making and cost estimating.
Specific topics covered include site selection methodology; ash physical and
chemical properties; current disposal philosophies; possible governmental regula-
tions affecting new ash disposal sites; conceptual design of ash disposal

systems and estimates of ash quantities; case studies of existing ash disposal
sites; monitoring; site reclamation; and cost estimating. References covering

these topics and ash disposal site design are included.
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EPRI PERSPECTIVE

PROJECT DESCRIPTION

This document is one of a series of manuals published by the Solid Waste By-Products
Disposal Subprogram on the disposal of utility waste by-products. It serves as a

companion to the FGD Sludge Disposal Manual, FP-977. This manual, developed under

Research Project (RP) 1404, provides the utility industry with a sound methodology
that will permit confident selection of the methods and facilities for the storage
and/or disposal of coal ash. The material covered in this manual encompasses four
principal categories: (1) data on the chemical and physical properties of coal ash
and a description of current ash disposal practices; (2) information on site-
selection methods, environmental monitoring, and site reclamation; (3) a review of
proposed and promulgated federal regulations on solid waste disposal and an analysis
of their impact on ash disposal; and (4) computational methods for estimating waste
quantities, waste characteristics, leachate production rates, and new plant system
costs. The manual applies to new plants and does not include provisions in the cost
development methodology for retrofitting premiums. Thus, the costs that are
developed herein may be substantially lower than those for retrofitting wet or dry
disposal systems at existing power plants. A manual that will describe methods and
cost for upgrading existing disposal systems is being prepared under RP1685-2 for

publication in early 1981.

PROJECT OBJECTIVE

The objective of this manual is to provide the industry with detailed information
about design features, equipment selection, and specific procedures for evaluating
factors necessary in selecting an optimal ash disposal system for new plants. It is
intended for use by utility designers and managers in the preliminary identifica-
tion, cost analysis, ranking of candidate ash disposal sites, and system selec-—
tion. A continuing objective of the EPRI Solid Waste By-Products Disposal
Subprogram is to maintain and update the manual series with regard to the evolving
requirements of the Resource Conservation and Recovery Act (RCRA), the Clean Water
Act (CWA), and other relevant regulations; advances in waste disposal technology;
and changing costs or economic factors. For this reason, this manual is in a loose-
leaf format, which will allow easy insertion of updated material from future EPRI
projects. Already a project is underway (RP1685-3) to develop the second edition of

this manual.



PROJECT RESULTS

This manual presents a systematic and objective methodology for evaluating candidate
ash disposal sites and methods. It provides background information and references
on existing practices, regulatory constraints and trends, as well as ash properties
and system costs. The cost estimating procedures are illustrated in a carefully

described base case in conformance with the EPRI Technical Assessment Guide.

Adjusting factors from the base case for some site-specific considerations are in-

cluded.

Coal ash disposal systems are usually categorized as either wet or dry. A signifi-
cant conclusion reached is that for the range of factors considered, and using

investor-owned, regulated utility financing, dry disposal is in general considerably
less expensive than wet disposal. The cost disadvantage in wet systems is primarily

the result of the large capital costs associated with pond construction.

Certain features of the base case should be noted when applying the cost estimation

methodology:

o The data on ash pond effluents composition and ash leachates con-
tained in the manual are based on a limited number of samples and
thus may not be representative of either the range or the average
for such values for the industry as a whole.

° The base case estimate assumes that all bottom ash is sold or used
off-site at no cost to the utility. Therefore the costs for such
disposal must be added for any case where this assumption does not

apply.

® The systems described and costed are not intended to meet proposed
or future RCRA requirements for either the dry or wet disposal
systems. Neither do they provide for costs of rainfall runoff or
effluent treatment systems for meeting current effluent limita-
tions under the Clean Water Act. Cost estimates provided in
Section 9 should be modified by the manual user to meet any such
limitations.

This manual contains a questionnaire (see yellow-colored pages) to be completed by
the users, to provide EPRI with a feedback mechanism so that subsequent editions

will be even more responsive to industry needs. The questionnaire return date is
given as May 1, 1980; however, questionnaires received after that date will also be

welcomed. Comments and suggestions will be incorporated to the extent possible.

Dean M. Golden, Project Manager
Fossil Fuel and Advanced Systems Division
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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 factorsvinvolved with the disposal
of fly ash and bottom ash. The manual has been prepared to aid utility design
personnel in the selection and location of optimal disposal systems. This is
not a state-of-the-art report. Therefore, only that information 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 two other EPRI publications, FGD Sludge
Disposal Manual FP-977 and Fly Ash Structural Fill Handbook, RP-1156 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 Disposal Manual and the information presented is largely applica-

ble 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 Structural Fill Handbook. The reader is encouraged to review these two EPRI

publications 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 estimating methods
for ash disposal. A second category includes items that are increasingly becoming
subjects of interest to utility personnel involved in ash disposal. This category
includes site selection methods, environmental monitoring, and site reclamation
procedures. Finally, a recent development of particular interest is the promul-
gation of federal regulations covering solid waste dispésal under authority of

the Resource Conservation and Recovery Act (RCRA). The details of this law and

s-1



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, and 3, Current Disposal Philosophies, 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 S-1 illustrates the possible variations in
disposal schemes which are presented in the manual. Ash disposal essentially
entails the transport of ash from the collection points at the power plants to
disposal areas for placement. Wet systems commonly use pipelines to move the

ash from the plant to the pond area. Dry systems commonly use trucks to transport
ash, although rail, barge, or conveyor systems may be feasible in some cases.
Disposal areas can be either prepared sites or sites needing reclamation, such

as mines or quarries. Wet disposal areas are usually ponds and dry disposal

areas are generally landfills.

CONTENTS

Section 1, Site Selection Methodology, presents detailed information about the
selection of an optimal disposal site and includes a discussion of disposal

system types and the physical, engineering, regulatory, environmental, and
economic factors influencing site selection. Usually the initial step in selecting
a disposal site is to decide whether it will be operated as a wet site or a dry
site. It can also be operated as a combination of the two. An alternate approach
to site selection which is less common is to begin searching for candidate sites
and postpone the decision of whether to go with a wet or dry system until after

an initial site inventory is conducted. In either case, the characteristics of
wet and dry systems are reviewed early in the site selection process. Next,
candidate sites are inventoried. This process starts with a look at the overall
physical constraints such as site size, proximity to the power plant, suitable
topography, etc. These criteria are relatively inflexible in that they are not
easily altered. 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 physically satisfactory are more

closely scrutinized to determine what engineering development is required to

create a usable disposal area. These engineering criteria are usually somewhat
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flexible in that most problems can be solved, but at some development cost.
Factors such as access road construction, surface water control, 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 development. Zoning restrictions, permits, and
local public acceptance are also relatively inflexible constraints. While
problems of this nature can often be overcome through cooperation with the
appropriate agencies or government 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 usually flexible constraints
that will not eliminate a site from consideration unless the inipact is severe,
such as the displacement of endangered species. In most situations, the environ-
mental impacts are not this severe. However, they are also not cost relatable,
and ranking candidate sites is difficult. To solve this problem and allow
environmental concerns to be included in the site selection process, Section 1
presents a decision matrix method for ranking sites on the basis of environmental
impacts. The matrix results in a useful comparisen with the economic ranking to
select sites which will minimize both cost and adverse environmental impacts. A

case study of a typical site selection process using this method is included.

Section 2, Properties of Power Plant Ash, presents information on the physical,
chemical, and engineering properties of ash and its leachate. In the past, most
ash disposal was in wet systems where the ash was sluiced to a pond with little
or no subsequent handling. Little characterization of its physical or chemical
properties was necessary. However, as environmental regulations and concerns
have become increasingly important considerations in ash disposal site design,
more attention is being given to the chemical makeup of the ash. 1In 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 required with wet systems.
Thus, there is a general overall increase in interest in the physical and chemical

characteristics of fly ash and fly ash leachate.



Section 2 discusses the chemical and physical characteristics of fly ash from
the standpoint of origins in the coal and the effects of methods of combustion,
ash collection and handling. Ranges of typical values for parameters of interest

are included.

The original purpose of Section 3, Current Disposal Philosophies, was to summarize
current disposal systems, determine where they might be deficient when compared

to EPA criteria, and describe what remedial measures are necesssry to bring existing
systems up to standards. The delay in implementation of RCRA has left some gques-—
tions unanswered in regard to necessary remedial measures. Section 3 is divided

into three parts:
® A review of current disposal practices.

° A discussion of the Clean Water Act of 1977 with regard to ash
disposal.

® A discussion of the requirements of the Resource Conservation and
Recovery Act of 1976 (RCRA) with regard to ash disposal.

The review of current disposal practices is presented on a regional basis. 1In
some regions, wet disposal is dominant, while in others dry disposal in landfills
is the most prevalent practice. Factors which may influence the choice of a
disposal method are presented. The Clean Water Act of 1977 is having considerable
impact on ash disposal practices. Stringent discharge requirements have been
issued for ash disposal sites under the National Pollutant Discharge Elimination
System (NPDES) permitting program. The requirements for wet and dry sites are

presented and their effect on future disposal sites discussed.

The discussion of requirements of RCRA should be of particular interest to many in
the utility industry since it is likely to have a major impact on ash disposal
practices in the future. Therefore, the details of the legislative history of
RCRA, its current status, and anticipated future events, such as the date of

final regulations, are included. BAn explanation of the regulations as now promul-
gated includes a discussion of hazardous and non-hazardous waste and the importance

of distinguishing between the two.

For wastes which are classified as non-hazardous, RCRA regulations for siting,
surface and groundwater protection, and other requirements are discussed. For
those wastes which are classified as hazardous, RCRA requirements for siting

and surface and groundwater protection are also discussed along with the additional



requirements for security, record keeping, closure, etc. Under the regulations
as currently drafted, fly ash and bottom ash which are not classified as a
hazardous waste will be regulated by the states with programs consistent with
these guidelines. Finally, a review of standard engineering practice used in

the design of many current ash disposal sites is included for a comparison.

The purpose of Section 5, Conceptual Design of Ash Disposal Systems, is to
present the information required for the prediction of the waste gquantities to
be generated. The waste quantities can be predicted in terms of factors such as
ash content of the coal, heat rate, plant capacity, etc. A series of formulas

that allow computation of expected ash quantities is presented.

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 in detail. Other sites which illustrate certain key features of
interest to site design have also been presented. Example topics include reveg-
etation procedures, groundwater monitoring systems, ash transportation and

placement, etc.

Section 7, Monitoring, presents explanations of monitoring and monitoring well
systems, including their costs. Topics that have been included are 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 specific design of monitoring wells is also included along with
typical details illustrating this design. Equally important in the operati&n of
monitoring systems are the testing procedures to bezconducted once representa-
tive 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 regqgulations, efforts to reclaim and revegetate

disposal sites have recently accelerated. However, there is considerable confusion



regarding which methods are most 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 investi-
gator may report on the toxicity of 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 ash.
To assist utility personnel in dealing with site retirement procedures in their
area, this section gives specific guidance to effective and economical retirement
and revegetation procedures as well as sources of additional information and

assistance.

Section 9, Cost Estimating, presents cost estimates, the basis for these estimates,
and the methods to be used in preparing a detailed cost estimate. Also included
are cost curves which allow preliminary general level cost estimates which are

not site specific. Economic comparisons are key factors in the decision process
when choosing an ash 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.

A significant conclusion regarding the cost of wet and dry disposal systems is
reflected in the cost curves in Section 9. For the range of parameters considered,
and using investor-owned, regulated utility financing, dry disposal is generally
considerably less expensive than wet disposal. The cost disadvantage in wet
systems is primarily the result of the amortization of the large capital cost

associated with pond construction.



QUESTIONNAIRE ON
COAL ASH DISPOSAL MANUAL, EPRI RP 1404-1

To users of the Coal Ash Disposal Manual:

The answers to this questionnaire will be used to update and
improve the Manual. There are two sections to the questionnaire:

I Overall Comments
IT Comments on Specific Sections

Your cooperation in answering all or any part of the questionnaire
will be appreciated. Use additional sheets, if necessary.

Please return by May 1, 1980.

Dean M. Golden

Electric Power Research Institute
3412 Hillview Drive

Palo Alto, CA 94303

If you have any questions, please contact Dean Golden at (415)855-2516.

Note: If you receive your manual after April 1, 1980, please complete
the questionnaire anyway. Your suggestions can be included in subsequent
revisions.

I. Overall Comments

Format

Appearance

Contents

Ease of Reference

Other

Answered By:
Name Title

Company Phone No.




IT. COMMENTS ON SPECIFIC SECTIONS

Section 1 -~ SITE SELECTION METHODOLOGY

Was information helpful? Factual?
Comments:

Suggestions for improvements (deletions, additions, method of presen-
tation, other):

Section 2 -~ PROPERTIES OF POWER PLANT ASH

Was information helpful? Factual?
Comments:

Suggestions for improvements (deletions, additions, method of presen-
tation, other):

Section 3 -~ CURRENT DISPOSAL PHILOSOPHIES

Was information helpful? Factual?
Comments:

Suggestions for improvements (deletions, additions, method of presen-
tation, other):

Section 4 - IMPACT OF RCRA ON NEW DISPOSAL SITES

Was information helpful? Factual?
Comments:

Suggestions for improvements (deletions, additions, method of presen-
tation, other):




Section 5 - CONCEPTUAL DESIGN OF ASH DISPOSAL SYSTEMS

Was information helpful?
Comments:

Factual?

Suggestions for improvements
tation, other):

(deletions, additions, method of presen-

Section 6 - CASE STUDIES

Was information helpful?
Comments:

Factual?

Suggestions for improvements
tation, other):

(deletions, additions, method of presen-

Section 7 - MONITORING

Was information helpful?
Comments:

Factual?

Suggestions for improvements
tation, other):

(deletions, additions, method of presen-

Section 8 - SITE RECLAMATION

Was information helpful?
Comments:

Factual?

Suggestions for improvements
tation, other):

(deletions, additions, method of presen-




Section 9 - COST ESTIMATING

Was information helpful? Factual?
Comments:

Suggestions for improvements (deletions, additions, method of presen-
tation, other):




Section 1

SITE SELECTION METHODOLOGY

INTRODUCTION

The selection of fly ash and bottom ash disposal sites is a complex problem
entailing the development of engineering and environmental design criteria, and
the evaluation of environmental impact, economic studies, 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 information
required to select ash disposal sites which will achieve the goal of optimum
balance of low cost and high environmental acceptability. The approach provides
a means for documenting the decision making process and helps ensure adequate
evaluation of all sites considered. In addition, this section also provides a
brief description of wet, dry and combination disposal systems, including advan-

tages and disadvantages.

In order to summarize and illustrate the disposal site selection methodology, a

case history is included.

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.

Additional information is available in Section 3 - Current Disposal Philosophies.

Wet Systems

Wet systems are designed to dispose of bottom and fly ash generated at the plant
in the form of a slurry. The slurry is piped from the plant to the disposal
area where the ash is contained in ponds which function as large-scale sedimentation

basins. Upon entering the pond, the ash 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. 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. Increasing concern on the part of regulatory
agencies about the possibility of ground water 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 can 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 considerations, see the

EPRI FGD Sludge Disposal Manual, FP-977 (1).

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 trans-

portation routes,

) Ash transportation and site operation are simpler and generally
less expensive than those of dry disposal.

Disadvantages

) High site development costs,

° Larger quantities of leachate are generated than with dry systems,

) Larger disposal site volume is required than with dry methods,

° Value of fly ash for reuse is reduced,

° Operation is inflexible with regard to future changes,

) Use of land after site closure may be difficult and costly,

) Potential for spills of slurry,

° Cannot be used to transport self hardening fly ash over large
distances.



Dry Systems

Dry disposal systems essentially entail the landfilling of ash conditioned with
a sufficient amount of water to aid placement. 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 eguipment.
Depending on economic considerations and plans for the future use of the site
after closure, the ash can be compacted. If compacted, the required storage
volume is reduced accordingly and 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 construction 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 adeguate to protect ground water, a

liner can be installed or a drainage blanket can be used to collect leachate and
relieve hydrostatic 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 water 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, FP-977 (1).

Transportation of dry ash is most commonly done by truck. It is sometimes moved
by rail, and might also be transported by belt or pneumatic conveyors. For a

more detailed discussion of transportation systems see the EPRI FGD Sludge Disposal

Manual, FP-977 (1).

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 maintained at 2 or 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 vegetation.

Dry disposal systems may be the only economical disposal alternative when the
available ash disposal sites are distant from power plants. During the process
of site selection, transportation and operational considerations should be
incorporated with cost/environmental assessments. Advantages and disadvantages

of dry disposal are:

Advantages

) 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 disposal.

Disadvantages

° Need to control noise and dust problems,

° Operation subject to possible transportation strikes,

° Higher operational costs in most cases,

° Increased visual impact along transportation routes.

Combination Systems

Several combinations of wet and dry disposal systems are possible, depending
upon ash characteristics 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 ash can be excavated

and transported 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.

In the case of bottom ash, many plants use a combination disposal system. The
bottom ash is sluiced to a holding pond at the plant site where it settles.

After the pond has been filled, the bottom ash is drained, excavated and transported
to a dry disposal area where it can be used as drainage blanket material or

placed along with fly ash. At newer plants, the bottom ash slurry is often
dewatered in dewatering bins, loaded directly into trucks and then transported

to a dry disposal area.

SITE SELECTION METHODOLOGY

General

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:

° Siting and design criteria development,
° Initial screening of prospective sites,
° Design, evaluation and selection,

° Final design.

Criteria Development. As shown in Figure 1-1, the development of ash disposal

area siting and design criteria involves the following activities:
o Collect power plant ash data,

° Review applicable regulations.

The collection of power plant data involves securing information on ash properties,
ash production quantities, production processes and operation procedures.

Zoning ordinances, regional master plans, and local, county, state and federal
solid waste disposal regulations are included in applicable regulations to be
reviewed. It is common practice to review local and county regulations within a
zone around the power plant in question. The areal extent of this zone cannot

be generalized since it is power plant specific.
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Figure 1-1. Disposal Site Selection Methodology



Based on the power plant ash data and applicable zoning, planning and solid
waste regulations, siting and design criteria can be developed for prospective

ash disposal sites located within a specified zone around the power plant.

Initial Screening of Prospective Sites. As shown in Figure 1-1 this phase

involves the following activities:

] Select preliminary prospective sites,

° Collect generalized data on preliminary prospective sites,
° Evaluate site characteristics and impacts,

° Select final prospective sites.

The procedure for selecting initial preliminary prospective sites within a zone
around the power plant vary from one utility to another. Some utilities maintain
an inventory of potential sites. Others develop an inventory on an as-needed

basis by reviewing topographic maps, property maps, etc. In any event, the
selection of initial preliminary prospective sites is based on a review of the

site inventory relative to the siting and design criteria developed under the
previous phase. However, to screen the initial sites and select final prospective
sites, generalized data about each preliminary prospective site should be obtained.
This activity involves tasks such as collecting geologic, hydrologic and topographic
data, conducting a site reconnaissance visit and evaluating community acceptability.
Based on an evaluation of the generalized site data, final prospective sites can

be selected from the list of preliminary sites.

Design, Evaluation and Selection. As outlined in Figure 1-1, this phase involves

the following activities.

L] Develop a Class 1 - Simplified Design for each site alternative,

) Develop life - cycle costs for each site alternative,

° Develop an environmental evaluation matrix for each site alterna-
tive,

o Rank site alternatives based on environmental evaluation versus

life - cycle costs.

Based on the siting and design criteria and the data developed under the first
two phases, a conceptual layout of the ash disposal area can be made at each

site for wet and/or dry disposal alternatives. Using the technique outlined



under Section 9 - Cost Estimating, a Class 1 - Simplified life-cycle cost

estimate can be made for the disposal alternatives feasible at each site.

The impact on man and his environment as a result of developing each site
alternative can be gauged through the use of an environmental evaluation matrix.
The matrix provides a rational method for evaluating the impact of developing,
operating and abandoning each site on water guality, public health and safety,

air quality, etc. While subjective in nature, this technique provides a uniform
method of comparing sites environmentally through the use of a structured approach

to impact evaluation.

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. Ideally, the objective of this ranking is

to select the site of least cost and least adverse environmental impact. However,
selection on this premise may not be straightforward. For instance, the least
costly site might produce the greatest adverse environmental impact. A graph of
life-cycle costs versus environmental impact, which is useful in comparison, can
be drawn. However, final site selection is a judgmental decision based upon the

best practicable presentation and evaluation of influencing considerations.

Many times a Class I - Simplified Design of the disposal areas may not provide
sufficient information to differentiate among several apparently equal site
alternatives. 1In this situation the following activities may be necessary to

provide additional information to aid in ranking the competitive site alternatives.
° Collect detailed data for each competitive site alternative,

° Develop Class II - Preliminary or Class III - Detailed Design of
each competitive site alternative,

) Re-evaluate life-cycle costs and environmental impact.

Final Design. The final step in the site selection procedure is to develop a

Class IV - Finalized Design for the site alternative selected.

A detailed description of the specific activities involved in the four phases of

the site selection procedure summarized on Figure l1-1 is provided below.

Collect Power Plant Ash Data

In order to design an ash disposal area, the following type of data is required.



° Physical, chemical and engineering properties of the ash,

® Quantities of ash,
) Production processes at the plant,
° Operating procedures at the plant.

The data indicated above should be collected for both the present situation as
well as for a time period into the future for which the evaluation is being

made. As indicated in Section 2 - Properties of Power Plant Ash, 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
are required for proper environmental design of the site while physical and
engineering properties, such as in-place dry density, are needed to determine

disposal volumes.

Review 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
development of a site may require a zone variance or change. 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 can not 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.



While regulatory reguirements 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, NPDES, waterway obstruction, water rights, and possibly in the
future, a RCRA permit could be required. A detailed description of RCRA require-
ments is provided in Sections 3 - Current Disposal Philosophies and 4 - Impact

of RCRA on New Disposal Sites.

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

ground water 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 engineering and environmental siting and
design criteria can be developed for the prospective disposal sites located
within the zone under study around the power plant. Siting criteria may include

items such as:

° Floodplain limitations,
® Earthquake considerations,
° Water supply implications,
° Critical habitat areas.

Design criteria may include items such as:

° Volume requirements,

° Allowable fly ash embankment slopes,

) Allowable cut slopes,

° Maximum ash lift thickness,

) Ground water quality monitoring requirements,
) Surface water quality effluent criteria.



Table 1-1

FREQUENTLY ENCOUNTERED PERMIT REQUIREMENTS

Local: County Health Department
Zoning Variance
Soil and Water Conservation
Dumping/Burning
Flood Plain Development

State: Solid Waste Disposal
Highway Occupancy
Erosion and Sedimentation Control
Stream Encroachment
Dikes and Dams
Water Withdrawal
Water Quality

Federal: Industrial Waste Discharge/NPDES
(may be enforced by state)
Wetlands Construction under Section 404 of CWA
Possible RCRA Permit
(may be enforced by state)
Waterway Obstruction in Navigable Waterways
(water withdrawal and intake structures)
Water Withdrawal or Usage in Navigable Waterways

Select Preliminary Prospective Sites

The procedure for selecting preliminary prospective sites varies from utility to
utility. 1In some'cases, the real estate department of a utility will have an
inventory of available ash disposal sites in the vicinity of each power plant.

In other cases, the inventory may be kept by the department directly responsible
for ash disposal activities or there may be no inventory at all. In any case, a
review of USGS topographic maps, property maps, etc., for the zone under considera-
tion can lead to an inventory of preliminary prospective sites. The selection

of the sites will be based on the specific siting and design criteria developed

previously. For example, only sites which can be developed to satisfy the

design ash volume reguirement should be placed on the preliminary site list.

Collect Generalized Data on Preliminary Prospective Sites

The collection of generalized data involves the following activities for

1-11



each site in the inventory of sites:

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,

Ground water 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 useable areas within a site or may be indicative of

future subsidence problems.

The inspection of each potential site should include items such as:

Present land use,

Site access,

Natural screening opportunities,
Ground and surface water,

Soil types,

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),
° Transportation 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 assess, however, there
is a tendency for community acceptability to follow previous utility performance.
Poor planning and operation of past disposal sites adversely affects public
relations, making the acquisition and permitting of new sites difficult. On

the other hand, good past performance can go a long way to gain community accept-

ability of a new site.

Evaluate Site Characteristics and Impacts

Based on the generalized 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 ash disposal sites. Some sites may be suitable for

both dry and wet disposal alternatives and can be carried through the remainder

of the selection process as supporting two alternatives. This study generally
includes an evaluation of engineering and environmental siting and design criteria

such as:
) Storage volume requirements,
° Dam/embankment height,

° Adequacy of existing soils,



e Slope stability,

° Need for special structures,

® Need for special construction procedures,

o Alternate transportation modes and routes,

) Segregated ash storage/ash recovery,

[ Potential surface and groundwater quality problems,
o Potential air/noise pollution,

e Need for well or mine sealing,

) Impact on vegetation and wildlife,

° Impact of failure on life and property,

® Suitability based on land use considerations,

) Impact of disposal method on existing plant facilities,
) Potential land acquisition/rezoning difficulties.

Select Final Prospective Sites

The evaluation of site characteristics and impacts relative to the suitability
of each preliminary prospective site being developed for dry and/or wet disposal
alternatives, will result in a generalized ranking of the alternatives. This
listing can then be screened to select final prospective sites for further study

and evaluation.

Develop Class I - Simplified Design

A simplified layout 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 environmental 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.

Develop Life-Cycle Costs

Section 9 - Cost Estimating provides an outline of the method for doing a cost

estimate for a Class I - Simplified Design. The method involves the determination



of total capital costs, levelized annual revenue requirements and a cost per ton

of ash for the design period under consideration.

Develop Environmental Evaluation Matrix

.

Fly ash disposal necessitates the handling and placement of great quantities of
material over an extended period of time. During the course of the disposal
process, areas around the disposal site and along transportation routes are
altered. These alterations reflect the disposal method practiced and the effici-
ency of the disposal operation. While impact on the environment is inherent in
fly 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. Organization 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. (2), and is

intended to provide a basis of environmental comparison between sites.

Methodology. The environmental evaluation matrix provides a means of gauging
relative impacts through the gener%Fion of a numerical value (known as the
environmental evaluation factor - EEF) for each site. Large EEF values correspond

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



o Terrestrial Ecology

® Socio-Economics

The list of environmental parameters given above can be reduced or expanded
depending on the specific situation under study. For example, terrestrial
ecology 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 EEFc

and a post-closure EEF as follows:
/o pc
EEF = EEF + EEF
c/o pcC
. m m
EEF = WF L WF, x IM, + WF L WF, x IM,
c/o ic/o ic/o pc . ipec ipc
i=1 i=1
where:
.
EEF = overall environmental evaluation factor
WFC/o = secondary weighting factor to reflect the importance of
impacts during construction and operation relative to
post closure; 0 < WF <1
= c/o —
Fic/o = primary weighting factor for environmental parameter i
during construction and operation
IMic/o = magnitude of impact of the project on environmental
parameter i during construction and operation
WF c = secondary weighting factor to reflect the importance of
P impacts post closure relative to pre-closure; Wch =
1-WF
c/o
WFi c = primary weighting factor for environmental parameter
P i after closure
IMi c = magnitude of impact of the project on environmental
p parameter i after closure
m = 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 WFC o depends on 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 occur after closure, then WFc/o =
= 0.8. A dingl WE' = - = - 0.8 = 0.2
ccordingly, pc 1 WFc/o 1 0 0

(61 -9

To assess values for the primary weighting factors associated with each environ-
mental parameter, an arbitrary range from 1 to 10 has been assigned to the WF's
with increasing values indicating increasing importance. Water guality, 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 construc-
tion and operation and after closure can generally be assumed to be identical

for a particular power plant; that is WFic = WFi for a particular environmental

/0 pcC

parameter i at a given power plant.

To assess values for impact magnitudes for each environmental parameter, an
arbitrary range from -5 to +5 has been assigned to the 1M's. Negative values

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 gqualitative 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
environmental 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 (IM,) which ash disposal
would have on each environmental paramete¥ 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, = WFi X IMi) for both the construction/operation

i
and post-closure phases.

5. Sum the EEF,'s for both the construction/operation and post-
closure 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

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 cost estimates (* 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 Site 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 - Simplified cost estimates
(* 30 percent) it may be difficult to differentiate between sites; thus, as

shown in Figure 1-1, it may be necessary to recycle through the following steps:
° Collect detailed data for each competitive site alternative,

° Develop Class II - Preliminary or Class III - Detailed 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 - Preliminary
or Class III -Detailed Design of each competitive site could be performed depending

on the degree of accuracy needed in cost estimates at this stage of the selection
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process. Based on the more detailed designs, life-cycle costs and environmental

impact can be re-evaulated and the sites ranked once again.

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 - Finalized Design performed. The final design may require
additional site specific information such as test borings, test pits, the installa-

tion of a ground water guality monitoring system, etc.

CASE HISTORY

In this section, a case history of a typical ash disposal site selection study
is presented in order to illustrate the methodology outlined in the previous
portions of this chapter. Only general information 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.

Background

As indicated by Figure 1-3, the generating station is located in the North
Central region of the U. S. along a major river and is bordered on the east by a
railroad and highway, on the north by a small city, 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
currently 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 maximum capacity; thus,
a new site was required to handle ash from Units 1 through 5 along with anticipated

ash quantities from Unit 6. Four potential ash disposal sites were identified
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by the utility. These sites are shown on Figure 1-3.

Engineering and Environmental Design Criteria

Units 1 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 1 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
production by Unit 6 is projected to be 90,000 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) (721 kg/m3)
® Compacted fly ash - 70 pcf (1122 kg/m3)

® Sluiced bottom ash - 70 pcf (1122 kg/m3)

Using the above assumptions, volume requirements were calculated. Sluiced fly
ash would require 3,664,000 cubic yards (2,801,700 m3) of disposal volume, dry
compacted fly ash would require 2,356,000 cubic yards (1,801,530 m3) of disposal
volume, and sluiced bottom ash would require 586,000 cubic yards (448,090 m3) 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 the end product of subbituminous coal combustion, there was a possibil-
ity that it might be self-hardening due to high lime content. This sort of
reactive characteristic would severely limit the distance that fly ash could be
sluiced, and would place restrictions on truck transport methods. Reactive fly
ash will permit the addition of little or no water at the silo. For short haul
distances, it may be possible to add a small amount of water which causes
"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 guality.

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 fly ash through proper design and operating procedures. This can

be done by sloping the surfaces of the disposal area to accelerate runoff and
through the use of 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.
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Such an assessment is obtained from the following information:

) On-site soils - depth of overburden, in-situ permeability

® Groundwater - depth, flow patterns, volumes, present quality

® Fly ash - leachate characteristics, anticipated in-place permea-
bilities

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 of regulatory requirements, however, it was necessary to also consider
liners for the sites. Since the installation of liners does not affect the
relative ranking of the sites, only the unlined options are discussed here for

purposes of brevity.
It was further assumed that the utility would be regquired 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 in order to determine physical features, environmental
setting, land use, and access. Table 1-2 summarizes the topography, geology,

soils and hydrology of each site. Table 1-3 summarizes the physiography, vegetation,
wildlife and aqguatic life of each site. A search of available information,

including well logs, USGS maps, property maps, and soil maps, was made for each

site. Both wet and dry disposal schemes were developed for each site, and

possible operational difficulties were analyzed.

Site 1. Site 1 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) (see Figure 1-4). County Trunk Road "E" 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.
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Table 1-2

TOPOGRAPHY, GEOLOGY, SOILS, AND HYDROLOGY OF CASE STUDY SITES

Water-

Site Topography Geology Soils Hydrology
1 Narrow valley of 109 Prairie du Chien Group Steep stony rock land No springs or seeps.
acres. Elevations 1222 Shakopee Dolomite (SCS St) Upper Valley Ephemeral streams.
to 717 feet. Valley New Richmond Sandstone Sides, Fayette silt Groundwater elevation;
slopes 3:1 to 1l:1l. Oneato Dolomite sand- loam (SCS Fv) Lower 930-900 upland
Valley floor slopes stone, Trempealeau alluvial Soil (SCS Lw) 660 near river
N.W. at 5 to 10% Formation Valley Floor Watershed 270 acres
Francoria Sandstone
Dresbach Group
2 Narrow valley of 118 Similar to Site 1 Similar to Site 1 No springs or seeps.
acres. Elevations 1220 Ephemeral streams.
to 680 ft. Valley Groundwater levels same
slopes 2:1. Valley as Site 1. Watershed
floor slopes S.W. at 7% 350 acres.
3 Varied valleys and up- Similar to Site 1 Upland plain: Similar to Site 2.
land plain comprising Fayette silt loam (Fa) shed 1,300 acres above
860 acres. Upland Dubugque silt loam (De) large valley; 635 acres
plain elevations 1100 Valley Slopes: above smaller valley.
to 1240. Large valley Steep story rockland(st)
elevations 900 to 780. Fayette silt loam (Fv)
Slopes south at 3%. Urne-Norxrden loam (Un)
Smaller valley eleva- Norden silt loam (Gf)
tions 840 to 780. Valley bottom:
Slopes S.E. at 5%. Loamy alluvial land (Lw)
vValley slopes 2:1. Bertrand silt loam (Be)
Chaseburg silt loam (Ca)
Jackson silt loam (Ja)
4 Rail loop enclosing Sand and gravel Silt (excavated) Located in major river

22 acres. Bottom
elevation 645. Top of
dike elevation 680.

Elevation of undisturbed

wetlands 660 to 663.

Mt. Simon sandstone

floodplain. Dike protec-
tion: 150 year flood.
Groundwater elevation
660.
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Table 1-3

PHYSTIOGRAPHY, VEGETATION, WILDLIFE AND AQUATIC LIFE OF CASE STUDY SITES

Site Physiography Vegetation wildlife Aquatic Life
1,2, Location in valleys Second and third growth Animal:
& adjacent to the of oak-hickory forest: deer, raccoon, gray &
3 major river birch, aspen, maple, fox squirrels, cotton-
floodplain cedar. tail rabbit, jack
Fields and pasture: rabbit, gray & red
Milkweed, foxtail, foxes, woodchucks,
yellow dock, white skunks, ground squirrels,
cockle, dandelion, and mice, shrews, moles.
a variety of grasses. Bird: None due to ephemeral
sparrows, finches, stream flow.
English sparrows, wood-
peckers, flickers,
thrushes, martins,
swallows, rough-
shouldered hawks, blue
jays, barred owls,
great horned owls,
whippoorwills.
4 Located south of the Wooded areas: Animal: Bluegill, black & white

power plant on the
major river flood-
plain in bottomlands
intersection by
several shallow slow-
moving sloughs.

silver maple, American
elm, river birch,
swamp white oak.
Open marsh:
sedges, rushes,
grasses, submerged
aquatic plants, green-
brier, wood nettle,
goldenrod.

muskrat, beaver,
raccoon, deer, mink,
reptile, amphibian,
& insect species.

Bird:

migratory waterfowl:

crappies, northern pike,
walleyed pike, sauger,
channel catfish, northern
redhorse, yellow perch,
largemouth bass.

ducks, coot, geese crows,

woodcock, red-winged
blackbirds,

tanagers,

kingfishers, barred owls,

grackles, starlings,
wrens, red-shouldered
hawks, bald eagles.
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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 (11l.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,

° Site preparation - staged development to minimize erosion and
sedimentation, 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 residen-
tial 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 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 disgposal area could not be developed on Site 1.

Site 2. This site is a narrow heavily wooded valley located one and one-half
miles south of the power plant and east of the highway (see Figure 1-6), 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 develop-

ment 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. Because of heavy woods, extensive clearing
would be required on the entire site and diversion or by-pass systems would be

required to handle upper watershed runoff. The location and visibility of the
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site would make the establishment of effective visual and audio screens difficult.

The dry disposal plan for Site 2, as shown on 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 abandonment of Site 2 would be similar to those of Site 1,
more work would be required in the preparation of Site 2. Clearing and grubbing
would 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 down-
gradient of the site. Access to the site is steep and would require consider-

able earthwork.

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 on 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 1 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
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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 pfeparation, 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 production would be incorporated into the construction of the dam. The

pond would have the capacity to hold 29-1/2 years of fly ash production.

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.

After completion of site preparation, the entire pond would be filled with water
to the level of the outlet works. It was thought that outlet water would meet
surface water quality standards due to dilution of sluice water before discharge.
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 fly ash reached the design level of the pond, excess surface water would be
drained off and the surface covered with topsoil and seeded. Upper layers of

ash could be expected to drain with time. However, lower layers of ash wogld
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 proposed rail

loop adjacent to the power plant, with the exception of the redeveloped ash pond
which 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
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had been dewatered and excavated to provide material for railroad dike construc-
tion. The remaining southern 41 acres (16.6 hectares) were undisturbed wetlands

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's
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.

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 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 sluiced ash. Additional disposal capacity would require the
excavation of the south end of the rail loop, as shown in Figure 1-12., Alter-
nately, fly and bottom ash could be combined 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
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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 1-4 summarizes the life-cycle costs based on a Class I - Simplified Design

for the case study sites. These calculations were performed in accordance with

the procedures outlined in Section 9 - Cost Estimating. A review of the total
capital requirement cost information presented in Table 1-4 indicates that the

wet disposal alternatives are capital intensive approaches to disposal while the

dry disposal alternatives are not. This situation is due in part to the assumption
that site work (clearing, grubbing, drainage, etc.) for the dry disposal alternatives

will be done annually throughout the 35 year period of disposal activity.

The life-cycle 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
the cost estimate for Class I - Simplified Designs have a range of * 30 percent.
As indicated by Table 1-4, the cost differences between Site 1 - Dry, Site 2 -
Dry, and Site 3 - Dry are well 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.

Environmental Evaluation Matrix

The environmental evaluation of each disposal alternative was done using 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. Environmental parameters and primary

weighting factors chosen for this evaluation are shown in Table 1-5.
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Table 1-4

LIFE-CYCLE COSTS BASED ON CLASS I - SIMPLIFIED DESIGN FOR CASE STUDY SITES

Site 1 Site 2 Site 3 Site 4

Cost Item Dry Dry Dry Wet Wet
Total Capital

Requirement $396,000 $404,000 $408, 000 $6,340,000 $769,600
Levelized Annual

Revenue Require-

ment 593,000 694,000 720,000 2,152,000 780,900
Cost per Ton of

Ash $6.50 $7.50 $7.80 $23.44 $8.50

Table 1-5

ENVIRONMENTAL PARAMETERS AND PRIMARY WEIGHTING FACTORS FOR CASE STUDY SITES

Environmental

Parameter Weighting Factor
Aesthetics 6
Air Quality 5
Aquatic Ecology/Water Quality 8
Cultural Resources 2
Land Use 4
Noise 5
Public Health and Safety 9
Socioeconomics 4
Terrestrial Ecology 5



A scale of one to ten was selected for primary weighting factors, with increasing

value indicating increasing significance or importance.

It was thought that environmental parameters presented in Table 1-5 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 cultur-
ally 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 the
surrounding area resulting from site construction and operation.
Impacts after closure were not considered.

° 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/
operation impacts and post-closure impacts, respectively. Values for impact
magnitudes ranging from minus five to five were assigned to each environmental
parameter, with increasing values denoting increasing negative, or damaging

impact. If the impact 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 overall EEF 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 fly ash disposal site is the one with the least environmental impact
and the lowest cost. Figure 1-13 illustrates the relationship of the five
disposal alternatives to one another on the basis of life-cycle 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 decison 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 alternative
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 -Simplified

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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Table 1-6

ENVIRONMENTAL EVALUATION MATRIX FOR CASE STUDY SITES

Site 1 Site 2 Site 3 Site 4
Dry Dry Dry Wet Wet
2

Environmental Primary C/Ol PC C/0 PC C/0 PC Cc/0 PC c/0 PC

Parameter WF IM EFF IM EFF IM EFF IM EFF IM EEF IM EFF IM EEF IM EEF IM EEF IM EEF
Aesthetics 6 3 18 1 6 5 30 3 18 2 12 0 0 2 12 1 6 5 30 3 18
Air quality 5 2 10 0 0 3 15 0 0 2 10 0 0 1 5 0 0 0 0 0 0
Aquatic ecology/
water quality 8 1 8 2 16 1 8 2 16 1 8 2 16 3 24 1 8 5 40 5 40
Cultural
resources 2 0 0 0 0 0 0 0 0 6] 0 0 0 0 0 0 0 0 0 0 0
Land use 4 2 8 -3 -12 2 8 0 o] 1 4 -3 -12 5 20 3 12 3 12 -1 -4
Noise 5 4 20 6] o] 5 25 0 0 3 15 0 6] 1 5 6] 6] 0 0 0 0
Public health
and safety 9 1 9 0 0 1 9 6] 0 1 9 0 0 2 18 0 0 2 18 1 9
Socioeconomics 4 -1 -4 0 o -1 -4 0 0 -1 -4 0 0 0 0 0 0 0 0 0 0
Terrestrial
ecology 5 3 15 2 10 4 20 4 20 3 15 2 10 4 20 2 10 2 10 0 Y
Summary EEF 84 20 111 54 69 14 104 36 110 63
Weighted EEF 71 3 94 8 59 2 88 5 94
Overall EEF% 74 102 61 93 103
1

C/0 - construction/operation.

PC - post-closure.

Weighted EEF = 0.85 x summary EEF for construction/operation or 0.15 x summary EEF for post-closure.
Sum of weighted EEF's.

2
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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 geographical 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, power plant 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 cocal from which the fly
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.
Much of the physical properties data presented in this section is based on ash
which is derived primarily from Eastern bituminous coals. The use of Western
subbituminous coals and lignite has only recently become widespread, and published
literature dealing with the physical properties of the ash from these coals is
very limited. As more information becomes available on subbituminous and lignite
ashes based on the experience of those power plants now burning these coals, it
would be extremely useful and of great interest to the industry if the utilities

would publish this data.

PROPERTIES OF COAL

Since the composition of fly ash is primarily a function of the elemental composi-

tion of the feed coal, a review of the elements (both major and trace) contained



in coal and their relative magnitudes in the coal is appropriate. However, the
composition of the 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, the degree of pulveriza-

tion of the coal, the temperature during combustion, and many other factors.

Coal Major Elements

The major elements comprising coal are carbon, hydrogen, oxygen, nitrogen,

and sulfur. These elements typically account for 70 to 97 percent of the total
and are present in varying gquantities. All of the major elements form gaseous
compounds when burned. These combustion products are mostly discharged in the

flue gases, and have little bearing on the composition of the ash.

Coal Trace Elements

Trace elements and minor constituents in coal may originate from a number of
sources. Some of these elements were accumulated in the vegetation, from which
the coal was formed, during the growth process; other elements were deposited

in the vicinity of the vegetation by mechanisms such as erosion; and still

others were deposited during and after formation of the coal by geologic processes.
Most of the trace elements and minor constituents are not combustible and remain

in the ash. Typical ash contents of coal vary from 3 to 30 percent.

Table 2-1 describes the trace element levels in coals which have been categorized
by region. As can be seen from the above, the elemental composition of a coal
can vary immensely from region to region. It may also vary from coal type to
coal type, and even somewhat within a single seam. Table 2-2 illustrates the
range of trace element concentrations found in U. S. coals. Therefore, no

generalization of coal elemental compositicn can be made.

Coal Ranking

The amount of ash generated by a boiler is a function of the ash content of the
coal. In general, higher grades of coal will have less ash than lower grades;
however, there are exceptions. There are two primary coal classification systems,
the ASTM Coal Classification Index and the Specific Volatile Index. Figure 2-1
describes the ASTM Coal Classification Index which defines the various coal
grades. Although there are various classifications indicated, the most important

are:



Table 2-1

AVERAGE TRACE-ELEMENT CONTENTS
FOR COALS FROM VARIOUS REGIONS
OF THE U. S. (ppm)

Element swi® Er” NGP® app?
Boron 33 926 116 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
Germanium 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

SWI = Forty-eight coals from Western and Southwestern Interior Region.

EI = Eastern Interior Region, 53 coals.
°NGP = Northern Great Plains Region, 51 samples.
dAPP = Seventy-three coals from Appalachian Region.

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.




Table 2-2

RANGE OF TRACE ELEMENTS IN U. S. COALS

Element Range (ppm)
Beryllium 0 - 31
Boron 1.2 - 356
Fluorine 10 - 295
Phosphorus 5 - 1430
Scandium 10 - 100
Vanadium 0 - 1281
Chromium 0 - 610
Manganese 6 - 181
Cobalt o] - 43
Nickel 0.4 - 104
Copper 1.8 - 185
Gallium 0 - 61
Germanium 0 - 819
Arsenic 0.5 - 106
Selenium 0.4 - 8
Bromine 4 - 52
Yttrium <0.1 - 59
Zirconium 8 - 133
Molybdenum 0 - 73
Cadmium 0.1 - 65
Tin 0 - 51
Antimony 0.2 =~ 9
Lanthanum 0 - 98
Mercury 0.01 - 1.6
Lead 4 - 218
Uranium <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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° Anthracite

° Bituminous
° Subbituminous
° Lignite

An alternate approach, shown in Table 2-3, describes the Specific Volatile Index
(sVI) which utilizes the percent volatile matter, fixed carbon, and heating

value to develop a numerical value. The SVI is calculated as follows:

Determined Btu/lb - % Fixed Carbon x 145
% Volatile Matter

SVI =

Note that all values in the above equation are based on a dry, ash-free basis.

The proximate analysis for percent ash, volatile matter and fixed carbon and Btu
content of various coals has been summarized and is included in Table 2-4. It
should be noted that the values in Table 2-4 are based on as-mined or as-received
conditions and that most analysis is on a dry basis. Therefore, the data in

Table 2-4 were converted to a dry basis as shown in Table 2-5.

COMBUSTION AND COLLECTION EQUIPMENT

Fly ash, bottom ash, and boiler slag are by-products of the combustion process
necessary for the production of electrical energy at modern power stations which
burn fossil fuels. Fly ash is the very fine, non-combustible residue which is
carried off in the stack gases from the boller units and collected by the flue
gas cleaning equipment. It is composed of the non-combustible mineral matter
present in coal and carbon in various forms due mainly to incomplete combustion.
Bottom ash and boiler slag are the heavier ash particles which are collected at
the bottom of the boiler. The difference between bottom ash and boiler slag

will be discussed later.

Formation of Power Plant Ash

The formation of power plant ash takes place in the furnaces of the boilers
which produce the steam used in generating electrical power. There are three

categories of furnaces which are in use today at power stations:

° pulverized coal-fired furnaces,



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
125-160 Subbituminous
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

Source: Adapted from L. A. Munro.
N. J.: Prentice-Hall, Inc., 1964.

Typical Heat

ASTM Rank Value (Btu/lb)
Wood 8,300 - 9,200
Peat 7,000
Lignite <8,300
Lignite <8,300
Subbituminous 8,300 - 13,000
Bituminous 11,000 - 13,000
Bituminous 13,000 - 14,000
Bituminous >14,000
Bituminous >14,000
Anthracite >14,000
Anthracite >14,000

Chemistry in Engineering.

Englewood Cliffs,



Table 2-4

PROXIMATE ANALYSIS OF SOME NORTH AMERICAN COALS,
AS MINED OR AS RECEIVED

Volatile Fixed
Moisture Ash Matter Carbon Heat Value

Rank and Source (Percent) (Percent) (Percent) (Percent) (Btu/1b)
Lignite:

Montana 37.5 6.1 26.8 29.6 6,580

N. Dakota 36.8 5.1 28.2 29.3 7,204

S. Dakota 39.2 8.4 24.7 27.7 6,307

Texas 33.7 7.3 29.3 29.7 7,348

Ontario 46.7 7.4 30.2 16.0 5,280

Saskatchewan 33.5 6.7 24.0 35.8 7,576
Subbi tuminous:

Wyoming 23.4 3.6 33.6 39.4 9,382

Alberta 15.0 6.3 33.3 45.4 10,890
Bituminous:

Utah 7.5 5.6 39.7 47.2 12,520

Illinois 7.9 9.1 40.7 42.3 11,527

British Columbia 6.7 11.3 34.8 47,2 11,690

Alberta 7.4 7.1 32.1 53.4 11,630

Pennsylvania 3.4 5.3 35.9 55.4 11,734

Alabama 3.9 7.5 35.1 53.5 13,343

Nova Scotia 4.0 8.4 32.2 55.4 13,340
Anthracite:

Pennsylvania 3.2 11.5 9.3 76.0 13,043

Source: L. A. Munro. Chemistry in Engineering. Englewood Cliffs, N. J.:
Prentice-Hall, Inc., 1964.




Table 2-5

PROXIMATE ANALYSIS OF SOME NORTH AMERICAN COALS,
ON A DRY BASIS

Volatile Fixed
Ash Matter Carbon Heat Value

Rank and Source (Percent) (Percent) (Percent) (Btu/1b)
Lignite:

Montana 9.8 42.9 47.3 10,528

N. Dakota 8.1 44.6 46.4 11,399

S. Dakota 13.8 40.6 45.6 10,373

Texas 11.0 44 .2 44.8 11,083

Ontario 13.9 56.7 30.0 9,906

Saskatchewan 10.1 36.1 53.8 11,392
Subbituminous:

Wyoming 4.7 43.9 51.4 12,248

Alberta 7.4 39.2 53.4 12,812
Bituminous:

Utah 6.1 42.9 51.0 13,535

Illinois 9.9 44 .2 45.9 12,515

British Columbia 12.1 37.3 50.6 12,529

Alberta 7.7 34.7 57.7 12,559

Pennsylvania 5.5 37.2 57.3 14,217

Alabama 7.8 36.5 55.7 13,884

Nova Scotia 8.8 33.5 57.7 13,896
Anthracite:

Pennsylvania 11.9 9.6 78.5 13,474

Source: Adapted from L. A. Munro. Chemistry in Engineering. Englewood Cliffs,
N. J.: Prentice-Hall, Inc., 1964.




) cyclone furnaces,

° stoker~-fired furnaces.

Pulverized coal-fired units are widely used in the electrical power industry for
installations where greater than 50,000 1b (22,700 kg) of steam per hour must be
produced. They are especially prevalent in installations requiring a production
of over 250,000 1b (113,500 kg) of steam per hour. The coal is dried and
pulverized so that 80 percent of the particles are smaller than 0.074 mm. The
pulverized coal is aerated and transferred to the burners, where combustion
takes place. O0il or gas is used for ignition, and the coal is burned in suspen-
sion. 0Oil or gas may sometimes also be burned in conjunction with coal but
usually at lower percentages. The flames may be as long as 100 feet (30 meters)
in order 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 tempera-
ture with boiler load. Ash fusion temperatures below 1800° to 2200°F (1000° to

1200°C) favor wet-bottom removal systems.

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 mm. For units with a wet-bottom
removal system, the percentage of fly ash produced drops to about 50 percent and

the quantity of ash forming boiler slag increases accordingly.

Cyclone furnaces use crushed coal with a diameter of less than 1/2 inch (12.7
mm) 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 80-85 percent of the ash melts and is tapped from the
furnace as boiler slag, leaving only 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 mm.
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Stoker—-fired furnaces can be used to fire boilers which must generate from
10,000 to 250,000 1b (4,540 to 113,500 kg) of steam per hour. However, 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,
o 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 Middle Western bituminous coals; and spreader stokers are used with a variety

of coals.

The fly ash which is produced by stoker-fired units is coarser than the fly ash
produced by pulverized coal-fired units or cyclone furnaces. Underfeed stokers
and traveling grate stokers will produce 10 to 20 percent fly ash with the
remainder of the ash being collected as bottom ash. Of the fly ash collected,
only 5 percent will be less than .010 mm. Generally, 15 to 55 percent of the
total ash produced by spreader stokers is fly ash and 10 to 45 percent of this
fly ash is less than 0.010 mm.

Fly Ash Collection

There are various methods for collecting fly ash, each with its own character-
istics and efficiencies. In general, currently available particulate control

equipment can be classified as follows:

° mechanical collectors

° fabric filters

) wet scrubbers

° electrostatic precipitators

There are various advantages and disadvantages to the use and/or applicability

of a particular type or series of particulate control devices. In general, the
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Table 2-6

SEVERAL OPERATING CHARACTERISTICS OF PARTICULATE COLLECTORS

Overall
Pressure Loss Power Reqd Efficiency
General Class Specific Type Typical Capacity {in. water) {W/ft” /min) (%)
Mechanical Settling 15-25 ft3/min per ft3 of 0.2-0.5 0.03-0.10 -
collectors chamber casing volume (0.5-1.3) (1-4)
Baffle 100053500 ft3/min per 0.5
ft© of inlet area (1.3) 60
Conventional
cyclone 65
High~efficiency 250053500 ft3/min per 3-5 5-1.
cyclones ft of inlet area {7.5-12.5) (15-35) 85
Fabric Automatic 1-6 ft3/min per ft2 of 4-6 -1,
filters fabric area (10-15) (35-45) 99+
2
Wet scrubbers Impingement’ 400-600 ft3/min per ft 2-5 0.2-1. -
baffle of baffle area (5-13) (7-35)
Packed tower 500-700 ft3/min per ft2 6~8
of bed cross-sectional (15-20)
area 94
Venturi 6000-30,000 fta/min per 10-50 4-12
ft” of throat area (25-125) (140-425) 994+
Electrostatic Dry, single- 2-8 ft3/min per ft2 of 0.2-0.5 0.4-1.0
precipi-~ field electrode collection (0.5-1.3) (15-35)
tators area 97
Wet (charged- 5-15 ft3/min per ft2 of 0.5-0.7 .3-0.5 -
drop scrubber) electrode collection (1.3-1.8) (10-15)
area
3values in parentheses under "pressure loss" are in mbars.
. . 3, .
bValues in parentheses under "power required" are in W/m™/min.
Source: Adapted from K. Wark and C. F. Warner. Air Pollution, Its Origin and Control. New York,

Publisher, 1976.

Fractional Efficiency in Percent

For
Various Size Ranges in Microns
0-5 5-10 10-20 20-44 >44
7.5 22 43 80 90
12 35 57 82 91
40 79 92 95 97
99.5 100 100 100 100
20 96 98 100 100
99 99.5 100 100 100
72 95 97 99+ 100
New York: IEP A Dun-Donnelley



decision is a matter of balancing the required collection efficiency versus the
overall cost of the system. Table 2-6 indicates various operating parameters

for the most common particulate control devices.

One specific effect which the type of particulate control equipment has on the
fly ash collected is the grain-size distribution of the collected ash. 1In
general, the fly ash from an electrostatic precipitator or venturi scrubber will
have a similar gradation whereas fly ashes from a cyclone will have a coarser

gradation due to the respective collection efficiencies.

After the fly ash has been collected from the flue gas stream, it must be
transported to either a temporary storage silo or the ash sluicing area. If the
fly ash is collected by one of the dry methods, there are three types of dry
handling systems which can be used for the transport of the dry fly ash from the

points of collection to the silo or to the sluice lines:

® vacuum systems,
) pressure systems,
) combination vacuum-pressure systems.

Vacuum systems have a limit on the effective distance to which they can transport
the fly ash. The maximum distance which material can be conveyed by a vacuum
system is dependent upon the configuration of the system and the altitude above
sea level. Pressure systems are generally used where the length of conveyance

is too great for a vacuum system or where the altitude limits the vacuum which
can be created. Combination systems are usually economical where the length of
the conveying system exceeds the capability of a vacuum system to attain a
satisfactory conveying rate. The fly ash can also be transported wet directly

from the collection system to the disposal area.

If the fly ash is removed from the flue gas stream by a wet collector, it will
be sluiced to a pond for dewatering or disposal. The use of water will affect
some of its chemical properties. In general, the use of water will tend to

dissolve some of the fly ash particles and the chemical deposits on the surface

of other fly ash particles.

Bottom Ash/Boiler Slag Collection

In dry bottom boilers, the bottom of the fire box has an open gate 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. 1In 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 then
sluiced to either a settling pond or a dewatering bin. The sedimentation pond
can be either a temporary holding facility or a final disposal site. If the ash
is to be sold 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 of which are glassy
spheres, scoria, iron rich fractions, and some 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 dissolution due to its glassy structure. The nature of the particles
is quite similar to glass, both in elemental composition and leaching properties,
and as such is relatively inert. However, on the surface of the spheres exists
either easily exchangeable or adsorbed molecules which, when in the presence of

a liguid, become dissolved. It is this mechanism, some researchers believe (1),
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 (sioz), alumina (Al 03), and ferric

2

oxide (Fe203), and smaller gquantities of various other oxides and alkalies. The
Oak Ridge National Laboratory is currently studying the feasibility of using

such processes as acid leaching and salt-soda leaching for the recovery of
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alumina and the removal of toxic trace elements from the fly ash at the same

time (EPRI RP 1404-2). If an economically practical process can be developed,
the utility will have a valuable mineral resource (alumina) which can be sold
and a waste material free of toxic elements (arsenic, cadmium, etc.) which can
presumably be disposed of in a conventional manner with no danger of environ-

mental contamination.

Carbon can also be present in various amounts. The carbon content is dependent
upon the efficiency of the particular boiler unit and the fineness to which the
coal is pulverized. Older boilers tend to produce higher carbon fly ash than
the new, more efficient units. The range of major chemical components in fly

ashes is illustrated in Table 2-7.

Table 2-8 presents data concerning the average trace element contents of ash

from U. S. coals of various ranks. The data in this table was determined by
using atomic absorption analysis on coals which were ashed in air at 1100°F
(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.

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 2-9 shows the chemical
composition of five West Virginia bottom 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 distribution in the ash have shown that
partitioning of the various elements occurs due to the combustion process (2).
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:



Table 2-7

VARIATIONS IN COAL ASH COMPOSITION WITH RANK

Anthracite Bituminous RankSubbituminous Lignite
% SiO2 48 - 68 7 - 68 17 - 58 6 - 40
% A1203 25 - 44 4 - 39 4 - 35 4 - 26
% Fezo3 2 - 10 2 - 44 3 - 19 1 - 34
% TiO2 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
% Na20 - 0.2 - 3 - 0.2 - 28
% KZO - 0.2 - 4 - 0.1 - 1.3
% SO3 0.1 - 1 0.1 - 32 3.0 - 16 8.3 - 32
% Ash 4 - 19 3 - 32 3 - 16 4 - 19

Source: Adapted from S. S. Ray and F. G. Parker. Characterization of Ash From
Coal-Fired Power Plants. Springfield, VA: National Technical Information
Service, January 1977. EPA-600/7-77-010.




Table 2-8

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 20 123 218 770 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
Manganese 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

Source: Los Alamos Scientific Laboratory. Environmental Contamination from
Trace Elements in Coal Preparation Wastes. Springfield, VA: National Tech-
nical Information Service, August 1976. PB 267 339.




Table 2-9

CHEMICAL ANALYSIS OF FIVE BOTTOM ASHES OR BOILER SLAGS

Percentage of Total Composition

Boiler Boiler Boiler Bottom Bottom

Component Slag 1 Slag 2 Slag 3 Ash 1 Ash 2
Silica 48.9 47.1 53.6 53.6 45.9
Alumina 21.9 28.3 22.7 28.3 25.1
Iron Oxide 14.3 10.7 10.3 5.8 14.3
Calcium Oxide 1.4 0.4 1.4 0.4 1.4
Magnesium Oxide 5.2 5.2 5.2 4.2 5.2
Sodium Oxide 0.7 0.8 1.2 1.0 0.7
Potassium Oxide 0.1 0.4 0.1 0.3 0.3
Sulfur Trioxide - - - - -
Undetermined 7.5 7.1 5.5 6.4 7.1
Source: R. K. Moulton, and B. E. Ruth. "Bottom Ash: An Engineering
Material.” Journal of the Soil Mechanics and Foundations Division, ASCE, April

1972, pp. 311-325.



o 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 2-10 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 (3).

A large percentage of the components in fly ash are in the form of a glass

called mullite (3 Al.,O0, * 2 SiOz). When lime and water are present with the
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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 disposal sites is of concern due to the possibility that the
heavy metals and ionic complexes, such as SO4_, present in the ash may enter the
groundwater system and contaminate 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 concern, has proposed that implementation of RCRA regulations be delayed



Table 2-10

PARTITION OF ELEMENTS BY THEIR TENDENCIES FOR
DISTRIBUTION IN COAL COMBUSTION RESIDUES

Group I
Elements Concentrated Approximately Equally in Bottom Ash and Fly Ash

Al Ce Fe La Rb Sm Th
Ba Co Hf Mg Sc Sr Ti
Ca Eu K Mn Si Ta

Group II
Elements Preferentially Concentrated in the Fly Ash

As Ga Sb
cd Mo S
Cu Pb Zn

Group III
Elements Tending to be Discharged to Atmosphere as Vapors

Hg Cl

Br

Source: $S. S. Ray and F. G. Parker. Characterization of Ash From Coal-Fired
Power Plants. Springfield, VA: ©National Technical Information Service,
January 1977. EPA-600/7-77-010.




while they conduct a site monitoring and evaluation program which is designed to
assess the possible 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 (CaO) accounts for part of the soluble calcium. The soluble sulfate
is approximately half the total sulfate (SO4) 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 controlled by the proportion of leachable lime to iron present.

Precise prediction of ash leachate quality is not possible at this time. 1In
general, the quality of a leachate is governed by the physical-chemical characteris-
tics of the ash and the soil-water matrix through which the leachate flows. 1In
order to estimate the leachate guality at any point, one must know the laboratory
leachate gquality 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 is on the order of years. There-
fore, short-term tests were devised to attempt to rapidly predict the long-term

leachate production.

Two new methods of leachate analysis have been recently devised. These methods
are the ASTM and the EPA methods. The following is a brief description of these

methods:



° ASTM Method - The ASTM is a form of the shake test method in
which a mixture of 1.54 1lb (700 g)* of as received sample and
6.21 1b (2800 g) of Type IV Regent Water (prepared by either dis-
tillation, ion exchange, reverse osmosis, electrodialysis or some
combination of the above) is agitated for 48 hours at 68 * 4°F
(20 * 2°C). This method also includes an alternate sodium acetate
buffer solution (pH 4.5 * 1) for the extraction.

o EPA Extraction Procedure (EP) - The EP test, although not yet
finalized, consists of adding fly ash to distilled-deionized
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 acid per gram) of solid the pH is still greater
than 5, the 24-hour extraction is completed at that higher pH.
This procedure as currently proposed is explained in detail in
the December 18, 1978, Federal Register.

Tables 2-11 and 2~12 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 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 subbituminous 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 and the extract was analyzed
according to standard ASTM procedures. The range of values from these analyses
is presented in Table 2-13. The ASTM is still evaluating the results of these
and other tests to determine the effectiveness of the extraction procedures.

The results of the analyses presented in Table 2-13 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 is, in some cases, rather large.

*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.



Table 2-11

ASH SOLIDS ANALYSES (in ppm)

Fly Ash
Substance Range Avg. Data Pts.
Arsenic 6 - 1,200 177 23
Barium 100 - 1,074 520.7 [
Cadmium 0.29 - 51 10 17
Chloride - 1,000 1
Chromium 15 - 900 218.6 18
Copper 16 - 400 171 17
Fluoride 120 - 671 396 2
Iron 49,000 - 235,000 124,125 8
Lead 11 - 800 210.7 19
Manganese 100 - 1,000 389 16
Nitrate - 85.6 1
Selenium 6.9 - 760 145 14
Silver - 3 1
Sulfate - 5,430 1
Zinc 50 - 9,000 1,314.3 20
Bottom Ash

Substance Range Avg. Data Pts.
Arsenic 0.5 - 18 7 14
Barium 300 - 731 481.6 7
Cadmium 0.5 - 3 1.25 12
Chloride - - -
Chromium 15 - 895 213 13
Copper 12 - 300 87.2 12
Fluoride - 10.6 1
Iron 66,000 -~ 211,900 116,100 9
Lead 3 - 30 13.2 11
Manganese 100 - 1,000 438.7 15
Nitrate - 16 1
Selenium 0.08 - 20 5.45 11
Silver - - -
Sulfate - 675 1
Zinc 20 - 400 142 12

Source: D. W. Weeter and M. P. Bahor. Technical Aspects of the Resource
Conservation and Recovery Act Upon Coal Combustion and Conversion Systems. Oak
Ridge National Laboratory, February 1979. ORNL/OGPA-10.




Table 2-12

ANALYSES OF ASH POND DISCHARGES (in ppm)

Fly Ash Pond

Substance Range Avg. Data 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
Chloride 6 - 7 6.5 2
Chromium 0.02 - 0.067 0.044 2
Copper 0.02 - 2.4 0.91 3
Cyanide - - -
Iron 1.44 - 630 211.12 3
Lead 0.01 - 0.91 0.33 3
Manganese 0.13 - 0.48 0.31 2
Selenium 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
Chromium 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 0.1l6 - 0.58 0.37 2
Selenium 0.002 - 0.011 0.007 2
Silver - - -
Sulfate 49 - 139 24 2
Zinc 0.09 - 0.14 0.12 2
Combined Ash Pond
Substance Range Avg. Data Pts.
Arsenic 0.005 - 0.038 0.038 9
Barium 0.1 - 0.2 0.19 10
Cadmium 0.001 - 0.005 0.002 6
Chloride 3 - 14 7.2 10
Chromium 0.004 - 0.043 0.015 10
Copper 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
Selenium 0.003 - 0.065 0.016 10
Silver - 0.01 1
Sulfate 59 - 156 109.7 10
Zinc 0.03 -~ 0.12 0.053 10

Source: Same as Table 2-11.
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Table 2-13

RESULTS OF LEACHATE TESTS ON COAL ASH

Bituminous Coal Fly Ash Bituminous Coal Bottom Ash Bituminous Coal Boiler Slag o
Analysis ASTM "A" (16)* ASTM "B" (16) EPA E.P. (16) ASTM "A" (5) ASTM "B" (5) EPA E.P. (5) ASTM "A" (3) ASTM "B" (3) EPA E.P. (3)

pH 4.38-12.5 4.5-5.2 4.87-5.57 3.41-8.6 4.5-4.81 4.75-5.3 3.40-6.8 4.44-4.6 3.6-4.8

Ca (mg/1) 150-583 275~1708 36.6-331 8.0-210.0 30.0-320.0 1.2-110.0 3-49 5-51 1-115
Ag {mg/1) 0.0004-0.045 0.0003-0.06 0.0001-0.04 <0.01-<0.05 <0.01-<0.05 <0.01-<0.05 0.01-<0.05 <0.01-<0.05 0.02-<0.05
As (mg/1) 0.0021~2.11 0.8-7.3 0.00059-2.046 0.006-0.2 <0.002-0.4 0.007-<0.4 0.002-0.2 0.002-0.6 <0.01-<0.4
Ba (mg/l) <0.02-79 0.11-1.0 <0.02-0.5 0.04-0.2 <0.25-0.52 <0.1-0.13 0.07-<0.25 0.09-0.75 0.01
€d (mg/1) <0.0002-0.04 0.002-0.05 <0.00005-0.06 <0.003-<0.05 0.004-<0.05 <0.003-<0.05 <0.01-<0.05 <0.01-<0.05 0.03-<0.05
Cr {(mg/1) 0.008-0.23 0.04-0.74 0.008-0. 39 <0.01-<0.05 <0.01-0.05 <0.01-<0.05 <0.01-<0.05 <0.01-<0.05 <0.01-0.02

Hg (mg/1l} <0.000005-0.020 ©.000011-0.5 <0.000001-25.0 0.0003-<0.005 <0.0001-<0.005 0.0003-<0.005 <0.0001-<0.005 0.0001-<0.005 0.0004-<0,005

o

Pb (mg/1l) <0.001-0.09 <0.001-0.2 <0.00001-0.7 <0.01-<0.2 0.018-<0.15 <0.1-<0.5 <0.01-0.2 .015-<0.15 <0.01-0.3

Se (mg/1) 0.14-1.25 0.1-1.41 0.0001-1.56 0.070-<0.1 0.002-<0.5 <0.01-<0.2 <0.01-<0.5 <0(.01-<0.5 <0.01~<0.2

*Number in parentheses is the number of laboratories reporting an analysis of the ash.

Source: The preliminary information upon which this table is based was furnished by B. C. Malloy,
Chairman of ASTM Subcommittee D19.12.

»
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Table 2-13

{Continued)

RESULTS OF LEACHATE TESTS ON COAL ASH

Lignite Coal Fly Ash

Subbituminous Coal Fly Ash

Analysis ASTM "A" (7) ASTM "B" (7) EPA E.P. (7) ASTM "A" (4) ASTM "B" (4) EPA E.P. (4}
pH 11.34-12.3 5.6-12.3 4.95-11.45 12.1-13.3 12.01-13.3 5.23-12.55
ca (mg/1) 190-538 200-1500 310~1300 22-1100 682-1900 682~2000
Ag (mg/l) <0.009-0.04 0.007-0.04 <0.009-0.04 <0.01-0.09 <0.01-0.08 <0.01-0.08
As (mg/1l) <0.01-0.2 <0.01-0.65 0.004~-1.8 <0.002-0.03 0.003-0.4 <0.002-0.5
Ba (mg/1) 0.1-1.069 0.1-1.31 0.1-1.98 0.1-100 0.4-125 0.3-0.94
cd (mg/1) 0.006-<0.5 0.0013-<0.5 <0.01-0.58 <0.01-<0.05 <0.01-<0.05 <0.01-<0.05
Cr (mg/l) <0.01-0.78 <0.01-0.56 0.031-0.15 <0.01-0.10 <0.01-0.25 <0.01-0.39
Hg (mg/l) <0.001-<0.005 <0.0001-<0.005 <0.0001-<0.005 0.0001-0.08 <0.0001-0.11 <0.0001-0.08
Pb (mg/1l) <0.00972-<0Q.1 0.0047-<0.1 <0.001-0.4 <0.01-C.1 <0.01-0.2 <0.01-0.3
Se (mg/l) 0.0693~1.0 0.06-1.5 0.0176-1.0 <0.01-<0.5 0.032-0.3 <0.002-0.5
Source: The preliminary information upon which this table is based was furnished by B. C. Malloy,

Chairman of ASTM Subcommittee D19.12.



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 at a dry landfill site are:

® grain-size distribution,
® moisture content,

) density,

L) shear strength,

) compressibility,

) permeability,

) capillarity,

) frost susceptibility.

Grain-Size Distribution

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 is 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, bituminous fly ash is usually uniformly-graded
material with particles primarily in the silt range (particle diameters between
0.005 mm and 0.074 mm). The grain-size distribution of the fly ash can be

improved by blending it with bottom ash or boiler slag.

The particle size of fly ash ranges from 0.001 mm to 0.100 mm in diameter for
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the glassy spheres, with an average of 0.007 mm, and from 0.010 mm to 0.300 mm

in diameter for the more angular carbon particles.

Figure 2-3 indicates the range or grain-size distributions for bottom ash and
boiler slag. These two materials will have particles ranging in size from fine
sand to fine gravel. Generally, the boiler slag will be more uniform in size

than the bottom ash.

Moisture Content

The moisture content of an ash is a measure of the amount of water present in
the voids in the ash. It is of interest because it determines both the weight
and behavior of the ash. The weight of a quantity of ash is the sum of the
weight of the solid ash particles as well as the weight of any water in the
voids. Since the weight of the water can be a significant fraction of the
total, and since the cost of handling and transporting ash can be weight depend-
ent, the quantity of water included in the ash is an important consideration.
The influence of moisture content on fly ash behavior can be equally important.
A particular fly ash may be a dusty powder or a soupy mud depending solely upon
moisture content. Thus, moisture content will affect engineering properties

such as compaction behavior and shear strength.

Moisture content is expressed as a percentage of the ash's dry weight and is
determined by dividing the weight of the water in the voids by the weight of the
ash when dry and then multiplying this quotient by 100. Due to this method of
determination, it is quite possible to have moisture contents in excess of 100
percent. There are two moisture contents of importance to geotechnical engineers
when determining the proper compaction procedures for ash to be placed in a
landfill. They are the natural, or in-place, moisture content and the optimum
moisture content. The optimum moisture content of an ash is discussed in the
following section on density since it is related to the maximum density obtained

by compaction in the laboratory.

The in-place moisture content is a function of the deposition environment of the
ash. It will principally be a function of the storage method prior to disposition
in the landfill. The natural moisture content of an ash should be known so that
the quantity of water which must be added or removed to bring the ash to its

optimum moisture content for compaction can be calculated, if the ash is to be



compacted when placed in the landfill. Typical values of natural moisture
content are 2 to 5 percent for silo-stored ash and 50 to 110 percent for lagoon-

stored 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 2.6. The specific gravity of
several West Virginia bottom ashes and boiler slags was found to range from 2.28
to 2.78 for bottom ash and 2.47 to 2.72 for boiler slag. In general, boiler

slags will have greater specific gravities than bottom ashes.

Density

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
corresponding moisture content. If all the voids are filled with water, the ash

is said to be in a saturated state.

Figure 2-4 presents ten fly ash moisture-density curves for western Pennsylvania
bituminous fly 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), of fly ash from western Pennsylvania bituminous coal can range from
75-105 pcf (1200 to 1680 kg/m3) with corresponding optimum moisture contents of

30 to 13 percent, respectively.

When the Standard Proctor compaction test (ASTM D 698-66) was performed on
several West Virginia bituminous bottom ashes and boiler slags, the following

results were compiled (4):
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° The maximum dry density._of bottom ash ranged from 72.6 to 116.6
pcf (1139 to 1829 kg/cm ) with corresponding optimum moisture
contents ranging from 26.2 to 14.6 percent, respectively.

° The maximum dry density.,of boiler slag ranged from 91.1 to 102

pef (1429 to 1600 kg/cm ) with corresponding optimum moisture
contents ranging from 22.0 to 13.8 percent, respectively.

Shear Strength

The 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 internal friction is a measure of the frictional resistance between particles.
The magnitude of the shear strength developed through interparticle friction is

equal to the product of the normal force applied to the material and the tangent
of the angle of internal friction. Typical values for the cohesion and angle of

internal friction for various soil types are shown in Table 2-14.

Fly ashes which do not have self hardening properties possess no cohesion;
however, they exhibit some apparent cohesion due to capillary forces produced by
pore water. This apparent cohesion can be destroyed by complete drying or
saturation. Fly ashes which will self-harden develop a strength which is often
referred to as cohesion; however, this strength more closely resembles the
chemical bonding strength of cement than the cohesive strength of a soil. The
unconfined compressive strength of some self-hardening ashes from the western
U.S. and Canada has been reported to vary from 7100 to 42,500 pounds per square
foot (35kPa to 210kPa). These values vary with both the ash tested and the

degree of compaction.

The angle of internal friction of bituminous fly ash varies with the degree of
compaction and is generally in the range of 25° to 40°. There have not been

many studies published on the strength of subbituminous and lignite ashes so

that typical ranges of strength parameters, such as cohesion and angle of internal

friction, for these ashes are not available.



Table 2-14

TYPICAL SHEAR STRENGTH CHARACTERISTICS FOR VARIOUS TYPES OF COMPACTED SOILS

Cohesion
(Saturated)2 Angle of
Soil Type psf kg/m Internal Friction

Well graded clean gravel 0 0 >38°
Poorly graded clean gravel 0] 0 >37°
Silty gravel - - >34°
Clayey gravel - - >31°
Bottom ash, boiler slag 0 0 >38°
Well graded clean sand 0 0 38°
Poorly graded clean sand 0 0 37°
Silty sand 420 2050 34°
Sand, silt, clay mixture 300 1460 33°
Clayey sand 230 1100 31°
Fly ash (non-self-hardening) 0 0 25° - 40°
Inorganic silts 190 930 32°
Low plasticity inorganic clays 270 1320 28°
High plasticity inorganic clays 230 1100 19°

Source: Adapted from U. S. Naval Facilities Engineering Command. Design
Manual DM-7. Washington, D. C.: Government Printing Office, 1971.



As with fly ash, the shear strength of bottom ash and boiler slag will vary with
the degree of compaction. The angle of internal friction for bottom ash and

boiler slag in a loose condition can vary from 38° to 42.5° (4).

Compressibility

The compressibility of a fly ash landfill determines the rate and magnitude of
settlement of any structures which may eventually be founded on the f£ill. 1In
contrast to its shear strength behavior where it behaves as a cohesionless
material, fly ash behaves very much like a cohesive soil in terms of consolida-
tion and settlement. That is, upon application of vertical pressure, the stress
is initially shared by the soil structure and pore water. The excess pore water
pressure gradually decreases as the water is squeezed out of the pores, and as
the pore water pressure decreases, the load is transferred to the fly ash struc-
ture, producing a volume change. Laboratory consolidation tests have indicated
that compaction can significantly reduce the compressibility of fly ash. Table

2-15 gives some typical values for the compressibility of various soil types.

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, Cc. The
compression index for western Pennsylvania bituminous fly ashes has been seen to

range from 0.10 to 0.25 (5).

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 107 ft/yr (30 cm/sec) and clays
can have a coefficient of permeability as low as 0.00104 ft/yr (lO_9 cm/sec) .
Typical values of the coefficient of permeability for various soil types are

shown in Table 2-16.

The engineer's coefficient of permeability applies to the flow of water and was
developed as 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 1s a function of the viscosity of the watexr, the size and shape of the soil
grains, the degree of compaction of the soil mass, and the number of discontin-

uities present in the soil mass. The permeability of bituminous fly ash compacted



Table 2-15

TYPICAL VALUES OF COMPRESSIBILITY FOR VARIOUS TYPES OF COMPACTED SOILS

Compressibility
[Percent of Original Height @ 50 psi
Soil Type (345 k Pa)]

Well graded clean gravel 0.6
Poorly graded clean gravel 0.9
Silty gravel 1.1
Clayey gravel 1.6
Bottom ash, boiler slag 1.4
Well graded clean sand 1.2
Poorly graded clean sand

Silty sands

Sand, silt, clay mixture

2
Fly ash
Inorganic silt

1.
1.
1.
Clayey sand 2.
1.
1.
Low plasticity inorganic clay 2.

3.

4
6
4
8
7
5
High plasticity inorganic clay 9

Source: Adapted from U. S. Naval Facilities Engineering Command. Design
Manual DM-7. Washington, D. C.: Government Printing Office, 1971.



Table 2-16

TYPICAL COEFFICIENTS OF PERMEABILITY FOR VARIOUS TYPES OF COMPACTED SOILS

Coefficient of Permeability

Soil Type (ft/yr) (cm/sec)
Well graded clean gravel 52,000 5 x 10-2
Poorly graded clean gravel 104,000 lO_-l
Silty gravel >1.04 >107°
Clayey gravel >0.104 >lO_7
Bottom ash, boiler slag 52,000 5 x lO_2
Well graded clean sand >1040 >lO—3
Poorly graded clean sand >1040 >lO_3
Silty sand 52 5 x 107°
Sand, silt, clay misture 2.08 2 X lO—6
Clayey sand 0.52 5 x 107/
Fly ash 0.104 - 104 1077 - 1074
Inorganic silt 10.4 10_5
Inorganic clay 0.104 lO_7

Source: Adapted from U. S. Naval Facilities Engineering Command. Design
Manual DM-7. Washington, D. C.: Government Printing Office, 1971.



to its maximum dry density has varied from 0.104 to 104 ft/yr (lO_7 - lO_4 cm/sec)
in laboratory tests (6). The coefficient of permeability for bituminous bottom
ash and boiler slag has been shown to vary from 31,200 to 93,600 ft/yr (3 x

lO_2 -9 x 10_2 cm/sec) (4).

Capillary Rise

Capillary rise is the physical 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 compacted
fine 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.
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

Materials with a grain-size distribution such as fly ash are generally susceptible
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 accur-
ately determining if a particular fly ash will be frost susceptible is to

perform laboratory tests under freezing conditions. Bottom ash and boiler slag

have a low susceptibility to frost heave when well drained.
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Section 3

CURRENT DISPOSAL PHILOSOPHIES

INTRODUCTION

In selecting a new ash disposal system, it is helpful to look at existing ash
disposal systems and review, if possible, the rationale involved in the selec-

tion of their location, design ash handling method, and management practices.

While most 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
responsible for this change, including recently proposed and enacted environmental
regulations. Two federal laws and their resulting regulations have been deemed
most significant with respect to their effect on ash disposal practices: the
Federal Water Pollution Control Act as amended by the Clean Water Act of 1977

and the Resource Conservation Recovery Act of 1976. Additional regulations
implemented by individual states will result from these two laws and will also

greatly influence future ash disposal practices.

This section presents an overview of current ash disposal practices in the
utility industry in various regions of the country and discusses in detail
these two environmental regulations as well as other factors which may influence

future ash disposal systems.

The impact of federal guidelines on state regulations for solid waste disposal
is discussed in Section 4 of this manual. These guidelines will also signifi-

cantly affect future ash disposal practices.

OVERVIEW OF CURRENT PRACTICE

The National Ash Association in cooperation with the Edison Electric Institute
annually surveys utilities to determine the amount of ash produced, the degree
of utilization, and disposal practices. Based on a 1978 survey of 131 utilities
accounting for 90 percent of the coal burned, the estimated total ash production

was 68.1 million tons (61.8 million metric tons) of fly ash, bottom ash, and



boiler slag. Approximately 24 percent of the total 16.4 million tons, (14.9
million metric tons), was utilized. The remaining 76 percent was disposed of.
Fifty-one percent was sluiced in slurry form to ash disposal ponds and the
remainder was handled dry and placed in landfills. American Electric Power, the
largest investor owned utility in the United States, is switching to dry disposal
as are other utilities (l). Reasons for these changes include increased ash
marketability and reduced disposal volume required for that portion of the ash
disposed. BAlso influencing this change are increasingly stringent effluent
regulations for ash transport water and increased environmental concerns with

operating present wet ash systems.

In presenting data on ash disposal practices, the National Ash Association has
divided the country into nine regions as shown on Figure 3-1. Data shown on the
figure is for 1977, the most recent data currently available. Regions 2 through
8 account for over 98 percent of the total ash production. A summary of disposal
practices and key factors governing the selection process decisions in each of
these regions is given in the following paragraphs. Information is generalized
and although exceptions may exist in all cases, the information is useful to

present an overview of the current disposal practices nationwide.

Region 2 includes Pennsylvania, New York, and New Jersey and accounts for 11
percent of the total ash produced nationwide. Of these three states, Pennsylvania
is by far the largest producer consuming 80 percent of the coal burned in this
region. In central and western Pennsylvania as well as portions of upstate New
York, dry disposal methods predominate. The hilly topography of this area is

one factor in selecting dry disposal methods since many sites are developed as
valley fills. Large flat areas suitable for pond construction are not readily

available.

Region 3 includes Michigan, Wisconsin, Illinois, Indiana, and Ohio, and produces
31 percent of the total national ash production. While Ohio is the largest
coal-burning state, consuming over 50 million tons (45 million metric tons) in
1977, all the other states in this region also produce large quantities of ash.
The dominant method of ash disposal in this region is sluicing to ash ponds;
however, the trend toward dry disposal to increase marketability and to reduce
disposal site volumes by American Electric Power is significant. Environmental

requirements are also a factor in the trend from wet to dry disposal.
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Region 4 includes Minnesota, Iowa, Missouri, North and South Dakota, Nebraska,
and Kansas, and accounts for 9 percent of the total national ash production.

Over 50 percent of the coal burned in this region is in Minnesota and Missouri.
Ash disposal in this region is predominantly at wet sites but some significant

dry disposal operations exist.

Region 5 includes West Virginia, Virginia, Delaware, Maryland, North and South
Carolina, Georgia, and Florida. This region is the second largest coal burning
region accounting for 21 perxcent of the total national ash production. Ash
handling is predominantely wet with two notable exceptions. In the northern
part of the region, particularly in West Virginia and Maryland, a number of ash
disposal operations are dry landfills. As in neighboring Region 2, the hilly
topography in this portion of the region is one factor in selecting dry disposal
sites. The other exception is that many utilities in the southeast handle a
portion of their ash dry. The ash is placed in storage silos for sale. Based
on 1977 figures Region 5 had the highest degree of ash utilization, both as a

percentage of production and on a total tonnage basis.

Region 6 includes Kentucky, Tennessee, Mississippi, and Alabama and is responsible
for 16 percent of the total national ash production. The dominant method of ash
handling in this region is wet sluicing to ash ponds. The Tennessee Valley
Authority, the primary utility in the region, uses wet disposal in all of its

coal fired generating stations.

Region 7 includes Oklahoma, Arkansas, Louisiana, and Texas. Most of the coal
consumed (95 percent) is by power plants in Texas. The region burns relatively
little coal accounting for three percent of the total ash production. Dry
disposal methods are the most prevalent because of the reactive nature of lignite
and western coal ashes. Many of these ashes react with water and undergo hardening
reactions with the evolution of considerable heat. Depending upon the degree of
reactivity of the ash and the individual preference of the utility, conditioning

of the dry ash with water may be at the power plant or at the disposal site.

Region 8 includes Montana, Idaho, Wyoming, Nevada, Utah, Colorado, New Mexico,

and Arizona. While covering a large area, Region 8 accounts for only 7 percent
of total ash production. A number of utilities practice wet disposal in spite

of the relatively arid conditions in this part of the country, although dry

disposal methods are also common. With increased production of western coal and
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additional economic and population growth projected for this region, future
plants may trend towards dry disposal because of environmental regulations,
water scarcity, and potential utilization of reactive ash as a concrete additive

and for soil cement.

REGULATORY TRENDS

Disposal of fly ash either in wet or dry sites has only recently become an area
of environmental concern. Discharge of the ash pond supernatent and landfill
runoff to surface waters has previously been allowed with only minimal require-
ments concerning water quality. Similarly, the possibility of groundwater
contamination by leachate from ash disposal sites has also only recently become
an area of concern. Other aspects of ash disposal which have received recent
attention concern its use in filling wetlands and abandoned mines, and the
handling and transportation of the material. Table 3-1 summarizes federal laws
which may affect ash handling and disposal (2). It is interesting to note that

all of these laws have been passed recently, most of them in the 1970's.

Many of the laws listed 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 of in or adjacent to coal mines. 1In addition to the
federal laws listed in the table, state and local laws as well as regulatory

decisions may be applicable to ash disposal practices.

The two federal laws which have the greatest impact on ash disposal are:
) The Clean Water Act of 1977 (CWA).

° The Resource Conservation and Recovery Act of 1976, (RCRA) .

These two laws are particularly significant since they are generally applicable

to ash disposal and therefore have an impact on all types of ash disposal systems.

The Clean Water Act through the National Pollution Discharge Elimination System
(NPDES) permit program, sets effluent limitations for point source discharges to
surface waters. These standards apply to discharges from ash ponds as well as
runoff from ash landfills. The stringent discharge criteria promulgated under
these acts are instrumental in accelerating the trend from wet to dry disposal

systems.



Table 3-1

FEDERAL REGULATORY FRAMEWORK FOR DISPOSAL OF COAL ASH

Possible Environmental Impact

Legislation

Administrator

Surface water contamination

Groundwater contamination

Waste stability/consolidation

Fugitive air emissions

Contamination of marine
environment

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

Occupational Safety and Health Act of 1970

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 1970

Marine Protection Research and Sanctuaries
Act of 1972

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



The Resource Conservation and Recovery Act was passed in response to concern

about groundwater pollution caused by leachate resulting from solid waste disposal
sites. Regulations and guidelines for disposal of all solid wastes are presently
being promulgated under this act. Since fly ash and bottom ash are solid wastes,
disposal practices for these materials will be subject to the rules and regulations
promulgated under this act. While the exact outcome that RCRA will have on ash
disposal practices is unclear, it is certain that more stringent environmental
standards will have to be adhered to in the future. Details of the RCRA regula-
tions as proposed for promulgation through the summer of 1979 are discussed
subsequently. Actual promulgation of regulations governing ash disposal are

anticipated to be in 1980 or later.

The Clean 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 (EPA) established discharge limits for various industries and
for various pollutants. This act was amended again in 1977 as the Clean Water

Act.

The effluent guidelines and standards for steam-electric power plant ash ponds
require that by July 1, 1983, the "Best Available Technology Economically
Achievable" (BATEA) standard be implemented. This standard is limited to total
suspended solids of 30 milligrams per liter for the 30 day average of the ash
pond discharge. This standard is quite stringent. For plants on which construc-
tion started after the date of the regulations (Federal Register, March 1974,
Pages 36185 to 36307), the EPA proposed the even more stringent "New Source
Performance Standard" (NSPS) of zero discharge for fly ash pond effluents. As

a result of a court challenge to the proposed NSPS, revised standards for fly
ash pond discharges are being developed by EPA. It is expected the revised

standards will be promulgated in late 1979 or early 1980.

Interestingly, standards for runoff from fly ash landfills are less stringent
than those for ponds. Both the BATEA standards and the NSPS standards for
material storage pile runoff have been set at 50 milligrams per liter total
suspended solids. While less stringent than the standards for ash ponds, the
storage pile runoff standards are also quite strict and will dictate that consid-

erable attention be paid to site restoration and vegetation. Additional details



on these subjects are contained in Section 8 of this manual.

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 were 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.

° Prohibiting future open dumping on land and requiring upgrading
or closing of existing open dumps.

° Regulating the treatment, storage, transportation, and disposal
of 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 con-
servation and recovery systems.

° Establishing a cooperative effort among federal, state, and local
governments and private enterprises.

The Resource Conservation and Recovery Act was preceded by two other laws which
dealt with the handling of solid wastes. These laws were the Solid Waste Disposal
Act of 1965 and the Resource Recovery Act of 1970. The Solid Waste Disposal Act
was an amendment to existing air pollution legislation. The primary objective
of this act was to provide funds to identify and quantify the municipal solid
waste disposal problem. 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 solid waste management. The 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.



As a result of the information obtained under the Resource Recovery Act, the
Resource Conservation and Recovery Act was passed in 1976. Table 3-2 presents

the organization and contents of the several subtitles which comprise the RCRA.

Of particular interest is Subtitle C which 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.

Section 3001 of Subtitle C defines a waste as hazardous if it is specifically
listed in these regulations or if it is ignitable, corrosive, reactive, or
toxic. There are approximately 160 wastes or waste sources which are listed in
the regulations as presumed hazardous. While utility solid wastes are not
presumed hazardous, in some cases they may fail the criteria proposed in Section

3001 and be classified as hazardous wastes.

The proposed Section 3002 reqgulations of Subtitle C define the responsibilities
of hazardous waste generators. Generators of hazardous wastes must keep records
identifying the quantities, constituents, and disposition of the waste; use a
manifest system to assure that the waste is delivered to a permitted facility;
and submit reports to the EPA or an authorized state agency on the quantities

and disposition of the wastes.

Proposed Section 3003 regulations which deal with the transportation of the
hazardous wastes are being jointly promulgated by the EPA and the U. S. Department

of Transportation.

Proposed Section 3004 regulations are the standards for treatment, storage, and
disposal facilities. These standards are to be used as the basis for issuing
permits, and will include design and engineering specifications to prevent
contamination of groundwater, surface water, or air by the wastes. They also
include management requirements, i.e., safety measures, personnel training, and
recordkeeping and reporting. If certain large volume wastes, including fly ash
and bottom ash, are classified as hazardous under Section 3001, they would be
designated as Special Wastes under proposed Section 3004 Regulations. A limited
set of interim standards has been proposed for facilities handling these utility
wastes and the EPA plans to obtain more information to determine what specific
control standards are appropriate. Figure 3-2 is a flow diagram presenting a
decision tree used to determine which parts of Section 3004 apply to a particular

waste. It also provides an overview of the RCRA framework.



Table 3-2

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 manage-
ment 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

Sections 3003
Standards for transporters of hazardous wastes

Section 3004
Standards for siting and operation of hazardous waste treatment,
storage and disposal facilities

Section 3005 through 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 encouraging
resource recovery.

Subtitle F - Federal Responsibilities

Sections 6001 through 6004
Deal with responsibilities of government agencies



Table 3-2
(Continued)

Subtitle G - Miscellaneous Provisions

Section 7001 through 7009
Contains provisions for citizen suits, dealing with imminent hazards,
judicial review, etc.

Subtitle H - Research, Development, Demonstration and Information

Sections 8001 through 8007
Authorizes and funds research studies demonstration projects and
dissemination of information

Section 3005 regulations cover permitting procedures.

Section 3006 lists the guidelines for determing if a state should receive authori-
zation from the EPA to enforce the federal hazardous waste regulations within

its boundaries.

Section 3007 of RCRA gives the EPA the right to inspect all waste handling

facilities.

Section 3008 specifies various civil and criminal penalties which can be imposed
for non-compliance. Fines of up to $25,000 and imprisonment for up to one year

are authorized for each day of violation.

Section 3009 specifies the relationship of federal to state authority.

Section 3010 provides the rules for notifying the EPA if an industry is generating

or handling a hazardous waste.

Also of particular interest to the electric utility industry is Subtitle D,
calling for the EPA to publish guidelines for the development of comprehensive
state or regional solid waste management programs. Disposal of solid wastes
which are classified as non-hazardous wastes must conform to Subtitle D criteria.
Disposal of utility wastes classified as non-hazardous must conform to the

provisions of Subtitle D. Under Subtitle D, reference is made to guidelines for



All Solid Wastes

Is The Waste

1} An agricultural waste
returned to the soil?

2) Mining overburden
returned to the mine?

3) A domestic municipal
sewage sludge?

4) A point source discharge
subject to an NPDES (Yes) Exempted
permit? e Haste

5) A special nuclear material
as defined by the Atomic
Energy Act of 1954?

6) An irrigation return flow?

7) To be disposed of by
underground well injection?

(No)

Waste Subject to RCRA

!

Determination of Appropriate
Waste Classification

Is the waste listed on the
presumptive process list (40 CFR 250.14)?
Will the waste fail the EPA test for: "
1) Ignitability Waste Subject

. to Criteria
2) Corrosiveness (No)
T e
3) Reactivity Promulgated

M Under Section
4) Toxicity 4004 and Section
1008 Guidelines

Non-Hazardous

{Yes)

!

Is the waste covered by 40 CFR
250.46 (i.e. is the waste):
1) A cement kiln dust?

2) A utility waste (fly ash, Special Waste

bottom ash, scrubber sludge)? Subject to Only
3) Phosphate rock mining waste? (Yes) . a Small Portion
4) Uranium mining waste? of the Section
S) Other mining waste? 3004 Regulations
6) A gas and oil drilling mud

or brine?

(No)

Hazardous Waste
Subject to All
the Regulations
Promulgated
Under Section
3004 of RCRA

Figure 3-2. Flow Chart for Determining Applicable RCRA Regulations



non-hazardous waste landfills. These guidelines are proposed for promulgation
under Subtitle A of RCRA and are likely to have a significant impact on future

ash disposal practices.

Three sections of Subtitles C and D are of primary importance to future ash

disposal practices:

° Subtitle C, Section 3001 - Identification and listing of ha-
zardous wastes.

° Subtitle C, Section 3004 - Standards for disposal of hazardous
wastes.
® -Subtitle D, Section 4004 - Minimum standards for non-hazardous

solid waste disposal sites.

The rules and regulations contained in these three portions of the Resource
Conservation and Recovery Act are fully delineated below. Details of the proposed
guidelines for non-hazardous waste landfills to be promulgated under Section

1008, sSubtitle A of RCRA are discussed in Section 4 of this manual.

Section 3001 - Hazardous Waste Criteria

To determine whether a solid waste is hazardous and subject to the disposal
regulations of Section 3004 or non-hazardous and subject to the less stringent
disposal criteria of Section 4004, the EPA has developed a hazardous waste

classification criteria. These criteria are described in the Federal Register,

December 18, 1978, Part IV. A waste is classified as hazardous if it exhibits

any of the following characteristics:

° Ignitability
° Corrosivity
® Reactivity

° Toxicity

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 D93-72
or D3278-73; is not liquid and can cause a fire through friction, absorption of
moisture, spontaneous combustion, or the retention of heat from processing; 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.

A waste is corrosive if a representative sample of the waste is aqueous and has

a pH less than or equal to 3 or greater than or equal to 12. 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 (54°C) as determined by using the National
Association of Corrosion Engineers Standard TM-01-69. Slurried fly ash can have

a pH as low as 3 or as high as 12 for some fly ashes. However, values of either

extreme are not commonplace.

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, is capable of detonation or explosive reaction, or
can be classified as an explosive under other federal regulations. A waste is

thermally unstable and hazardous if explosion, ignition, or decomposition of the
waste will occur at 257°F (125°C) after five minutes. The Explosion Temperature

Test as described in the Federal Register, December 18, 1978, p. 58962, is used

to determine thermal instability. Fly ash and bottom ash are not reactive

wastes.

The one hazardous waste characteristic which fly ash and bottom ash are most
likely to possess is heavy metal toxicity. Under the proposed regulations, a
waste is classified as toxic if the extract of that waste, obtained by using the
Extraction Procedure, has a heavy metal concentration in excess of the values
given in Table 3-3. Details of the Extraction Procedure were published in the

Federal Register on December 18, 1978, by the EPA. The extract is analyzed for

heavy metal concentrations by using the atomic absorption techniques described

in "Manual of Methods for Chemical Analysis of Water and Wastes," Environmental
Protection Agency, Office of Technology Transfer, Washington, D. C., 1979 (EPA-
600/4-79-02). The values for the allowable heavy metal concentrations listed in
Table 3-3 are based on ten times the National Interim Primary Drinking Water
Standards which are currently being revised by the EPA. The criteria on Table 3-3
will be revised to reflect changes in the drinking water standards, if the standards

are revised.



Table 3-3

MAXIMUM ALLOWABLE EXTRACT LEVELS FOR HEAVY METALS

Metal Extract Level, mg/l
Arsenic 0.50
Barium 10.00
Cadmium 0.10
Chromium 0.50
Lead 0.50
Mercury 0.02
Selenium 0.10
Silver 0.50

In the December 18, 1978, issue of the Federal Register the EPA also published

an Advance Notice of Proposed Rulemaking concerning the possible expansion of
the Section 3001 criteria for identifying wastes as hazardous. Comments were
requested by July 1, 1979. Two areas are under consideration as being suitable
as additional criteria for judging a waste to be hazardous: one area is radio=-
activity, and the other is an expansion of the toxicity criteria based on the
material causing mutations, tumors or cancer in laboratory animals or cultures.
Both of these areas are of possible concern with utility wastes. Some fly ash
has been shown to fail the radioactive criteria as now proposed. In regard to
the biological testing associated with the proposed toxicity criteria, the
immediate concern is centered on the expense of the testing procedure. It is

estimated to exceed $10,000 per sample.

Section 3004 - Hazardous Waste Disposal Regulations

As presently proposed, if the extract of a particular fly ash or bottom ash has
a heavy metal concentration in excess of the acceptable limits given in Table
3-3, then it will be classified as a hazardous waste and will be subject to
regulation under Section 3004 of RCRA after promulgation of the regulations.

However, utility wastes, (i.e., fly ash, bottom ash, and FGD sludges), if



classified as hazardous, would be considered to be special wastes due to the

large volume of waste which is generated and the relatively low potential hazard
which they pose. Therefore, these utility wastes would be subject to only a

small portion of the hazardous waste regulations. The EPA is researching the
current disposal practices for hazardous utility wastes and plans to promulgate
standards for the disposal of these wastes in the early 1980's, i.e., 1982 or

1983. The following paragraphs summarize those proposed hazardous waste regulations
which would apply to utility waste disposal until more detailed regulations have
been established. The present regulations would require increased recordkeeping,
groundwater monitoring, and site security, and would impose restrictions on the

siting of new ash disposal facilities.

The owner/operator of an off-site utility waste disposal facility must obtain a
detailed physical and chemical analysis of the waste from the power plant prior
to the beginning of the disposal operation. This is to enable the site owner/

operator to determine the proper disposal methods for the waste.

If the utility waste is determined to be hazardous, siting restrictions will
apply to the location of new disposal areas. Existing and abandoned sites are
exempted from the siting criteria, at present. However, if an abandoned site is
creating a hazardous pollution problem, the EPA has authority under Section 7003
to take legal action against the landowner to seek a solution to the problem.
The impact on existing active sites is unclear; however, RCRA requires that

active sites be brought into compliance.

Therefore, it is anticipated the trend will be to phase out existing sites not
in compliance with the siting criteria. Whether this phasing out will be by
attrition or some more rapid means is uncertain. The following restrictions on

the siting of new disposal facilities for hazardous wastes will apply:

° A disposal site cannot be located in an active fault zone, i.e.,
a land area which, based on geologic evidence, has a reasonable
probability of being affected by the movement aleong the fault to
the extent that a disposal facility built in this area would be
damaged.

° A disposal site cannot be located in a regulatory floodway. A
regulatory floodway is defined as the channel of a river or other
watercourse and the adjacent land areas which must be reserved in
order to discharge the 100-year flood without cumulatively increasing
the elevation of the water surface more than a designated height.

The 100~year floodways for some areas of the U. S. have been



mapped by the U. S. Geological Survey, the U. S. Army Corps of
Engineers, and the Department of Housing and Urban Development.
Offices of these organizations or the county planning agency are
likely sources of information to determine if a proposed disposal
area 1s in a regulatory floodway. If the proposed site has not
been mapped by these agencies, a hydrologic analysis using the
same methods must be conducted. The methodology is available
from the Department of Housing and Urban Development, Federal
Insurance Agency, Washington, D. C.

A disposal site cannot be located in a coastal high hazard area
(an area designated on Flood Insurance Rate Maps developed by the
Federal Insurance Administration as Zone VI-30) unless it can be
proven that the site will be designed, constructed, operated, and
maintained in such a manner that it will not be inundated by high
velocity waters, such as hurricane wave wash and tsunamis.

A disposal site cannot be located in a 500-year floodplain

unless it can be shown that the site will be designed, constructed,
operated, and maintained in such a manner that it will not be
inundated by a 500-year flood. The 500-year floodplain can be
determined from Department of Housing and Urban Development,
Federal Insurance Agency Mapping in some cases or by a hydrologic
analysis. An EPRI sponsored study of 551 power plants revealed
that only 109 were outside of the 100-year floodplain and only

33 were outside of the 500-year floodplain. The results of this
study are published in EPRI Publication FP 1205.

A disposal site cannot be located in a wetland unless a National
Pollutant Discharge Elimination System (NPDES) permit is obtained
and, if dredging or filling of the wetland is involved, a permit
issued under the authority of Section 404 of the Clean Water Act
is obtained from the U. S. Army Corps of Engineers.

A disposal site cannot be located in an area where it will
jeopardize the continued existence of endangered and threatened
species as listed in Title 50 of the Code of Federal Regulations
(CFR), nor result in the destruction or adverse modification of
their critical habitat. Information concerning endangered and
threatened species and their critical habitats is obtainable
from the U. S. Fish and Wildlife Service, Office of endangered
species. An exception to this regulation will be granted if it
can be shown, after consultation with the Office of Endangered
Species, that locating the site in the critical habitat will not
jeopardize the existence of the Endangered Species which are
there.

A disposal site cannot be located in the recharge zone of a sole
source aquifer, i.e., an area through which potable water enters
an aquifer which serves as the sole or principal supply of drink-
ing water for a large percentage of the population in a given
area. An exception to this regulation will be granted if it can
be demonstrated that the site will be designed, constructed,
operated, maintained, and monitored to prevent contamination of
the water supply.



o Active portions (areas where disposal is actually taking place)
of a disposal site must be at least 200 feet* (60 meters)
from the property line unless it can be shown that any unexpected
release or discharge of waste can be controlled before the hazar-
dous material crosses the property boundary.

For a hazardous utility waste, the security at both existing and new disposal
sites must meet the following reguirements:
® The site must have 6-foot* (2-meter) fence, or other type of

natural or artificial barrier, surrounding the active portion of
the site to prevent the unknowing and/or unauthorized entry of
persons or domestic livestock. For a wet disposal system, this
means the pond must be fenced, and for a dry disposal system,
portions of the landfill which have not been closed must be

fenced. Upon closure of a section of the landfill, the fence may
be removed or moved to another section of the disposal area.

°® All access points to the active portion of the site must be
controlled by an attendant, or a mechanical or an electro-
mechanical device, when disposal operations are in progress, and
must be secured against entry when the site is not operating.

[ Warning signs must be posted at the access points to the active
portion of the site unless it can be shown due to the nature of
the waste being handled that a warning sign is not necessary.
What problems are involved in obtaining a variance from the
signing requirement are uncertain.

As proposed, the regulations state that if a utility's solid waste is designated
as hazardous and it is disposed of off the power plant site, even if the utility
owns the disposal site, a manifest system to track the waste from the time it
leaves the power plant until it reaches the disposal site must be instituted.

One copy of the manifest must be retained by the disposal site operator for a
period of three years; one copy must be given to the transporter; and the original
copy of the manifest must be sent to the power plant generating the waste within
30 days. If there is any discrepancy between the shipment as described by the
manifest and the shipment as received at the disposal site, the site operator

must notify the EPA of the discrepancy.
An operating log must be maintained by the operator of the disposal site and is

to be open for inspection by any duly designated agent of the EPA. The following

information is to be recorded in the log and retained until closure of the site:

*The proposed regulations are published in metric units.



) A description of each waste shipment by name, i.e., fly ash or
bottom ash.

® The DOT hazard class of the waste or its EPA characteristic (s)
(i.e., corrosive, toxic, etc.).

° The quantity of waste delivered, the method of disposal used, and
the dates of disgposal.

Whether the disposal of the utility waste occurs on-site at the power plant or
at an off-site disposal facility, the EPA requires that an annual report containing
the following information be submitted within four weeks of the end of the

reporting period to the EPA Regional Administrator:

° Disposal site's ID code (for off-site disposal)

° Generator's ID code for both on-~site and off-site disposal
° Closing date for the reporting period

) Name and common code of the waste

) Hazard class of the waste

) Quantity of waste handled

° Method of disposal

If an off-site disposal facility receives a hazardous utility waste shipment
which is not accompanied by a manifest, the operator must submit a quarterly
report to the EPA Regional Administrator. This report must contain the same
information given in the annual report plus a brief explanation of why the

shipment was unmanifested.

If an accidental release of the hazardous waste occurs at the disposal site and
this discharge of waste has the potential for damaging human health or the
environment, the emergency coordinator for the disposal site must telephone
either the U. S. Coast Guard National Response Center or the government official
designated as the on-scene emergency coordinator for that geographic area to

report the incident.

As proposed in the regulations, the operator of the hazardous waste disposal
facility must perform daily a visual inspection of the site and record the

observations in the operating log. The daily inspection must include the following:



° All waste storage areas must be checked to see if the storage
devices show signs of rust, corrosion, or cracking and to see if
any spills may have occurred.

) Dikes are checked for structural weakening and drainage systems
are checked for a possible stoppage.

° Equipment must be checked to ensure that it is operating properly.
° Fences or other barriers must be checked for damage.

® Vegetation on or around the site must be checked for damage.

° The active portion of the facility must be checked for fugitive

air emissions.

Within 180 days after completion of site closure, the disposal facility operator
must file a survey plat, certified by a registered professional land surveyor,
‘with the local land authority and the EPA Regional Administrator. The survey
plat must indicate the type and location of the hazardous waste disposed of at
the disposal site. The site must be properly maintained for a period of 20
years after the date of closure unless the Regional Administrator decides, based
on information provided by the site owner/operator, that post-closure care is
not necessary for the full 20 years. Post-closure care will consist of ground-
water monitoring and the submission of periodic monitoring reports, as discussed

below.

The propeosed hazardous waste regulation which applies to fly ash and bottom ash
concerns groundwater monitoring. In most cases, a groundwater monitoring system
will be required if the waste is classified as hazardous. The groundwater
monitoring system is to consist of a minimum of four wells which must meet the

following criteria:

[ One well is to be placed hydraulically upgradient from the
disposal area so that representative samples of the groundwater
flowing into the area can be collected.

) Three wells, each sunk to a different depth, are to be installed
hydraulically downgradient of the site in order to detect any
leachate migration. All three wells can be sunk to one depth if
it can be shown that this is the depth where contamination is
most likely to occur.

® At least one of these three wells must be located immediately
adjacent to the disposal area. The other two wells are to be
placed within the property line of the site in locations which
provide the greatest opportunity for the interception of leachate.



° All monitoring wells must be cased, and the space between the
casing and the borehole must be backfilled with an impermeable
material to prevent surface water from entering the well and to
prevent the exchange of water between aquifers.

A groundwater monitoring system will not be required if it can be proven that
the geologic and hydrologic conditions under the site indicate that the leachate
has no potential for reaching the groundwater. The difficulty in obtaining a

variance so that no groundwater monitoring system is required is uncertain.

The background level of the groundwater quality must be established by conducting
a monthly comprehensive water quality analysis, described below, of the samples
collected in the monitoring wells for at least one year. For new disposal

sites, the comprehensive analysis of groundwater samples must begin at least
three months prior to the beginning of disposal operations. After the background
level for the groundwater quality has been established, the comprehensive analysis
of samples is to be done on an annual basis. A minimum analysis of groundwater
quality, also described below, must be performed at the following frequencies:

® Semi-annually, if the groundwater flow rate ranges between 82 and
164 ft/year (25 and 50 m/year) .*

° Quarterly, if the flow rate is greater than 164 ft/year (50 m/
year) .*

A minimum water quality analysis will consist of tests for the following:

° Specific conductivity, mho/cm at 25°C

[ ) PH

° Concentration of chloride, mg/liter

° Total dissolved solids concentration, mg/liter

° Dissolved organic carbon concentration, mg/liter

° Concentrations of the specific heavy metals which resulted in the

ash being classified as hazardous

A comprehensive water quality analysis will test for all of the above plus:
° Concentrations of contaminants and the levels of the properties

listed in the EPA Interim Primary and Proposed Secondary Drinking
Water Standards shown in Table 3-4

*The proposed regulations are published in metric units.



Parameter

Table 3-4

EPA INTERIM PRIMARY AND PROPOSED SECONDARY

Interim Primary

Arsenic
Barium
Cadmium
Chromium (VI)
Fluoride
Lead

Mercury
Nitrate
Selenium
Silver
Endrin
Lindane
Methoxychlor
Toxaphene

2, 4-D

2, 4, 5-TP Silvex

Radium
Gross Alpha

Coliform Bacteria

Turbidity

Secondary

Chloride

Copper

Foaming Agents
Hydrogen Sulfide
Iron

Manganese
Sulfate

Total Dissolved Solids

Zinc

Color
Corrosivity
Odor

pH

Maximum Level

DRINKING WATER STANDARDS

0.05 mg/1
1.0 mg/l
0.01 mg/1
0.05 mg/1
1.4-2.4 mg/1
0.05 mg/1
0.002 mg/1
10.0 mg/1
0.01 mg/1
0.05 mg/1
0.002 mg/1
0.004 mg/1
0.1 mg/1
0.005 mg/1
0.01 mg/1
0.01 mg/1
5 pci/l

15 pci/l
1/100 ml
1/TU

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



° Concentration of beryllium, mg/liter

) Concentration of nickel, mg/liter

° Concentration of cyanide, mg/liter

° Concentration of phenolic compounds, mg/liter

° Presence of organic constituents, as determined by a scanning by

gas chromatography

After the background level is established, the comprehensive analysis may be
reduced by eliminating the analysis of characteristics that could not result
from disposal of the ash. Quarterly reports of the monitoring data must be
submitted to the EPA or to the appropriate state agency, enforcing the hazardous
waste regulations. All monitoring and analysis records must be retained by the

site operator for at least three years.

If the quality of the groundwater collected for sampling differs by a statistically
significant amount, as determined by the Student's t, singletailed test at the

95 percent confidence level, from the background quality, the site operator

must:
® Notify the Regional Administrator of the EPA within seven days.
° Determine, if possible, the cause of the variation in quality.
® Determine the extent of the groundwater contamination or potential

for groundwater contamination and discontinue operation of the
site until the Regional Administrator determines what action must
be taken.

At present, these are the only hazardous waste regulations which would be ap-
plicable to fly ash and bottom ash that are classified as hazardous after promul-
gation of the final regulations. For the time being, these utility wastes are
exempt from the storage standards of the proposed Hazardous Waste Regulations.
However, the EPA anticipates that regulations regarding the storage and disposal
of special wastes, such as hazardous fly ash and bottom ash, will be written
within the next two to three years (1982 to 1983). The EPA is funding a research
program which calls for the monitoring of actual ash disposal practices and to
provide the necessary background data for the promulgation of detailed utility
waste disposal regulations for both hazardous and non-hazardous ashes. In the
immediate future, portions of the proposed hazardous waste regulations will be

reproposed. Due to over 1,200 comments received by EPA after the regulations



were originally proposed, as well as new information received, significant
changes in the proposed regulations are anticipated. These changes will probably
require reproposal or partial reproposal of major portions of the Section 3001
and 3004 criteria, including the special waste regulations. Portions of these

changes are to be issued in early 1980.

Section 4004 - Non-Hazardous Waste Disposal Criteria

If a utility waste is classified as non-~hazardous under the criteria established
for Section 3001 of RCRA, then it will be subject to the criteria under Section
4004 of RCRA. These citeria are for determinig if a particular waste disposal
facility employs environmentally acceptable disposal practices. They were
issued in the September 13, 1979 issue of the Federal Register, pp. 53438 to
53468. These criteria apply to almost all non-hazardous wastes and to all forms
of land disposal, including landfills and surface impoundments. They became

effective October 15, 1979. The two major concerns of these criteria are:

® protection of sensitive areas, such as critical habitats and
floodplains

] protection of the quality of groundwater, surface water, and the
air

If a waste disposal facility does not meet these criteria, it must be closed or
upgraded within a reasonable time frame (not to exceed five years). The states
are expected to incorporate these criteria into their solid waste regulations
and then to enforce the regulations to bring about the closing or upgrading of
unacceptable sites. Since enforcement is to be by the states, penalities are
not specified as they are under Section 3004 of Subtitle C. States are also to
incorporate operational guidelines promulgated under Section 1008 of RCRA with
regulations. The details of these guidelines and the possible impact on future

disposal sites are covered in Section 4 of this manual.

The following siting restrictions apply to the selection of sites for the disposal

of non-hazardous wastes classified under Section 4004 of RCRA:

) The facility cannot be located in a 100-year floodplain unless it
can be shown that the facility will not restrict the flow of the
flood or reduce the temporary water-storage capacity of the
floodplain such that increased flooding upstream or downstream of
the facility can result, and is designed, constructed, operated,
and maintained to protect against inundation by the flood.



° The disposal facility cannot be located in a critical habitat
area unless the disposal site operation will not jeopardize the
endangered species present and the Office of Endangered Species
approves of the disposal plan.

An acceptable ash disposal site cannot adversely affect the quality of the
surface water or groundwater in the area. All point source discharges of pollu-
tants (such as channeled surface leachate, leachate seepage, surface runoff, and
leachate treatment effluent) to off-site surface waters must comply with the
NPDES permit issued to the site. Non-point sources of contaminants must be
controlled so that non-point source discharges to off-site surface waters are

minimized.

Underground drinking water sources beyond the limit of the final boundary of the
ash deposit are to be protected from contamination. The definitions of under-
ground drinking water sources and contamination are important to understanding

the impact of the regulation.

An underground drinking water source is any geologic formation or formations

capable of supplying usable quantites of groundwater and;
° being used for human consumption, or

° containing less than 10,000 mg/l total dissolved solids

Contamination is defined as introducing a substance to the groundwater that
would cause the concentration of the introduced substance to exceed the limits
specified in the National Interim Primary Drinking Water Standarxds. In cases
where the groundwater already exceeds the standards, any further increase would

be considered contamination.

Included in the Federal Register with the above regulations is a proposal to
extend the definition of contamination to include the substances listed in the
Secondary Drinking Water Standards, with the exception of hydrogen sulfide and
corrosivity. These standards are listed on Table 3-4. If adopted, these standards
could have a significant impact on ash disposal practices. In many cases, ash
leachate would exceed the limits due to sulfate, pH, or other criteria. In

these cases, leachate prevention measures such as liners could be required for

ash disposal sites.
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Provisions for allowing contamination to extend beyond the boundary of the ash
deposit are included in the regulations. Variance of this type would be obtained
from the state on a case-by-case basis in compliance with provisions listed in

the regulations.

Disposal facilities must control air emissions in compliance with federal,
state, and local air pollution control regulations. Also, access to the disposal
area must be controlled so as to minimize the potential danger to the general

public presented by the operation of heavy equipment.

SUMMARY

The two federal laws which have the most significant impact on ash disposal
practices are the Clean Water Act of 1977 (CWA) and the Resource Conservation
and Recovery Act of 1976 (RCRA). Current ash disposal practices are trending
away from wet disposal to landfilling. The CWA requirements will continue this
trend. The requirements of RCRA will also influence future trends in ash
disposal, although specific regulations governing ash are not yet promulgated.
The following section of this manual, Section 4, provides some insight into what

form these future regulations may take.
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Section 4

IMPACT OF RCRA ON NEW DISPOSAL SITES

INTRODUCTION

As noted in Section 3 of this manual, the Resource Conservation and Recovery Act
(RCRA) is likely to significantly affect ash disposal practices in the utility
industry. Both existing and future sites will be impacted, although to what
extent is presently undetermined. As presently proposed, for those ashes that

are classified as hazardous wastes under Section 3001 of RCRA, the regulations

to be promulgated under the special waste provisions of Subtitle C, Section 3004
of RCRA will apply. These proposed regulations specify siting restrictions as
well as site security and record keeping practices. They would also require
groundwater monitoring except in those cases where it can be proven that ground-
water pollution will not occur. Those ashes which are classified as non-hazardous
wastes will be subject to the requirements of Subtitle D, Section 4004 of RCRA.
These regulations specify siting restrictions and encourage groundwater monitoring.
Additional guidelines for non-hazardous waste disposal are proposed under Section

1008 of Subtitle A.

Sections 3004 and 1008 provide general requirements which are proposed by EPA
for design and operation of the disposal sites. It is anticipated that specific
management practices for ash will be specified in the future. 1In fact, a study
is currently underway by the EPA to provide background data for such regulations.
It is presently anticipated that the regulations will be promulgated in 1982 or
1983. Because of their potential impact on the utility industry, the develop-
ment of these regulations will be watched by many, particularly those planning
new disposal sites in the interim. In order to provide a framework for under-
standing how the special waste regulations are expected to be developed, it is

useful to review the following three items:

) The EPA study of the environmental impact of present ash disposal
practices,
) The stringent regulations already proposed for disposal of

hazardous wastes under RCRA,



® The guidelines for non-hazardous waste regulations issued under
RCRA.

Also of interest in contemplating design and construction requirements for
future sites is a review of the current engineering practice used in the design
and construction of disposal sites. Considerable detail on site design is con-

tained in the EPRI FGD Sludge Disposal Manual, FP-977, and the EPRI Fly Ash

Structural Fill Handbook, RP 1156.

EPA STUDIES

The EPA Industrial Environmental Research Laboratory in Research Triangle Park,
North Carolina, has funded several research projects related to power plant
solid wastes. Many projects have been in direct support of the EPA regulations.
Others have been directed towards investigating alternate disposal methods or

by-product utilization.

As part of the expanded program, the EPA is undertaking a two-part study of ash
disposal practices in the utility industry. This study is planned as direct
support of future modifications of the special waste regulations for disposal of
utility wastes classified as hazardous under RCRA. The first part of the study
involves a survey of ash disposal site characteristics and management practices.
The survey was conducted in the spring of 1979 by Versar Incorporated. The
purpose of the survey was to identify representative sites to be used for more
detailed future studies. 1In the second part of the study, another contractor is
to conduct field testing and groundwater monitoring at the selected sites. The
purpose of the field studies is to assess the environmental impact of current
disposal practices with emphasis on groundwater quality. The results of these
studies will influence future revisions of the RCRA regulations concerning
disposal of utility solid wastes. These revisions are expected to be issued in
1982 or 1983. To overview the EPA studies and comment on the rule-making
process, a group of utilities has formed an ad hoc group called the Utility
Solid Waste Advisory Group (USWAG) under the auspices of the Edison Electric
Institute. 1Initially, USWAG is interacting with the EPA Industrial Environ-
mental Research Lab by reviewing and commenting on the scope, program, and
results of the EPA studies. The ultimate role of USWAG in the regulatory
proce