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ABS.TRACT 

This manual presents background information and guidance to the uti lity engineer for 
upgrading waste disposal sites. It is intended to provide (1) step-by-step instruc
tions for assessing the adequacy of current site operation and (2) a catalog to 
describe state-of-the-art upgrading technology once specific remedial action 
requirements have been identified. 

The manual presents current regulatory requirements for land disposal of nonhazard
ous util ity wastes . Potential problems associated with land disposal are discussed, 
and guidelines for a preliminary assessment of poss ible regu latory-envi ronmeotal 
issues are presente~~ 

The manual des~r1bes detailed engineering data on avaflable site upgrading tech
niques covering (1) surficial and· subsurface corrective actions; (2) site closure, 
relocation, and design modif1cations; (3) conversion of wet to dry disposal; 
(4) liner selection, design, and installation; and (5) by-product recovery and 
reuse. Comparative cost analysis of upgrading alternatives is al so presented. 

Although the_ standards for nonhazardous waste disposal sites are still under 
development, the site assessment and upgrading techniques pres_ented provide the 
utility engineer with a useful tool to diagnose and correct potentia1 deficiencies 
in disposal site design and operation. 

; i i 
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· EPRI PERSPECTIVE 

PROJECT DESCRIPTION 

This document is one of a series of manuals published by the solids by-product 
disposal subprogram on the disposal of utility waste by-products. It serves as a 
companion to the FGD Sludge Disposal Manual, Second Edition, EPRI Final Report 
CS-1515, and the Coal Ash Disposal Manual--Second Edit1on, EPRI Final Report 
CS-2049 . Whereas, the aforementioned manuals are intended for use in designing new 
disposal facilities, this manual is primarily intended for upgrading existing waste 
disposal faci l ities . The Resource Conservation and Recovery Act (RCRA). and the 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(cormnonly referred to as the 11 Superfund 11 law), will have a profound effect upon the 
waste disposa) practices of the electric utility industry. Federal an~ state 
regulations that would support the 'in.tent of these. laws are currently evolving and 
Will be of great interest to all industries that presentli dispose or at ~ome time· 
disposed of wastes on land. 

The materials covered in this manual encompass six principal categories: (1) envi
ronmental issues associated with land disposal of utility wastes, (2) a review of 
proposed and promulgated federal regulations on solid-waste disposal and an analysis 
of their impact on utility-waste disposal practices, (3) an overview of available 
disposal site upgrading and site-closure procedures, (4) a review of available 
liners and installation practices, (5) cost-estimating techniques for upgrading 
disposal sites, and (6) a review of ~ecovery and marketing of utility by-products ·as · . 
an alternative to retrofitting a disposal site. 

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 
current disposal system suitability and selecting optimal retrofit systems for 
existing disposal facilities . It is intended for use by utility designers and 
managers in the preliminary identification, cost analysis, ranking of candidate 
upgrading procedures, and system selection. A continuing objective of the EPRI 
solid by-product disposal subprogram is to maintain and update the manual series 

V 
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with regard to the evolving federal and state regulatory requirements, advances in 
technology, and changing costs or economic factors. For this reason, th i s manual is 
in a loose-leaf format, which will allow easy insert ion of updated material from 
future EPRI projects. 

PROJECT RESULTS 

This manual provides a ~ystematic and objec~ive methodology for evaluating a1terna
tive disposal site upgrading procedures . It provides background information and 

references on existing disposal practices, regulatory constraints as well as alter
native corrective actions and their associated costs. 

Regulations governing the disposal of utility wastes are in a state of suspension at 

this time. Congress in the 1980 Amendments to RCRA requested a detailed study of 
the effects of utility waste disposal pract i ces, and the EPA has a multimillion 

dollar p~oject under way to address some of the questions. The answers are not 
expected to be known until 1.ate .1983. Unt il that time there will be no firm .design 
or performance_standards applicable to utility waste disposal that can be applied 
with confidence by the industry. At the present time state standards for nonhazard
ous wastes, which are also undergoing change, apply to utility waste disposal . For 
these reasons it may·be premature for any utility to embark on a progra~· to update 
their existing disposal facilities. 

It is expected that within two or three years, when the federal and state regula
tions have been put in place, this manual will need to be extensively revised. At 
that t ime it may be possible to assess the impact of a given disposal operation 
using groundwater· monitoring results and modeling techniques and to compare the 
results with specific disposal site performance standards. Today it is not pos
sible. 

. . 
Like the other manuals in the series, this manual contains a questionnaire .t.o be 

completed by the· users in order to provi~e EPRI staff with· a feedback mechanism so 
that the subsequent revisions will be responsive to industry needs. 

The intended audience for this manual is the uti lity designers and managers in order 
to aid them in the pre1iminary identification of upgrading alternatives, cost 

analysis, and ranking of alternatives. 

Dean M. Golden, Project Manager 
Coal Combustion Systems Di vision 

yj 
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SUMMARY 

Disposal facilities accepting nonhazardous waste (including util_ity solid wastes) 
are governed by both federal and state regulatory standa rds. Federal standards, 
promulgated under the Resource Conservation and Recovery Act of 1976 (RCRA), cur
rently remain in "proposed" status . If existing utility waste disposal sites are 
eventually required to confonn to these stringent standards, many sites may need to 
be upgraded. 

Potential environmental issues associated with land disposal of utility solid waste 
include fugitive air emissions, soil contamination, phytoxicity, and contamination 
of groundwater and surface· water . Problems may arise unless a disposal site _is 
properly selected, constructed. and managed, and the waste materials are properly 
processed before disposal_ 

This manual is designed to provide the utility engineer with background information, 
guidance, procedures and associated costs for upgrading waste disposal facilities at 
a coal - fired power plant . Using the manual, the engineer should be able to assess 
whether an existing site meets current standards for new sites. It can serve as a 
catalog of available technology for upgrading, if significant environmental impacts 
are identifi ed and require attention. 

Poten~ial deficiencies in utility waste disposal practices can be identified t_hrough 
a cursory site insp~ction and by checking comP,liance status against specific federal 
and state regulations. A checklist ~as deveioped to help the engineer identify any 
deficiencies. Depending upon the deficiencies identified, the degree of upgrading 
could vary from minor modifications (such as posting signs) to remedial action to 
correct environmental damage at the site. These modifications or remedial actions 
should be developed with reference to the site's unique characteristics and subsur
face conditions . The selection and design of a corrective action plan should be 
carefully evaluated in tenns of the specific regulations, technical considerations, 
operational ramifications, and both short- and long-term economic feasibility. 

S-1 
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Corrective actions discussed in detail in the report include grading, cover, surface 
water control (e.g., berms, ditches, flumes, etc), revegetation, fugitive dust con
trol, and subsurface water control (e.g., gravity drains, groundwater collection 
structures, impervious barriers, etc.). It is imperat i ve to fully evaluate the 
options available for correc:1:.ive action at a particular site, to fully recognize the 

. benefit that the action can provide, and to determine ;f indeed such action is war
ranted. 

One promising upgrading technique is the conversion of a wet disposal systan (pond) 
to a dry system (landfill) , Such a conversion requires treatment of wastes already 
ponded to produce a material suitable for landfilling. plus conversion of the waste 
generation process to one which will generate a dry material. The conversion pro
cesses may include primary/secondary dewatering, drying beds~ forced oxidation, ash 
blending, and fixation. 

With more stringent requirements for groundwater pollution control, many high
integriby, low permeability liner materials will find increased application in the 

utility and other industries. Liners are. intended for use at new or relocated 
storage/d i sposal sit~s. The utility engi,neer should be aware of the available lin
ing materia1s, ~riterta for their selection~ design and i nstallation, and their 
appl i cability to the particular site and waste. 

An alternative to land di sposal is commercial recovery and sale of utility solid 
wastes {by-products) for various end uses. The manual provides background informa
tion on the physical and chemical properties of by-products, potential commercial 
by-product uses and use specifications, and by-product handling and storage charac

teri stics. It also describes by-product market characteristics and discusses mar
keting structures . 

Site closure and post-closure maintendnce are considered the· last phase of waste 
management at the site. The most common site. closure practices used by the utility 
in~ustry are (1) covering with soil followed by revegetation, (2) pond draining and 
backfilling with soil. and {3) pond abandonment. Recommended site closure proce
dures are provided in the manual. rhe degree of post-closure maintenance and moni 
toring required at disposal sites is largely dependent upon the post-closure use of 
the site, and the applicable federal and state regulat i ons. 
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The ultimate choice between comparable upgrading techniques ·is often based on cost. 
The manual presents extensive cost estimating instructions and guidelines for a 
comparative economic assessment. Cost estimating equations were developed for each 
upgrading alternative discussed in the manual, as well as for total levelized annual 
costs as a comparative tool. An actual case study example is provided to illustrate 
the proper use of the cost equations and the annual cost methodology. 
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QUESTIONNAIRE 00 THE M.~NUAL FOR 
UPGRADING EXISTING DISPOSAL SITES, EPRI RP1685- 2 

To users of the "Upgrading" Manual; 

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

I Overall Comments 

TI 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 Dec. 1, 1982. 

Dean M, Golden 
Electric Power Research Institute 
3412 Hillview Avenue 
P. O. Box 10412 
Palo Alto, CA 94303 

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

Note: If you receive your manual a,fter Dec . l, 1982, please complete 
the questionnaire anyway. Your su~gestions can be included i n subsequent 
revisions. 

I. Overall Comments 

Format - ----------------------------- -----

In view of the ever changing regulations, is a manual like this useful? 

Yes ___ ; No --- Maybe _ _ _ 

Contents ---- --- ----- ----- --- - --------- --- - · 

Ease of Reference --- ----- - --- --- ------------- -

Other ---- --- --- ------- - ----- --- --- --- --- · 

Answered By: 

Name Title --- - - - - ---------- - --------- --- - --
Company-- -------- - ---------- Phone No. ___ ___ _ _ 
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II. COMMENTS ON SPECIFIC SECTIONS 

Section 1 - INTRODUCTION 

Was information helpful? Factual?~~~~~~ 
Comments: 

Suggestions for improvements (deletions, additions, method of presentation, 
other): 

Section 2 - ENVIRONMENTAL ISSUES 

Was information helpful? 
Comments: 

Factual? 

Suggestions for improvements '(deletions, additions, method of presentation, 
other): 

Section 3 - CURRENT DISPOSAL REGULATIONS 

Was information helpful? 
Comments: 

Factual? 

Suggestions for improvements (deletions, additions, method of presentation, 
other): 

Section 4 - POTEN.TIAL DEFICIENCIES IN DISPOSAL SITE DESIGN & OPERATION 

·was informat:i.on helpful? Factual? 
Comments: 

Suggestions for improvements (deletions, additions, method of presentation, 
other): 

t 
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Section 5 - OVERVIEW OF AVAILABLE DISPOSAL SITE UPGRADING PROCEDURES 

Was information helpful? 
Comments: 

Factual? 

Suggestions for improvements (deletions, additions, method of presentation, 
other): 

Section 6 - CORRECTIVE ACTION 

Was information helpful? 
Comments: 

Factual? 

Suggestions for improvements (deletions, additions, method of presentation, 
other): 

Section 7 - CONVERSION OF WET TO DRY DISPOSAL SYSTEMS 

Was information helpful?-~-~-
Comments: 

Factual? 

Suggestions for improvements (deletions, additions, method of presentation, 
other): 

Section 8 - SITE CLOSURE PROCEDURES 

Was information helpful? 
Comments: 

Factual? ------

Suggestions for improvements (deletions, additions, method of presentation, 
other): 

t 
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Section 9 - LINER SELECTION AND INSTALLATION 

Was information helpful? 
Conunents: 

Factual? 

Suggestions for improvements (deletions, additions, method of presentation, 
other): 

Section 10 - RECOVERY AND MARKETING OF UTILITY BY-PRODUCTS 

Was information helpful? 
Conunents: 

Factual? 

Suggestions for improvements (deletions, additions, method of presentation, 
other): 

Secti·on 11 - ESTIMATING THE COST FOR UPGRADING WASTE DISPOSAL SITES 

Was information helpful?·. ____ _ Factual? 
Conunents: 

• 

Suggestions for improvements (deletions, additions, method of presentation, 
other): 

APPENDICES: 
A - CASE STUDIES 
B - GROUNDWATER QUALITY CRITERIA 

.C - LISTING OF LINED UTILITY WASTE DISPOSAL SITES 
D COST ESTIMATION EXAMPLE 

Were these useful? Factual? -----
Conunents: 

Suggestions for improvements: 
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BACKGROUND 

Sect ion l 

INTRODUCTION 

For years, utilities operating coal-fired electric power generating stations have 

contended With the compl ex, ever- changing regulations governing air and water qual 

ity . Most utilities have achieved canpliance using advanced treatment/control tech

nologies, a majority of which generate some fonn of solid waste requiring disposal. 

The predominant fonns of utility solid waste are fly ash, bottom ash, and FGD 

sludge. 

In 1976, the·.U .s. Congress passed into 1 aw the Resource Conservat'ion and Recovery 

Act (PL 94-580), which was .designed to "close the loop 11 of environmental control by 

setting stan?ards for the disposal of solid w(ste to land. · Though the disposal of 

utility solid wastes was addressed in the regulations, it .was not until late 1980 
• 

that these wastes were fonnal ly placed on an equal federal regulatory basis with 

municipal solid waste and other nonhazardous solid wastes. This reguJatory status 

is tentative, pending the results of additional EPA research. 

The standards for nonhazardous waste disposal sites are stringent. Many operating 

utility waste disposal sites may not canply with the proposed standards, if for 

nothing more than minor violations such as a lack of access control and warning 

signs . These sites may need to be upgraded in some fashion to confonn to the stan

dards. 

An important underlying consideration is the need to control possible environmental 

degradation from older disposal sites designed under less stringent standardi. 

Engineers have long recognized that selecting, designing, and operating a good land 

disposal site is sometimes as much an ar.t as it is a science, and that the assign

ment of legal responsibility for environmental damage is difficult considering that 

standards of practice have changed so much in recent years . A utility confronted 

with such a problem will neverthe1ess have some control over how it is remedied. As 

a result, a knowledge of the available technology for remedial action is important 

to utility environmental eng; neers. 
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Perhaps the most important consideration in such circumstances is the detennination 

of whether the site needs to be upgraded at all . The information presented in this 

manua 1 presumes that the 11 need to upgrade" has al ready been identified by the 

reader . However, it should not be presumed tha-t an old site must be upgraded to 

confonn with RCRA. Legal opinion varies ; £PA is thought by many to have regulatory 

authority under RCRA only over new operations. Accardi ng to this View,. EPA could 

not force compliance with the proposed standards upon existing operations •. 

Remedial action/upgrading has been required only at selected solid or hazardous 

waste disposal sites where the potential for significant environmental damage has 

been proved; to date, no utility waste disposal sites have been so categorized. The 

adequacy of site performance wil1 probably be used by EPA and the states to deter

mine the need to upgrade. 

PROJECT OBJECTIVES 

The ·Electric Power Research Institute (EPRI), recognizing the lack of documentary 

guidance for upgrading utility waste disposal sites, contracted with SCS Engineers, 

Long Beach, California, to develop this manual. The principal objective of the 

project is to provide utility engineers with information and guidance fn the fol•low

i ng subject areas: 

• Regulations governing the design, operation, and closure of util i ty waste 
disposal sites. 

• Potential environmental effects of land disposal and how to diagnose them. 

o Corrective action techniques available for regulatory compliance and miti-
gat ion of environmental degradation. 

o Disposal site closure 1 relocation. and design modifications. 

~ Conversion of wet to dry disposal. 

, Liner selection and installation. 

o By-product recovery and reuse. 

o Comparative cost analysis of upgrading alternatives . 

HOW TO USE THE UPGRADING MANUAL 

This manual was prepared to serve two purposes. First, the manual provides the 

utility engineer with step-by-step instructions for assessing the adequacy of a 

particular site and for selecting the most appropriate upgrading methods. Second, 

the manual describes state-of-the-art upgrading technology for use by the engineer 
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who has already identified the specific areas in which remedial action is required. 

It complements the engineering guidance provided in the EPRI Coal Ash Disposai Man

~ OJ and FGO Sl Udge Disposal Manual (2), which primarily address the development 

of new disposal sites. 

Figure 1-l depicts the overall organization of infonnation presented in this manual. 

The first part of the maAual (Sections 2, 3, and 4) provides specific background 

information on the regulatory requirements for, and environmental issues associated 

with, the disposal of utility wastes to land. Guidelines for a preliminary assess

ment of possible regulatory/environmental problems are then presented, including ten 

case study assessments performed as part of this project. Due to site-specific 

variations in the siting, design, and operation of waste disposal facilities, it is 

assumed that a detailed engineering investigation will be necessary once the prelim

inary investigation is cooipleted and before substantial funds are cooimitted for 

upgrading. 

The second part of the manual ·(-sections 5 through 10) provides detailed engineering 

data on available site upgrading techniques.· Section 5 summari~es these techniques, 

and provides guidelines for their applicabiJity to specific problems. Corrective 

action techniques are described in Section 6t including both the necessary modifica

tions to bring a site into canpl i ance with regulations, and renedial action tech

niques for arresting or correcting environmental damage at the site. The technology 

for conv.erting a wet treatment and disposal system to a dry system is presented in 

Section 7, and pond/landfill closure is reviewed in Section 8. Section 9 provides a 

detailed review of site liner design and installation, which is an important consid

eration when an existing site is being closed and replaced. Section 10 summarizes 

the state of knowledge on by-product recovery and reuse • 

• 
The third and final part of th.e manual {Section 11) presents cost analysis gufde-

f ines ,for all of the upgrading techniq~es described in Sections 5 through 10. Be

cause several upgrades may be necessary at a particular site, some obvi'ous redun

dancy will be eliminated ~uring actual implementation. Cost estimating is therefore 

consolidated into Section 11 rather than being presented separately in each section. 

Equations for estimating capital and operating costs are included, as are guidelines 

for converting these estimates into comparable levelized annual costs. 

Some of the upgrading procedures presented herein already represent common engineer

ing practice. such as site <:losure, liner installation, and surface water controls. 

As a result, the design guidelines and cost estimates should be accurate. However, 
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- Envi ronmenta T Issues 
Regulations Governing associated with land 
Uti1 i ty Waste Disposal disposal of wastes 

( Section 3) (Section 2) 

~ V Guidelines for Preliminary Disposal 
/ 

Site Investigation 
/ (Section 4) 

/ 
/ 

---- --¥-- --, J 
Additional Investigation 1- - - - - - -

• Hydrogeology I 
• Water Quality I Selecting the Appropriate 
• Design Review 

I Disposal Site U)grades 
----- .------· (Section 5 

. 
Corrective Action ~ Site Closure- ' Techniques (Section·S) 

~ 

& Regulatory 
• Environmental 

(Section 6) H Liner selection 
and installation . 

(Section 9) 

- Convertin.g from Wet -to Dry Di sposa 1 
(Section 7) 

' 
By-Product Recovery 

and Reuse 
(Section 10) 

' 
. l 

Estimatin~ the Cost . 
r of Site Upgrading 

(Section 11) . 

Figure 1-1. Organization of information contained in this manual. 
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some of the more elaborate techniques (e.g., groundwater control, wet-to-dry dJs
posal conversion, etc.) are based primarily on conceptual systems rather than field 
experience. The cost estimates are therefore only approximations, and the technology 
is considered· by many to be unproven . The huge expense associated with these elabo
rate corrective measures should nevertheless point up the risk of operating a sub
standard site. It is important for the reader to note that very few solid waste 
disposal sites have been shown t? be so deficient as to requjre upgrading, either to 
comply with new RCRA regulations or to correct environmental damage . 

LIMITATIONS OF THIS MANUAL 

Standards governing the disposal of utility solid wastes are still being developed. 
EPA is still pursuing field research aimed at quantifying the env;ronmental impact 
of utility waste disposal. These studies will not be completed for several years, 
and the results may show utility solid wastes to be best disposed of as Subtitle D 
solid wastes. Decision making within the context of this manual is difficult . 

. . 
A means of assessing d.isposal site performance ' in light of federal standards should 
be an important part of this manual, but ca~not be developed until the standards are 
appll'oved. This important decision-making to.ol' wi 11 be i ncl-uded in subsequent edi

tions of this manual or as the standards are develope~ and approved. 

REFERENCES 

1. M. P. Bahar, R. J . McLaren, J.E. Niece, and H. c. Pedersen. Coal Ash Disposal 
Manual, Second Edition . Palo Alto, California: Electric Power Research Insti
tute, October 1981. CS-2049. 

2. R. G. Knight, E. H. Rothfuss, and K. O. Yard. FGO Sludge Disposal Manual~ 
Second Edition. Palo Alto, California: Electric Power Research Institute, 
September 1980. CS-1515. 
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Section 2 
. 

ENVIRONMENTAL ISSUES ASSOCIATED WITH LAND 
DISPOSAL OF UTILITY WASTES 

Coal ash production by electric utilities is expected to reach 71 mil lion tons (64 

million metric tons) per year by 1985, and nearly 94 million tons (85 million metric 

tons) per year by 2000; approximately 11 to 26 million dry tons (10 to 24 million 

metric tons) per year of flue gas desulfurization (FGO) wastes are expected to be 

produced by the mid- 1980s (l, 1.l · Extensive utilization of coal ash is both techni

cally and economically feasible, but less than 25% of utility ash (fly, bottom, and 

slag) produced in the United States is currently utilized. commercially(]). FGD 
~astes are even less in demand. Most utilities find that disposal of these wastes 
. . 

to land is the most attractive, and in many instances, the only choice. 

However, land ·disposal . is not always .an enviro~mentally sound option . Unless dis

posal .sit'es are
0

proper1y se.lected, constructed, and managed, and the waste materials 

are properly processed befor-e disposal, ground or surface water supplies could pos

sibly become contaminated by hazardous constituents of the wastes (.i). 

The regulations governing waste disposal are intended to control the associated 

environmental impacts by requiring disposal sites to conform to state-of-the-art 

design practices~ While these regulations are intended to have universal applica 

tion, each disposal site poses different environmental risks, and requires a special 

design to contrpl these risks. Some older sites may also need to be upgraded to 
. ·. . 

conform to the regulations • . An understanding of the environmental problems associ

ated with· land disposal is essenti~ to the proper development of an upgrading plan~ 

This section provides a summary of current knowledge on waste disposal enviro,nmental 

impacts, with specific reference to large-volume utility wastes. A brief descrip

tion of common waste disposal practices is provided, followed by a description of 

the associated environmental issues. Additional references are provided for each 

specific subject area. 
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It should be noted that this section intentionally highlights some "worst case" sce

narios to prove a point. rn practice, however, there is no documented case of 

environmental health problems directly attributable to fly ash or FGD sludge dis

posal. 

OVERVIEW OF CURRENT UTILITY WASTE DISPOSAL PRACTICES 

Disposal methods currently in use in the utility industry incluct"e landfilling, pond-· 

ing (or impounding), and mine disposal (i_, ~). Landfilling and mine disposal are 

Used to dispose of solids and dewatered sludges, while ponding is used to dispose of 

slurries or to retain than temporarily prior to treatment. 

Landfilling is the permanent placement of solid or semisolid wastes in a designated 

disposal site. Revegetation of the site is necessary after it is completed, and 

sometimes during operation to preclude fugitive dust emissions from the wastes. In 

areas of low rainfal 1, cover soil is placed over the wastes to allow revegetation, 

while in humid areas, vegetation may be established in the wastes witp or without 

the addition of fertilizers. Revegetation provides an aesthetically pleasing appear

ance and prevents erosion. Watering is also used to minimize probl~ms with wind 

erosion of wastes, especi~1y at f1Y ash disposal sites . Prope~ landrill design 

will minimize the infiltration of water into and through the waste to the surround-· 

ing subsurface environment. 

Ponding involves the depositing of liqU1d or- slurried waste in a specially designed 

recess or impoundment . The pond supernatant may be recycled for in-plant use, 

treated, and/or discharged to surface waters . Ponding differs from landfilling in 

that the liquid provides a constant driving force for movement of potentially con

taminated water (leachate) through the settled waste and into the surrounding soil. 

Alth?ugh Sfnthetic and natural liners are often used to control or temporar-ily 

retard the movement of leachate from the site, ponding is not considered a me~hod of 

permanent disposal u~der the currer'lt"r·egulations (see Section 3). Ponding is pre

ferable to landfilling in certain areas due to topographic, economic, and geologic 

factors, but the increased land requirement and the eventual problem of site closure 

favor dry disposal. 

In coal-producing areas, mine disposal presents an inexpensive disposal option for 

utility wastes. Underground mine disposal is currently used in the United States 

for disposal of fly ash and mining and coal processing wastes. At one utility, fly 

ash is pumped to an inactive mine in a 15% solids slurry. The fly ash settles in 
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the mine voids, and the slurry water is pumped out along with the groundwater that 

seeps into the mine Cl.). Because this system is 11blind 11 (i .e., the operator cannot 

know or control where the waste settles), the life expectancy of a single borehole 

is unpredictable. Although a recent study concluded that this technique is also 

promising for FGO sludge disposal (_§_), it has not yet bee.n tested . 

Utility wastes can also be deposited in inactive portions of surf~ce mines. This 

technique is used for bottom ash, fly ash, and FGD sludge . In each case, the waste 

is deposited in the void left by the area or contour strip mine . The waste is tran

sported either by truck or rail car, and is dumped into the pit bottom or a "vee11 

between mounds of mine spoil. The waste is then spread, or covered with mine spoil 

or overburden. Problems encountered include freezing of wastes in open trucks and 

rail cars during winter months., handling problems due to wastes sticking to metal 

surfaces, and delays due to mining/disposal scheduling conflicts. 

Ash and dewatered. FGD sludge are sometimes stored for long periods in piles without . . 
engineered environmental controls. Significant environmental effects may result if 

proper precauti?ns are not taken . Such effects inc·lude fugitive dust and gaseous 

emissions, contam1nated surface runoff 1 and infiltration resulting in leachate gen

eration. 

CHARACTERISTICS OF UTILITY WASTES 

The principal constituents of coal ash are s;o2, A1 2o3, Fe2o3, and CaO, while those 

of FGD sludge solids are fly ash, Caso4, caso3, caco3, and MgS04• NaO, Tio2, and 

k2o are also present in significant quantities . The sulfur. (S) contents of bitumin

ous and 5ubbituminous coals are higher than those of lignite coals. As a result, 

the fonner will nonnally produce low pH ashes. Lignite coals, however, are high in 

Ca and Mg, and produce characteristically high pH ashes. 

Table 2-1 shows some measured concentrations of selected t.race elements present in 
fly ash from bituminous, subbituminous, and lignite coals, and from native soils . · 

Overall, trace element concentrations in fly ash and soil . are comparable, except for 

boron (B), molybdenum (Mo), and selenium (Se) . Concentrations of these biologically 

toxic elements (Bis toxic to plants, and Mo and Se are toxic to animals) in fly ash 

greatly exceed their concentrations in soil. The more toxic metals (e.g .• arsenic 

(As), cadmium {Cd), and mercury (Hg)) would not nonnally pose an immediate hazard to 

the environment when disposed of to land. 
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Table 2-1 

t 
8 

(ppm)* 
-I 

TRACE ELEMENT CONTENTS OF FLY ASHES AND SOIL s y 
u. 

Flj Ash !s 
Sub-

Element Bituminous bituminous Lignite Soil . 

As 82 2.3 34 0.1-40 co 
B 36 50 500 2-100 Ii"' 

Cd 0.3 0.3 0. 3 0.01-7 0 
N 

Ce 300 160 112 50 co 
Co 35 6.3 · 8 1-40 • Cr 172 50 43 5-3000 ... 
Cs 10 3.1 3.1 I Cu 132 45 75 2-100 
F 8. 8 1.4 20 30-300 
Ga 100 54 20 15-70 
Hg 0. 1 0. 04 0.1 
I 1.3 4.2 2. 6 
La 99 54 48 30 
Mn 145 309 . 543 100-4000 
Mo 33 8.4 19 0. 2-5 
Ni 11 1.8 13 10-1000 

-. ·pb 15 3.1 12 2-100 
Rb 220 49 83 30-600 
Sb 2.2 o.a 2.6 0. 6-10 
Sc 22 7 .3 8. 1 10-25 
Se 5.7 1.2 4. 4 0.1- 2.0 
Th 68 39 49 
u 12 0.8 4.6 20-250 
V 256 73 94 50-1000 
Zn 20 15 14 10-300 

* Source : Adapted from D. C. Adrianna, et al. Journal of Environment al 
Quality, 9(3):333-344, July-September , 1980. 
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Utility solid waste leachates and pond supernatants are often high in alkalinity and 

total dissolved solids. Sulfite sludges are also frequently high in chemical oxygen 

demand. Because of these factors, the leachates and supernatants could exert a pro
found impact on the surface soil and surface waters if a rapid, high volume dis

charge (e.g., dike collapse) were to occur. 

Overall, these potential contaminants i~ utility solid wastes are present near or 
below background levels. The regulations governing disposal site design and opera

tion are based on a general interpretation of contaminant mobilization and tran
sport. The actual design of a specific site requires a more detailed assessment of 

these mechanisms based on local meteorology, hydrogeology, soil characteristics, and 
ecology. The same conditions must be understood when a disposal site is being up

graded to conform •,1ith changing regulations. 

POTENTIAL ENVIRONMENTAL EFFECTS OF UTILITY WASTE DISPOSAL 

The potential effects of. the various waste-environment inter.actions are numerous. 
Some of the trace elements which concentrate in coal ash are phytotoxic, some are 

toxic to fish and other aquatic organisms, and some have adverse effects on humans 

and an i !J1a 1 s • 

Some trace components may dissolve in water already present in the wastes, or water 

which infiltrates the disposal site. From this soil solution, these waste compon
ents may migrate downward to groundwater or laterally to surface waters, from where 

they may also pass into vegetation growing in the area. Alternatively, the wastes 

may become part of the soil solid phase through precipitation, complexation, ion ex

change, or adsorption on the surface of soil solids (Figure 2-1). This attenuation 

of the waste by the soil serves to protect groundwater and vegetation·. 

The migration of phytoto.xic soluble salts and trace elements can lead to death or . . 
inhibited growth in the local plant population . Aside frooi the aestheti·c considera-
tions, reduced vegetation can lead to increased erosion, silting of streams, and 

possihle flooding in subsequent seasons. Contamination of surface waters may first 

be noticed in its effects on fish and aquatic animals, which tend to be far more 
susceptible to poisoning by trace metals than other animals. 

Terrestrial animals, including humans, can be affected by environmental contamina
tion through many paths . Food crops, whether contaminated through groundwater, 
irrigation from surface waters, or uptake frooi soil, can concentrate trace elements 
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Evaporation 

Dust 

-------=--- --·- . ----..__ ----~ ·--- ____ .-- ......... ~ --- ---- · -·-------....._:: __ ~ ~ Groundwater --.:..__ ----- .. =·--- ----=----- ----:---___.., ___ :> · - ---

Figure 2-1. Overview of possible interactions between utility°wastes and surface waters, groundwater,and 

air. 
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to levels well above those nonnally found. Drinking water may be affected, as may 

fish used for food. Any of these may also contribute to the concentration of trace 

me~als in meats intended for human consumption. 

The envi!"onmental problems associated with land disposal as they affect the various 

sectors of the environment are discussed on the following pages . Additional infor

mation pertaining to these effects is provided in the ci_ted references. 

Effects on Local Air Qt1ality 

Airborne transport of utility waste constituents occurs as fugitive dust emissions 

from uncovered ash landfills and from trucks durtng transportation (Figure 2-1). 

Dry fly ash is readily carried by wind during transporting, dumping, spreading, and 

burying . If the ash is not covered or watered, wind erosion can create a fly ash 

dust pr-oblem at the site. Similar problems have been encountered at FGD sludge 

disposal sites when the surface materi a 1 dri_es or breaks up through freeze/thaw 

cycling . Since fly ash c9ntains potentially toxic elements, it is possible that 

ne~rby soi 1 s and waterways not directly affected by runoff or leaching may become 

contaminated due to deposition of .airborne particulates fran the disposal operation . 

The exten.t of this prob l.an has not been thoroughly studied. 

In a recent study of sulfur gas emissions from the surfaces of 13 FGD solids storage 

sites 1 a wide variety of sulfur-containing canpounds was detected (~) . In all 

cases, the surface emissions (0.007 to 0 . 265 g S/m2/yr) represented extremely small 

percentages of the total sulfur in the sludge or emitted through the combustion 

stack . 

Effects on Soils and Vegetation 

So'il Contamination. When utility solid wastes are depo$ited . on ·1and, the soil be

comes enriched ·; n salts {suTfite, sulfate , 1 ime) and some trace el_emen.ts (e.g . , 

boron, molybdenum, arsenic) •. The physical and chemical properties of the soil mix

ture are changed accordingly . 

Tne effects of fly ash on selected physical properties of soils are presented in 

Table 2-2 . For most soils, mixing with T1y ash will reduce bulk density and modulus 

of rupture (cohesiveness of particles). The soil 1s hydraulic conductivity improves 

at low rates of fly ash application (<10%), but deteriorates rapidly as fly ash 

volume increases(~). 
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N 
I 

CX> 

Soil Pro~erti es 

Bulk density 

Aeration 

\.later-holding capacity 

Plant- available water 

1-{ydraulic conductivity 

Modulus of rupture 

Wi nd erosion 

Water erosion 

Table 2-2 

EFFECTS OF FLY ASH ON PHYSICAL PROPERTIES Of SOILS* 

Typical 
Agricultural 

1. 3 (avg) 

High 

High 

High 

High 

High 

Resistant 

Resistant 

Soil 
Soil with 

Weathered Ash 

Lower 

Higher 

Higher 

None to little 
effect 

Increased by 
low rates; 
decreased by 
high rates 

lower 

More susceptible 

,More susceptible 

Soil with 
Unweathered Ash 

Lower 

Hi gher 

Higher 

None to little 
effect 

Increased by 
l 0~1 rates; 
decreased by 
high rates 

Lower 

More susceptible 

More susceptible 

* Source: Adapted frcm O. C. Adrianno, et al. Journal of Envirorrnental Quality, 9{3):333-344, July-September, 1980. 
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Depending on the co~ source and degree of ash weathering, fiy ash varies widely in 
pH, soluble salts, and trace element contents . Generally major chemical changes 

following land application of coal ashes include increases in pH, salinity, and 
levels of certain elements (Table 2-3). As. a result of the hydrolysis of Cao and 
MgO, alkaline coal ashes irtcrea5e the soil pH, sometimes to as high as 8 or greater. 
However, soil pH can be lowered as a result of application of acidic fly ash derived 
from high-S coal (l.Q) . Soil salinity can increase substantially when soils are 
mixed w"fth unweathered fly ash (.11) . Among the trace elements in fly ash, B, Mo, 
and Se accumulate in the soil mixture. These elements appear to be the most serious 
constraints associated with utilization of large quantities of fly ash in agricul
ture. 

Phytotoxicity . The intrusion of utility waste constituents into soil systems be
comes a problem ·for plant life in the area (both on and around a disposal site) 
because of the accumulation of soluble salts, as well as other trace elements origi
nating_ in the wastes. 

Vege_~ation is sensitive to soil salinity, and many plants, particularly fruit trees, 
will n·ot grow in so·ils with high salt co·ntent (electrical conductivity 10 mmhos/cm). . . 
Since the alkali and'alkaline earth metals, chlorides, and sulfates in fly ash and 
sludge are readily leachable, salinity in the soil beneath the waste materials can 
reach intolerable levels. 

Plants exhibit varying degrees {0. 5 to 10.0 ppm B in soil extracts) of tolerance to 
boron in soils . Once fly ash with available boron is added to the soil, the degree 

and duration of toxicity to plants will depend on the soil texture, clay, minerals, 
and pH . 

Other·trace elements of concern are Mo and Se .. In soils, Mo and Se form anionic 
constituents; uptake of these elements increases significantly when plants are grown 
on fly ash-amended soils (~_) . Continuous consumption of forage with el-evated levels 
of Mo and Se may induce physiological disorders in livestock. 

Reduced plant growth at the disposal area may also leave the site denuded and aes
thetically unpleasing. Loss of vegetative cover can also lead to increased erosion 
and increased silting of nearby streams . This may, in subsequent seasons or years, 
lead to changes in local flooding patterns. 
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I -0 

Soil ProEerty 

Nutrient content 

Mutrient 
ava i1 ability 

pH 

Cation exhange 
capacity 

Toxic salts 

Salinity 

Temperature 

Microbial 
activity 

Tab1e 2-3 

EFFECTS OF FLY ASH ON CHEMICAL PROPERTIES OF SOILS*" 

Typical Soil with 
Agricultural Soil Weathered Ash 

Al 1 nutrients Very 1 ow N; 
present others present 

Balanced supply Defkient in N;. may 
of all nutrients be deficient in P, 

Zn. -Cu, Mn, etc . 

6.0 - 7. 5 <6.0 to= 8.0 

Medium to high lower 

None None 

Low Moderate 

Adequate Higher 

High No effect 

Soil 1-,i th 
Unweathered Ash 

Very 1 ow N; 
others present 

Deficient jn N; may 
be deficient in P, 
Zn , Cu , Mn , etc . 

<6.0 to= 12.0 

Lower 

8 and soluble salts of 
ca. Mg , Na, and K 

High but diminished 
after 2-3 years 

Higher 

In'ftial ly low 

* source: Adapted from 11. C. Adrianno. et al. Journal of Environmental Quality, 9(3):333-344, July-September, 1980 .• 
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Effects on Groundwater 

Leachate from improperly sited and designed waste disposal ponds and landfills 
represents a potential threat to groundwater supplies . In general, inadequately 
lined ponds provide . a greater opportunity for groundwater contami nation, because the 
so11 immediately below the pond ·;s always saturated and under a. constant head of 
pressure from the overlying water (J1) . Consequently, seepage may be constant and 
greater irr volume than leachate from a landfill. 

On the other hand, most fly ashes have a high pozzolanic activity and tend to be 
self-sealing when wet . As a result, fly ash tends to serve as its own liner, becom
ing less permeable to water- movement with time . Fly ash perfonns the same functiori 
in a mixed ash/FGD sludge pond . FGD sludge alone does not have the same self
sealing capabilities, and seepage tends to be more pronounced. The quality of 
leachate from a pond, prior to contacting the underlying soil, will stabilize over 
time, and is similar to that of the pond effluent. Theis~ et al. ill), reported. 
that rapid attenuation occurred for most metals very close to the ash pond itself. 

.Many of the fly ash components, especi?l ly iron and manganese oxides, are also 
effective metal scave~gers. 

The quality of leachate from a rand di 'sposal site can differ from the quality of 
seepage from a pond . The soi l can exert a buffering influence over the fly ash and 
can raise or lower the pH of the leachate . Solubility of most trace elements (prob
ably with the exception of Se and As) tends to increase as the pH decreases Cl£). 
Even if the buffering effect is minimal, those constituents responsible for the 
al kaline pH tend to be the most soluble, and leach out most quickly. Thus, over 
time, the pH of the alkaline leachate will tend to decrease naturally, increasing 
the amounts of trace elements dissolved . It is therefore possible for a given quan
tity of ash or sludge to leach out a l,arger proportion of the trace elements than 
would be present in seepage from ·a pond, although it would occur. over a longer 
period of time . 

Stabilized sludges ·are not as susceptible to leachi ng as untreated sludges and fly 
ash. The overall solubility of the stabilized material is generally lower. Fur-

' thermore, stabilized sludge presents less surface area for water/sludge contact, 
reducing the total water contact with the sludge. Since such water contact is 

essential for solubilization , the total quantity of material dissolved is decreased. 
Over long periods of time, it is possible that the chemical bonding responsible for 
the stabilization may deteriorate, and the sludge will revert to its original state. 
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•. 

Research to date has not established the expected 1ifetime of stabilized sludge. If 

the rate of destabilization is slow, however, the contaminant release in leachate 

Will be even more g.radual than that experienced for nonstabilized sludges. In the 

case of either leachate or seepage, . the potential impact of the hannful trace con

stituents on groundwater supplies will depend on their behavior in the soil, which 

in turn depends on the soil chemistry, loading rates, site hydrology, and the volume 

and quality of the groundwater. 

Waste macroconstituents such as iron, aluminum, calcium, chloride, su1fate, and sul

fite are not generally regarded as hazardous, although they can contribute to 

groundwater quality degradation. They can increase hardness, salinity, alkalinity, 

and dissolved solids~ depending on the background water quality, but seldom to the 

point where the water is rendered noripotab le or unsafe to drink. 

The soil factors 1<1hich most strongly affect attenuation of trace elements are pH, 

hydrous oxides. of iron and aluminum, clay content, and organic matter. In general, 

trace metals are less mobile in alkaline soils than in acid soils; th_e metals will 

precipi_tate and/or adsorb onto hydrous iron and aluminum oxides (Q). Clay serves 

t~o functions: adsorption of metal ions from leachate~ and retardation of water 

movement due to small pore size and low permeability. Soii organic matter can 

chelate metals, either immobilizing them or freeing them, depending on the nature of 

the organic matter·. 

Ar-senic is not mobile in J11ost soils, being readily adsorbed by soil colloids @, 
l:i), Arsenic is especially retained in fine-textured soils with high concentrations 

of ·hydrous iron and aluminum oxides . High pH values favor desorption of arsenic, 

and may result in its increased mobility in soils(_!_§_). 

T_he mobility of cadmium, lead·, anct'nickel in soils is limited. Both the organic and 

clay-organo fractions of soil have a high affinity for these·heavy metals, leading 

to retention or immobiliza.tion (_!!) . These metals readi,ly precipitate in neutral to 

alkaline environments, as are typical in soils amended with ash or sludge . 

Chromium can exist in soil in two oxidation states: trivalent and hexavalent~ The 

hexavalent fonn is much more toxic and mobile in soil (~). Trivalent chromium, 

Cr(III), is readily immobilized by clay and organic matter, through precipitation of 

Cr(III) salts, and by adsorption on hydrous oxides. Hexavalent chromium, Cr(VI), is 

stable only in well-aerated alkaline environments; even, then, a gradual conversion 

to the less soluble trivalent form can be observed ~). It does not appear that 
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chromium in pond seepage is a prob l em. The attenuation of chromiUM in landfill 

1eachate depends more on site conditions, but generally chromium should be re1a 

tive1y immobile. 

The behavior of mercury in sons· is strongly dependent on · the chemical fonn of the 

mercury and the soil characteristics . As pH i ncreases, mercury is readily adsorbed 

on soil mi,nerals (14) . Increasing organic content tends to mobilize mer~ury due to 

the fonnation of soluble complexes (!_1) . These and other factors make prediction or 

conclusions of mercury behavior in soils difficult. The problem may not be signifi

cant, however, since the mercury concentration in fly ash and sludge is low and is 

not readily l eachable. 

The selenium in f l y ash is present primarily as elemental selenium (~). The adsorp

tion of selenium on iron oxides renders the element a very insoluble basic ferric 

selenite (!V • Frequently, leached sel enium is in the fohn of selenate or selenite, 

which are far more mobile, particularly under neutral or alka}ine conditions . (14) • 

. Th i s fact, coupled with the leachability of selenium, makes the possibility of 

groundwater contamina~ion with selenium a definite problem, The significance of the 

problem wi11 depend on the selenium content of the waste;· the volume and quality of 

the groundwater, and the rate of leachllte movement . Trace quantities· (<0 . 01 ppm) 

are not hannful . 

Molybdenum is generally mobile in organic soils, and neutral to alkali ne soils(~) . 

Since molybdenum, like selenium, may be readily leached into groundwater, the site 

conditions must -be evaluated to determi ne the extent of any real hazard which might 

exist . 

Boron is readily leached from fly ash .(not bottom ash) over a pH range of 6 to 8 

(_!!!_). It is not as strongly sortied by soils as are heavy metals (].!, 20). This 

· 1act, coupled with its high content in ny ash, poses the greatest threat to gro~nd

water quality among trace elements i n ashes and sludges . Boron is associated with 

phytotoxicity rather than as a hazard to human or animal life. 

In general, mercury- , lead-, cadmium-, or nickel-laden leachates and seepage from 

ash and sludge la ndfil l s and ponds do not present a threat to groundwater . Arsenic 

and chromium are readily leached , but wi l 1 usually be attenuated by the soil and 

Will not reach the groundwater. Molybdenum, selenium, and boron present the great

est threat to groundwater . The nature and extent of this threat will have to be 

evaluated for each waste and disposal site . 

2 -13 



- Doc. Ex. 1493 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

Effects on Surface Waters 

Disposal of utility wastes, either in landfills or in ponds, can have a significant 

effect on nearby surface waters if sufficient precautions ar.e ~ot observed, These 

waters may be contaminated through surface runoff from a disposal site, lateral 

migration of leachate from an unlined pond or landfill, or discharge of pond efflu- . 

ents. A less frequent but potentially more serious contamination problem is washout 

of wastes due to flooding. 

If a lake or stream does become contaminated, the effects may be noticed first in 

the fish and other organisms residing in the waters. Such contam1nation will also 

affect humans and terrestrial animal's relying on these surface waters as drjnki ng 

water supplies . Concentrations of trace elements in water considered toxic to aqua

tic organisms are, in many cases, lower than those considered toxic to terrestrial 

animals, humans, and higher plants . Concentrations of arsenic, cadmium, chromium. 

mercury, nickel, ,and lead as low as 0.01 µg/ml may have serious effects on certain 

aquatic species(.£!.) . 

Surface Runoff. Surface runoff is a mechanism by which particulate ash or sludge is ._ 

carried to nearby surface waters by preci pi tat ion ·running . across the soil or waste 

surface. The soil moi sture ·content strongly affects this process. When soil mois-

ture is high, the .infiltration capacity is low and surface runoff is higher than it 

would be if the soil moisture content were low(,££)• 

Lateral Migration. While leachate from landfills and unlined ponds is primarily a 

problem for groundwater supplies, lateral migration of leachate to surface waters is 

also possible if the disposal site is near a river or other surface water, as is 

frequently the case . However, because of the dilute nature of the leachate and the 

dilution. effect of the surfac;e water, lateral migration is not a major contamination 

pathway . Much of the discussion of leachate migration to groundwate~ also applies 

to such lateral migration. 

Discharge of Pond Effluents. The effluents (supernatants) from coal ash and FGD 

sludge settH ng ponds are often discharged to surface waters under NP DES require

ments . The contamination of surface waters resulting from this discharge (if any) 

depends 011 the extent to which the w:iste is soluble, and whether the effluent is 

treated before discharge. 
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In general, a small fraction (2 to 5%) of fly ash is water soluble (.!.£) . The soluble 

fraction is primarily calcium oxide and oxides of other alkali and alkaline earth 

metals. The soluble fraction of scrubber sludges is pr-imarily calcium sulfite, sul

fate, and carbonate(.!). Trace element contamination in scrubber sludges is pri

marily from fly ash trapped by the scrubber • . 
The leachability of trace metals from fly ash and bottom ash depends on the concen

tration of the element in the ash matrix, the chemical bonding in the ash, and the 

pH of the \,Jater (Q). Trace elements can either be incorporated into the al umi no

silicate matr.ix, in which case they are essentially insoluble as long as the matrix 

is ·intact, or they can be deposited (adsorbed or precipitated) on ·the particle sur

face where, because of greater contact with the wastewaters, they are more likely to 

dissolve when conditions are favorable. 

Since fly ashes from western coals contain a high percentage of soluble alkali and 

alkaline earth oxides, leachate and pond.effluents at plants using western coals . . 
tend to be alkal i.ne 01_) . In general, the solubn ity o_f most trace elements tends 

to decrease as the pH increases (24) • . Concentrations of most trace elements in -. . . 

· these .leachates and effluents ar::! generai'ly less than.drinking. water standards at 

equilibrium pH (approximately 11.5) (.gi) . Cox, et al.·(~). reported that at pH 6 

to 8, 50% of the boron in fly as.1 dissolved, while only 38% dissolved at pH 10. 

Several studies have been conducted to determine which trace elements will dissolve 

from fly ash under . alkaline conditions. The leachability of several trace elements 

in alkaline ash sluice water has been ranked in the following descending order: B, 

Ba, Cr, Zn, Ni, Cu, Se, As (Q). Chromium tends to be more soluble under alkaline, 

anaerobic conditions (..!£.), although test results for chromium have been inconsistent 

between researchers. The same features generally hold true for western coal scrub

ber s1udges, Which also tend to be alkaline. 

Table ·2-4 ·presents analytical results for several · ash pond effluents. Note that the 

effluents seldom exceed the water quality criteria for the trace elements of con

cern. Only pH, alkalinity 1 total di'ssolved solids, ammonia-nitrogen., and iron con

sistently equal or exceed these criteria. These parameters, however, are not partic

ularly significant frcrn a public health viewpoint. Minimal treatment and/or the 

diluting effect of a receiving water would bring the concentrations of these con

stituents within acceptable limits, and reduce these elements to insignificant 

levels. Consequently, with proper precautions to keep individuals and wildlife away 

from the ponds and the pond effluents, the effluents should have only a minimal 

environmental impact. 
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Tab le 2- 4 

EXAMPLE ASH PONO EHL UHIT AllAL YST S 

11(ln~ ing 
\later 

()ua l t ly 

Constituent Pond A* Pond s* Pond ct Pond ot Pond .Et Pond rt Pond Gt Pond nt Cri teri ,rl ----
- - - - - - - - - - - - - - - - - - - - - - - - - - - mg/1 ----- -- - - - - - - - - - - - - - - - -- ----

pH Units 9.2 9.3 9.8 11.2 11.2 9.6 l.L3 10.8 5-9 
Total Alkalinity 45 60 45 154 113 47 150 95 20 
Total Dissolved Solids 230 203 524 380 452 279 270 232 250 
Al umlnur.1 2.1 2.8 2. 4 2 .n 1.8 l.6 1.7 
Alllmonia-N 0.37 0.09 0.05 0.15 0.04 0.06 0.06 0.02 
Arsenic 0.018 0. 005 (0 .005 0.029 0.005 0.012 0.05 
llarilJII 0.1 0.2 0 .2 0.2 0.2 0.2 1 
Beryl 1iU111 <0.01 <0.01 (0.01 <0 .01 <0.01 <0.01 0.01] 
Cadmi t111 0.003 0. 001 0.001 (0 .001 <0.001 <0.001 0.01 
Cal cium 44 42 63 ·129 115 78 103 87 
Chloride 6 l!i 7 6 s 4 6 12 
Chranlum 0.009 0.01 0.019 0 .043 0.012 0.024 0.021 (1.05 
Copper (0.01 0.041 0.08 0.02 0.03 O.D5 o.os I 
Cyanide <0.01 <0.01 <0.01 (0.01 0.01 0.01 <0.01 0.005 
Iron . 0.9 0.46 5.98 0.3 0.23 0.95 0.29 o. 2q o. 3 
Lead (0.01 0.02 f).014 0.01 0.01 0.01 0.015 0.05 
Hagnes i LUJ 3.9 3.8 6.9 0.4 2 2.5 0.4 1 
Manganese (0.01 0. 01 0. 5.8 0.01 O.OL 0.05 0.01 0.01 0.05 
~1ercury 0.0009 0.001 0.0002 0.038 0.0008 0.0002 0.0004 0.002 
lfickel (0.05 0.12 (0.05 (0. 05 <0 . 05 <0.05 0.07 
Seleni UTT O.Oll 0.009 0.016 0.01 0.004 0.011 0.01 
Si l ica 5.6 5.3 7. 7 6.6 6.l 4.8 8. l 7.4 
Silver (0.01 (0.01 <0.01 (0.0l (0.01 <0.01 <0 .01 0.05 
Sulfate JOO 75 139 136 156 133 76 87 
Zinc 0.04 0.14 0.05 o.o~ 0.03 0.08 0.05 5 

Sources: * = re. P. Phil lips, and R. M. Wells . SO lid llaste Disposal: Final Report. EPA 650/2-74-033, Office of Research and Oevetoµmenl, U.S. 
£nvl ro0111ental Protection Agency, May 1974. 

t = T. Y. J. Chu , R. J. Ruane, and P.A. Krenlc.el. Characterization and Reuse of Ash Pond Effluents in Coal -Fired Power Plants. J. 
1/ater Pollution Control fed., 50:2494-2508, lloverober 1978. 

I= U.S. Envfronnental Protection Agency. Quality Criteria for llater. EPA 440/9-76-023, U.S. Envirolllllental Protection ~gency, 
Washington, O.C. , July 1976. 
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,he impact of a scrubber sludge disposal pond should not differ considerably fran 

that 0f an ash pond. The sludges tend to be alkaline and, for a given weight, the 

sludge should have a lower trace element concentration than the ash . Sl -udge po nd 

effluent would probably be higher in such constituents as alkalinity, dissolved 

.5olids, calcium, and sulfate; but, again, these would not represent a significant 

health hazard if treated minimally or diluted. 

Chemically fixed or lime/fly ash stabilized sludges are seldcxn disposed in a pond 

except as a temporary expedient . Effluent from such a pond would not differ appre

ciably from the pond effluents just discussed, except that the concent rations of the 

constituents in the water should be lower . The stabilized sludges are not as sus

ceptible to leaching during short-term ponding as nonstabil ized sludges and fly ash . 

Discharge of untreated ash or sludge pond effluent into natural water bodies may 

have an adverse effect on water quality and aquatic life if the receiving water is 

not of sufficient volume to rapidly dilute the effluent to near-natural levels. All . . 
of the major constituents of the ~ffl uent are present in n·atural v1aters, generally 

at lower levels than those in the effluents. Therefore! large volumes of effluents 

nave the· potent~al for changing the receiving water.salinity, alkalinity, hardn_ess, 

boron concentration, pH, etc., resulting in an adverse effect on aquati~ life or 

subsequent water users. The extent of this i1T1pact must be assessed for each efflu

ent and receiving water . 

Disposal Site Washout. Current federal regulations restrict the disposal of utility 

wastes Within certain floodplains. In the past, however, many disposal sites have 

been situated within reach of a major flood event on a nearby river. This has, on 

occasion, resulted in the washout of buried wastes. While far less common than the 

Problems mentioned above, washout presents an immediate and substantial .hazard in 

that large quantities Of sol.uble toxic constituents come ·into contact with large 

volumes ·of water all at o-ne time. ·· The possibility exists, in such- an event, for 

large- scale contamination of the river or stream. 
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Section 3 
. 

CURRENT REGULATIONS GOVERNING UTILITY WASTE DISPOSAL 

The management of utility wastes has traditionally been governed by the prevailing 

federal and/or state water pollution control regulations. The general nature of 

these regulations pennitted a broad range of interpretation by state and local gov

ernments, resulting in a variety of approaches to waste management by utilities. 

The complexion of waste management regulation has drastically changed since early 
1980 with the passage of the following federal and state legislation~ 

• Resource Conservat.ion and Recovery Act of 1976 (PL 94-5~0, RCRA). 

• Comprehensive Environmental Resp0nse, CO!llpensation, and L1ability Act of 
1980 (PL 96~510, .. CERCLA). 

State regulations promulgated specifica1 ly for utility· waste management • 
• 

The practical impact of these regulations is not yet well defined, but 1t is clear 

that the fate of utility waste management will be decided by these regulations. 

The remainder of thi .s section reviews the status of requirements under the three 

regulatory areas 1 i sted above. Subsequent sect ions of this manual fur.ther describe 

the prevailing design and operating requirements under the current laws. 

FEDERAL REGULATIONS UNDER RCRA 
. 

The. u.s. Environmental Protection Agency (EPA) promulgated the final hazardous waste 
management regulations under RCRA in February and May 1980. When -combined with the 

solid waste management .regulations promulgated in September 19,79, the RCRA regula

tions constitute perhaps the single most ambitious environmental program ever con

cei v-ed. 

Overal 1, RCRA placed a greater emphasis on state solutions to solid/ hazardous waste 

problems than did previous air or water pollution control acts. A state-centered 

approach pennits greater flexibility in dealing with these problems by allowing 

states to set their own priorittes for enforcement. The greater flexibility given 
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the states has resulted in a notable lack of uniformity in their different ap

proaches to sol id and hazardous waste management. There are al ready some federal 

regulations and guidelines in place under RCRA to assist the states in drafting 

regulations. Nevertheless, it is important to closely examine the state statutes 

and regulations (presented later in this section) to assure canpliance with the 

applicable law. 

RCRA Subtitles C and D include three distinct strategies for federal solid wc1ste 

management rule-making. The first strategy is the presentation of "Subtitle D cri

teria," Which provide performance standards for disposal of all solid wastes. A 

site which meets these criteria is classified as a "sanitary landfill" ·rather than 

an "open dump." The next Subtitle D strategy consists of 11 guidelines 11 presented to 

the states to illustrate acceptable sol id waste disposal practices . The third and 

most stringent RCRA rule-making strategy is presented under Subtitle C, which ad

dresses the management of those solid wastes defined as hazardous wastes. Su~title 

C regulations constitufe a "cradle to grave 11 management system for these hazardous 

wastes. 

-Large- volume utility wastes, sue~ as fly ash and FGD sludge, have been specifically 

excluded from the hazardous waste category by the U.S. Congress ·until their hazard 

potential {specifically toxicity) can be proved. Legislative action on th'is issue 

is not expected until at least 1983, when the results of an extensive field investi

gation of utility waste disposal sites should becane available. 

Regulation of Nonhazardous Waste Management 

Attention within the utility industry is presently focused upon the nonhazardous 

solid waste regulations prcmulgated under Subtitle n. As defined, solid wastes 

include all . sol id, liquid, semisolid, and contained gaseous material which is dis-. . 
carded.or has served its intended purpose, or is a manufacturing or mining by-

product. Excluded by definition are domestic sewage, point source discharges, irri

gation return flows, nuclear wastes regulated under the Atomic Energy Act, and in

situ mining wastes . 

As noted previously, EPA has established criteria distinguishing sanitary 1andfills 

from open dumps. Basically, these criteria (summarized in Table 3-1) are standards 

of performance necessary to prevent unacceptable impacts (i.e., those having a "rea

sonable probability of adverse e-"'fects on health or the environmeht"). RCRA encou

rages the states to close open dumps operating within their jurisdictions. The 
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Table 3-1 

FINAL AND INTERIM FINAL SUBTITLED CRITERIA FOR SANITARY LANDFILLS* 

Criterion 

Fl ood p 1 a i ns 

Endangered Species 

Surface Water 

Ground Wate r 

. Disease 

Air 

Safety 

Land Application/Food 
Chain .Crop (Interim 
final) 

Standards 

o No restriction of base flood . 
~ No reduction of water storage. 
ca No washout of sol id waste. 

t Nci taking/adverse modification. 

• No NPDES violation (point source, etc.). 
o No violation of Clean Water Act (Section 404) . 
e No water quality violation (nonpoint source). 

o No contamination beyond solid waste boundary, or 
if state has approved plan, then site can be 
boundary if no contamination of needed/used 
groundwater. 

o Apply cov.er periodically (daily or as 
necessary}. 

o Control disposal of sewage sludge and septic 
ta n~ pu~pings (interim final). 

o No open burning. 

o No high concentration of explosive gases 
(methane) . 

• Periodic cover (either daily or as necessary). 
t No uncontrolled public access. 
• No bird hazards to aircraft. 

s Not acceptable unless 
- Cadmium application is limited 
- PCB application is controlled. 

* Source: Federal Register, 44(179):53438-53468, September 13, 1979 (as 
corrected in Federal Register, September 21, 197"9 and October 12, i979). 
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criteria are intentionally general. More specific reglilations are to be adopted by 

each state . 

Another secondary RCRA strategy is for EPA to provide ass1stance to tne states in · 

·the fonn of guideJines for the location, design, construction, operation, and main

tenance of solid waste ·land disposal facilities [RCRA Section 1008{a)(l)]. The EPA 

guidelines, which are not yet final and comp1ete, are summarized in Table 3- 2 . 

Regulation of Hazardous Waste Management 

EPA originally proposed to regulate low-hazard , high - volume wastes, such as FGD 

sludge, bottcm ash , and fly ash , as "special wastes." Recordkeeping and reporting 

requirements for special wastes were to be identical with those for hazardous wastes 

under the December 18, 1978, proposed regulations. However, this proposal was cri

ticized by the utility industry and the U.S . Congress as unjustified and inappropri

ate. As a result', utility wastes (FGD ~ludge, bottom ash, fly ash, and boiler slag) 

were expressly excluded from the defjnition of hazardous wastes in the fjnal EPA 

hazardous waste regulations [40 CFR , Section 261.4(b)(4)]. 

Ongoing EPA researc~ is attempting to develop a more extensive data base with wh!ch 

• to cc1tegori.ze these wastes . Pending the completion of this work, changes in the

regu l ations are not expected until at least 1983 . 

Not all electric utility waste streams are excluded, however. Other waste streams 

may be deemed "hazardous" under the regulations, if shown to possess one or more of 

the hazardous waste characteristics: ignitability, corrosivity, reactivity. or 

toxicity (40 CFR 1 Section. 261.21-24). The fol l owing electric utility waste streams 

(or mixtures containing them) could therefore be deemed hazardous: 

o Demineralizer regener.ation wastes. 

, Boiler c l eaning wastes . 

, Spent so l vents . 

• Chemical wast~ treatment sys tern sludges. 

o Runoff from coal piles . 

o Wet scrubber system l iquid blowdown (not returned to scrubber system). 

o Cooling to'I-IE!r blowdown. 
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Table 3-2 

PROPOSED 1008{a){l) GUIDELINES FOR SOLID WASTE 
LAND DISPOSAL SITES* 

category 

(1) Site Selection 

(2) Design 

(3) Leach~te Control 

Guideli.nes 

a Envi rormental.ly sensitive areas shall be 
avoided . These include wetlands, 100-year 
floodplains, pennafrost areas, critical habitats 
of endangered species , and recharge zones of 
sole-source aquifers . 

~ Other sensitive areas should also be avoided, 
· including active fault and karst zones . 

, Cost and socioeconanic analyses should be 
performed, including considerations of post
closure uses . 

• Regional solid waste management plans should be 
considered. 

o Subsurface conduits (sewage, stonn, water, etc.) 
must be relocated as they are pathways for 
leachate and gas. 

• On- site suitability for cover and operations 
(vehicles) should be considered . · 

o Collect design data, ,ncluding type and ·quantity 
of wastes, current and projected groundwater 
uses (present quality, depth, hydrogeology), 
surface wate r charact·eri sti cs, 100-year 
floodplain, and water balance . 

o Plans must contain: 
- Evidence of regulatory canpliance 
- Consistency with guidelines 
- Design and operation considerat ions 
- Discussion of separate areas for unusual 

wastes 
- land use, topography, geograp'hy (airports, 

utilities), road system, screens/nuisance 
control , monitor well locations, sedimentation 
control, conti ngency plans, ultimate use of 
site, long-term ~aintenance. · 

a Bottom of landfill no nearer than 4:9 ft (1.5 m) 
from seasonal high groundwater table. 

o Site run-on should be prevented up to IO-year, 
24-hour event . · 

e Dike should be constructed, if necessary, to 
protect aga1nst 100-year flood. 

e Final cover grade between 2 and 30% to encourage 
runoff while preventing erosion. Should be 
seeded . 

o Soils should have shrinl</swell characteristics 
to prevent cracking. 

o Four kinds of leachate control: 
- Natural conditions require little/no control 

(good) 
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Table 3-2 (continued) 

Category 

(4) Gas Control 

(5) Runoff Control 

(6) Operation 

Guidelines 

Natural conditiors require addition of liner 
(medium) 
Natural conditions require leachate col1ection 
(fair) 

- Natural conditions require liner and 
collection (poor). 

e Liners must hav; permeability of 3.28 x 10-9 
ft/sec (1 x 10- cm/sec); ability to resist 
physical/chemical reaction; life equal to design 
life of the facility . 

Q Minimum practical thickness= 1 ft (30.5 cm) for 
natural soil liner~ and 20 mils for synthetic 
liners . . 

o Liner must be protected from puncture using 2 ft 
{61 cm) of material; 6 in (15 cm) must be gravel 

. with high permeability. 
e Liner grade >1%. 
o Lea.chate treatment. 

e Leachate control aids gas control. 
9 · Volatile waste material should not be accepted . 
a·. Encapsulation should be coupled with 

ventilatioo. 
• Horizontal migration should be monitored. 

e Location where low potential for run-on. 
, Ditches, berms, etc . , ·to control and divert. 
e Well-compacted, fine-grained soils for cover . 
o Settling basin for siltation control. 
e Grades (30% to enhance drainage. 

o Accept _only proper wastes, i.e., sludges may 
require dewatering unless a leachate control 
system has been installed. 

e Cover material should be applied, if necessa ry, 
to minimi~e fire hazards, odors, litter, 
vectors, gas; and infiltration. · . 
- Cover minimum= ·6 in (15 cm) daily 
- If 90-day suspension= 12 in (30.5 cm) cover 
- Completed landfill cover of 6 in {15 cm) clay 

and 12 in (30.5 an) other soil/vegetation. 
o Compaction to reduce volume and extend life. 
~ Safety measures: 

- Safety manual should be available for 
employees 

- Safety equipment such as hard hats, gloves, 
safety glasses, and boots 

- Safety devices such as rollover protection, 
seat belts, audible direction indicators, and 
fire extingui shers 

- Fire equipment necessary to fight waste fires 
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Table 3-2 (continued} 

Category 

(7) Monitoring 

Guide·1 i nes 

- Communications equipment 
- Scavenging prohibited 
- Access should be limited 
- Appropriate signs for efficient operation. 

e Oi sease arid vector control. • 
1t Recordkeeping, including quantity, quality, and 

1 ocation. 
o Source of water should be provided for fire 

protection, dust control, and anployee 
convenience. 

o Should be aesthetically acceptable. 
, Long-tenn post-c 1 osure maintenance pl an should 

be ad opted and fo 11 owed after c 1 osure. 

$ Ground water/1 eachate monitoring should be 
installed: 
- Never through landfill itself (direct path to 

groundwater) 
- _Shaul d have baseline data prior to facility 

operation 
- Sample collection and analysis on at least an 

annual basis. 
o Gas monitoring in facility structures and ·. , 

surrounding soil. 

* Source: Federal Register, 44(59):18138-18148, March 26, 1979. 
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Treatment, storage, or disposal of hazardous wastes requires canpliance with a vari

ety of Subtitle C provisions. There are certain interim standards which must be met 

by ·facilities continuing to tre~t, store, or dispose of hazardous wastes after 

November 19, 1980. More detailed standards are being promulgated for permitting of 

new facilities. Table 3-3 summarizes .the general ~tandards for permitted hazardous 

waste fa.cilities. Table 3-4 summarizes standards for specific kinds of electric 

uti ~ity industry facilities. 

With the exclusion of high-volume utility wastes fran the Subtitle C regulations, 

the effects of the requirements outlined in Tables 3-3 and 3-4 are diminished. How

ever, some of these standards may apply to utility waste disposal upon promulgation 

of specific requirements. 

FEDERAL REGULATIONS UNDER CERCLA (SUPERFUNO) 

The Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

(commonly referre_d to as the "Superfund" 1egi slation) became law in December 1980. 

Under this legislation, generators, transporters, and disposers of hazardous sub

stances in the United States are confronted with a ,new set of operating rules. 

Where previous environmental laws cont~mplated regiila~ory .standards of practice, 

Superfund does not . Owners and operators of disposal facilities are liable under 

Section 107 of Superfund for certain kinds of environmental damage without regard to 

fault. 

Liability Standard 

Under t he Superfund liability standard, a disposal facility owner or operator who 

employs the most advanced, careful methods available will be liable under Superftmd 

if environmental damage results from a failure in the facility. Generators and 

transporters may also be liable.for disposal s,ite failure, ff -they selected the site. 

or acted negligently. Negligent acts include failure to disclose the contents of a 

toxic waste shipment (e.g.·, improper placarding and/or man.ifesti ng); failure to take 

precautionary measures to protect against foreseeable events (e.g . , use of imprope·r 

containers which rupture in an accident); or failure to cease shipments to a site 

which is known to be out of C()7Jpliance. Some authorities contend that negligent 

acts might also include failure to inspect the design and operation of disposal 

sites utilized, whether or not the generator actually selects the site. 
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Table 3-3 

GENERAL FACILITIES STANDARDS (SUBTIILE C) FOR HAZARDOUS 
WASTE MANAGEMENT 

Name of Plan 

General ~/aste Analysis Plan 

Security Pl an 

Inspection Plan 

Personnel Trc1ining Plan 

Preparedness and Prevention 

Description 

s Before treatment , storage, or di°sposal, 
must obtain detailed analysis of represen
tative sample of waste . 

a Must be repeated if process is changed or 
inspection of waste indicates waste 
received does not match description . 

o Written description of waste analysis pl c1n, 
including sampling and analysis methods, 
must be kept on site . 

e 24-hour surveillance system . 
t Fence or other barrier . 
G Entry is controlled by gates or guards. 
e Sign stating "Danger - Unauthorized Per-

sonne 1 keep Out" . 

t Must develop and follow a schedule for in
specting a.11 equipment which is .important 
to prevent, detect, or respond to envfron
men"tal or human health hazc1rds . 

• Must maintain log of inspections . 
G t1Jst remedy deficiencies noted during 

inspections. 
, Sched~e and log must be kept on site . 

a Training must be canpl eted within 6 months 
for supervised employees or prior to work
i n_g for supervisors. 

o Annual training review . 
t Documents must be maintained at fc1ci1ity, 

including job descriptions, train1ng re
quirements, and training logs . 

o Internal. alann system easily accessible. 
o Communications -equipment easily accessible 
o Portable fire fighting equipment. 
o Adequate water supply. 
e Adequate aisle space to pennit access by 

emergency equipment and personnel. 
o Arrangements with local public safety 

offi ci a 1 s for -emergency response, 
e Testing and maintenance of emergency 

equ1 pment . 
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Table 3-3 (continued) 

Name of Plan 

Contingency Plan and 
Emergency Procedures 

Operating Record 

Location Standards 
(interim final) 

Cl OS Ure PT an 

Post-Closure Plan 
(for land disposal 
f ac i1 it i es only) 

Financial Requirements 
(interim final) 

Description 

e Describes actions which personnel shal l 
take in an emergency. 

e Lists names, addresses, and telephone num
bers of those authorized to act as emer
gency coordinators. 

a Describes locations and capabilities of 
emergency equipment . 

0 Must include evacuation plan . 
~ Must be maintained at facility and sub

mitted to local authorities. 
e Emergency coordinator must be on premises 

or on call at all times. 

o Description of wastes and method of stor
age, treatment, and disposal . 

4 Location of each hazardous waste within the 
faci 1 i ty. · 

o Results of waste analyses. 
o Summaries of all contingency -plan inci

dents. 
-0 Results of inspections . 
@ Cl osure and post-closure cost estimates. 

o Treatment, storage, and disposal must not 
take place within 200 ft of a seismic 
fault . 

t Facility located in a 100-yr floqdplain 
must be designed, constructed, operated, 
and maintained to prevent washout. 

o Description of how and when facility will 
be closed. 

G Estimate of maxim1,1m waste inventory . 
o Description of steps to be taken decon

taminating equipment. 
• Schedule for closure with milestones (com

plete closure within. 6 months of final 
waste receipt). 

o Must be kept at·the facility and updated as 
required. 

o Description and frequency of ground water 
monitoring. 

a Description of maintenance activities. 
o Must maintain plan on site . 

0 Must maintain and update estimate of cost 
for facility closure and post-closure care. 

0 Must establish financial assurance for 
facility closure and for post -closure moni
toring and maintenance . 
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Table 3-3 (continued) 

Name of Plan 

Liability Requirements 

Description 

1 Demonstrate financial responsibility for 
claims arising from occurrences (sudden and 
non-sudden) that cause injury to persons or 
property . 

* Source: Federal Register, 45(98):33154-33258, May 19, 1980, and amendments 
through May 20, 1981. 

-· 
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Table 3-4 

INTERIM STATUS STANDARDS FOR MAJOR CATEGORIES OF 
HAZARDOUS WASTE LAND DISPOSAL FACILITIES* 

Disposal Facility Type 

Surface Impoundments 

Waste Pi les 

Land Treatment 

Landfills 

Requirements 

111 At least two feet of freeboard . 
o Earthen dikes must have protective cover. 
a Inspect freeboard daily. 
<!I Inspect dike weekly for leaks or other 

deterioration . 

o If waste may be dispersed by wind, must 
cover or otherwise protect. 

s If leachate or runoff evidences hazardous 
characteristic, must collect leachate or 
prevent its formation. 

~ Cannot be used unless biol ogical degrada
tion or chemical reactions will lessen haz
ard in soi 1 • 

0 Run-on must be diverted . 
Q Runoff must be collected. 
e> Severe 1 imitations on use o'f l and for f ood 

chain crops. 
, Must rnol)itor vertical migratton of contami-

nants 

e Run-on must be diverted. 
• Runoff must be collected. 
o ff waste may be dispersed by wind, must 

cover or otherwise protect. 
" Must maintain vertical and horizontal con

trol and locations of wastes disposed. 
111 Liquid wastes may not be disposed oJ in 

landfills unl ess either leachate is col 
lected or liquid is stabilized . 

o Containers holding liquid wastes (i.e., 
drums) may not be disposed of in landfills. 

& Containers must be shredded or flattened · 
before disposal. · · 

* Source: Federal Register, 15(98 ):33245-33250, May 19 , 1980 , as amended 
through May 20, 1981. 
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Those responsible for the release of a hazardous substance to the environment are 

liable under Superfund for two kinds of damages: 

a Response costs. 

Q Assessment, restoration, and rehabilitation of natural resources. 

The controversial provision which would have permitted third-party personal injury 

claims to be judged uhder Superfund's strict standards was renoved fran the legisla

tion prior to promulgation. 

Notification Requirements 

Two distinct fonns of notification by industry to the federal government are pro

vided under Superfund . First, any time a "reportable quantity" of hazardous sub

stance is released either in transit or from any facility, the incident must be 

reported to the·National Response Center . A "reportable quantity" is currentlY 

defined according to the l lb limit set by the Clean Water Act , Sectioh 311, pending 

new EPA regulations. 

The second notification requirement provides that by June 11, 1981, certain persons 

must notify EPA regarding tne whereabouts of operating or abandoned hazardous sub

stance disposal sites . Included are: 

s Persons who own or operate a facility where hazardous substances are 
stor ed, treated, or disposed. 

e Persons who, at the time of disposal, owned or operated a facility where 
hazardous substances i,,ere stored, treated, or disposed. 

• Persons who accepted hazardous substances for transport, and selected a 
facility where hazardous substances were stored, treated, or disposed. 

Facilities with RCRA ~ubtitle·c permits or interfm status are excluded from this 

second notification requirement . Specific information to be in~luded in these ~otf

fications includes '' the amount and type of haz;;irdous substances to be found," and 

"any known, suspected, or likely releases of such substances" at the site [Section 

103(c)J. 

"Hazardous substances" under Superfund [Section 101(14)] include: 

1 Substances defined as hazardous under Section 311(b)(2)(4) of the Clean 
Water Act (these do not include oil, except oils containing other hazard
ous substances) . 

Substances designated by regulations under Superfund. 

3-13 



- Doc. Ex. 1512 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

~lastes exhibiting RCRA Subtitle C characteristics or 'listed under Subtitle 
c. 

Toxic pollutants, Clean Water Act, Section 307. 

Hazardous air pollutants, Clean Atr ~ct, Section 112. 

a Imminently hazardous chemical substances, Toxic Substances Control Act, 
Section 7. 

Post- Cl osure Care 

Superfund pennits a transfer of liability for post-closure care of disposal sites. 

If a permitted hazardous waste disposal facility has been closed in accordance with 

its Subtit1e C pennit, and has been monitored for a 5-year peri'od without any indi

cation of contaminant release, then a special post-closure care fund wi11 assume 

liability for post-closure care . The fund will be provided by a special hazardous 

waste disposal tax, imposed upon operating facilities. Provisions for the transfer 

of liability are a direct response by Congress to the concern of industry that a 20-
or 30- year period for post-closure care (contemplated by RCRA regulations) is unre

al istic . 

STATE REGULATIONS 

Although the EPA Subtitle C regulations took more than 3 years to develop after RCRA 

became law, the various states were not aware of the important changes contained in 

the final version of those regulations . As a result, several states propose to 

implement selected elements of the original December 18, 1978, draft RCRA regula

tions, including the special management requirements for bottom ash, fly ash, and 

FGD sludge. The state regulations therefore merit close attention . 

A summary of selected state solid and hazardous waste management regulations per

taining to utility wastes is provided below. The reader is cautioned that most of 

this material wi.11 . be subject to change in the next few years, as the states develop 

more definitive regulations for solid waste disposal in response to RCRA. 

Tables 3-5 through 3-9 compare pertinent regulations fran 10 states (Alabama, 11 li

nois, Indiana, Kentucky, Missouri, North Carolina, Ohio, Pennsylvania, Tennessee, 

and Virginia) with the feder~ requirements previously discussed, The scope Of each 

table is as follows: 

Table 3-5 - Regulatory Definitions and Special Features for Uti'lity Waste 
Dis posa 1 Sites. 
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Table 3-5 

REGULATORY DEFINITIONS AND SPECIAL FEATURES FOR 
UTILITY WASTE DISPOSAL SITES 

PROl<ULGAI WG ..\UTI10RI T'I 

I.I. 5. EMtr01tmefltol P,·otect1011 
..\9ency 

' { Ol~HErlTS: 8ueo UPQ/f Ft 0'11 
Suotl tlt C ind $ubt1tle 0 
a~qu1at1t1ns, J11v pn>ooseo 
RCRA S~ct1on 10011 \al( l} 
tiµHJehnes 

~LAOAI\II ! 
Oept3rtmtnt of Puol k Hro1 tn 

(205) SJZ-6728 

Ulv1 ronn1ental t1:::1 ~h Ac!n1n1.stra-1
1 

COn;1(1tf5 ~ Propose~ h4U rdous 
woste reau1at1ans track Uie 
Oec....,erl8, 1918 EPA pNlDD .. I . 
.sntl thus "'t1110 tti.etr legs cut 04.lt" l 
oy th! May 19 fR version. dSP~· 
,101\y llS ~o 11speci11i l ,1ctstcs." 
MtJc.n polttic,l f)f'QSSt.1f'e -wlll hhe 
co oe •·4tSisttd ff A16b6""4 pro· I 
po$a ! tver cecG(res f h14 I re<)u· t 
lauon, dS .«iccen. • 

ILLl1<01S 
Po1 lut10n C~ntrol tJca1'G 

\211) 182 •6760 
COl-ttEflTS: HH t'llhl "5pec.1c1I-. 
thc1zardous} w.nte per,111 t .ano 
au111f.est s,yetfffl In place for 
1eveu i yrar1. >la:f'lifest SYHet'P 
h coonpu certted , inc)u1Jfn9 dtld· 

IJttU I dot~ re spe<fc I ••stes, 

WO I ANA 
St4te Uo•rd ,;f !l<alt~ 

( 317) 6.JJ-0176 
COMMEl!TS : State no~ draitlng 
nazdrdous wute reqvtu iotls. 
t r..td l tiona l ly navt.! treated rco 
s'tuoge on 12 (Ul!•by-case bds,s; 
otherwise, otntiy •4Hts ate 
oftefl ell:cJuoecJ tro,t1 ,.equ tauon 
JJ toerts. 

~tlTUCKY 
Oeuo.rurw.nt tor iicu,..al 

Resources 4114 Env,ronu:ental 
Protfctlon 

(S0'2} S64-6Tl6 
CO~/IEII TS : Solid \14sle Regu
lat1ons t111v~ Dee.i, lf'I ~Hect s1"ce 
ll'J15i na:i1rcrous ~uuce ,-egulb• 
ttons. now u11uer .ievelooo1enL. 
S0l 1J wane re9ulattcns penn1 c 
wtde f le1,lbillty HI coerattoni;. 

IIISSOURI 
Ut:oor ta1c11t oi u~ tura 1 Resources. 

l l14) 751-JZ.I 
COVlMEN TS: Latest '4.IS50ur1 l 
Rl!'visions (tffect1ve Jdnuary I, I 
1980! trdCl\ l40y 19 EPA re?ul, """'. 

I 

.:in ,ooho. Hqt11u . ien,-soho. 

.Jr t:onuineo gneous 1•ater1J. I 
'"'" icn 1 s er, s,araeo nr ffdS \erv~d 
• ts 1 n cencfed purpose or li I) 

,11.!1i.uf.lctur1ng or cn;n,ng 01-
..,,.l')tlucq ~,:c ,ulltng Jcffi"su.: 
l-<'.,...i.tJt o; ..:02 ! 11) 111t SQl,t"(~ JI ~ -

: n,1t·1i1. ~ rr11).1t1t..lr1 •-.?tor'II t11,1',f, 
,,u .. lt:.st ' f'l'h ce -regu J 1Ht!l.l oy .\EC • 
Jhl.l · u - .. 1 tu 1UHHHIJ 1"11ht~. 

1~u ~.f:7:~ ~61.:) 

011,.trdc:o ~ t.f'." ti> Is - .. aAC.eot 
h.ou.senold .sew..sge JnU lfveirncl. 
Jntl pool try wanes •• 1uduoto9 
industrial was:es not contrull~o 
by other •genctes. 

i1'(1J ·1:ecna,11--s.u, f.:ir .Jet,en"l109 
""netner 1 ;cl :u dste 11 ,1u ... 
.irt&OU!::: 

l) ,!vioet1~i: •Ji !J c .• • .R.5 261 
':1,boc.1r~ ~ .;h.sr.J.cter1s-
.:, .. ~ •J f ,~,11cao1lit1. 
~orro~1·11ty. re.sct1 111ty , 
>r i? :~a 1G Uy. 

.l.J hst111g upon -41) LF.R.,261 
~<r.>04rt U 11st Jf 
:;ol!c, fie fldUf'dOt.h 
.,,ute5. 

-Propas.eu -- ~J,rie J.1; IU .. AA StHu tor, 
~ 1..tef,,nt1011 .JC 1lCRA~oct10,1 IOU4(5) 

!P((l,\L 'UfURtS: ,I ILIT'I '•AS;:s 

~ t\l1ty ~11uu1:, inclu\J1n9 r'ly "'" , 
woste, !)Ott:itlt un ..it3ste • .<:111.1, ~Gil 1 

siuo,1e wt1sce resu1ttnq pr11Wri1y 
fro,n ros<5JI fue, ~oG?Dustion, d•'e 
upreuly uclu\Je~ fl'Cll11t1eflt11 nof\ . 
of ni1,arctou:, "'"ste. 
uo c.f.~. S~6l,l(n1('II 

-~ltOPOSrn- I 
I 

I f'GO .sl ... uoes. CuHtcm asn. dnd (ly ' 
.3Sh wastes Mhlcl'I Jre q1weri1Ced by I 
fossil fuel ftre~ neon, O<>wt'r 1 

, plants i re s pt:!c td. J f1A'Ste5 i r truly I 
I eviaence ••y of t/le four han,o-
; ous wa.ste. Cl'arHter'tsttc:s (fq,11:.- ; 
1 3.0le, ..:orros1-ve, reacc,ve9 ~r . 
! tOAl;,:) . :-0.tt.lC :HiJOtJ4r'O h ~0• 
i t"ter11n drwk fng na ter sunaJr,1. 

)i,e c raJ dUtes 

- lft.lS t be. SOD )ec trJ !O 
Jetalled ene1111i:a1 .,,,a 
"D)'SH;a.1 analy$1:S, 4/l(J 

nust ot: '1\i~u:.eo -lf 1n 

ra,;1 I itH?i CdPJC>le :u 
l)rt:V.:Iitthg JISti:oarqes 
to che ! Ovtrbnir:ent 

,nu! t un'1l!rtJ\e iiPteC 1.11 

1 ·oor11tor1119. i 

L-·-----·---·-··--- '--- · ----- _, _____ ,,. _, _ _ i 
So,ie u ~CAA Sectton 1004(211 Incorporates RCRA >ect1on lO~•(S) 1 •spoe1a1• ••stes 1ncluJe ·1 
sttlt:Jcory J'eft111t1 on . t•i: l udtd, d~iinic.ion ~5 H IQay ~vohe. 
1nu1uc 1pal wasce-. horess "efereAce tc f°-e<Jerai I (1) MHi'Clous wastes 1 

,haracterht1cs .>.nd.haza1~oos waste I (2J >~ustr,•1 process wostes I 

Excluue-s huni.1n excreu. 

fro hClus1on-,, ·- 1H reh.!si: tn 
s..,tla fonn, 

U-ch1Jos overDut'den, ,.o,-.. i1urte 
to.1 1inqs. i"'1tte. , lcij, Jr .>~he,.. 
1111n1ng 9 ;1ttlt1n9, .Jr ~111,t t1n9 
'otd.$tes~ 

lut1n9. 1 ()) '1ollut1on ,:ontrol W4Stes 

I ut, llty wo,tas .. 111 ••11 goner,lly I 
into C:4te9or1e.s 2. ond l, .tna H1i1 

: tht·r?i'ore tte ~011-s,dtred soectJI 
! wastes. ~nifeit -,nd analytic41 
, teQuttec1<fl tS ~1H :nererore ~e 

)m'30S~tl. 

~ites with " tnnerent tJllnqers.. I OperatOrs wi sh ing to i1Hoo1e of 
including toxic ch£'S'licc1ls, c•plO· lnert fill c.!Ay pecttion 8oaf'I.J for 
s1ves, p11 tho 1c9fca1 wastes. I exclusion froin solid wd\te requ-

l r0Jfod.ct1ve macenah, .:in.ateriah l.1tio11s . E.,r.c1us1oo t'i votdetJ If 
llkely t o c4ose fires, I !quids. JI 4ny otnet ofl~ tter IS •<<epteJ. 
;e,ol-liquld,, sloJges cootalning 

\ <36: sol (ds, oeuicides 4nd f 
; tneir cot1ta111er'i, raw A(ltn.il t11dl'HJr'i: 11 
.,· ~epci.t .ta11~ P\llllP.i r11Ji, !lnd ra;w ,)r I 

111gesced iewagc. 

i .. Spec1al'" wastes lncludf 
l e~otos1ves, D4CI\Glo~ieal i rot 1ooco"e- ,nate:r1,1ls. 

I 
! 

-i41;1e 11s rade1·11i i:ref1n1t1011, cr 1· 
tsna. :l\drac:,uultcs. d11u t,s:. 
: l 11t " t'iOh? e,:.e11siYtt. 
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.,:our-
I 
I ' 

I 
1 l 
fFly uh, botb1n1 ••h, ,no scruooer I 
,sl udge frao1 rossil foel )uri,iny 
· cowl!:,. 111a,.cs ue 1:.1\lr"ets It ~c I tli.lea ! 
; from nuu·ctou.s w~.$tQ re9uhtfDI\S. J 

;S1!J111-sol1os , slo~qe~ wttn free I 
lfflOISture, ano 1nt.1ustrtal process 
'jJluoge:s most 1u1v!.St:tJJrdtedeShJ11/ I 
ope,at1011 apgf'OVol of soetific. 
proct:<Jur~ unoot" ~o l Id tta$ :.e: I 

1,.egutac.10111.. 
I 
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Table 3-5 (continued) 

PROHULGATll!G AUTliCRITY 

IIOlllli CAROLlllA 
Oeparment of Human Resources 
Ol•ision of Hoaltll Sorvic•s 

( 919 J 733- ma 
«)IINEUTS : ~htlng hazar<lous 
i,aste regulations are to be signi
ficantly altereo to reflect EPA's 
Hay 19 pr()(Jlulgation alillOst vorb&
tim. State statum mandates that 
llorth Carolin• r,e9ulatfons be no 
mcire s tri~gent than federal regu .. 
lations. 

01110 
Envlrorwental Protection Agency 

( 614) 466-8934 
CO>lc'1El!IS: Sbte iotends toobtaln 
interim status under federa 1 pro
gram. State .statute preclud,s 
regulations f!klre s trfngent the.o 
fedora I fO!jUla lions. 

P£11NSYLVAIIIA 
Dl!J)artnont of En•iro_,,tal 

Resources 
(717) 787-nBl 

COlel!:l!TS: Solid wute regulation; 
jn phce since 1970, with sut>-
5tant1al re-write 1n 1977. 

Reguhtions provide. for speda 1 
trootment for utility wastu, 
with ,peclfic metho4s Identified, 

fElll!ESSEE 
Department of Public flealth 

1615) 741-3424 
COltltllfS: -PIU>POSEO· 

Uazardous w1.ste reguht1ons 
contain two categories of haz
ar<lous ~aste, higher and lower 
rlSk vastes. 

Regulation, ~r lawer-risk 
1<0stes hove been deferred for 
one .)!ear, p1ndlng furthor study. 

• ·URG!lt!A 
Oopa rtnent of H•• 1th 

(BOI) 76b-527l 
Clll'i'lf)ITS: Yery general soll.d 
waste r-egulatlons have bee/I in 
effect sfnce 1971 Without sub
stantla 1 revision. · 

SOI.JO WASTE O£F11!f1'1DI! 

Same as f.e.Oeral re_gulatton. 

Unw'iinted solid or semt-solid 
'1\0terial, eJ<clud lng ,onstlilctlon 
or a,i11fng wastes, ~lag, or non
toxic fly ash or foundry s·ands. 
Regulations do not apply to 
ponds or h9oons regulated u"de~ 
water act. 

HAZAROOIIS WASTE DEFIIIITIOII 

SMI! u federal regulation 

Sa"'e a, RCAA statutory definition, 
Section 1004(S) with ex~ress ref- · 
eronce to (and t ncorporotfon of) 
subscances listed As hazardous by 
federal regulation. 

SPECIAL FEATURES: UTILITY WASTES 

Re.visions presently Ctiog m.ade to 
haurc101.1s w.a5te regul atfons wi 11 
expn,uly eJ<empt Utility wanes 

l from tr,e.ir pr,ovisions. 

*Hon-toAiC f).Y ash'' provisfon came 
Into effect tlorcn 19, 1979. oie r 
Ohio EPA objection, OMO EPA 
•'ilu tOfflj)lhnce with solid ><Ute 
rogulatlon, as to fly ·ash. If 
exemption Is claimed, anolyse.< 
(either by generator or by itot~J 
must 5now EP toxicity less titan 
dr1nk1ng water ,standards (If 
ground wa t.ers are a.ffected) or 
IOOx drinking water standards! ff 
only SU'rface ,.,aters are affected). 
Fly uh ~hkh wHl not be dlspoieo 
of under or9anlc acid conditions 
""'Y rely on distilled w•t•r EP, 
Water pollution laws may lmpose 
ctore rtrfngent requireffie:JJls. 

Ito c1clu1lons ·- All garbage, Sa.,. as RCM statutory deffn1t1on, FGO sludge (If spociallyapproved), 
refuse. and discorded m1terials. Sectioo 1004(5), fly ash, •nd bottom ash are sub· 

Ject to separate detailed dh
posal reg~lat_1ons. 

Eicludu coornon water pollutants. 

Excludes CQlllTIOn water pollutants . 
such as sUt, suspe.nded solids , 
dinollled solids, etc. • 

Prcposed deHnt tlon is same as RCAA 
,totutory def1Mt1on, Sectlo~ 
1004(5) . 

lower-Msk w• ilu using [PA, 
chanctnris-tlts, l>Ut with differ· 
ent (less nrlng•nt) threshhold 
cttterfo. Utfl!t;y waste, are 
probably 1ower .. r1sk wutes, and 
thus excluded from proposed ha?• 
ardous waste r!gulations. 

L0\1£R RISK MAS1ES 

Jgn1 tabl11ty •• 100°Fes::flash
point Sl40'1f 

Corrosivlty •• 2spkS:12.S 
and corrosion 
rates=Q.250 
inches/year 

To~lcity - 10x=EP con-
centratlons:: 
lOOx lnterfm 
or1nkfog "°ter 
st•nd•rd. 

s- as RCRA statut.oryde'flnlt1on, Inert materials ·-1oclud!ng ash -
Section 100415). "'"Y be disposed of on lana without 

cover. 
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Table 3-6 

STATE SITE SELECTION, SITE DESIGN~ AND LEACHATE CONTROL REQUIREMENTS 

-PAOHIJLGATlltG AUTllORlTY 

U.S. ENVlROlll<ENTAL PROTECTIOII 
AGEIICY 

ALABAMA 
Oepartment of Publ1c tlealth 

Environaental Ilea! th 
AdlJlintstratfon 

Ill.lUOIS 
Pollution Control Boal'd 

lhOIAHA 
State Soard of lle•lth 

Ktl!TUCY.Y 
O@artmcnt for llatural 

Aesourcc.s and E.nvi ron111en tn I 
Protettton 

SHE SElECTIOk Silt OESIGII 

Env1t"onine.nt.al ly sens1the areas. 
iuch u flood pl•lns, pe.,,,.frost 
areas, cr1t1tal habi taU of en
dangered soeciu , end rec,harge 
zones. ol sole- iource aquifers, 
Jllould be avoided. Fac1ltt1 .. 
shall not restrict the flow of 
tile base (100 yr,) flood, nor 
sl'!all Ule,Y red11oe water storege, 
nor sn• 11 th~ permit washout of 
of ,oHd waste. On-Site soll 
sutuibillty for bot/I cover and 
Vehicular operations ShO<Jld be 
considered. underground ut1l
lties tt'averslog the site should 
be avoided or relocat<Od. Ade
quate socio-econllOlic analysis 
should precede site ,election. 

I l W:HA TE CONTROL I 
l Design shall i"ctudethose -featoreJi Point source discl'\orqe must com- i 

neccssory t0 pre~lude water QUali- ply wfth Cl/A~402 IIPDES permit 
ty violorlons !Mn-point sources} requirements . Bottoni of l•ndfill 
and dredge/ftll violations. De- should be no nearer tl1An 1.5 
sign fflus-t preclude ground water meters from seasonal high ground 
conumin•tlon bey0nd the solid water table. Site r!ln•On should 
waste boundary (s1te boundary in be djverted or controlled up to 
'""" coses). a 10-yeor, 24-hour rainfall event. 

If slt• is to be land application, 
st te u~ed to ·proouce food c.rops, 
special provisions apply. 

A~ approved by tne Board. 

116 eioress location criteria . 

,, 

,\s opproved by the Board. 

Applicotion must include: 

- lopo mop If site wHh S' 
contour Intervals (If relief 
:>20'), 2' contour intervals 
(if rrllef<20') 

• 1114P show! ng hnd u.es and 
naturol anCS r.11n ... mede features 
within \..,Ile ot site 

• data fro111 so11 samples i nclud
ing soil classif1cat1on, grain 
s1te dfstr1butfon. pormeabl 11 ty, 
CO'llpattabili ty, and ion
e>1change 

- description of ~ydrogeology; 
cocnpn!~onstve an~lyns of water 
s~1es taken fnmi on-site and 
off-.s1te welhandsurfacewaters 

• topo map showing u 1 tima te 
grades and statement of post
closur!! u,e, tf ~nOWfl 

• de.ic:r1pt1on of operation~, and 
of wastes accepua 

If construtte4 in floodplain, 
dike should be lnrtalled to pro
tect agoinst 100-year flood, 
L1ncrs, H used, should be pro .. 
tected ftocn puncture ( 6" grave 1 
and IB" cover) and should be 
sloped~ 1%. 

Control system oiust prevent 
ground water c:ontamination be· 
yond solid waste bOund•rr (site 
boundary 1n SIX!'«! c&ses) . · 

Must ta~e adequate measures to 
mooi tor and contra I leachate, 

Construction ln )DO-year flood 
plain re qui r2S sepe rate approva 1 
of Natural ~oircos torm>inion, 

Design bosed upon - As specified by the Boord abOut 

• USG$ topo map showing s1te. 
Must Indicate whetner any air
pert IS located 111Hh1n S miles 

• ,nap showing hod . use and zoning 
within lr·'11le: also natural nnd 
man-made features (espoc1ally 
utfllttes) 

• description of geologic origin, 
of all c,arth materials 

• repo~ of soils, ground water , 
and geology (borings 20' beneou, 
lowest point) including pe,,_ 
ability, c""1j)actobl1jty, ond 
1on ... exth1n.9e 

Prel1minnry s i te plan anolys1s can Hust be by PE and Include : 
be subi:nitte.d for review anr:I c.01m1ent~ 
Site >.hall not be •~posed to 5-year • USGS 7.5 minute topo 1'\Ap 
flood, 'Jf lo high ~•t<>r table, - detailed plot plan 
""'S t have 2' co""acted fill between - de$cr1ptlon of d1$poul 
wa,te and flloll<lm.,,, water table. operations 
Sinrilorly, """ have 2' ••p•r•tfon - descr;ption of so11 conditions 
between waste and bedrock, 

Landfills tn !OD-year floodplaln 
tnust De protec:ted. 

3-17 

por\moter of site. 

H In htgh water table area, 
wst take measures to preYent 
cont>l~fnot1on. regardless of soil 
conditions. Hust toke a,e,asures 
to prevent ground water.or s trea~ 
contominatlon unless sMt>-loll 
struciure is sufficient to oo so. 
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Table 3-6 (continued) 

I ~ISSOURT 
btpartmeru. of #1atura, ResOt1rce-s-

HORTH CAROL !HA 
Department of ttumao Resources 
OiviSion of ilea! th Se,v;ce, 

Sill SELECTtOII 

j Geolgoy and hydrology of site mus-t l m1ni miza irnpi!Ct on ground and sv,. .. 
1 face. water.5. Soil ffl\lst t>e Suitable 

SITE OEStGtt lEACltATE COIITROL 

Site develo-nt pt.n must be pre- Design must discus-. leac~ate 
pared ~Y- PE and inc lude : ~roblems potential a"d control. 

I! · for hndfi11. Site access fQJSt. l"Ot .. 
be subject to flooding, 

- hnd use , 1.on1ng, natural ano 
man-mao'<.~ fe6tures within '.i·tnile 

topo 'l'i!P "'f(1 th 5 • con, tours Permit requtre.o for pOlnt s-ource 
d!scnor<3e\, 

Soils must be suitable ior landfill 
operation, and bti pr·esent in .suff1-
ciont quantity far cover. Site 
must not have rock tonnatlons, 
water table, or zone of ,sa_tul"atfon 
near surfate. Site must not b~ i n 
a f1oodpJi)1n having a. orie percent 
or g,eater chance of naodln9 in 
any given year (loo.year flood
plaln). 

of site · 

- location of dll lltHit1e.s en , 
un~er. or />Ver s i te 

.. oescr1pt1on of u '•ti1111te S1te 
use 

• cunont and p<oJected usos for 
water resources •ithln "zone of 
i nfiuenc~•· 

• ground wuer e l evation MO 
sepal"atton 

• Impact upon ground and surface 
water 

• baseline water ouallty data 
within 11zone. of i<iflu!nco• 

- description of soils and 
geology 

Des lgn 111Jst prevent contact wl t.11 
100.year i'lood, 

Design must be based upon sub~ 
surface Investigation (soil 
borings), ground water .s~l il19. 
and anolysi s, ar,o • 9eolo91c 
report. 

Plan must Include l'AIP of surTound
in9 land uses and nuura l 0,no man
mode features w1thi• ~-mill of 
si te, · 

A buffer zone sufficient to con
fine visible siltation within 
one-fourth of the bQffer zone 
must be provided, 

landfl 11 must not conuminate 
&dJacent water suppliesi nor con
ttl'avene Ass.\gned streim water 
quality stanoards. 

1---------------\--------------1 ··---·----------+-- ----~------
OHO 

EnvlronPJental Protection Agenq 

PERHSYLVAJIIA 
OeP«rtment of Env1ronl!l'1ntal 

Rrsources 

TEIVIESSEE 
Oepartmtnt of Publ le H.ealu, 

VIRGllllA 
OeP•rtment of Hea 1th 

llay not be located In floooway 
(channel pathway for regional 100· 
.vur flood), H~ not be located 
ln sand or gravel pf t, lfmestone 
or sandstor,e quarry. 

Plan murt Include USGS topo l!ICP If leachote detected on site, or 
ond (1) 1 and uses , •oods and d'rain1n9 fr0<1> slte, an<I Olrcctor 
butld1n9s w1tnin 1,000', (Z) a i r- detel""ines that a substantial 
ports within 10,000', and (J) threat of wate• pollution e,fsa. 
mines within Z,000'. then leachate $hall be contolned 

Hin1fllum distance, -

1,ooor to near~st exist'lng watC! r 
well 

(00' to ne~rest streaO\ 

5' of seasonal high ,;nor tabl e 
( H sep•rated onl1 by low 
perme•blHty soil). 

Geology foundotlon ll>aterials shall 
have mln1<num bearing capacity of 
one-Md-one•l}a lf t Imes the tot a 1 
design load to be app)l e.d. 

Reparts to Include ;alls , geology 
and lithology, 9rouod 1<ater flow 
and qu•lity, direction or pre
vai11~9 tt1nds, ~• tuae of waste to 
be accepted ( 1n detail I f l 1qvid 
or semi-solid). 

p·erson slibffll tt1n9 plans ""'st not 
now be., nor Mv~ be.en ttreYiOU'sly. 
1n violation of solid waste re9u
latlons. 

AppJtcat1on for pernit "'ust tech
n1cal1_y describe soils , nydroge
ology, topograo~y. and cllmHO· 
logy of site. 

Also, "det.>lled" chemical analy
ses of fly ash -and bottom ash are I required. 

51te shall not bo subj ect to flood• Fadl1t1es to serve industrial 
fog (In re lloah's Ark noMth· concorns will bo approved on a 
standing), Detailed feaslbill~ caso-by•case oasis 'or location, 
analysis required i ricluding bac~... desfgn, operations, and closure. 
ground on reqlon to be served, Systi?ffl 1s Mghly flexible, 

::!~~1:?t:!s~~::~/:~!!~!~~ts, and 
a cost and .site evaluat10n of 
a lterna. ti vtts 

•ffOIIE• 
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.,raiie-

ond treated, and action taken to 
minim.he leachate gener'at1on .. 

Sol 1 seeps, springs lind other 
wat~r s on .the surrace of tile 
s-1 te sM 11 be co llectod and re~ 
moved, 

Ground And surface water 
pol )Utlon sMll be avoided , 
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Table 3-7 

STATE GAS CONTROL, RUNOFF CONTROL, AND MONITORING REQUIREMENTS 

PRONl!t.GATUIG AlllllORITY 

' U.5 . EHVIROltHWTAL PltOTEClH)lf 
I AGEIICY 
I 
I 

Al.AII/Wl 
Oepertmen t of Publl c He• 1th 

Environmental Health 
Aclmin1stration 

ILLl!JOIS 
Pollution ContNl Soaro 

GAS COIITROL 

I 
volotllc ~uosunces should not be 
accepted. 11here used, enceps•la~ 
t!on sho•ld be couple• •Ith ventl
lauon. Uor1zont.:l31 .aigruion 
snould be mon1 :ored. tlo concen-
tration of •~Plosive 9ues(,,,..th· 
ane) in landfill srn,ct~res. 

~Ull-OFF COtllROL MOIUTORIIIG 

locttlon ~hould have low potential J Grourio water/leacnate. motdtor- l 
for ruo-on. Oftches, t>enns. ett-, 1 in9 snould be 1nsu.1\ed. 1 

drainage arouno landfill SIU. • never tnrouoh landf1ll itself 
should' be used to d1ve-rt -surface. I 
sntllng basin should becons-truct- (direct path to ground weter) 
eo for siltation conirol. Grao,s 
Should provfoe good dre1nage W!lile • should have ba,ellne oau 
preventing erosion (generally prior to focllitY operation 
<.lOS). I 

-NOii[• 

- S0"1lle collectton ond onoly
sh on at least an annual 
bas1S 

Gas monitoring should be ,on
duoted 1n fAtiHty structures 
and surrounding soil. 

·PROl'OSEO-
For spec fa 1 WiU"te di sposa h 

• at least 4 monitoring wells 
Including at hast 1 back-
9ra1Jnd 'fell hydraulically UP· 
gradient and at least 3 well• 
nydraul lca \ ly 001<n9radlcnt 

• at least 1 of the da..ngradl
ent wells shall be l,,.,.dhte
ly adjacent to disposal site 

• well• shall be cased and 
se• led 

- water table elevation shall 
be ,fotel"lJl1ned quarterly 

- b•seline shall be establtsned 
at least 3 fl'4nths before dls· 
posal 

• sa11>p\es to oe minftn,1lly 
analyzed quarterly and com
prehensively anelyzed annu• 
ally 

• niust cease landf111 opera-
. t1ons and notify board if 

significant chonge 1, noted. 

-HONE• 

- ·------------1.---------------+--------------'--------· -~ ···-·--. 
INDIANA 

State Board of Healtn 

I\EWTUCJ(Y 
Depa rtment for Nature 1 

Resources and £nv1"1nmental 
Protection 

MISSOURI 
Oepor1lll<!nt of llatur• 1 Resources 

HORTfl CAROLIIIA 
Department of Human Aesources 
01v1slon of Health Services 

011 10 
Envlror>~ent• 1 Protection ~gency 

Gases generated shall be controlled SurhCL' water course! and run-off 
on~lte. llo 1Atero1 migration or shall be dlv°'ted frOfll landfill. 
explosive. concentrations snell tie 
pe,,.ltted. 

-11011r-

Det:llO<IIOS I tton gases sha 11 not 
accui:ulatl! to ~ox1t or e.Jplosive 
con~ntratlons. 

Ventlhtlon strucwres sh,11 be 
con.struc.ted as- flecesn.ry to con
trol gas rni9ra1ion , · 

Surface contours sha 11 mi nimiz«?. 
run-off onto or tl)t ough sf te. 

On-sl te dra lnage_ control stru~t.lres 
snouJd be designed to m1n1mlze 
lnfiltratlon •1td erosion. Oes lgn 
should be for 20..year flood. 

Surface water shall be d1verted 
fr<1"1 operational area. 

Surf-ace wat-er sh.all be diverted 
from operations area (both cur• 
rent. and fonrlA!r}. 

snould ponding occur, operator 
sha 11 tHt> remedia I oc-tlon to 
c.orr"ect grade . 

3-19 

-11011(-

If landf111 >s in h1gh 9rnond 
water orea, 111U-s:t ~n1tor ground 
water . 

-JIOl<F· 

All stre1111S on-site shell oe 
c,onictored prior to operation and 
at lent annually tllerea~er. 

Ground 111ter mon1tor1ng is re
qutred -wt1ere s1te has 1'marg1nat 
soil pe...,.ab!lfty characteristics• 
or where '"good engineering 
practices• dtctat~. 

Shall Install monitoring ,,.el l s 
ns approved for ground wnter
qual Hy, Sompllng and analysis 
twice annually. 
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Table 3-7 (continued) 

' 
PROMULGATING ~UTiiORITT ~ COIITROL I RUil-OfF COIITROL I ~NITilRING 

PElll!SYUAHIA -110/iE- Run-off shall bo diverted around Gf"ot.ind water 'mon1 tor1ng points 
Oeoar-nt of Environmental ny as.hand bottom -ash a.r-eas. shall be proposed for approval. 

Re.sources Analytical re,ults ,shall be sub· 
~ contingency phn ior treatment mitted fn oecordance wl tJ\ pemft. 
oi run-off from ft 11 area shall 
be proV1ded. 

Waste water shall be collected 
and troa tnd a.s necessary. An 
erosion and sedlment•tlon pl•n 
111Jst be provided. 

See leachate control. 

TEIIIIESSEE -110/IE· All 5urfa,e water to be diverted ·1/0IIE• 
Oeportr.u,n t of Pub l k ilea 1th around tfle operations areA. 

VJRG!IIIA s/iOliE-
Oeparar.int of Hea 1th 

-HOIIE- -I/ONE-
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- Doc. Ex. 1519 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

Table 3-8 

ACCEPTABLE WASTES, COVER, AND COMPACTION REQUIREMENTS 

I I OPERATIOII.S ·I J PRO.'!ULGATJIIG AUlKOR!lY. 

i I j Acccp1.ao1e Wa.Stl!.5 Cover Requlrl!llllino Comp•etion Requlrement-s ! 

U,S, £/(VlltOti'IENT/\L. PROTEtTJQ/1 Acceot only pl'tpor w"tes (slu~ges .I Cover material should be appl fed Com.pact as nec,e.;s1ry to extend 
AC.EHOY may require db'atoring unless ,1 If neceua ,..y to m1nimt.z:e fire haz- l1ndff11 Hfe, 

leac-tiate collect1on 5y1tem has been 1rds, odors. litter, vectors , gas, . instolled) . . ' and water lnf11tration • . 
- minimum <!Olly cover • 6" 

- if 90-day suspension 1 n opera• 
tlons, intermediate cover c 

l2 11 

. final cover• 6• clay ••~ 18" 
Other 01Aterhl 

ALABAMA •l(ONE· Final cover of 2•, contoured to -IIOIIE-
llepartment of Puolfc lloa1111 prevent ponding •nd erosion, 

En'ri rOMl<!nta 1 Ilea I th 
A<lnlin1stration 

1Lll1I01S Special waste m,st be COll\Prehen- unle$$ permit provides otherwise, All refuse shall be deposited at 
Pollution l:oncrol Soard shely analy·zed for 1ts h4?ardous shall have 5• dally cover, 12" top of wor-~ing face or in to bottolll 

eharacterlst1cs as a fl r>t step In 1nteJ11l!!dlate (11ft to be l n1ctlve of tren<h, 1f used. Llfi:s shall be 
aut001Ated Jt.anlre•t systen,, 11\0re than 60 doys)covcr, and 24' 2' or less 11orkln9 hcc slope sho11 

final cover within 60 days of not exeeetl two horizon ta 1 to one 
final appllcat1on to • given 11ft. vertical (<SO:) . 

mm ANA Sign of ot leut 16 square feet Cover requirements ere fle•lble, Working foce slope Sholl be n,ain· 
State Bo•rd of Mealth shell Identify operation, hours, as approved by Board. Unless pc<"- talned ot l ;l or steeper(>3J:). • 

etc. mlt provides otherwise, oally 
. cover requfred_ not less than 6u, 

regardless of weather. Final cover 
to be at Jeost 24', ond to have 
final slope_ of at leut 2.: without 
depre.ssforu. 

KEIITUCKY ; -r1011£- cover intervals sufficient to pre. ~«OIIE· 
Oepart1ilent for Natural vent fire hazards, unslghtly· •p· 

Resources and Evl ronlllOnta I peArA(ICe., and rodent harbe1rage~ 
Protection . . See Closure/Postclosure/Flnancia I 

HISSOUR I Lists of wastes not opproved for A1r pollution control residues Two-foot 11 fts, maxlmuo,, 
DeP•rtn>en of llatuoal Resources disposal to appear at sHe en• (fly ash and botu,m osh) shlll be 

trance. incorporated Into working face ltJst hove prevenut1ve mofntenance 
an(I covered as neceuory to pr,e .. progrom for equfpn,ent. 
vent them fn,m bec0111fng olr-
bome. 

' Othe!1'1is~. doily cover reaulred 
(6" h 1ntem.ed1Ate cover requl red 
1f Hit h to b! fnactfvi, for 60 
days (1:2"). Final cover shall bo 
2' , wl th grades sha 11 not exceed 
3'3 1/31. 

Must have con<lngency plan for 
vector control. 

- ................ ~ .. , t- •-- ·-
HORtll CAAOll 111\ Division r:iJSt approve acc,eotance Doily cover, unles.s different -NDll&c 

oaparllne(lt of Human Resources of liquid or hanrdous wastes. frequency I& specified by dlvl• 
DiVlilon of Health Services Sign statfog this limitation must S10n .. 

appear at sHe e.ntrance. . Final cover of 2' In thickness 
shall be applied and graded to . 
prevent excessh'! erosion or 
s1ltotlon. 

OHIO Hay not ae<ept .,,ml-solids, 1lqu1d In no event shall solid w•s-tes be Lifts shall be 2' ma~imUCI. When 
Env1rolln>9nbJ Protection Agency or hazardous wastes unless (1) exposed IJlOrt than 24 hours. Dally lnclo;ll!!nt weather precludes dispo-

special pennit or (2) grand• c-over of 6 .. ; intcnoo.diate (opera. ·sal at f•c•, n,ust have approved 
fathered (operanons In place t1ons suspended 30 days) cover of altematlve ore• or rethod. 
with approval IJ<lder former nlles). 12"; final caver of 2411

• 

Cover to be loam, sandy loam, 
silty loam, chy loam, silty cloy, 
and sanoy clo. 

PEll~SY~VAlll A FGO scrubber sl40qeS ""'' be in- See Closm-e/Postclos-..re/fln•nchl Ufts of fly ~sh or bo.-tor, ash 
Departml!<lt of (nvironmental corpore ted with ny ash Ir approved shall not e.xceed 2 feet, and shall 

Resources by thl!- Oepartne,t. be ijniformly G1>111>aoted. Grodes 
sha 1 l not ~xcee<I ] St without spe-
~1Al measures, and 1n no event moy 
they exceed 33% (except terrace 
benc~es). Terrace bench vertful 
slopes shall not e.xceed 50: and 

I 
length; shall not e•ceed 30'. Ter• 
race bench horl:ontal slopes shall 
be to .. rd tile fill 11'i1SS betwee,, I 
and 31, and lengths shall be at 
least 10'. 
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I 

Table 3-8 ( c-ontinued) 

PROl!\JL<i;TING AUlllORITY 

TaNIIESStE 
Oepartment of Pubi le Hulth 

VIRG!tllA 
D•o•rtmmt of Ilea 1th 

I 

Acc,:ptablt Waste-s 

Sha1l have a s19n u " ntr.lnce I 
"SaoftHy landfills" (tlu>se sorvfng 
.,unlclpnllties) mny not accept 
ir.aaria1S- w-hieh Are hard to manage · 
(1.e., sludges) unless special pro- 1

1 
visions al"'e madt and ,1pprove.d~ 
Approval requires report of waste 

1 characterist cs to Deportment. 

-IIOHE-

OPERATIOtlS 

Cover- Requi re,r.,nts 

•IIOIIE• 

Certain Inert materials (inc1u01ng 
ash) ""'Y be disposed of on hnd 
without cover. 

3-22 

Coq,pact1on Requirements 

-110/1[. 

I 

Substitute compaction equiplilent 
wst be ave1hble on 24-hours 
notice. 
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' 

l 
' 

I 

PROIQJLCAT )JIG 
AUTttORITY 

U.S. EHYIR0tlfl£11TAL 
PROTECTIOII AGEIICY 

ALAS.AAA 
Oepartment of 
Pvbllc Heolt/1 
Environmental 
Ilea I th Adm1n. 

!U.lllOIS 
Pollution Control 

Oo~rd 

Table 3-9 

STATE SAFETY, RECORD-KEEPING . AESTHETIC, AND CLOSURE/ 
PU~IC LOSURE/FINANCIAL REQUIREMENTS 

OPEAAT!OIIS 

Sdiety Ktast.u''ei i Re-cord Aeepfn9 Requu~enu I Aennetlcs ! Closure/Posto lo•u~e/Fl!'lnct • I 

Shoulrt provide: Stia~.ld maintain r-ecor<1s of I Should De aesthetic. A long .. t.enn postclosure Gl61ncen-
botr1 quantity .:i.nd nature or I -anc.e plan should be adop.ted ana . &afC?tY cmnual ilva11abln to wastes rect1 ved • followed. 

e~loyees 

. .safety equipiMnt such a.s 
hard htitt.S, g1oveis. safety 
glass•5, and 'boors 

. S6fety dev;cei sucn as 
rollover Pn>U!Ct1on, seat 
bel u, audible reverse 
d1rectton indicators Md 
ftre extlngvtsher5 

. f1re equipment As nec~s-
$acy 

. ettr,ioncy cOllfflJnlcHion• 

. approprfote tra file con-
trol 

Pu611c lctess should be 
1irnited and :coveng1ng pro-
hibt ted. Source of water 
$h0uld be provide~ for du,t 
control . fire control, and 
employee convenience. 

-nortE· -!IO!J[. . 
' 

·11011£· -IIOIIE-

' -

MUst sut,i,1t safety programs Records o~ water ··111on1torlng -11011£• Postc\0St1re care pef'1od..Js 3 yrs..• 
for a~p1'lva 1. data shall b• svbmlttPdwltht n . durfng Which former operntor must 

15 d.•ys ofter each calendar continue moni taring gas . water, 
Accen nust be controlled. quart<!r. 

' 
. •nd sottllng and ta~e any re,nedial 

action required. Upon closing, 
Adequate iheher, unitary ,rust file descr1ptlon and plat 1n 
facil1clos , and emergency county land retor·ds. 
cO/nlllJn;catlons eq•fproen t 
must be prov ided. 

-

' ' 
.I 

·-------~- ·--11/0IAIIA I Ope rote rs sh• 11 ~e instructed ~pproved set of plaqs and Uo· Ito rt?fuse deposit snail be Ou:rlpt1cn cf si~. lncl~ding 
State Board In proper proceduresand ,h,11 to-dat~ plot plan shall be Ndo wl thin 6001 of a nature and location or disposed 

of IIMlih have available a reference n,alnta1ned en-site. d~l 11ng unless by >1r1t- wastes, sh.Ill be recorded ll 
manual. ten permission. Vegetatfor- county land records office. 

See tlo5ure requi re11ents. shall be cleared only to 
Emergency corm:,un1catlons the eaten t necessary. Owner or ope rator sha11 mat,-uin 
equipment sna11 be available. surface. gr-ades, tti0n1tor1ng devices, 

Provis !en shll l l b• made tc ••d leachate or gas control de-
All rolling vehicles shall prevent (or to clean up) \ric,es. 
have roll b•rs •nd fl re vehicles tracUng mod on 
extinguishers. public 11 lghw•ys. 

Access shol1 be li"'ltcd to ~~~!~n~r:.: t:::1~ha~re~•t1 ng 

All on-site roads •hall be 
passabl• by vehicles, in- . 
eluding automobiles, regard- . . . less oi weather • Ito vehicle 
stia 11 be left uno ttend•d 
along routes. 

KEIITUO:Y •IIOIIE· •IID«E- A buffer zone ben.een f111 If site 1, leased. le••e agre....,nt 
oepar1111ertt for are• and surrounding hnd must pr<wldc a t>to-year right-of-
latural Resources sl>a 1 l be provided. entry aft•r closure. 
and Env1n,n•,rmtal 

Hust post bond or escro,i tor life hotectfon L flter fence,; to be Uied 
"as. necessary."' of landfill pl us two years 1n the 

amount of SJ.DOD pl•s $500/acre. 

Fin•l cover- or i• w1tl\ vegetation 
shall be Installed and l!laint~1ned 
for two years •fter closing. 

eerore rC!f'IIO\!ing equipment , ~pcra-
tor must notify state ior final 
inspection. 
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Table 3-9 

PROMULGAT !HG 
AUlliORITY 

!IJSSOUR! 
Department of 
llatural Ruources 

llORTII CAROLHIA 
Departm,nt of 
Human Resources 
Olvlsloo of 
Health Services 

OIJIO 
E'nvlronttntal 
Protection 

Ag .. cy 

(continued) 

Safitty Heasures 

All•weatner roads ,.,,t be 
e,4ilobl• leadtng to s1te. 

Assess sha 11 oe contra lleo 
an<l I i111,i ted, 

(l(ch piece of wasto hMdllng 
equipment snail n,ve • fire 
~~ti119uhner, and adequate 
etl'trgency CM'll'luriication 
eqU lpt,ent Sho.11 l)e ava!lable. 

Approach road shall be all
weather construct1on. 

Access roaos to be a 11-
weatller. 

Access sna 11 bt 1ic,1ted to 
e,,ployees •~cept during 
hours ?f operation, 

OPERAT!OIIS 
I Recora ~eeo,ng Requ1 r"1tenu I Autnet1cs I Closure/Postclosure/F!nonc1al ,~.,st maintain tna fo1Taw1ng 

1nfonnatfon: 

... l'I\\Jor operat1onaJ pr1:1b
Jtms. CO!llPlaints. or 
alfficUltles 

- resu 1 ts of Quent1 tat 1ve 

I fiu:st have Utter control· : ucion closing. r.iust ffle. oesCrio
program. 1neluc:tin9 cower, I t1on or oln of slte~ 1nclud1ng 

j portable litter iences types and generol locations of 

I 
arot1no worl.ing filce, pre-s- 1 wastes, oepths of fi ll . and leac'1-
ervation of natura l w1naN ate or gos control fac1Ht1es. 

I aM qua11tat1Ve analyses 
fbr ga.s. suriace water, j 
and gl"OUnd water 

I 
breau, aod dall, litter 
clean-up, If 1eacnate control ts propo>eO, 

oost-closure. a.amtn1stra.tion aru:r 
financial prollhions 11uit be 
s tated in original applfcotfon. 

• vector control efforts 

• dust •nd 1 i tter control 
efforts 

• quantitathe record of 
wastes rece 1 Yed 

• aescr1otlon of source, 
nature and volume of 
special ... ,tes 

·IIONE-

l\ust keep da1 ly log in Stbt•· 
llldndated format, 4nd sulxnlt, 
upQn request, copy of 11p
proved olans to be .,.1 nta In· 
ed on•sHe, 

Dhis1on r.wst be notiHed. ano 
final inspection made befon, 
•Qulpnent Is removed. 

Post-closure core snail be 
responsl bl 11 ty of owner, 

LHter~ontrol as necessa,.y. HIist provide notice of intent to 
to close site et least 30 days 

Vegetation to be clean,o prior to closure. 
only to the extent neces-
suy for proper operation. Within 60 d6jl1 of closure: 

• dra.1nage structures to be con
structed to divert surface 
.. ater fro:, s1te 

• except for sites receiving only 
wastes·generated at she, .sign 
to be erected (3' high letters) 
stulng sjte is closed 

- Pln to be received stating 
nawre and location of tiurfod 
wastes 

• PoH-closvre care period of 3 
years to DlOf'litor grade, cover, 
control structures .... - · -----1----------- ·--t-------- -··---- +---- -------.- ·-----·------PE»IISYLVAklA Access sne11 be controlled. See Honltorfng. Buffer•••• of 50 feet A restoration plan for final cover 

Oepartm,nt of shall seo,rate toe of shall be provided. Cover can be 
tnvlrormental slope fron pt0perty line, less tnan t4• If operati,r deom· 

ResOlJrces stntes that adequate vegetat1011 
can be established with less. 
Completed portions of Jandfi 11 
shall be revegetated as soon u 
"'ather pemlts. Site sh>ll oe-
111afnta1ned as long as necessary 
ofter closure, Including ma1nten• 
ance of ground cover and1wc!ste
water treatment hcilttles. 

lEIIHCSSEE 
Oeparment of 
Public Heal th 

VIRuilllA 
Oepartm<n t of 

lloalth 

Atccss roads sha 11 be •11· 
11ntMr. or alternative dls
pos-o 1 means deve 1 oped for 
1ncle,nenf weet~er. 

A.ccess to be controlled by 
goce and ( if necesserf) 
fencing .. 

He4tcd s'tructu~ with near
by toilet facilities •••11 
be provided for use of 
.ope rot 1 ng personne 1. 

Fire protection sn•l1 be 
provided for tile site. 

All•weather roads to and on ... 
site, 

SO-foot wide f1rebreo~ ,na1 l 
be maintained around opera
tion,. 

-NOIIE· 

-NOIIE• 
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•NOii[•• 

"Adequate." i,rovt-sions sn11H 
1>e taken IQ prevent d~st 
and blowlog 11tter. 

Bond of up w Sl .000/acre 1>1•Y be 
required for dispou 1 to •n 
abandontd mine .. 

•HOii£· 

-IIQ!IE-
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Table 3-6 - State Site Selection, Site Design, and Leachate Control Re 
quirements . 

Table 3-7 - State Gas Control, Runoff Control, and Monitoring Require
me11ts . 

• Table 3-8 - Acceptable Waste, cover, and Compaction Requirements . 

m Table 3-9 - State Safety, Record Keeping, Aesthetic, and Closure/ 
Postclosur e/Fi nanci al Requirements . 

Most of the state solid waste disposal regulations are phrased in general language. 
Specific requirements for utility waste landfill operations often do not emerge from 

a reading of the actual regulations . For exampl e, although a state regulation may 

require "daily cover" for landfill operations, the requirement is usually waived by 

the state where nonputrescible utility wastes are involved . 

Va r iations between different state approaches to utility waste disposal may be seen 

in the above tables . Fortunately , there are only a few examples of outr ight con

Hict between different state requirements . One conflict involves working face 
slope requiremen.ts (see Table 3-8, !'Compaction Requirements") in Indiana (wo rking 

face slope >33%) and Pennsylvania ('<15%) . The steepest working face pennitted for 

fly ash di-sposal· in Pennsylvania is not steep e'nough to be permissib~e under Indiana 

l aw. This discrepancy arises because Pennsylvania, among all the states examined, is 

the only one with specific requi r ements for utility sol id wastes . 

The Pennsylvania regulat i ons (Table 3-10) are based on research conduct ed in the 
early 1970 ' s . The pr imary goals of the regulations ar e to assure disposal site sta• 

bility, and to prevent the fonnation of leachate . Slope stability is gover ned by 

l imiting grades to 15% or less (approximately 8. 5° base angle), unless the disposer 

has taken specia,l steps to increase stability . Unless terraces are used, slopes 
must not exceed 33% (approximately 18° ba~e angle). 

When terraces are used, the ave rage slope grades of terrace benches may be as much 
as 50% (approximately 27° base angle), and may extend as much as 30 ft in length. 

Horizontal slope gr ades of terrace benches must be toward the center of the fill 

(between 1 and 3%), and must be at least 10 ft wide. 

Groundwater must be protected against contamination by leachate . Surface wate r and 
runoff must be dive rted fran the disposal area, and any natural springs must be col 
lected and diverted . In some cases, Pennsylvania will require water tables to be 
lowered to pre.vent contamination. Finally, groundwater quality must be monitored . 
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Table 3-10 

PENNSYLVANIA STANDARDS FOR FLY ASH , BOTTOM ASH, OR SLAG DISPOSAL AREAS* 

Section 75.37 

Standards for f l yash, bottom ash, or s l ag disposal areas . 

(a ) Compliance. 

Flyash, bottom ash, or slag disposal operations shall conform to the 

applicab l e standards of processing and disposal area permits and permit 

application and issuance and plans for solid waste facilities and to the 

specific standards for fly-ash disposal contained in this Subchapter . 

(b) Application for Penn i t. 

Application for a permit shal 1 include the following i nformation and data 

in a format approved by the department . 

(1) Physical and agricultural descriptions of soils . 

(2) Detailed hydrogeologic descriptions of site characteristics. 

(3) Physical an~lysis and description of geologic foundation mate~ials. 

(4) Deta i led chemical analysis of ·flyash, bottom ash , or slag and 

1 each ate to determine al 1 the constituents there.of. ·. 

(5) Topographic and surficial description of the site . 

(6) Climatological data from the nearest station of record . 

( c ) Stability . 

The geology foundation materials shal l have a minimum bearing capacity one 

and one-half times greater than the total applied load in pounds per 

square foot. 

(1) Special design factors and implementation of such shal l be required 

for any of the following geological characteristics. 

(i ) The presence of clay horizons or unstable units in the strata . 

(ii) The presence of saturated zones and strata subject to artesian • 

. pressures . 

(iii) .The presence of areas beneath or adjacent to the site which are 

subject to subsidence. 

{d) Stability of flyash, bottom ash, or slag shal l be assured by the limiting 

slope grades to fifteen (15%) perc~nt; or by prov i ding a special plan for 

slope stabilization if s l ope grades exceed fifteen (15%) percent. 

(1) In no case shall slope grades exceed thirty-three (33%) percent . A 

buffer zone fifty (50') feet in width shall be maintained between the 

toe of the slopes and th.e property l ine upon which fly ash, bottom 

ash , or slag shal 1 not be deposited . 
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Table 3-10 (continued) 

{2) Terraces may be used to stabil 1 ze slopes. 
( i) The overall slope grade of the ~il f from the toe to the top of 

the slope shall not exceed thirty-three {33%) percent. 

(ii) Vertical slopes of terrace benches shall not exceed twenty-seven 
(27°) degrees (50%) and thirty (30') feet in length. 

(iii) The top of the benches shall be graded to slope toward the mass 
of the fill at more than one (1%) percent but less than three 
(3%) percent. The benches shall be a minimum of ten (10 1

) feet 
i .n width. 

(i v) Surface runoff from t he terraces sha)1 be controlled t o prevent 
erosion of the fill and infiltration and treated, i f necessary, 
prior to discharge of the runoff. 

(e) Surface Water Management. 
Surface ·water runoff from the disposal area and adjacent areas shal 1 be 
managed so as to assure compliance with trye Clean Streams Law and the 
regula'ti.ons pursuant .thereto. 
(1) Runoff from. adjacent areas shall be diverted away from the fly ash, 

bottom ash, or slag pile. 

(2) Runoff shal 1 not be al 1 O\'ted to discharge freely onto the slopes of 
the fill. 

(3) All runoff collection and diversion di tches and devices shall be 
constructed so as to prevent erosion of the ditches, devices, and 
outfall or discharge points. 

(4) A contingency plan for the treatment of runoff from the fill, if 
necessary, shal 1 be provided • . 

(5) Detailed cross-section drawings of col lection and diversion ditches 
shall be provided to the Department . 

(f) Groundwater Management. 

Groundwater shall be protected from contaminants of the fly ash, bottom 
ash, or slag and leachate or any of the constituents of either . 

(1) Soil seeps_, springs, and other waters on the surface of the site 
shall be collected and removed from underneath the fill. 

(2) Oewatering of saturated subsurface zones may be required. 
(3) Groundwater quality monitoring points sha11 be proposed for 

department a ppr ova 1 • 
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Table 3- 10 (cont i nued) 

(g) 1..Jastewater shall be collected and treated, if necessary, in accordance 
1,vith the provisions of the Clean Streams Law and the regulations pursuant 

thereto . 

(h) An erosion and sedi mentation control plan -approved by the County 

Conservation .District shall be provided to the Department. 

(i) The encroachment or obstruction of any stream or body of water sha11 

require a permit to do so from the Department. 

(j) A plan for restoration of the disposal area shall be provided to the 

Department. The plan shall include a layer of suitable cover soil twenty

four (24") inches in depth unless i t is demonstrated to the Department 

that adequate permanent vegetation can be established with less than 

twenty-four (2411
) inches of cover soil . 

(k) Gperating Requirements. 

Flyash, bottom ash, or slag di spo-sal areas shal 1 be operated in a safe and 

environmentally s ound manner including the following: 

(1) Access to the area shall be controlled to prohibit the entry of 

unauthorized persons. 

(2) Flyash or bottom ash shal 1 be deposited and spread in 1 ayers , not 

exceeding a thickness of two (2 1
) feet, and compacted uniformly. 

(3) Slag shall be spread uniformly so as to insure t~e stability of t he 

p i1 e . 

(4) Surface water runoff and wastewater drainage shall be managed so as 

to prevent erosion of the area and pol 1 ution of the waters of the 

Common we a 1th. . 
(5) Field changes of design plans, including fill configuration, must be 

approved by the Department prior to implementation of the change. 

(6) Analyses reports of water samples ta~e~ from m<?nitoring points shall 

be submitted as specified in the permit conditions. 

(7) FGD ·(Flue Gas De-sulfurization) scrubber sludges may be incorporat ed 

with the fly ash if approved by the Department. 

(8) Completed portions of the fil 1 sha11 be revegetated as soon as 

weather conditi ons permit the seeding of rapid growing vegetation. 
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Table 3-10 (continued) 

(9) The site sha11 oe ma i nta i ned for as long as necessary after 
completion of the operation to prevent health or pollut;ion hazards or 
nuisances from occurring. Maintenance shall include but not.be 
limited. to repair of cracks, fissur~s, slumps and slides, repair or 
erosion areas, treatment of wastewater and runoff, and reseeding and 
soil treatment until adequate, permanent vegetation is established . 

* Pennsylvania regula t ion pursuant to 35 P.S. Sec. 6006, Solid Waste Management Act; 
Title 25, Rules and Regulations; Part I, Department of Environmental Resources; 
Subpart C, Protection of Natural Resources; Article I, Land Resources , Chapter 75. 
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There is no indication that other states intend to reg.ulate utility solid wastes as 
strictly as Pennsylvania. However~ the utility considering its liability under 

Superfund and RCRA may wish to canpare its disposal practices against Pennsylvania's 
regulations. 

SUMMARY 

Federal and state requirements governing the management of utility wastes are being 
promulgated, although uncertainties still exist. These requirements apply to both 
new and existing sites. In order to meet the new regulations, deficiencies in 

existing waste disposal operations will need to be identified and corrected. The 
regulatory definitions are now sufficiently clear to begin identifying these defi

ciencies, and planning appropriate actions. 

Each utility should assess the current status of its waste disposal operation in 
light of the general guidelines presented here and in Section 4. Tn addition to 
individua.1 assessment, e.ach utility should consult with the _appropriate state and 
federal officials for clarification and updates of the applicable regulations • . 
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Section 4 

POTENTIAL DEFICIENCIES IN DISPOSAL SITE DESIGN AND OPERATION 

INTRODUCTION 

The utility environmental engineer (or other individual responsible for waste dis

posal) must oversee the design and operation of on-site disposal facilities to en
sure compliance with the prevailing regulations . For a new or proposed site, this 
responsibility requires straightforward adherence to the stated design and siting 
criteria. For an ol der operating or closed site, the responsibility for recommend
ing costly changes and possible remedial ac~ion will be much greater (if the sites 
are ultimately required to comply with these regulations). 

Some utility waste disposal sites.may be out of compliance with the new regulations, 
and will require engi~e~ring assi~tance to upgrade their sites. The responsible 
utility engineer should be equipped to perform a preliminary investigation of the 
site, identify any possible deficiencies, and set aside those items which require 

outside assistance. This section provides guidance for identifying the most common 
problems. Subsequent sections of this manual provide detailed descriptions of the 
appropriate method(s) for correcting each of these problems. With this information 
on hand, the engineer can perform a proper preliminary investigation and draw his or 
her own conclusions. 

IDENTIFYING DESIGN AND OPERATIONAL DEFICIENCIES 

Potential deficiencies in utility waste disposal practices may be defined by two 
sets of standards: 

o The disposal practice does not canply with specific federal and/or state 
regulatory requir~ments . 

o The iite has the potential to contaminate the environment. 

This seemingly redundant statement is important to any assessment of disposa l site 
deficiencies. Identification and correction of regulatory deficiencies do not 
necessarily preclude the possibility of past or future environmental degrada t ion by 
the site . Conversely, known degradation cannot be corrected by simply conforming to 
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the regulations. State and federal waste disposal regulations are directed at those 

designing a new site or closing an old site, not for those wishing to upgrade and 

continue operating a substandard site. 

If evidence of contamination problems exists, the regu~ atory agencies overseeing the 

site design/operation may request information with which to assess the degree of 

contamination . The current federal regulations, prom.ul gated under Superfund author-
. . . 

ity ultimately hold the operator liable_ for environmental degradation, regardless of 

what regulations applied or who permitted the facil-ity . An engineering assessment 

of site adequacy must therefore address (1) whether the operation complies with 

prevailing regulations, and (2)· whether the site poses a threat to the local envi

ronment. Both problems must be addressed simultaneously . The solutions are some

times quite different, as will be demonstrated in Sections 5 through 10. 

The first step in reviewing the disposal site design and operation is to compare the 

operation with each individual requirement stated in the regulations and identify 

existing environmental problems. A checklist prepared spec:Hically ·for this purpose 

is shown in Table 4-1. The checklfst is divided into two parts: (1) Regulatory 

Compliance , and · (2) Environmental Problems. 

Regulatory Compliance (Part 1) 

This part of the form covers four subject areas, corresponding roughly to the areas 

set forth in the Solid Waste Disposal Guidelines(!): 

@ Site location . 

t Site design features. 

• Site operation . 

• Site monitoring activity. 

Appropriate regulatory s_ta!1(fards, observable conditions, and sources of additional 

data for these areas are also summarized in the checklist. Specific aspects of con

cern are listed under each subject area. Two boxes are provided for checking the 

compliance status of each specific aspect (e.g . , located in karst terrain). The 

first box indicates i nadequate/unacceptab 1 e conditions. or the absence of a required 

activity (e .g., groundwater monitoring, dust control , etc . ). If the inspector is 

not certa i n about the compliance status, he should look for documented literature or 

data for clarification . If the "Remarks " box is checked, the inspector should turn 
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• w 

Table .4- 1 

P11AS£ I CIIECl:l!ST OF REGULATORY COMPUAtlCE AHO ENVIROIIMEtlTAL PROBLEMS WICERtllNG EXJSTIIIG UTILITY WASTE DISPOS/\L SITE* 
PART l : REGULATORY COMPLIAIICE 

DiS[!OSal Site Regulator~ Standard 
State/Local 

rnadequate/ See E, (if different from 
As~ct of Concern Unacceetable Remarks Federal • Federal -standards) 

/1. SITE LOCATIOII 

D KARST TERRAIN D D Environmentally sensitive area, "Cl ...... 
=o 

11\USt be avoided.** .... 
C) IX' 

D D = fTl 

• PERMAFROST AREA Same as above ---1 C '> 
C c:; 

ACTIVt FAUlT ZOrlE D D Same as above 
3 

• er. ·-o .... , 
• RECHARGE ZOIIE OF /I D D Same as above rrt i:i 

SOLE SOURCE AQUIFER ·-· g ::z 

D .D 
. . <;::r., 

• CRITICAL HABITAT OF Acceptable if site does not !Tl ·-<: 
U1 

ENDAJIGl:REO SPECIES result in the des truc"ti on or -I -~ 

adverse modification of the - ·= iSw !Tl 

cri t! ca 1 ,'ybitat of endangered ;J;,. 
- 1-

species . ...... = O-< 

D =m 
• 100-n11n FLOODPLArn AtlD: Acceptable if site does not re- ~ 

strict the flow of base flood, 
G"> nor reduce water storage, nor :;,-

permit washou~ of sol id waste. fl ....; 
C) 

D D 
:u 

- SITE \,JILL REDUCE Unacceptable, must be avoided. I f 
TEMPORA.RY WATER 
STORAGE CAPACITY 
OF THE AREA 

• Phase II consists of detailed engineering investigations in areas where data or observations are inadequate . 

t Engineering design plans for existing disposal sites may be required by some state agencies. 

~~ Proposed guidel i nes under Section 1008 (a)(l) of Resource Conservation and Recovery Act (RCRA) . 

U Final rules under Subtitle O of RCRA. 

t t NPDES requ,irements under Section 402 of Clean Water Act. 

Observable 
Conditions Source of 
(if anrl Addi t iona 1 Qa ta 

Sink holes U.S. Geological 
Survey publications 

Sallll! as above 

Same as above 

EPA rublications/ 
federal Register 

Prese11c:e of £PA 'pub 1ica tfons or 
federally pro- Fish and Game Depart-
tected pl ant/ went' s 'files 
animal species 

USGS or U.S. Anuy 
Corps of Engineers 
publications; design 
r,lans t 

5a111e 11s above 

m 
't"" 

~ 
co 
c:I ... • :I 
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Table 4-1 h:ontinued) 

Disposa 1 Site 

Aspect of Concern 

- SITE POTEHTlALLY 
RESTRICTS THE 
BASE FLOOD FLOW 

-OISPOSED WASTE CAfl BE 
WASHED our DURING 
HEAVY RAIi! 

8. SITE OES!Grl FEATURES 

e UIIER INSTALLATIOII 

11 GROtlllliJATfR MOHT
TOR!llG WEU(S) 

Tnadequate/ 
Unacce11tabl e 

D 

D 

D 

D 

See E, 
Relllarks 

D 

D 

D 

D 

Regulatory Staridard 
State/local 

Federal 
( if different from 
Federal standards) 

Same as above 

Sallle as ilbove 

~lay be required for leachate con
trol. If required, liners musf 
have:** 
-permeability of dx!0-7 CQl/sec 
-abll ity to resist phys i ca 1 / 

chemical reactipns 
-1 ife equal to design l if.e of the 
facility 

-m1nilllJm thickness~ 30 cm (l ft) 
for natural soil liners and 20 mils 
for synthetic liners 

-subgrade s I ope ;;: Ii 
-liner must be protected from punc-
tures by use of 60 cm (2 ft) of cover 
material, 15 cm (6 ft) of which. must 
be gravel. 

Required upgradlent and downgradfent 
wells to provide evidence of contaM-
ination . * * 

,:; -, 
::0 0 ··-0 !:L'J 
:;:::, !"T1 

--1 r, 
Cc., 

3 
(D -c 
~ r-· 
-r.-~ 
rr; -i 

fTI - ;::, 
2 
< tt? 
!'T~J - •! ,,, 
-i --l .._..:.:::: 
!n ITJ 

?c ·--c Z 
O<. 
2 p; 

(/) 

·-I 

Observable 
Condition~ 
(ff any) 

Source of 
Additional Data 

Same as above 

Same as above 

11esign rlanst 

Design plans! 
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Table 4-1 ( coti t inued) 

Diseosal Site 

Inadequate/ Se e E, 
As2ect of Concern Unacce(!table Remarks 

• LEACHATE MOIHTORING D D 
SYSTEM 

• SURFACE WATER MONITOR-
IH6 SYSTHI 

D· D 
• RUN-ON CONTROL D D 

• RUil-Off COlffROL D D 

""' -DITCH D D 
I 

<.n 

- OEAAS/OIKES D D 
- SILTATIOli BASIN D D 

c. SITE OPERATION 

0 COYER 

-DAILY COVER D D 

Re9ulatorr Standard 
State/local 

Federal 
(if different from 
Federa 1 standards I 

Required when slurry or sludge Is 
disposed .-** 

Requi red under IIPOES applicable ~o ""O -I 
point source dlscharge.tt ;oc .... 

Ci~ 

Site run-on should be prevented up 
;;r:; f"?~ 

to 10-year, 24-hour event.** --t <, 
Ci 0 

:;;: 
!.." -o 
~i:; 
~-; 

r-; 
- t::; 
2 

Required to protect•the site ·f r om < ::n 
{Tl ·-< 

a 100-year flood.** V, 
-;~ 
-:::::: 

-ditches, berms, etc., to control a, rn 
~ .. 

and divert -I -._. Z' 
O< 

-well -co~acted, fine- gra.ined = fTI 
v' 

soils for cover -: 
C"l 

-settling basin for si l tation 
:?,-. 
-i 

control 0 

-grades <3DJ: to enhance drainage 
-;;';:J 

Cover inaterial should. be applied 
periodically if necessary to 
minimize infiltration.** 

Observable 
Condit ions 

(H anx) 

Dikes, ditches 
are not we 11 -
constructed, 
damaged, or 
not constr ue ted 
at a 11 . 

Same a s above 

Sign of 
erosion 

Source of 
Additional Data 

Design planst 

Design planst 

Design planst, USGS 
or U. S. Anny Corps 
of Engineers publi-
cations. 

Sar.ie as above 

Design .plans1 

t 
0 o 
..J 

=' Q 
IL 
IL 
0 
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Table 4-1 (continued) 

Disposal Site 

Aspect of Concern 

-1/ITERMEOIATE COVER 

-FIHAL COVER 

• COMPACT JOO 

• SAFETY l~EI\SURES 

-SAFETY MANUAL AVAIL-
AIJLE FOR EMPLOVEES 

-SAFETY EQUIPMElfT (e .9., 
HARD IIATS, GLOVES, 
SAFETY GLASSES, ETC.) 

-SAFETY DEVICES (e.g., 
AUD113LE OIRECTIOH IN-
DICAmRS, FIRE EXTIII-
GU1St1ERS) 

-COMM!JNICAT!ON EQUIP-
MEIIT 

-ACC£SS COIITROI. 

-APPROPRIATE SI 6115 
FOR EFFICIEIH OPER-
ATIO!f 

Ina~equate/ 
Unaccel!tab le 

D 
D 

D· 

o· 
D 

D 

D 
D 
D 

See f, 
Remarks 

D 
D 

D 

D 

D 

D 

D 
D 
D 

Regulatory Standard 
State/local 

(if different from 
Federa 1 Federal standards) 

-intermediate cover if operation 
suspended for 90 days . Thickness 
of interiaediate cover= 30 cm (12 in) 

-final cover= 15 cm (6 in) clay pl us 
30 cm ( 12 ill) of other material. 
Vegetation is also required . 

Recommended to reduce volume and 
extend site 11fe."* 

Required** 

Required** 

Required*• 

Required'/>* 

Requ i redA'I 

Requiredh 

Observable 
Conditions 

( if any) 
Source of 

Atldi t iona 1 Data 

Design pl ans f 

Oes ign planst, con
tingency pl ans 

t 
0 o 
..J 

=' Q 
IL 
IL 
0 
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Table 4-1 (continued) 

Disposal Site 

Inadequate/ See E, 
Aspect of Concern Unacceptable Remarks 

• RECORDKEEP!t16 

, WATER SUPPLY FOR 
FIRE COIITROL 

o AESTHET1C APPEARANCE 

o CLOSURE/POST- CLOSURE 
PLAII 

0. sm J,'.()/HlQRHlG ACTIVITY 

• GROU/llltl/lTER MOIIJ
TORING 

• LEACHATE 1-!0tll
TORHIG 

, SURFACE I/ATER 
MONITORUIG 

D 

D 
D 

D 

D 
D 

D 

D 

D 
D 

D 

D 

D 

Regulatory Standard 
State/Local 

(if different from 
Federal Federal standards) 

Record nf waste quantity, quality, 
and location must be kept.** 

Source of 11ater must be provided 
for f ire protection, dust control, 
and employee convenience.** 

Required** 

Must be prepared and approved.** 

Standards:** 
-never through landfill itself 
-should have baseline data prior 

to facility operation 
-sample collection and analysis 
on at least an annual basis 

Sall11! as above 

Sampling points, monitor ing 
parameters, and monitorlng fre
quency are spel\fied on a case
by-case basis. 

Observable. 
Conditions 
(if any) 

Record incom
plete or un
available 

Are there such 
plans and/or , 
are the plans 
adequa te7 

Source of 
Addi lional Data 

Ho r.mnitoring Oasel ine data may be 
ttells installed, available from Soil 
or wells are not Conservation Service 
for ir.onftorfng (USD.Q) 
purposes -State Geological 

Services 
-State/local heal th 

departments 

t 
0 o 
..J 

=' Q 
IL 
IL 
0 
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Table 4-1 (continued) 

E. REf-11\RKS {Use back page of the checkl ist if addi t ional space is needed). 

--------------------------=--- - -------- - ---------------

- - - ----------------------- --- - ---------------- ------

- - - - - ------------- ------ --- - - ----- --- --------·· 

- ------------------------ --c---__ ___::...._ _ ___________ _ ___ . ---- ·---
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.f:> 
I 
\0 

Disposal Site Enviromental Problems 

Sur race Hater Contamination 

Yes D 
110 D 
See Remarr.s D 

Groundwater Conta111inatlon 

Yes D 
I-lo D 
See Remarks D 

Air Pollution 

Yes D . 
110 .D 
See Remarks D 

Table 4-1 (continued) 

PART I I. EIIVIROlmWTAl PROBLEl15 

Indicator Corrective Action (brleflx descri-be) 

Done Planned llo Act ion 

Fish Kills D D D .o 
Unhealthy Vegetation D 
Complaints D 
Seeps D 
Hater/leachate Analysis D 
Unheal thy Vegetation D ·D D D 
Compl a ints D 
Seeps D 
Hater/leachate Ana lysis D 

Unhealthy Vegetation D D D D 
Complaints D 
Oust 0 

Remarks 

,... 
D. 
0 o 
..J 

=' Q 
IL 
IL 
0 

co .. 
~ 
co 
0 ... m 
~ 
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-"" 
I ...... 

0 

Table '1-1, Part 

Uns ightl i ness 

Yes 

Ito 

See Remarks 

11 (continued) 

0 
D 
D 

. 
COllpla ints D 
Uncontrolled growth of D weeds and vegetatioh 

D D D 

t 
0 o 
..J 

=' Q 
IL 
IL 
0 
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to the last page of Part I, explain the reason(s) and cite the site's unique condi
tions. If neither box is checked, that specific aspect of the site does not warrant 
further investigation . 

Regulatory Standards . To facilitate the regulatory cooipliance inspection, federal 
guidelines proposed and/or promulgated under RCRA and the Clean Water Act are sum
marized and provided on the checklist(!_,!, l). Space is also provided for inclu
sion of the state/local standards (see Section 3) . These standards should be com
piled and reviewed prior to inspecting the site. Note that if there are differences 
between federal and state/local st·andards, the -more stringent cri .terion must apply, 
wheth~r it is prooiulgated by the U.S. EPA, a state agency, or a local board. 

Observable Conditions and Additional Data Sources. Deficiencies in an existing or 
closed disposal site can be identified by noting observable symptoms during inspec
tion, by reviewing documented data, or both. The last two columns of the fonn list 
common, observable symptoms and data sources . In general, documents useful for 
detennining siting, design, and operational deficiencies can be obtained from: 

t U. S. and state geological surveys. 

• U.S. Army Corps of · Engineers-. 

~ Fish and game departments. 

e u. s.O.A. Soil Conservation Service . 

e State water resource agencies. 

• Site design plans; engineering and hydrogeologic reports. 

Environmental Problems (Part II) 

This part of the form addresses four types of environmental problems: 

• Surface water contamination. 

• Groundwater contamination. 

e Air pollution. 

o Unsightliness. 

General indicators for each type of ptoblem are provided in the checklist . A box is 
provided to check the occurrence of each environmental problem and to describe the 
corrective action status for each existing problem. If the inspector is uncertain 
about a specific environmental problem, he should check the 11 Remarks 11 box and give 
his explanation under Remarks. 
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The checklist presented in this section serves only as a guide to a preliminary 
investigation. l4hen a suspected deficiency is identified, a detailed engineering 

and/or hydrogeologic study should be conducted to provide a basis for fonnulation of 
an appropriate corrective action plan. 

POTENTIAL DEFICIENCIES IN UTILITY WASTE DISPOSAL 

In an effort to identify the potential deficiencies germane to utility waste dis
posal sites, a telephone/mail survey, and selected sit~ visits were conducted in 
1980. Since utility waste management ' i·s regulated by local/state, as well as fed
eral regulations, an attempt was made to select from each state a.t 1 ea~t one 
utility-operated disposal site. In those states where coal is the major energy 
source, two sites were often selected. Fifteen states failed to provi.de a represen
tative site because of the following reasons: 

o No coal-fired power plant 1s operating in the state. 

e Utility waste is b~ing disposed of at a commercial landfill. 

e The operators contacted could not provide the necessary i nfonnation . 

In general, coal consumption at these ~~nts ranges from 296,000 to 9,400,000 t/yr 
(269,ooq to.8,530,000 mt/yr); these plants produ-ce FGD sludge, fly ash and bottom 
ash at rates of 3000 to 774,000 t/yr, 3000 to 10,387,000 t/yr, and 3000 to 373,000 
t/yr {2700 to 702,000, 2700 to 9,420,000, and 2700 to 338,000 mt/yr), respectively. 

Telephone/Mail Survey 

Siting, design, and operational characteristics of the 58 disposal facilities that 
were surveyed, are summarized in Table 4-2. 

The number of disposal sites in compliance with design and/or operational standards 
is much l ower than that for facilities meeting siting criteria. For instance, most 
of the surveyed landfills have runoff control systems installed and have groundwater 
monitoring systems. Forty-seven percent or fewer of the surveyed sit~s satisfied 

record keeping, contingency, and closure/post-closure plan requirements. 

Fewer than· 10% of the sites surveyed were constructed in an environmentally sensi
tive areas (karst terrain, recharge zones of sole-source aquifers, and critical 
habitats) . The number of landfills located in floodplains was also well under 10%, 
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Table 4-2 

SITING, DESIGN, AND OPERATIONAL CHARACTERISTICS OF 
UTILITY WASTE DISPOSAL FACILITIES SURVEYED 

Facility Features 

Site not 1 ocated in Karst 
terrain 

Site not located in the re
charge zone of a sole 
source aquifer 

Site not 1 ocated in a flood
plain 

Site not located in a critical 
habitat 

Oes.i gn 

Site access is controlled 

·site is 1 i ned with: 

, clay 
o synthetic membrane 
• other material 

Site has runoff diversion 
structures 

Site has runoff collection 
basin 

Site has a groundwater 
monitor.in~ system 

Site has a surfac·e water 
mo~itoring system 

Site has a leachate 
monitoring system 

Number of Sites* 

Pond Landfill 

28 

30 

19 

29 

24 

14 
2 
1 

26 

6 

19 

N/S 

4-13 

35 

36 

35 

36 

16 

12 
0 
1 

18 

19 

21 

N/S 

N/S 

Percent of Site Surveyed 
Pond Landfill 

93 

100 

63 

97 

80 

47 
7 
3 

87 

20 

63 

97 

100 

97 

100 

44 

33 
0 
3 

50 

53 

58 
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Table 4-2 (continued) 
t 
8 
-I s 

Number of Sites. Percent of Site Surveyed y 
u. 

Facility Features Pond Landfill Pond Landfill !s 
Oeeration 

Waste disposal record is 
maintained 18 17 60 47 

co 
Contingency plan is ava i1 - Ii!!' 

able 12 3 40 8 0 
N 

Closure/postclosure plan 
co 
D 

is available 4 15 13 42 ... 
I 

* Twenty-two sites have ponds, 28 have landfills; in addition, 8 have both 
ponds and landfills . 

t Not surveyed. 
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but ponds were more frequently in violation of this rule (37%). Under cur rent fed
eral regulatory standards, a site located in a floodplain is acceptable, provided 
that the disposal facility meets all of the following requirements (1_): 

, The facility does not restrict the flow of the 100-yr flood. 

• The facility does not reduce the water storage capacity of the area. 

e The facility does not pe rmi t washout of the solid waste. 

In general, all of the 58 sites surveyed need some sort of upgrading to canply with 
prevailing federal/state regulations . The degree of upgrading varies widely, with 
many sites requiring only minor modifications to confolTfl to the new regulations. 

Site Visits 

The purpose of the ten site visits was to pr ovide on- site observation of existing 
utility waste disposal practices and ~o utilize the checklist of Regulatory Compli
ance and Environmental Problems for identifying potential deficencies Jn design and 

operation of each site. Pertinent features of the ten sites are summarized in Table 
4-3. For detailed descriptions of each site , the reader is referred to Appendix A. 

A majority of the sites use wet disposal methods. Ash slurries and FGD sludges are 
piped to settling ponds and supernatant water is then discharged to a nearby surface 
water body . In some cases, the settled waste is dredged and landfilled. Pond 

effluents are mo nitored according to the NPOES requi rements. 

Other pollution control efforts found in the case studi es include: 

t Installation of liners for the disposal sites. 

e · Diking of ponds to level s above the 100-year flood level . 

• Collection and treatment .of surface runoff prior to d1scharge. 

o Monitoring of groundwater and/or leachate. 

These efforts reflect _site specific needs and/or prevai l ing federal/ state regula
to ry requ.irements . However, potential deficiencies do exist. These deficiencies 
are identified by comparing each site design or operational feature with the corre

sponding criterion shown in the checklist (see Table 4-1). 
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lab!e 11-J 

SUMMARY O[SCRIPl!Oll OF UTILITY WASTE DISPOSlit CJ\SE STUDY sncs* 

. Disposal Site Description 

SI te General 
·Location Envlronnental Settln9t 

Eastern seaboard 

Southern reaches 
of the Appal aclllan 
highland 

llidWE' s l 

Great Plains 

r.roundwater is a rew 
feet below the ponu 
bot tan 

r = 41 In/yr (104 cm/yr) 
ET= 33_ 1n/yr {04 c~/yr) 

Groondwa ter lab 1 e is 
at a depth of 80 ft 
(24.4 m) 

P ~ 46 In (117 m/yr) 
ET = 38 in/yr (90 an/yr) 

Flood plain 
Ground1ii1ter i~ at- 125 ft 

{JB m) 
P = 57 In/yr ( 145 on/yr) 
ET = 30 In/yr (98 011/yrr 

Flood pl.:itn 
Soil pe,rneabilHy 

= rn- cm/sec 
Groun,·h,eter Is at 

(J 111) 
P = 87 In/yr (221 
ET w 26 In/yr (71 

J\ctive rault zone 

10 ft 

011/yr) 
an/yr) 

Low pernteabf I I ty soil 
P = 51 in/yr (132 COi/yr) 
ET= 27 lnl}r (69 an/yr) 

Ila ste Disposal Pr act ke 

Type of 1/aste.,. 

Fly ash, 
llotluet ash 

Fly ash, 
Bott<n ash 

Fly asll, 
llot toft ash 

fly ash, 
BoJ.tOtll ash 

Fly ash 
Dotto11 ash 
frill slud9e 

lype of On
Site Faci 1 i ty 

Un 11 ned pond 

un Ii netl polld 

lln 1 I nei.l pond 

Un I i net.I pond 

Landril 1 
( fly ash) 

Pont.I (hot tom 
ash, leachate, 
anti FGO sludge 

0119oluy 
Po I lul Ion Cunt ro I · £f fort 

Cltaracter1 ze wastes. 
~1on I tor 1mml e f II 11en t. 
Close exist 11,y riond in 

19RZ. 

Monitor rmnd cf f I uenl. 
lleci rcul ate some of the 

tK>nd's supemate. 

Honilor pond efrl11cnl. 
Dike to above the IOO-yr 

fl OO<I lev.,J • 

Oi ke to al1ovc the IOO-yr 
rlooi.l level. 

Mou llor pond er fl 11e11 t. 

11nnitor leachate ant.I 
9rou11,l11a ll:r. 
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.p, 
I ...... 
"' 

Table 4-J (cont lnue,I) 

5 Ile Uo. 

6 

8A 

,m 

9 

Pl ant Slzel 

~ledl,111 

S111al l 

~ledi um 

Me<.11 um 

I arge 

nt sposal Site Oescr lpt Ion 

Slt e Gener.11 
lotat ion 

Great Pia ins 

Wes tern region 

llocky 14oun ta l ns 

Rocky Mountains 

Desert 5outh~st 

. 
I 

fnvlror-.aental Setllngt 

Ground1·.rater recharge area 
P = 55 in/yr (140 OR/yr} 
Er = 35 in/yr (89 cm/yr) 

Very I ow penrteabll ity so 11 
Groundwater Is around 

20 ft ( 6 m} 
P = 84 in/yr (214 ari/yr) . 
fT = 4 2 in/yr (106 e111/yr ) · 

Very I ow pe rrneab 11 lty son 
Ground1'9ter ls found be-

tween 700 and 1500 rt 
(200 to 460 m) 

P ; 46 in/yr (ll6 art/yr) 
ET = 3 L In/yr (00 au/yr:) 

/lot ava i1 ab le 

Soll perpiea~illty is 
ahou t rn- emf s.ec 

Ground1<eter depth is 
I 000 rt (JOS- m) 

Active fault 1one 
P = 7 !n/yr (JB cm/yr) 
£t = 59 i n/yr {151 cni/yr) 

Waste 01 sposal Pract Ice 

~ Wast1/* 

Fly ash 
Bottoni ash 
fGO sludye 

Fly ash 
OotLum ash 

Fly ash 
Ootton1 ash 
Fr.O s Judge 

Fly ash 
Rottoin ash 

Fly ash 
Rotlo1J1 asti 

Tupe of On
Site facility 

Mine pit 
\I-notch between 

s poi I rio.ges 
Uni ined storage 

pond 

Un 1 i ned pond 

C1ay 1 lned 
land fl 1l 

· OO!Joln9 
Pollution Control Cffort 

Monitor lei!.clrate. 
Collect surface runoff. 

lion i tor pond er f I uerit • 

Co I I ect surface runo rt. 
14on i tor ground1·1a tl!r , 

leac.hate. · 

HI neJ-out area Hone 

Landfll l Uoni Lor gr01"1d~1ater, 
leachate. 

Compact JiSJlosed ash. 
Collect surface nrnotl. 

t 
0 o 
..J 

=' Q 
IL 
IL 
0 
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~ 
I ...... 
00 

Table ~-3 (continued) 

S.ite tlo. 

111 Hediu111 

Oi sposa I Site Oesc rl pt ion 

Site General 
Local ion 

Dasert West 

Env i rormen ta I Sett imJ t 

Groundwater Is at 5 to 6 ft 
(1.5 to 1.0 11) 

• See Appendix A for detailed site descriptions. 

Waste Oisposal Practice 

Type of 1/asteu 

Fly ash 
nottam ash 
FG() sludge 

Type or On
Site Fae.I I ity 

fGO sludge 
sett 1 ing pond 

Eva1>0ralion 
pond 

Lan<lfil I 

Ongoin!J 
Pollution Control. ft fort 

Honi tor yrottntl- and 
sur race •ta te,-s. 

I Plant size is indicated according to the following scale: ularge" plants are those ><hose plate capacity exceeds 1,000 11\1; ",nedlloM" 11lanls 
fall in the 200 to 1,000 Hlf range; and "s111all" plants have capacity of less than 200 !ti. 

t P ls total annual precfp!tat"ion (including both annual snowfall and ra"!nf~ll); ET is ann11al evapotralnspiration • 

.. Only fly ash, button ash, and/or Hill sludge are shown. 
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Table 4-4 summarizes the infonnation on the checklists on potential deficiencies and 

associated environmental problems found in the case study examples. The fol1 owtng 

potential deficiencies were n?ted during several of the site visits: 

o Groundwater monitoring was inadequate or n.onexistent. 

• Leachate monitoring was not practiced . · 

• ·Record keeping was inadequate. 

e Closure/postclosure plans were inadequate or nonexistent. 

An assessment of a site as "deficient" must be tentative, due to the lack of final 

federal criteria applicable to the surface impoundment of nonhazardous wastes . This 

is particularly true for record keeping and cl osure/postcl osure plan preparation 

recommendations, which stil 1 remain "proposed guidelines" at the present time (l) . 

On the other hand, although the requirement for groundwater and leachate monitoring 

is not specifie.d in federal standards for solid wast~ disposal facilities, the regu

lations do emphasize groundwater protect ion (!) . Wh il.e groundwater can be protected 

and leachate ~eneration can be minimized with sound engineering design and site 

operation·, monitoring of groundwater . and leachate, _is nevert~eless necessary to 

provide convincing proof of a•safe disposal practice . Many states do require 

groundwater and/or leachate monitoring (see Section 3). 

Finally, the potential for groundwater degradation should be noted, especially when 

an unlined ash pond is constructed on a site with relatively permeable soils and a 

shallow groundwater table (e.g., sites 3 and 4 ). The existence of a constant hy

draulic head (standing water) in the pond makes leachate ·generation and migration 

inevitable . Although the presence of settled ash, particularly fly ash, can retard 

the leaching process, leachat~ will gradually migrate into ~he subsurface water and 

may contaminate both ·surface and groundwater supplies •. 

REFERENCES 

1. Landf1°11 Disposal of Solid Waste - Proposed Guidelines . Federal Register, March 
26, 1979. 

2. Criteria for Classification of Solid Waste ()isposal Facilities and Practices: 
Final, Interim Final, and Proposed Regulations. Federal Register, September 13,· 
1979 . 

3. Federal Water Pollution Control Act, as Amended by Clean Water Act of 1977, 33 
U.S.C. 1251, Section 402. 
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Table 4-4 

POTENTIAL DEFICIENCIES IDENTIFIED DURING CASE STUDY SITE VISITS 

Potent i a 1 De fie i ency/Problem 

Groundwater monitoring 

Leachate mon1toring 

Runoff control 

Waste cover 

Safety measure 
Access control 
Safety manual for site operator 

Record keeping 

Closure/postclosure plan 

Aesthetic appearance 

Potential waste washout 

Potential degradation of groundwater quality 

Potential degradation of surface water quality 

Potential air pollution 

~ Maximum number Of c~ses is 10. 

4-20 

Number of Cases~ 

8 

7 

2 

2 

4 
6 

6 

8 

1 

0 

2 

1 

1 
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Sect ion 5 

OVERVIEW OF AVAILABLE DISPOSAL SITE UPGRADING PROCEDURES 

The tenn "upgrading 11 has two connotations with respect to utility waste disposal 
sites. First, the recent changes in regulations governing solid waste disposal have 
placed new design and operating requirements on most waste disposal systems. Those 
sites which are still in operation may need to be brought into compliance. Second, 
disposal sites (operating or closed) that may be potentially damaging to the envi
ronment must be modified to correct the hazard and prevent any further occurrence. 
The status of a site is best determined through the two phases of investigation 

described in Section 4 •. Both forms of upgrading are described in detail in the 
remainder of this manual. 

Up_grading a disposal site involves (1) improving the quality of the site, or (2) 
substituting a. product or procedure of higher quality. Up.grading.procedures range 

fr001 simple measures (e.g., grading) to cooiplex actions (e.g., construction of a 
groundwater barrier). Table 5-1 presents a general matrix for preliminary selection 
of the proper upgrading procedure for a given problem, and reference the section(s) 
of the manual in which these procedures are discussed. This table serves as only a 
general guide, since many of the problems encountered are more cooiplex and may 
require a site-specific evaluation. This "Phase II" evaluation is particularly 
important when a utility is considering a major upgrading measure, such as elimi
nating a groundwater contamination plume, conversion of a pond to a landfill, or the 
installation of? lining system. 

Tenns sue~ as "retrofit," "remedial action," and "corrective action" are often used 
interchangeably with "upgrading." · For the purpose of clarity, upgrading is dis
cussed herein according to the following three categories: 

• Corrective action. 

o Site improvements. 

e Site conversion or relocation. 

The reader should also note that most of the environmental problems associated with 
a disposal site occur in groups. A formal site upgrading program will often include 

5-1 
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Table 5-1 
MATRIX FOR PRELIMINARY SELECTION OF PROPER UPGRADING PROCEDURES 

Appropriate Upgrading Option 
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Control run-on, run-off, erosion • • • 
Reduce erosion and enhance • • aesthetics 

Control erosion; reduce infil- 0 tratlon and leachate generation 

Suspected groundwater conta111- • • .. 
inatlo11 

If groundwater contamina t Ion 1 s 
detected: 

• Remove contaGinated water • e 
• Contain conta111tnatcd water e 
• Prevent further contamlnatton • $ 0 

Improve local air quality tl 8 • . 
Convert wet disposal site to dry • • disposal site 

Convert in-plant wet syste111 to e e • dry syste111 

Close disposal faci llty 

Het sys tem 
I 

0 G • • I e • I 

• Ory syster.i • • • I 

Reduce waste d t sposa l c~st and 
environmental rollutlon 

Reduce surface water erosion 
and infiltration 

Contain leachate in a new site; • attain zero seepage 
I 
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several of the upgrading procedures discussed in the manual, most of which will fall 
into only one of the three upgrading categories mentioned above. Definitions of 
these cat egories are presented below. 

CORRECTIVE ACTION 

The primary focus of c~rrective action procedures (Section 6) is on the control of 
_specific environmental impacts (surface water contamination, groundwater contamina..: 
tion, and fugitive dust control). Corrective actions which are taken before any 
impact is realized are generally also a requirement of the federal and state regula
tions. Examples of a priori corrective action include monitoring wells, runon
runoff di version, sedimentation basins, and revegetation. 

Corrective action procedures which serve to remedy a relatively extensive existing 
environmental problem are typically much more exotic, and more expensive, while the 
benefits of their implementation are less certain . Examples include groundwater 
extraction and treatment systems and subsurface groundwater barriers. The correc
tive action technology presented in Section 6 is by far the most important'part of 
the manual, as the ~ssociated environmental problems and corrective actions dis
cussed are expected·.to be the most canmon encountered at utility sites. 

SITE IMPROVEMENTS 

Site improvements are defined herein as changes made at a disposal site after its 
completion to facilitate subsequent use of the land for other purposes. The major 
category of site improvement addressed in this manual is site closure (Section 8). 

Standard site closure requirements for landfills are mandated under RCRA, including 
cover specifications, and slope, revegetation, and monitoring requirements. Many of 
these requirements and recomme~dations are discussed in Section 6, and included in 
Section 8 by reference. 

SITE CONVERSION AND RELOCATION 

Some utilities may find it_ appropriate to make significant changes in their current 
disposal practices. The necessary guidance is therefore provided in this manual 
under the fo 11 owing headings: 

• Wet-to-Dry Conversion (Section 7). 

• Liner Selection and Installation (Section 9). 

o By-Product Recovery and Utilization (Section 10) . 

5- 3 



- Doc. Ex. 1552 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

One of the upgrading alternatives, conversion of a wet disposal site or system to a 
dry operation, can provide substantial benefits . Wet-to-dry conversion improves 
waste handling characteristics, land use efficiency, and reduces the risk of ground

water and surface water contamination . The conversion can be achieved· on the . site 

or in the plant. The latter conversion, necessary .for continuous dry disposc1l, 

results in the generation of potentially usab le by-products (Section 10) . S1nce dry 
disposal (landfillinQ) generally proves to be more cost-effective and environmen
tally sound than wet disposal (ponding), on:..site and in-plant conversfon will likely 
be more widely practiced in the future. 

When a site poses an immediate threat to water resources, it can be relocated by 
removing the waste from the existing site and placing it in a new disposal facility. 
Site relocation is not fully addressed in this manual since it is analogous to 
construction of a new disposal facility. The reader is referred to the Coal Ash 
Disposal Manual (l) and the FGD Sludge Disposal Manual (I). 

Upgrading a site to minimize surface water infiltration ._may require the installation 
of a cover (either a clay cap or. a synthetic membrane) prior to plac~ent of a cover 

soil and vegetation. In a few instances, the bot~om 9f a disposal site may need to 
be lined to minimize .or e1iminate leachate migration to. local water sup.plies. The 
types and characteristics of soil, c1dmix, and membrane liners, their selection cri
teria, site preparation and installation procedures, and various lining systems are 
presented in Section 9. 

The by-product marketing information presented in Section 10 represents the current 
state of knowledge based on U. S. research and experience abroad. Recognizing the 
lack of experience among both U.S. utilities and commercial markets, EPRI has con

tracted for the development of a coal combustion by-product marketing manual (RP-
1850) . The manual, due to be completed in 1982, wil 1 provide a more extensive 
treatment of the subject than is possible here. 

COST OF UPGRAOING A DISPOSAL SITE 

As noted earlier, a formal upgrading plan will usually include the implementation of 
several corrective measures. T~ese measures will probably be interactive. As a 
result, their costs and designs will be highly interdependent. 

A method of calculating the cost of a corrective action plan has been developed for 
this manual, and is presented in Section 11. Separate cost estimating equations are 
not presented separately in each sect ion of the manual to avoid redundancy and to 
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combine cost estimates for common upg rade combinations . The cost estimating details 

are consistent with the first- phase engineering investigation guidelines presented 
in Section 4. The reader should note that the cost estimates associated with the 
less - frequently practiced corrective actions (e.g., .groundwater control, wet-to-dry 

·conversion, ~tc . ) are first approximations due to the site- specific nature of these 

techniques . 

REFERENCES 

1, M. P. Bahor, R. J. Mclaren, J. E. Niece, and H. C. Pedersen. Coal Ash Disposal 
Manual, Second Edition. Palo Alto, California: Electric Power Research Insti
tute, October 1981, CS-2049. 

2, R. G~ Knight, E. H. Rothfuss, and K, D. Yard. FGD Sludge Disposal Manual , 
Second Edition . Palo Alto, California: Electric Power Research Institute, 
September 1980. CS-1515. 
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•, 

I NTROOUCTION 

Section 6 

CORRECTIVE ACTION 

As stated in Sections 2 and 4 , most environmental problems that occur at land dis
posal facilities are associated with improper siting, poor site design, and/or oper
ational deficiencies . 1he reasons for undertaking corrective action at a disposal 
site are to correct existing environmental problems, pr event the occurence of future 
environmental problems, and thereby bring t he site into compliance vrith the current 
regulations. 

The first step in any such endeavor is to identify a site's exis~ing and/or poten

ti_al environmental problems and its deficiencies with regard to the regulatory re
quirements . A corrective action plan can then be developed and impl emented to 
address these specific problems and/o r deficiencies with specific reference to the 
site's unique cha racteristics and subsurface conditions. 

It is important to anphasize that seldom, if ever, will the implementation of a sin
gle corrective action technique be effective in correcting all the environmental 
problems t hat may exist at a given site. Rather, it will usually be necessary to 
design and implement an integrated corrective action program or strategy consisting 
of several techniques. In most cases, an understanding of the following factors is 
prerequisite to the proper design and implementation of an effective corrective 
act i'on program : 

• Climate. 

• Site and subsurface conditions 

--topography 

--geology 

- -hydrogeol ogy 

--pedology 

- -engineering properties of the subsurface materials . 
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Cl 

Engineering properties of the waste materia1s. 

Existing environmental problems and/or potential prob1ems. 

Operational procedures required in the continued use of the site. 

In addition, it is necessary to clearly define .the goals of ' the corrective action 
program with regard to facility compliance with the regulatory · requirements govern
ing continuea site use . (See Section 3 for a detailed discussion of the current 
regulatory requi rei,nents . ) 

Brief1y stated, the goa1 of designing and implementing a corrective action plan for 
a particular site is to a11ow continued use of the site in accordance with the regu
latory framework, by: 

• Developing feasible alternatives to current disposal practices as appro-
priate . 

• Correcting existing environmental prob1ems. 

• Preventing the reccurrerice of the existing or new envir.onmenta1 problems. 

The fo1lowing is a part;'a1· list of important co_nsiderations'· in any corrective action 
plan: 

• Imp1ementation of a corrective action plan can represent a substantfa1 in
vestment. 

o The site specific factors del i neated previously will have a profound in
fluence on the practicality and effectiveness of the various corrective 
action techniques. 

• Following implementation of the plan, the site must be maintained and mon
itored over the 1ong term. 

• The corrective action plan may interfere with site operation and manage-
ment. • 

The selection and design of a corrective action plan should be carefully evaluated 
in terms of its regul_aratory requirements, technical considerations, operational 
ramifications, and both short- and long-term economic feasibility •. Except in the 
mQSt straight- forward cases, a corrective action plan should be established by a 
multidisciplinary team of professionals including environmental, civil, and soils 
engineers, geologists, hydrogeologists, utility engineers, and other specialists as 
warranted . 
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In this section, a number of conmonly used and potentially useful corrective action 
techniques are described . The purposes and applications for the individual tech
niques are also discussed. factors that should be evaluated in designing and imple

menting a corrective action plan are presented in four major subsections; 

e Design Considerations. This will provide an introduction to the environ
meBt's pertinent characteristics, the physical and engineering properties 
of the soil materials, and the physical and chemical propert ies of utility 
waste materials. 

Surficial Considerations for Corrective Action. This will provi-de an 
overview of techniques used to isolate a land disposal site from the land 
surface environment. 

Subsurface Considerations for Corrective Action. This will provide 'an 
overview of techniques used to isolate a land disposal site from the 
groundwater system or remove contaminated \'later. 

~ Selecting a Corrective Action Plan. This will provide an overview of the 
input necessary to allow the design and implementation of effective site 
specific corrective action plans. 

DESIGN CONSIDERATIONS 

The desjgn and impl~mentation of a corrective action plan at an existing land dis
posal sit~ require an evaluation of the site, as a whole, and of the s~tes impact on 
the environment . Usually, such an evaluation will include a thorough investigation 
of the surface and subsurface conditions at the site, including the physical and 
engineering properties of both ·the soils and waste materials. An estimate of the 
present and future impacts of the site on its environment will follow from this 
investigation and be an integral part of the corrective act ion plan. 

This subsection . provides an overview of the usual factors that should be evaluated 
during th.e design of a corrective action plan. The most pertinent properties of 
natural soils and waste materials are defined and discussed, along with selected 
characteristi~s of the natural environment. 

Characteristics of the Natural Environment 

When developing engineering criteria for corrective action, the processes and char
acteristics of the sites natural envi,onment should be assessed. These processes 
and characteristics are grouped into three classes: climatic conditions, surftcial 
features, and subsurface features. These distinctly labeled classes are in reality 
highly interrelated by the dynamic processes of the hydrologic cycle as portrayed on 
Figure 6-1. Because of their cooiplexity and importance in the corrective action 
plan, subsurface properties are discussed in more detai l. 
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Figure 6- 1. The hydrologic cycle . 

Source: W.B . Caswell . Groundwater Handbook for the State of Maine . Maine Geological Survey3 1978 . 
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Climatic Conditions . These include precipitation, ternµerature, evaporation/ 

eyapotranspi rtation, and v1ind. 

Precipitation falling as rain either infiltrates the ground surface and subseq-uently 

enters the groundwater system, or is transpired by plants evaporated; infiltrates 

or flows across the ground surface as runoff. Precipitation is canmonly measured in 

terms .of intensity (inches per hour), duration (hours), frequency, and magnitude as 

well as type (rain or snow). Snow is usually measured in its water equivalent 

except for its depth. 

The characteristics of a precipitation event (i.e . , duration and intensity) strongly 

influence runoff and infiltration. For a given situation, a high intensity, short 

duration rainfal 1 will produce more runoff and 1ess infiltration than a less intense 

event of greater duration but of the same magnitude. 

Temperature must be considered~ as it significantly affects plant growth, infiltra

tion and runoff, and the weathering of many materials. Weathering effects are seen 

in chemical as well as mechanical processes, as most chemical reactions are tempera

ture dependent . An important factor in mechanical weathering is the effect produced 

upon material's exposed to freezing water. As water, even in smal 1 amounts, freezes> . . 
it expands, cracking and deteriorating surrounding materials and structures (e.g., 

differential frost heaving in roadways) . 

Under most circumstances, only the upper 5 ft (1.5 m) of surface soil are affected 

by temperature variations. Even in this narrow range, temperature strongly influ

ences evaporation and plant growth . lf an area is sufficiently cold, the runoff and 

infiltration effects of precipitation (as snow) can be delayed several months until 

the spring thaw, and the accumulated effects of several months of precipitation wi11 

~e experienced in a brief period . 

Wind is a significant climatic factor. It strongly influences evaporation; Wind 

intensity, direction, and .duration vary on a seasonal, regional, and local basis. 

Many factors regulate the influence of the wind at a given site, including topogra

phy, prevailing wind patterns, and the degree of forestation . Usually its effects 

are stronger in open f1 at areas, in coast a1 areas, and in areas where the topography 

tends to channel it in certain di rections. 

Evaporation and evapotranspi ration are. significant processes in the 1 oss of surface 

water and near surface groundwater (usually from the unsaturated zone). Evaporation 
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is quite simply the vaporization of surface and soil water. Evapotranspiration is 

the combined process of evaporation and the transpiration of water by plants . Both 

processes are strongly influenced by temperature, prevailing humidity and wind. The 

effects of evapotranspiration on the hydrologic budget are significant and · may 

seasonal lY and/or 1 ocal ly exceed precipitation. 

The relationships between. preci pi tat ion, evaporation, air temperature, stream fl ow, 

and groundwater level fluctuations, including ·snow accumulation and melt effects, 

are illustrated on Figure 6-2. 

Surficial Features. These generally encanpass topography (including surficial 

drainage) and pedology (soil science). 

Topography refers to the configuration of the land surface including its rel ief and 

the shape and position of its natural and manmade features. Topography controls 

surface dri nage and exerts a strong influence on groundwater f1 ow, wind direct ion 

and intensity, runoff, and infiltration. Topography is generally depicted by con

tour maps showing the ground surface elevation referenced to mean sea leve) or an 

arbitrary datum. The surficial drainage pattern of a~ ar~a is a direct result of 

its topography, althoughJhe topography is continually modified by flowing water .. 

Pedology, or soil science, is concerned with the nature, properties, formation, be

havior and response to use and management of soils. Although developed primarily in 

response to the needs of the agricultural community, it is equally applicable to 

land management at utility waste disposal sites. 

The pedologic characteristics of a site govern the rate of surface water infiltra

tion in undisturbed areas ·and determines \'tlether vertical or lateral flow dominates 

~ubsequent to infiltration. An understanding of a site's surficial soils .is neces

sary to properly plan and successfully implement a revegetation pian · in disturbed 

areas. 

Overall, the runoff, infiltration, and evapotranspiration characteristics of a site 

are a function of its topographY, vegetation and pedology . The U.S . Department of 

Agricultureis Soil Conservation Serv.ice has prepared soil maps of many areas of the 

United States. These maps address the physical and chemical properties of the sur

face soils, including texture, fertility, erodibility, infiltration rates, and other 

useful parameters . These maps are interpretive in nature and the conditions they 
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report should always be substantiated by site investigations. They are, however, 
extremely useful tools during preliminary planning of corrective actions. 

Characteristics of Subsurface Materials 

Characteristics of interest include geologic and hydrogeologic conditions . · Most 
sites are unique and, at best, only similar to other (even adjacent) sites. This 
subsection considers the primary subsurface·conditions which rel~te to corrective 

actions at utility waste disposal sites. These conditions include the stratifica
tion and areal distribution of the geologic units; groundwater depth, movement, 
recharge and discharge; and the in situ properties of the subsurface materials . 

Subsurface Investigation Considerations . Proper delineation and evaluation of a 
site's subsurface conditions are important because: 

• The subsurface conditions have a strong bearing on a site's potential to 
cause po 11 ut ion. 

• Many times a site's environmental problems exist solely in the subsu~face 
environment . · 

The subsurface environment is complex and largely hidden from view, thus 
often ignored or misunders~ood. ·. 

The subsurface materials in the vicinity of a site are often borrowed for 
use as construction material during the implementation of a corrective 
act ion pl an . 

o The nature and distribution of the site's subsurface materials have a 
strong bearing on the suitability of the various surficial and subsurface 
corrective action techniques and their are·a of applicability. 

Thus, it is usually necessary to complete a hydrogeologic and geotechnical investi
gation of the site during the early stages of planning for corrective action. The 

. importance of such investigations is obvious M"len one considers the cost differen
tial between u·s·ing on-site borrow and imported bo.rrow material. Nonnally, such an 
investigation will encompass the following: · · . 

• The review of infonnation available on pedologic, geologic, hydrologic, 
topographic, and climatic maps and documents. 

• The completion of a field investigation designed to (1) reveal the ver
tical and areal distribution of the geologic ·units; and (2) document the 
groundwater conditions and in situ properties of the subsurface materials . 

Data interpretation and preparation of a technical report. 
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It is often beneficial to stage a subsurface investigation in two or more phases to 

allow evaluation of the preliminary efforts and to provide guidance for s ubsequent 

phases. 

Common subsurf~ce exploration techniques include soil and rock borings, test pits 

and trenches, and geophysical techniques such·as seismic and resistivity profiles. 

The properties of the subsurface materials are detennined by field and laboratory 

testing and observation (inspection) of tne explorations by experienced personnel as 

they a re made • 

The site's groundwater conditions are revealed by water level observations. Com

monly, small diameter observation wells (or piezometers), are installed in borings 

to permit observation of the groundwater table levels . 

The complexity of the geologic environme,nt will have a direct bearing on the number, 

location, and depth of these groundwater observation devices . ·It is not uncanmon 

for rnu'ltiple groundwater flow systems (aquifers) to underly° a given site. This pos

sibility requires that small diameter observation wells be installed at several 

leve~s. w.ithin the geoJogic prof ile to pe_rmit measurement of grou11dwater levels in 

each aquifer. These .multiple observation devices ar:e usually referred to as piezo

meter nests. In some instances, groundwater flow may possess a strong Vertical 

canponent; again piezometer nests are required to define the ch~racteristics of the 

groundwater flow system. If properly designed, small diameter observation wells can 

be used to obtain samples for water quality analyses . Subsurface exploration pro

grams can be costly and should be undertaken only by experienced professional geolo

gists, c1nd geotechnical engineers . 

The In Situ Properties of the Subsurface Environment. The properties most pertinent 

to utility disp_osal ~ites are the distribution and ·permeability of the geoJogic · 

units, depth to groundwater and factors that control groundwater fl ow such as: 

e Permeability or hydraulic conductivity. 

o Hydraulic potential or groundwater grc1dients. 

c, Direction and rate of groundwater fl ow. 

, Texture of the subsurface materials. 

o Consolidation or cementing of the geologic units . 

m The unifonnity of the geologic conditions. 

ci The presence or absence of discontinuities. 
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These factors are evaluated by subsurface sampling and field and laboratory testing 

of the subsurfac,e materials . Effective interpretation of the hydrogeologic charac

teristics of a site usually cal ls for the judgment of experienced professionals. A 

basic understanding of these factors and the.ir relationship to one another and to 

the subsurface environment is necessary to effectively plan and implement a correc

tive action plan . These factors are briefly defined and discussed below. for a 

more thorough discussion standard references or text books should be CODSUlted 

<.!., I, l) · 

11 Permeability 11 (or 11 hydraulic conductivity") is a measure of the ease or difficulty 

of fluid flow through a porous material. It is canmonly expressed as a velocity 

term {distance/time). It is a function of the characteristics of both the fluid 

(water) and the material through which the fluid flows. Usually, in groundwater 

work, the properties of the fluid (water) are assumed to remain constant . "Primary 

permeability" refers to flow through porous, usually unconsolidated materials. 

":Secondary penneabil ity" refers to fl ow dcxninated by secondary features such as 
cracks, fissures and faults through porous or nonporous materials . 

''Hydraulic gradient" (or potential) is a measure of the energy availabl~ to cause 

groundwater. to flow . Hydraulic potential or gradient is measured in terms of eleva

tion by observing the water level in wells. The difference in water level elevation 

ac_ross an area or with depth defines the hydraulic gradient between the observation 

points . Hydraulic gradients represent a dynamic situa~ion. They are maintained by 

recharge from precipitation and surface water infiltration on a regular basis. Dur

ing periods of drought and when recharge is elimihated or reduced, the hydraulic 

gradients will flatten out and the groundwater system will move more slowly than 

when r~charge is plentiful or enhanced. The relative· permeability of a number of 

soil types are shown on Figure 6 .. 3. The coefficient of permeability is deterniined 

by measudng. _the r.ate of water fl ow through a unit volume of soil in response to a 

unit hydraulic gradient! 

"Groundwater flow'' (direction and rate) is a function of penneability (hydraulic 

conductivity) and hydraulic gradient (hydraulic potential) . Hydraulic potential 

controls the direction of groundwater fl ow frcrn areas of higher groundwater eleva

tton (potential) to areas of loW:r groundwater elevation (potential). The magnitude 

of the gradients and penneability of the subsurface materials control the rate of 

flow. An analogy with the flow of electric current through a wire is useful in 

understanding the relations bet\t/een groundwater fl ow, hydraulic potential, and per

meability. Permeability is analagous to the resistance or conductivity of the wire. 
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the hydraulic gradient is analagous to the voltage applied across the circuit . Cur

rent flow through the wire is a function of both its resistance and the potential 

applied, and requires an expenditure of energy. 

Ground water exists under both water table and confined (artesian) conditions. 

Water table conditions occur when the elevation of the top of the zone of saturation . 

coincides with the water level revealed by wells . This water table is referred to as 

a · "phreat ii: surface. " Confined aquifers exist under pressure greater than atmo-· 

spheric. The water level in wells penetrating a confined aquifer will rise above 

the level at which water is encountered. Confined systems exist due to the presence 

of imperv ious materials above and below them . The water pressure distribution in a 

confined aquifer is 

tiometric surface. 

Figure 6-4. 

canmonly shown in terms of elevation and is known as a poten

Examples of water table and confined aquifers are shown on 

The depth to groundwater is a function of both regional and site specific factors, 

including topography, permeabi lity , recharge and subsurface conditions and is best 

evaluated on a site specific basis . 

11 Soil t£!xture" is a function of particle size distribution .and partick shape. 

Natural subsurface material s are comprised of lithic fragments of various sizes 

ranging from bould~rs to extremely small fragments (<0.001. mm in diameter). A 

number of systems have. been developed for classifying geologic material_s on the 

basis of their texture . The most widely used of these systems, the unified classi 

fication, is presented on Table 6- 1. 

The size and distribution of the particles that canprise a geologic unit have a 

strong bearing on the pore space between the soil particles through which water 

flows. · and thus its permeabil.ity • . Soil texture also influences other properties of 

tne geologic materi~l including: 

• Its susceptibili~y to erosion by wind, surface water, and groundwater. 

e Its strength and compressibility. 

e Its potential for use as construction material (borrow). 

9 lts chemical attenuation characteristics. 

The properties listed above are also strongl y influenced by the consistency of the 

subsurface material and its degree of consolidation or cementation. The consistency 

of a soil is related to its density or degree of c001paction. Consoli<lation refers 
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to the bonding between particles of the material resulting frO!l] intergranular cry

stal growth. or cement at ion. 

nuring natural or artificial ccmpaction of a soil, the particles will tend to bec01ne 

more tightly packed, resulting in a decrease in pore space and perm~ability and an 

increase in density and strength. As a material becomes more ccmpact, the influence 

of particle size on permeability increases . Even a small percentage of fi.ne par

ticles may have a strong influence; highly ccmpacted granular soils may exhibit 

permeabilities more normally associated with much fi.ner soil types . The suscepti

bility of soil materials to surficial erosion and scour is a function of bot h 

texture and compactness, as is their susceptibility to subsurface erosion or 

piping. Piping occurs when soil particles migrate, due to seepage forces, to an 

outlet. Although piping begins with the erosion and transport of the finer silt and 

clay sized particles, it can rapidly accelerate . It is difficult to detect and, if 

detected, can be very difficult to control. 

"Consolidation 11 -refers to the canpaction and cementation (b·onding) "of the grains or 

particles which comprise the subsurface. Unconsolidated materials are generally 

poorly canented (e.g •• soils and recent sedimentary deposit.s such as al l uvial fans) . 

Consolidated materials such as limestone, and shale are well compacted an1 bonded 

and/or cemented . 

1'Unifonnity" of the geologic environment refers to the horizontal and vertical con

sistency of the subsurface materials and implies no concept of scale. Many of the 

methods used to analyze the geology and hydrogeology of an area assume a certain 

degree of uniformity or predictability of conditions from exploration to explora

tion. Many of the more sophisticated techniques used to model groundwater flow 

demand a good understanding of the uniformHy of a site's characteristics . The uni

.formity of a site's subsurface conditions can be viewed as directly .related to the 

ease With . which those co~d~tions c~n be described. Variations of al 1 the properties 

discussed here contribute to· a site's uniformity or lack thereof. 

"Discontinuities" are abrupt, anomalous, changes in a site's subsurface conditions. 

Although potentially difficult to detect, discontinuities are important in that they 

can act as barriers or drains and drastically affect the groundwater fl ow pattern in 

an area. 

Properties of Earth Materials Used for Construction. The in situ properties of the 

subsurface materials already discussed are analogous to the properties of earth 
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materials when used as construction materials . The main difference involves a 

change of perspective from measuring the material 1 s properties to assessing its 

behavior. Only by means of proper preliminary and construction control testing can 

the properties of natural soil materials be optimized with regard to their desired 

1.1se .in corrective action plans. ·A summary of typical laboratory soil tests and 

their use is presented on Table 6-2 ~ 

Evaluation of soil material for use as borrow usual ly includes evaluation of some or 
all of the fol 1 owing: 

ll Permeability . 

e Texture. 

fj Plasticity. 

• Compressibility • 

0 Shear strength. 

G Moisture-density re 1 at ions hi p s • 

0 Natural moisture cootent. 

Permeabil i,ty and texture have , {n general·, been adequately discussed earlier . The 

other listed geotechnical properties are discussed below. 

''Plasticity" in a concept that applies to fine grained, cohesive soils or the fine 

grained portions of coarser soils . Plasticity is the ability of a material to be 

quickly deformed without rupturing or crumbling and to maintain the defonned shape 

upon removal of the deforming force. The 11 plastic 1 imi t" is the water content below 

which a material no longer exhibits plastic behavior. 

. . 
11 Compressibil ity" refers to the reduction in volume of a material due to the reduc-. . 
tion. of pore space when the material is subjected to loading. 

11 Shear strength" is the result of cohesion and intergranular friction acting on a 

mass of soil material. It is useful in assessing the stability of cut slopes and 

excavations, and the strength of earthen structures . 

"Moisture-density relationships" describe the degree of cQTipaction of a material 

that can be achieved by practical means . The degree of compaction of a soil is 

dependent upon the material 1 s texture, moisture content, and the canpactive effort 

expended. Compaction is perhaps the most critical consideration in achieving high 
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Table 6-2 

SUMMARY OF TYPICAL LABORATORY SOIL TESTS FOR VARIOUS MATERIALS 

T'iPE OF MATERIAL 
FltlE- FlNE-

CRAltlllD CflAlNED CRUSHED 
Tf.ST SOILS SOlLS l\OCK USE IN DESICII ASJM DESIGNATION 

Evnluotion of fruinible 
l, Closaificn t.ion of lndex PrOJ!<!rtV Testa confi[lurntlons 

A. Woter content 4 a - Correlation of mote,:,i;ils 02216 

n. Notur,il dens I ty C - - Selection of s;imples for -
other tests 

c. Specific gravity b,c b,c b Sdection of bo~row .tarcas D851,, Cl27 , (:128 

D, Atterber& llmics b,c Specification of D423, D424, D427 
construction procedures 

E. Crnin-size nnnlysls b,c b,c b Detet'fflinntion of filter and D422 , 02217 
drninoge rcqulremeucs 

2 . Comeoction T"-Sta: 

A, Standard Proctor b - - Evaluation of o;imple prep- D698 
oration for other tests 

B. Modified Proctor, ond/or b - -
Spcclf lcntion of 

D1S57 

c. Relnt!ve density - b b ploccment requirements 02049 

Seepoge onolyscs 

3. Permeab1U~: c,d d - Dcterm1nntion of pore pres- D24J4 
eu~es for stability 

4. Conso·lidncion: c,d - - Settlement om,lyaes D243S 

s. Shenr Strensth: 

A. Direct -5heor c,d d .d ' D3080 

B. Trinxid co.mpreaaion, and c,d d - St~blltty analyses 
D28SO 

c. Unconfined compression c,d - - Structure foun~ation design D2166 

Legend; The types ,ind numbers of tests conduc t'cd \lill vary, depending on the purpose of the testing progrom ~nd 
the conditions being i11veetlgaced. The use of these guidelines should not be substituted for a1te-by
s1te evoluntion by o qua.Ufied gcotechn.lcal engineer. 

o - indicates tcsta normally conducted on all snmples 
b - indic<ttes tests nomally obnciuotod on rcpre,,entativc d1"t11rbed 1rnm1,les 
c - iridicotes tests nonnolly conducted on re~rcsentnttve undlstu1·bed somples 
d - indlcDtcs tests on specially prcpnred samples to simulate as constructed-bchov!or 

Source: E. D'Appolonio Consulting Engincece, Inc, , Enc.lncerinp. and Design Honuo1 1 Cool Refuse Disposal Facilitil!as, 
U, s. Department of Interior, Hlnlns Enforcement Dnd Sofcty Admintstrotion, 1975. 
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shear strength, low permeability, resistance to erosion and piping, and generally 

stable earthen structures . During compaction of a soil, some water is required to 
act as a lubricant to allow the articles to be forced tightly together . Too much 
water, however, will have the opposite effect and prevent good compaction. 

The moisfure-density relatiqnships are determined by means of proctor tests . These 
tests involve the compaction of a soil at various moisture contents by application 
of ·a constant compactive effort. Measurements are made of both the moisture content 
and density achieved. If the permeability of the compacted mater1al is of concern, 
it should be tested at various moisture contents and densities. 

It should be no.ted that although many factors influence the permeability of natural 
materials, the degree of compaction or the density of the materials usually have a 
pronounced effect. Thorough compaction of relatively clean granular materials can 

reduce their permeability by orders of magnitude below the permeability of the same 
material in a loose co·ndition. The density ~chieved during compaction of a borrow 
material directly effects its performance and the density achievable is drama~ically 
influenced by its moisture ~ontent during the compactton operations. 

The optimum moisture content for ~ifferent soils varies considerably, as does the 
density that can be achieved by practical means. Thus, the uniformity of a borrow 

source is important . 

The "natural moisture content" of borrow materials is often second in importance 
only to texture when evaluating the potential usefulness of a proposed borrow 
source. If the natural moisture content is not in an acceptable range for proper 
compaction, then the material io1ill need to be moistened or dried prior to its use. 
Modifying the moisture content of fine grained materials can be a time comsuming and 

co?tly proces?. 

Chemical Properties of Waste Materials 

. The wastes generated bf coal - fired power plants consfst principally of fly ash, 
bottom ash, boiler slag, and_flue gas desulfurization sludges . The Coal Ash Disposal 
Manual (_!) and FGD Sludge Disposal Manual Ci) contain sections which specifically 

address the chemical properties of these wastes . 

In general, the chemica1 properties of a waste are not critical to the selection of 

a corrective action technique, but the chemical constituents and their concentra
tions do impact specific design and construction aspects. Examples of the chemical 
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characteristics of concern include concentrations of sulfate and salts, pH, and 

total dissolved solids of various utility waste liquors and elutriates. For exam

ple, a high sulfate content may require the use of Type II (ASTM ClSO) or possibly 

Type V (ASTM ClSO) portland cement.. Concrete is attacked by a number of sulfate 

compounds including those of calcium, potassium, sodium, magnesium, aluminum, and 

ammonia(_~) . Salts such as calcium chloride can cause spalJing and scaling of con

crete, and sodium chloride can corrode unprotected metallic sur.faces. The pH of the 

waste ranges from 3 to 12. When the pH falls outside the 6 to 9 range, serious 

corrosion of concrete and metal can occur. The TDS concentration is an indication 

of the potential for clogging of screens and filters, and of the abrasive character 

of the liquids. Abrasions in pump and gravity systems can lead to failure of pumps 

and pipelines, particularly at bends. 

Physical and Engineering Properties of Waste Materials 

The wastes deposited in a pond or landfil 1 are subject to change from exposure (or 

weathering), mixing (or blending), and leaching . The properties of mixed or blended 

waste vary substantially from those of the individual waste categories. 

Fly Ash/Bottom Ash. The properties of power plant ash which are of concern in 

selecting a corrective action proc:edure at a dry disposal site are described.below.· 

"Grain size distribution '' is important due to the influence of particle size on many 

engineering properties. The grading, density, shear strength_. and penneability 

characteristics of a waste can often be estimated from the grain-size distribution 

curve (particle diameter vs.% by weight) . A waste material is labeled uniformly 

graded or poorly-graded if its curve is steep; i.e . , if it has a very small particle 

size range. A waste which has a flat curve is well-graded and has particles whose 

sizes are well distributed . Well-graded wastes are readily compacted and develop 

greater shear strength and 1 ower permea.bil ity than poorly-graded was.tes. 

The range of fly asn particle size is 4x10-S to 4xl0-3 in (0.001 to 0.100 mm) for 

glassy spheres and 4x10-4 to 10-2 in (0 . 010 to 0.300 mm) for angular carbon parti

cles . Particle sizes for bottom ash and boiler slag are generally larger than for 

fl_y ash, and are conparable in size to particles ranging from fine sand to fine 

gravel. Generally, boiler slag is more uniform in size than bottom ash . 

''Moisture content 11 is a measure of water present in the voids . It is particularly 
important for fly ash due to its small particle-size (compared to bottom ash/boi1er 

slag). A particular fly ash can be a dusty powder or a watery mud depending upon 
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its moisture content . The moisture content affects the ccmpaction or consolidation 

and shear strength of the fly ash . 

Tnere are two moisture contents relevant to ash compaction: the in- place moisture 

content and t .he optimum m(?isture content. The in- place moisture content should be 

detennined in order to bring the ash to its Optimum moisture content for maximum 

. compaction. This adjustment can be accomplished by addition or removal of water or 

the addition of dry ash. 

11 Bu1k density" is a measure of the relative volumes of voids and solids . It is an 

indirect measure of the total pore space . The density of fly ash is important 

because it affects the permeabii i'ty and strength of the ash. These are directly 

related to the settlement and stability of dry fly ash . Bulk density of fly ash 

ranges frcm 1.12 to 1.28 g/cm3 (_§_), although values frcm 0.55 to 1. 73 g/cm3 have 

been reported (1..) . 

"Shear strength" is the shear stress in a waste mass when ' failure along a slip plane 

occurs. It is also· defined as the shear stress w,en continuous disp l acement along a 

. sltp _plane occurs at a relatively constant stress . · 

The strength of an ash is used to determine the steepness of a fill or cut slope 

shich can be safely constructed and the magnitude of loads (il')cluding equipment 

associated with the corrective action technique), which can safely be supported. 

The strength of an ash 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 to one another. The angle of internal 

friction is a measure of the frictional resistance between particles. Ashes possess 

no real cohesion, although self-hardening fly ashes develop chemical bonding similar 

to cement. F(?r com·parison purposes, the angle of· internal friction of bituminous 

fly ash varies frcxn 25° to 40° a·nd that of bottori ash/boil er slag fran 38° to 42. 5°. 

(1). 

"Compressibility" determines the rate and magnitude of settlement of the landfill 

and of · any structures which may eventually be founded on the 1 andfil l . In 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 consolidation and settlement. 

Upon application of vertical pressure, the stress is initially shared by the fly ash 

structure and pore water. The excess pore water pressure gradually decreases as the 

water is squeezed out of the pores. As the pore water pressure decreases, the load 

6-20 



- Doc. Ex. 1574 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

is transferred to the fly ash structure, producing a volume change. Laboratory 

consolidation tests have indicated that compaction can significantly reduce the 

compressibility of fly ash. 

"Penneability" was previously discussed for soils. The same discussion applies for 

ash. The "coefficient of permeability" refers to the flow of water and is used for 

estimating the quantity of water which will seep through a mass of waste in a gi~en 

time. In laboratory tests, the permeability of bituminous fly ash compacted to its 

maximum dry density varied from 10-4 to 10-7 cm/sec (1.Q). Bottom ash is more per

meable than fly ash. 

''Capillary rise" is a physical phenomenon in which a liquid, such as water, is drawn 

into a tube of very small diameter due to surface tension forces. This same process 

Will occur in fly ash. Capillary rise is of concern in a fly ash fill because the 

fly ash can become saturated by groundwater which is drawn up into the ash. If this 

occurs, tile ash will lose some of its strength and the landfill -could become unsta

ble. To eliminate the problem of capillary rise, a,n extraction system can be placed 

between the fly ash and the existing groundwater to intercept ·the groundwater before 

· it enters the fly ash. 

• 1
1Frost susceptibility" is a concern at many utility landfills because materials with 

grain-size distributions similar to that of fly ash are generally susceptible to 

frost heave if moist when exposed to freezing temperatures. Frost heave in soil is 

caused by the freezing and expansion of the water in the material's pore space. 

Self-hardening fly ashes are less susceptible to the problems of frost heaving than 

are the non-self-hardening ashes. The only mea.ns of a.ccurately determining if a 

particular fly ash will be frost susceptible. is to perform laboratory tests under 

freezing conditions or observe in- field conditions . Bottom ash and boiler slag have 

a lower susceptibility to frost heaving when well drained. 

FGD Sludge . FGD sludges a.re generally fl u1d or semi-fluid, retain a high percentage 

of water and are di_fficult to handle . Sludges which have a. high proportions of fly 

ash and/or high oxidation ra.tes are less fluid and easier to handle . 

Pertinent prop~rties· of FGD sludges in releation to corrective action are de-scribed 
below. 

"Moisture content 0 is cat1puted as the ratio of the weight of the sludge liquid to 

the weight ofthe sludge solids, expressed as a percentage. This is not directly 
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related to percent solids which is the total weight of sludge due to the solid con

stituents . 

While settled fly ash may achieve a solids content greater than 60%, F.GO sludge 

solids contents are generally 20 to 45%. This corresponds to moisture contents . 
ranging from 400".4 to 120%, respectfully, of the dry weight of ·the sludge solids . 

11 Bu1k density" is expressed as either dry bu l k density or set bulk dens-ity . Ory 

bulk density is the dry weight of in- place solids that occupy a unit volume . Wet 

bulk density is the weight of a unit volume of dewatered sludge containing both 

liquid and solid phases . 

Table 6- 3 illustrates typical density values and cor responding solids content for 

five settled sludges. The bulk de nsities indicate supporting capabilities and water 

content as Well as volume of liquids and solids . 

11 Permeability11 of untr eated FGD sludges is normally 10-4 to 10- 5 cm/sec (5)'. These 

values ar e equivalent to those for fine to very fine sand, with drainage character

istics rated as good·· t9 poor . The importance of permeab.ility is in 'its influence on 

the volume of leachat e which may drain frooi ' the sludge . A- permeabil.ity reduction 

from 10-3 to 10- 4 cm/sec will ~educe ·the volume of leachate by a factor of ten. 

JGO sludge permeability is dependent upon size distribution, pa r ticle shape, and 

density . Settled sulfite sludge is generally less permeable than sulfate sludge 

because of the . irregular shape of the sulfite crystal aggregates . Settled and 

drained FGO sludges exhibit permeabilities of 3.9 x 10-4 to 3. 9 .x 10-5 in/sec (lo- 3 

to 10- 4 cm/sec) ; light cooipaction will decrease this to 3 . 9 x 10-6 inf sec (10- 5 

cm/sec) . Table 6- 4 lists the permeabilities of several FGD sludge samples . 

11Compressibility 11 of sludge is indicated by a Compression Inde'x which is dfrectly 

proportional to the compressib1lity of the material under a~ applied load. While 

typical ccxnpressi?n index values for soi l s range from 0 ._2 to 0 . 5, values for FGD 

sludge are as much as 4 to 10 times higher . Thus, the expecte9 settlement of the 

disposal areas where FGO sludges predominate may be severe. 

11 Shear strength" is an indicator of the steepness of the slope to which the sludge 

can be placed and the loads that the sludge will support Without failure. 
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Company/Plant/Reagent 

TVA/Shawnee/Limestone 

TVA/Shawnee/lime 

Duquesne Light/Phillips/ 
Lime 

Arizona Public Service/ 
Chol la/Limestone 

Southern California 
Edi son/Mohave/ 
Limestone 

1 ib/ft3 = 16.02 kg/m3. 

Table 6-3 

UNTREATED SLUDGE BULK ~ENSITJES* 

Sludge Condition 
Maximum 

Dewatered Density Dry 

l b/ft3 % ·1 b/ft3 % 1 b/ft3 

91 52.9 104 66. 8 69 

85 43.4 97 59.4 58 

87 47 . 6 98 60.8 60 

87 46.7 105 67 . 1 70 

103 66.6 110 72. 5 81 

* Source : J. Rossoff, R. C. Rossi, R. B. Fling, vi . M. Graven, and P. P. Leo. 

% 

100 

100 

100 

100 

100 

Disposal of By-Products fran Nonregenerable Flue Gas Desulfurization 
Systems; Second· Progress Report . Washington, D.C . : U.S. Environmental 
Protection Agency, May 1977 . EPA 600/7-77-052. 
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Lo ca ti.on 

Eastern 

Eastern 

Western 

Eastern 

Western 

Table 6-4 

PERMEABILITIES OF UNTREATED FGD SLUDGES* 

Process 

Limestone 

Lime 

Limestone 

Dual - alkali 

Dual-alkali 

Sample 
No. 

1 
2 

1 
2 
3 

l 
2 
3 

1 
2 

1 

Void 
Radfo 

1.53 
2.07 

1.83 
1.65 
1.25 

0.96 
1.20 
o. 75 

5.11 
2.19 

2.77 

Settl.ed 
Permeability 

(cm/sec) 

1.02 X 10-4 
3.37 X l0- 5 

1.74 X 10- 4 
6.01 x 10-S 
1. 28 X lQ-4 

3. 25 x 10-S 
1.85 X 10-

4
5 

8. 3 X 10-

7 .81 X 10-~ 
2.46 X 10-

9.8 X 10-4 

Void 
Radio 

1.27 
1.56 

1.68 
1.42 
0.97 

0. 63 
1.20 
0. 50 

4 . 17 
1.95 

2. 61 

Compacted 
Permeabi 1 hy 

(cm/sec) 

7 . 78 X 10-5 

1.11 X 10-5 

5. 27 X 10-~ 
1.07 X IQ-
7 .4 X 10- 5 

1.44 X 10- S 
1.11 X 10-~ 
9 .1 X 10-

2 . 51 X 10- 5 
8.06 X 10-5 

1.33 X 10- 4 

1 cm/sec= 0.39 in/sec 

* Source J . Rossoff, R. C. Rossi, R. B. Fling, W. M. Graven, and P. P. Leo. 
Disposal of By- Products from Nonregenerable Flue Gas Desulfurization 
Systems; Second Progress Report . Washington, D.C. : U.S. Environmental 
Protection Agency, May 1977. EPA 600/7-77-052. 
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As previously stated, shear strength is canposed of two components: cohesion and 
angle of internal friction. Cohesion is the shear strength which exists when no 
load is applied to the sludge and is equal to one-hal f the unconfined compressive 
strength. The cohesion of untreated FGD sludges is considered 1:ero; this may be 
compared with saturated clays with the cohesion of up to 1000 lb/ft2 (4,882 kg/m2). 

The greater the angle of internal friction, the greater the shear strength of the 
sludge. Tests indicate that untreated FGD sludge has an angle of internal friction 
of approximately 20°, compared · to 1 oose sand 1vith a 30° angle and saturated silts 
wtth a 20° angle (_§_) . 

SURFICIAL CORRECTIVE ACTION TECHNIQUES 

The existing and/or potential environmental problems typically encountered at 
utility waste disposal sites include: 

8 Air pollution . 

• Surf ace water po 11 ut ion. 

s Ground~1ater pollution . 

The corrective action techniques described herein are each potentially applicable in ~ 

controlling one or more of these problems . The description. of each technique covers 
the following key aspects: 

~ Definition . 

~ General Appl i cation. 

a limitations or special applications • 

. a General comments as appropriate regarding suitability of the technique 
under varytng site and subsurface conditions. 

The synth~sis of pertinent correctiye action techniques into corrective action plans 
is-also discussed . 

Grading 

Grading is defined as leveling to a smooth horizontal or sloping surface . As a 
corrective action technique, its purpose is to artifically create a general topo
graphic pattern at or around a site that (1) diverts surface water runoff; (2) 
reduces infiltration of surface water; (3) minimizes surface water ponding; and (4) 
minimizes erosion (see Figure 6-5). 

Grading is a corrective action technique that applies to almost all land disposal 
sites . Site grading is an operation that sho~d be considered and implemented 
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Hydrograph of graded area 

undeveloped area 

Time 

Figure 6-5. Schematic portrayal of the effects of site grading and 
surface water controls on runoff rates. 

Source: W.B. Caswell. Groundwater Handbook for the State of Maine, 
Maine Geological Survey, 1978. 

6- 26 



- Doc. Ex. 1580 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

throughout the active life of such facilities as well as during the closure phase. 
Ideally, site grading is planned prior to site development since the configuration 
of the land disposal area is influenced by both the original and post-closure site 
topography. Factors influencing the grading configuration include general sitG! 
topography, soil · type, rainfall intensity, size of the drainage area , vegetative 
type, slope stabi Hty , and use of the graded area. 

Site grading nonnally consists of excavation of .earth material s at one location and 

the placement of the excavated materials at another. It involves the modification 
of slope lengths, grades, and surface roughness to achieve its objectives. The 

nature of the materials requiring excavation and t he depth to which excavation is 
necessary have a strong bearing on the economics of site grading. Usually, the 
excavation of extensive quantities of bedrock (ledge) materials is impractical. 
Excavation below the water table, pa rticularly in granular soils, may be consider
ably more difficult than excavation in the dry . 

Site grading invo1ves the construction of sloping surfaces in both cu.t and fi ll 

areas. In general~ top slopes on landfills should be graded to between 6 and 12%; 
steeper side ,?lopes of up ' to 18% are canmon . 
i'ty, and erosion potentia~ are the practical 

Equipment accessibility! slope stabil
considerations governing the steepness 

of slopes erected by 1 andfil 1 i ng and grading at di s posal sites . 

At dry disposal sites it may be beneficial to grade the waste surface to promote 

runoff thereby reducing infi ltration of precipitation fa1 ling directly on the ex
posed waste materials . In any event, it is desirable to grade the waste sufrace at 
dry disposal sites to . facilitate the placement of both interim and final cover. 

Cover 

Cover is defined as "somethi ng that protects, a · lid, ·o r top . " As a corrective 
action technique·, it i nvo1 ves the placement of either syntheti'c or natural materj al s 
over the waste deposited at a disposal s ite. _ Properly designed cover controls waste 

dust, reduces infiltration of surface water and precipitation, supports vegetation, 
and potentially provides a base for future site use . 

The design and placement of cover at a site must be integrated with the design and 
implementation of surface water controls, revegetation, and site grading schemes . 
Many of the comments under "Grading" are equa11y pert i nent to the placement of 
cover. To be effective, cover placed at a site should consist of relati vely imper
vious, durable material and must be suitably graded to promote rapid runoff and 
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resist erosion . Careful consideration of the engineering properties of the cover 

materi al is needed to determine its suitability and define the construction prac

tices required for effective installation . 

Interim cover is placed to provide the benefits described above on a short-term 

basis. Final cover is a pennanent site f~ature constructed subsequent to the can

pletion of all or a portion of a land di spos~l site. Thus, the nature of the 

materi als and construction practices utilized for interim and final cover may di ffe r 

considerabl y . Typical sections of soil cover are shown on Figure 6-6 . 

Int eri m cover is quite .often used as a working surface to support vehicular traffic 

and allow access to the working face. Normally , final cover should not be used as a 

pavement unless it has been designed to allow such use. If it is necessary to 

operate heavy equipment on final cover, an appropriate soil pad or working surface 

should be provided. 'The thickness of the protective pad should be adequate to 

reduce loading on the cover material to tolerable levels and prevent cracking, heav

ing, PUT}Cture, and rutting which would adversely affect it.s perfonnance. 

Ideally, soils available at the site can be used, as both interim and final cover. 

Cover material can be stockpiled at the site and placed If suitable soils are . . 
availab1e on-sfre, the required excavat ion should be incorporated into the site 
grading plan . However, in many cases, suitable soils may not be available or, if 

present, their excavation may be fmpractical in view of site grading requirements. 

Thus, the use of imported natural soil materials, admixtures or synthetic materials 

may be required . Following is a brief des.cription of each of these categories . The 

reader is referred to Section 9 (Liner Selection and Installation) for additional 

discussion of these matert als . 

Natural Soil Materials . The natural soils nonnally considered appropriate fo r f i nal . . . 
~over constructjo~ include .clayey or silty soils and well graded soils With a·n 

a,ppreciable fines content (silt and clay s ized particles). 

Properly p 1 aced and thoroughly compacted clayey so i1 s wi11 exhibit very 1 ow permea

bilities. However, certai.n characteristics of clay and clayey soils can cause them 

to be extremely difficult to work With under certain situations . The moi s ture con

tent of clayey soils during placement is usually the most critic al factor affecting 

their workability, the degree of compaction, and the permeability that can be 

achieved. If they are placed too dry 1 it will be impossible to achieve adequate 

compaction and thus the desired low permeability. If placed too wet, they will 
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6" to 2' 

Vari.es 

Figure 6-6. 

Natural Soil/Admixture Cover 

Loamy topsoil to 
support vegetation and 
provide protection 
to barrie_r 

Soil or admixture hydraulic barrier 

Synthetic Membrane Covar 

Natural soil, admixtures and 
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adhere to equipment, be unstable , difficult or impossible to canpact, and have very 

poor trafficability. 

Although many factors influence a $Oil's penneability, its density, plasticity, arid 

moisture content are the most important properties that should .be considered in 

evaluating the suitability of a specific soil for use as cover materia1. 

The optimum moisture content is detennined by proctor. tests (moisture content den

sity testing) . The degree of compaction required needs to be specified, usually as 

a percentage of maximum dry density (also detennined by proctor tests) . Due to 

their natural water holding properties, clayey soils will dry slowly even when 

aerated or tilled. Likewise, once dessicated a substantial effort may be required 

to reintroduce water to achieve the optimum moisture content for proper placement 

and compaction. 

Compacted clayey soils are not particularly suitable for supporting plant growth and 

are susceptible to dessi·cation cracking if allowed to dry . Thus, a . protect.ive soil 

cover or buffer layer should be provided to· prevent dessication and support veget~

tion (figure 6-6). 

. . 
Some natur al clayey soils (those· with an appreciable content of bentonite or mont-

morill onite) wil 1 expand when tt,ey become wet due to hydration of their crystal 

structure. These materia1s should be placed at a moisture content that provides for 

hydration and suitable compact.ion; in this condition, they need to be protected from 

dessication. In general , these materials should not be pl a.ced dry and all owed to 

hydrate in place because they will fluff and become loose, resulting in higher per. 

meabilities than the materials would normally possess. 

The, crit.eria for placement and compaction of well graded soils with appreciable ffoe 

content ,sin. many respects similar to the placement and compaction of granular 

soils. The permeability of cove·rs ·c·onstructed of well-graded soils depend upon the 

·degree of compaction achieved and their grain-size distribution, and plasticity . 

Admixture Cover Materials. Because of their engineering properties, a wide range of 

natural soils are. unsuitable for use as final cover. However, under some circum

stances, soil conditioners can be added to improve the properties of these materials 

to the point where the admixture can perf onn satisfactorily. Commonly used soil 

conditioners or additives include Portland cement, clay minera'ls (i.e., bentonite), 

pozzolan, and other chemical agents that reduce the permeability of natural soils. 
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Nonnal ly I the soil portion of the admixture is spread and graded over the disposal 
site. The additive is then spread on top of the soil and thoroughly blended or 
tilled into a unifonn mixture. The mixture is then compacted. The application of a 
cover constructed of soil cement differs primarily in that after mixing the rela
tively dry mixture is we_tted to activate the cement. 

The placem~nt and compaction of admixture cover material is subject to the same con
siderations as natural liners . The application rates for the adaitives are a func
tion of the characteristics of the natural soils they are to be mfxed Yrith. The 
admixtures that require canpaction need be compacted to design densities at suitable 
moisture contents to achieve suitably low permeabilities. Expansive additives need 
to be hydrated prior to compaction of the admixture . If a bentonite cover is placed 

and compacted at too low a moisture content it will fluff when it becomes wet. 
Fluffing wil 1 seriously affect the performance of the cover. 

Synthetic Cover Materials. When suitable natural materials are not avaHable for 
use as cover, synthetk .materials may be used instead ·(also see Section 9). Synthe

tic materials potentially usable as cover include: 

41 "Asph.aH pavement. 

0 Hot sprayed asphalt.· 

ID Aspha1 t sealed fabric. 

• Polyethlene (PE) • 

0 Polyvinyl chloride (PVC). 

e Butyl rubber 

0 Hypal on® (Dupont). 

0 Ethylene propylene diene monomer ( EPDM). 

0 Chlorinated po lye thy 1 ene ( CPE) • 

The installation of most synthetic cover materials requires specialized construction 
equipment not normally available at land disposal ·sites . Asphalt pavement is 
applied with conventional paving machines. lf it is nec-essary to seal the asphalt, 
either nand sprayers or truck mounted equipment can be utilized effectively. 

Hot sprayed asphalt membranes are applied to large areas with a truck mounted spray 

bar and to smaller areas with portable equipment . The asphalt is applied at rates 
ranging from 1.5 to 2 gal/yd2 (6.8 to 9.1 l/m2) resulting in a continuous membrane 
in the order of 0. 25 to 0.75 in. (0.64 to 1.91 cm) thick . 
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Asphalt sealed fabric requires a three-step installation process. Rolls of poly

propylene fabric are spread over the site and spliced into one continuous sheet. 

The fabric is then sprayed with a mixture of water, asbestos and asphalt emulsion. 

This mixture is allowed to dry and a second applicqtion is sprayed over the fabric 

to complete the seal. 

Plastic and rubber membranes are generally available in large rolled sheets. Jhe 

·material is spread over the stte and spliced to form a continuous sheet. It should 

be anchored by burying the edge in a shallow trench. Butyl rubber requires .a two 

part adhesive, EPDM a single part adhesive, and Hypalon®, P.E. CPE, and PVC are all 

solvent sealed. These plastic and rubber materials are available reinforced with 

fabric, usually nylon, dacron, or fiberglass. Reinforced membranes provide greater 

puncture resistance and better overall strength characteristics than their nonrein

forced counterparts. 

synthetic membranes are classified in two groups depending on their resistance to 

detetioration when exosed to ozone and u·ltraviolet radiation. Exposable materials,· . 

(e.g., butyl rubber, EPDM, hypalon® and CPE) can tolerate direct exposure to atmo

sphere and sunlight. Unexposable materials, (e.g., VC and PE) will deteriorate ar,id . 

become iheffective unless provided with suitable,protection such as an earth cover. 

In practice, most manufacturers recanmend protec.ting the membrane with an earth 

cover 1 !O 2 ft (30 to 61 cm) in thickness regardless of liner type. The earth 

cover should be free of sharp objects and jagged rocks. 

Summary. The design and implementation of suitable cover at land disposal sites is 

an important practice in effecting corrective action and minimizing and/or prevent

ing future air, surface water, and ground water pollution. Cover is perhaps the 

single most important factor in correcting and prevent'fng pollution at disposal 

. sites. Thus carefuJ consideration should be given to the selection of proper cover 

material as well as the placement .and maintenance of fover • . 

In addition to m'inimizing air emissions and surf ace water contact with the waste 

material, in some situations placement of final cover can exert a moderate influence 

on ground water level and patterns. Its effectiveness is d!?rived from the expedi

tious removal of surface water and precipitation. In brief, to optimize its func

tions, a cover should be: 

e Relatively impervious, restricting rapid infiltration of precipitation and 
surface water. 

• Suitably graded to prevent run-on of surface water and expedite runoff. 
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Resistant to both surface erosion and subsurface erosion (piping), pre
venting exposure of the waste material. 

Chemically inert with regard to the waste materials. 

Protected from mechanical disturbance and puncture. 

$ Properly maintained. 

When properly installed, land disposal site cover should be an intergal part of the 

site grading scheme. Cover must provide suitable support to minimize disturbance 
fr001 settlement of the waste material. In some cases, a buffer zone is required to 
provide protection fr001 chemical deterioration. Usual1y it is necessary .to install 
a surfici' al buffer to provide mechanical protect ion and support vegetation. In many 
cases, land disposal site cover is a multi-layered relatively complex structure and 

warrants detailed evaluation during its design and careful monitoring during con

struction . A good understanding of the engineering properties of the cover material 
is necessary including it.s penneability, moisture density characteristics, plasti

city, uniformity, strength, and resistance to chemical and mechanical deterioration. 

Th~ design of appropriate cover for utility land disposal sites can be a complex 
problem and warrants the attention of experienced professionals . 

Surface Water Control 

Surface water control is an inherent feature of effective s'ite grading and cover 
placement. Surface water control is a corrective action technique applicable at 
both wet and dry disposal sites. The objectives of implementing surface water con
trol are: 

o To prevent surface water from entering the waste material. 

o To redµce the potential f~r erosion and subsequent exposure of waste mate
. rial or disruption of the site grading scheme. 

~ _To expedite surface water flow off the land fill cover and· away fr.om the 
disposal site to minimize infiltration. 

• To prevent s1te activities from causing siltation of surficial waterways. 

Design of Surface Water Control Structures. Benns, ditches, flumes, chutes, levees, 
pipes, culverts, and other hydraulic structures are used to control surface water. 
These structures· are nonnall y constructed using compacted soil materials, concrete, 
asphalt, or metal. 
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Berms are elongated mounds, usually constructed of canpacted soil, and are used to 

intercept and divert surface water as it flows across the 1and surface. Ditches are 

relatively shallow elongated excavations that serve the same purpose. Often, dit

ches. and berms are used in conjunction with each other {see Figure 6- 7}. For exam

ple, berms can be used to direct . surface water fl ow into ~itches or can even fonn 

the downslope portion of_ a qitch crossing a slope. Flumes, chutes, pipes, and cul

verts are used when ditches or ~erms are inappropriate due to excessive flows, steep 

slopes, erosion potenti'a1 or other practical consid,erations . 

The types of surface water controls used on highways and roads are illustrative of 

the techniques and structures available for controlling surface v,ater. However, in 

these applications, the purpose of surface water control is usual ly limited to the 

expeditious removal of the surface water in a manner that minimizes erosion. At 

disposal sites, it is important to minimize the infiltration of surface water into 

the ground \i1ater system in addition to effecting its removal and preve~t i ng ero

sion. The usual design considerations for hydraulic structures apply to surface 

water controls at land disposal sitesA Thes~ include an accurate assessment of sur

face drainage areas and rates, site topography and .slopes, precipitation frequency , 

magnitude and duration, infiltr.ation _rates, and erosion potential. Ev.~luation of · 

these factors is necessary to accurately predict runoff volumes and rates . The . . 
design and sizing of surface water control structures is predicted by the rate and 

volume of runoff they must control. 

Thus, the methods used to design surface water controls at land disposal sites 

should be carefully selected _to assure that predicted runoff rates and volumes are 

accurate . 

Many emperical methods and a number of models are used to size and design the hy

draulic structures comprising a surface water. control system . Howe.ver; land disposal. 

sites a·re des_igned to promote rapid runoff, unusually low infiltration rates~ and 

concentrate surficial drainage. Many of the ·canmon methods used to size and design 

hydraulic structures cannot accanmodate these unusual conditions . If improperly 

sized and/or designed, surface water control structures are likely to overfl~w and 

may fail. Consequently, extensive maintenance of the surface water control system 

would be required. 

Ideally, surface water control structures are for the most part constructed from 

natural soil materja.ls found on site. However, due to the unavailability of suit

able natural materials, existence of excessive slopes, anticipated large volume 
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/~ 
//._ . .,, Natural ground 

Earthen bermed ditch 

Hal f section 
d C.M.P. channel groun 

Lined ditch 

Figure 6-7 . Typical ditches and 'berms (dimensions are 
site-specific) . 

Source: Adapted from R.G . Knight, et al., FGD Sludge 
Disposal Manual , Second Edition . Palo Alto, California: 
Electric Power Research Institute, September 1980. CS-1515. 
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runoff, or anticipated high runoff velocities, the construction of surface water 

contr ol st ructures of durable artificial materials may be necessary. Materials 

commonly empl oyed for this urpose include concrete , asphalt and galvanized metal. 

In other instances, compacted soil structures provided with appropriate protection 

from erosion and infiltration are adequate. Effective methods of controlling ero

sion inc l ude: 

. 6 Establishment of vegetation. 

{II 

0 

Paving of areas unusua·lly succeptibl e to erosion. 

Placement of protective grave l , stone, ripr ap or armour at appropriate 
locations. 

Reduction of runoff velocity. 

ca Proper maintenance of su rface water control structures. 

Effective methods of reducing the surficial permeabi11ty of surface water control 

structures to reduce infiltr ation have been discus'sed previously . 

One bf the areas where ~ffective surface water controls are necessary and where 

th~ir construction and maintenance are relatively difficult is on the landfi l l 

itself. Exposed waste materials, waste material s provided with only interim cover, 

and completed portions of an active landfill can pose difficult surface water con

trol problems . 

The types of problems that can be encountered in this situation include: 

o Nonuniform settlement of the landfill surface, hence disturbance of the 
cover and disruption of the intended surface water flow patterns. 

o Exposed wastes and those provided with only interim cover may be difficult 
to drain properly and highly succeptible to erosion. 

. . . 
o The f ac.t that the la.ndfill is incomplete may make it difficult or imprac

tical to implement the final surface water control scheme •. In. this case, 
interim measures are .necessary . 

Careful pl anning of the landfilling activities, a well designed and properly imple

mented surface water control scheme , proper and timely maintenance and suitabl e site 

operational practices are required to effectively compensate for these potential 

problems . 

Flood Control. Normally, surface water controls are used to remove precipitation 

and runoff from the disposal site and to allow surface water originating upgradient 
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to bypass the disposal site hannlessly . In some unusual situations, it rnay be 

necessary to protect land disposal sites from flooding and washout. It would be 

unwise and probably not feasible from a regulatory viewpoint to site a new land 

disposal site in a floodplain or other. area subject to flooding, It may, however, 

be feasible to provide protection from flooding as a corrective action. 

Properly designed levees and dikes and/or measures designed to st.abilize stream 

channel's and banks may be effective io flood contro_l. However, it is necessary to 

consider both the immediate and long-term ramifications of such efforts. Addition

ally, the risks associated with a failure scenario in such a situation should be 

carefully evaluated. Usually such modifications of stream and river floodplains and 

valleys will involve additional federal pennitting requirements and may require 

state and local approval as well. The disruptio·n of floodstage flow in rivers and 

streams may have di sasterous consequences upstream by causing unusua 1 flooding and 

erosion and could result in substantial property and environmental damage. The U.S. 
Army Corps of Engineers' jurisdiction extends to the headwaters of rivers and their 

tributaries. Thus, their requirements in a given situation should be e~aluated as a 

matter of course in determining the feasibility of flood control structures, 

Control of Erosion and Sedimentation .• One indirect impact of implementing surface 

water controls is the effect of sucti controls on the surface water down stream from 

the site. The primary concern is erosion in the vicinity of the disposal site due 

to the intentional concentration of surface water and runoff, and subsequent deposi

tion of the eroded materials down stream. The si1tation of streams and waterways is 

a significant environmental problem and must be avoided. Land disposal sites are 

particularly vulnerable to this type of problem, particularly during the implementa

tion of corrective actions. This is due> in part, to the following: 

e Extensive areas of exposed soils resulting from site grading. 

o The land disposal site design objective of expeditiously removing surface 
water and runoff to reduce. inril tr-at.ion • 

. • The exposed potentially erodable soil and waste material commonly found at 
the active portion of the disposal site. 

e The common practice of stockpiling cover on site . 

Thus, the prevention of erosion and subsequent siltation becomes a very significant 

consideration. Common practices employed to prevent or reduce the potential for 

erosion include both temporary and permanent features: 

o Hay or straw mulch, jute mats, fabric, spray-applied emulsions, and other 
techniques are used for temporary stabilization of slopes and newly graded 
areas . 
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Slopes created by filling and/or excavation should be stable to prec1 ude 
slumping and sloughing . 

Riprap and other protective covers are used as appropriate. 

Vegetation may be established . 

~ Surface water control structures are . stabilized, as described previously. 

Since it is virtually . impossible to eliminate all erosion, particularly around an 

active site, it wil 1 usually be necessary to provide sediment basins or traps at 

appropriate locations to intercept the surface waters sediment load . Several types 

of sediment retention basins are commonly used . These generally consist of shallow 

f l at- bottomed lagoons or basins retained by a dike or berm or a series of such 

structures. 

Sediment retention basins operate on the principal that the sediment load carried by 

flowing water wtll settle out if the velocity and turbulence of. the flowing water 

are adequately reduced . The removal of susp~nded silt and clay- sized particles 

requires a properly d~signed sedimentation basin with adequate storage to provide 

suff\cient retention time for runoff from peak events to clear. A number of tech

n.iques ·have been developed to allow the ·wa~er retain~d by the bas·in to escape 

slowly; standpi'pes ancl intentional dike overflow are relatively canmon . Normally, 

sediment basins are allowed to remain dry or nearly dry ~en not in use. They 

require regular maintenance including the removal of accumulated sediments. The 

proper design of sediment basins requires a thorough understanding of the drainage 

area and rates; precipitation frequency, magnitude and duration; infiltration rates; 

and erosion potential. 

Revegetation 

Vegetation incl~des grasses, 1egumes, shrubs, and trees . Proper site vegetation 

decreases wind and W:lter erosion, ·contributes to soil stabilization and dust con

trol, and improves the appearance of the disposal site . 

Vegetative cover reduces wind erosion by buffe(ing winds, helps to maintain soil 

moisture, and strengthens soil mass through rooting. Likewise, water erosion., which 
occurs during and after precipitation, is controlled by vegetative cover through 

reduction of rainfal 1 impact, runoff velocities, and runoff amounts . 

Applications. Vegetative cover is used on the areas adjacent to ponds, on pond 

dikes and embankments, and on areas around and on CQ!lp1eted portions of landfills, 
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It serves to intercept surface waters that could erode dikes and embankments . It 

can also stabilize surrounding slopes wh1ch are prone to slumpi ng and/or erosion, as 

well as stabilize regraded areas . Vegetation is appropriate to valley-fill, side

hfll , and heaped landfills and can be used both on the landfill and on the surround

; ng areas . 

. 
Ground covers such as grasses and legumes are appropriate for all areas . Shrubs and 
tre·es are not appropriate for drainageways, dikes, or embankments due to the possi 

ble structural damage by roots . The appropr i ate type of shrub or tree and the 

thickness of the cover soil, 

Land preparation entails establishment of the required top soil depth (normally 1 to 

2 ft) for the species selected, assessment of the fertility of the soil cover rela

t i ve to the requirements of the plants selected, initiation of tilling or other 

earthwork requi r ed, and the provision of temporary erosion control measures required 

while a vegetative cover is established. In addition, final site contours c001pa

tible with end use plans should be established prior to seeding . 

lm_pl ementation. A revegetation pr ogram consists of four steps: 

a Plant selection. 

0 Soil preparation , 

C, Fertilizing . 

0 Seeding and mulching, if necessary . 

Plants should be selected on the basis of their adaptability to local climate and 

soi l fertility. Native species are most likely to be acclimated to the amount of 

rainfall and other seasonal conditions unique to the site. Particularly favorab l e 

pl a nt characteristics · ~re low growth spreading fr001 rhiz~mes or stolons; rapid ger

mina t ion and deve1opmenti and res·istance to fire, iAsec.ts, and .disease . Plants that 

are poi so nous or ar.e likely to spread · and become noxious should be avoi ded. 

A large number of grassed and l egume species are available for reclamation use. 

Species that find wide and f requent application a r e described in Tables 6-5 and 6 -

6. A local agronomist should be consulted for recommendation of locally adapted or 

newly introduced plant varieties . Trees are usually planted in the later stages of 

the development at the utility disposal sites. They provide long term cover and 

require little or no maintenance> once established. 
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en 
I 

..i:,. 
0 

Best 
Seeding 

Variety Time 

Redtop bentgrass Fall 

Smooth banegrass Spr ing 

Field brCX11egrass Spring 

Kentucky bluegrass Fa11 

Tal 1 fescue Fall 

Meadow fescue Fall 

Orchard grass Spring 

Annual ryegrass Fall 

Timothy Fall 

Reed canarygrass Late 
summer 

Table 6-5 

GRASSES COMMONLY USED FOR R£VEGHATION 

Seed 
Dens it~ 

seeds/ft* 

14 

2.9 

6.4 

50 

5.5 

5.3 

12 

5.6 

30 

13 

Important Characteristics 

Strong, rhizomatous roots, 
peren~ial 

long- lived perennial 
droug~t resi~tant 

Annual, fibrous roots, winter 
rapid growth 

Alkaline soils, rapid grower, 
perennial 

Sl'ow to e·stab11sh, long -l ived 
perennial, good seeder 

Smaller than tall, susceptible 
to leaf rust 

More heat tolerant but less cold 
resistant than smooth banegrass 
or Ke ntucky bluegrass 

Not. winter hardy, poor dry 1 and 
land grass 

Shal 1 ow roots, bunch grass 

Tall coarse, sod former, peren
nial, resists flooding and 
drought 

Areas/Conditions 
· of Adaptation 

Wet, acid soils, wann 
season 

Damp, cool surmne rs , 

Cornbel t eastward 

North, humid, U.S. 
south to Tennessee 

Hi.de l y adapted , damp 
soils 

Cool to wann regions, 
wi dely adapted 

Temperate U.S. 

Moist southern U. S. 

Northern U.S., cool, 
humid areas 

Northern U.S., 1"1et 
c·ool areas 

* Number of seeds per square foot \olhen applied at I 1 b/acre . 
Source: R. J. Lutton, G. L. Regan, and L. \L Jones~ Design and Construction of Covers for Solid \4aste Landfills . 
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Variety 

Alfalfa {many varieties) 

Birdsfoot trefoil 

Sweet clover 

Red cl over 

A 1 s i k e c 1 over 

Ko rean lespedeza 

Sericea lespedza 

Hairy vetch 

Winter clover 

Crownvetch 

Best 
. Seeding 

Time 

. 

Late 
sUJT111er 

Spring 

Spring 

Early 
spring 

Early 
spring 

Early 
spring 

Early 
spring 

Fall 

Early 
fall 

Early 
fal 1 

Table 6-6 

LEGUMES COMMONLY USED FOR REV£GE1ATION 

Seed 
Density 

seeds/Ft2* 

5. 2 

9.6 

6.0 

6. 3 

16 

5.2 

8.0 

0.5 

18 

2.7 

Important Characteristics 

Good on alkal ine loam, requires 
good management 

Good on infertile sofls, tol
erant to acid soils 

Good pioneer on non-acid soils 

Not drought resistant, tolerate 
to acid soils 

Si mil a r to red cl over 

Annual, widely adapted 

Perennial, tal 1 erect pl ant, 
wide 1 y adapted 

Winter annual, survives below 
0° , wid_ely adapted 

~/orld-wide, many varieties, 
does wel 1 on moist, acid soils 

Perennial, creeping stems and 
rhizomes, acid tolerant 

* Number of seeds per square ft \'Alen applied at 1 lb/acre. 

Areas/Conditions 
of Adaptation 

~Jidel y adapted 

Moist, temperate 
U.S. 

Widely adapted 

Cool, moist areas 

. Cool, moist areas 

Southern, U.S. 

Southern, U.S. 

All of U.S. 

Al l of U.S . 

Northern U.S. 

Source : R. J. Lutton, G. L. ·,Regan, and L. W. Jones, Design and Construction of Covers for Solid l~aste Landfills. 
Cincinnati, Ohio: U. S. Environmental Protection Agency, August 1979. EPA 600/2-789-165. 
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To repare the cover soil for revagetation, an operator may need to adjust the soi l 

pH. Depending on soil reaction and plant species selected, pH adjustment may or may 

not be required. Most plant species prefer pH in the range of 6 . 5 to 7 . 5. pH 

adjustment (e . g. , liming of acid soils) is normally done "during l and prepa r ation; 

fertilization can be done either prior. to seeding or after germinat ion. 

The rate and frequency of fertilizer _application and the specific nutrients added 

will depend on the soil, fertility, texture, and the selected plant speciesl. 

Coarse-textured soils are normally l ow in fertility and organic matter content, and 

larger quantities of fertilizers (particularly nitrogen) will be needed. In these 

soils, several .low- rate applications per yea r are prefer red to a single heavy 

application, since nutrients wil 1 tend to leach out of the soil. In fine-textured 

soils with relatively high fertility, organic matter content and nutrient holding 

capacity it may be possible to apply less fertilizer in a single application. The 

Agricultural Extension Service is a sou rce of i nformation concerning soil texting, 

soil pH adjustment, and nutrient requirements for various native plant species. 

Seeding can be accomplished in a number of ways, including hand broadcasting, use·of 

hand operated seeders such as cyclon~ seed~rs, or larger, mechanized seeding:, equip

ment. Hydroseeding, which permits application of seed, · fertilizer and mulch in a . 
single operation, may be advisable at some sites. It is especially useful fo r ini-

tial seeding with quick growing grasses. The seeding rate varies from 25 to 45 

lb/ac (28 to 50 kg/ha) depending on the type of plant to be gro't-/11 and its gennina

tive ability. 

On a completed l andfill site, where final cover 1ncludes coarse-textured top Soil, 

straw rnu1 chi' ng i' s reccxnmended to conserve 1 imited moisture during the growing sea

son . Straw is applied at a rate of approximately 1.5 ton/ac (3 . 4 t/ha), using a 

mulch spreader. The straw is incorporated into the soil ·by a straw crimper or other 

means . 

On steep slopes where some fonn of immediate control of erosion from heavy rainfal 1 

or snow melt runoff is necessary, jute matting ca n be put directly on top of the 

seed, fertilize r , and straw mulch, and anchored to the ground with large stapl es. 

Jute matting, however, is not designed to carry large volumes of concentrated run

off. Proper grading and dra i nage to avoid the concentratiot1 of fl ow over the jute 

matting is therefore important . 
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Advantages and Disadvantages. Advantages assoc i ated with vegetat ive cover include : 

o Permanent means of controlling erosion and runoff. 

e Improved aesthetics. 

Disadvantages associated with vegetative cover include: 

o Periodic maintenance and revegetation. 

o Increased infiltration, which is partially offset by transpiration from 
Vegetation. 

Fugitive Dust Control 

Fugitive dust at utility land disposal sites generally originates either frcxn fly 

ash or frcm exposed soil on the site or along haul roads. Fly ash dust may origi

nate at t he disposal site, or fran spi 11 ate during hauli ng . Fugitive dust migration 

is more severe during dry and/or windy periods . Since many utility landfills are 

not compacted and covered . after each period of ash pl acement, they are susceptible 

to wind eros_ion; disturbed, unprotected soil around ponds and landfill may a l so b.e 

subject to wind erosion . 

The most ·effective"method of controlling road dust is to pave the road or provide it 

with an all weather s urface such as crushed stone or gravel. Sporadic dust problems 

on dirt roads can be improved ·by oiling or watering the road, or by applying chemi

cal additives such as calcium chloride . The use of oil or chemical additives on 

roads for dust control may not be permitted in some areas due to their po ten ti al for 

damaging vegetation and polluting surface and ground1vaters. Local and state ordi

nances shou l d be reviewed prior to the use of oil or other chemicals for dust con

trol. The techniques applied t3 road surfaces are also applicable to traffic

bearing areas of the disposal site. 

In general, wind erosion of in-place fly ash can be· controlled by proper· site grad 

ing and surface cover~ and prompt revegetation. In windy areas, or during l'lindy 

periods·, dry sites may need additional protection . Wind protection can be provided 

by many methods, including: 

o Placement of cover. 

a Use of sprayed emulsions and sealants . 

, Moistening the waste surface by spraying or sprinkli ng i t with water. 

; Construction of earthen wind breaks. 
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g Planting of trees or brushes to serve as wird breaks. 

~ Suspension of waste placement during particularly windy periods . 

The control of fugitive dust at land disposal sites will require an ongoing effort 

during the operation of the site . Complete control· of dust is probably impossible 

during operation of a site. However, the implementation of practical considerations 

will min.imize fugitive dust at and around a site, correct. existing problems, and 

minimize future problems~ 

Equipment Requirements for Surficial Corrective Action Techniques 

Many of the surficial corrective action techniques applicable to utility land dis
posal sites involve the excavation, hauling, placement, and compaction of natural 

soil materials. There is considerable overlap between the type of equipment that is 

commonly used at disposal sites and that required to implement many of the correc

tive action techniques . 

The equipment types used to construct graded slopes consist of both standard and 

specialized vehicles . Excavation, hauli~g, spreading, and compaction of soil mate

rials a~e the major elements of a com.pl ete ·grading operation. Grading vehide~ 

include·crawler dozers and loaders, rubber-tired dozers a'nd loaders, landfill com

pactors, and scrapers . Oue to their high flotation crawler machines are generally 

used for excavation and grading of waste and earth. Rubber-ti red dozers cannot 

grade waste that is spongy and/or rough. Because of its high operating speed, a 

rubber-tired loader is effective when used to stockpile cover material or to load it 

into haul trucks. Landfill canpacto rs are usually equipped with rubber ti res 

sheathed in steel or hollow steel cores. Steel wheeled ma.chines impart greater 
compaction than do rubber- tired or crawler machines. A steel-wheeled compactor is 

excellent . for spreading ard cmpacting on flat or level surfaces and operates fairly 

well on moder.ate slopes, but lacks tractioh on steep slopes . Scrapers are rubber-. 

tired mach"ines and· should only be used for excavati-on, hauling, and spreading of 

cover material. 

The earthwork capabilities of landfill equipment is summarized on Table 6-7 . 

SUBSURFACE CORRECTIVE ACTION TECHNIQUES 

Two types of contamination may occur in the subsurface: the contamination of dry 

soil materials, and the contamination of both groundwater and the soil materials 
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Table 6-7 

t 
8 
-I s y EARTH MATERIAL HANDLING CHARACTERISTICS OF LANDFI LL EQUIPMENT 

u. 

Rating * !s 
Egui ement Excavating Spreading Comeacti ng Hauling 

Crawler dozer E E G NA co 
Crawl er loader E G G NA 

.... 
0 
N 

Rubber- tired dozer F G G NA co • ... 
Rubber- tired loader F G G NA I 
Landfil 1 compactor p G E NA 

Sc raper G E NA E 

* Rating: E, excellent; G; _ good; F, fair; . P, poor; NA, not ap plicable. 

Sour.ce ; D. R. Brunner, and D. J . Keller . Sanitary Landfil 1 Design and Operation. 
Washington, D.-C.: U.S. Enyironmental Protection Agency, 1972 . SW-65 ts. 
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through which the contaminated water flows. The potential for both types of contam
ination exist during the entire range of utility waste generation and management 
ope rat ions. 

The contamination of dry soil does not necessarily pose -an immediate environmental 
threat, depending upon the characteristics of the waste material. In most canmon 
situations arising from the spillage or leakage of util.ity wastes, the contaminated 
soil zone represents a potential groundwater or surface water pollution problem. 
Even slurries, sludges, and other fluid materials will usually penetrate only a 
short distance downward, unless infiltration or relatively large quantities of fluid 
are available. In this latter case, the waste constituents may penetrate the 

groundwater. Runoff across a contaminated soil zone or erosion in such an area can 
pollute surface waters . The methods of correcting a contaminated soil problem are 
usually straightforward (depending of course on site- specific considerations) and 
include: 

o The excavation of the waste and/or soil materials, and their removal to a 
secure -environment (i.e., a landfill), provided th-at the c.ontaminated zone 
is not so extensive that sµch a response is not practical . 

o The implementation of the types of surficial.cor.rective action techniques 
previously discussed (i.e., stabilize the contaminated soil zorre by pro:
tecting it from· infiltration and erosion, to prevent migration of the 
contami nents). · 

Any time that both soil and groundwat~r are contaminated, the problem becanes much 
more complex. The groundwater flow system is dynamic; flow fran areas of recharge 
to areas of discharge is continually occuring. Thus., when the groundwater becomes 
contaminated, the contamination will migrate. It is important to recognize whether 

the contamination is caused by infiltration through the waste material or actual 
groundwater flow through the disposal site. The creat ion of a groundwater mound is 

likely in either event but the effectiveness of surficial corrective action may 
differ . mar~edly for these two cases (see Figure 6-8). The groundwater fl ow pattern 
is usually the primary factor involved in the development of a plume· of leachate
contaminated groundwater. Other factors, however, may be significant . These 
include molecular diffusion and migration of contaminants along density or thermal 
gradients. Attenuation of the groundwater contaminants by cation exchange and the 
adsorption of contaminants by soil particles, or chemical interaction with the soil 
mass may occur. The effectiveness of the attenuation processes is, however, site 
speci fie and many potential contaminants a re not effectively attenuated and do not 
exhibit pronounced attenuation. 
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(~~~~h • • 

Plume of leachate 
contaminated groundwater 
caused by infiltration 

through waste materials 

Plume of leachate contaminated 
groundwater caused by groundwater 

flow through waste materials · 

Figure 6-8. Development of contaminant plumes. 
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Thus, it is apparent that when the subsurfac_e soils and the groundwater are both 
contaminated, a corrective action plan must involve: 

a Techniques which prevent additional migration of contaminants into t he 
groundwater. 

t Techniques which isolate, remove, or minimize the impact of th'e contamina- . 
ti on plume. 

In most groundwater contamination cases, surfici al corrective actions wi 11 be neces
sary regardless of the subsurface corrective action requirements bec~use: 

o The practical subsurface corrective action techniques are relatively 
limited in application and are only capable of providing for: 

--Isolation of the waste material from the groundwater 

--Removal of contaminated groundwater 

--Some modification of groundwater flow patterns. 

The effectiveness of subsurface corrective action is subject to consider
ab l e uncertainty due to-th~ canplexity of the subsurface environmen.t . 

The effectiveness of the available subsurface techniques will usually be 
highly dependent upon the positive influence of surficial co~rective 
action techniques in reducing infiltration, el iminating recharge and pre
venting the generation of additional leachate. 

As listed above, the practical subsurface corrective action techniques can isolate 
the contaminent source, effect the removal of contaminated groundwater and modify 
groundwater flow patterns. These effects are achieved by modifying. the subsurface 
to either enhance or prevent the flow of water in a particular manner . Potentially 

suitable techniques include: 

a Gr av i ty drains • 

• Gr;-oundwc;iter collect ion structures that require pumping. 

--Sumps 

. --Wells 

--Vacuum wellpoint systens. 

o Impervious barriers 

--Slurry trench cutoff walls 

--Grout curtains 

--Sheet piling cutoff walls . 
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The technical feasibility and effort required to implement any of these techniques 

is dependant upon site-specific conditions and problems . Often, when subsurface 

corrective action is necessary~ it is impractical or impossible to optimize the use 

of these techniques because of previous site development. It is critical to care

fully eval uate the water balance for a di sposa_l site early .in 'the planning process. 

A site- specific water balance or budget is a powerful planning tool, and its con

tinual refi~ement is necessary througho~t the design and implementation of a correc

tive action plan that involves the potential for subsurface corrective action. A 

conceptua1 water balance for a landfil 1 is shown on Figure 6-9 . 

Gravity Drains 

Drains can be used to modify groundwater flow patterns, lower the water table and 

intercept seepage. A properly designed drain must meet the following criteria : 

o It must be pervious enough to allow seepage to enter it freely. 

D It must be constructed in a manner that prevents subsurface erosion (pip
ing) of the mat~rial be_ing drained and subsequent clogging of the drain. 

Q It must drain freely to a location where the water it collects can be 
discharge9 wi,thout causing problems . 

The last criterion is dependent upon site spec i fic topograph i c and subsurface condi

tions, as well as the nature of the seepage being collected . If a drain is inter

cepting leachate contaminated groundwater~ it may be necessary to provide treatment 

prior to discharging the collected water. The first two criteria, although site

specific, are satisfied by application of certain relatively standardized tech

niques. The permeability requirement is absolute. si nce a drain must be consider

ably more pervious than the surrounding material from which it collects seepage to 

serve any useful purpose . 

I'. only small quantities ·of seepage are to be collected, drair:is canprised enti ·rely 

of well graded granular material (French drains) may suffice (s_ee _Figure 6-10). 

However, single element drains of this nature cannot effectively handle substantial 

quantities of inflow or high seepage velocities, as they will rapidly become 
clogged . 

If large quantites of seepage are anticipated, a graded filter must be constructed 

around a pervious conduit {see Figure 6-10). Graded filters consist of one or more 

zones of aggregate or granular material which beccme increasingly permeable (coarse) 

towards a central , very permeable conduit . The conduit may be a zone of very per

vious aggregate, or it may be a perforated pipe . The granular materials canprising 
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A conventional French drain 

Fine graded aggregate graded aggregate 
Ground surface 

A conventional trench drain 

Figure 6-10. Gravity drains . 
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a graded filter are selected on the basis of the texture of the soil they protect, 

and are sized to prevent the movement of the finer filter materials into coarser as 

wel 1 as the movement of the coarser materials into the conduit. Graded filters 

consisting of several zones of aggregate are not uncommon. Synthetic filter fabrics 

are available and, when properl y used may simplify the construction of drains by 

eliminating the need to construct several zones of filter soil. 

Other factors that must be considered during the design of drains are the hydrauli c 

capacity of the conduit which is a function of its size, its composition, and its 

slope or grade. Cleanouts, pipes extending to the surface that allow surging and 

flushing of the drain in the event that it becomes clogged,· are normally installed 

at regular intervals to allow maintenance. If surface water runs across the drain 

trench, it may be advisable to protect the trench from undesirable infiltration of 

surface water. 

The depth a-t which a drain can feasibly be constructed may be limited by equipment 

and construction dewatering considerations.· It is necessary to excavate a trench 

the full length and depth of the proposed drain . Hence, it may be a distinct advan

tage to schedule drain construction in accordance with seasonal water table fluctua- ·. 

tions, to reduce the effort associated with construction dewatering. 

Relatively shallow drain trenches can be excavated with trenchers or backhoes. 

Trench stability can be maintained with trench boxes and/or suitable benching or 

sloping of the sides of the excavation . Deeper trenches can be excavated with drag -

1 i nes and clamshells. These trenches require more elaborate support systems o~ sub

stantially wider excavations to allow for sloping sides. Trench dewatering can be a 

simple operation, or it may be a relatrvely canplex endeavor requiring sophisticated 

equipment. Construction dewatering may be a significant factor in determining the 

· feasibility of construsting .drains substantially below the water table. 

The potential for using gravity drains as a corrective action measure is strongly 

influenced by the specific site topography and groundwater flow patterns in the 

area. However, upgradient and downgradient drains are both canmon . Lateral drains 

can be used to advantage at some sites, and drains are often e~ployed to collect 

leachate both beneath and immediately downgradient of disposal sites. The effective 

locations and depths of drains must be determined on a site-specific basis . 
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Although they are a powerful techniq.ue for controlling seepage, their application as 

a corrective action technique is limited by the following considerations: 

o The lateral effect of a gravity drain oo groundwater level decreases 
rapidly with distance from the drain; thus to cause a substantial change 
in water table eleva~ion over a large area, closely spaced or ·impracti
cal1y deep drains may be required ·. 

0 The excavation of trenches substantially below the water table may be 
difficult and require sophisticated equipment. 

C) Previous site development may limit the areas where drains can be in
stalled. 

Excavation support or side sloping requirements for deep trench escava
tions limit the practtcal depth to which drains can be installed. 

Gravity drains are most effective for collecting shallow seepage, and are generally 

used most advantageously during corrective action for the following applications: 

o The collection of leachate contaminated groundwater beneath and in the 
immediate vicinity of disposal sites . 

~ The interception of groundwater upgradi~nt frqn disposal sites. 

11 The redistribution of groundwater and groundwater recharge ,:to effect 
changes in the groundwater flow patterns and levels. 

Groundwater Collection Structures that Require Pumping 

Groundwater ~epth and flow patterns can be significantly altered by groundwater 

pumping . This is due primarily to the substantial hydraulic gradient differ.ential 

that it can create. Groundwater pumping techniques which are potentially useful for 

corrective action at utility disposal sites include: 

• Sumping gravity drains. 

a Well extraction and/or injection. 

o Vacuum well point systems. 

Sumps. Sumps are openings in the ground fran which water is pumped • . For corrective 

action, their primary utility is as an outlet for gravity drains when space or grade 

limitations . preclude surface discharge . Alternatively, sumps can be used to dewater 

excavations. A permanent installation normally consists of a watertight drop man

hole or wetwel l to receive and store discharge fran gravity drains for intermittent 

or continuous pumping. The type of pump used would be dependant up the lift and 

discharge requiranents as detennined by the sump ' s 1ocat1on relative to the dis

charge destination . 
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Wells. Basically, wells are deep openings in the earth from which water can be 

extracted by pumping . Wells can be effective in creating substantial, temporary 

changes in groundwate r levels and flow patterns • . They can be used effectively for 

several purposes pertinent to corrective action, including: 

fil Temporary reversal of hydraulic gradients. 

11 Dewateri ng ( groundwater 1 owed ng) for const r uction or other_ purposes. 

o Collection · of leachate contami"nated groundwater for treatment. 

Wells can be designed to function effectively i n most subsurface materials, except 

those of very low penneability . We1ls can be driven or drilled, and equipment for 

their installation is generally availab l e locally. 

In consolidated materials, the well opening may not require any support to prevent 

its cqllapse; in unconsolidated materials, casing Will be required for suppo rt. 

Water entering a wel l under the i nfluence of pumping is moving at a high velocity 

relative to most groundwater flow situations . Thus, in uncon_solidated or poorly 

consolidate·d materials , it is necessary to both support and protect the well without 

restr.icting inflow. This problem is also common to gravity drains and in practice 

is handled in a similar fashion. The port i on of the well that water -enters 1s 

supported by a perforated pipe or screen . The screen .may be surrounded by a graded 

filter comprised of aggregat~. or its openings may be sized to control subsurface 

erosion . In the latter case, the openings should be large enough to permit some of 

the surrounding subsurface material to enter the well . Prior to actual use of the 

well, it is "developed," the material su r rounding it is intentionally eroded and a 

natural graded filter is thus created. Wells provided with an aggregate filter are 

cal led "gravel packs11 and may al so require development . A typical gravel pack wel 1 

is shown on Figure 6- 11 . It is important to properly develop wells to protect the 

pumping system fran.being damaged by sa-nd entering the well and to improve t heir 

hydraulic diaracteri sties. Many types of pumps ca.n bEl used in wells, i ncrudi ng : , . . 

submersible pumps, jet pumps, and turbines driven by shafts extending f r001 a motor 

1 ocat~d above the ground. 

The depth of a well is limited primarily by the subsurface materials. Generally 

they can be constructed to fully penetrate the groundwater bearing zone. The hY 

draul ic characteristics of a well are controlled by the wells depth and diameter , 

and by the properties of the subsurface, particularly permeability, uniformity, and 

saturated thickness. "Drawdown" refers to the change in ~,ater level elevatfon 
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l=igure 6- 11. Schematic portrayal of typical gravel pack well. 

6-55 



- Doc. Ex. 1609 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

caused by the pumping of a wel 1 . The 11 c one of influence" ( or "cone of depression 11
) 

refers to that area around a well where drawdown occurs. 

Under ideal conditions (i.e., a unifonn subsurface), the cone of influence will be 

circular in plan view and cone shaped in a vertical section. The effect of well 

pumping on water table a·nd confined aquifers is shown on Figure 6-12. The cone of 

influence will continue to ·~nlarge as long as the well is pumped. The magnitude of 

drawdown at the wel 1 is dependent on wel 1 depth and the pumping system, and can 

easily be manipulated. The cone of influence, however, is dependent upon pumping 

rate, duration of pumping, and the characteristics of the subsurface environment, 

particularly permeability. Seldom will a cone of influence actually be circular in 

the plan view; usually it will be oval, elongated, or irregular in shape due to 

distortions caused by variations in the subsurface conditions (see Figure 6-13). 

The magnitude and extent of a cone of drawdown is a function of penneability, if all 

other factors are considered constant (see Figure 6-14). 

Pervious materials will, in ~eneral ~ exhibft an extensive, flat cone of influence i n 

response to pumping of a well·; while less pervious materials will exhibit a deeper, 

steeper, less extensive.~cone of influence . 

. 
The normal practices util i zed for production well des i gn ·are not necessarily appli-

cable to corrective action situations. Proper design criteria for corrective action 

wells must be determined on a site-specific basis . The influence of several wells 

acting in uni son can be used to substantially modify groundwater fl ow pattern and 

levels. The proper spacing must be determined on a site-specific basis. 

Well technology not only allows groundwater level and flow pattern manipulation by 

groundwater table depression; it can be used to raise groundwater levels for the 

same·purpose. When groundwater is ·inj.ected into the groun.dwater system, a "mound 1
' . 

of water is created around .the· wel 1. This mound of water around an 5 nject ion wel 1 

is cal 1 ed the "cone of irnpressipn. '' Groundwater "rnoundi ng" can be used to create 

subsurface hydraulic barriers and reverse flow patterns .• 

Vacuum Extraction •. A vacuum system consists of a number of relatively shallow, 

small diameter wells connected by a conman manifold, or headerline~ to a vacuum 

pump . Small wells of this nature are usually called "well points" and are installed 

by being driven, inserted into drilled holes, or jetted into place. The major limi

tation of a vacuum system is its maximum lift capacity; theoretically slightly more 
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Figure 6-13. Comparison of cone of influence in a water tabl e aquifer 
of variable thickness to the cone of influence in a unifonn water table 
aquifer . 
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Figure 6-14. Changes in the cone of influence (draw down and radius) 
caused by penneability differential; permeability of aquifer A is 10 
times penneability of aquifer B •. (Source: Groundwater ·and We11s. 
St. Paul, Minnesota : Johnson D1vision, Universal Oil Products Co., 
1974, p. 100). 
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than 30 ft, it is somewhat less. The design basis for a well point system is essen

tially the same as for wells. 

Although vacuum well point systems can be installed by some well drillers or test 

boring firms, a number of speci 9lity contractors are available throughout the United 

States for the installation of extens he or complicated systems. A wide range of 

commercially. available well points are available for different subsurface conditions 

and applications. 

The uses of vacuum well point systems for corrective action are similar to those of 

wells. They are particularly useful in shallow surficial aquifers and in areas 

where large quantities of water must be collected in relatively. restricted areas. 

They are often used for dewatering excavations or where the effective radius of 

influence of larger wells would require close spacing or many installations . 

Summary. Subsurface groundwater control drains and pt.imped systems are a powerful 

means·of effecting changes in groundwater levels and flow patterns . With adequate 

subsurface fnformation, normally derived from subsurface investigations and pump 

testing, ttiey can be designed t~ accomodate a wide ~ariety of situations. Further, 

their .effects on the groundwater system are reasonably controllable and predictable . 

Groundwater gradients and levels can be altered by pumping water out of or injecting 

water into the subsurface environment. 

The use of groundwater pumping techniques as a corrective action must be carefully 

cosidered because: 

• The installation of dewatering or injection equipment is relatively 
costly. 

o P4mps and piping systems must b~ maintained on a regular basis. 

a Power requirements for pumping can be substantial. 

• Once water is removed from the ground it must be disposed of properly and, 
if contaminated by leachate, treatment prior to disposal may be necessary. 

o ~arge scale dewatering can affect the stability of nearby structures. 

o Substantial changes in the groundwater level and flow patterns may ad
versely affect vegetation, springs and stream flow, and potentially water 
supplies. 

~ The long term management of groundwater pumping systems will involve con
tinued professional review and monitoring. 
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Pumping techniques for corrective action are most feasible as temporary or interim 

measures. Appropriate uses include: 

<t The extract ion of leachate plumes for treatment. 

o The temporary dewatering of areas for construction purposes • . 

11 The tempo raty modi fi cat ion of groundwater l eve 1 s to pe nnit other correc
tive action techniques to be implemented. 

Impervious Barriers. 

Impervious barriers are used to isolate port ions of the subsurface environment fran 

the groundwater flow system. they include: 

o Grout curtain briers • 

., Slurry trench cutoff wells. 

o Sheet piling cutoff walls. 

The installat ion of grout curtains. is accanplished by the injection of mater1·als 

into the subsurface to reduce its permeability~ Grout materials include: 

c Portland cement. 

s Ben ton it e. 

e Chemical grouts of widely varying cooipositions and properties~ 

Cement grouts are strong, and can be designed to resist chemi cal deterioration in 

many cases.. Generally, canent grouts are more economical than chemi<::al grouts 

although their useful range of application may be more limited. the mix ratio of 

cement to water controls the viscosity of ~he grout . Admixtures and fillers, such 

as bentonite, chemicals to hasten or delay setting, and materials to reduce shrink

age of the gr.out as it sets, can be used to vary the properties of the grout .. 

Chemical grouts consist of a mixture of solution of chemica'ls (e.g., sodium sili

cates and acrylamides) that, subsequent to their injection, react to form a precipi

tate or gel. Although chemical grouts are more flexible in their application than 

cement grouts, they are usually more costly on a unit basis. their viscosities are 

lower than those of cements and their set times are more controllable . They are 

injected as both one- and two-part solutions. Two-part solutions are mixed as they 

are injected; one-part solutions are premixed. Their resistance to dessication 

damage and potential for contami nating the ground\'tater vary. Some mixtures are not 
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suitable for use near water supplies, Grout curtain design is a sophisticated pro

cess requiring substantial subsurface information, considerable expertise, and prob

ably grout injection testing at the site . Grout . placement is difficult to predict 

and control, thus experienced operators and post injection test fog are necessary. 

The grout materials, and the properties and unifonnity of the subsurface are criti

cal factors in .grout curtain installation. These factors determine: 

Grouting feasibility and procedures . 

location, spacing, and arrangement of inj ection hol es. 

Testing and regrouting requirements. 

The installation of a slurry trench cutoff wall i .s a particularly s imple method of 

constructing an impervious barrier, and applicable to a variety of subsurface condi

tions . Basically, a slurry trench is a narrow ~xcavation filled with a mixture of 

bentonite slurry and the material excavated from the trench. The bentonite slurry 

is added to the trench as the trench is excavated and provides support to the trench 

walls; e1aborate support for- the excavation is, therefore, not necessary. Addition

ally, the tre11ch can be kept very narrow, relat.1ve to conventional trench excavation 

requirements. Thus, excavation depth, is not as significant a factor as it is with . . 
drain installations . Excavation below the water table presents no unusual problems 

and dewatering is not required. Compaction of soil/bent onite slurry;~ not neces

sary, but thorough mixing of the bentonite and soil is required . Backhoes, clam

shells, and draglines are all suitable for slurry trench construction. 

The bentonite and fine soil particles fi l l t he voids between the larger particles 

and cake the sides of the trench, fonning a highly impervious barrier. Slurry 

trenches are succeptible to damage from dessication. Subsurface meterials requi re

ments are minimal, but .the sbil mixed with the slurry should contain appreciable . . 

quantities of fine soil particles . Fine grained son can be imported if not avail

able on site . 

Imperv i ous cutoff walls canprised of sheet piling are .us.ed fOr many purposes . Sheet 

piling, comprised of concrete with groutable joirits or stee1 with interlocking 

joints, may be useful for corrective action at utility disposal sites. The use of 

sheet piling as a temporary impervious barrier is relatively common. as its use for 

supporting excavations . Sheet piling can be driven in many so i l types, but it 

cannot be driven through soil with numerous cobbles or boulders with the expectat ion 

that it will remain Undamaged. Linder the best of cjrcumstances, it is difficult to 
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confinn the integrity of a sheet piling barrier. As a corrective action technique, 

the use of sheet piling may serve for shallow groundwater barriers, or if only 

partial isolation of a site is necessary . 

The applicability of impervious barriers is, to a large degree, dependent upon the 

site's subsurface conditions. Such structures are truly effective, in the long 

tenn, only when they fully penetrate the aquifer and encounter an impervious sub

stratum. to provide a three-deinensional barrier. It is possible to instal~ a hori

zontal grout curtain to prevent vertical seepage, if the subsoils are groutable and 

this level of effort is warranted. 

The applicability of the three impervious barrier techniques to a corrective action 

program varies considerably. Generally, slurry trenches are considered the most 

useful, followed closely by grout curtains. The use of sheeting is probably quite 

limited in corrective action applications. A properly planned and constructed 

impermeable barrier can effectively isolate a land disposal site from the ground-

·water flow system. However, impermeable barriers that only partially isolate a site 

a·re of questionable value in a corrective action program. Groundwater' flow is sig

nificant but not the sole factor to be considered in the subsurface transport of 

contaminants. Molecular diffusion, thermal convect ion, density differentials and 

other factors cause the movement of contaminants in groundwater. At relatively low 

seepage vel oci ti es,. these other factors may dominate groundwater contaminant tran-

s port . 

Finally, if a site is fully isolated from the groundwater system, the act of isola

tion will cause a concentration or buildup of leachate within the isolated zone. If 

water continues to penetrate the disposal site, the barriers may be overtopped. 

Thus, effective surficial corrective actions and proper management of the disposal 

site is critical if imperviou-s. barr-iers are employed as part of a corrective action 

pTan. 

SELECTION OF A CORRECTIVE ACTION PLAN 

As· discussed earlier, corrective action techniques range from straightforward con

struction practices to complex procedures requiring specialized equipment and con

siderable expertise. The effects of many of these techniques are interrelated, 

potentially duplicative and are dependant upon site specific conditions. 

There is no standard procedure for assessing the suitability of these techniques on 

a site-specific basis. The selection process can, however, be approached in a 
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logical, organized fashion. The initial steps involve assessment of the existing 
situation and delineation of the available alternatives . One alternative always 
exists: to close the existing site and develop a new one. One of the first can
parisons to be made therefore, is that between the costs and benefits of continued 
site use, and the costs and- benefits of .developing and operating a new site . Once 
the economic compariso~ has been made, social and political factors must be consid
ered . This first canparis.on will detennine a baseline level of effort warranted to 

. . 
provide corrective action for continued use of a site. The ultimate site cl osur·e 
requirements must be a factor in this analysis; they will apply to either option, 
but may vary considerably depending on whether or not corrective action 1s imple
mented. 

Once the initial decision has been made to design and implement corrective action 
rather than develop a new site , a plan must be selected which meets the site re
quirements and fits, at least initially, within the established l~vel of effort for 
corrective action . At each step of selecting and designing a corrective action 
plan, the choice to close the ex.isting site and develop a new one always remains an 
option.· 

It will be useful early in the selection process to assemble and carefully rsview . 
the available infonnation about the site to help identify existing and potential 
environmental problems, and to locate significant data gaps that may exist. Such 
informati.on may include: 

• Construction. records for the disposal facility and/or power pl ant. 

• Subsurface infonnation. 

• Technical reports/design plans of the disposal facility. 

e Monitoring records. 

o Period of use, quantity of wastes. 

t Site plans, particularly predevelopment topographic maps. 

• Characteristics of the waste material. 

o Published geologic, pedologic, and hydrologic infonnation. 

Another factor which should be assessed early in the planning of a correction action 
plan, is whether or not groundwater contamination or its potential exists at a 
site . Groundwater monitoring is the only way to make such a determination. How
ever, review of available infonnation about a site is a valuable means of gaining 
insight into its existing and potential problems. 
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Assuming that groundwater contamination is not a present or potential problem, the 

development of a corrective action plan begins with a straightforward evaluation of 

the feasibility of each of the possible surficial corrective action techniques de

scribed earlier . A team of professional civil and soils engineers and hydrologists 

_can then readily"develop a site- specific corrective action plan to address, as 

warranted: 

o Site grading requ~rements : 

--Surface water controls . 

--Erosion controls. 

--Run -on. 

--Siltation. 

--Surface water contamination. 

--Surface water infiltration. 

fl Fugitive dust contra 1 •· 

• Modification of site ope rational requirements. 

~ Dev-elopment of a landfill cover plan. 

~ Oevelopment of a site closure plan . 

If the groundwater is contaminated or the potential for groundwater contamination 

cannot be dismissed (based on groundwater monitoring results), then a different 

approach is required. First, the presence, extent, and severity of the groundwater 

problem must be assessed through the instal lation of a groundwater monitoring sys

tem, or by upgrading the existing system. If no problem is found to exist, the use 

of only surficial techniques is appropriate. 

Groundwater contamiAation can result from: 

e The actual . fl ow of groundwater through waste material. 

, The · flow of surficial infiltration and waste supernate downward through 
the unsaturated zone to the groundwater. 

The development of a groundwater mound beneath the site that extends 
upward, into the waste material, due to high localized infiltration/ 
recharge. 
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In the two latter cases, the implementation of an appropriate surficial corrective 
action plan will reduce and eventually eliminate the source of groundwater contami
nation . In the first case, the severity of the problem will determine the effec
tiveness of sur.ficial corrective action techniques. If their 1mplementation can 
cause an adequate and permanent reduction in groundwate~ levels in the vicinity o~ 
the site, the source of the problem will eventually be eliminated. If surficial 
techniques ar.e inadequate, then the implem~ntation of subsurface techniques in 
addition to surficial techniques will be necessary to isolate the pollution source. 
In all three cases, the plume of leachate-contaminated groundwater will continue to 
exist after the contaminant source has been eliminated. 

The necesslty of either removing or isolating contaminated groundwater is detenninea 
by the severity and extent of the problem. The subsurface corrective action tech
niques described earlier are considerably more effective in isolating · the contamina
tion source or removiang relatively localized contaminant plumes than in correcting 
a widespread problem. 

Surficial techn1ques wil·l always comprise an importa.nt aspect of corrective action 
plans, because: 

o The·ir effects are considerably more reliable a,nd ver.ifiable than subsur
face techniques. 

e Their implementation will usually be less costly than subsurface tech-· 
n iques • . 

e They stress prevention, not mitigation. 

e The effective implementation of subsurface corrective action techniques is 
almost always dependant upon the effectiveness of conjunctive surficial 
corrective action. 

Subsurface techniques, particularly properly 1 ocated and designed drains, sumps, and 
cutoff walls, can be very effective in preventing groundwater contamination and 
collection a11d/o~ isolating leachate . However, their application as corrective 
actions may be limited since the effective application o.f drains and cutoff walls is 
dependent upon their proper location (a function of the site's subsurface condi
tions); they may be difficult to install at the necessary locations at a developed 
site. 

Groundwater pumping can be used as a corrective action on a temporary basis and to 
collect or divert contaminated groundwater; however, its use as a corrective action 
rather than a remedial action is very limited. 
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In conclusion, it is imperative to fully evaluate the options available for correc
tive action at a particular site, to fully recognize the benefits that corrective 
action can provide, and to detennine if indeed such action is warranted. Common 
sense, good professional judgment, and carefully executed investigations and testing 
are all critical in constructing an effective approach to such a potentiaJly complex 

problem. 
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Section 7 

CONVERSION OF WET TO DRY DISPOSAL SYSTEMS 

There is a trend toward dry disposal sys terns of utility wastes for both regulatory 

and economic reasons. Regulatory agencies point to the problem of constant hydrau

lic. head in ponds driving leachate into the underlying soils and groundwater . Uti1-

ities see a substantial reduct·i on ·in land costs associated with dry disposal of 

these wastes . Conversion to dry disposal can therefore be considered upgrading of a 

site. 

Conversion from wet to dry disposal constitutes two separate concepts: tr.eatment of 

wastes already pori_ded to produce a material for landfilling. and subsequent conver

sion of the waste generation pro.cess to one which wil 1 generate a dry material. 

While the f~rme~ ~oncept involves landfill modific~tion and the· latter a process 

modification, both concepts involve many of the same treatment .and conversion steps. 

As such, they are both presented in this section to avoid redundancy. 

PROCESS CONVERSIONS FOR DRY WASTE GENERATION 

Conversion of a \\este slurry/sludge, at the point of its generation, to a waste that 

can be disposed of by conventional dry techniques, can be acc001plished in several 

ways, depending on the type of waste and the nature of the generation process 

(scrubber versus electrostatic precipitator, etc . ). Most conversions will involve 

the addition of some steps for solids concentration or treatment at the end of the 

existing process. This additional processing wi11 generate a product which may be 

suitable for sale and/or reuse, an option which is discussed in detail · in Section 

10. 

An inventory of the most applicable alternatives for in-plant conversion from wet to 

dry djsposal is presented in Table 7-L A summary of advantages and disadvantages 

of each process is also presented . Details of conveyance. transportation. and 

storage procedures associated with these alternatives are presented in Section 10 of 

this report. 
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Table 7-1 

PROCESSES FOR CONVERSION OF WET WASTE TO DRY WASTE: ADVANTAGES ANO DISADVANTAGES 

Process 

(1) Pdma ry Dewateri ng 

( 2} Secondary (Mechan
ical) Dewatering 

(3) Drying Beds 

Advantages 

In combination with secondary de
watering, provides less expensive 
\'lays to dewater. 

Thickener underflow, as a feed to 
secondary dewatering, may be 
better suited to mechanical 
dewatering equipment than FGD 

* slurry . 

Lower capital and O&M cost than 
secondary dewatering. 

End product contains 55-65% solids. 
Lower transportation costs than for 

wet sludges. 
Lower disposal costs than for 

Case 1 , 
Resulting solids can be landfilled 

by conventional dry techniques. 
Does not require special concern 

for climatic factors . 

When land is readily available, 
this method presents the lowest 
C ap i ta l COS t. 

Small amount of operator attention 
and skill .is requi red . 

Low energy consumption. 
tor 
Less sensitive to waste variabi.lity 

Disadvantages 

Primary dewatering underflow contains 
only 15 to 30% solids . 

Thickener/clarifiers usually must be 
close to scrubbers. 

Results in wet disposal methods. 
Generally requires leachate control . 
Fl y ash slurry settles extremely sl owly. 
Large area required for ash settling 

ponds. 
Higher transportatton cost s than for 

Case 2 . 
Higher disposal costs than for 

Case 2. 

Increased power requirements . 
Increased maintenance requirements. 
Transportation costs may offset dewater-

ing costs. 
Usually must be close to scrubbers. 
Redundant equipment usually needed . 
More sensitive to waste variability than 

drying beds . 

Lack of rational engineering design 
ap proach allowing sound engineering 
economic analysis·. 

Requires more land than mechanical de
wateri ng. 

Must be carefully designed to account 

cli matic effects. 
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Table 7-1 (continued) 

Process 

(4) forced Oxidation 

(5) fly Ash Blending 

Advantages 

than secondary dewatering. 
Can be used not only for dewaterings, 

but also for waste drying to solids 
content higher than 80%, thus 
allowing dry dispo_sal. 

Increased settling and dewatering 
properties. 

End product contai ns 80% so 1 ids • 
End product has low COD. 
Enhanced structural properties for 

waste disposal . · 
Lower transportation costs t han fof 

Case 2. 
Lower land requirements than for 

Case 2. 
Lower lano acquisition costs than • 

for Case 2. 
Lower disposal costs than for Case 2. 
End product has canmerci al value. 

Materials on site . 
Dry fly ash can be utilized for s l udge 

processing . 
Dry fly ash can be used for dewatering 

bottan ash by blending. 
End product is dry. 
Regui res less equipment than fixation 

{Case 6). 
Requires less manpower than fixation 

{Case 6) . 
Enhanced waste structural properties 

over Case 2. 
Fairly inexpensive. 

Di sad vantages 

May be more visible to the general public 
than mechanical dewateri ng . 

Waste remova l usually labor-intensive . 

High TDS potential in leachate and 
runoff 

La~k of exper ience in United States. 
Increased power requirements. 
Increased maintenance req ui rmenent . 

Leaching characteristics varfable . 
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Table 7-1 (continued) 

Process 

(6) Fixation 

Advantages 

End product is d·ry (sol id) . 
Structural properties of wastes 

great]y enhanced. 
Processes are formulated to contain 

contaminants . 
Solidified wastes are nontoxic. 
Leachi ng greatly reduced. 
End products have canmercial - value. 
Lower disposal costs than fo r Case 2. 
End products are easy to handle. 

Di sad vantages 

Only proprietary processes available. 
Expensivet, 
More personnel and equjpment needed 

than for Cases 1 through 5; 
Higher maintenance requirements than for 

Cases l through 5. 

* FGO slurry: 5-15% solids • . 
t Disposal costs for processing ~/here leachate is a problem may offset costs of fixation. 
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In the discussion that follows, the appropriate unit processes for conversion of FGO 

sludge and wet ashes to dry products are presented. Conversion costs clre presented 

in Section 11. Note that these processes begin at the current point of wet waste 

generation, and do. not apply to modification of the existing generation system 

(e.g., conversion of wet FGD to spray drying , etc.). 

FGD Sludge 

The typical solids content of FGO sludge directly frcm the scrubber ranges from 5 to 

15%. To facilitate dry disposal of these wastes, a much higher solids content must 

be achieved. There are five possible in-plant scenarios for converting wet disposal 

of FGD sludges to a dry'material (Figure 7-1): 

e Primary/secondary dewa teri ng . 

0 Drying beds. 

0 Forced oxidation. 

• Blending • 

t Fixation. 

Primary/Secondary Dewatering. The suitability of sludges to be dJ:watered is a func-· 

tion of size, distribution, and crystal line structure of the sludge particles. In 

sulfite-rich sludges, the microstructure is comprised of small platelets and plate

let fragments, which tend to . sl ow the settling rate. Upon settling, greater amounts 

of liquid are trapped in these sludges due to their particle structure. However, 

sludges rich in sulfate can usually achieve a higher solids content than sulfite

rich sludges. 

In this alternative, scrubber sludge is thickened to an average of about 15 to 30% 

solids, and then mechanically dewatered to about 65% solids for a. limestone FGO sys

tem. or to 55% for a lime or dual-a1kali system (1). Filtrate is returned to the . -
FGD system, and the .filter cake is transported to a landfill or placed in storage 

Without additional treatment (Figure 7-2) (J). 

Primary dewatering usually occurs in a clarifier or thickener. The clarifier is a 

1 arge sedimentation vessel <le signed to ranove al 1 sett1 eab1e suspended matter . 

Flocculant addition coupled with gentle stirring helps to improve the efficiency of 

this settling process. Weirs and flow wells provide proper flow distribution at the 

inlet and outlet of the clarifier. Bottom rakes continuously move solids to the 

sludge hopper . 
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Figure 7-1. -Alternatives for i n- plant conversion of wet to dry disposal of FGD sludges and 

ashes. 

t 
0 o 
..J 

=' Q 
IL 
IL 
0 



- Doc. Ex. 1627 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

-...J 

' -...J 

(Primary) 
dewatering) 

To FGD system 

Thickener 
ov~rf1 ow tank 

Thickener 
underflow 

Water 

Secondary 
(mechanical} 
dewatering 

Solids 

Tank or sump 

Figure 7-2. Primary/secondary dewatering of FGD sludges. 

Further processing, reuse, 
or disposal 

Reprinted from POLLUTION ENGINEERING Magazine , May -1980, Volume 12, . No . 5, 
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A thickener is similar to a clarifier except that mechanical canpaction takes place 

by the effect of gravity alone. The thickener is usually designed for heavier duty 
operation than a clarifier . The thickener is a rugged, high-torque machine in which 
clarity of the overflow is not a major consideration. The rake is usually of heavy
duty constructton to withstand the density cif thickening sludge as it increases. 

A, hydroclone (or liquJd cyclone) can replace the thickener/clarifier as the primary 
dewatering device. In a hydroclone, solids and liquids are separated by a ·combina-

. tion of centrifugal force and liquid shear in a free-vortex centrifugal separator, 

The energy of the liquid pumped into the cyclone is first converted to velocity 
energy at the inlet, and then to rotational energy as it moves down through the 
cyclone. A natural vortex action is created, moving heavier particles to the out

side and lighter ones toward the center. The heavier solids are discharged fran the 

orifice at the cyclone tip. 

Secondary or mechanical dewatering in the FGD sludge treatment ·process can be 
accompl·ished by various methods. Detailed descriptions of secondary dewatering 
methods are given in the EPA Manual for Sludge Processing and Disposal (2_). 

A common method of seFondarj dewatering is ·vacuum fi~tration . Process efficiency is 
directly dependent on sludge characteristics. Sludge variables directly affecting 
filter performance include concentration and nature of solids, viscosity tempera
ture, and compressor strength . Operating variables include vacuum strength, drum 
speed, filter media, drum .submergence, and fluid agitation. There are five types of 

vacuum fi l ters that may be applicable to dewatering sludges frorn lime/limestone FGO 
processes: drum, disk, horizontal, belt~ and pao. The rotary drum and rotary disk 
are the two types that are commonly used. 

A bulk_ of solid~ is retained as a cake, while most ·of .the water and a smal•l per<;;ent
age of solids p-asses through the filter. This·cake is vacuum-dried, and is mechani
cally separated° from the filter media. 

Another method of secondary dewatering is cent~ifugation. Centrifuges applicable to 

the dewateri ng of scrubber sludges are of two types: the countercurrent in which 
solids are discharged at the slurry inlet end of the bowl, and the concurrent in 
which solids discharge from the end opposite the slurry inlet. These centrifuges 
differ markedly in rpm, physical size, and centrifugal force. There is very 1 imited 
utility experience with centrifuges to either substantiate or refute manufacturer's 
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claims. In the conversion process, the engineer should evaluate and canpare both 

types for his specific application. 

l)ewatering faci1H1es shouid be located' as ciose as possible to the scrubber facil

ity. This eliminates the need for lengthy large-diameter piping required to. tran

sport scrubber bleed to the dewatering facility and the subsequent return of the 

1 iquid fraction that is removed . · 

In limestone FGD systems (Figure 7-3) ~), slurry that 1eaves the absorber is di

rected to the reaction/recycle tank where precipitation of calcium sulfite and cal

cium sulfate occurs. These precipitated· solids are then carried by a bleed stream 

to a thickener Where FGD solids, residual fly ash> and unreacted limestone settle 

out. Thickener overflow should be recycled back to the FGD system; the underflow is 

to be pumped to a secondary dewateri ng system. 

For dual-alkali FGD systems (Figure 7-4) (i), the liquid stream that has reacted 

with the sulfur di oxide fo the absorber enters a reaction tank. A portion of the 

react-ion tank liquor is recycled back to the· absorber> and the balance is pumped t6 

a regeneration tank, Wher~ lime reacts with the liquor to regenerate the scrubbin.9 

liquor. Insoluble calcium sulfite crystals precipitate in the regeneration tank, • 

and· are removed in a thickener. The clarified and regenerated. scrubbing liquor 

should be recycled back to the absorber via the reaction tank . Thickener underflow 

should be pumped to a mechanical dewatering apparatus, such as a rotary vacuum fil

ter, where washing is perfonned to recover sodium salts in the waste products. In 

both cases the resulting filter cake is then transported either to further process

ing , to storage, or to waste disposal. 

Dewatering facilities may be installed individually, in parallel, or in series, de

pending ~~on the desired degree of treatment. Sizing of mechanical .equ~pment shouid 

allow for sufficient storage and ~ur:g~ · capacity to permit f1exible operation~ Suf

ficient equipment capacity should be designed to ensure full-time operation durtng 

planned or unscheduled downtime due to process or equipment fa i.1 ure. This usually 

entails utilizing oversized equipment, providing redundant equipment, or installing 

bypass emergency storage facilities. Detailed information is found in the EPRI 

report on sludge dewateri ng for FGO products (§.). 

Drying Beds. Drying beds are the most widely used method for municipal sludge dewa

tering in the United States. Detailed descriptfons of this technology are given in 

the U.S. EPA Technology Transfer Process Design Manuals for Sludge Treatment and 
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Figure 7-4. Double alkali FGD system with primary/secondary dewatering. 

Source: Adapted from Combustion, January 1980, pp. 21-27. 
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Disposal (~) and Municipal Sludge Landfills (f). It is important to note that dry

ing beds can be used not only to dewater wastes, but also to dry them to a solids 

concentration of more than 80% . However, due to the possibility of low penneability 

and draina~ility of these w~stes, periodic decant i ng and/or discing or turning of 

the drying material. may be advantageous. Although the use of drying beds might be 

expected in sm_aller plants and in warmer sunny regions, t'hey can also be used in 

large faC'ilities Jn northern climates (l, .i)• Whenever there is the possibility of 

long periods of rain, snow, or cold weather, consideration should be given to 

employing covers for the drying beds. 

Drying beds general ly consist of a 1- to 3- ft (0.3- to 1-m) high retaining wall 

enclosing a porous drainage media . This drainage media may be comprised of various 

s andwiched layers of sand and gravel, combinations of sand and gravel with cenent 

strips, slotted metal media, or a permanent porous med ia . Ancillary equipment 

includes waste feed pipelines and flow meters; filtrate drainage and recirculation 

lines; mechanical waste removal equipment; and a cover or enclosure. 

Both manual labor and mechanical systems can be employed to r einove dried waste from 

drying beds. Wit~ th.e manual labor type of removal, a 50 to 60% sol ids concentra

tion is required . With mechanical waste removal systems , solids con~entrations 

between 40 and 50% can be handled. 

There are several types of drying beds: conventional I paved, wedge-wire, ancl 

vacuum-assisted. Each of these configurations is descri bed below. Only the con

ventio nal and paved types have found widespread acceptance i n industrial/municipal 

applications . 

Conventional sand drying beds are the oldest, most cC!llrnonly used type of drying 

beds. Current U. S. practice is to make drying beds rectangular, 15 · to.60 ft (4.5 to 

18 m) wide, and 50 to iso ft (15 to 47 m) long with vertical side walls. Usually 4 

to 9 in (10 to 23 cm) of sand is pl aced over 8 to 18 in (20 !o 46 cm) of graded 

gravel or stone . The sand usually has the effective diameter of 0 . 012 to 0.05 in 

(0,3 to 1.2 mm), and a unHonnity coefficient less than 5. 0 . Gravel is nonnally 

graded fr om 0 . 125 to 1 in (0 . 3 to 2. 5 cm) in effective diameter. IJnderdrain piping 

is normally of vitrified clay or asbestos-cement, but plastic pipes are also accep

tab l e . The pipes should be at least 4 in (10 cm) in diameter, should be spaced 8 to 

20 ft (2.4 t o 6 m) apart, and should have a minimum slope of 1%. Figure 7-5 shows a 

typical sand drying bed construction. Sand drying beds can be built with or without 

provision for mechanical waste removal~ and with or without cover. 
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Gate 

Side wall 

Figure 7-5. Typical sand drying bed construction. 

Source~ Process Design Manual for Sludge Treatment 
and Disposal. EPA 625/1-79- 011, September, 1979. 
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Paved drying beds are nonnal ly rectangular, 20 to 50 ft (6 to 15 m) wide, by 70 to 

150 ft (21 to 46 m) long, with vertical side walls . Current practice is to 1)se 

either a concrete or asphalt lining. Nonnally, the lining rests on an 8- to 12-in 

(20- to 30-cm) built-up sand or gravel base. The lining should have a minimum 1.5% 

slope to the drainage area . nrainage is conveyed by a pipe at least 4 in (10 ·cm) in 

diameter . An unpaved area, 2 to~ ft (0.6 to 1 m) wide, is placed along eiiher side 

or down the middle for drainage. Typical paved drying bed construction is shown in 
- . 

Figure 7- 6 . Paved drying beds can be built with or without a roof. For a given 

amount of waste, paved drying beds require more area than sand beds. Their ma in 

advantages are reduced bed maintenance and the possibility of using front-end load

ers for waste. remova 1. 

Operational procedures cccnmon to all types of drying beds include: 

e Applying 8 to 12 in (20 to 30 cm) of waste onto the drying bed surface. 

o When the bed is filled to the desired level, the waste is permitted to dry 
to the desired final solids concentration. This concentration can vary 
from 50 to 80%, depending on the type Qf waste, processing rate needed, 
degree .of dryness required for lifting, etc. 

e Rernovi ng the dewatered waste ·-e~ther mechanically or manually. 

a Disposing of the dewatered waste by landfilli~g. 

@ Repeating the cycle . 

A typical wedge-wire drying bed consists of a shallow rectangular watertight basin 

fitted with a false floor of wedge-wire panels (see Figure 7-7). These panels have 

slotted openings of 0.01 in {0.2~ mm). The false floor is made watertight with 

caulking where the panels abut the walls . An outlet valve is located beneath the 

false floor to control the rate of drainage. 

In a wedge-wire drying bed, waste slurry is introduced ·onto a horizontal open

drainage media in. a way that yields a clean filtr~te and provides a ·reasonable 

drainage rate . The procedure used for dewateri ng· waste involves the pumping of 

water or pond supernatant into the wedge-wire unit until a depth of approximately 1 

in (2 . 5 cm) over the wedge- wire septum is attained . This water serves as a cushion 

which permits the added waste to float without causing upward or downward pressure 

across the wedge-wire surface . The water further prevents compression or other d1 s-

turbance of the colloidal particles. After the bed is filled with waste, the ini

tially separate water layer and the drainage water are allowed to percolate at a 

controlled rate through the outlet valve. After the free water has been drained, 
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Figure 7-7. Cross section of a wedge-wire drying bed. 

Source: Process Des.ign Manual for Sludge Treatment and Disposal. EPA 625/1-79-011, 
September, 1979. 
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the waste further concentrates by drainage and evaporation until it is removed for 

disposal. 

The above. procedure ass·ures no clogging of the media, and thus a constant and rapid 

drainage . Compared to conventional sand beds, the throughput rate for wedge-wire 

drying beds is ·highe-r, wastes which are difficult to dewatel' can be dried, and the 

removal of dewatered wastes is easier. 

Vacuum-assisted drying beds consist of the following principal canponents ~ a bottom 

ground slab of reinforced concrete; a layer of stabilized aggregate several inches 

thick which provides support for the rigid mllltimedia filter top, and al so serves as 

the vacuum chamber; and a rigid multimedia filtel' top placed on the aggregate sup

port . Waste is then applied to the surface of this media. 

The operating sequence for vacuum-assisted drying beds is as follows~ 

• Waste is introduced onto the filter surface by gravity flow to a depth of 
approximately 12 to 18 fn (30 to 46 cm) . 

o Filtrate drains through the multimedia filter, and is either pumped back 
to t~e plant or discharged to the environment. 

• As soon· as the entire surface of the multimedia filter is covered with 
waste, the vacuum system is started and maintained at 1 to 10 in (2.54 to 
25. 4 cm) of mercury . 

Forced Oxidation. Forced oxidation is a processing step usually incorporated as 

part of the scrubber cycle . The purpose is to oxidize the sulfite species to sul

fate (gypsum) by the addition of air either to the bulk of the scrubbing equipment 

or to a bleed stream from the recycle loop (Figure 7-8). The degree of oxidation 

increases with a decreasing pH; the oxidation rate is proportional to the bisulfite 

concentration in solution •. Air for the oxidation process is usually supplied by 

compressors. 

This oxidized fonri ·of the waste stream (i.e . , ·gypsum) settles faster than the sul

fite fomi. Test results have shown an increase of 500 to 800% in the settling rates 

of oxidized slurry as c001pared to mixed slurries . These results indicated the pos

sibility of using considerably smaller thickeners . Subsequent mechanical dewatering 

of oxidized sludges, resulted in an average cake solids content of 80 to 85%, thus 

indicating the formation of a sludge with excellent qualities for reuse or dry 

disposal. The reduced volume of this fin~ product, in turn, implies a decrease in 

transport costs, land requirements, and disposal costs. The above tests were per-
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Reprinted from POLLUTION ENGINEERING Magazine, May 1980, Volume 12, No. 5, 
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fonned on prototype process eauipment; adaptation to ccrnmercial scrubbing equipment 

appeared feasible based on the results. 

The primary disadvantage of a forced oxidation system appeurs to be the lack of 
experience with t _he process in the United States . There is only one full-scale 
operational plant in the United States located at the Sherburne County power plant 
(Northern States Power Company). Forced oxidation for other power plants is in the 

planning stages. 

Furthermore, high total dissolved solids (TDS) in leachate or runoff from gypsum 
disposal areas may pose an environmental problem. Good design and management 
efforts should alleviate most of these problems. The usefulness of gypsum as a 
building material or as a structurall y stable waste may outweigh its disadvantages. 

Use of utility by-products is discussed in Section 10. 

Blending . Blendi ng is a treatment designed to stabilize sludge by reducing moisture 
cont.ent, and to improve sludge handling characteristics by the addition of adsorb
ents such as dry fly ash or soil . The most common practice is to bl end with fly 
ash, .since it eliminates the n,eed for outs·ide materials. 

Blending incorporates one of t he easiest and most economical methods of converting 
wet disposal systems to dry ones . Rlending with fly ash physically stabilizes the 
FGD sludge by mixing it with the ash in a pug mill or muller (Figure 7-9) . The 

powdery ash agglomerates the sludge particles, forming a nonthixot ropic, nonplastic 
material with improved physical and engineering properties over the sludge. 

As men tioned earlier, without blending, only 55 to 65% soli ds content can be 
ach ieved through conventional primary dewateri ng foll owed by secondary dewateri ng. 
Fly a_sh blending results in an increase i'n solids content to approximately 75%. 
Many utilities have developed their own blending formulas. 

Fixation . Fixation fs defined . as a treatment which involves ·cenentitious-type re
actions brought about by the additiory of lime or other active alkaline material. 
Fixation thus provides a predictable improvement in the physicochemical and handling 
characteristics of the sludge. These processes are formulated to contain contami
nants, and no attempt is made to renove any hazardous/toxic materials from the 
sludge. 
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Numerous fixation processes are available (Table 7- 2) . However, only two such pro

cesses will be discussed: the IUCS and Dravo Lime Company processes, both of \\lhich 

have shown full - scale applications in treating FGD sludges. 

The IUCS system (Figure 7-10) uses _lime and fly _ash in its fixation process (}_, ~). 

The c:ured product is known as Poz-o-Tec. In this system, vacuum-filtered sludge is 

mixed with fly ash and l ime in a pug mill. Dry fly ash is added in proportions 

between 50 and 100% of dry sludge weight; lime is added at the· r ate of 3 to 4% . The 

mixture is controlled to maximize compaction properties. Pozzolanic reactions 

within the lime-fly ash mixture result in significant increases in load-bearing 

strength, permeability, compressibility , and bulk strength, as compared to untreated 

sludges. Although dry fly ash is most often used as a pozzolan, wet fly ash can be 

substituted; if no fly ash is available, other pozzolanic materials can be used at a 

higher cost . 

Mechanical compaction of Poz-o-Tec is required to obtain maximum strength and mini

mum permeabi1ity. When disturbed, the compacted material will decrease in density 

but will not resl urry, unlike untr eated sludges. 

The IUCS fixation system is very compatible with calcium- based or calcium-. . 
regenerated dual-alkali sl udge. It is not particul arly sensitive to pH, sulfate/ 

sulfite ratio, or solids content; however, these parameters can have adyerse effects 

on the process. After mixing, Poz-o- Tec can be stored without adversely affecting 

the curing process . Only at temperatur es below 40°F \·1ill the curing process stop. 

Disposal of the treated sludge is accomplished by landfilling . However, in addition 

to landfill di°sposal, Poz- o-Tec can be used for st r uctural or construction material 

such as road bases, artificial reefs, landfill or reservoir linings, and conc rete 

aggregate (see Section 10 on·util i ty wastes reuse for more · detail). IUCS has 

experimented with these applications, and is ca pable 6f modifying the process to fit 

each application. 

The Dravo Lime Company has patented a fixation proces~ called Synearth (Figure 7-

11), which involves the addition of a propr ietary material named Calcilox, a cemen

titious powder derived from basic glassy blast furnace slag (}_, 1). Hydrated lime 

or fly ash is required to adjust the pH to 10.5. Calcilox is added at a rate of 5 

to 10% of sludge solids. 
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Oravo L fme Co. 

lU Conversion 
Systems, Inc. 
(IUCS) 

Cheu1f\x, Inc. 

Environmental 
Technology 
Corporat ion 

Ontarfo Uquld 
Waste· Oisposa 1 
Limited 

Fi xation Process 

Add It Ives: 11yd r-a ted lillll! 
or fly ash . . 
Process: Pozzo!an!c 

Addi t1ves: Fly ash and· 
lime. 
rrocess : Pozz.olanic 

Additives: Cement or 
silicates. 
Process: Cement1t1ous 

Additives: Lime and 
other. 
Process: Chemfca,1 
binding and encap
sulation 

Additives: Silicates . 
Process: Formulation 
of stable silicates 
similar to geologic 
lllilterials 

Table 7- 2 

flX/ITION PnOCE.SSES: TIIE!ll CIIAR/ICTER!STJCS AtlD.APPLlCAflOIIS 

Wastes Treated 

Calcllm-based FGO 
wastes; coal preparatfon 
wastes ; uranium mil l 
tailings. 

FGO .sludges; electroph-
ting wastes; steel mill 
wastes; chemical process 
t1as tes. 

FGO sludges.; wastes from 
v.arious 0U1er industries . 

C01TJ11ercially used only 
for hydroxide sludges. 

Vlrtually all inorganic 
wastes ; mine ta 1 lings; 
sewage sludges. 

Wastes Excluded 
fro111 Treatment 

Sludges containing organics; 
sewage wastes. 

Various organic wastes. 

Certain organics; toxic 
anions; undesirable non-
tox 1c coq>ounds. 

Further laboratory testing 
requfred. 

Various organic wastes. 

Phys ical/En91neerlng 
Properties of Final Pl'oduct 

1 -6 -8 Leach ng: 10
3 

-10 
2

c10/sec 
L8C": 5 .5x10 g/crn 

- 6 -8 Leach1ng; 10 -I o
2 

cm/sec 
LDC: 3.3xl0~g/Clllm2 
UCSt: 2.7xl g/c 

-5" -6 Leaching: JO -10 cm/sec 
UCS: 3.8xl03 g/crrf 

-6 Leaching: 10 cm/sec 
Typical strength: 
97 . 6 g/crrf. 

Leaching: < I m;i/1 heavy 
metals. 5 2 UCS: 2.1x)O y/c" 

i'osl/P1·esenl 
~!jcatlons 

Uruce Hans field Pm1er 
Station; Phil I ips 
flower Stat loo; 
Pleasants Station; 
Al~erican Electric 
flowe1· Mines. 

11 po1<er pl ants in 
the U.S.A.; large 
battery manufaclure1· 

Tests at TVA Sha1mee 
facil lty; automotive 
meLal fiilishlng 
wastes; sewage s i udges; 
oi l refinery wastes; 
organic chemical 
pl ant wastes. 

flo fGO exper1ence. 

Liqu 1d wastes; the 
product used as a 
cover material for 
san 1 ta,·y l andfll J. 
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Table 7-2 jcontinued) 

Sludge F1xal1on 
Technology, Inc. 

Stabatrol 
Corporation 

Stable)( 
Corpora ti on 

TJK, Inc. 

Fixation Process 

Additives: Cementftious 
material. 
Process: Terra Crete 
process with Caso3 or caso4 
Additives: Cementltious 
111aterial . 
Process: Terra-lite 

Additives: Silicate-based 
naterials. 
Process: Formation Qf 
s 11 lea tes; final product 
resenbles "synthetic rocks" 

Ad!Jit1ves: Cement-based 
~aterials and speeial . 
additives for stabilizing 
tox ic ma terial . 
Process: Cement it I ous 

Wastes Treated 

Designed for sulfite/ 
sulfate-based sludges. 

Host indus trfa I wastes 

\.lastes Excluded 
from Treatllent 

llot specf fied . 

llot spec Hied, 

Organic wastes ; heavy metal Organics notmisctble 
wastes; aqueous was t es con- with water; aqueous 
talning miscibl e organics. wastes. con t alnfl]g 

Muds with high water con
tent; sludges from Poru•s 
aod industrial facilities. 

small concentration of 
toxic mat erials. 

Sludges w Ith :.20% fats 
and oils; sludges with 
paint wastes. 

Herner and 
Pf1 eiderer 
Corporation 

Additives: Asphalt-solidi- Radioactive wastes . 
fyiog ageol. 

Sludges wi th strong 
oxidizers; borates: 
smelling salts. Process: Incorporation 

with bltume:i or plastic 
matrix. 

'"" LDC = loc1d Dearing Capac I ty 

1 UCS = Unconfined Co111press Ive Strength 

Conversion Units: 1 g/cn? = 0.014 • Tb/ln2 

l cll!/sec = 0.033 ft/sec 

l 1119/l : _.6.2.f x 10-S lb/ft3 

Physfcal/Engineer1ng 
Properties o f Final Product 

-6 Leaching: 10 CDI/SJlC 
UCS: 976,5856 g/clrf 

Leaching; 1r7 
CJlJ/:ieC 

UCS : 5. SxlO 9/c.m" 

Leaching: 10 times less 
than for concrete. 
UCS: Similar to UCS of 
grouts used for fi111ng 
voids in soil stabili
zation. 

5 2 
UCS: 5-lOxlO 9/cm 

Leaching: 10 times less 
than for coocrete. 

rest/Present 
~®ca t 1ons 

The process tested 
only under laboratory 
cond il Ions. 

llea.vy meta l sludges; 
co11ta~1lnated so fl. 

3 plants In United 
Kingdo111; sludges frow 
l'OT\4' s with large 
Industrial Input . 

Tox I c substances con
ta in111Cnt; 17 projec t s 
w I th depos Its under 
wa ter; 7 projects with 
industrial dischar ges . 

Ful1-sca le radwas t e 
enca1isulation units 
in France and ~est 
GemiU\y. 
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Figure 7-10. IUCS fixation system for FGO sludge. 
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Figure 7-11. Dravb Lime Company fixation process for FGD sludge. 

Source: Adapted from Power, 123, No. 3, September 1978, pp. 35-47. 
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Three distinct variations for treatment/disposal are possib l e using the Calcilox 
stabilizing agents: 

s Pennanent ponding. 

i Interim ponding. 

, Mechanical dewatering with direct landfilling . 

In ultimate disposal by ponding, the treated sludge mixture is pumped to a pond, 
which provides a means for both cooiplete curing and disposal. Ponding in this case 
is intended as a permanent method of disposal. 

In areas where vast land requirements are expensive or unavailable, interim ponding 
may be the preferred alternative. The treated sludge mixture is pumped to an 
interim (holding) pond where it is completely cured in 30 days . After this curing 
period, the fixed s l udge is excavated and transported to a landfill . To al low for 
continuous operation, a series of ponds are sequentially filled, cured, and exca

vated. With Dravo's interim ponding option, cur.ing time is crit ical, as it deter-
. mines the capacity of the interim curing ponds. 

In si.tuations \-Jhere interim ponding is not an opt"ion, direct landfilling can be 
utilized . Dry fly ash is mixed with Calcilox and partially dewatered sludge, and 
transported directly to the landfill. The material requires an initial curing 
period of 5 to 6 days prior to spreading and compaction . As is the case with Poz-o
Tec, the final product after fixation with Calcilox can also be used as structural 
or construction material (see Section 10) . 

Fly Ash/Bottom Ash 

As shown in Figure 7-1, there are two general in-plant modifications for drying ash: 

o Dewatering. 

e Ory fly ash- bottom ash blend; ng .. 

In both a1ternatives, bottom ash is collected by wet methods, while fly ash can be 
collected by either dry or wet methods. Pewatered ashes can either be transported 
to disposal areas (landfills or dry impoundments) or stored for future use . In 
landfilling, bottom ash is either placed along with fly ash or reused for drainage 
blankets or filters. 
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Since the compacted ash is capable of supporting moderate foundation loads , the dry 

disposal sites can be compacted after cl osure, and subsequently developed for homes, 

parks, golf cou r ses, and industrial s i tes . 

newatering. Three basic alternatives are avail~ble for dewatering fly ash and 

bottom ash slurries: 

~ Primary dewatering. 

Ill 

• 
Secondary dewateri ng. 

Dryi ng beds • 

Primary dewatering of ashes involves gravity separation systems such as dewatering 

bins, settling ponds, or settling basins, ~ile secondary (mechanical ) dewatering is 

accompl ished by methods such as filtration and centrifugat i on. Drying beds, as 

mentioned earlier in this section, can be used to accomplish both dewatering and 

dryt ng . 

The following is a description of primary dewater ing of ash slurries by dewatering 

bins and settling ponds or basins . Descriptions of secondary dewatering .systems and 

drying beds were presented earlier in.this section u~der the dewatering methods for 

FGD .sludges. 

In the case of dewatering by dewatering bins (Figure 7-12). ashes fr001 water slur

ries are settled; and water is removed through decant i ng and dewatering elements, so 

that relativel y dry ash can either be delivered to the disposal site or stored for 

future use . Overflow from the ash hoppers and dewatering bins is collected in a 

shallow settling tank (usually of a diameter subs t antially gr eater than the dewa - · 

tering bins) for the removal of fine pa r ticles (2_}. The water is finally drained to 

a sto r age tank for reuse in ash co11ecting and conveying systems, to which it is . 
returned by pumps. Makeup water from an outside· source must be pr~vided to the 

system .tp restore the water 1 ost through ash dis.charge f r om the dewatering bins . 

Makeup is usually added to the storage tank . Particulates accumulated in the · set

tl i ng and storage tanks are conti nuously returned at a low rate to a dewateri ng bin 

to prevent sludge buildup. 

Ash is pumped into a bin over a bar screen which permits the finer material to drop 

directly into the center; the coarser particles are diverted toward the sides of the 

bin, forming a filter to trap fihes before they can reach the decanting elements. 
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Figure 7-12. Dewatering of ashes by dewatering bins (with water recycle) . (Source: Adapted from 
A Primer on Ash Handling Systems, 1976, pp. 1-31). 
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When the bin is filled to the top, excess water overflows a serrated weir, around 

the bin periphery, into a trough from which it flows by gravity through a drainpipe 

to waste or to a settJing system for recycling. An important element in any dewa~ 

tering bin is an underflow baffle, concentric with the outer shell. Ail material 

entering the bin must pass under this baffle before.reaching the overflow weirs. 

The baffle al so prevents the turbulence caused .by the incoming conveying system 

discharge from reaching the weirs, so that flow OVf?r the weirs is as steady and 

undisturbed as possible. 

For more effective operation, two dewatering bins are normally required: after 

filling the first bin to its . rated capacity, fl ow must be diverted to a second bin 

where the filling procedure is continued. The first bin is then allowed to stand 

undisturbed until ash has settled (usually about 1 hour) leaving relatively clear 

Water above the ash, which is then drained off. The total dewatering process time 

will vary depending on the quality of the ash and the degree of dewatering desired. 

Normally, about 8 hours are sufficient to obtain a product satisfactory for removal 

in trucks or -rail road cars. Ash is discharged through tbe bottom by means of a hy

draulically operated gate. 

Oewatering bin capacities are generally determined by the longest peri~d during 

which it may not be possible to unload the bins. This is usually considered to be a 

weekend of 64 hours. (Ash hoppers are usually designed to provide 12-hour retention 

t1rne.) Where ash is known or a.1ti.cipated to have cementing properties, it may be 

well to consider using a number of small bins and a procedure of frequent unloading 

to prevent ash from setting up With consequent r.emoval difficulties. 

In the case of dewatering by settling ponds or basins, fly ash and bottom ash slur

ries are pumped into separate ponds or basins (Figure 7-13). To be effective. these 

sett1ing systems must cover a considerable area, since retention .time js the only 

me~ns ~Y which ash can be sett1 eq and separated from the conveying water. Where 

space permits, volume in ·a settl ing basin should be provided for . I day's retention 

of the ash conveying water (1!.). For effective operations, either alternate ponds or 

t1t10~compartment settling basins should be provided so that one side may be cleaned 

While the other is receiving ash _(.2_). Overflow from such ponds or basins will flow 

to sewers or to clarifiers depending on reg~lations. In most localities, discharge 

of untreated overflow is no longer permitted. 

Ash removed frcm the dewatering basins can either be hauled to a di,sposal site or 

stored for subsequent utilization. Depending on regulations, supernatant from these 
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Figure 7-13. Dew_atering of ashes by ponds or settling basins (with water recycle) . (Source: 
Adapted from A Primer on Ash· Handling Systems~ 1976, pp. 1-31). 
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ponds can be returned to the plant for the ash conveying system, or discharged 

directly to sewers after treatment by cl ari fi ers . 

Dry Fly Ash-Bottom Ash Blending. In this option, fly ash, collected by dry methods, 
is blended With wet bottom ash . This technique helps to dewater and ·stabilize th~ 
wet bottom ash . The resulting admixture can either be transported to a landfill 
(where it is spread and compacted with ·conventinal earth-moving equipment) or stored 

for reuse~ 

Criteria. Governing .Selection of In-Plant Wet-to-Ory Conversion System 

In order to select a proper conversion system and to arrive at correct sizing of all 
components of the chosen system, the following parameters need to be considered: 

a Characteristics of materials to be handled . 

e Quantities to be handled. 

Q Process rate . 

o Physical arrangement of the existing system. 

G Capital costs . 

~ Operating costs. 

o Maintenance requirements. 

~ Land requirements. 

• Land ava i 1 abi'l ity. 

• Climate. 

o Geological conditions. 

t Hyd rol ogi c conditions. 

For example, to derive correct sizes of system cooiponents and to establish convey~ 
ance r~tes, it is necessary to consider such information as the type of coal burned, 
percentage of sulfur and ash in coal, distribution of ash between bottom ash and fly 

ash, chemical composition of ashes, so2 content in flue gases, reagent used for wet 
scrubbing, stoichiometric ratio, so2 removal efficiency, waste density, waste par
ticle size distribution, waste concentration and waste chemical characteristics. 

Furthermore, site-spec~fic parameters, such as climate and hydrogeologic conditions, 
have to be evaluated. For example, climatic areas of high precipitation may favor 
the use of fixation over forced oxidation or fly ash blending due to the leaching 
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characteristics of ·the disposed materials . On the other hand, fixation would likely 
not be used in areas of little rainfall. In areas where high percolation rates 
exist, conversion schemes with the least amount of leaching tendencies should be 
considered. Furthermore, in areas where groundwater is very deep, leaching charac
teristics might not .be of great importance in selecting a dry conversion process. 

Concur.rent with site-specific parameters, the prediction of waste disposal volumes 
per each conversion process needs to be considered for the life of the plant. Capi
tal,. operating and maintenance, and overall costs should be developed to represent a 
levelized base for each conversion scheme. 

Finally, decisions on conversion from wet to dry disposal systems must also consider 
the existing regulatory frameworts. However, such decisions have to be made on a 
case-by-case basis, thus providing the utilities with the needed flexibility to 
conform to all applicable federal, state, and. local requirements. 

CONVERSION OF WET DISPOSAL SITES TO DRY DISPOSAL SITES 

Several general approaches· are possible for c_onverting disposal ponds to landfills. 
All of these approaches 1nvolve pond draining• and subsequent land disposal of the 
remaining solids. 

The characteristics of the ponded wastes will dictate the landfill method to be 
used. Ponded sludges/ashes can be either (1) dewatered and/or dried to a solids 
concentration of ~60%, and landfilled or permanently ponded by conventional dry 
disposal techniques; or (2) dewatered (if needed) to a solids content of >30% and 
disposed of by special landfilling methods. Conventional methods are described in 
the EPRI FGD Sludge Disposal Manua1 and the Coal Ash Disposal Manual (l., lQ_). The 
design of specialized sludge 1andfi11s is addressed later in this section, along 
with applicable dewatering methods . 

Dewatered ponded wastes can a·1 so be treated with a b·lendi ng/fixation agent ~rior to 
final ~isposal. Although most of the available blending/ fixation systems are inte
grated into plant design, it may be possible to Lise a portable treatment system at 
the disposal site itself. A detai1ed discussion on available blending/fixation 
systems was given earlier in this section. 

Pond Draining 

As mentioned above, all of the alternatives considered for the conversion of wet 
disposal sites to dry ones require draining of the sludge/ ash ponds, and removal of 
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the solids by excavation for subsequent dewatering and/or land disposal. Liquids 

from dewatering can either be returned to the FGD system without treatment, or 

discharged to a nearby surface water body, an evaporation pond, or a local waste

vJater treatment plant . Depending on the climate, quality of the removed. water, 

ground and surface water quality and proximity, distance to the local wastewater 

treatment plant, and environmental regulations, the removed liquid can either be 

treated prior to discharge or discharged without treatment. 

The removal of water from utility waste ponds to effect their conversion to dry 

disposal sites is best acccrnpl ished by gravity drainage into one or more sumps or 

well-like structures, located in the topographically low portions of the site~ The 

dewatering structures will most likely require pumps for removal of collected water. 

The design of the dewatering structures should be based on : 

o Penneabil ity and drainage characteristics of the waste material. 

• Texture of the wast~ material • 

o Depth of the waste material . 

a. Volume of Water that must be removed . 

The design considerations of wel ls and gravity drains are discussed in Section 6 of 

this manual. The major differences bet~reen conventional dewatering of natural soil 

material and utility wastes ar·e as follows: 

• The waste materials will likely exhibit dramatic reductions in permeabil
ity and porosity as they are dewatered, due to consolidation of the waste 
mass in response to hydraulic stress caused by pumping. 

o The waste materials are loosely placed, and hence are highly susceptible 
to subsurface erosion and pf ping. 

Thus, the pump system must be capable of dealing with hi9hly variable quantities of 

seepage. Automatic pump controls will fHely ·be warranted to allow intermittent 

pumping as dewatering progresses. Additionally, the graded filter, gr.avel pack, -· 

and/or screen ·must be effective in pr~venting the migration of fine waste particles 

into the dewatering structure. 

Normally such dewatering structures are relatively large in diameter to provide ("1) 

access for maintenance; (2) storage for accumulated seepage between pumping periods; 

and (3) a large surface area in contact with the refuse to reduce the seepage velo

city of water entering the structure. Furthermore, the openings of the screen(s) or 

the texture of the filter surrounding the dewatering structures should he relatively 

fine to prevent uncontrolled migration of solid Waste particles into it . However, 
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even under the most favorable circumstances, it will probably be necessary to filter 
the water entering a landfill dewaterfng sump prior to its discharge in order to 
remove suspended waste particles. 

Oewatering structures should be designed in accordance with site-specific character
istics and requjrements. The construction materials should reflect the duration af 

the dewpteri ng requirement. In some.instances, it may be necessary to dewater ut il -
ity ponds on a regular basis. due to the accumulation of water from precipitation and 

dust control spraying. If this is .the case, the dewatering structure should be 
constructed of materials resistant to the chemical environment of the disposal site. 

!f 1 ong-term use of such dewatering structures is necessary~ regular maintenance 
will probably be required to ensure satisfactory operation. 

Dewatering of Ponded Uti1 ity Wastes 

The following two methods are applicable to dewatering of ponded sludges and ashes 
following supernatant removal : 

• Secondary dewatering. 

a Drying beds. 

Secondary dewatering unit processes and their advantages and disadvantages v.ere de
scribed earlier in this section. To accomplish secondgry dewatering, the ponded 

' sludges/ashes can be passed either through the existing in-plant mechanical dewa-
tering device, or through rented e~uipment located in the vicinity of the disposal 
site. The resulting cake, generally containing 55 to 65% solids, is transported to 
the landfill site and disposed of by conventional dry disposal techniques . 

If directed back to the plant, ponded wastes need to be ·introduced to the system at 
a point upstream o~ the mechanical dewatering step, but beyond the ox-idation ·step,
if used° (see Figure 7-2) . Such routing will usually require longer pumping dis
tances, since in-plant mechanical dewatering devices are usually located close to 
scrubbers. In addition, provisions will be required for t811porary pipelines. An 
oversized dewatering device needs to be incorporated into the waste handling step to 

acccmmodate the existing waste stream and any additional flows from the wet disposal 
sites. However, if sludge generation varies sufficiently over the year, the addi
tional flow frcm the disposal site can be dewatered during off-peak months. In such 
cases, there may be no need for oversized equipment. 
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The application of this alternative requires that the waste have a solids content 

and viscosity that allow it to be pumped . Diluting the settled solids with super
natant may thus be required in some cases. Detailed information on the available 
sludge pumps can be found in the U.S. EPA Process Design Manual for Sludge Treatment 

and Disposal (~) . 

Specialized Landfilling of Ponded Utility Wastes 

Conventional ash and FGO sludge landfill technology is most appropriate for material 
which has been mechanically dewatered, dried, and/or stabilized. When removing set
tled solids from a pond during site relocation, it is possible to dispose of these 
solids without el a borate dewateri ng or treatment, using speci a 1 1 andfi 11 i ng tech
niques. These "sludge-only landfilling" techniques, developed originally fo r 
municipal sewage sludge disposal, include the following: 

o Trench fi 11 : 

--Narrow trench. 

- -Wide trench • 

& Area fi 11; 

--Area fill mound. 

--Area fi 11 layer. 

--Diked containment. 

Not all utility wastes are suitable for sludge-only landfills . For these methods, 
the solids concentration should be 30% or more. Wastes having a solids content 
below 30% usually will not support cover material. Although soil may be added to a 
low-solids waste as a bulking agent to effectively increase the solids concentra
tio~, soil bulking operations are general l y not cost-effective for wastes with a 
solids content of less than 39%, 

General descriptions of these 1andfilling methods, including waste and site require
ments and design criteria, are presented below. Table 7-3 provides information on 
these considerations as well as on equipment requirements for each landfilling 
method. A detailed discussion of sludge-on1y landfill designs and ancillary facili
ties which may be required in association with the landfill site can be found in the 
U.S . EPA process design manuals for sludge treatment and disposal (_~_) and for muni
cipal sludge landfills(§) . 
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Trench Fill. For sludge-only trenches, subsurface excavation is reqlli red so that 

waste can be placed entirely below the original ground surface. Trench applications 

require that groundwater and bedrock be sufficiently deep so as to allow excavation 

and still maintain su'fficient buffer soils between the bottom of the waste deposits 

and the top of the groundwater or bedrock . 

I~ trench applications, soil is used only for final cover, not as a waste bulking 

agent . The soil excavated during trench construction provides quantities sufficient 

for cover applications . Accordingly, soil importation will not be required in trench 

applications. 

Two submethods have been identified under trench fill applications: narrow trench, 

and wide trench. The depth and length of both narrow and wide trenches are variable 

and dependent upon a number of factors. Trench depth is a function of depth to 

groundwater and bedrock, side wall stabi]ity, and equipment limitations. Trench 

length, which is virtually unlimited, is dependent upon property boundaries and 

other sjte con~itions . Both narrow and wide-trenches shoulH be oriented parallel to 

one another to minimize intertrench areas. Oistances between trenches should only 

be 1 a rge enough to provide side wa11 .stability as wel 1 as adequate space for son . . •, 

stockpiles, operating equipment, and haul vehicles. ' . 
Narrow trenches have a width of less than 10 ft (3 m). Waste i~ usually disposed of 

in a single application, and a single layer of cover soil is applied on top of this 

1-,aste. Narrow trenches are usually excavated by equipment based on sol id ground 

adjacent to the trench; the equipment does not enter the excavation . Accordingly, 

backhoes, excavators, and trenching machines are_particularly useful in narrow 

trench operations. Usually, excavated material' is immediately applied as cover over 

an adjacent viaste-filled trench. However, it is occasionally stockpiled alongside 

the trench from which, it was excavated for subsequent pppl icntion as cover._over .that 

trench: Cover material is then ap·plied by equipment which is also based on solid 

ground outside the trench . Narrow trench operation is shown graphically in Figure 

7-14. 

A wide trench has a width of greater than 10 ft (3 m). Wide trenches are usually 

excavated by equipment operating inside the trench (see Figure 7-15) . Accordingly, 

track loaders, dragli"nes, scrapers, and track dozers are particularly useful in wide 

trench operations. Excavated material ·is usually stockpiled on solid ground adja

cent to the trench from which it was excavated for subsequent application as cover 
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Figure~7~-1~4~-:-~~~~~~-Narrow Trench 
Source: Pro Operation 
625/1-78-0lOcess Design M , SW-705 anual for M · ' October 1978 . un1cipal S1ud9e Landfills , EPA -
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Figure 7-15. Wide Trench Operation 

Source: Process Design Manual for Municipal Sludge Landfills, EPA -
625/1-78-010, SW-705, October 1978. 
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1. 

over that trench . However, occasiona1 ly it is immediately applied as cover over an 

adjacent waste-filled trench. 

Cover material may be applied to wide trenches in either of two ways. If its soli.d 

content ranges from 40 to 60%, the waste in the trench is incapable of supporting 

equipment. Therefore, cover should be applied in a 3- to 4-ft (0.9- to 1.2-m) 

thickness by equipment based on solid, undisturbed ground adjacent to the trench. 

In this way, a wide trench may.be only slightly more than 10 ft (3 m) wide (using a 

front- end loader to apply cover) or up to 50 ft (15 m) wide (using a dragline to 

apply cover). Alternatively, if its solids content is 60% or more, covered waste in 

the trench is capable of supporting special equipment. Track dozers are the most 

useful equipment in this application . 

Area Fil 1. For sludge-only area fi11s. waste is usually placed above the original 

ground surface. Because excavation is not required and waste is not placed below 

the surface, area fill applications are particularly useful in areas with shal l ow 

groundwater or ·bedrock. The sol ids content of waste is not necessarily a 1 imiting 

factor. However-, because side Wall containment (available in a trench·) is lacking 

and equfpment must be supported by the waste in most area fills, waste stability and 

bearing -capacity must be relatively good . To achie~e ;:hese. qualities, soil is 

usually mixed with the waste as a bulking agent. Since excavation is generally not 

perfonned in the la~dfilling area, and since shallow groundwater or bedrock may 

prevail, the l arge quantities of soil required must usually be either hauled from 

other on-site 1 ocations or imported from off site. 

Because of the likely proximity of groundwater or bedrock to the ground surface, the 

installation of a liner will often be required at area fills. Because filling pro

ceeds above the ground surface, liners can be more readily installed at area fill 

operations than at trench ope.r.ations. With or without liners , surface runoff of 

moisture from the waste and contaminated. rai,nwater should be -exp-ected _in greater 
. . . 

quantities at area fills, and appropriate surface drainage control facilities should 

be considered. 

In area fills, the landfilling area usually consists of several consecutive lifts or 

applications of waste/soil mixture and cover soil. As with any landfill, cover 

should be applied as necessary to provide stability fo r additional lifts . 

Three submethods have been identified under area fill ~pplications : area fill mound 

(Figure 7-16), area fill layer (Figure 7-17). and diked containment (Figure 7-18). 
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. 
Figure 7-16. Area-Fill · Mound Operation 

Source: Process Design Manual for Municipal Sludge landfills , EPA -
625/1-78-010, SW-705, October 1978. · · 

7-41 



- Doc. Ex. 1662 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

Figure 7-17 . Area- Fill Layer Operation 

Source: Process Design Manual for Municipal Sludge Landfills, EPA -
. 625/1-78-010, SW-7Qq, October 1978. 
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Figure 7~-1~8~-:.~------~ • D1 ked Canta. -::-----------
Source · p ,nmeot Operati 
62:11-?a-o~g~e~~-~~~ign Manual for '.on - --- -
. . . 'October 1978.Mun1cipal Sl 

. udge Landfill s, EPA -

7-43 



- Doc. Ex. 1664 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

In area fill mound applications, it is recrnimended that the solids content of waste 

received at the site be no lower than 40%. Waste is mixed with soil (1 part waste 

to 0,5 to 2 parts soil) to produce a mixture with more stability and greater bearing 

capacity. The exact ratio employed will depend on the .. sol ids content of the waste 

as received, and the need for mound stability and bearing capacity (as dictated by 

the number·of lifts and equipment weight). 

The waste/soil mixirig process is usually perfonned at one location, and the m1xture 

is hauled to the filling area. At the filling area, the waste/soil mixture is 

stacked into mounds approximately 6 ft (1 .8 m) high . Cover material is then applied 

on top of these mounds in a 2- to 3-ft (0.6 - to 0.9- m) thick application. This 

cover thickness may need to be increased if additional mounds are applied on top of 

the first lift, Because equipment may pass over the waste during mixing, mounding, 

and cover operations, lightweight equipment with swamp pad tracks is generally 

recommended for area fill mound operations . However, heavier wheeled equipment may 

be more appropriate in transporting bulking material to and from soil stockpiles. 

Area fill mound operations are usually conducted on level ground to prevent mounds 

from/lowing downhill. However 1 if a steeply "sloping site is selected, a level 

mounding area cari be prepared into the slope and a side wall created. for containment 

of mounds on one side. 

In area fill layer applications, waste received at the site may contain as low a~ 

30% solids. Waste is mixed with a soil bulking agent to produce a mixture with more 

stability and greater bearing capacity, Typical bulking ratios range from 0.25 to 2 

parts soil for each part waste. As with area fill mounds, the ratio will depend on 

the solids content of the waste, and the need for layer stability and bearing capac

ity (as dictated by the number of layers and the equipment weight) . 

This mixing · process may occur either at a separate wa~te dumping and . m~xing ar:a or 

in the filling area . After mixing the waste with soil., the mixture is s·pread evenly 

in layers from 0 . 5 to 3 ft (0 .15 to b.9 m) thick . This layering usually continues 

for a number of applications. Interim cover between consecutive layers may be 

applied in 0.5- to 1-ft (0.15- to 0.3- m) thick applications. Final cover should be 

from 2 to 4 ft (0.6 to 1.2 m) thick. 

As with mounding operations, equipment will pass over .....aste during m1x1ng, layering, 

and cover operations. Accordingly, lightweight equipment with swamp pad tracks is 

generally reconmended for area fil 1 layer operations. However, heavier Wheeled 
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equipment may be appropriate for hauling soil. Slopes in layering areas should be 

relatively flat to prevent the waste from flowing downhill. However, if the waste 

solids content is high and/or sufficient bulking soil is used, thi .s sliding effect 

can be prevented and layering can be performed on mildly sloping terrain. 

In diked containment applications, waste is placed entirely above the original 

ground surface. ·oikes are constructed. on level ground around all .four sides of a 

containment area. Alternatively,, the containment area may be placed at the toe of a 

hill so that the steep slope can be utilized for containment on one or two sides . 

Dikes would then be constructed around the remaining sides. 

Access is provided to the top of the dikes so that haul vehicles can dump waste 

directly into the containment area . Interim cover may be applied at certajn points 

during the filling, and final cover should be applied when filling is discontinued. 

The solids content of waste received at diked containments should be a minimum of 

40%. For wastes with a solids content between 40 arrd 60%, cover material should be 

applied by equipment based on solid ground above the dikes . Thicknesses should be 1 

to 2 ft (9 . 3 to 0. 6 m) for intel'im cover, and ·3 to 4 ft (0.9 to 1.2. m) for final 

cover . 

For wastes with a solids content of 60% and above, cover material should be applied 

by equipment which pushes and.spreads cover soil into place as it proceeds out over 

the waste . For this situation, a track dozer is the best equipment for cover appli

cation. 

Usually, diked containment operations are conducted without the addition of soil 

bulking agents . Occasionally, however, soil bul king is added. Under these circum

stances, soi1 may be added to increase the solids c.ontent and to a
0

llow the opera

ti-ons as describ~d .above. 

Landfill Selection Criteria. The advantages and disadvantages of specialized land

filling methods which are suitable for the conversion of utility wet disposal sites 

to dry sites are identified .in Table 7-4 . 

In practice, the selection o.f a landfilling method is an integral part of the site 

selection process, since the acceptability of a given site is contingent on the 

landfilling method to be employed. Likewise, the acceptability of a given landfill

ing method is dependent upon the site where it is to be employed . In turn, the 
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Method 

Trench Fill 

- - Narrow Trench 

--Hide Trench 

Table 7-4 

SPECIALIZED LANDFILLING METHODS .SUITABLE FOR CONVERSION OF WET 
OISPOSAL SITES: ADVANTAGES AND DISADVANTAGES 

Advantages 

Lower surface runoff than in area . 
fill methods . 

Liners are less often required than 
· for area fill. 
Surface drainage control facilities 

less often required than for area 
fills . · · 

Does not require importing soil . 
Ooes not require bulking with soils . 

Ability to handle waste 1-1ith rel a-
tively low solids coAtent. 

Less land- intensive than narrow 
·trench . 

Liners can be installed easier than 
·in narrow trench. 

Excavation may proceed closer to bed
rock or groundwater in wide trenches 
with liners than in narrow trenches 
without liners. 

Disadvantages 

Requires deep ground1-1ate·r or bedrock 
areas. 

Relatively land- intensive compared to 
wide trench . 

Lower application rates than for other 
methods. 

Liners are impractical to install. 

Need for a higher solids waste than 
narrow trenches; 

Wastes with 64% solids do not spread 
out evenly when applied above the 
trench side wall. 

Need for flatter terrain than for 
narrow trenches . 
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Table 7-4 (continued) 

Method 

Area-Fil 1 

-- Mound 

--Layer 

--Diked Containnent 

Advantages 

Useful in areas with shall ow ground
water or bedrock . 

Waste solids content not necessarily 
limited . 

Liners can be i nsta1 led easier than 
at trench operations. 

Good land utilizat i on. 

·. Canpleted fil 1 areas are relatively 
stable. 

Mai ntena nee req ui r ement s 1 01-1er than 
for area fill mounds . 

Manpowe r and equipment requi rernents 
1 ower than fo r area f i 11 mounds . 

Individual diked conta inments are 
are relatively large. 

Efficient land use. 

Di sad vantages 

Large quantities of soil for bulking 
are required . 

Liners are often required. 
Hi gher surface runoff than in trench 

operations . 
Surface drainage control facilities 
may be required . 

Constant need to push and stack slump
ing mounds . 

Higher manpower and equipment requi re
ments than in other methods . 

Poor land ut i lization compared to other 
area fil l methods . 

Higher leaching than in other 
methods . 

Liners and other leachate controls 
may be required. 

Higher capital cost than other 
methods due to the construction of 
dikes . 
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acceptability of both the landfil 1 ing method and the site is contingent on the char

acteristics of the waste received. Consequently, a thorough investigation of waste 
characteristics should be performed first, with investigati ans of sites and 1 and
filling methods to follow~ 
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Section 8 

SITE CLOSURE PROCEDURES 

Closure and post-closure monitoring of a retired utility waste disposal site is con

sidered to be the last phase of waste management at the site. Acceptable closure 

practice should as a minimum be: 

111 Technologically sound with respect to protection of local water resources. 

o In compl iance with regulatory requirements . 

o Compatible with the projected end use of the site. 

In this section, the following aspects of site cl osure are discussed: 

o Current site closure practices and their deficiencies. 

t Recollimended ?ite closure procedures. 

g El ements of a formal site closure plan . 

The specific engineering elements qf site cl osure are reviewed in general terms 

here . Detailed engineering guidelines are often included by reference to other sec

tions of this report , as well as to EPRI 1 s FGD sl.udge and coal ash disposal manuals. 

CURRENT SITE CLOSURE PRACTICES AND THEIR DEFICIENCIES 

The most ccxnmon c l osure practices empl oyed for retired uti 1 f ty waste di ~posal sites 
are (1) covering with soil fo ll owed by revegetation; (2) .pond drai·ning and backfill-

• 
ing· with soil; and (3 ). pon_d abandonment. 

Covering followed by revegetation is the most ccxnmon method of closing a utility 

waste landfill. Federal regulations require a mi nimum 2 ft (61 cm) of cover soil 

for sanitary landfills, although EPRI's FGD Sludge nisposal Manual (CS-1515) UJ 
suggests that 6 in. (15 cm) is general ly suf ficient to revegetat e most FGD waste 

landfil l s CU• Soil cover of a ccxnpleted landfill is either taken from topsoil 

stockpiled during site excavation or by "borrowi ng" from an on-site pit U., .. V. 
Imported soil specifically chosen for final cover of the fil 1 has al so been occa

sionally used . Once soil cover is in place, it is graded and contoured to divert 
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runoff and to minimize infiltration and erosion (_.!_-1_). These practices are de

scribed in detail in Section 6. 

Revegetat1on is established on a canpleted landfill to provide an aesthetically 

ple_asing appearance and to stabi-lize slopes against erosion which can lead to blow

; ng ash and silting of streams (i). Pl ant species canmonly chosen for revegetation 

include grasses, clovers, and herbs (i, 2). Research has also been conducted on 

other species, including beets, legumes, trees, and bushes (.§_-]). 

Pond draining foll owed by soil backfill calls for the discharge of supernatant water 

from an ash or sludge pond to a nearby surface water body. After the free water is 

drained out, the site is covered with an inert material, graded, and revegetated. 

An NPDES permit is required for discharge. 

Pond abandonment is canmon in areas where land development is not pronounced, and 

where site reclamation is not economically justified. Site "abandonment," despite 

its negative connotation, can be -an environmentally acceptable method of site clo

sure if i.t is compatible with loca·1 hydrology and land use. The buffer area around 

the pond can be landscaped a~d revegetated, and the site fenced to limit public 

access. A good ·example of the .site closµre of a pond is the CAPCO Bruce Mansfield . . 
plant, which is planned for use as a recreation area following closure. Pond aban-

donment is also common in areas where evaporation exceeds precipitation, such as the 

southwest; in these areas, ponds are allowed to dry without direct discharge to 

surface waters. 

Not all sites are being closed in ac~ordance with the prevailing regulations or 

sound waste disposal engineering practice. Canmon deficiencies in current site clo

sure practices include the following: 

o • Lack of provision to minimize · surface water infiltration due to highly 
permeable or otherwise inadequate soil cover. 

o Lack of provision for leachate and waste washout control. 

o Lack of post-closure maintenance and monitoring. 

Deficiencies associated with pond abandonment are of greatest concern, because they 

favor leachate generation. Th is is particularly a problem with untreated FGD 

sludges which are generally more permeable and soluble than other utility wastes 

(_~). Because ponds by design ma intain a hydraulic head of standing water above the 

settled waste, there is little that can be done to eliminate leachate generation and 

migration. The addition of finely divided materials (e.g., clay or fly ash) or 

8-2 



- Doc. Ex. 1671 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

sealing chemicals can help retard leachate generation but generally will not prevent 

it. For this reason, ponding has fallen into disfavor with EPA as a permanent 

method of waste disposal. 

Stabilized FGD sludges, while generating a leachate of canparable qua·lity to raw FGD 

sludges, are considerably less permeable, and thus produce lower.mass emissions than 

raw sludges (.2_). Alkaline fly ash releases relatively fewe'. metal contaminants and 

possesses · self-sealing capabilities (!Q., l.!.J; acid flY. ashes are much more readily 

leachable (i)- Bottom ash is essentially inert(_!). 

SITE CLOSURE PLANNING AND IMPLEMENTATION 

Separate closure procedures are recommended for landfills and for ash/ FGD sludge 

ponds. Procedures for closing a landfill, when either a distinct segment or an 

entire site has been filled to capacity, include the following steps: 

o Cover the fill with topsoil and compact the cover. 

o Install surface liner (surface sealing) prior to applying fina1·-cover if 
adequate soil cover material is not available. 

e Grade the soil-covered area; depressions and cracks should be'fjlled using 
on-site or borrowed soil. 

• Revegetate the area with appropriate plant species (optional, depending on 
the projected end use of the finished site). 

o Outline a timetable to ensure that the fo.llowing features are inspected at 
regular intervals: 

--Settlement, cover soil integrity, and need for regradi_ng. 

--Vegetation. 

--Sediment and erosion controls. 

--Leachate control. 

--Monitori"ng. · 

For ash/sludge ponds, the proper site closure steps are as follows: . 

• 

• 

Drain supernatant water out to sewers leadin9 to a nearby wastewater 
treatment plant (if available and acceptable) or to a surface water body 
such as a creek, river, or lake following appropriate treatment. An 
approved NPDES pennit is required for the latter discharge. In cases 
where an existing pond poses a direct hazard to potable ground or surface 
water, the waste must be excavated/pumped out and reburied at an approved 
landfill (see Section 7). 

Backfill the pond with inert material, such as stockpiled soil • 
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e Install a surface liner (surface sealing) if soil cover is inadequate to 
minimize rainwater infiltration. 

Grade, revegetate, and set a maintenance/monitoring timetable as outlined 
in closing procedures for ash landfill. 

These recommended si'te closure procedures cal 1 for :the use of several speci fie tech
niques, which are described in more detail in the following pages. Each closure 

element is discussed in terms of design considerations, material and equipment r.e
quirements, and instal lation techniques. When some details of a given closure ele
ment (or the element itself) have already been presented fn a related section of 
this manual, they are given by reference on1y . 

Final Cover and Grading 

Final soil cover (along with daily and interim cover) is a legal requirement in most 

states. Appropriate final cover will comply ~ith requirements of air, surface, and 
groundwater protection concerning dust, erosion, and leachate contamination. Func
tions of the. final soil cover will include infiltration and leachate generat ion con
trol, vegetation support, support of vehicular traffic, erosion resistance, and dust 

control. ·-T~chniques for final cover of a completed landfill are described in Sec
tion 6. The total thickness of ttie cover, as specified under current federal stan-

• 
dards, is 6 in . (15 cm) of clay and 18 in. (45 cm) of other material. 

proper grading of f1nal cover at utility waste disposal sites is essential. The 
selection and maintenance of suitable surface grade serves the following purposes: 

~ Reduces ponding, which minimizes the infiltration of surface water. 

• Reduces the rate of leaching of waste contaminants . 

, Reduces soil erosion and helps establish and maintain vegetative cover. 

The end use of the site has an influenc·e on the .design criteria for grading . Com
pleted landfills have been used for light construction (particularly parking areas 
and industrial parks), and recreational areas. Minima1 slopes are suggested"for 
sites used for recreational purposes . 

Finished landfil 1 surfaces require drainage protection in the fonn of benches, in
terceptors, and planting. To prevent erosion, benches should be constructed on side 
slopes at intervals not to exceed 25 ft (7.6 m) measured vertically. Ideally, where 
the property line is far enough from the toe of the fill, benches should be at least 
8 to 10 ft (2 .4 to 3.1 m) wide (most construction equipment is 8 ft, or 2.4 m, wide 
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or wider) and be provided with paved terrace drains. Filled slopes higher than 

50 ft (15.2 m) measured vertically should be provided with horiz.ontal benches with a 

minimum width of 15 ft (4 . 6 m). Interceptor drains should be constructed at the top 

of the fills, and paved drains should be provided to carry runoff down the slopes. 

Terrace drainage should be provided to carry runoff down the slopes, and should not 

contribute to erosion. Velocities should not be less than 4 ft/sec (122 cm/sec) nor 

greater than 8 ft/sec (244 cm/sec) (..!£). For detailed i,nfonnation on grading and 

surface· control techniques,' the reader is referred to Section 6. 

Revegetation 

Establishment of vegetation on a cooipl eted landfil 1 site can help to prevent or min

imize the contamination of surface and groundwater. An appropriate revegetation 

design will perform the following functions: 

t Minimize infiltration by enhancing evapotranspiration. 

• Minim1ze water and wind ~rosion of cover materials through the stabilizing 
effect of the plant root system. 

o Discourage surface runoff by using the water retention capability of cover 
vegetation. 

· a Enhance the final appearance and use of the canpleted site by providing 
buffers and vi~ual screens. 

Factors influenc.ing selection of plant species and revegetation procedures are dis

cus sed in Section 6. 

Pond Draining and Backfilling 

The first step in closing a utility waste disposal pond involves pumping out super

natant water prior to earth backfill . The reader is referred to Section 7 for a 

detailed discussion of pond draining. 

Earth backfilling of an excavated 1andfil'l or drained pond· is a special fonn of 

· final cover; the thicknE!SS of soil cover ;'s the only real difference. Soil selec~ 

tion criteria are essentially the same as for fina l cover. Factors dictating the 

thickness of earth fill include: 

• Depth of depression (i.e., drained pond or re-excavated landfil l). 

o General topography of the area . 

t Expected end use of the site. 

For earth backfill considerations, the reader is referred to Section 6. 
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Surface Sealing 

Surface sealing is achieved by installing a liner on the surface of a completed dis

posal site. The technique has recently beery applied to the control of surface water 

infiltration into the site arid eventual prevention of groundwater contamination. 

Surface sealing is utilized before final cover is .placed. In a,reas experiencing 

high annual rainfall · or where impernieable soil cover is not available, this method 

of le.achate control is sometimes warranted, . and has actually been used at severa 1 

chemical waste disposal sites. Since no definite design criteria specify liner 

materials to be utilized, cost is a major influence. In addition, the projected use 

of the completed site has a bearing on the type of liner material to be utilized. 

Liner installation guidelines are presented in Section 9. 

It should be stressed that although this control method alleviates the problem of 

surface water seepage into the site, thus reducing the production of leachate within 

the site> groundwater contamination may stil 1 result from groundwater movement 

through the waste from underneath the site . Procedures to impede the movement of 

groundwater through the fil 1 ·are discussed in Section 6 . 

The projected end use of th~ ~ite and the ~igh cost of liners are the major consid

erations in the selection of surface Jiners. Some· liner materials are more prone to 

puncture under stress. , Thus, if heavy traffic is anticipated on the completed site, 

these materials should be avoided . 

The list of materials proposed for use as disposal site surface liners include con

ventional paving asphalt, hot sprayed asphalt, asphalt-sealed fabric, polyethylene 

(PE), polyvinyl chloride (PVC), butyl rubber, hypalon, ethylene propylene diene 

monomer (EPDM), chlorinated polyethylene (CPE), compacted clay, and mixtures of 

native soil with either bentonite, or cement (.!l). All of these materials have been 

used to line the bottoms of landfills and i~poundrnents, providing an impefvious 

. layer for protection of the groundwater table. These materials coulcj also be 

applied as surface liners to prevent rainwater infi1tration into the disposed waste . 

For the proper installation of surface 'liners, the 1andfill surface upon which the 

liner will be placed must be smooth and compacted. In many cases,, so·il should be 

appli'ed to a minimum depth of 6 in . (15 cm) before the liner is instal led ill)
This provides a layer of protection between the waste cell and the liner material, 

and prevents punctures and chemical decomposition. A minimum of 6 ·in. (15 cm) of 

soil cover should be provided for revegetation and protection of the liner (Jl). 

This cover should be free of sharp objects and jagged rocks. In addition to these 

practices, proper grading should be provided to avoid any ponding above the liner 
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which might hinder growth of vegetation. Temporary stabi 1 i zation techniques should 
be provided along with vegetation to protect against erosion of the soil cover. 
Routine maintenance of the liner should include field inspection and puncture 
repair . 

Post-Closure Ma1ntenance and Monitoring 

The purposes of post-closure maintenance and. monitoring of groundwater are to pre
serve site integrity, to prevent exposure or escape of disposed ash, and to minimize 
subsurface contamination. The degree of post-closure maintenance/monitoring re

quired at ash disposal sites is l argely dependent upon the post-closure use of the 
site, and the associ ated federal/state regulations. 

As was discussed in Section 3, the post -closure plan for a given site (i.e ., type of 
maintenance/monitoring. and length of time for post-closure care) is determined on a 
case-by-case basis under federal regulations for nonhazardous waste disposal. Post
el osure care ~onna'l ly consists of routine maintenance and groundVfater monitoring . 

Some states req.uire several years of post-closure care, including water quality 
monitoring. Other st~tes do not address post-closure maintenance in their regula
tory requfrements. It is advisable to remain current on developi ng regulations i n 
such states. 

For routine site maintenance, visual inspection and 

on a regular basis, preferably once every 3 months . 

checked for their condition/activity: 

e Surface Cover: 

monitoring should be perfonned 
The following items should be 

--Cracking, erosion, or stagnant water on the site surface . 

--Signs of _excessive resettlement • . 
--Signs of puncture· on surface liner (e.g . , presence of deep rooted pl ant • . 

species). 

--Site use by off-road vehicles, such as motorcycles, which can ca11se 
unwanted loss of erosion protection. 

a Vegetation: 

--Esthetically pleasing appearance of vegetation, i f visible to the 
p Ub 1 i C . 

e Erosion and Sediment Control Structures (e.g., interceptor ditches , diver
sion ditches) : 

--Structural integrity. 

--Accumulated sediment (should be removed in order to ensure the func-
tioning of these structures at design levels). 
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It is advantageous to develop an inspect ion checklist which addresses all appropri
ate items listed above and thei r current condition . The checklist will ensure a 
c001plete inspection, and signal the need for pranpt and appr~pr iate attention to a 
recognized problem. /1Jl example post-closure inspection checklist is shown in Table 

8-1. 

Post- closure groundwater monitorjng is mandatory in some staies, and may be required 
by the U.S. EPA (see Section 3) . Its objective is to prove that the site has been 
properly closed, and that clos ure poses no t hreat to the underlying groundwater. 

Post-closure grounawater monitoring is expensive, particularly if new or additional 
monitoring wells are needed. The design of a long-term post-closure monitoring sys
tem is based on the following considerations: 

o The presence of an existing monitoring well system at the site. 

• The potential for groundwater contamination (even if all original design 
measures have been followed). 

• Federal/state regulatory agency requirements governing monitoring activity · 
in the post-closure plan. 

When establishing a groundwater monitoring system, the follo~ing steps are taken: 

• Well location selection . 

I Well installation . 

e Water sample collection. 

0 Water sample analysis. 

• O~ta interpretation • 

Highlights of these steps are presented below. For a detail. discussion, the user is 
referred to the EPRI Coal Ash Disposal Manual · (CS-2049) (_!!). 

Well location selection ap plies only to sites without an existing monitoring well 
system, unless the system is considered inadequate. Knowledge of the direction ·of 
groundwater flow is ~rucial for selecting a well location. A typical monitoring 
network could consist ·of one upgradient well and three downgradient well points 
(_!!). The downgradient wells should be located as close to the disposal area as 
possible to provide an "early warning" 1f leakage occurs. 

Monitoring wells should be installed in such a manner that any leachate pl ume gener
ated by the disposal site will be intercepted. Leachate migration into groundwater 
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CX> 
I 

\C 

Subject 
Needed 

Soil Cover
Surface Liner 

Vegetation 

Items to Inspect 

Cracking 
Ponded wate"r 
Erosion 
Excessive settlement 
.Puncture 

Oensity 
Appearance 

Surface Water- Excessive erosion 
Erosion r.ontrol Excessive sedimentation 

Structura 1 integrity 

Sediment Control Structur al integrity 

Table 8-1 

POST- CLOSURE SITE INSPECTION CHECKLIST 
Sheet l of 

Date - --- - --

Previous Status* · 
OK 1t 2# 3** 

Current Status 
Comments/Action 

Structures Sediment accumulation Cleaning needed V N 
, • 

Monitoring Wells Damaged Y N# Last sampling Date # Sampled This Inspection Y N 

* Show results of previous inspection for c001parison. 
t A checkmark indicates a p.ote~tial problem and a need to-monitor the situation carefully . 
# A checkmark indicates a need for future maintenance . 

** A checkmark indicates a need for immediate action. . 
Note: Attach sketches and descriptions of any current status notations other than "OK" . 
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OJ 
I ..... 

0 

Table 8-1 (continued) 

Attachments: 

1. Groundwater Monitoring Data Sheet Y N 

2. 

3 . 

4. 

Inspector -------- ----- Approved - --------- ---
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tends to enter as -a plume(!_, _!i) . Downgradient wells should be drilled to various 
depths to ensure plume interception. Casing for mon i toring wells should be made of 
PVC rather than steel to avoid contamination of sampl es. Collection of representa
tive samples from a groundwater monitoring well-is critical. Practi-cally, the well 
must be flushed before a sample is taken. When a well is installed in perme·able 
soils, a flushing volume ranges from two to more than five well casing volumes . A 
well in low- permeable soil should be pumped dry, and the_ i ncoming water col.lected 
for analysis . 

Prior to obtaining any sampl es, the parameters of interest must be identified . 
These parameters may be dictated by regulatory requirements. Advanced knowledge on 
monitoring parameters is needed for the selection of sample size and preservation 
method. Well water samples can then be taken by baling, pumping, or by use of a 
bubbler sampler(~) . 

In terms of sampling frequency, it is recommended that samples be taken on a quart
erly basis . However , regulatory requirements or site conditions may dictate a di-f
ferent sampling schedule. When the monitoring program is required by f~deral/state 
regulatory agencies, it is more likely_that the water sampl es will have to -be ana
lyzed by a state-approved chemical laboratory~ 

Analytical data from on-site and downgradient water samples should be compared with 
those of upgradi ent water samples (i.e . , background water .data) and with groundwater 
quality standards (see Appendix B) (--12_) . In particular, a distinction should be 
made between water quality changes due to seasonal variation and changes -caused by 
contaminants originating from disposed wastes . 
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Section 9 

LINER SELECTION AND INSTALLATION 

Waste disposal sites may be lined with materials which impede the movement of leach
ate away from a site. Liners have conventionally been used to restrict seepage from 
lagoons, ponds, canals, reservoi.rs, and landfills. However, many traditional lining 
materials, such as concrete, asphalt, metal , and clayey soils, have not proven en
tirely satisfactory for waste containment. Some of these materials are vulnerable 
to fracture, permeation, or corrosion, wh i le others are too costly for large proj 
ects. As a result, the use of polymeric materials to restrict leakage has 
increased. 

The use of surface impoundments and ·landfills to store and dispose of FGD sludge, 
fly ash, and bottom ash is common practice in the util. i ty ·. i ~dust ry. With more 

. . 
stringent requirements for groundwater pollution control, many existing facilities . . 
will need to be upgraded~ and new facilities will be designed so that leakage of 
contaminants or leachate from the disposal facilities can be prevented. In situ 
soils may not meet the governing regu~atory requirements for subsurface protect i on. 
Thus, high- i ntegrity_ materials having low permeability wi ll find increased applica

tion in the utility and other industries . A uti l ity engineer confronted with the 
prospect of lining a waste disposal site must therefore be aware of the available 
lining materials, their applicability to the particular site and waste, and the 
drawbacks to specific liner applications . 

The number of power plants which have lined landfills or ponds is not currently 
known . A partial list of lined utility waste disposal facilities is· presented in 
Appendix C. The performance of these liners has not been evaluated by these fac i li 

ties. The success or failure of a particular liner material will depend on the 
characterist i cs of the waste (or was_tE: mixture), design specifications, construction 
techn iques, and operation of the facility . 

While there is extensive experience in the utility industry with the installation of 
liners, there is little knowledge of long-term waste/ liner interactions and the 
associated leak potential . EPRI has contracted for some major research (RP-1457) in 
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the field of liner/utility waste canpatibili'ty. Preliminary results should becane 

available in 1982. 

Although the· use of 1 i ners is an obvious option in ccmplyi ng with regulatory stan

dards, there are some fundamental questions to be answered when considering lining a 

disposal site. These questions· perta.i n to (1) the comparative economic advantages 

of different liner systems, (2) regulatory requirements and acceptance, (3) l i ner 

material sefection and design risks, and (4) contractor selection·and guarantees . 

In this section, various types of lining materials will be described, followed by 

guideljnes for their selection, design, and installation . 

TYPES AND CHARACTERISTICS OF LINERS 

Many different types of lining materials are canmercial ly available for land dis

posal facilities. These incfode clays, admixes, polymeric membranes, spray-on mate

rials, chemical absorbants, etc. U.-1)- Many of these materials have been used to 

conta.in water and potentially polluting fluids. Each of these generic types has 

advantages and disadvantages associated with its characteristics, environmental fac 

tors, and ~he wastes contained ... Table 9-1 'lists some canmonly used lining mate

rials; their: characteristics are discussed ·below. 

Clays 

Natural clayey soils have been used to contain a variety of industrial wastes, in

cluding utility solid wastes. The use of clayey soils as liners is normally based 

on their quality (i.e . , clay content, low permeability, swelling, etc.), availabil

ity, and depth of deposit. The permeability of clayey soils can be as low as 10-9 

cm/sec if properly compacted. 

The best known form of clay for linin~ and sealing is bentonite:a sod1um-montmoril

lonite possessing a high degree of swelling, impermeability and high attenuating 

capacity for cations and heavy metals '(_Z) . Treated bentonite .clays are al so ava,1-

abl e (I,_!!). To produce these,·the bentonite is either chemically treated or poly

merized so that the final product inhibits contact between the contaminants in water 

and the bentonite itself: These types of "encapsulated" bentonites are claimed to 

be highly resistant to organic and inorganic contaminants alike(.!!). 

Transportation is a major cost element if clay is to be imported from other areas. 

Since large deposits of bentonite are not widespread, many indigenous clays have 

been used to line disposal facilities . 
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Table 9-1 

LIST OF COMMONLY USED LINING MATERIALS 

, Clays 

- Clayey soils 
- Bentoni'l;e 

& Polymeric Membranes 

- Chlorosulfonated polyethylene (CSPE) 
- Polyvinyl chloride (PVC) 
- Ethylene propylene rubber (EPDM) 
- Butyl rubber 
- Chlorinated polyethylene {CPE) 
- Neoprene {chloroprene rubber) 
- High-density polyethylene (HOPE) 

t Admixes 

- Asphalts (hydraulic asphalt concrete, asphalt panels, 
sprayed-on asphalt membranes) 

- Soil cements 
- Stabilized FGD sludge 
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Clay liners are plastic and can defonn with earth settlement and movement . Problems 
can arise when these movements exceed the plastic limit of the clay, causing a break 
in the clay and allowing the release of contaminants . Clay liners must be kept wet 

at all ti~es to prevent drying and subsequent shrinkage and cracking . 

In one case where soil bentonite (saline seal) and compacted clays were each exposed 
to variou.s industrial wastes, including caustic petroleum sludge, acidic steel pic
kling wastes, and electroplating sludges, liner deterioration was observed (!). In 
many of. these examples, the level of ionic salts present 1vas sufficient to reduce 
the swelling index of bentonite and impair its effectiveness as a liner . These two 
liner materials, however, were resistant to oily refinery sludge , rubber and plastic 

wastes, toxic pesticide fonnulations, and toxic pharmaceutical wastes (!) . 

The general advantages and disadvantages of clay liners are summarized below: 

Lining Material 

Compacted native 
clayey soils · 

Bentonite 

Advantages 

• No need for imported 
material • 

o Low cost. 

o Lovt permeability. 

o Wide' applicability. 

• High swelling to 
fill voids . 

• 
o Reativeiy low cost 

in ccrnpari son to other 
liners. 

o Relatively long ser
vice life . 

o High cation exchange 
capacity . 

e Easy to install. 
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Di sad vantages 

o Permeability. can vary 
depending on canpaction . 

o Very 9ifficult to detect 
leaks . 

, Must be kept moist at all 
times; prone to develop 
cracks if dried out . 

o Little resistance against 
weathering and many chemi
cals . 

o Resistance to waste contami
nants questionable. 

, Must be imported in many 
cases 

• •Must be covered above water 
line . 

o Can l ose its low penneability 
through collapse of structure 
due to high ion concentra
tion in the waste. 
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Admixes 

Admixes or admixed liners have been used in the impoundment of water. All of them 

are hard-surface materials which are constructed in place. There is little informa-

. tion on the use and perfonnance of admixes as liners at waste· disposal facilities. 

Asphalt. Asphalt liners are nonnally used for erosion control above the normal 

water leVel. However, several _types of asphalt liners have · been used at sanitary 

landfills(_~_) . Asphalt materia ls have been shown to be resistant to acids; bases, 

and inorganic salts ; they are susceptible to organic solvents and chemicals, partic

ularly hydrocarbons (.i) . 

There are five types of asphalt l i ners: hydraulic asphalt concrete, asphalt panels, 

hot-sprayed membrane, rubber-modified asphalt, and emulsion sprayed on a geotextile 

or fabric . 

' Hydraul i c asphalt concretes are controlled hot mixtures of asphalt cement and high 

quality aggregate, compacted into a uniform dense mass. When compacted properly, 

these ma,terial s have a penneability in the range of 10-7 to 10-9 cm/se~. They are 
stable on side slopes, resisting slip and creep, and- retain enough flexibility to 

conform ·to slight defonnations of the subgrade. 

Prefabricated asphalt panels have been used as liners for water reservoirs. The 

panels are rugged and flexible; when properly i nstalled and seamed , they fonn a 

relatively smooth watertight seal exhibiting the resist ance characteri st i cs of 

asphalt concrete described above. Some problems occur with aging in hot dry cli

mates, causing panels to become somewhat brittle and shrin.k. 

Sprayed_-on asphaltic membranes are usually prepared by spraying hot asphalt on a 

prepared s·oil surface. The finished membrane is about 0.25 in. (0.64 cm) thick, . . 
formed by two or more passes of the spray device; sections are. -0verlapped by 1 to 2 

ft "(30 to 60 cm). These mernbranes retain their tough flexible qualities indefi

nitely when properly covered and protected fran mechanical damage (~) . The addition 

of 3 to 5% rubber improves the properties of the asphalt by inducing greater resjs

tance to flow, inc reased elasticity and toughness, decreased brittleness at low 

temperatures, and greater resistance to aging (1.Q.). 

Rubber modified asphalt membranes are formed by applying one coat on horizontal 

surfaces or two coats on vertical surfaces . The membrane is about 50 mil (12.5 mm) 
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thick and has good UV stability and low temperature ductility, eliminating the need 

for a soil cover in most cases (Q). 

Emulsions of asphalt in water can be sprayed at ambient temperatures onto a support

ing geotextile or fabric to achieve increased toughness and dimensional stability. 

These have been used f.or lining ponds and canals and as reinfordng patches under 

asphalt concrete overlays. to prevent "reflection" of cracks in the old pavement 

beneath(§_). 

The advantages of asphalt materials include their availability, versatility tn 

ava .ilable physical forms, and potential for use in large-scale waterproof construe

ti on. Maj'or di sad vantages are their sub grade requirements, weathering. agtng and 

erosion from turbulent water, and damage from mechanical equipment. The cost of 

asphalt liners is too high for consideration in most utility waste disposal facili

ties, and the limited data available indicate that asphalt liners are probably not 

suitable for containing most industrial wastes, including utility solid wastes 

(_1_, g, .ll) . 

Soil Cements. This type 9f hin.ing material is conposed of a mixture of soil; 

cement, water, and other additives. Soil cements are very hard, nonflexib'le ~com-
• 

positions which have a high probability for cracking or breaking under stress caused 

by earth movement and settling, as well as by shrinkage during the curing process. 

Preliminary data indicate that soil cements have limited chemical resistance and are 

probably suitable for cpnfining such wastes as rubber and plastic wastes and oil 

refinery sludges (i). They are probably not suitable for holding inorgat1ic wastes, 

such as electroplating sludge and utility sol id wastes (_1_). Under test conditions, 

both portland cement and portland cement with lime composition have resulted jn 

slight leakage when exposed to FGD sludge (.~}-. Soil cements need further testi.ng 

and eva1 uation before any recommendations can be made for their use as ·liner mate

·rial for land disposal facilities. 

The potential advantages o·f soil cements are their availability, reJatiyely low 

cost, and wide range of applications . Major disadvantages for utility application 

are their subgrade requirements, prevalence of cracking between joints, and ques

tionable permeability when exposed to utility wastes . 

Stabilized FGO Sludge. Currently, there are only two commercial chemical processes 

commonly used to stabilize FGO sludge: the IU Conversion System Poz-0-Tec process, 
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and the DRAVO Calcilox process. Both processes employ a mixture of FGD scrubber 

sludge, fly ash, bottom ash, lime, and other additives. The permeability is reported 

to be in the range of 10-6 to 10-8 cm/sec after curing in laboratory samples . Field 

permeabilities are found to be in the range of 10-4 to 10-6 cm/sec (_!i, ~)-

Stabilized FGD sltidge appears to be attractive as a lining material, since all of 

the essential {ngredients can be found at or near the site. However, the use of 

stabilized sludge only to Tine disposal facilities has been limited . One applica

tion is at the Four Corners Station of the Arizona Public Service, which has an 

evaporation pond lined with 18-in . (45-cm) of canpacted Poz-0-Tec. Another example 

is the Cheswick power station of the Duquesne Light Company, where three small 

wastewater ponds are lined with Poz-0-Tec. 

Although stabilized sludge offers promising characteristics as a liner material, it 

suffers the _same drawbacks as soil cements. In addition, large wastewater or sludge 

retention ponds that are to be lined with stabilized sludge can only be built after 

the power plant has been in ope.ration for several years . 

Polymeric Me~branes 

Flexible membrane liners· are becoming increasingly popular as containment devices. 

Their relative ease of installation and resistance to a variety of chemicals, par

ticularly inorganic chemicals, lend ·them to increased use at land disposal facili

ties for water pollution and gas migration control (I, l, .!.§_-_]&). 

One way to classify flexible membrane liners is to group them as exposable and unex

posable membranes (Table 9-2). Exposable membranes are formulated to resist ozone 

and ultraviolet exposure for a longer period of time than unexposable membranes. 

The service life of most exposable membranes is claimed to range from 15 to 30 

years, whereas unexposable" liners may only retain their integrity for 7 to 20 ye~rs 

if properly cov·ered, or for two years if left exposed (..!2_) . · 

The manufacturer may incorporate variations of these materials, such as added plas

ticizers for greater flexibility, fabrics (scrims) to improve puncture and tear 

strength, and a variety of resins to increase resistance to specific chemicals and 

to reduce permeability and improve other physical characteristics (l, _]&). 

Additional information on membrane liners is available from the manufacturers and 

fabricators. The information must be evaluated carefully for relevance to the par

ticular project. For a listing of companies in the liner industry, the reader is 
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Table 9-2 

COMMON TYPES OF MEMBRANE LINERS 

Exposable 

Chlorosulfonated polyethylene (CSPE) 

Ethylene propylene rubber (EPDM) 

Butyl rubber (synthetic rubber) 

Chlorinated Polyethylene (CPE) 

Neoprene 

High nensity Polyethylene (HOPE) 

Modified HOPE 

9-8 

Unexposable 

Polyvinyl Chloride {PVC) 

Polyethylen~ (low-density) 

Polyester elastomer 

PVC"OR (oil-resistant) 
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referred to a recent EPA publication (_§_) . Profiles of the more common membrane 

liners are presented below. 

Chlorosulfonated Polyethylene (CSPE). CSPE, or Hypalon®, is the most wide ly .used 

flexible liner ' at utility waste disposal facilities . Reinforced with many different 

scrims , it provid~s exceptional weather, ozone, and sunlight resistance. It is 

highly resistant to a wide range of corrosive chemicals (e . g., acids and alkalis), 

and does not support microbia l growth. Service life is generally expected to exceed 

20 years. Usually supplied in the unvulcanized form, it can be seamed by heat seal

ing or solvent we l ding. Among its disadvantages are its lack of hydrocarbon resis

tance, vari ability in compound formation, relatively high cost, and relatively low 

tensile strength when unsupported. It also has poor tensile and tear strength on 

aging, due to crosslinking caused by moisture, UV radiation, and heat. 

Polyvinyl Chloride (PVC) . PVC is another common flexible liner at utility waste 

disposal facilit i es . Its popularity stems from both its relatively low initial cost 

and its tolerance to a wide range of chemi cal s, oils, and greases . ·. PVC can provide 

extended satisfactory service in many situations if covered wi th soil or water . It 

has a high ~trength-to-weight r atio and good resistance to puncture~ abrasion~ and 

· microbial acti-vity . PVC becomes stiff at low temperatures, making installation and 

maintenance very difficult in cold weather . It also has a poor tolerance to high 

temperatures . 

Ethylene Propylene Rubber (EPOM). EPDM i s a highly flexible, vulcanized rubber 

compound which has high resistance to weather and UV exposure, resists abrasion and 

tear , and has a 900
0
d tolerance for temperature extremes (particularl y high tempera

tures) . EPDM is resistant to low concentrations of acids, alkalis, silicates, 

phosphates, and bri nes . It is not recommended for petroleum solvents or hydrocar

bons . It can be sealed with a one-step EPOM •adhesive, and has an expected s~rVice 
1 i fe ·of 15 to 25 _years in normal applications·. 

Butyl Rubber . Butyl rubber is a vulcanized synthetic rubber w1th fair resistance to 

ozone and UV attac.k. It has l ow permeabi l ity to gases and water, and retains its 
flexibility th r oughout its service life. Rutyl rubber is also highly resistant to 

temperature extremes, hut less so than EPDM. This material has high tensile and 

tear strength, high puncture resistance, and desirab l e elongation qualities. How

ever, it has very low resistance to hydrocarbons, petroleum solvents, and aromatic 

and halogenated solvents. It also possesses poor workability, seam strength, and 

sealability, requiring special vulcanizing adhesives. 
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Chlorinated Polyethylene (CPE). Presently, some utilities use reinforced CPE to 
line their waste disposal areas. CPE is a flexible thermoplastic that resembles a 
soft vinyl . It possesses excellent cold-crack resista~ce and good tensile and elon
gation strength. It has a limited range of tolerance to chemicals. oils, and acids, 
and poor resistance to wet and dry cycles. · 

CPE is unique in its canpatibility with ot.her plastics and rubbers while retaining 
most of its desirable charac~eristics, making it feasible to be used as a base 
material for a broad spectrum of lining materials designed for specific applica
tions. CPE membranes are generally unvulcanized, and can thus be seamed by solvent 
adhesives, solvent welding, or heat sealing. Due to its· elongation characteristics, 
,t shouid be reinforced to prevent thinning . 

Neoprene. Neoprene parallels natura1 rubber in some properties such as flexibility 
and strength . It is superior to natural rubber in resisting weathering, ozone, a~d 
UV attack. It is resistant to puncture, abrasion, and mechanical damage. Although 
it wa.s developed primarily for containment of 11,quids wHh traces of hydrocarbons, 
it gives satisfactory service to certain waste combinations of. oils and acids for 
which other materials are not suited for long~t~nn use . Neoprene membranes are 
vulcanized, and consequently require curable adhesives to make seams; They are 

. . ~ 

generally fabric reinforced and expensive canpared to other membrane liners. 

High-Oens,ty Polyethylene (HOPE and Modified HOPE). HOPE is a crystalline plastic 
material with good extensibility, tensile strength, and resistance to a broad 
spectrum of oils, chemicals, and solvents. rt is tolerant to low temperatures. 

Initial material cost is low, and typical life expectancy exceeds 20 years. It 
possesses excellent weatherability, elongation properties, puncture resistance, and 
the highest tensile and tear resistance of all membrane materials. HDPE is very 
stiff canpared ·to most of the other membranes described. 

LINER SELECTION 

Once the size and type of disposal facility have been detennined, the utility engi
neer will choose the lining material(s) most suited to and economical for the spe
cific purposes and service life. To select a liner, the engineer should consult -and 
work with a reputable liner supplier, manufacturer, and/or installer. 
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Ideally, the liner should meet the following requirements: 

; Compatibility and durability of the lining material, seams, and scrims 
with the waste to be contained at the temperatures required and for stress 

· factors anticipated. 

e Compatibility with geographical and topographical conditions . 

e Low permeability to the ·waste over an extended period of time. 

c, · Resistance to laceration, abrasion, and puncture from the waste to be 
contained, and to damage by wave action, mechanical equipment, soil ero
sion, and wind air foils. 

o Reliability and low risk of failure . 

o Relative ease of installation, quality control, repair, and maintenance. 

The material that is most economical and can adequately fill the specific needs will 
be chosen . In making this decision, the engineer should consider the liner as the 

first layer of a multilayered system of different Rermeabilities and other physical 
characteristics. These layers extend from the waste itself through the liner and 

subgrade, the soil base, and f i nally the aquifer . 

The engineer sho.uld consider ·and evaluate the following factors when selecting a 
liner or ·liners for the utility waste disposal facilities: 

o Waste characteri sties. 

• Required service life. 

s Required life of the liner after facility closure. 

o Soils on nearby site, incl~ding subsoil . 

o Hydrology and groundwater. 

e . Compatibility tests of liner material (s) with waste •• 

o Compatibil itY with geogra·phical location. 

o Acceptable flow out of ·impoundment (liner thickness). 

e Type of 1 i ner monifori ng system. 

o Leak detection system. 

e Reliability of materials, seams, joints, etc., and docuMented experience 
in the technology . 

o Costs of candidate materia l (s) and installation. 
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l~aste Type and Associated Site Service Life 

The waste to be contained should be characterized with respect to temperature, form 

(liquid, sludge, solid), chemical composition (pH, TDS, toxic components, etc . ), and 

corros1veness. 

The engineer should be able to predict with confidence the anticipated useful life 

or capacity of the facility tci be lined. A landfil.1 liner ·should last for exte.nded 

periods, whereas many surface impoundments ar.e either evaporating or holding ponds 

which may require the service of a 1 iner for relatively s·hort periods of time. The 

selection of a liner can be greatly affected by the anticipated service life 

required. 

Site Characteristics 

It is important to know (1) whether suitable liner soil is located on site or avail

able from a borrow pit nearby, (2) whether it'can be used as a liner (with or with

out compaction), and {3) whether it is suitable for use as a subgrade for other 

types of l ini ng materfals. Tests should . be made to determine gra.in size·, structural 

strength, and penneabil ity to both water and \vaste fluid. Oat~ on the groundwater 

level, flow rate, and permeability and thickness of the subsoil should be evaluated. 

Compatibility lvith Waste 

To assess liner ccmpatibility, tests should be conducted to simulate the most 

diverse service conditions, including a wide range of temperatures, pH levels , 

effluent concentrations, upsets, accidental spills, periodic maintenance or shut

down, and shock loading. Failure to carefully assess these parameters can result 1n 

1 iner failure due to unpredicted synergistic effects • 

• Most membrane suppliers can provide the results of a series of standard immersion 

tests in a . representative variety of acids, alkalis, and salt solutions at various 
. . . 

concentrations and temperatures. A number of ccmmon oils and a few solvents are 

also checked. However, the manufacturer selected by the utility company should 

conduct, free of charge, testing under accelerated simulated field conditions. He 

will then submit his evaluation on the perfonnance of the prospective liners with 

respect to the specific solid waste and site conditions. 

Three cornpatibil ity test methods for membrane liner materials have been suggested: 

(1) immersion test, (2) pouch test, and (3) tab test {.§_). In these tests, the mate

rial is measured with respect to (1) percent volatile, (2) percent extractables, (3) 
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tensile strength, (4) hardness , (5) thickness, (6) tear resistance, (7) puncture 

resistance, and (8) elongation before and after long- term contact of the liner with 

the waste to be contained(~) . Visual inspection should be made for cracks, blis

ters, swelling, color changes, or softening . 

Th.e selection of a clay liner requires, at a minimum, testing of the following char

dcter1 st i cs (IQ.): 

8 

e 

I 

Classification and plasticity index properties. 

Moulding water content (i . e . , moisture content at which clay is optimally 
compacted) • 

Moisture- density permeability curves. 

Permeability. 

a Compatibility. 

In the compatibility test, permeabi l ity to the waste to be conta_ined is determined 

using a con·sunt el ·evated pressure method (f). 

Compatibi.iHies of selected liner types with··various industrial wastes are s11own i n 

Tab l e 9- 3. This table functions only as an initial guide , and, in many cases, spe

cific combinations of l iner materia l s and wastes must be tested before selecting 

acceptable liner materials. Utility solid wastes are inorganic and strongly alka

line1 and contain high COD and soluble salt contents. To a certain extent, they are 

similar to electroplating sludge (h i gh in heavy metals and soluble salt), caustic 

petroleum sludge (strongly alkaline and high in soluble salt), and acid pickling 

wastes (strongly acidic and high in soluble salt) . It appears from Tabl e 9_·3 that 

asphalt, clay, soil cement, and certain polymerk membranes (PVC and CPE) would not 

be acceptable as liners for utility sol id wastes. EPDM, butyl rubber, HOPE, and 

CSPE would .be expected to 'perform sati~factorily. )Jntil fi'ndings from the EPRi ' 

liner project (RP~l.457) are published, the compatibility of various liners with 

uti l ity so l id wastes remains speculative. 

Compatibility with Geographical Location 

The line r must be COfllpatible with existing climatic conditions at the site location 

(!.Z)· Wind, hail, ozone, rain, and freeze-thaw cyc l es accelerate the deterioration 

of most liners. Particular attention s'1ou l d be paid to temperature extremes and 

their duration . ff the facility is also located in southern clim~tes and at high 

altitudes, exposure to UV rays is more severe than for those at other 1ocqtions. 
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t 
Table 9-3 

8 
..J 

OVERVIEW OF LINER/INDUSTRIAL WASTE COMPATIBILITIES* =I g 
u.. 

Acidic 

IL 
0 

Caustic Steel- Toxic Oily Toxic Rubber 
Petrol eum • Pickling ElectroplatiAg Pesticide Refine ry Pharmaceut ical and 

Liner Material Sl udge Waste Sludge Fonnul ations S1 udge Waste Pl as tic !~aste 

Polyvinyl Chloride • Gt .. 
(oi l res1stant) F F G G G G 0 

N 
low nensity G F F G F G G = Polyethyl ene 

HDPE# G G G 
... 

G G G G :I Butyl Rubbe r G G G F p F G 

Chlorinated 
\0 Po lye thy 1 ene G F F F p F G I ,_. 
-I'> Ethylene Propy1-

ene Rubber G G G F p F G 

Chl oro.s ul fonated G· G G F p F G 
Polyethy l ene 

Asphalt Concrete F f F F p F G 

Soil Cement F· p p G G G G 

Soil Asphal t f p p F p F 

Asphalt Membranes F F F F p F G 

Modified Bentonite p p p G G G G 

Compacted Clays p p p G G G ' G 

* Source : w. s. Stewart. State-of-the- Art Study of Land Imeoundment Technigues. EPA 600/1- 78-196, 
December 1978. 
t G=good, F=fair, P=-poor . 
# ~ased on data fr001 Universal · Lining, Inc. (Unpublished, 1980). 
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Wind creates problems during installation and after the lining system is in place. 

During membrane instal lation, care must be taken to prevent the wind from getting 

under the edge of the liner. Wind also creates severe wave action in large impound

ments which may cause the slope to slough u~der the liner unless slope protection i s 

provided. Wind-borne abrasion is a s~rious consideration in arid desert applica

tions . Liners with bigh abrasion resistance must be specified, or a ·protective soil 

cover must be placed on .the exposed benns with attending rip-rap . . . 

Other specific conside rations with respect to geograhical location include water 

table fluctuation, backfill material, and damage of liner material by animals (par

tkularly burrowing animals), insects, and fast-growing weeds and grasses. 

Liner Thickness 

Once the permeabilities have been obtained for the various layers that comprise the 

disposal system from waste to groundwater, one can calculate the thickness of a clay 

liner of a given permeability to meet the basic flow requirements . If a polymeric 

membrane liner is needed, its thickness is normally determined by the followi ng 
•. 

factors: 

o Service life required of the membrane . 

o Temperature of the wastes. 

t Abrasion characteristics of the waste, wave action, and type of substrate. 

o Strength requirements with particular attention to the surcharge loading 
that may be placed on the liner . 

Seepage criteria relative to control of t he inherent permeability over 
long periods of time (over 50 years}. 

Flexible polymeric membranes are availab le in thicknesses ranging from 20 to 140 mil 

(5 to 36 mm}, with most 1n the 20 to 60 mil . (5 to 15 mm) r ange . 

Liner" Guarantees 

Al though the liner guarantee plays a role in the liner selectiory process for most 

projects today , the term 0 guarantee11 is st il 1 not wel 1 understood by those who spe

cify and purchase liners for disposal sites. Nonnally, if degradation occurs within 

the tenn of the guarantee, the manufacturer will furnish replacement only. Usually 

the replacement is on a pro rata basis, but replacement costs and any contingent 

liability due to failure of the liner are not included . 
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The guarantee wil 1 not cover mechanical dam-age of any kind , vandalism. or catastro

phes. Subgrade or structural failure or settlemef'}t will likewise be exc·luded from 
the guarantee . 

The-best guarantee is a specification that requ i res a certain degree of performance 

for bath the installer and the materials, based on predefined standards and methods . 

When liners are used to hold liquids whose composition may be subject to seasonal 

variation (e.g •. , industria1 wastes), the guarantee will not cover malfunctions due 

to attack by chemical or conditions that were not present in the original test ·sam

ples. 

LINER SYSTEM DESIGN 
It is important to recognize that most lining materials , particularly polymeric 

membranes, are not structural units themselves (i.e. , they cannot hold the pond 

together). The foundation and substrate must do this job regardless of whether the 

·soil underneath is dry,. wet, or saturated. Many cases of liner fai,lure or malfunc

tion. are due to poo·r site design and construction opera.tions (~, W . 

tontractor Selection Criteria 

Th~ utility .company should choose a reputable engineering firm ~perienced in this 

area to do the facility design work, and a contractor experienced in liner insta'lla

tion to install the lining material. References from prospective installation 

contractors should incl~de: 

e Documentation of liner installations over 2 years old . 

e Installatfon of at least 1 mil lion sq ft (645 m2) of flexible membrane 
liners. 

a At least 5 years of experience installing the types of flexible membrane 
liners selected . 

a A li'st of installations·which ' are very similar to the specific applica-
tion. • 

· , ' A state license to op~rate as an installation contractor. 

• Possession of the necessary equipment and ma.npower required to complete 
the lining installation . 

m Proof of financial stability, and approval by the manufacturer/fabricator 
of liner materials. 

e Ability to follow all installation specifications to ensure that proper 
methods are being used during installation of the liner. 

e A quality control/quality assurance procedure to use during field opera
tions. 
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Site Selection 

The site should be carefu1ly selected so that adverse environmental impacts will be 

minimal. In addition, future use of the land and water resources on or adjacent to 

the site property should be considered. 

Site selectiort methodology has been discussed in the EPRI coal ash and FGD sludge 

disposal manuals {1E.., Q) . The selection procedures norma1ly entail literature 

review, site inspection, consultation with regulatory agencies, and subsurface in

vestigation . Information needed for the evaluation of environmental impacts is 

presented in Table 9-4. 

Engineering and Design 

As stated earlier, the liner must be placed in a stable structure to perform satis

factorily. Facility design and inspection should be the responsibility of .profes

sional experts with a strong background in this field. Major design features ip a 

1 ining system are discussed below. Most of these feat\lres are for po1ymeri e mem-. . 

branes, and the infonnation is taken from Smal l C!.Z) • 

Liner Underdrains. Lin.er subdrainag·e is generally required when it becomes neces

sary to monitor leakage through· the lining system, or to provide pressure relief 

from a high groundwater table. A typical underdrain system and its components are 

shown in Figures 9-1 and 9-2 . Note that a porous layer of soil or geotextile is 

placed under the membrane liner to provide a direction for the liquid to flow. At 

various intervals, interceptor subdrains are tied to a main collection header to 

safely convey the liquid to a collection sump. 

Gas Venting. Certain site-specific conditions require the venting of gas which may 

accumulate beneath the membrane liner. If appreciable quantities of o~ganic matter 

are present in the underlying soils, or H natural gas fs present in the region, gas 

production is inevitable. If the pressure is permitted to incr~ase, the membrane 

will stretch and rise. Less hydrostatic pressure is available to restrain the mem

brane. As a result, the membrane f1 oats to the surface . 

Venting must also be included in the design when a fluctuating water table is pres 

ent below the pond bottom . Effective distance varies with organic matter content, 

height of 1/\eter table, and type of water present. The rise and fall of the water 

table creates an air-pumping mechanism which is potentially damaging to the membrane 

liner. The venting of this accumulating gas is best acccxnplished by providing a 

layer of uniformly graded sand. A geotextile may also be used to allow gas to pass 
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ID 
I 
t-' 
co 

Meteorologic 

Pree i pi tat ion 

- Average annual 
- Fonn 
- nistribution 

Severe weather 

Evaporation 

- Oepth to water tab 1 e 
- Vegetation 

Temperature 

Table 9-4 

SITE SELEGTION DATA 

Pedol ogic 

Physica1 properties 

- Texture 
- Grain size distribution 
- Porosity 
- ·Hydraulic conductivity 
- Infiltration rate 
- Runoff coefficient 
-·unified soil classi-

fication 
- Atterberg limits 
- Thickness 

Chemical properties 

- pH 

- Cation exchange 
capacity 

Geologk 

Geomorphic setting 

- Active l andforms 
- Inactive landforms 

Topographic setting 

- Slope 
- Erosion potential 

Bed rock setting 

- Rock type 
- Depth to bedrock 
- Structure 
- 14eatheri ng 
- Porosity 
- Hydraulic conductivity 
- Infiltration rate 
- Runoff coefficient 
- pH 
- Ion exchange 

Hydro logic 

Surface water 

- Distance 
- Type 
- Quality 

Groundwater 
- Depth 

Fluctuation 
Quality 
Flow rate 
Transmi ss i vi ty 
Recharge 
Aquifer distribution 

Source: Modified frooi O. W. Miller . Groundwater Contamination : Fundamentals and Monitoring. Presented 
at the ·Chemical Manufacturers Association Seminar on ni sposal of Hazardous Wastes, San Francisco, 
California, March 3-4, 1980. 
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A 
Underdrain 
1 atera l 

Col1ection 

or 

B B 

•,: - - ~~ r:.--::--- ----::.'.:! \\\\ .~ ·I' --~.:.o~::=---- .. . 
Section A-A 

Figure 9-1. A Typical Underdrain System 

Source: D.M. Small~ Establishing Installation Parameters for Rubber Liner Membranes. 
Presented at 117th American Chemical Society Meeting, Las Vegas, Nevada, May 22, 1980 . 
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Perforated 
or slotted 
subdrain 

Flexible membrane 
liner 

Figure 9-Z. Uncterdrain Lateral Cross Sectioh 

Open-graded 
sand 

Source: D.M. Small . Establishing. Installation Parameters for 
Rubber Liner Membranes. Presented at 117th American Chemical 
Society Meet:lng., Las Vegas, Nevada? May ?2, 1980. 
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through the fabric's cross section under a surcharge load, In order for these media 

to be effective, the bottom of the pond must slope up from its center to the toe of 

the dike a minimum of 2.5%, and certain membrane liners (e.g., CPE, CSPE, etc.) must 

be reinforced with a fabric. 

The venting medium is carried across the entire.bottom and up the side slopes 

(Figure 9-3). Venting to the atmosphere is accompl.ished at a predeter~ined fre
quency through gas vents located on the inside slope of the berm, approximately 1 ft 

(30 cm) down from the crown of the dike (Figure 9,-4). 

Embankment Slopes. In large projects where either the volume of earth-work is 
significant, or the overall embankment height is great enough to generate concern 

about the effects of slope failure, slope stability analysis of the embankment 
slopes is necessary. Slope lining does not increase the slope stability of an 

embankment; it only provides resistance to surface erosion. Soil stabilizers for 

erosion control should be eva1uated for chemical compatibility with the membrane. 
Cementitious o.r chemical binding agents should be evaluat,ed in terms of potential 

abrasion of the liner. GeotextiTes provide an alternative method of p~eventing 
sloughing. 

Erosion control measures should be included in the design whenever earth is exposed 
on an embankment slope (see Surface Water Controls in Section 6), There are numer

ous approaches to slope erosion cortrol, as suggested by Small (17) : 

o Diversion ditches. 

o Hydroseeding and mulching. 

e Sodding. 

o Membrane 1 i ners. 

e Crushed stone sur.facing (rip-rap). 

e Bituminous paving. 

~ Geotextile fabrics (open-woven). 

o Geotextile canposites with concrete. 

~ Three-dimensional fiber matting used in conjunction with grass, ground 
cover, or crushed stone. 

o Jute mesh used in conjunction with grass or ground cover. 
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Fl exi b 1 e membrane 1 i ner 

Figure 9-3. Underliner gas venting of a lining system. 

Source: D.M. Small. Establishing Installation Parameters for Rubber Liner 
Membranes. Presented at 117th American Chemical Society Meeting, Las Vegas , 
Nevada, May 22, 1980. 
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Note: Vents are 
positioned on 25' 
to so• centers. 

12 11 

r 
Prefabricated 

gas vent 

~ S.S . heavy gauge screen 

Geotextne 

Figure 9-4. Prefabricated Gas Vent Details 

Source: D.M. Small. Establishini:l Installation P.arameters for Rubber Liner Membranes. 
Presentecl at 117th American Chemical Society Meeting, Las Vegas, Nevada, May 22, 1980. 
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The selection of an erosion control system depends on economics, length of service, 

effectiveness, and compatibility with climatic conditions. Maintenance of a slope 

after an erosion control scheme should also be considered. 

Side Slope Protection . In a large pond, wind will play a significant role in the 

1 i ner design. Side ·s1 ope protection wi 11 be requi r~d to minimize the effects of 

damaging wave action . 

The usual types of surface protection for the upstream slope are rock rip- rap 

(either dry-dumped or hand-placed) and concrete pavement . Other types of pavement 

that have been used ~re steel facing, bituminous pavement., and precast concrete 

blocks. The upstream· slope protection should extend from the crest of the embank

ment to a safe di stance bel ow the minimum water level (usually several feet), and 

should ordinarily terminate on a supporting benn (Figure 9-5). 

When a protective cover is being designed, it . is important to know t.he characteris

tics of the .water level (i.e., constant versus flyctuating). If drawdown in a flue-
. . 

tuating pond is rapid, the seepage forces in the earth cover must be considered in 

the stabqity analysis . 'Generally, the materials used to .construct an earth cover 

should. be free-draining to reduce. the possibility of building up large seepage 

forces. In a pond where water levels are constant, the fetch is small and an earth 

cover is required for aesthetic reasons; crushed stone or an erosion control measure 

should be used over the minimum 18-in. (45-cm) well-graded sand cover. 

Liner Anchoring. A polymeric membrane 1 i ner is usually anchored in earthen excava-

tions by burying the edge in a 12-in. (30-cm) wide by 18-in . (45-cm) deep trench 

excavated ,at the perimeter of the area to be lined (Figure 9-6). The membrane 

should extend down the inside face, across the bottom, and three quarters of the way 
up the outside wall of the. trench. The excavated matertal is then replaced and com-. . 
pacted. A geotextile underlay, when us.ed, is anchor.ed in the same manner. Areas of 

high wind and poor soil conditions may require deeper anchor trenches. The crown of 

the dike and the inside edge of the trench should . be radiused and free of any rocks, 

sticks; stones, or sharp objects which could puncture or break the liner. The 

trench should be excavated straight and true to grade so as to facilitate instal-

1ation of the membrane. This will prevent folds and wrinkles from fanning in the 

material, necessitating cutting and additional seaming. 

Perimeter anchoring may also be accomplished by attachment of the membrane to an 

existing or newly built concrete ring wall. The anchor system w111 consist of an , 
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Source: D.M. Small. Establishing Installation Parameters for Rubber Liner 
Membranes . Presented at 117th American Chemical Society Meeting, Las Vegas, 
Nevada, May 22, 1980. 
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alurninum anchor bar approximately 0. 25-in . by 2 in . (0 . 64 cm by 5.1 cm) in 
dimension, and 0.5-in. (1.28-cm) diameter stainless steel anchor bolts, 12 in. (30 
cm) on center (Figure 9-7). A fiber washer may be used to prevent reaction. The 
inside edge of the concrete should be radiused, aAd an extra layer of material 
should be pl aced between the 1 i ner and the concrete to prevent abrasion. If feasi
ble, the extra layer of chafer material should extend below the water level for 
additional impingement protection. The liner is then inserted over the bolts, and a 

· mechanical seal is 'made with the anchor bar. 

In situations where wind could cause uplift to the liner on the slopes, vents are 
required, and ballast tubes may be used. Ballast tubes are normally anchored in the 
ccmmon perimeter trench, and extend down the slope to the toe of the dike. These 

tubes are normally 8 to 12 in. (20 to 30 cm) in diameter, and are sand-filled. 
Where these are used in gas venting design, a geotextile is required to prevent the 
tubes from forming a seal between the liner and subgrade due to the surcharge. 

L!NER INSTALLATION PROCEDURES 

Successful liner installation begins with thorough planning and culminates in we~l

engineered and proper installation of the material. The importance of sound -instal
lation techniques in any lining job cannot be stressed enough. Regardless of the 
type of membrane used, the success or failure of any job will depend heavily ·upon 
the experience and expertise of the installer. 

Subgrade Preparation 

The liner, which is a relatively thin barrier, must rest on a firm, smooth founda
tion. Ideally, the subgrade would consist of 4 to 6 in. (10 to 15 cm) of compacted 
coarse-grained material, such as sand. The maximum grain size of the material is 
somewhat dependent_ upon .the type of liner material to be used, its thickness, and 
reinforcement . If recompacted or imported clay is used, or if the in situ soil is 
to be amended by the addition· of c_ement or montmor·illonite·, a larger grain size in 
the subgrade can be tolerated, as the barrier will be thicker than polymeric mem 
branes or asphaltic composittons. There are no specific recommendations for maximum 
grain size, but it seems logical that a clay liner which is 12 to 18 in . (30 to 46 
cm) thick could easily tolerate stones as large as 1 in. (2.54 cm) in diameter in 
the subgrade. Subgrades for polymeric membranes should have a maximum grain size 
smaller than this, and specifications have been written which call for 100% of the 
s ubgrade to pass a No. 4 sieve on 20-mil ( 5-mm) materi a 1 s OJ . 
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In all cases, the subgrade should be free of roots, branches, grasses, and other 

similar materials which could puncture the liner. The prepared subgrade should be 

sterilized by applying a reliable herbicide and discing it into the soil surface 2 

to 4 in. (5 to 10 cm). Sufficient time should be al located between. treatment and 

placement of the l; ner. Subdra'i n ahd gas venti hg systems may be required for mem

brane lining. 

The subgrade should be smooth. The 1iner materials should not be required to br~dge 

over tire tracks ahd other depressions. The subgrade can be rolled or dragged to 

achieve an acceptable subgrade texture . The subgrade cah be susceptible to differ

ential settlement if not properly compacted. Obviously, the field ihspection should 

inr.l'ude soil tests to ensure optimum compaction of the subgrade. 

Liner Construction 

Once the subgrade has been prepared, liner construction can begin. A critical 

aspect of liner constructioh is adequate quality control of materials and workman

ship. · Ideally, the qualtty control function should be pe.lfonned for the utility by 

a .party independent of the liner manufacturer, fabricator, installer, and earthwork 

cantractor. That party should be responsible only to the .utility. The utility 

shou1 d then be able to certify to a regulatory agency that the fa.i:il ity was con

structed as planned. Often a quality control function is not included as part of a 

design and construction program. At a minimum, the utility, or its engineers who 

are ultimately responsible for the operation of the lined faci 1 ity, must check, the 

quality of the materials and installation workmanship on the job site before accept

; ng the finished product. 

Most lining materials require a unique installation procedure . A piscussion of 

methods for installing clay, soi'l cement, ashalt, and polymeric materials is pre

sented below. More specific detailS • on the various phases of installation will be 

given for the polymer1c materials. 

~- The construction of a clay liner (e.g., bentonite) over the native son is 

accomplished by use of conventional farm and earth-moving equipment . The grayish 

white granular material can be spread with a fertilizer, pesticide3 or man1,1re 

spreader. 

Several methods are avail able for the application of a bentonite clay 1 iner. Ben

tonite can be applied as al or 2 in. (2.54- to 5.1-cm) thick membrane, and covered 
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with 8 to 12 1n. (20 to 30 cm) of earth or gravel to protect the lfner fran erosion 

or mechanical damage . 

Benton.ite may al so be applied and rni xed with the prewetted surface so i1 to fo nn a 

uniform surface layer . Typical application r ates range from 10 to 20 lb/cu .yd (6 to 

12 kg/rn3) . For a treated bentonite, the rates 'are about 32 .to 46 lb/cu Yd (19. to 

27 ~g/m3) (for permeabilities ·from 10-6 to 10-8 cm/sec) ~) . After the mat~rial is 

spl"ead, t hree to four pas·ses with a rototiller are required to mix the clay to the 

appropriate depth, usual l y 4 to . 6 in . (10 to 15 cm). Similarly , bentonite may be 

mixed with sand in a volume ratio of about 1:8 (31 lb/cu ft bentonite), and spread 

in a layer .2 to 4 in . (5 to 10 cmJ thick, and c9vered . The soil-clay mixture is 

compacted to a minimum of 85% modified proctor. Flat steel-wheeled or rubber- tired 

rollers are recommended for compaction. 

A slurry of bentonite (bentonite 0 . 5% by weight) or various soil sealants can be 

applied to existing (filled) ponds to decrease the permeabi1it.y of the soi1 liner 

(!_). The sealant settles, filling void. spaces, and effectively seals the surface. 

However, the seali ng effect is confined to the upper _few centimeters and can be 

significantly diminished by the ~ffec:;ts of wet/dry and freeze/thaw cycles. The 

seal.ant is also subject to shri nkage, cracking, and.erosion ,from moving water. 

In ponds or lagoons, it is necessary to protect the liner from erosion damage near 

inlet valves, or where wave action is significant. A 4- to 6-in. (10- to 15-cm) 

laye r of crushed stone ·is generally placed over the liner. In landfills, a 4- to 

6-in . (10- to 15-cm) layer of soil over the liner would serve as pr otection from 

mechanical damage by trucks, compactors, etc. 

Soil ' Cement . Soil cement is a mixture of pulverized (well-graded) soil and measured 

amounts of portl and cement and water, compacted to a ,high density . To date, no 

special GOnstruction technjques have been developed for large dis~osal faci1ities . 

rn general, so·;1 cement pavements are built using the following steps : 

e Spread portland cement evenly and mix . 

s App ly water and remix . 

0 C-0mpact the mixture. 

Q Perfo nn final grading for drainage. 

t Cure the mixture. 
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Depending upon the soil type encountered, cement is added at a rate of 3 to 20% of 

the Weight of the soil. The design mix should be tested for its tolerance for dry/ 

wet and freeze/thaw cycles, penneability, and moisture- density relationships, using 

· l\STM methods. 

Soil cement is placed using road paving methods arid equipment. It should not be 

placed in air temperatures below 45°F. The compacted density should be 98% of the. 

· laboratory maximum density . The compaction should pr·oceed so that no more than one 

hour elapses between the spreading and compacting of a layer. The surface of a 

canpacted layer must be kept moist by fog-spraying if another layer is to be ap

plied. The finished liner should be allowed to cure sufficiently before use. 

Soil cement must be seal ed . The sealing compounds are bituminous liquids and emul

sions sprayed onto the soil cement surface after it has been sprayed with water to 

reach its maximum water absorption level. This spraytng should be done as soon 

after compaction as practical . 

. Asphalt. After the subgrade has been properly prepared and sterilized, a prime coat 

of hot ltquid asphalt is applied to the surface and allowed to cure before paving . .. 
The hot asphalt concrete mix shoul d be placed by spreaders equipped with hoppers and 

strike-off plates or screeds. 

The edges of spreads should be smooth and sloped for 6 to 12 in . (15 to 30 cm) to 

provide a bonding surface with the adjacent spread . Cold su r faces should be heated 

with an infra-red heate r just before forming joints . The asphalt concrete liner 

should be compacted as soon after spreading as possib1e. Ironing screeds , rollers, 

vibrators, or tampers may be used for compaction . ~Jhen a liner thickness greater 

than 3 in. is required, multiple courses shoul d be appl ied . All joints should be 

.staggered to insure strength and .low permeability fo.r the .liner as a whole . 

Prefabricated asphalt pane.ls require careful planning and workmanship for proper 

installation . The placement and bonding of the panels should be carefully pl anned 

before installation begins. The subgrade is excavated, smoothed, rolled, and soi l 

applied if necessary . Panels are then either placed butted together or overlapped . 

Bonding i s done with hot or cold asphalt mastic adhesives . If the panels are butted 

together, batten strips must be cemented over the joints (9). 

There is a three-stage construction process fo r the asphalt emulsion sprayed on 
polypropylene fabric . First the fabric is spread on the gr ound. The fabric is in 
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sheets 15 x 300 ft (4.5 x 91 mJ \<Jhich are sewed together. A mixture of water> a 
wetting agent, asbestos, and an asphalt emulsion is then sprayed on in two coats. 
The first coat is applied at a rate of 1 gal/yd2 (4.55 l/m2). When this coat dries, 
the evaporation of the water causes pinholes to develop in the membrane. A second 
coat of the mixture is· sprayed at a rate of 0 . 4 - ~.5 gal/yd2 (1 .8 - 2.3 l/m2). The 
final membrane is approximately 100 mil (25 mm) thick. 

Membrane Liners. Proper subgrade preparation is equally important in · the instal la
t ion of membrane liners . Installation requires a s i gnificant planning effort prior 

to construction . This planning effort must consider- the storage and security of all 
necessary equipment, manpower requirements, placement operation, field seaming, 
anchoring and sealing, quality control, inspection, and protection of the placed 
liners. The proper steps for construction of membrane liners are detailed below . 

Plastic and rubber membranes are delivered to the site in large sheets or panels 
I 

that are fabricated in a factory. The panels are removed from their containers and 
placed in p~sition for installation . The pane1s can b~ quite large to minimize 
joining on the site, sometimes ~eighing as much as 5000. lb {2250 kg). Suitable 
handling equipment is required at the job site. 

In placing the panels on the slope, the panels are rolled down the siae onto the 
bottom, and placed in position for unfolding. The panels are positioned according 
to a carefully prepared diagram, and each panel is identified for placement. Each 
panel is then unfolded by the work crew and pulled into position. Positioning the 
panel and unfolding it from the pallet is best handled with a large front-end loader 
or forklift. By flapping the panel to force afr underneath it, it can he floated 
into position. The panel is then held in place by weights (e.g., sandbags or tire. 
casings) placed along· its edge, preventing wind from raising the edges. 

Once positioned, the edge.of the panel covering the slope is folded into the anchor 
trench atop the berm·. ·rhe trench is then backfilled with earth-to hold the panel 
securely in place. 

The first two panels are spread with one panel overlapping the other, as specified. 
As the first two panels are befng joined> the third is positioned so that the seam

ing crew can start on it upon completion of the first seam . This procedure is con
tinued until all seams are made . Material that cannot be seamed in the same day 
should not be Unrolled. Al 1 loose ends should be secured against windlift at the 
end of each work day. 
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It is imperative that field seams be made strictly according to project specifica

tions. The four most ccmmon seaming methods for synthetic robber liners are : (1) 

adhesive lap splice; (2) gum tape lap splice; (3) tongue and groove splice; and (4) 

ext rusion weld(~). Figure 9-8 illustrates how each of the first three field 

seaming te~hniques are accomplished . 

In the case of modified HOPE and HOPE, a specially designed extrusion welding ma

chine is used . This offers an advantage over other types of systems due to the. high 

tensile strength it develops and the ability to fully control the welding process. 

Once the seam has been completed, it should be allowed to stand long enough to 

develop full strength . An air lance test using 50 psi air directed through a 3/16 

in, (0.19 cm) nozzle, held no more than 6 in . (15 cm) from the seam edge may be used 

to detect any holidays, tunnels, or fishnouths in the seam area . Any imperfections 

should be reaired as soon as practicable. Once testing has been completed, any 

exposed scrim {in the case of reinforced material) is to be flood coated with the 

same bodied sotyent ad~esive. The entire impoundment should be inspected to insure 

that a11 the field and factory seams are properly joined, no scrim is exposed and 

any damage wh.ich may have occurred during installation has been repaired. All . . 

patches should have rounded ·corners ,with the scrim .properly flood coated to insure 

encapsulation. 

When inspecting the liner during installation, wrinkles should be anticipated, since 

they compensate for material shrinkage, thermal expansion, and contraction . No 

large . folds should be permitted as they contribute to increased aging. 

Before inspecting seams, the installer must be consulted for estimates on the 

adhesive curing or drying times required before seam strength is sufficient for 

testing. Once bond strength has developed, all field seams) oyerlays, and patche~ 

must be carefully inspected and tested according to the methods described in the 

specifications . C011mon1y employed techniques include ajr lance, visual, vacuum, 

sonic, UV, and bubble testing. Pipe boots, splash pads, or attachments to concrete 

sumps or walls can be made either during or after field seaming. Upon completion of 

a pond liner, a minimum of 6 i n. (15 cm) of fluid s ho uld be slowly introduced into 

the pond to prevent wind from distorting or blowing the liner . If the pond is to 

stand empty for a time, special venting and anchoring should be used. 

When an unexposable landfill l iner (e.g ., PVC) requires protection from UV exposure, 

it should be protected by a soil layer of approximately 1 to 2 ft (30 to 60 cm) 

9-33 



- Doc. Ex. 1714 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

I~ 4 in. min. >j 
.-re""'m;.:;...b __ r..;..;.an;..;..e~~~~~~~~~.....,, ~Adhesive 

pl': I c ti I 1111' 1/1/ l iii 

Membrane 

Lap splice with adhesive 

6 in. min. 

Membrane J;a,zmiw«m~Gum tape 

Gum tape;T M b em rane 

Lap splice with gum tape 

2 in. 
min • 6 i n. min . · 

Factory ~ >!~Gum tape 
vulcanized,,\,J, at;:;;:;z;;:z;,:q~ 

I - Membrane 
Membrane 

Tongue- and-groove splice 

Figure 9-8 . · Fi eld Seaming Techniques 

Source: E.I. DuPont. 11 Succeeding with Liner Insta1lation 11
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Sewage Works, 127 (4) :60-61, 1981. 
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thick. The cover material should not contain jagged rocks or other sharp objects 

that could damage the liner. Thus, it may be necessary to screen and sterilize the 

soil cover material prior to use. 

Before a final cover is pl aced, the installed 1 i ner should be carefu·lly inspected, 

particularly in areas of suspected liner damage . Sizeable areas of liner damage 

should be repaired immedi~tely upon discovery in accordance with the recommended 

repair procedures· of the liner manufacturer/installer. Major repaired liner areas 

or suspect areas should .be marked and located on the as-built drawing. 

In areas where potential erosion or wave action is likely to remove the earthen 

cover, a chemical soil stabilizer or stabilizing method(s) should be used to main

tain soil stability. 

At no time should vehicles be allowed in the area of the liner where the subsurface 

is muddy or unstable. Equipment With crawler treads should not be allowed to oper'

ate directly on the liner. 

Leak f)etection 

There are several leak detection methods currently in use at reservoirs and disposal 

facilities. Among them are groundwater wells, lysimeters, piping systems below the 

liners, and electrical sensing systems. 

The groundwater monitoring method is only suitable for detecting long-tenn contami

nation. Since it does rrnt give an early warning, its usefulness as a detection 

measure is limited. 

Lysimeters are subject to mechanical breakdown and rnal function. They are designed 

to extract test samples in very, localjzed areas. Their reliability is questionable. 

Perforated pipes placed below the liner are used to detect leaks, and · in· some cases, 

to collect leachate. Althc;>ugh this is a re.liable method, it cann0t pinpoint the. 

exact location of a leak . 

The electrical sensing system consists of a series of metal pins driven into the 

ground beneath the liner. The pins are connected by waterproof cable. through a 

selector switch to a resistivity meter. With improved wiring (e.g., the use of a 

9-35 



- Doc. Ex. 1716 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

grid arrangement), the exact location of a leak can be pinpointed . Long-term relia
bility of the electrical sensing system is questionable due to changes in conductiv
ity with age. 

INTEGRATION OF LEACHATE COLLECTION SYSTEM 

Leachate collection systems are seldom installed at lined or unlined utility waste 
disposal facilities. Since the purpose of lining is to eliminate leakage, only the . 
leachate accumulated on top of the liner is usually collected . Underdrains are 
placed beneath a lined pond for purposes other than leachate collection, such as a 
backup protect ion system. 

In fact, most liners are temporary on a geologic time scale and will ultimately 
leak . Some form of leachate detection and collect i on system should be installed. 
The text that follows provides only general information on various leachate collec
tion systems. Their applications to utility waste disposal facilities should be 
evaluated on a case-by-cas~ basis. 

Dry Base System (25) 

This system is commonl y associated with li ned landfills (Figure 9-9). It is de-. . 
signed to prevent ponding or accumula_tion of leachate which could escape through a 
rupture in a membrane liner or a crack in a clay liner. A leachate collection 
system for a dry base landfi ll should be designed for cont i nuous removal of leach-· 
ate, and developed to minimize the djstance travelled ~rom generation to collection . 

The type of waste material may dictate l eachate collection system spacing, but gen
erally t he spacing required to maintain a dry base 111il 1 be less than for the other 
systems , 
gravity. 

The transmissjon of leachate along the base to the collection system is by 

Flow within the collection system is also by gravity, generally to one 
main coll~ction point. 

The design ·of the collection system and the liner must be closely coordinated. The 
slope of the liner , thickness , material, etc., wi ll affect the actual construction 
·and design of the leachate collection system . Since leachate is continuously re
moved, signfficant storage space may be required to temporarf1y hold the leachate 
prior to treatment and disposal. 
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Figure 9-9. Dry base collection system for lined landfills. 

Source: H.A. Koch. Leachate Collection. System Design. In Hazardous 
Waste Management Practices. Short Course, July 9~11, 1980. University 
of Wisconsin, Madison, Wisconsin. 
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Wet Base System (25) 

This system is used at landfills located in the zone of saturation in a homogeneous, 
impervious clay environment (Figure 9-10). The development of such a facility can 
be associated with the ponding of leachate within the landfill site itself. The 

leachate· 1 evel to be maintained within the 1 andfill site, usually be1 ow the 1 evel of 
surrounding groundwater,. is referred to as the leachate maintenance level. Its 
purpose is to allow interior storage of leachate and to maintain an inward gradient, 

. . 
thus preventing leachate fr001 migrating away from the site. Site-specific condi-
tions may dictate adjustment of maintenance levels. Although the leachate levels 

are below groundwater, leachate may still move outward fran various portions of the 
1andfi 11 site. 

The wet base system associated with landfills in the zone of saturation is rela
tively simple, and does not require extensive lateral collection systems to continu
ously remove al 1 leac·hate as it is generated. The placement and construction of the 
leachate collection system is more flexible.and less critica1 than i n a lined land

fi11 site . 

-Reparati ve Sys·tem ( 25) 

This system is typically comprised of cutoff walls and interception trenches allow

ing 'the collection of leachate that generally moves outward from a site in a lateral 
direct ion (Figures 9-11 and 9-12). Reparati've systems are used to correct existing 
landfills which have adversely impacted the surrounding surface or groundwater 
resources. 

The design of a reparative system js highly dependent upon the properties and layer
ing of existing soils, groundwater, and bedrock at a site. Such systems range from 

those utilizing a gravel-filled .tr~nch with a pipe to Jhose_utilizing bentonite 
slurry cutoff walls, groundwater interception trenches; and/or interior leachate 
withdrawal wells. 

Backup Collection Sys·tem (25) 

This system is . usually developed in a landfill site, since installation of a leach
ate collection system after waste material has been deposited would be unrealistic. 
Generally, it is expected that such backup systems would not have to be used, but 
are constructed for the remote possibility that they may be required. Si nee such 
systems are not expectect to be used, it should be simple in design; the quantity of 
leachate that would be handled is also expected to be sma11. 
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Figure 9-10. Wet base collection system for landfills in the zone of 
saturation. 

Source: H.A. Koch. Leachate Collection System Design. In Hazardous 
Waste Management Practices. Short Course., July 9-11, 1980. University 
of Wisconsin, Madison, Wisconsin . 
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Figure 9-11 . Reparative system - co1M1on cutoff wall and trench. 

Source: H.A. Koch . Leachate Collection System Des ign. In Hazardous 
Waste Management Practices. Short Course, July 9-11, 1980. University 
of Wisconsin, Madison, Wisconsin. 

9-40 



- Doc. Ex. 1721 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

.V/. = , .................................... . . . . . . • . ..... .. ...... .,. " ............... .. .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •- ....... ... . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . •. . . •- . . . . . . . . ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . ... . . . . .. . . . . . . . . . . . . . . . . . . . . . . ~ . . . . . . . . . . .. . . .. . . . . . . . .. . . . . . 
. · . ·. · . ·. ·. ·. · , · , · · · · · · · · · · · · · · · · · · · · · · · • · · · · • · • · · · · · · · · • '· · , · · · · · • · · · · Sand and gr<1ve 1 . . . . . . . . . . . . . . .. . . . . . . . . . . \ . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ .. .._ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Clay or 
impenneable / 

bedrock 

Sfde view 

( { 
-HighW<IY 

. 
Pump------------- -··=,m 

I 

,--- -, : 

I I I 
! I W<1ste I : 
r · · I I \.._ ___ _) : 
'::.-==~~---------~ 

·p1 an view 

Groundwater 
f1ow 

Figure 9-12. Reparative system - Bentonite slurry trenches. 

Source: H.A. Koch. Leachate Collection System Design. In Hazardous 
Waste Management Practices. Short Course, July 9-11, 1980. University 
of Wisconsin, Madison , Wisconsin. 
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The simplest backup leachate coTlection systems may consist of a pipe buried in a 

gravel trench at the 1 owe st point of the 1 andfil 1 site 1 eadi ng to a 1 eachate remova 1 

facility, such as a sump pump (Figure 9-13). In the event that a quantity of leach

ate accumulates at the lowest portion of the landfill site, the leachate is removed 

through the backup collection system. 

Some backup collection systems are constructed entirely ciUring initial site con
struction. Other systems may be partially constructed during site preparation, but 

activated sometime after landfilling has ceased . These latter systems generally 

consist of sumps filled with granular materials . A caisson rig is used to drill 

into the sump at a later date, and a pump is then pl aced at the .base of the caisson 

to remove leachate. In either case, periodic monitoring of leachate quantities 

within the landfi l l site is necessary to determine when a backup collection system 

is to be activated. 

COST ESTIMATION · 

To conduct a cost analys i s, the preliminary design criteria for the disposal facil

ity should be established. The engineering design and specifications are generally 

performed by a qualified engineering firm . This subs-ection presents routes for bid

ding and variables in cost estimation. The reader is referred to Section 11 for 

actual cost estimati ng methods . 

Bidding Routes 

For membrane liners, the utility can proceed through one of the following routes for 

bidding : 

• Manufacture r - may provide the material, fabrication, and installation as 
a package . 

· a . Fabricator - normally buys the material in roll fonn, and fabricates it. 
He .al s·o provides fostal lation consultation . The uti.lity may choose to 
install the material using sHe ·personnel and an .advisor supplied by the 
fabricator . 

o Installer - will buy and instal 1 the fabricated material ; limited liabil
ity is part of the agreement . 

a General contractor - can be a 1 iner manufacturer, a fabricator/installer, 
or the one who does earth work . 

For clay or admixed liners , the utility can go directly to the supplier, who is 

normally a general contractor. 
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Damage 

Granular sump 

Granular sump 

Tank · 

Pump 

Side View 
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. f . 
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Figure 9-13. Backup Leachate Collection System 

Source: H.A. Koch. Leachate Collection System Design . In Hazardous 
Waste Management Practices. Short Course, July 9-11, 1980. University 
of Wisconsin, Madison, Wisconsin . 
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Var1ables in r.ost Esti mation 

The costs of lining materials have increased markedly in recent years, particul arly 

for polymeri c membranes. The material cost is only part of the total cost of con-· 

struction of a lined disposal facility. Numerous variables affect cost determina

tion, incl~din~ : 

o Mobilization or transportation. 

o Weight or thickness of the material· selected. 

0 

Reinforcement. 

Sub grade preparation . 

Backfill ( cover) requirement. 

Anticipated longevity. 

o Other special requirements based on soil or atmospheric conditions (e . g •• 
geotext ile underlay for structural support, 1 eachate and gas control sys
tems, etc.). 

Complete specifications must be developed before detailed costs can be determined . 

Other costs associated .with lining a disposal facility, Which are not included in 

the estimation, are hydrogeological investigation, permit a~plication, site excava

tion, groundwater monitoring, and closure and post-closure activities (i.e·. , final 

cover, revegetati.on, and monitoring). These costs are considered a part of the 

disposal facility, irrespective of a lining system. 

Major cost items for membrane lining systems are the material, subgrade preparation, 

and insta l lation . Transportation is generally not a major factor in cost estima

tion, since the materials are normally available from suppliers/installers within 

300 miles (480 km) of the job site. Once the system is in place, the O&M costs are 

minimal. 

Major cost itens for clay and admixed lining systems are material and transporta

tion. Subgrade preparation and installatjon costs are normally lower for these 

systems (O&M costs are greater) than for membrane lining systems. 

Regardless of the material selected, lining a disposal facility is an expensive 

endeavor . Every phase of the lining system should be carefully planned and imple

mented . 
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Section 10 

RECOVERY AND MARKETING OF UTILITY BY- PRODUCTS 

Ev~r- increasing attention has been focused on the reuse of coal combustion by

products as a means of averting possible land disposal impacts. Fly ash and bottom 
ash have been the most widely used by- products in the United States, while FGD 

wastes have been commonly used for structural applications in Japan and West Ger
many . Considerable research has been devoted to the development of additional reuse 
options and improved material quality controls. Given both the increasing cost of 
disposal and the expanding government market for combustion by- products resulting 

from RCRA, coal - fired uti lities should give serious consideration 'to the recovery 
and sale of their-ash and FGD sludge as another potential disposal option . 

In order for the reader:- to gain a fundamental understanding of utility by- products 
recovery and thei~ mark~ting po"tential, the following areas should be considered: 

e Physical and chemical properties of by-products . 

e Potential commercial by- product uses and use specifications. 

e By- product handling and storage. 

e By -product market characteristics . 

• Marketing structures . 

Available infonnation o~ these areas is reviewed in the f9llowing pages. Dis~ussion 
of the latter two areas is brief, due to the l.ack·of U.S. marketing experience on 
the part of both c·ombustion by- product producers a~d users . Al 1 five subject areas 
will be treated in detail in the EPRI Coal Combustion By-Product Utilization Manual 
(RP- i850), which was recently begun and is due to be completed in October 1982. 

UTILITY WASTE CHARACTERISTICS 

Utilization of coal combustion by- products is primarily a function of their physical 
and chemical properties. Coal combustion results in a residue consisting of the 
inorganic mineral constituents in the coal and any organic matter which is not fully 
burned . The inorganic mineral constituents, whose residue is ash , comprise from 3 
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to 30% of the coal. During combustion, this ash is distributed into two parts: 
bottom ash and fly ash. 

Fly ash comprises from 10 to 85% of the coal ash residue {depending on ccrnbustion 
equipment), and forms as spherical particles ranging in diameter from 0.5 to· 100 mi
crons . Color varies from light tan to black, depending on the carbon content. Up 
to 20% by volume of the fly ash is made up of ·very lightweight particles called 
cenospheres. These are spheres of silicate glass ranging from 20 to 200 microns in 
diameter and filled with nitrogen and carbon dioxide. 

The major ccrnponents of ash are silica, alumina, iron oxide, and calcium oxide 
(Table 10-1) . The oxides of these elements comprise 95 to 99% of the total composi
tion of fly ash. Fly ash also contains small quantities of magnesium (Mg), titanium 
(Ti), sulfur (S), sodium (Na), and potassium (K). These elements are usually found 
in ash in the amounts of 0. 5 to 3. 5%. Very small quantities of other elements are 
also ·present in fly ash . Table 10-2 presents examples of the average trace element 

composition, indicating that the trace metal content of a particular ash is depen
dent on the type and source of the coal and the combustion conditions . 

Ash physical properties are related to the chemical composition, ccrnbustion condi
tions, and· particulate control. Boilers fired by underfeed and traveling grate 
stokers produce a relatively coarse flY ash, with approximately 95% of the ash 
greater than 5 microns (1). Spreader stoker units produce more fly ash than bottom - . 
ash , with 10 to 45% of the ash less than 10 microns (l). Cyclone units produc.e more 
bottom ash than fly ash, but the fly ash is very fine, with 90% less than 10 microns 

(!_). In boilers firing pulverized coal, 65% of the ash is less than IO microns (JJ. 
The percentage of fine material is higher for ash collected by electrostatic precip
itator than by mechanical collector (.£). 

Bottom ash is composed primarily of coarser, ~e~vier par:ticles than the fly ash, 
ranging from 0.002 to 1 in (50 microns to 2.54 cm) in diameter. Bottom ash is gray 
to black in color, and generally angular with a porous surface. If collected as 
slag, it is usually .black and angular with a glass-like appearance. Table 10-3 
shows the chemical composition of bottom ashes from six µtil ity plants . 

In addition to ash ~astes, flue gas cleaning can also generate a sludge or a dry 
waste. This waste is typically the product of flue gas desulfurization, although 
some scrubbers instal1 led in the late 1960s were designed primarily for particulate 
re11o val. Sulfur dioxide is removed from boiler flue gas by contacting flue gas with 
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Table 10-1 

CHEMICAL COMPOSITIOII OF FLY AS1i£S ACCORDitlG TO COAL RANK: MAJOR NID Mlt/OR SPECIES (WEIGHT PERCEIIT) 

Eastern Bi tumlnous Western Subbltumfnous Western Lignite 

Total llo. of Total 110. of · Total /lo. of 
Che!llkal Range Median Observa t1ons Range Hedfan Observa tf ons Range t,tedian Observations 

Sodlllill Oxlde, lla2o 0.05-2.04 0.53 21 0.15-2.14 J.04 8 0.60-8.10 3.45 a 
Potassium Oxide, i: 20 0.92-4 .00 2. 53 20 0.50-1.80 0.99 6 0.20-1.02 0.50 8 

Magnesfum Oxide, HgO 0.50- 5.50 1.24 23 ] .10-5.90 2 .96 12 3 .3-12 .75 6.79 10 

Calclu~ Oxide, cao 0.26-13·. 15 2.RB 21 L. 80-30.40 13.Bl 12 11. 7-35.44 22. 29 10 

Silicon Dioxide, Sio2 36.00-57 .oo 48.76 22 31 •. 00-64 .so 49.69 9 2.20-46 .1 30.69 8 

Alu111iriulil Oxide, A1 2o3 16.25-30.JO 23.26 22 IA.70-37 .00 23.04 12 10.7-25.3 J5.4B 10 

Iron Oxide, Fe2o3 3.88-3~.40 16.44 23 "J.~7-21.50 6.48 12 2,9-14.15 8.87 10 

Titanium Dioxide, Tto2 1.00-2.so 1.45 19 0.68-1.66 1.09 11 0.52-1.60 0.74 8 

Phosphorus Pentoxide, P2o5 0.02-0.42 2.73 16 0.19-0. 70 0.38 6 0.02-0.76 0.25 5 

Sulfur Tr ioxide, S63 0.09-3.30 0.78 17 0.10-5.23 1.66 12 0.32-7. 20 3 . 14 6 

Source: K. L. Ladd, Jr . , and R •. H. Boyd, Jr. By-Products from Coal Fired Electric Utilities - A Resource for Recovery and Utilization. 
Presented at the Second Conference on /\Ir 01~\ity Management 'In the Electric Power Industry, Oinversity of Texas, Ausutin, TeXH, 
January 22-25, 1980. 
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Table 10-2 =' Q 
RANGE' HI A}I0\1/H Of TRACE ELEMElfTS PRESEIIT 1tt COAL ASHES (ppm} IL 

IL 

High low >ledium Lignites 0 
ElSJ1ent /lotbr,u:i tes Volatile BitumJng~ Volatile Bituminous Volatile Bit1.1,~inous and Subbituminous 

Max Hin Average Hax Hin Average Max Min Average Hax ~lin Average Max l!!.!! Average 

Ag 1 1 * 3 l * 1.4 l • l I • so 1 * 
B 130 63 90 2800 90 770 180 76 123 780 74 218 1900 320 [020 
Ba 1340 540 866 4660 210 1253 2700 96 740 1800 230 896 13900 550 5027 co 
Be 11 6 9 60 4 17 40 6 16 31 4 13 28 I 6 .. 
Co 165 10 Bl 305 1Z 64 440 26 172 290 10 ]05 310 II 45 ~ Ct· 395 210 304 315 74 19J 490 120 221 230 36 169 140 II 54 
Cu 540 96 405 770 30 293 850 76 379 560 130 313 3020 58 655 co 
Ga 71 30 42 98 17 40 135 10 41 52 10 * 30 JO 23 0 
Ge 20 20 -1, 255· 20 • 20 20 * 20 20 - 100 20 * ... 
la 220 us 142 • 270 29 111 180 56 110 140 19 83 90 34 62 m 
Mn 365 58 270 700 31 170 780 40 280 4400 125 1432 1030 310 688 Ill 
Iii 320 125 220 610 45 154 350 61 141 440 20 263 420 20 l29B 
Pb 120 4I 81 1500 32 183 170 23 89 210 52 96 165 20 60 
Sc 82 50 61 78 7 32 155 15 so 110 7 56 58 2 10 

I-' Sn 4250 19 962 825 10 ]71 230 10 92 160 29 75 660 10 156 
0 Sr 340 80 l77 9600 170 1987 2500 66 818 1600 40 668 8000 230 4660 
I 

V 310 210 248 - 840 60 249 480 115 278 860 170 390 250 20 125 
-I'> 

y 120 70 106 285 29 102 460 37 152 3'10 37 151 120 21 51 
Yb 12 5 8 15 3 10 23 4 10 13 4 9 10 2 4 

Zn 350 155 .. 1200 50 310 550 62 231 460 50 195 320 50 " 
Zr 1200 370 688 1450 115 411 620 220 458 540 180 326 490 100 245 

• Insufficient data to co~pute an average value. 

Source: S. Torrey, ed_ Coal Ash Ut11ization . Hayes Data Corporatlon, Park Ridge, New Jersey, 1978, pp. 370, 
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Table 10-3 

CHEMICAL COMPOSITION OF BOTTOM ASH FROM VARIOUS UTILITY PLANTS 

Compound Perce·nt Compositfon by Weight 
or 

Element 

Si02 

Al 203 

Fe203 

cao 

S03 

MgO 

Na20 

KitO 

P205 

Plant 1 

58 . 

25. 

4. 0 

4.3 

0.3 

0.88 

1.77 

0.8 

1.06 

* NR ~ not recorded. 

Plant 2 

59. 

18 .5 

9.0 

4.8 

0.3 

0.92 

1.01 

1.0 

0.05 

Plant 3 

50. 

17. 

5.5 

13.0 

0.5 

1.61 

0.64 

o. 5 . 

0~30 

Pl ant 4 

59 . 

17 . 

3.0 

3.5 

0.1 

1.17 

0.43 

1. 5 

0.75 

Plant 5 

NR* 

NR 

30.4 

4.9 

0.4 

NR 

NR 

NR 

NR 

Plant 6 

49. 

19. 

16.0 

6. 4 

NR 

2. 06 

0.67 

1.9 

NR 

Source: k. L. Ladd, Jr . , and R. H. Boyd, Jr. By-Products fran Coal Fired Electric 
Utilities -· A Resource for Recove ry and Ut1l1zat1on . Presented at the 
Second Conference on Air Quality Management in the Electric Power Industry, 
University of Texas, Austin , Texas, January 22- 25, 1980. 
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an alkali-containing absorbent . Particulate removal scrubbers may also contain 

alkaline material for pH control. In wet FGD systems, the reagent primarily used is 

lime (CaO) or limestone (CaC03). Some installations supplement these reagents with 

alkaline fly ash; a. few use fly ash or a sodium salt (hydroxide ·or carbonate) ·ru<c'lu

sively (_±_). Dry. FGD systems will probably use a sodium-based alkali (e.g., nahco

lite or trona) or a calcium-based alkali. 

Scrubber wastes consist, in general, of the products of desulfurization reactions, 

unreacted sorbent, and fly ash. Typ1cal wet scrubber sludges are mixtures of resid 

ual fly ash, calcium hydroxide, calcium carbonate, calcium sulfate, calcium sulfite, 

and water. The waste product drawn from the scrubber system is a slurry containing 

5 to 15% solids . Analyses of scrubber liquor and sludge solids are shown in Tables 

10-4 and 10-5, respectively. Based on the values in Table 10-5, so3tso4 values 

range frOl!I 0.09 to 7.75, with an average value of 1.54. 

Preliminary research into dry FGD waste characteristics indicated that fly ash con

stitutes 60 to 71.5% _of the dry wastes, while the remaining 28 . 5 to 40% is made up 

by spent sorbent and reacta~ts (_~.). Dry FGD systems using rrahcolite (a mineral form 

of .NaHC03), for··example, produce a waste mixture containing 40 percent spent sorbent 

(17% Na2C03, 35% Na2S03, 14% Na2S04 , 1% Na1iC03, 27% inert mineral components}, .·with 

the rema i ning 60% consisting of fly ash (1) • The sulfite/sulfate ratio of the spent 

sorbent is 2.5. Nahcolite may also remove significant quantities of NOz from the 

stack gases, producing sodium nitrite and nitrate. 

In calcium- based dry FGO wastes, fly ash was found to amount to approximately 71.5%, 

while spent sorbent canprised the remaining 28.5%. The major constituents of the 

spent sorbent were found to be Caso3 and Caso4 , amounting to 14.6 and 8 . 9%, respec

tively (i.e . , sulfite/sulfate ratio of 1 . 64) . Unreacted 1 ime concentrations were 

minor (1._6%), as were concentrations of Caco3 (2:1%) at'ld water (1.3%) (!), 

The composition of a specific FGD waste is hig~ly variable and site- specific, and is 

a function of a -number of interrelated factors reflecting combustion and gas clean

ing operations. The major factors are the chemical and physical characteristics of 

the coal ·(e . g • • ash and sulfur content, heating value), boi1er type, the presence 

and efficiency of upstream fly ash removal, scrubber type and efficiency, sorbent 

type, stoichiometric ratio, and the degree of oxidation and/or stabilization/ 

fixation . 
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Tabl e 10-4 

RANGE OF CONCENTRAT1 ONS OF CONST! TUENTS IN SCRUBBER LIQUORS 

Rangi of Concentration at 
Potential Discharge Point 

Constituent (mg/1) 

Aluminum (Al) 0. 03 to 0.3 
Anti mony (Sb) 0. 09 to 2.3 
Arsenic (As) <0 . 004 to 0.3 
Beryllium (Be) <0 . 002 to 0.14 
Boron (B) 8.0 to 46. 
Cadmium (Cd) 0. 004 to 0.11 
Cal cium (Ca) 520 . to 3,000 . 
Chromium (Cr) 0.01 to 0.5 
Cobalt (Co) 0.10 to 0.7 
Copper (Cu) <0 .002 to 0.2 
Iron (Fej 0.02 to 8. 1 
Lead (Pb 0.01 to 0.4 
Magnesium (Mg) 3.0 to 2,750. 
Manganese (Mn) 0. 09 . to 2.5 
Mercury (Hg) 0.0004 to 0.07 
Mo lybdenum (Mo) 0. 91 to 6.s 
Nickel (Ni) o.o~ to 1.5 
Potassium (K) ·5 .9 to 32. 
Selenium (Se) <0 . 001 to 2. 2. 
Sil icon (Si) 0. 2 to 3.3 
Silver ( Ag) 0. 005 to 0.6 
Sodi um ( Na) 14.0 to 2,400 . 
Tin {Sn) 3.1 to 3.5 
Vanadi urn ( V) <0 . 001 to 0.67 
Zi nc (Zn) 0. 01 to 0.35 
Carbonate (co3) <0.01 to <10 . 
Chloride (Cl) ·420. to 4, 800. 
Fluoride ( F) 0.07 to 10 . 
Sulfite (S03? 0.8 to 3,500 . 
Sul fate (SO~ 720. to .10,000 . 
Phosphate ( 0() 0.03 to 0. 41 
Nitrogen (N) total) <0 . 001 to 0.002 
Chemical Oxygen Demand 60 . to · 390 . 
TDS 3,200. to 15,000. 
Total Alkal i nity (as CaC03) 41. to ' 150 . 

Conductance, mho/cm 0. 003 to 0. 015 
Turbidity, Jackson Units <3 . to <10 . 
pH 3.04 to 10.7 

Source: M. Raker, Jr . , lnc . State- of-the-Art of FGD Sl udge Fixation. FP-671, 
Vol . 3, Electric Power Research Institute, -Palo Alto, California . 
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.... 
0 
I 

CD 

TVA Shawnee 
limes tone 

Formula (2/1/73) 

Caso4· 2ffi0 21.9 

Ca so3 • l /21120 18.5 

CaS04 • I /21120 

Caco3 311 . 7 

l~~so4 · 6H 20 4.6 

Fly Ash 20.1 

Source: Ill. Raker, .Jr. , Int·. 
Cal I fornia . 

Table 10-5 

PIIASI: COMPOSITIOH OF FGD II.ASTE. SOLIDS HI WEIGHT PERCrtlT 

. 
TVA Shawnee TVA Shawnee TVA Shawnee SCE Koha'-'I! r,t,1 Parma 
l imestcne Limes tone Lillie Lir:Jes tone Double Alkaii 
(7 /12/73) (6/15/74) (3/19/74) (3/30/73) (7 /17 /74} 

15.4 31.2 6.3 84.6 48.3 

21.4 21.8 48.8 8.(1 12.9 

19.2 

20. 2 ~.5 2.5 6.3 1.1 

3.7 1.9 1.9 

40.9 40.1 40.5 3.0 7.4 

State-of-the-Art of FGD Slud~e Flxat,on. FP-671, Vol . 3, Electr ic Power Researc~ 

N'S Challa . DlC Phi 11 i ps, 
Lin:estone Lfme 
(4/ln4) (6/17/74) 

17.3 19.0 

lO.R 12.9 

2.5 0 .2 

58.7 '59 , 7 

lnsti t ute , Palo Alto., 

t 
0 o 
..J 

=' Q 
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IL 
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Processing of the raw scrubber wastes can significantly change the chemical and 
physical properties. Oxidation of the sludge (i.e., forced oxidation), for example, 
decreases the sulfite-to-sul fate ratio, and produces gypsum, which has excel lent 
potential for reuse. Stabilization by blending and chemical fixation generally 
changes at least the physical properties of these waste·s, and sometimes the chemjcal 
structure. The solids content and bulk density increase. Typical additions include 
l ime, fly ash, and blast·furnace slag. Chemi~al ly, the sludge canponents .(calcium 
sulfites/sulfates) react in a pozzolanic reaction with alumino silicates contained 
in the above additives, forming high-specific-volume canpounds (1_, 1)· Stabiliza
tion of FGD sludges, by processes such as Dravo, Poz-0-Tec, and Chemifix, has been 
widely investigated and applied on a cooimercial basis . Detailed descriptions of the 

above processes are provided in Section 7. 

COMBUSTION WASTE UTILIZATION 

Most utility by- product reuse research and pr act ice has been directed at fly ash, 
bottom ash, and 9oiler slag . The FGD waste problem is relatively new. Wet FGD has 

. . 

been practiced on a wide scale for 9pproximately 13 years, while dry FGD technology 
is only now achieving canmercial acceptance . Consequentl,¥, little research has been 
conducted on FGD wastes, and the number of accepted or proposed uses is limited •. 
The use of fly ash , on the other hand, is virtually as old as combustion i"tself, 
going back at least as far as ancient Rome, where volcanic ash was used in mortar 
for roads and aqueducts. Thus, a far wider range of reuse options is avai l able for 
ash and slag. 

Estimates of coal ash reuse in the United States during the period from 1966 to 1977 
range from 12 to 21% (~_) . In 1978, 15.4% of collected fly ash was utilized, while 
the respective utilization percentages for bottom ash and boiler slag were 38. 7 and 
69 . 2%. The corresponding total ash utilization in the United States in 1~78 was 

24.3% (l, 2_, -~) . 

European ash reuse is significantly greater, on the order of 80% in Germany, 50% in 
Great Britain and Finland, 65% in France, and 35% in Poland(!)• These figures are 
slightly misleading, however, as 11 . S. ash production is over four times greater than 
that of any Eu ropean count ry (_g). In terms of absolute quantities, U. S. coal. ash 
utilization, as well as quantities of ash disposed, exceeds that of any other 
nation. 
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Tables 10-6 and 10-7 list the principal existing and potential uses for ash and FGD 
waste . In the discussion which follows, only those uses which have developed beyond 
the experiment~ stage will be considered in detail, al though other potenti~ future 
applications will be mentioned. While these potential markets may be significant 
sane .day, they do _ not now repr~serit an important recovery option . 

Ash Utilization 

Cement and Concrete. In 1972 , approximately one third of al 1 fly ash utilization 
was for cement or concrete(_!_). Fly ash is valuable in cement or concrete because 
of its pozzolanic properties(]_,.!!_). A pozzolan is a siliceous or siliceous alumin

ous material with little cementitious value, which, i n finely divided form and in 
the presence of moisture, reacts with calcium hydroxide and other alkaline earth 
hydroxides to form compounds with cementitious properties. Predaninately (25 to 
80%) al umino-silicate in structure, fly ash is finel y divided as it is generated. 

When mixed with lime and water; fly ash forms insoluble calcium si l icate, a cemen
titious compound. Pozzolanic cements are stronger, more resistant to sulfate 
attack, more workable, and less permeable than nonpozzolanic cements; they shrink 
less and evolve less heat duri~g curing, tDereby reducing tendencies to crack . Fly 
ash concrete cling_s less tenadously to forms, and ret ains sharper corners and 
deta i-1 s (_Z)•. 

As a pozzolan, fly ash can be used as a raw material in portland cement, as an 
ingredient in blended cements, or as an admixture with portland cement in concrete. 
As a raw material, fly ash is a source of silicon, aluminum, and iron in cement. 
Since it occurs in an essentially pulverized state, further grinding is seldom 
necessary, thus reducing energy costs . · Perhaps the ccmmonest application worldwide 

is the use of fly ash as an ingredient in blended cements(_~_). In the United 
States, sue~ applications must meet ASTM ~ 595- 76 or C618 and AASHD standards. To 
comply with ASTM requir~ments for TyP.e IP cement, blended cements produced by 
intergrinding fly ash with portland cement clinker must contain between 15 and 40% 

ash by weight. This type of concrete .is used mainly in mass applications, such as 

dams . At least eight major Bureau of Reclamation dams in the western United States 
are made of concrete containing f ly a·sh pozzolans (l_) . 

Fly ash can also be used as an additive in ferrocement. The addition of ash im
proves the workability, penetrability, ease of finishing, long-term strength, and 
sulfate resistance. In ordinary concrete, hydration of portl and cement liberates 
Ca(OH) 2, which combines with sulfates in the environment to yield caso4• The CaS04 
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Table 10-6 

SUMMARY OF ASH UTILIZATION CONCEPTS 

Utilization Option 

Pozzolan mixed with cement 
Cement clinker 
Mixed with ferrocement 
Parti a1 replacement for cement 

in concrete production 
Partial replacement for cement 

in structural concrete 
Parti'al replacement for cement 

in mass concrete dams 
Rpad base stabilization 
Lightweight aggregate 
Fill for roads, construction, 

etc. 
Filler in asphalt mix 
Oil well cementing 
Alumina recovery 
Vanadium recovery 
Substrate courses (heavy 

construction) 
Ice control 
Asphalt shingles 
Sandblasting grit 
Dike repair and building 
Aggregate 
Roofing granules 
Antiskid material 
Mine fire control 
Agriculture 
Mi nera 1 woo 1 
Magnetite recovery 
Filler in rubber and plastic 
Brkks 
Flue gas desulfurization (FGD) 
Grouting · 
Municipal sewage sludge 

treatment 
FGD sludge treatment 

Experimental or Pi 1 at 
Bottom Ash 

Fly Ash and Slag 

X 

X 

X 
X 

X 

X 

X 
X 

• X 

X 

X 
X 
X 

X 

X 
X 

X 

X 
X 

X 
X 
X 
X 

X 

X 

X 

X 
X 
X 

X 
X 

X 

X 
X 
X 
X 

X 
X 

X 

X 

X 

Status 

Full -Seale 

Fly Ash 

X 

X 
X 

X 

X 

X 

X 
X 
X 

X 
l( 

X 

X 

X 

Bottom Ash 
and Slag 

X 

X 

X 

X 
•• X 

X 

X 

X 
X 
X 
X 

X 
X 

X 
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Table 10-7 

SUMMARY OF FGD SLUDGE UTILIZATION CONCEPTS 

Utilization Option 

Recovery of aluminum 
Recovery of calcium oxide 
Recovery of calcium carbonate 

Manufacture of portland .cement 
Manufacture of concrete admixture 
Manufacture of calcium silicate 

brick 
Manufacture of aerated concrete 
Manufacture of poured concrete 
Manufacture of concrete block 
Manufacture of gypsum wallboard 
Manufacture of lightweight 

aggregate 
Manufacture of mineral aggregate 
Manufacture of mineral wool 
Manufacture of gypsum-plastic 

La nd recovery 
Surface mine reclamation 
Deep mine · reclamation 

Road base 

Agrfcultural soil stabilization 

Artificial reefs 
Pond liners 

Experimental 

X 
X 
X 

X 

X 
X 

X 
X 
X 
X 

X 

X 
X 
X 

X 
X 
X 

X 

X 

X 
X 

Status 
Pilot 

Demonstration 

X 

X 
X 

X 
X 
X 
.x 

X 
x · 

X 

X 

X 
X 

Full-Scale 

X 

X 

X 

Source: Adapted from Michael Baker, Jr.~ Inc . State-of-the-Art of FGD .Slud1e 
Fixation. FP-671, Vol. 3, Electric Power Research,- P~lo Alto, Cali ornia. 
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occupies a greater volume than the original Ca(OH) 2, leading to disruption and dis

integration of the concrete. Fly asn, however, combines with the Ca(OH)2 to form 
stable cementitious canpounds, thereby reducing the susceptibility of concrete to 

su1 fate attack. 

Aside from its role as a pozzolan, ash can also be used to make aggregate that can 
replace sand or gravel in concrete. Aggregate is produced oy heating pelletized ash 
to approximately 2300°F (1260°C) (sintering) . The heat needed for this process is 
produced in part from carbon in the ash, an advantage not shared by clays and 

shales, other sources of aggregate. A carbon content of 3 to 10% is best for sin

tering (l), Iron oxide acts as a flux in the sinter mix, a]though excessive iron 
can be detrimental in any product made from the aggregate. Sintered fly ash is 
inert, durable, and may be stored outside, unlike raw fly ash. Ground, sintered fly 

ash has more pozzolanic strength than the original ash (l)• Using aggregate made 
from sintered fly ash in concrete gives about a 25% weight reduction in floors and 
columns when us~d as a replacement for sand and gravel. 

Fly ash has been used less Widely in the United States than in European countries. 
Rigid standards, inconsistent ash conposition due to .changes in combustion processes 

' and ash handling procedures followed by individual utility ~tations, and inadequate 
data on proper mixing proportions have combined to 1imit the market for fly ash 
concrete. Nonetheless, fly ash has been used in a variety of concrete products 
(e.g., concrete block, precast concrete products), in dams and water projects in the 
West, and in parking lots and airport runways. As part of "Transpo 72/ a portion 
of the parking lot at Dulles Airport was payed with a blend of 3% lime. 8% FGD 

sludge, 59% fly ash, and 30% aggregate (_1_). Despite problems in preparing the sub
courses and laying the pavement, the pavement has performed very satisfactorily 
(_1). As both the aggregate and cementitious components of concrete, fly ash was 

al so used to pave pa rt of the runway's at Newark Airport (1.Q.). Material costs we re 
·about half those of conventional cement and concrete, and labor .and maintenance 
costs for installation and ~pkeep have been sfgnificantly reduced (.!.Q). 

In order to produce a really good marketable product, utilities need to control the 
fineness of their fly ash. Additional separators may be required to upgrade the 
ash. Ideally, 99% of the ash should be finer than 200 mesh(]). Also. the amount 
of carbon in fly ash is a limiting factor, just as pyrites restrict the use of bot
tan ash/boiler slag. For example, bituminous ash with its higher carbon and iron 
content sinters better than lignite ash, while lignite ·ash with its high lime con
tent works better as a replacement for portland cement . Utilities should take steps 
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to control or eliminate such problem areas, provided the costs of implementing these 

measures are commensurate with the economic benefits . At some stations, for exam

ple, the color of the ash being generated is used to evaluate combustion conditions. 

·Controlling ash color results in significant savings in fuel costs, as well as an 

improved fly ash. 

Fill Material. In 1972, ap.proximately 25% of ~he reused fly ash, and 35% of the 

reused bottom ash and slag, was used in structural fill. The material properties· 

considered to be most important when using ash as fill material are grain size, 

density, compaction characteristics~ shear strength, permeability, and chemical 

stabi·lity (1,). Fly ash has been used as ·a structural fill material in Europe for a 

number of years 1r1 highway embankments and dikes (f). 

·Erosion and liquefaction are the major problems associated with ash fills. External 

erosion can be controlled through the use of a proper cover. Internal erosion and 

liquefaction are both related to loose P.acking and excess pore water pressure . 

These can be controlled to some extent through proper compaction and drainage system 

design. · In some respects, bottom ash and slag ·work better as fill material than 

does fly ash. 

Base Course Stabilization. Soils, wet or dry, that exhibit marked and sustained 

resistance to deformation under repeated or continuing loads are said to be stable. 

Fly ash on. its own is unsuitable as a subbase or road-base material because of its 

inherent instabilities(.!.!), Mixed with lime, however, fly ash has stabilization 

properties superior to those of lime alone in most soil types. This is due largely 

to th'e pozzolanic character of fly ash; a soil-cement type reaction is induced (!_g_, 
Q). 

In general , 1 ime-fiy ash-soi 1 mixtures ha.ve higher canpressive strengths than· the 

soils alone, although this can vary with fly ash type (14). · Lime- fly ash is more . . . -· -
effective in stabilizing granular soils than fat clay soils, indicating the influ

ence of surface area (particle size) on the rate of the pozzolanic. reaction (li). 
Lime-fly ash bases and subbases have been constructed at Newark A1rport, . the Port

land, Majne, Terminal, and the Portland International Airport. All have been in 

service for several years with no significant problems (~) . In those installations 

where lime-fly ash did not perform well, improper installation can usually be cited 

as the major cause. 
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The performance of lime-fly ash stabilized base. courses is affected by the same 

factors that affect the performance of base courses stabilized with other materials. 

Lime-fly ash materials are no more sensitive to these factors or construction ano

malies than are other stabilizing materials. 

Alumina Recovery . A°Hhough still in the development phase, the recovery of alumina 

from fly ash is a potential use 'r[ith more immediate applicability than other experi

mental concepts . Fly ash normally contains 15 to 30% alumina . Processes have been 

developed whereby 95 to 98% of this alumina can be recovered . In general, these 

processes involve sintering the coal with a salt-soda at 1000°F (S37 . 8°C) or a 

limestone-gypsum mixture at 1400°F (760°C}, followed by leaching with hydrochloric 

or sulfuric acid (_~, 1.§_). The costs of producing alumina from ash are 30 to 130% 

higher than producing alumina from bauxite (1!_, 1.Q_) . Although approximately 90% of 

the bauxite is imported, the high cost of processing coal ash, the dispersed loca

tions of power -plants, and the domestic availability of higher grade alternate 

materials have not made fly ash an attractive alternative to bauxite. However, in 

the future> fly ash .has the potential fo r supplying 90% of the U.S. aiuminum market 

(§J. 

Agriculture . Ash use for agriculture is potentially beneficial both as a source of 

nutrients, and as a soil conditioner for marginal soils. It has been demonstrated 

that the use of fly ash as fertilizer ·can increase aerial biomass compared to con

trol plots (12., l~). However, ash may reduce the ratio of harvestable grain or 

fruit to biomass (!Z)· In addition, the levels of many trace elements in plant 

tissues (e.g., boron, molybdenumi and selenium) may be elevated 1 possibly to concen

trations that are phytotoxic to plants and unsafe for animc1l consumption Ul., li, 
1.2_). Fly ash is not a particularly good source of macronutrients such as nitrogen, 

~otassium, and phosphorus . As a result, ash is not considered a particularly good 

substitute for conventional fert i1 i zers. • 

The addition of ash to sandy or clayey soils ~an produce a medium-textured soil. 

Poorly drained .soils mixed with ash show increased water infiltration rates, greater 

total pore space, and. higher moi~ture availability(~) . Alkaline ash can neutral

ize acidic mine spoils/refuse, converttng them to usabl'e son. Thus, it appears 

that fly ash has its greatest agricultural application as a soil conditioner for 

heavily used, poorly ~r ained, or marginal soils not used for food crops . 
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Mineral Wool Insulation . The process developed by TVA to spin mineral wool insula

tion fibe r from boiler slag is more energy-efficient than the production of conven

tional mineral wool, with estimated savings on the orde r of 4 t? 5 million Btu per 

ton of insulation produced (5, 21). ·Commercial implementation of the process and 

full-scale production have been restricted, ~owever, because of _possib.le radiation 

hazards. Certain TVA waste products emit a low- level radioactive gas (radon), and, 

since coal contai ns trace_s of natur~l radioactivity, no TVA waste material (includ 

ing ash and sl~g) is being us~d. It has not been firmly established whether slag 

mineral Wool insulation does emit radiation; the halt in development and production 

is a precaution. 

Air Pollution Control . The natural alkalinity of mar,y types of fly ash makes them 

good candidates for removing S02 in flue gas . It has been established that suffi

cient fly ash alkali can be reacted in a wet scrubber to reduce so2 in flue gas to 

below federal standards when burning lignite with approximately 0.75 to 0 . 8% sulfur. 

in a cyclone-fired boiler U:±) . Higher sulfur coals require the addition of lime to 

provid·e enough alkali. Currently, 11 power plant's use or are planning to use lime

fly ash scrubbing systems . Two utilities, Mi nnesota Power and light and Public 
Servic:~ of Colorado, use fly ash exclusively in·· s.ome of their .scrubbers • 

• 
Magnetite Recovery , Studies also show that it is possible to remove marketab1e 

metals from fly ash(~). Between 10 and 15% of bituminous coal fly ash may be 

recovered as a magnetic fraction. Presently, Halomet, Inc., operates a magnetite 

recovery facility at Masontown~ Pennsylvania. This facility treats 400,000 tons of 

fly ash annually, recovering and selling ,about 60,000 tons of magnitite a year (15% 

recovery). TVA is also planning to build a magnetite recovery facility by 1982; 

recovered magnetite wil 1 be used in coal washing and coal dust control operations at 

the same power plant (i). 

· Other Applicat.ior.is . Bituminous paving mixtures have been. designed to include min

·eral fillers since about 1980. Ash works well as a mineral fille r , providing better 

resistance to water than limestone dust (.Z) •. 

Fly and bottom ashes have. been s uggested as fillers or replacements for clays in 

certain plastics and rubber . The addition of fly and bottom ash mixtures to tire 

rubber failed to increase skid resistance, and proved detrimental with regard to 

wear, tensile and hot-tear strengths, and r esilience{~). The present inability to 

provide ash with a uniform, constant composition makes ash use in high-quality 

plastics unlikely, 
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FGD Sludge Utilization 

As noted earlier, there has been relatively little research conducted on recovery 
and reuse technologies for FGD sludges as compared to ash. Consequently, the number 
of proven . reuse options currently available is limited. Most of these uses rely on 
oxidized or .stabilized sludges, as untreated and unprocessed FGO sludges have very 
poor structural properties (_~J. Raw FGO sludge is currently being considered for 
use as a soil condit~oner in agricultural application, especially in the arid South

west Ci)• In general, sludges are not considered to be ccxnpetitive fertilizers. 

Of the treated sludges, no by-product uses for Dravo-stabilized sludges have been 
identified, other than possib1e use as a landfill liner(!). Most of the experience 
using stabilized sludge for structural purposes is l i mited to pozzolanic products, 
such as those produced by the IUCS process. 

Base, Fill, and Liner. Properly proport i oned, compacted, and cured lime, fly ash, 

and FGO sl~dge mixtures produce a strong, stiff material whic~ can be used in 
embankments, subgrades, subbases, and bases for pavement (I)- The material i s 
genera-lly impenneable and lighter in Weight than most compacted soils . However, it 
exhib;°ts poor freeze-thaw durability . Calcium sulfate enhance·s the strength devel-

. . . 

oprnent of lime/ fly ash/water mixtures (ll). A calcium sulfoaluminate hydrate is 
formed. At the optimum composition, the material is five times stronger than the mi x 
without the calcium sulfate. ·Although FGD sl udges are l ess effective than pure 
CaS04, t hey provide some of the same benefits. Consequently, an FGD sludge with a 
1 ow sulfite-to-sul fate ratio is most desirable for optimum performance. 

FGD sludge froin the Mohave Power Plant (of the Southern California Edi son Company) 
has been used in the construction of a road base for a parking lot and· sections of a 
public highway in_ Arizona (__1.). Stabilized sludge from Duquesne Light Company's 

. Elrarna Stati9n has b·een used for subbas~·construction for a municipal parktng lot 
and commercial warehouse facility . The El rama Stat i on .also used some · of -its fixated 

sludge to construct pond berms and liners for its wast~ater and coal pile runoff 

ponds . · Arizona Public Services's Four Corners Plant ~ses fixated sludge as a l iner 
for their evaporation pond . 

Mineral Recovery. Lime- and l i~estone-based scrubbing wastes can be a source of 
calcium in the extraction of alumina from low-grade ores (e.g., clay and coal ash) 
~) . The economics of the process are still such that the process is not competi
tive with bauxite alumina. HowEver . the use of FGD sludges in the process yields a 
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calcium silicate (Ca2Si203) waste product which can be used in portland cement. The 
total process economics (alumi na cost per ton) could be made competitive with con

ventional bauxite processes, if the alumina recovery processing plant could be con

nected with a portland cement plant. 

Bench-scale processes have been developed to recover elemental sulfur from FGD 
sludges; None hav, been imp~emented on a full scale because other sources of sulfur 
have been plentiful and available at less cost (i) . New uses are being developed 
for sulfur, however, such as its use as a binder in nonasphalt paving material. If 
tests currently underway prove successful, a major new market for sulfur could 
develop . In fact, the potential market for sulfur in these applications may exceed 
the current supply (26). If the market opens up, sulfur recovery from flue gas 
desulfurization systems would be a major supplier. 

Gypsum. In Japan and certain European nations, FGD sludge is used in the pr.oduction 
of gypsum and wallboard. FGD sludge solids , as noted previously, are composed pri-

. marily of calcium sulfite and calcium sulfate. To. produce commercial -grade gypsum 

(calcium sulfate), ·the sludge rrust be oxidized to convert the sulfite to sulfate. 
_The resulting gypsum contains more impurit.ies than conv~ntional gypsum, due .to the 
fly ash ·or variations in the lime or limestone. 

The major physical criterion affecting the acceptabi l ity of oxidized sludge as a 

gypsum for wallboard use has been particle size; the major chemical criterion for 
such by-product reuse has been ch) orine {Cl) content <m . According to ASTM stan
dards, and as confirmed by both domestic and foreign wallboard manufacturers, oxi
dized sludge containing predominantly calcium sul fate dewatered to more than 80% 
sol ids exhibits a particl e size suitable for the production of home product mate
rials. The variation of particle size appears to be directly related to the degree 
of oxidation, which in itself is a functi~n of the pH of'the FGD system. 

Calcium chloride concentration is a direct function of both the FGD waste treatment· 
process and the Cl content of the fue~ . Increased recycling builds up considerable 
concentrations of salts, particularly calcium chloride. In a typical eastern sub- . 
bituminous fuel containing greater than 3% sulfur, equilibrium calcium chloride 
concentrations approaching 100,000 parts per million have been projected . FGD sys
tems which utilize the forced oxidation process to produce a gypsum by-product 
require less makeup water, because a higher percentage of solids is produced and 
more water is recycled in the scrubber system. 
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According to wallboard manufacturers, soluble Cl affects calcining temperature , set 

time, and stucco slurry consistency. High Cl levels in the sludge can also corrode 

nails . used to install the wallboard. Wallboard manufacturers, however, vary in 

their maximum limitation of _Cl salt in gypsum- like material. Maximum acceptable 

concentrations of calcium chloride range between 200 and 1,000 ppm. One of the 

major problems facing the utility industry in the recovery of oxidized sludge is the 

removal of calcium chloride frcm the waste material without. generating a wastewater 

contaminant problem. 

Fly ash also contributes enough tint to the gypsum to yield an off- spec, off-white 

wallboard . Furthermore , the presence of iron and certain salts from entrained fly 

ash can also cause bonding problems . Consequently, strength is reduced, and more 

stucco is required to achieve the given strength of finished plaster or wallboard. 

The hydrous sulfate salt levels are also limited by specifications of 0.02 to 0.03%, 

as they affect moisture pickup and bonding characteristics of the stucco in the core 

of the wallboard. Hydrous clays of up to 1~0 and 2 . 0% may be tolerated . Sulfi~e 

content of the gypsum is also il critical factor . Despite these problems, commer.:. 

cial ly acceptable gypsum.wallboard ha_s been produced fran FGD by- products, as 

Japanese experience has aemonstrated . Utilities may find uses for gypsum with high 

. fly ash content within the cement industry (..1_) . 

There are, however, two disadvantages to the use· of abatement gypsum in existing 

cement and calcining plants: off-spec particle size and excessive free water. 

Existing plants have equipment set up to handle rock- size (0.25- to 2. 0- in, or 

0.635- to 5.08- cm) gypsum. This equipment cannot effectively handle the consis

tently small crysta11ine size of ·abatement gypsum. In calcining operations, the 

excessive free water (which is 20% as ccmpared to 3% for crude gypsum) would have to 

be driven off. However, free moisture may not be a problem in cement manufacturing . . 
·(due to the exothermic nature of the reactions), with the ·except.ion of its effects 

. on material handling. New plants could be designed to handle the abatement product, 

or the utility could ccmpact ·and· dry the abatement product to overcome these prob

l ems . Also, abatement gypsum could be viewed as a source of high-purity gypsum to 

blend with crude gypsum. 

Dry FGD Wastes 

Because these systems have only recently been applied on a utility seal e, there has 

been little research directed toward reusing the wastes. However, because of the 

chemical nature of the wastes, it is possible to predict potential uses. 
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There are several technologies available for recovering sulfur compounds from .dry 
FGD wastes. Three processes, the copper oxide regeneration process, the RESOX 
aqueous process, and the aqueous carbonate process ( ACP), have been applied to dr:y 

FGD wastes with mixed results (28) . 

Regeneration of sodium compounds from dry FGD wastes, by methods such as ACP, car
bonation, evaporative crystallization, acidification wtth H2S04 , and the Ampot pro
cess, has also been tested by adopting the technical concept already developed and 

applied in other industrial fields. These recovery schemes have a potential to be 
combined with any simple dry FGD process, such as dry injection and spray drying . 
The most extensively developed of these methods, the ACP process, showed promising 
results on a pilot seal e (~). 

Specific conventional reuse options include waste utilization in concrete mixtures 
as a cement substitute, as well as in cement manufacturing a gypsum substitute (1.§_). 

Dry waste may be incorporated into bituminous paving mixtures. The lime-additive 
. . 

wastes may serve as a 1 ow-cost structural material (e.g., subbases and nonstructural 
walls). The wastes could be sintered and used as light-weight aggregates for build
ings, foundations,. or subbases (~) . The dry FGD wastes probably possess. the same 
potential for industrial .utilization, mineral wool utilization, and mineral recovery 
as do conventional wet FGD sludges. In addition, nahcolite-based wastes may have 
value as fertilizers if the nitrogen content is sufficiently high(~). 

RESEARCH AND DEVELOPMENT IN REUSE OF UTILITY BY-PRODUCTS 

Although substitution of combustion by-products for raw materials in const.ruction 
aggregates is practiced extensively in foreign countries, these materials have not 

been as widely accepted or used in the United States. One of the main reasons was 
r_eported to be the lack of .laboratory data on field properties, construction han

dling, and performance experieAce with these materials. Other important factors 
include: 

t Reliance upon somewhat rigid materials and construction specifications 
within the industry, which tend to exclude utilization of coal ash mate
rials, rather than permitting their acceptance upon proof of equal or 
better performance. 

Lack of consideration of the unique properties of combustion by- products, 
i.e. , applying criteria developed for conventional materials to materials 
inherently different. 

• Lack of confidence in developing the necessary techniques to effectively 
utilize combustion by-products prior to an acute shortage of conventional 
materials. 
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Research has thus been undertaken in the areas shown in Table 10- 8. Research into 
construction material aggregates conducted at the University of Wisconsin {in con
junction with the Nat1onal Slag Association) covers such aspects as sources, mate
rial properties, optimum doses, tests, specifications, propcrtioning, blending, 
cooipaction, strength, and ot.her factors •. Research into aggregate requirements for 
bituminous mixtures (i.e., procedures for mi_x design, specifications, etc.) at the 

University of Texas is designed to assess the desired properties for bitumi~ous 
mixtures, including measurement of the deterioration rate constants for bituminous 
pavings made fran combustion by-products. 

At the University of Wisconsin, ongoing research al so ccxnpares aggregate require
ments for portland cement concrete mixtures, which involves investigations into 
procedures for mix design, specifications, tests, etc . , to achieve desired proper~ 
ties for these mixes . Also, to determine the technical aspects of abatement gypsum 
and its substitutability, research is being conducted on mix canposition, crystal 
size, and structure, as well as testing under operating con~itions. 

As shown in Table 10-8, 

of new U!ieS 
i s ~tudyi ng 

research is also ,being conducted on the identification and 
for the proven products . For example, the State University 
the use of stabilized brick-like FGO wastes (using the IUCS 

development 
of New York 
process) to create artificial reefs for marine habitats. 

Research into the emerging technologies for canbustion by-product uses can be 
grouped into two categories: new utilization options and utilization of waste 
constituents (Table 10-8) . Within each category, several processes are being 
researched from a technical and economic standpoint to assess their applicabilities 

for near- term commercial development . Under the first category, for example, on
going investigations include industrial utilization of sodium- based wastes by the 
pulp an.d paper industry in the bleaching process. Sodi·um sulfate wastes may also be 
used by glass m~nufacturers in batch glass formation. In Japan, for example, about 
80% of the sodium wet scrubbing plants produce sodium sulfite for paper .mills. The 
r~aining plants oxidize the sulfite to sulfate, Which is then either used in the 
glass industry or is purged in wastewater. 

Research conducted under the second category encompasses technologies for mineral 
wool insulation, magnetite recovery, and mineral recovery. The results indicate 

that the canmercial manufacture of mineral wool insulation from bottom ash, fly ash, 
or 1 imestone-modifi ed fly ash may be feasible. TVA, for example, has al ready 
developed the technology to spin mineral wool insulation fibers from boiler slag. 
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Table 10- 8 

AREAS OF ONGOING R&D PROJECTS IN REUSE OF UTILITY BY-PRODUCTS 

r. IMPROVEMENT OF EX ISTING COMBUSTION BY-PRODUCT REUSES 

, Upgrading product quality for prese.nt uses in displacing raw materials; 
design_, practice, and specifications for aggregates as c.onstruction 
materials . 

• New uses for proven product s . 

I I. DEVELOPMENT OF NEH TECHNOLOGIES FOR REUSE OF BY-PRODUCTS OR THEIR CONSTITUENTS 

G New utilization options for by-products . 

G Utilization of by-product constituents. 
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Concepts for recovering minerals fran coal ashes existed 50 years ago, but the 
technologies were not considered economical. Though still in the developmental 
phase, the recovery of aluminum from fly ash is a potential use with more immediate 
applicability than other experimental concepts. Fly ash normally contains 15 to 30% 
aluminum. Processes · for alumirum recovery are being 1nvestigated by Oak Ridge 
National Laboratory, Ames Laboratory, and Iowa State University . Results indicate 
95 to 98% a,luminum Tecovery by means of. different sintering processes . 

A comprehensive l'ist qf by-product uses currently being investigated on an experi 
mental and/or pilot scale {for improvement and/or development) is given in Tables 
10-6 and 10-7. 

WASTE HANDLING FOR REUSE PURPOSES 

To stimulate interest in the user industries for canbustion by-products , utilities 
will have to assume the responsibility for producing a sufficient and continuous. 
supply of the desired material. Assoc1ated problems that may be encountered include 
(1) seasonal variations in by-product g~neration as a function of seasonal demand 
for electricity; (2) d\ spersed nature of the utility pl ants as can pared to the 
markets; and (3) ge.ographical variations in by.-product cha.rac;teristics_. For exam
ple, the distribution of the ash ·suppl ; ·es shows higher t.onnages in the northeastern, 
eastern, southeastern, midwestern, deep southern, and Rocky Mountain states(_!). 
The distribution of FGD sludge supplies is even more limited , consisting primarily 
of. the midwestern, deep southern, and Rocky Mountain states. Furthermore, the 
characteristi cs of the ash and sludge vary fran region to region . Western ashes 
tend to be more alkaline and lower in iron oxides than are eastern ashes. Conse
quently, a market for alkaline ash in Pennsylvania, for instance, could be starved 
for supplies despite piles of coal ash from eastern coals located nearby. Simi 
larly, a coal-cleaning process requiring an ash with a high iron content could work 
well in Ohio or Tennessee, but~would be much more costly in Color.ado . Major mass 
c·oncrete dam projects in the West· are located far fran the biggest sources of ash, 
the eastern power plants. Furthermore, there are fluctuations in by-products demand 
as related to the seasonality of different industries (e.g~, construction industry). 

To facilitate provisions for overcoming the above seasonal an~/or geographical vari
ability of by-product generation and use, utilities must give special attention to 
the associated problems of by-product handling, especially their storage and tran
sportation . Numerous combinations exist for the handling of each form of coal-fired 
power plant waste material. The choice of the appropriate combination will depend 
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primarily on waste characteristics, reuse options, economics, and environmental 
concerns to each waste type. 

Of the utility companies surveyed for this manual, it was found that equipment and 
subsequent procedures for handling are the same, whether the utility wastes are to 
be· sold for recovery or transported to a disposal site. The only variation between 
the utilities was that by-product customers frequently utilized their own transpor-

. . . . 
tation for pick-up from the utilities. In cases where utilities provided t~e tran-
sportation, hauling was performed either by the ut ility-hired trucks or by utility
hired outside haulers. 

Utility surveys, furthennore, revealed that it is impractical to reuse utility 
wastes once they are disposed of, due to (1) some undesirable qualities acquired by 
disposal (such as appearance, texture, structure), and (2) economic consi~erations 
rel ated to excavation of the disposed wastes. For these reasons, reuse of utility 

waste in conjunctidn with closure and in-situ conversion of wet to dry disposal 
practices is not considered in the following discuss.ion. 

!~e subsequent discussion is focused on the descript.ion of different alternatives 
~ r ¢..Pll.@cti ng, storing, conveying, and transporti ng combustion by-products for 
reuae :p'.'urposes . A list of these alternatives is provided in Table 10-9. By-product 
~ e~ eMi,S are mentioned only in terms of their interrel ationships with handling 
qptlons.~ detailed descriptions of waste treatment technologies are provi.ded in 
S'e'ctfol\l 10 of this report. 

fly [Mn: Collection, Conveyance, and Storage 

Currently available methods for fly ash removal from stack gases include wet scrub 
bers, m~chani cal collectors, fabric filters, and electrostatic precipitators. Oe
ta~led descript~ons of these systems can be found in EPRI's Coal Ash Disposal Manual 

(29) . After separation from the above air pollution control devices trito hoppers, 
fly° ash can be handled by e.i ther dry or wet systems ( 30). 

If .fly ash is collected by a dry handling system, there are three pneumatic methods 
which can be utilized for conveying the material from the collection source to the 
temporary storage (silo) or sluicing area: the vacuum system, the pressure system, 
and a combination vacuum-pressure system ~. 1Q). 
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By -Product 

Fly Ash 

Bottom Ash 

FGD Sludge 

Table 10-9 

ALTERNATIVES FOR BY - PRODUCT HANDLING 

Storage 

Dry : .Silos 

Wet: Oewateri ng Bins 
Settling Ponds or Basins 
Surge Piles 

Dewateri ng Bins 
Settling Ponds or Basins 
Surge Piles 

Storage Tanks 
Settling Ponds 
Surge Piles 
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Conveyance and 
Transportation 

Pneumatic 
Pipe 1 i nes 
Trucks 
Rail 
Barge 

Pipelines 
Trucks 
Rail 
Barge 

Belt Conveyors 
Pipe 1 i nes 
Trucks 
Rail 
Barge 
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Vacuum systems are limited with respect to the effective distance to which they can 
transport fly ash. The maximum distance to which a vacuum system can convey mate
rial is contingent upon the system configuration and the plant's altitude above sea 
level. Vacuum for conveying fly ash is produced either hydraul1ca1ly or mechani
cally . Hydraulic vacuum systems discharge high-pressure water (100 to 300 psi) to· 

create the air fl ow and vacuum necessary to convey ash. Alternate means of vacuum 
production are by mechanical vacuum pumps, which are of either the dry Ot". water- · 
injected positive displacement type, or the water-sealed rotary bucket type. The 
water-injected positive displacement vacuum systens should not be used where flue 
gases are high in sulfur dioxide content. Dry vacuum pumps or water-sealed rotary 

bucket pumps should instead be used to avoid dry corrosion problems encountered by 
the water-injected systems (~, lQ_). 

Pressure systems are typically used where the conveyance length is too great for a 
vacuum system, or where the altitude curtails the possibility of a vacuum system. 

Pressure systems employ the use of air locks to transfer fly ash from a hopper at 
one pressure. Air locks are available in a'wide range of capacities to meet any 
handling rate required of a pressurized conveyance system . Positive displacement 
bl owe rs are used to produce the a1 r f1 ow and. pressure required for the conveyance· 

system @, lQ.). 

Combination ~acuum/pressure systems are generally utilized when conveyor length 
exceeds the capability of a vacuum system to obtain a satisfactory conveyance rate. 
This type of system permits the use of vacuum to remove fly ash fran hoppers at a 
high rate to a collecting point nearby, where the fly ash is continuously trans
ferred to a pressurized conveyor. Consequently, both types of systems are utilized 

to their best advantage. The vacuum system, with it~ simplified controls, can 
remove fly ash at an optimum rate within the plant. The pressure system, reduced to 

'one transfer point witn a minimum of controls, can subsequently deliver the col-. 
lected fly ash to any point on the plant's property ,up.~o several thousand feet 

(l.!_). 

The vacuum-pressure system provides the least complex controls of any long-distance 
pneumatic conveyance system by combining the simplicity of vacu-um system controls 
with those of a two- or three-point pressure system . This contrasts with the com
plexity of controls required by an al 1-pressure system using a multiplicity of air
locks to achieve the same conveyance rates (}_!) . 
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Fly ash collected and conveyed by dry systems is stored i n a fly ash storage silo. 

Storage silos may be of carbon steel or hollow concrete stave construction. Flat

bottom silos are equipped with aeration stones o.r slides to fluidize dust and induce 

flow to the discharge · outl ets (ll_). Motor-driven blowers supply the fluidizing 

air. Heaters may be required · to prevent moisture frnn fanning in t~e silo . Silos 

are provided with self-cleaning vent bag filters of adequate size to prev~nt the 

· discharge .of dust al .ong with-displaced air as th.e silo is being filled . Alter

nately, venting can be provided by a duct from the silo roof back to the precipi

tator inlet . In some cases, i't; may be necessary to install a low-pressure blower in 

the vent duct to overcome losses which might prevent proper release of air and cause 

pressure buildup in the silo or drop-out of fly ash in the duct (.~) . Upon removal 

from the silo for transportation purposes, the fly ash is wetted to 10 to 20% mois

ture by weight to improve upon the handling characteristics and lessen any dust 

problems (ll_) . 

When directing dry fly ash to the sluicing area, the ash is pneumatically conveyed 

to a water ejector, where it is mixed with a high velocity water jet to ·10 to 20% 

solids by ·weight, and finally sluiced to a dewat·ering area independ~ntly or in a 

combination fly ash/bottom ash . ·. As an intermediate s!ep, fly ash can also be mixed 

· with bottom ash in a mixing tank prior to .sluici.ng Q_!). To reduce the waste s1uic

i ng volume, fly ash dewateri.ng can be performed eithe:- by primary dewateri ng or 

secondary dewatering. Primary dewatering systems, such as dewatering bins or set

tling ponds~ can also serve as temporary holding faci l ities for ash prior to its 

sale for reuse (I!_). If removed by a wet collector from the air pollution control 

devices, fly ash is transported wet (sluiced) directly to the dewatering area . The 

use of water will affect some of the physical and chemical properties, generally by 

dissolving fly ash particles and/or the chemical depos i ts on their surfaces. 

Bott3m Ash/Boiler Slag Collection , Conveyance, ~nd Storage 

· The open ·gate construction of dry bottom !)oilers permits the bottom ash to fall 

through the bottom grate into water-filled hoppers. Within wet bottom boilers, the 

solid base at the bottom of the fire box has an opening to allow the boiler slag to 

flow into a water-filled hopper where the ash solidif'. es upon quenching . ·Hoppers 

require large storage capacities, steep self- feeding slopes, and water contairment 

to quench the ash and to ensure a high rate of delivery to the conveyor system. 
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llowing the above procedure, bottom ash/boiler slag i's gravity-fed into a clinker 

grinder, where the coarse material is crushed to 1/4 ... to 1-1/2-in. (0 .635- to 3.81-

cm) diameter particles. After crushing is complete, the ash is fed into an adapter 

or sump, from which it is sluiced by means of ejector or centrifugal pumps to dewa

tering systems (such as settling ponds or bins). Dewatering may be accanpl ished 

either independently or in combination with fly ash (as described earlier in this 

section). The settling pond can al so serve as a temporary holding f.acil i ty prior to 

reuse . The ash is then removed from th'e pond and stacked to all ow the water to 

drain prior to being transported. When the bottom ash/boiler slag is collected 

specifically for commercial value, it is often sluiced to dewatering bins (11..). 

This type of handling allows for a much more rapid dewatering and easier loading of 

ash for subsequent transport. 

FGO Waste Collection, Conveyance, and Storage 

Wet FGO Wastes. Slurry that leaves the absorber part of a wet scrubber is directed 

to a reaction/recycle t~nk ·(which is a part of the wet FGD system), where precipita-
. . 

tion of c~lcium sulfate and sulfite takes place. The precipitated solids are then 

conv~yed by pumping a bleed stream to a sludge dewatering device. A detailed de

scription of FGD sludge handling systems is presented in the. EPRI FGD Sludge Dis

posal Manual (1£) . 

The extent of dewateri ng effected wil 1 generally depend on the type of transport to 

be utilized. If transportation is by pipeline, FGO sludge must be maintained at-a 

pumpable slurry of 15 to 35% solids by weight; truck or rail transport wn l gen

erally require dewatering to a solids content of at least 60%·by weight (lg). 

Temporary storage is an integral part of the FGD sludge reuse system . Storage of wet 

sludges is provided by means of holding tanks or ponds, while storage of dewatered 

sludge is in surge'piles (32). Reclaiming sludge through gravity-fed hoppers or . ~ . 
storage · in bins is not advisable, as the sludge i·s usually not free-fl-owing and· will 

clog the ·eqUipment . 

Surge piles· are the most commonly used method for temporary storage of dewatered FGD 

sludge. The following· physical ·and chemical properties of FGD sludge are important 

in the site design of the surge storage pile (E): 

CiJ The bulk density determines surge pile volume required for storage of a 
specified tonnage of dry sludge . Knowledge of the bulk density is also 
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necessary for the sizing of placement and reclaim equipment. Infonnation 
on sludge densities, as a function of dewatering methods, is given in 
Section 7. 

The angle of repose (i.e., the angle to the horizontal made by the surface 
of a normal, freely formed surge pile) is important in determining the 
surge pile slope, configuration, and volume. The ·value is highly dependent· 
on the sludge composition, varyi·ng from virtually zero for sulfite sludges 
to values approaching 60° for dewat~red gypsum. 

Sludges of high porosity will pick up and retain moisture. In cold cli
mates, freezing of surface moisture will bind the sludge together in a 
solid mass, and make reclaiming difficult, if not impossible. 

If portions of the sludge are water-soluble (such .as with dual-alkali 
sludges), it may be necessary to collect storm water runoff and seepage 
from the surge pile. 

11 The cementing tendency of some FGD sludge may affect reclaiming. 

• Corrosivity can be controlled by using protective coatings on equipment; 
but when abrasion is also present, the effectiveness of the coat1ng is 
reduced. Protection against the combination of corrosion and abrasion is 
necessary to keep maintenance costs at a -reasonab.le level. 

The common surge piles used for storage of dewate·re_d FGD sludges are at ground 

level, un·covered. They are usually conical, parallel windrow, a·nd radial windrow . 
type. The surfa·ce selected for the surge pile should be firm, solid, well drained, 

and not subject to flooding. The surface should also be raised with a good slope 

away from the pile area. Drainage from the pile should be collected in a ditch 

along either the low point or line of the raised area. The surge pile areas should 

be cleared of all debris and organic matter. before the pile is laid down (R). 

Surge pile size is based on FGD production rate and the desired retention time. The 

capacity require<l'for surge pi1es is usually limited to a maximum of 5 days' FGD 

production. However, both land availability and surge pile height limitations may 

restrict surge pile capacity. Pile height may also be limited by soil conditions, 
. . . 

FGD sludge character'istics, placing and reclaiming equipment, and the need to insure 

a safe operation (R). 

Dry FGD Wastes. Ory FGO processes result in the fonnation of waste products that 

are collected dry along with fly ash. Consequently, dry FGD wastes can be handled 

in a manner s ·imilar to dry fly ash(~). 
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Transportation of Combustion By-Products 

By-product transport equipment is required to accommodate the large volumes of mate

ria·ls generated by a utility. Options for on-site and off-site transportation are 
affected by both waste properties and hauling distance. For the transport of dry 
wastes, a · variety of systems. can be utilized, including pneumatic systems and belt 

conveyors. The applicable bulk-commodity transportation modes .also include trucks, 
trains, and barges . For wet wastes, pipelines provide an additional method for 
material transport. Pneumatic systems were previousl y discussed in this section; 
the remaining five transportation alternatives are outlined (see Table 10-10) in 
terms of their respect i ve appl icabilities, advantages, and disadvantages. Addi

tional information on the hauling distances, ground condition requirements, adverse 
slope tolerances, and hauling weight ranges of these transportation methods is 

presented in Table 10-10 (l?_). For short-distance hauling, front-end loaders, 
dozers, and scrapers can also be utilized . Applicabilities and limitations of these 

methods are also summarized in Table 10-11. 

It should be noted that storage and transportation of fly ash, bottom ash/boiler 
slag, and FGD sludge are not addressed by the Department of Transportation regula
tions contained in CFR ·4~, as these regulations pertain specifically to the storage, 
containerization, and transportation of hazardous wastes. 

Numerous combinations exist for the treatment .and handling of each form of coal 
combustion wastes. The choice of the appropriate combination will be based pri 
marily on by-product characteristics, reuse options, market specifications, econom 
ics, and environmental concerns. Since transportation constitutes a vital part of 
the ·overall cost picture, it may place economi c constraints on the by-product uses. 
It is thus necessary for the utilities to carefully examine reuse options, espe
cia)ly in tenns of transportation.costs. Detailed information on the development of . 
general transportat i on cost curves associ 9ted with the applicable bulk-commodity 
transportation modes is given in the EPRI manuals on the disposai of coal ash and 

FGD sludge (.£.2_, l?J. 

MARKET CHARACTERIZATION 

The initial step in any marketing process is to determine which products can be sold 
to industrial users. This step constitutes a marketing feasibility study or market 
survey. Its purpose is to locate potential buyers for the recovered by -product. 
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Type 

Belt 
Conveyors 

Pipeline 

Trucks 

Table 10-10 

UTILITY WASTE TRANSPORT METHODS 

Applications/Canments 

Popular FGD transport system. 
Long (several hundred feet 

or more) systems are usu
ally pennanent when mate
rial flow is constant and 
both loading and discharge 
points are fixed. 

Short conveyors (wheel- or skid
mounted) have a great deal 
of flexibjlity and can be 
moved to different loca-
tions. · 

.Most widely. used for ~,et 
transport: 

If supernatant is to be 
returned to the station, 
return lines will be needed. 

Conventional pumping and 
piping materials are gen
erally suitable if the pH 
is near neutral. 

Most -widely used mode of dry 
waste transport. 

Can be utilized for wet, but 
dry hauling preferred. 

Advantages 

High degree of flexibility. 
Longer utilization lives than 

trucks. 
Lower depreciation than trucks. 

Applicable to a. wide range of 
systems. 

Flexible acc001modation of 
quant Hy fluctuation. 

Inherent system re.1 i ability 
with standby provided by 
additional vehic 1 es. 

Requires low capital invest
ment. 

Disadvantages 

Limited to dry hand Jing 
systems. 

Capital costs relatively 
high. 

Abrasive nature of sludge and 
fly ash may lead to failure 
from erosion. 

Limited to wet wastes. 
Provisions for flushing and 

cleaning of the lines 
should be included .. 

11et waste ·; s more difficult 
to haul, requiring 
enclosed vehicles. 

High public visibility. 
Labor-intensive. 
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Table 10-10 (continued) 

Type 

Ra i 1 

Barge 

Applications/Comments 

In theory, rail cars may be 
used to transport both wet 
and dry wastes, wet waste 
transport has not been 
demonstrated. · 

Practical in -isolated cases, 
but does not show the . 
possibility of wide 
acceptance . · 

At present, no ·utilities 
identified as utilizing 
barge trans.port. 

Advantages 

Haul la_rger 1 oads .• 
less visible publicly than 

trucks. 

Low unit cost. · 

n; sadvantages 

Open cars not suitable to wet 
wastes. · 

Enclosed cars for wet wastes 
difficult to empty due to 
settling. 

No specially designed wet 
waste cars have been devel
oped. 

Rail cars not as versatile as 
trucks. 

Rail cars not as readily 
available on a contract 
basic with short notice. 

Rail traffic not as continu
ous as trucks . 

Off-loading o~ a barge would 
require additional trans
port . 

Barging limited to utilities 
on or near navigable water
ways or stations which re
qui re a long transport dis
tance (greater than 100 
miles). 
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Tab l e ·10-11 

ADDITIONAL INFORMATION ON SHORT- AND LONG-DISTANCE TRANSPORTATION METHODS 

Transportation Method Ha.ul Length (ft) 

Conveyor 1 1 1 l 1 1 1 

Front-end loader, roller tires 2 1 2 4 

front-end loader, crawler 1 3 4 

Dozer, rubber tires 1 1 2 

Dozer, crawler 1 4 

Wheeled scraper, conventional 2 l 1 1 2 4 

Wheel ed scraper, tandem-powered 2 1 l 1 3 4 

Whe.el ed scraper, elevated 2 1 1 1 2 4 

Truck, rear dump 3 1 1 1 1 l 

Truck/semi trailer, rear dump 3 1 l 1 1 1 

Truck/semi t railer, bottan dump 3 2 1 1 1 

Train 4 

l - Should be considered . 
2 - May be considered . 
3 - May be considered under ·certain conditions . 
4 - May be considered, special situation. 

1 

4 

1 

1 

1. 

1 

Ground 
Condition 

I 3 

1 3 

1 1 

1 4 

1 1 

1 2 

1 1 

l 3 

l 3 

1 4 

1 

1 

Maximum 
Adverse Grade (%} 

3 5 10 15 20 f20 

l 1 1 1 l 4 

1 1 1 2 3 4 

1 l 1 2 3 4 

1 1 2 4 

1 1 2 2 4 

1 1 2 4 

1 1 1 2 2 4 

1 1 2 4 

1 1 1 3 4 

1 1 l 4 4 

I 2 3 4 

1 4 

Sou r ce : Adapted from M. Baker, Jr. Inc . FGD Sludge Oi sposal Manual. 
Research Institute, Palo Alto, California , January 1979 . 

EPRI FP-977, Project 786-1, 

Total 
Tonnages 

I 1 

l 1 

1 l 

l 

2 1 1 

2 l l 

2 1 

l I 

1 l 

l 1 

2 ·1 

Electric Power 

m 
't"'" 

~ 
co 
c:I ... • :I 
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However, in order to investigate the feasibility of marketing utility by-products, 

both supply and demand factors, their projected growth , and the competition , bar

riers , and constraints to market entry need to be. considered. 

Market Characterization for Conventiona 1 Use5 

In pursuing the above considerations, a market survey for conventional uses of by

products should fo11ow these general steps: 

1. Determination of demand (present and projected; seasonal variations) for 
raw materials currently in use, for v,hich utility by-products may be sub 
stituted. 

2 . Determination of supply (present and projected; seasonal variations) for 
utility by-products. 

3. Determination o.f supply/demand relationships (present, projected, and sea
sonal). 

In the first step, total demand quantities, both present and projected, are assessed 
. . 

for each raw material for which FGC" by-products may be substituted. Invest i gations 

show, for example , that the present total domestfc gypsum demand is ~pproximately 25 

million tons, roughly one thfrd of·the total world demand @). 

Determination of tota1 demand also involves anal yses of the industries which use the 

raw material under consideration , and the geographic distribution of these indus 

tries. Furt·her analyses wil 1 include seasonal demand distribution patterns. For 

example, gypsum demand exhibits seasonal distribution patterns, since it is closely 

dependent on the construction industry (33). 

Jhis step should also involve development of total U.S. demand (present and proj

ected) for the above raw materials as a functio n of industry type . The geographic 

distribution of each of these industries. is. then determined. 

The second step involves a detailed assessment of the supply of by - products·, includ

ing allowances for seasonal variations in production due to seasonal · demand for 

elect r ic i ty . Supply, like demand, should be characterized with regard to industry 

groups and ·geographic distributions. 

Once the demand and supply quantities have been detennined (Steps 1 and 2), the 

relationships between these quantities can be estab1ished. Geographic distribution 

patterns play an important role 1 as any gain made by selling rather than disposing 

of by-products may be offset by excessive transportat i on costs. 
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By superimposing by-product generation data on the respective industry demand data, 

areas of overabundance or shortage can also be identified. Analyses should also be 

perfonned to detennine the seasonality of the supply/demand relationships with 

respect to (1) fluctuations in supply, which are related to seasonal changes in the 

demand for electricity; and (2) fluctuations in demand, ·11hich are related to sea

sonal variations in the consuming industries. 

Market Characterization for New Technology Products 

As was discussed earlier, there are several emerging technologies for utilization of 

combustion by-products. The potential of these technologies for market entry is 

similarly based on supply/demand relationships and the associated costs, but in a 

manner different from that described for conventional uses . The methodology and 

approach to be used in conducting market analyses for new technology products are 

illustrated below for metal recovery, one of the most promising technologies. 

The analysis of mark(;!t characteristics for recoverable metals from fly 9sh (i.e., 

iron oxide, aluminum, -and titanium oxide) would involve the following considera

tions: 

1. Oetennination of the total annual domestic production (present and proj
ected) of a given metal, and its price • . 

2. Detennination of the total an~ual U.S. imported quantities (present and 
projected) of a metal, and the associated price. 

3. Determination of the total annual U. S. exported quantities of the above 
metal , and the associated price. 

4 . Determination 9f the total annual U.S. supply of a given metal (U . S. sup
ply equals domestic production plus imports minus exports). 

5. Determination of total annual U.S. consumpt ion of the above metal . 

6. Total U. S. annual quantity of. the above 'metal· available from fly ash, and 
·the associated cost. 

A C()IJlparison of Hems 4 and 5 above will result" in the supply/demand relationships 

for a given metal and t .he associated prices, assuming that the metal products meet 

market specifications. If a certain metal must be imported to meet U.S. demand, a 

readily available domestic source, such as fly ash, may appear economically attrac

tive to the producers of that metal , providing that the cost of extract ion is 

competitive with the import cost. 
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However, if the demand for a given metal exceeds its danestic supply, but the cost 

of extraction from fly ash is higher than the import cost, recovery of the metal 

from fly ash will not be economical . Likewise, recovery of a metal from fly ash may 

be found to be uneconomical because of the abundance of its ore. 

Similarly, when analyzing market characteristics for mineral wool insulation, con

sideration should be given, in addition . to the above steps, to rising energy prices, 

decreases irl supply, and available tax credits, which result in a nationwide in

crease in insulation sales . Since most canmercial mineral wool is presently manu

factured from steel slag, the future growth rate of the insulation industry could be 

satisfied by the use of coal ash mineral wool. Also, s·ince fiberglass insulation is 

petroleum-based, coal ash mineral wool would provide ar opportunity to reduce 

petroleum use. On a national basis, coal ash may reduce the cost of insulation due 

to the introduction of a broader resource base. 

Competition, Barriers, and Constraints to Market Entry 

When the potential market for. utility by-products has been reviewed, present condi

tions of supply and demand must be examined. I~ particular, the canpetition from 

suppliers of the r~w materials for Miich utility by-products would be substituted 

must be assessed • . The recommended approach consists of the following steps: 

e Identification of the present suppliers of raw materials. 

e Detennination of supply locations. 

e Estimation of "net 11 demand for utility by-products after identification 
and exclusion of committed demand capacity. 

Identification of the competition, barrjers, and constraints to market 
entry, and fonnulation of approaches. 

In this way, specific infonnation can be developed concerning .net supply and demand 

by geographical region .• With · regard to demand, each industry_receives its supply of 

raw materials from a specific supplier. This specific supply can be identified 

along with the industries for which the present .demc1nd exceeds supply. Such infor

mation will reveal all of the existing shortage areas for raw materials. In turn, 

potential distribution points. for combustion by-products can be identified . Super

imposing the locations of the utilities will then reveal the existing regional capa

cities for by-product use in each user industry. 

However, in order to penetrate other utility by- product markets, or to expand the 

existing ones, each individual industry may need to overcane market entry problems 
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alone . Several approaches should be examined. for example, in order for utility 
by-products to replace raw materials (either fully or partially), they must be com

petitive in pr:ice with raw materials. It is thus necessary to canpile a list of as
delivered costs for raw materials at each demand point, since this cost is a prime 
consideration to the potential user. 

The major problem that may be encountered is the dispersed nature of power plants as 
compared to industrial users. Furthermore, the characteristics of the ash and 
sludge vary fran region to region . The most appropriate sludge for a particular 
application may be produced far from the area where it is needed. Beyond a certain 

di stance:, transportation costs become excessive; within that di stance, available 
markets can rapidly become oversaturated as ash and sludge supplies exceed al1 local 
needs. 

It is therefore necessary to analyze transportation costs as part of the market 
assessment. Such analyses involve converting data on prices for different modes of 
·transpoTtation (e.g., trucks, rail, ba'.ge) into the cost-equivalent distances that 

by-products could be hauled. The, next step involves using the data on power plant 
· 1 ocations to . determine the geographical extent of potent, al markets. 

Freight rates have long favored virgin material producers. The advent of municipal 
resource recovery has brought this inequity to the forefront, and numerous congres
sional bills have been proposed to create a more favorable rate structure for used 
materials. While the existing rate structure must be used in developing transpor

tation cost models, surveys of rate status and plans by the Interstate Commerce Com
mission will also be needed . 

Another consideration in by-product marketing is the industry bias against the use 
of recovered materials. For example, the me.tal producers may not nave ah interest 

. . 

in extracting aluminum from fly ash, as opposed to some lower grade natural ores 

which contain more aluminum than fly ash". Also, some users of virgin materials have 

a vested interest in the extractiGn of those materials. Another example is that of 
''aesthetic" specifications, such as coler or odor. FGD gypsum, for instance, is 
off-white, and may be refus-ed by some users, since gypsum must be white to be used 

in certain wallboard applications. Consequently~ those specifications which are not 
technically founded, and which may be in the process of change within certain indus
tries, will need to be identified during the course of an investigation of by
product marketing feasibility . 
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In addition to the above analyses of market entry problems, other options need to be 
investigated, such as process changes that could be int egrated into the utility to 
produce a by- product which meets industry specifications. These changes may be 
designed to assure by-product quality. standardization, improve by-product character
istics to meet use specifications, or generate by-products that may be in demand 
(e . g. , gypsum production by forced oxidation). 

Another consideration is the regulations that govern by-product use in industry . 
The legal constraints can be positive or negative. Negative constraints placed on 
users might be the preclusion of by-product use in certain structural applications 
(e .g., recycled steel in bridge girders).· This type of constraint is usually tech
nically justified, and cannot readily be changed. The associated markets are there
fore to be avoided. Conversely, the impending promulgation of RCRA Section 6002 
regulations requiring the use of fly ash in certain applications is a positive con
straint which will have a substantial effect on the user and producer industries. 
Such laws will undoubtedly expand both the market and the marketing structures 

available to utilities, but .it is too soon to determine exactly how ttiese laws will 
affect the market. 

As part of an overal 1 marketing effort , an investigation of the current regula~ory 
scene related to by-product utilization should focus primarily on RCRA Section 6002 , 
Federal Procurement, with particular attention given to Subtitles E and F. In addi

tion, applicable state utility by- product reuse.regulations must be reviewed for 
those states in which the by-product is produced, or through which it will be tran

sported. These state regulations should be carefully compared with RCRA regula
tions . 

MARKETING STRUCTURES 

In re(covered material user industries, new ventures by material suppliers are 
traditionally handled in the follow~ng .sequence: 

1. Market survey. 

2. Likely market selection . 

3 . Determination of quality requirements. 

4. Solicitation of Letters of Intent to Bid. 

5 . Negotiation of pricing structure. 

6. Development of contract. 
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Although variations on this sequence are quite conmen, this is the standard ap

proach, and it is readily applicable to FGD by-product marketing. Particular enpha

sis should be placed on those m?rketing structures with which selected user indus

tries are most familiar and comfortable. 

To illustrate how FGO sludge (gypsum) marketing curre~tly proceeds, consider a 

uti.lity that plans to install a. new FGD system. It might first assign several 

people to perform a preliminary by- product market survey. Visits might be made to 

wallboard· or cement manufacturers within a specified distance from the power plant. 

Durihg such visits, the utility might becane aware of a local shortage of gypsum , 

and possibly encourage the manufacturers to seriously consider utilizing the oxi

dized sludge. Conversely, this shortage, coupled ~Jith an awareness of the near-term 

requirements for gypsum~ would enable utility personnel to advise their upper man

agement of the need to pursue by-product recovery. 

Should the inquiries identify a viable market for the oxidized sludge, tne utility 

would proceed in.·developing a technical data base. Such a data base is best pro

vided by a vendor generating a 'similar waste mater_ial at another location. In 

addition, the encii user woul d i;-equire samples of a ·similar waste material for analy

sis by his technical staf.f. 

Quite often, the i nfonnation generated by the vendor does not match that r;ieeded by 

the end user. Once conmon technical ground has been established, the end User might 

indicate the problem areas associated with utilizing this material . The vendor 

would provide the costs associated with additional treatment and/or operational 

changes. Assuming that these additional costs do not exceed a favorable sales 

price, contract negotiation could proceed. 

As the seller of. the by-product, the utility must be aware of its responsibilities · 

in the three-party contra.ct. Failure to ge~erate the product due to a power fa i1 ure 

1vould be the responsibility of the utility . Failure to treat the material ade

quately due . to equipment malfunction or unacceptable quality assurance service would 

be the vendor's responsibility . Should the end user refuse to receive acceptable 

material, he must assume responsibility. Clarification of responsibilities, duties, 

and activities will establish a basis for the contract. 

Marketing of combustion by-products will require a close working relationship 

between the producer (utility), the user, and the broker . Technical personnel on 

the utility staff are usually unfamiliar with the gypsum manufacturing process. To 
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' 
overccme this, a broker (the waste treatment system designer) can act as a liaison 
between the producer {utility) and the user {cement/wallboard manufacturer). The 
vendor possesses a knowledge of the treatment equipment and the chemical and physi
cal composition of the material, and employs a techni c·a1 staff who can work directly 
with the user. Should modifications in material composition be required, the vendor 
is best qual ified to effect such changes for the aforementioned reasons. 

A natural consequence of such services would be to provide quality assurance person
nel to operate the system, such that the material generated would adhere to user 
requirements. The above types of interfaces and potential services have been pro
posed to several utilities nationwide. However, final contfactual terms of this 
type have yet to be developed by anyone in the United States. 

REFERENCES 

1.. N. L .. Hecht, and o. S. Duvall. Characterization and Utilization of Municipal 
and Utility Sludges and Ashes. Volume III: Utility Coal Ash . Washington, 
D. C. : Office of Research and Developm~nt, U.S. Environmental Protection 
Agency, May 1975. EPA 670/2 -75-033c. 

·2. S. Torrey, ed . Coal Ash Utilization: Fly Ash, Bottom Ash, and Slag. Park. 
Ridge, New Jersey: Noyes Data Corporation, 19}8. 

3. K. L. Ladd, Jr., and R. H. Boyd, Jr. By-Products from Coal Fired Electric 
Utilities - A Resource for Recovery and Utilization. Presented at the Second 
Conference on Air Quality Management in the Electric Power Industry, Univer
sity of Texas, Austin, Texas, January 22-25, 1980. 

4. W. A. Duvel Jr . , W. R. Gallagher, R. G. Knight, C. R. Kolarz, and R. J~ 
McLaren. State-of-the-Art of FGD Sludge Fixation: Volume III. Palo Alto, 
California: Electric Power Research Institute, January 1978. FP-671. 

5. Coal Wastes' Many Treasures. Business Week, January 14, 1980, p. 118E. 

6. J. H. Faber. Production and Utilization of Power Plant Ash : A U.S. Overview. 
Washington, D.C.,:. Nat-ional Ash Association. 

7. J. P. Capp, and J. D, Spencer. · Fly Ash Utiliz.ation: A Summary of Applica
tions and Technology . Washington, D.C.: Bureau of Mines, U.S. Department of 
the Interior, ·1970. Information Circular 8483. 

8. E. R. Dunstan Jr. Performance of Lignite and Subbituminous Fly Ash in Con
crete - A Progress Report. Denver, Colorado: Bureau of Reclamation, U.S. 
Department of the Interior, January 1976. REC-ERC-76-1. · 

9. J . o. Price, P. Troop, and H. W. Gershman. Potential for Energy Conservation 
Through the Use of Slag and Fly Ash in Concrete. Washington, n.c.: U.S. 
Department of Energy, December 1978. SAN-1699-Tl. 

10. V. Pairweather. Flyash Pavements, Runways to Take Off? Civfl Engineering, 
August 1975, pp. 57-58. 

10-40 



- Doc. Ex. 1767 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

11. 

12. 

13. 

14. 

Road Research Group. 
tion . Paris, France: 
1977. 

Use of Waste Materials and By-Products in Road Construe
Organization for EconQTiic Cooperation and Development, 

R. 8. Scott, R. C. Wilmoth, and D. L, Light. Utilization of Fly ·Ash and Coal 
Mirie Refuse as a Road Base Material. In Proceedings of the 33rd Industrial 

·waste. Conference, May 9-11, 1978, Purdue University, Ann Arbor, Michigan: Ann 
Arbor Science, 1978. 

R. C. Wilmoth, . and R, B. Scott. Utilization of Fly Ash and Coal Mine Refuse 
as a Road Base Material. Cincinnati, Ohio: Industrial Environmental Research· 
Laboratory_, U.S. Environmental Protection Agency, August 1979. EPA 600/7-79-
122. 

T. R. Dobie , S. Y. Ng, and N. E. Henning. A Laboratory Evaluation of -Lignite 
Flyash as a Stabilization Additive for Soils and Aggregates. Bismarck , North 
f)akota : North Dakota State Highway Department, 1975 . 9-5373. 

15. Transportation Research Board. Lime-Fly Ash-Stabilized Bases and Subbases. 
Washington, D. C.: Transportation Research Board, 1976 . TRB/NCHRP/SYN-37 . 

16. R. M. Canon, F. G. See_ley, V . A. Decarlo, W. J. McDowell, J . S. Watson, and K. 
B. Brown . Removal and Recovery of Metals from Fly Ash. Presented at Confer
ence on Ash Technoiogy and Marketing . Sudbury House, N~wgate Street, London, 
22-27- October 1978. 

17 •.. A. K. Furr, ·T. F. Parkinson, W. H. Gutenmann, I. S. Pakkala, and O. J . Lisk . 
El.emental Content of Vegetables, Grains, and Forages Field-Grown on Fly Ash 
Amended Soi1 . Journal of Agricultural and Food Chemistry, Mar~h-April 1978, 
pp. 357- 359. 

18. W. A. Master, and S. D: Zellmer. The Effects of Fertilizer Made from Flue Gas 
and Fly Ash on Selected Crops and Soils. Ur bana, 1llrno1s: Ill1no1s Iristi:
tute of Natural Resources, May 1979. Document No . 79/16. 

19. n. C. Adrianna, A. L. Page, A.A . Elseewi, A.C. Chang, and I. Straughan . Utili 
zation and Disposal of Fly Ash and Other Coal Residues in Terrestrial Ecosys
tems: A Review. Journal of Environmental Quality, July-Setember 1976, 
pp . 333-344. 

20. J.C. Patterson, and J . P. Capp. Turf Soil Modification with Sintered Fly 
Ash. Washington, D.C.; Bureau o.f Mines, U. S. Department of the Interior, 
1970. ,Report of Investigations 7381. 

21. J. A. Eisele, and D. J. Bauer. Evaluation of Technology for the Recovery of 
Metallurgical - Grade Alumina frcxn Coal Ash. washi'ngton, D.C. : Bureau of 
·Mines, U. S. Department of the Interior, 1979 . Information Circular 879L. 

22. R. M. Cannon, T. M. Gilliam, and J . s. ~Jatson . 
Processes for Recovery of Metals f r om Coal Ash 
Electric Power Research Institute, August 1981 
(Volume 2), CS-1992 , 

Evaluation of Potential 
• Palo Alto, Call forni a: 
(Vo l ume 1) , November 1981 

23. J. P, Capp, and L. Makovsky. Fly Ash-Rubber Mixtures: Studies on Skid Resis
tance ·and Ourabilit.y. Washington, D.C . : Bureau of Mines_, U.S. nepartment of 
the Interior, 1972. Report of Investigations 7619. 

10-41 



- Doc. Ex. 1768 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

24. L. M. Smith, A. Kawam, M. s. Whitcraft , H. G. Larew, F. McConnick, and L. C. 
Rude. Technology for Using Sulfate Waste in Road Construction. Washington, 
O. C.: Federal Highway Admi ni strati on, December 1975. FHWA-RD-76-31. 

25. ·E, P. Motley, and T. H. Congrove. Utilization of Lime/Limestone ~Jaste in a 
New Alumina Extraction Proce~s. Research Triangle Park, North Caroli~a: 
Industrial Environmental Research Laboratory, U.S. Environmental Protection 
Agency, November 1978 •. EPA 600/7-78-225. 

26. · Scrubber-Use r s Want a Home 'for Waste. Chemical Week, May 14, 1980, pp . 44-45. 

27. N. N. Bakhshi°, R. G. Gi11ies, and P. Khare. Treatment of Tar Sands Tailings 
with Fly Ash. Environmen~al Science and Technology, April 1975, p. 363-364 . 

28. SCS ~ngineers. Recovery, Utilization, and Disposal of Solid By-Product s 
Generated by Dry Flue Gas Oesulfur ization Systems: State of the Art and 
Research Needs . Palo Alto, California: El ectric Power Research Institute , 
September 1980. 

29. M. P. Bahor, R. J . McLa ren, J.E. Niece, and H. C. Pedersen . Coal Ash Dis
posal Manual, Second Edition . Palo Alto, California: Electric Power Research 
Institute, October .1981. CS-2049. 

30 . Acurex Corporation , SCS Engineers .• Inc. , and CH2M Hill. Environmental . Control 
Technologies for a Northern California Coal-Fired Power Plant. Sacrame~to, 
California: California Energy Commission, June 1979. 

31. A Primer on Ash Handling. 'Malvern, Pennsylvania : The Allen-Shernian-Hoff 
Company , 1976. 

32. R. G. Knight, E. H. Rothfuss, and K. D. Yard. FGD Sl udge Disposal Manual 
Second Edi tion. Palo Alto, California: Electric Power Research Institute , 
September 1980. CS-1515 . 

33. J. M. Ransom> 
and Marketing 
Power Pl ants . 
Environmental 

I I o 

R. L. Torstick, and S. V. Tomlinson. Feasibility of Producing 
Byproduct· Gypsum from so2 Emissi on Contro l at Fossil-Fuel-Fired 
Washington, D.C . : Office of Research and Development, U.S. 

Protection Agency, October 1978. EPA 600/7 - 78-192. 

10-42 



- Doc. Ex. 1769 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

Section 11 

ESTIMATING THE COST FOR UPGRADfNG WASTE DISPOSAL SIT£S 

The se1ectfon of an approach for upgrading a utility waste disposal s1te depends on 

many factors. For a given set of deficiencies, however, there are only a limited 
number of proven corrective· techniques. The ultimate choice between comparable 

techniques is often based on cost. The purpose of this section is to provide the 
reader with cost estimating instructions and guidelines for a comparative economic 
assessment. Cost estimating equations are presented for each upgrading alternative 
discussed in Sections 6 through 10 of this manual . 

The comparative cost evaluation of upgrading alternatives presented here fol1ows the 
revenue requirement cal cul at ions presented in EPRI ' s Technical Assessment Guide 
(TAG) (_1_). ~ simplified version of th·is rtrethodology 1s. proposed, in. which future 
revenue requirements· for each alternative are expressed in term:5 of present worth, 
and then averaged into a "levelized" estimate of .annual revenue requirements. This 

methodology allows for equitable comparisons of alternative projects with differing 
lifespans, capital requirements, .and operating costs. The selection of an upgrading 
approach is therefore based on the lowest utility revenue requirements. 

In the text that follows , major categories of expenditure, or "cost items,° are 

defined and discussed to show how each contributes to the total picture of a proj
ect's revenue requirements. Estimating cost equations are then presented for each 
upgrading alternative . 

COST METHODOLOGY 

The "revenue requirement" method for economic comparison of upgrading alternatives 
develops an estimate of total levelized revenue requirements for each alternative. 

Table 11-1 lists the cost components contained in the levelized cost derivation. 
Each of the variables (A through TLRR) is derived either by using the cost equations 
and curves presented for each upgrade option, or by applying a cost factor (e.g., 
tax, capacity factor, etc.) to a component cost item or component cost tota1 . Defi
nitions of the variables are prasented be1ow. The calculation of variable for each 
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Table 11-1 

COST ITE.MS FOR ESTIMATING REVENUE REQUIREMENTS 

CAPITAL COSTS 

On-Site Capital 
Off-Site Capital 
Engjneering Overhead & Fees 
Sal es Tax 
Project Contingency 
Process Contingency 
Total Plant Investment 
Construction Adjustment Factor 
Total Plant Investment, Adjusted 
RoyaTty Allowance 
Reproduction Costs 
Inventory Capital 
Initial Catalyst and Chemicals 
Land Cost 
Total Capital Requirement 
Level i zed Annual Fixed Charge Rate 
Level i zed Cost of Capital . 

OPERATING COSTS 

Fix~d Operating Costs 

Operating Labor 
Maintenance Labor 
Maintenance Materi als 
Overhead Charges 
Total Fixed Operating Costs 

Variable Operati ng Costs 

Steam 
Process Water 
El ectl"ici ty 
Chemicals 
Other Consumables 
Waste Disposal 
variable Maintenance Costs 
By-Product Credits 
Total Variable Operating Costs 
Capac.i ty Factor 
Total Variable Operating Costs, Adjusted 

Total Operating ~osts 
Levelizing Factor 
Level i zed Operating Costs 

TOTAL LEVELIZED REV ENUE REQUIREMENTS 

11-2 

A 
B 
C 
D 
E 
F 

TPI 
X CAF* 

TPI 

L 
M 
N 
p 

FOM 

Q 
R 
s 
T 
u 
V • 
w 

ill 
VOM 
~ 

VOM 

TPr* 
G 
H 
I 
J 
K 

TCR 
x LAFCR 

LCR 

FOM 

vor-1* 

TOM 
x LF 
llThf 

LCR 

LOM 

TLRR 
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upgrading alternative is then presented in tabular form (Tabl es 11-4 through 11-52, 
and Figures 11-2 through 11-14) . Using this method, the reader can compute indivi
dual component costs as well as the 1evel i zed annual revenue requirement for the 
upgrading system. 

CAPITAL COSTS 

o · A - On-Site Capital Cost. All costs are in mid-1980 dollars unless other
wise indicated. Identify when Sal es Tax and Contractor Overhead and Fee 
are included. 

; B - Off-Site Capital Cost. These costs, if applicable, include invest
ments in roads, laboratories, etc. Disposal sites which are part of this 
project should be included under On-Si te Capital Cost if operated by the 
utility. 

• 

9 

e 

C - Engineering Overhead and Fees . If not already included in A or B, 
these costs are common1y 10 to 15% of total capital. 

D - Sales Tax. If not already included in A or B. 

E - Project Contingency . Typically 10 to 30% of A through 0, ·this re 
flects the level of accuracy (or lack -thereof) expected from capital cost 
estimates. 

F - Process Contingency. Typi callY O to 25% of A through E, this reflects · 
the level of uncertainty associated with implementing a project . Commonly • 
use? al ternatives would have a low value for this i tem un less such proj
ects are subject to substantial unforeseen capital costs. 

TPI - Total Plant Investment . The sum 9f A through F, this estimate (in 
mid-1980 dol l ars} is prior to the actual construction . 

CAF - Construction Adjustment Factor. Assuming uniform expendi tures over 
the construction period, this factor adjusts for escalation of the TPI 
estimate duri ng construction . This factor also makes allowance for funds 
used during construction (AFDC). The equation is: 

1 M (l+i)j-l 
CAF = TL}=l T+e 

(11-1) 

where M 1s the construction, per.iod in·months or years, i is the interest 
rate (computed as 8% annually in the TAG), and e is the apparent escala
tion rate (6% annual ly in the TAG). Values for typical construction 
periods are given as follows: 

Construction Period 
1 month 
2 months 
3 months 
6 months 
1 year 
1-1/2 years 
2 years 
3 yea rs 

11-3 

GAF 
1.00000 
1.00083 
1.00166 
1.00416 
1.00917 
1.01422 
1.01930 
1.02958 
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* TPI - Total Plant Investment, Adjusted. This product of TPI and CAF is 
the estimated postconstruction cost of in-place capital investment. 

G - Royalty Allowance. If any, this initial capital cost may already be 
included in a previous cost category. 

H - Preproduction Costs. Near the end of the construction period, these 
"startup" costs are incurred for operator training, equipment checkout, 
and minor equipment changes or modifications. This allowance commonly 
contains 1 month of {ixed operating costs, 1 month of variable operating 
costs, and 2% of TPI for equipment changes and ·modifications. · 

I - Inventory Capital. This "backup" supply of consumables (including 
variable maintenance supplies, but excluding steam, water, and electri
city) is not commonly consumed during the actual operation of the project. 
for this reason, it should be "capitalized" (included as part of capital 
investment). Common practice is to allow for a 1 month supply of these 
consumables as inventory capital. 

o J - Initial Catalyst and Chemicals. These are initially contained within 
the process equipment costs prior to operation, and are not stored as part 
of inventory capital. These costs may already be included with previous 
capital items. 

e ·K - Land. Commonly overlooked or omitted, all land contributing exclu-

0 

sively to the.siting and operation of this project should be costed. This 
includes land used for storage sites, disposal sites, and special roads if 

· the use is exclusively for the project being costed, Use- $5,500 per acre 
to cost previously acquired land if more accurate cost estimates are not 
availab·le. • 

TCR - Total Capital Requirement. This is the sum of TPI_* and cost items G 
through K. 

lAFCR - Levelized Annual Fixed Charge Rate. This factor is applied to the 
Total Capital Requirement to estimate the "levelized" cost of capital. As 
mentioned previously~ the levelized approach reduces the future stream of 
capital expenditures to its total net wo~th, and then "annualizes" this 
sum to a single annual payment. The LAFCR accomplishes this levelizing 
calculation for capital costs . The LAFCR computation is shown in Table 
11-2. Factors used for typical lifespans are shown below: 

Lifespan (yrs) LAFCR 

5 0.34 
10 0,23 
15 0.20 
20 0.19 
25 0.18 
30 0. 18 

LCR - Levelized Cost of Capital. This is the product of the TCR and the 
LAFCR. 
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Table 11-2 

COMPONENTS OF THE LEVELIZEO ANNUAL FIXED CHARGE RATE (LAFCR)* 

A Debt Ratif 
B Debt Cost 
C Return to ebt {Ax B) 

D Preferred Stock Ratio 
£ Preferred Stock Cost 
F Return to Preferred Stock (D x E) 

G Common Stock Ratio 
H Common Stock Cost 
I Return to Common Stock (G x H) 

J Return to Equity ( F + I) 

K Weighted Cost of Capital (C + J)# 

L Sinking Fund Depreciation ** 

M Retirement Dispersion Allowance 

N Levelized Annual tncome Tax * 

0 ~roperty Taxes and Insurance 

Total (LAFCR) (k + L + M + N + 0) 

** 

50% 
X 8% 
~ 

15% 
X 8.5% 
1. 275% 

35% 
X 13.5% 

4.725% 

* See EPRI 1s Technical Assessment Guide (l) for elaboration. 

t Interest rate • 

. # Discount rate. 

** At 10% discount rate over 30-year lifespan. 

tt l.Jse_ 18%, 

11-S. 

4% 

1. 275% 

4.725% 

6% 6% 

10% 10% 

0.61% 

0.56% 

4.7% 

2.0% 

l 7 .87,:,tt 
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OPERATING COSTS 

Fixed Operating Costs 

All operating costs are annual estimates ~n mid-1980 dollars. Though long-range 
costs are variable from an economic. perspective, certain short-range operating costs 
are relatively fi~ed and do not vary appreciably with hours of plant operation. It 
is these latter costs. that are termed fixed operating costs. 

• 

0 

e 

• 

L - Operating Labor. In the absence of site-specific information, this 
item 1s costed at a rate of $13.85/person-hour ($10 . 25/hour, plus a 35% 
payroll burden) for 24 hours/day, 365 days/year. This approach (1.) for 
operating personnel is equivalent to multiplying the number of persons (or 
"partial persons") per shift by $121,326 ($13.85 x 24 x 365}. 

M - Maintenance Labor. Total fixed maintenance costs include both labor 
and materials. Each of these costs can be estimated as a percentage of 
the installed cost of capital facilities (TPI ). These percentages are 
affected by the nature of the processing cohditions and the type of 
design. In general, waste disposal processes are assumed to require 4% of 
TP I for Maintenance Labor. · 

N - Maintenance*M.aterial~ . Waste disposal processes are assumed to r·e
qui re 6% of TPI for Maintenance Materials. 

P - Overhead Charges. This allowance for adminis(rative and support labor 
is common1y assumed to be 30% · of Land M. · 

FOM - Total Fixed Operating Costs. This sum of fixed operating and main
tenance costs is computed as the sum of L through P. In subsequent years, 
this total is expected to escalate in accordance with general inflation. -

Variable Operating Costs 

The methodology presented in the TAG calls for estimating variable operating costs 
as if the plant were being operated 24 hours per day, 365 days per year. After 
these costs are estimated, their sum is adjusted by a factor which reflects declin-
1ng plant utilization over a 30-year lif~span (_!.) . 

• 
0 

• 

Q - Steam. In the absence of site-specific· information; assume $2.SQ,/106 
Btu for 1ow-pressure (i.e., up to 70 psi) steam. 

R - Process Water. Estimated at $0.45/1000 gallons. 

S - Electricity. Estimated at $0 .035/kWh • 

T - Chemicals. Assume lime at $38/ton and limestone at $11/ton . 

U - Other Consumables. 

V - Waste Disposal Off-Site • If not included elsewhere, assume $9/ton 
or s udge and $4.50 ton or dry, granular solids . Wastewater is assumed 

to be included under overall plant capital and operating costs. 

11-6 



- Doc. Ex. 1775 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

o W - Variable Maintenance Costs. If not included elsewhere. 

~ (X) - BY-Product Credits. This negative number estimates the value of 
first-year by-products, if any. 

, VOM - Total Variable Operating Costs. This is the sum of Q through (X) 
. (where (X) is negative). 

o CF - Capacity Factor. This factor adjusts estimates of variable operating 
costs so that they reflect declining plant utilization over a 30-year 
lifespan. Utilized plant capacity is assumed to average 7rt/o for years 1 
through 10, 65% for years 11 through 20, and 60% for years 21 through 
30. Uniform present-worth factors (PWF20 , the uniform series present
worth factor for a 20-year period at 107o interest) are then applied and 
discounted to compute the CF as follows: 

CF= [0.7 (PWF10) + 0.65 (PWF20 - PWF10) 

+ 0. 6 1/2 (PWF30 - PWFzo)J x CRF30 (11-2) 

; [0.7 (6.144) + 0. 65 (8.514 - 6.144) + 0.6 (9.427 
8.514)] X 0.10608 

= 0.6776 

-;.· 0. 68 

·· where CRF O i s the Unifonn series capital recovery factor for 30 years at 
10% inter~st. In essence, the CF is merely an average rate of · capacity 
utilization over the life of the facility . A similar approach- used for 
facility lifespans other than 30 years gives the following factors, assum
ing the plant is new • . 

Lifespan (yrs) CF 

5 o. 70 
10 0 .70 
15 , 0.69 
20 0. 69 
25 0. 68 
30 0.68 

For plants al'ready in operati on which ·are being upgraded . CF can be recal
culated by looking · up appropriate values for CRf and PWF. For an older 
plant with a total lifespan of 30 years, values for CF (given in 'tenns of 
remain·ing lifespan) are as fol .lows. 

Remaining 
Lifespan (yrs) 

5 
10 
15 
20 
25 

11- 7 

CF 

0.60 
0.60 
0.62 
0.64 
0.66 
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* VOM - Total Variable Operating Costs, Adjusted. The product of VOM and 
CF. This adjustment for average lifetime capacity is necessary, because Q 
through X are estimated at 100% capacity utilization . 

TOM~ Total Operating Gosts . This is the sum of fixed (FOM) and variable 
(VOM) operating and maintenance costs for 1980. 

LF - Levelizing Factor. T~is factor is applied to Tota l Operating Costs 
(TOM) to estimate Level1zed Operating costs (LOM). Level1zat1on of operat
ing costs is necessarY. to account for the time va1ue of money and antici
pated long-tenn inflation (1). To accomplish this, the 1evelizing factor 
sums the present worth of f'ii'.ture annual operating costs, and then applies 
a capital recovery factor to 11 annualize 11 the total into equal, levelized 
annual payments. The equation is as follows: 

LF = CRF~ N /_i . + e) j 
j=l\1- + r (11-3) 

where CRF is the uniform series capital recovery factor over project life
span Nat 10% interest, e is the apparent escalation rate (6%), and r is 
the discount rate {10%). Values for typical lifespans are given below. 

Lifespan (yrs) LF 

1 1.060 
5 1.182 
10 1.335 
15 1.485 
20 , 1.629 
25 1.763 
30 1.886 

LOM - Leve 1 i zed Operating Costs. This the product of TOM and LF. 

TOTAL PROJECT COSTS 

• TLRR - Total Levelized Revenue Requirements. This is the sum of LCR and 
LOM. This is the ultimate objective of this costing methodology, and is 
the figure that should be used ~hen comparing alt~rnative waste disposal 

proje~ts. 

USE OF COST ESTIMATING TABLES 

Completion of Table 11-1 is necessary fo·r estimating the total revenue requirements 
of a project alternative. To COITTplete this table, the reader must calculate cost 
items A through X and· factors CAF, LAFCR, CF, and LF . The tables which follow (11-4 
through 11-52) guide the reader in estimating these cost items and factors for 
alternative upgrading techniques. A list of the systems and components for v.tiich 
cost equations are provided are listed in Table 11-3. 

11-8 
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A me!thodical approach for using the cost tables is shown in Figure 11-1.. As
sumptions concerning materials, labor, construction period, and plant lifespan have 

been made: for each alternative; costs are in 1980 dollars. The cost equations are 

presented i.n sufficient detail to allow the assumptions to be modified to fit: a spe

cific set of circumstances. If typical costs for labor or materials vary substan

tially fr'om those assumed, the unit costs in the equations can be adjusted w~1ere 

appropriate . For a different constructio~ period or plant lifespan, appropriate 

values of CAF, LAFCR, CF, and/or LF can be obtained using the tables given with the 

variable definitions, or they can be recalculated. 

REFERENCES 

1. Technical Assessment Guide. Palo Alto, California: Electric Power Research 
Institute, July 1979. PS-1201-SR. 

2. Economic Premises for Electric Power Generating Plants . Palo Alto, California: 
Electric Power Research Institute, May 19, 1980. 
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(X) 

CF 
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B To TABLE n-1 

COST ESTIHl<Tlll6 EOUATIOIIS : PIPEU~ES 
ubvarlable Calt~lationst and . Syste:;i Ass1St))tionstt) 

Cost· Eq~a.tl on ---@ 
Al + A2 + A3 + A4 

0 

o:1s x A 
0 

0.20 (~ • Cl 

D.JS (A • C • E) 

IJ • .985 

0 

0.02 Jl TPI " + 1/12 (Fa« • YM) 

1/12 x II 
() 

0 

0.2) 

0 

0.04 X TPI* 

Q. 06 x wr• 
0.30 X N 

0 

0 

0 

0 

0 

0 

0 

0 

n.se 

L135 

rncluded 1n ,. 

Included in A 

Coristruct ton period 
equa 1 s 4 IIK>nt hs 

Hot appl lcabl\ 

Not appl tcable 

tlot appl !cable 

Lifespan equa Is 
to ye.ars 

trot appl !cable 

ltot appl f cable 

trot applicable 

Not a pp Tl cable 

Not applicable 

Jlot applicable 

llot applicable 

Not appl lcabl e 

Hot appli cable 

]11:pl 1511!11ted "hen 
sys ten Is ne., 

Approach 

G) 

® 
@ 

© 
® 
® 

Identify subvariables nee<led to calculate variables. 

Determine information required to perfonn subvariable calculations. 

Modify equations and factors to account for any special condi tions 
present in a specific project. 

cal cu \a t e subvarl ab Jes applicable t o the project. 

Calculab'! variables . 

Enter variabl e quant Hies in Tab 1 e Ll- 1 for estimation of revenue 
requ1 rements. 

t Subvarlable Calculations : ~ 

A
1 

~ Cost of trench exc.avat ion 

=. ($2 .17 /ft) x (Length of Trenc.h, ft , H pipeline i s un~ergraund. 

• (Unit Cost, S/ft) x !Length of f'iping , f t); for Uni t Cost . see Table 
. 11-50. . 

~3 = Cost of sand bedcfjng material and installation 

= ($1.06/lfnear ft- of trench) x ( Le.ngth of Trench , ft), if pipeline i s 
unde rgr~nd • 

A4 = Cost of bactt111 and c.OJ1pact.ion (using 8 in. lifts) 

_= (Sl.81/llnear ft of trench) x (Length of Trench, ft}. if Dip,!llne is 
unde~9round. 

tt AssU111pt ions : 

l . Tr ench has a 4-ft-wfde bottaa and Is 5 ft deep; banks are s loped 1, 2. 

Z-. ExcavatiOn is done wlth a tractor backhoe. 

l . Every 5 I inear ft of trench require I yd3 of sand b!!<ld1 ng. 

4. Possible charges far Ins tall Ing pipeline on private property are not" 
considered. 

figure 11-1. Approach fo r Using Tables to Calculate Revenue Requirements. 

t 
8 
..J 
=I g 
u.. 
IL 
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Table 11-3 

GUIDE TO COST ESTIMATING EQUATIONS 
(Tables 11-4 to 11-52) 

Item 

Belt_ Conveyors - Ho rizontal and Inclined 
Berms 
Blendi ng (sludge/fly ash) 
Borrow 
Bot tom Sealing 
Chutes 
Cover 
Dewatering of Ashes - Dewatering Bins 

(with water recycle) _ 
Dewatering of Ashes - Ponds or Settling 

Basins (with water recycl~) 
Oewatering - Primary/Secondar:Y 
Dikes 
Ditches 
Drains 
Fix at i ort ·- DRAVO Process 
Fixation - IUCS Process 
Fly Ash Handling - Pneumatic Conveyors 

and Concrete Silos 
Forced Oxidation 
Grading 
Groundwater Monitoring 
Groundwater Pumping 
Grout Curtain 
Injection Wells 
Levees 
Liner and/or Leachate Collection Systems 
Pipelines 
Pond Excavation 
Pond Lin i ng - Clay Liner (Bentonite) 
Pond Lining - Membrane Liner 
Pump Station 
Road Construction 
Sand Drying Beds 

11-11 

Table No. 

11- 4 

11-5 
11-6 

11-7 

11-8 

11-9 

11-10 

11-11 

11-12 
11- 13 

11- 14 

11-15 

11-16 

11- 17 

11-18 

11-19 
11-20 

11-21 
11-22 

11-23 
1:1-24 . 

11-25 

11 -26 
11-27 

11-28 

11-29 

11- 30 

11-31 

11-32 

11-33 

11-34 

t 
8 
-I s y 
u. 
!s 

Page 

11-13 
11- 15 co 
11-17 

Ii!!' 
0 
N 

11-20 co 
11- 22 • ... 
11-24 I 
11-26 

11-28 

H-33 

11-39 

11- 44 
11.:.45 

11-48 

11-50 

11-54 

11-57 

11-60 

11-66 

11-68 

11-70 

11-72 

11- 74 

11 - 77 

11-79 

11-81 
11-83 

11-85 

11-88 

11- 92 

11- 94 

11- 96 
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Table 11-3 (continued) 

Item Table No . Page 

Sedimentation Basins ·11- 35 11-98 

Site Security - Fencing 11-36 11-100 

Sludge Landfilling - Area Fill/Diked 
Containment Method 11-37 11-102 

Sludge Landfilling - Area Fill/Layer Method 11- 38 11- 105 

Sludge Landfilling - Area Fill/Mound Method li-39 11- 108 

Sludge Landfi l ling - Narrow Trench Method ll-40 11-111 

Sludge Landfi 11 i ng - Wide Trench Method 11- 41 !1-114 

Sheet Piling 11-42 11-117 

S1 urry Trench 11- 43 11-119 

Vegetation 11-44 11-121 

Unit Cost for Compaction 11- 45 11-123 

Unit Cost for Borrow 11-46 11- 124 

Unit Cost of Grouts 11- 47 , 11-125 

Unit Cost fo r Pipe Material ll'-48 11-126 
. 

Unit Cost for Header Line . 11-49 11-127 

Unit Cost for Pipi ng 11-50 11- 128 

Unit Cost for Sheet Pi 1 i ng 11-51 11-129 
Unit Cost for Seeding and Sodding 11-52 11-130 

11-12 
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Table 11-4 

COST ESTIMATING EQUATIONS: BELT CONV~ORS - HORIZONTAL AND I\Cf.INED 
(Including Subvariable Calculations and System Assumptions ) 

. 
. variab1e Cost Equation Remarks 

B 

C 

D 

E 

F 

GAF 

G 

.H 

t 

J 

K 

LAFCR 

L 

M 

N 

p 

Q 

R 

5 

T 

u 

V 

0 

0 

0 

0.15 X A 

0 

1.00416 

0 
* . 

0,02 x TP I + 1/12 (FOM + VOM)' 

1/12 X N 

0 

0 

0. 23 

$13.85/hr x. Ll 

0 

* 0.06 X TPf 

0.30 (L + M) 

0 

0 

$0.035/kWh x (S1 T S2) 

0 

0 

0 

11-13 

Included in A 

Included in A 

lncluded in A 

Inc 1 uded in E 

~onstruction period 
equals 6 months 

Not applicable 

Not applicable 

Not applicable 

Life span equals 
10 years 

Included in L 

Not appltcable 

Not applicable 

Not appl i cab(e 

Not applicable 

Not applicable 
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Table 11-4 {continued) 

Vari ab 1 e Cost Equation Remarks 

w 0 Not applicable 

(X) 0 Not applicable 

Cr 0.70 Implemented when 
systen is new 

LF 1.335 

t . 
Subvariable Calculations: 

A1 = Cost of belting, tenninals, takeups, stringers, idlers, drive and motor, 
trusses, walkways 

= $400/ft x {Conveyor Length; ft), for Conveyor Length of 75 to 500 ft. 

A2 = Cost of installation 

= 0.40 x Al. 

L1 = Labor requirements 

= (100 Worker-Hours/yr/100 ft of conveyor) x (Total Conveyor Length, ft). 

s1 = Electricity (kWh/yr) to drive conveyor empty and to move load horizontally 

= (8760 hr/yr) x {0. 7457 kW/HP) x (1.1) x (BS/100) x (CC/170 + 0.29), 
where BS= belt speed, ft/minute; CC= conveyor center (length of conveyor, 
ft); 1.1 = an adjustment for losses in drive machinery. 

s2 = Electricity (kWh/yr) to lift load vertical distance (for inclined conveyors) 

= (8760 hr/yr) x (0. 7457 kW/HP) x (1.1) .x (TH) x (VL) + 990, where TH= tons 
per hour of material to be conveyed; VL = vertical lift of conveyor, ft; 
1.1 = ~n adjustment for losses in drive machinery. 

tt Assumptions: 
l . 24-in. wide steel belt ·with 35-degree troughing idlers. 

2. Maximum speed of belt equals 200 ft/min. 

3. Capital costs exclude foundation, anchor bolts, . and housing. 

11-14 
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Variable 

A 

B 

C 

D 

E 

F 

CAF 

G 

H 

I 

J 

K 

LAFCR 

L 

M 

N 

p 

Q 

R 

s 

T 

Table 11-5 

COST ESTIMATING EQUATIONS: BERMS 
(Including Subvariable Calculationsf and System Assumptionstt) 

Cost Equation 

Al. + Az 

0 

Q.15 X A 

0 

0.2(A+C) 

0.15 (A + C + E) 

1.0 

0 

* 0.02 x TPI + 1/12 (FOM + VOM) 

l/i2 X N . 
0 

0 

0.23 

$13 .85/hr x 40 hr 

.0.04 X TPI* 

0.06 x TPI * 

0.30 (L + M) 

0 

0 

0 

0 

11-15 

Remarks 

Not applicable 

Included in A 

Construction period 
equals 1 month 

Not applicable 

Not applicable 

All soil for berm~ 
from borrov1 pi ts; 
no new land required 

Life span equals 
10 years 

Assume berm needs to 
be repaired once per 
year due to storm 
damage 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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Table 11-5 (continued) 

Variable Cost Equation Remarks 

u 0 Not applicable 

V 0 Not applicable 

w 0 Not applicable 

(X) 0 Not applicable 

CF 0.70 Implemented when 
system is new 

LF 1.335 

t Subvariable Calculations: 

A1 = Cost of comp~ction 

= (Unit Cost, $/yd3~ x ~Height of Berm, ft) x (Width of Berm, ft) x (Length of 
Berm, ft) 7 27 ft /yd ; for Unit Cost, see Table 11-42. 

A2 = Cost of excavation and hauling of on-site material 

= (Unit Cost, $/yd3) x (Soil Material, yd3); for Unit Cost, see Figure 11-2. 

tt Assumptions: 

1. Borrow pit for soil material is on site. 

2. Berm repair is needed once per. year as a result of storm damage. 

11-16 
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Variable 

A 

B 

C 

D 

E 

F 

CAF 

G 

H 

I 

J 

K 

LAFCR 

L 

M 

N 

p 

Q 

R 

s 

T 

u 

V 

Table 11-6 

COST ESTIMATING EQUATIONS : BLENDING (SLUDGE/FLY ASH) 
(Including Subvariable_ Calculationsr and SystE51\ Assumptionstt) 

Cost Equation 

A1 .+ A2 + A3 + A4 

0 

0.096 (A1)0·76 + 0. 25 x A3 

0 

0. 20 (A+ C) 

0 

1.0193 

0 
. * 0.02 x TPI + 1/12 (FOM + VOM) 

1/12 (N + W) . 
o 

$5500/acre x Kl 

0.18 

$13 .85/hr X L1 

0. 04 X A 

0 .06 X TPI* 

0.3 (L + M) · 

0 

0 

$0 . 035/kWh X s1 

0 

0 

o 

11-17 

Remarks 

Included in A 

Included in A 

Included in E 

Construct ion period 
equals 2 years 

Not applicabl e 

Included in H 

Life span equa 1 s 
30 years 

Not applicabl e 

Not applicable 

Not applicable 

Not applicable 

No additional costs 
incurred 
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Table 11-6 (continued ) 

Variable 

(X) 

CF 

LF 

t Subvari~ble Calculations : 
. 

Cost Equation 

$17/hr X W1 

0 

0.68 

1.886 

A1 = Qn- site construction cost for sludge/fly ash mixing 

= See Figure 11-3. 

A2 = Cost of services, utilities, and miscellaneous items 

= 0 .015 x Al. 

A3 = Cost of engineering, design, and supervision 

Remarks 

However, waste ·quan
tities, characteris
tics, and local mar
kets -may allow sale 
of by-products at 
some sites 

Implemented when 
system is new 

= 8900 x 1.294 x EQ, where EQ = number of major equipment p1eces . 

A4 = Construction expenses 

= 0,25 X (A1)0.83 

K1 ~ Acre requirements 

= <2 acres for Plant Size of 200 MW or less 
. 

= 2 to 3 acres for Plant Size of 200 to 500 MW 

= 3 to 5 acres for Plant Size of ·500 to 1500 M~I. 

L1 = Labor requirements for O&M, worker-hours 

= 4980 x (Plant Size, MW)o. 314 for Plant Size of 200 to 500 MW 

= 9920 x (Plant Size, MW)o.203 for Plant Size of 500 to 1500 MW. 

s1 = Electricity required, kWh/yr 

~ See Figure 11-4 . 
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Table 11-6 (continued) 

w1 ; Labor requirements for chemical analyses 

= WOO hr /yr for Pl ant Size of 1000 MW. or 1 ess 

= 1500 hr/yr for Plant Size of 1100 to 1500 MW. 

tt Assumptions: 

1. Plant lifetime is 30 yr. 

2. Three p1ant s'fzes are considered--200, 500, ana 1500 MW. The 1500-MW plant 
is assumed to be three 500-MW units. 

3 , Total operating life of 127,500 hours, with average annual capacity of 
4250 hr. 

4. Po1wer unit input heat requirement of 9000 Btu/k~Jh. 

5. Coal heating value of 10,500 .Btu/lb, 

6. Coal analysis (wt%) : 3.5% sulfur (S), dry; 16.0% ash. 

7. limestone scrubbing process with 1.5 stoithiometry based on sci2 .removed . 

8. SQ2 removed to meet New Source Performance Standards (NSPS). 

9 . Ei9hty percent of the ash present in coal is emitted as fly ash. 

10. Niinety- five percent of the S in coal is emitted as so2• 

11. Sludge is assumed to be primarily calcium sulfite hemihydrate, with 15'% of 
th,: total so2 removed being oxidized to gypsum, 

12, Fly ash and so2 are removed simultaneously in the scrubber system. 

13. Effluent from the FGD system is 15% solids . 

14 •• Gravity thickening and vacuum filtration are used to dewater sludge .to a 
so ·1 ids content of 60% . 

15. Sludge/fly ash blending increases solids content to 74%. 
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Variable 

A 

B 

C 

D 

E 

F 

CAF· 

G 

H . 

l 

J 

l< 

LAFCR 

L 

M 

N 

p 

Q 

R 

s 

T 

u 

V 

~, 

Table 11-7 

COST ESTIMATING EQUfTIONS: BORROW 
(With Subvariable Calculations and System Assumptionstt) 

Cost Equation 

Al+ A2. + A3 

0 

0.25 x A 

0 

0.15 (A+ C) 

0 

1.0 

0 

* 0.02 x TP I + 1/12 (FOM + VOM) 

a 

0 

0 

0. 23 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11-20 

Remarks 

Included in A 

Included in A 

Included in E 

Construction period 
equals 1 month 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Life span equals 
10 years 

Not applicable 

Not app l i cab 1 e 

Not applicable 

Not app 1 i c:'ab le 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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Table 11-7 (continued) 

Variable 

( X) 

CF 

LF 

t Subvariable Calculatio~s: 

A1 = Cost of borrow material 

Cost Equation 

0 

o. 70 

1. 335 

Remarks 

Not applicable 

Implemented when 
system is new 

= ($/yd3) x (Amount of Material, yd3), if borrow is offsite; for $/yd3, see 
Table 11- 46. 

A2 = Cost of borrow excavation and hauling 

-= {.Cost of on-site excavation and hauling, $/yd3) x (Volume of borrow, yd3); 
see Figur e 11-2 for cost of on-site excavation and hauljng 

= [(Cost of off-site exca~ation, $/yd3) + (Cost of off-site hauling, $/yd3}] 
x .(Volume of borrow, yd ) ; See Figure 11-5 for cost of off-site hauling . 

A3 = Cost of p·l acing and compacting borrow 

= ($1.04/yd3} x (Amount of Borrow, yd3). 

tt Assumptions 

1. Compaction is to 8 in. lifts using a sheepsfoot . 

2. Material amounts are calculated as placed and compacted volumes. 
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Variable 

A 

B 

C 

D 

E 

F 

CAF 

G 

H 

l 

J 

K 

LAFCR 

L 

M 

N 

p 

Q 

R 

s 

T 

u 

V 

Table 11-8 

COST ESTIMATrnG EQUATIONS: BOTTOM SE}ING 
(Including Subvariable Calculations ) 

Cost Equation 

0.15 X A 

0 

0.4 (A + C) 

0. 25 ( A + C + E) 

1.00083 

0 

·o.02 x TPI*·+ 1/12 (FOM + VOM) .. 
1/12 x N 

0 

0 

0.23 

$13.85/hr X 96 hr 

0,04 X TPI* 

0.06 X TPt'* 

0.30 (L + M) 

0 

0 

0 

0 

0 

0 
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Remarks 

Not applicable 

Included in A 

Construction period 
equals 2 months 

Not appl i cable 

Included in A 

No new land required 

Life span equals 
10 years 

Cost per year of 
monitoring 

Not applicable 

Included in A2 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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Table 11-8 (continued) 

Variable Cost .Equation -Remarks 

IA 0 Not applicabl!e 

(X) 0 Not applicab 'le 

CF 0. 70 Tmpl emented ~ihen 
system is new 

LF 1.335 

t subvariable Calculations: 

A1 = Cost of drilling and casing 

= ($7/linear foot) x (Number of Linear Feet). 

A2 = C:ost of grout curtain 

= (Unit Cost, $/yd3)· x (0. 25) x (Thickn~ss of Bottom Se~l, !t) ~ (Lengt;h of 
s:ottom Seal, ft) x (Width of Bottom Seal, ft) + 27 ft /yd , where 0.2~5 
equals the average fraction of grouted subsurface material fil l ed with 
grout; for Unit Cost, see Table 11-47. · 

A3 = Cost of grout injection 

= ($100/yd3) x (0.25) x (Thickness of Bottom Sea1, f~) x (Length of Bottom 
Seal, ft) x (Width of Bottom Seal, ft)+ 27 ft /yd, where 0. 25 equals the 
average fraction of grouted subsurface material filled with grout. 
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Table 11-9 

COST ESTIMATING EQUATfONS: CHUTES . 
(Including subvariable Calculations and System Assumptionsrt) 

Variable Cost Equation , Remarks 

A Al + A2 + A3 

B 0 Not applicable co 
Ii"' 
0 

C 0.15 X A N 
co 

D 0 lncl uded in A • ... 
I I 

E 0.2 (A + C) 

F 0.15 (A + C + E) 

CAF 1.0· Construction period 
· equa 1 s 1 month 

G 0 Not applicable 

H .. * 0.02 X TPI + 1/12 (FOM + VOM) 

1 1/12 x K 

J 0 Not appl ;cable 

K 0 No new 1 and required 

LAFCR 0. 23 Life span equals 
10 years 

L $13.85/hr x 40 hr Assume chute needs 
to be repaired once 
per year due to 
storm damage 

M 0.04 X TP1* 

N 0.06 X TPI* 

p 0 .30 (L + M) 

Q 0 Not applicable 

R 0 Not applicable 

s 0 Not applicable 

T 0 Not applicable 

u 0 Not applicable 
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Table 11-9 (continued) 

variable Cost Equation Remar1<s 

V 0 Not applicable 

~, 0 Not applicable 

( X) 0 Not applicable 

CF 0. 70 Implemented when 
system is new 

LF 1.335 

t Subvariable Calculations: 

A1 = Cost of excavation 

= (~2.30/y13) 3 (Cross Section of Chute, ft 2) x (Length of Chute, ft) 
-:- 27 ft /yd . 

A2 : Cost of spreading 

= ($0 .76/yg3) 3 (Cross Section of Chute, ft2) x (Le.ngth 6f Chute, ft) · 
...;... 27 ft /yd • . 

A3 = Cost of concrete li ner 

= ($2.56/ft2) x (Area Lined with Concrete, ft 2). 

tt Assumptions: 

L Vegetation costs are presented elsewhere . 

2. Chute repair is needed once per year as a result of storm damage. 
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Variable 

A 

B 

C 

0 

E 

F 

CAF 

G 

H 

I 

J 

K 

LAFCR 

L 

M 

N 

p 

Q 

R 

s 
T 

u 

Table 11-10 

COST ESTIMATING EQUATIONS: COVER 
(Including Subvariable Calculationst) 

Cost Equation 

Al + A2 + A3 + A4 . 

0 

0. 15 X A 

0 

0.15 (A+ C) 

0. 15 (A + C + E) 

1.0 

6 
. ·* 0.02 x TPI• + 1/12 {FOM + VOM) 

0 

0 

0 

0,23 

0 

0 

0 

0 

0 · 

0 

0 

0 

0 
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Remarks 

Included in A 

Included in A 

Construction period 
equals 1 month 

Not applicable 

Not applicable 

Not applicable 

All cover soil comes 
from borrow pits 

Life span equals 
10 years 

No maintenance 
required 

Not' ·appHcabl e 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

t 
8 
-I s y 
u. 
!s 

co 
Ii!!' 
0 
N 
co 
D ... 
I 
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Table 11-10 (continued) 

Variable 

1/ 

w 

(X) 

CF 

LF 

t Subvariable Calculations: 

Cost Equation. 

0 

0 

a 

o. 70 

1.335 

A1 = Cost of excavation and hauling of on-site materi als 

Remarks 

Not applic.able 

Not applicable 
. 
Not applicable 

Implemented when 
plant is new 

= (Unit Cost; •$/yd3) x {Amount of On-Site Material, yd3 ); for Unit Cost, see 
Figure 11-2. 

A2 = Cost of off-site excavation 

"' (Unit Cost, $/yct3) x
3

(Amount. of Off-Site Material. yct 3); 
Unit Cost = $1.24/yd

3 
(earth)~ 

= $1.75/yd (clay). 

~3 = Cost of hauling off- site material 

= (Unit Cost, $/yd3) x (Amount of Off-Site Material , yd3); for Unit Cost, see 
Figure 11-5 . 

A4 = Cost of compaction 

= (Unit Cost;
3
$Jyg3) x (Area to be Compacted, ft2) x (Thickness of Material , 

ft)+27 ft /yd ;.for Unit Cost, see. Table 11-45. 

11-27 



- Doc. Ex. 1796 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

Variable· 

A 

8 

C 

D 

E 

F 

GAF 

G 

H 

I 

J 

K 

LAFCR 

L 

M 

N 

p 

Q 

R 

s 

T 

Table 11-11 

COST ESTIMATING EQUATIONS: DEWATER ING Of ASHES -
DEWATERlNG BINS (WITH WATER RECYCLE) 

(Including Subvariab1e Calculationst and System Assumptionstt) 

Cost Equation 

2A1 + 2A2 + A3 + A4 + A5 + 

A6 + A7 +As+ Ag+ A10 + A11 

0 

0 

0.06 (2A1 + 2A2) 

0.20 (A+ D) 

0 

1.0193 

* 0.02 x TPI + 1/12 (FOM + VOM) 

1/12 (N + W) 

0 

$5500/acre x k1 

0.18 

Ll ·+ L2 + L3 + L4 + L5 

0 

Nl + N2 + N3 + N4 + N5 

0.3 X L 

0 

0 
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Remarks 

Included in A 

Included in A 

Other subvariable 
costs have tax 
included 

Included in E 

Construction period 
equals 2 years 

Not applicable 

Not applicable 

Life span equals 
30 yea rs 

Included in L 

Not applicable 

Considered negligi
ble 

Not applicable 
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Table 11-11 (continued) 

Vari able Cost Equation Remarks 

u 

V 

w 

(X) 

CF 

LF 

0 

0 

$17/hr x W1 

0 

0.70 

1.886 

Not applicable 

No additiona1 costs 
incurred 

However, waste quan
tities, characteris
tics~ and local mar
kets may allow sale 
of by-products at 
some sites 

Implemented when 
system is new 

t Subvariable Calculations: 

A1 = Cost of dewatering bin concrete, equipment, design, and installation labor 

= 3520 x (Bin Capacity, tons)0·45 , for Bin Capacity of 200 to 1000 tons 

~ 462 x (Bin Capacity, tons)0.75, for Bin Capacity of 1000 to 2000 tons. 

A2 = Cost for dewatering bin foundation excavation and construction 

= $15/ft3 x 2 ft x ([Dewatering Bin Diameter, ft]+ 8) 2. 

A3 = Cost of ash settling tank/basin equipment, concrete, steel, and install a
tion labor 

a; .530 x (Settling r2nk/Basin Area, ft 2)0.4l , for Settling Tank/Basin Area 
of '700 to 2800 ft '· · 

= 18 x (Settling Tank/~asin Area, ft 2) o·.a4. for Settl; hg .. T'ank/Basi n Area 
of 2800 to 22 ,500 ft. • · 

A4 = Cost of water storage tank concrete, steel, and installation labor 

= 23.6 x {Tank Volume, ft 3 )0.82, for Tank Volume of 1.5 x 104 to~ x 106 ft 3 • 

A5 = Cost of ash hopper overflow bin pump, concrete , steel, insta11ation labor, 
housing, metal pipes, and valves 

= 4.5 X (Puwping Capacity, gpd)0.67, for Pumping Capacity of 5 x 106 
to 5 X 10 gpd. 
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Table 11-11 (continued) 

-= Cost of water. storage tank water return 'pump, concrete, steel. installation 
Tabor, housing, metal pipes, and valves 

= 4.5 x (Pu~ping C~pacity, gpd)0 .67 ~ for Pumping. Capacity of ·5 x 106 
to 5 X 10 gpd. 

A7 = Cost of ash.settling tank sludge pump , concrete, steel, installation labor, 
housing, metal pipes~ and valves 

= 7590 x (Pumping Capacity, gpm)0 . 51, for Pumping Capacity of 50 to 5000 gpm. 

A8 = Cost of water storage tank sludge ·pumpt concrete, steel, installation 
l abor, housing, metal pipes, and valves 

= 7590 x (Pumping Capacity, gpm)0 . 5l, for Pumping Capacity of 50 to 5000 gpm. 

Ag = Cost of electricity during construction and installation 

= 0.15 (2A1) + 0.20 (A3 + A4 + A5 + A6). 

A10 = Cost of miscellaneous items for construction and installation 

= 0.15 (2A1 + 2A2 + .A~+ ~4 + A5 + A6 + A7 +As+ Ag), 

A11 = Cost of piping 

Kl 

L1 

= 0.15 (2A1 + 2A2 + A3 + A4 + A5 + As+ A7 +As+ Ag+ A10)· 

= Acre requirements 

= <4 acres for Plant Size of 200 MW or less 

= 4 to 5 acres for Plant Size of 200 to 500 MW 

:: 5 to S acres for Plant Size of 500 to 1500 MW. 

= Labor cost for ash settling basin 

= $13 .85/hr x (Labor Requi r.ement,. wo.rker-liours); for Labor Requirement , see 
F~gure 11-6. 

L2 = Labor cost for ash hopper overflow bin pumping 

= $13.85/hr x (Labor Requirement. worker-hours); for labor Requirement , see 
Fi gul"e 11-7. 

L3 = Labor cost for water storage tank water retu~n pumping 

= $13,S5/hr x (Labor Requirement, worker-hours); for Labor Requirement, see 
Figure 11-7. 
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Table 11-11 (continued) 

L4 ~ Labor cost for O&M of ash settling tank sludge pump 

= $13.85/,hr x (Labor Requirement, worker-hours), where Labor Requirement 

= 220 x (Pumping Capacity. gpm)0.42 for Pumping Capacity of 20 to 5000 gpm. 

L5 = Labor cost for O&M of ·water storage tank ·s1 udge pumping 

= $13. 85/hr x (Labor Requirement,
0

w~2ker-hours), where Labor Requirement 
= 220 x (Pumping Capacity, gpm) • for Pumping Capacity of 20 to 5000 gpm. 

N1 = Cost of maintenance materials for ash settling tank 

= 2.61 x (se2tling Tank Area, ft2 )0.77, for Settling Tank Area of 400 to 
100,000 ft • 

N2 = Cost of maintenance materials for ash hopper overflow bin pumping 

= 1. 35 x (Material Cost); for Material Cost, see Figure 11-8. 
. . 

N3 = Cost of mai~tenance materials for water storage tank water return pumping 

= 1.35 x: (Material Cost); for Material Cost, see Figure 11-8. 

·N4 = Cost of maintenance materials for ash settling tank sludge pumping 

= 162 x (Pumping Capacity, gpm)0 . 66, for Pumping Capacity of 20 to 4000 gpm. 

N5 ; Cost of maintenance materials for water storage tank sludge pumping 

= 162 x (Pumping Capacity, gpm)0.66, for Pumping Capacity of 20 to 4000 gpm. 

s1 = Cost of electricity for ash settling tank 

= $0.035/kWh x 3200 kWh, for Settling Tank Area of 100 to 4000 ft 2 

= $0.035/kWh x 12.3 x £Settling Tank Area, ft 2)0.67, for Settling Tank Area 
of 4000 to 13,0QO_ft. 

s2 = Cost of electricity for ash hopper overflow bin pumping 

= $0.035/kWh ~ 83,200 x (Flow Rate, mgct) 0•9, for Flow Rate of 7 to 700 mgd. 

s3 = Cost of electricity for water storage tank water return pump 

= $0 .035/kWh x 83,200 x (Flow Rate, mgd)0 · 9, for Flow Rate of 7 to 700 mgd. 

s4 = Cost of electricity for ash settling tank sludge pump 

= $0.035/kWh x 23.9 x (Flow Rate~ gpm)0.98 , for Flow Rate of 20 to 2500 gpm. 

s5 = Cost of electricity for water storage tank sludge pumping 

= $0.035/kWh x 23 . 9 x (Flow Rate, gpm)0.98, for Flow Rate of 20 to 2500 gpm. 
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Table 11-11 (continued) 

w1 :;: Labor req.uirements for chemical analyses 

= 1000 hr/yr for Plant Size of 1000 MW cir less 

= 1500 hr/yr for Plant Si·ze of 1100 to 1500 MW. 

tt Assumptions: 

l . Three plant sizes are considered--200, 500, and 1500 MW. The 1500-MW plant 
is assumed to be three 500-MW units. 

2. Plant lifetime is 30 yr. 

3. Total operating life is 127,500 hours, with average annual capacity 
of 4250 hr . 

4. Power unit input heat requirement of 9000 Btu/kWh. 

5. Coal heating value of 10,500 Btu/l b. 

6. Coal analysis (wt%):· 3. 5% sulfur (S), dry; 16.0% ash. 

7. Fl.Y ash is removed frcm flue gas separately .from so2• 

8. Coal ash .is 80% fly ash, 20% bottom ash. 

9. Density of ash is 2 g/cm3. 

10. Two dewatering b1ns ar.e considered necessary for conti nuous operat i on . 

11. Center-fed ash settling tanks are used for 30- to 170-ft diameter units ; 
rectangular settling tanks are used for larger surface areas. 

12. Sidewall depth for ash settling tanks is 12 ft . 

13. Excavation costs for ash settling tanks are based on a Cla~s 3 material {fine 
sand, silt with no more than 25% clay) and use of a 3/4-yd . Bucyrus Erie 20-H 
Backhoe. A 1.5-in. diameter pipe handrail i.s included in the steel costs. 

14. Water storage. tank storage time is 8 hr. 

15. On-site capital cost for pumps includes underground structure housing and 
pi pi ng. 

16. Power used for pumping is based on 10 minutes of pumping per hou r . 

17. Dewatering bin concrete slab has average thickness of 2 ft. 
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Variable 

A 

B 

C 

D 

E 

F 

CAF 

G 

H 

1 

J 

K 

LAFCR 

M 

N 

p 

Q 

Table 11-12 

COST ESTIMATING EQUATIONS: DEWATERING OF ASHES -
PONDS OR SETTLING BASINS 

(Including Subvariab1e CalculationsT and System Assumptionstt) 

Cost Equation 

2A1 + A3 t A4 + A6 +A7 + As 

2Az + A3 + A5 + A5 +A7 + As 

0 

0 

0 

0.20 .x. A 

0 

1.0193 

0 

* 0.02 x TPI + 1/12 (FOM + VOM} 

1/12 (N + W) 

0 

$5500/acre x K1 

0.18 

l 2L1 + L3 + L4 

2L2 + ·L3 + L5 . . 

0 

l 2N1 + N2 + N3 

Nz + N4 

0.3 (L + M) 

0 
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Remarks 

If ash ponds are used 

If settling basins 
are used 

Included in A 

Included in A 

Included in A 

Included in E 

Construction period. 
equ~ ls 2 years 

Not applicable 

Not applicable 

Life span equa1s 
30 years 

If ash ponds are used 

If s~ttling basins 
are used 

Included in L 

If ash ponds are used 

If settling basins 
are used 

Not applicable 

co 
Ii!!' 
0 
N 
co • ... 
I 
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Table 11-12 (continued) 

Vari able 

R 

s 

T 

u 

V 

w 

(X) 

CF 

LF 

t subvari able Calculations : 

Cost Equation 

0 

{ 2S1 + s2 + s3 

l s2 + s4 

0 

0 

0 

$17 /ht" X Wl 

0 

0. 68 

1.886 

A1 = On-site capital costs for ash ponds (per pond} 

Remarks 

Not applicable 

If ash ponds ~re used 

If settfing basins 
are used 

Not applicable 

Not appl i cab 1 e 

No additional costs 
i ncurred 

Waste quantities, 
characteristics, and 
local markets may 
all ow sale of by
products for some 
sites 

Implemented when 
system is new 

= 6050 x (Ash Pond Volume, acre-ft)0.62, for Ash Pond Volume of 15 to 
30 acre-ft 

= 3550 .x (Ash Pond Volume , acre- ft)0· 78 , for Ash Pond Volume of 30 to 
150 acre-ft . 

A2 =Cost. of ash settling basin equipment; concrete , steel, and i~stallation labor 
(for one compartment) . 

= 530 x (~ettling Basin Area, ft2}0.4 l , for Settling Basin Area of 700 to 
2800 ft . 

= 18 x (Set~ling Basi n Area, ft2)0.84, for Settling Basin Area of 2800 to 
22,500 ft . 
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Table 11-12 (continued) 

A3 = Cost of ash hopper overflow bin pump, concrete, steel, insta1la-cion iabor, 
housing, metal pipes, and valves · 

= 4.5 x ~Pumping Capacity, gpd)0.67, for Pumping ·capacfty of 5 x 106 to 
5 X 10 gpd. 

A4 = Cost of ash pond recirculation pump, concrete, steel, installation labor, 
housing, metal pipes, and valves 

= 4.5 x ~Pumping Capacity, gpd)O.G7, for Pumping Capacity of 5 x 106 to 
5 X 10 gpd. 

A5 = Cost of settling basin recirculation pump 

= 4,5 x ~Pumping Capacity, gpd)0.67, for Pumping Capacity of 5 x 106 to 
5 X 10 gpd. 

A6 = Cost of electricity during construction and installation period 

= 0.15 x 2A1 + 0.20 (A3. + A4), if ash settling ponds ·a:e used 

= 0.10 x 2A2 + 0.20 (A3 + A5}; if settling basins are used • 
. , 

A7 = Cost of misceilaneous items .for construction and jnstallat1on 

= 0.15 {A1 + A2 + A3 +A4 + A5 + A5), 

A8 = Cost of piping 

= 0.15 (A1 + A2 + A3 + A4 + A5 + A6 + A7). 

K1 = Acre requirements 

= (A.s h Pond Volume ? acre-ft) .;.. 12 ft depth + 3, if ash po'nds are used. 

= {Settling Basin Area, ft2) +43,560 ft2/ac re + 3, if settling basins are 
used . 

L1 = Cost of labof for ash ~and (per pond) 

= $13.85/hr x (Labor Requirement, worker-hours), wher.e · 

Labor Requirement = 41.2 x {Volume. acre-ft)0•5·, for Volume of 10 to 
700 acre-ft. 

L2 = Cost of labor for settling basin (per compartment) 

= $13.85/hr x (Labor Requirement, worker-hours); for Labor Requirement, see 
Figure 11-6. 

L3 = Cost of Labor for ash hopper overflow bin pump 

= $13.85/hr x (Labor Requirement, worker-hours); for Labor Requirement, see 
Figure 11-7. 
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.. 

Table 11-12 (continued) 

L4 = Cost of Labor for ash pond recirculation pump 

= $13 .85/hr x (Labor Requirement, worker-hours); for Labor Requirement, see 
Figure 11-7. 

L5 "" Cost of 1abor for s~ttling basin recirculation p'ump 

= $13.85/hr x (Labor Requirement, worker-hours); for Labor Requirement, see 
Figure 11-7. 

N1 = Cost of maintenance materials for settling basin (per compartment) 

= 1.35 x 1.9~ x (Settling Tank Area, ft 2)0.77, for Settling Tank Area of 400 to 
100,000 ft. 

N2 = Cost of maintenance materials for ash hopper overflow bin pump 

= 1.35 X (Material Cost); for Material Cost, see Figure 11-8. 

N3 = Cost of maintenance materials for ash pqnd recirculation pump 

:. 1.35 X (Material Cost); for Material Cost, see Figure 11-8: 

N4 = Cost of maintenance materials for settlirrn basin recircu1ation pump 

= 1. 35 X (Material C_ost); for Materi a 1 Cost, see Figure 11-8. 

S1,, Cost of _electricity for a;h settling basin (per compartment) 

= $0.035/kWh x 3200, for Settling Basin Area of 100 to 4000 ft2 

= $0.035/kWh x 12.3
2
x (Settling Tank Area, ft2)0.67 ,' for Settling Basin Area of 

4000 to 13,000 ft. 

s2 = Cost of electritity for ash hopper overflow bin pump 

= $0.035/kWh x 83,200 x (Flow Rate, mgd)0· 9, for Flow Rate of 7 to 
700 mgd. 

s3 = Cost of electrici ty for ash pond recirculation pump · 

= $0.035/kWh x 83,.200 x (Flow Rate, mgd)0· 9, for Flow Rate of 7 to 700 mgd. 

s4 = Cost of electricity for settling basi n recirculation pump 

= $0.035/kWh x 83,200 x (Flow Rate, mgd) 0•9, for Flow Rate of 7 to 700 mgd. 

w1 = Labor requirements for chemical analyses 

-= 1000 hr/yr for Plant Size of 1000 MW or less 

~ 1500 hr/yr for Plant Size of 1100 to 1500 MW. 
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Table 11-12 (continued) 

tt Assumptions: 

1. Three plant sizes are considered--200, 500, and 1500 MW . The 1500~MW plant 
is assumed to be three 500-MW units. , 

2. Plant lifetime is 30 yr. 

3. Power unit input heat requirement is 9000 Btu/kWh. 

4. Coal heating value is 10,500 Btu/lb. 

5. Coal analysis (wt%) : 3.5% sulfur (S), dry; 16.0% ash. 

6. ~1Y ash is removed from flue gas separately from so2• 

7. Coal ash is 80% f1y ash, 20% bottom ash. 

8. Density of ash is assumed to be 2 g/cm3• 

9. Two ash ponds are considered necessary for continuous operation. 

10. Ash pond depth is 12 fti no liners or internal erosion protection are 
necessary. 

11. A single ash pond inlet ·and ··a.single overflow weir box are incl"uded in the 
cost. 

12. Embankments for ash ponds are based on a top width of 15 ft, an external 
slope of 3:1. and an internal slope of 2:1 . 

13. E~bankment material is obtained on-site. No off-site borrow is included. 

14. Labor for ash ponds is required for piping and earthwork enclosing the 
lagoon cell, and for cleanup of the lagoon at 5-yr intervals. 

15. A two-compartment settling basin is considered necessary for continuous 
operation . 

16. Sidewall depth for settling basin is 12 ft •• 

17. 'Excava~ion costs for one compartment of the settling basfo are based on a 
Clas~~ material (fine sand, silt with no more than 25% clay) and use of a 
3/4-yd Bucyrus Erie 20-H Backhoe. A 1.5-in. diameter pipe handrail is 
included in the steel costs. 

18. A single settling basin inlet and a single overflow weir box are included in 
the cost of a two-compartment unit . 

19. On-site capital cost for pumps includes underground structure housing and 
piping . 

20. Power used for pumping is based on 10 minutes of pumping per hour. 

21. One pump serves two ash ponds. 
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Table 11-12 (continued) 

22. One pump serves two compartments in the settling basin . 

23 . Maintenance materials and power requirements for ash ponds are considered 
flegligible . 
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Variable 

A 
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C 
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Table 11-13 

COST ESTIMATING EQUATIONS: DEWATER1NG - PRlMARY/SECONDARt 
(Including Subvariable CalculationsT and System Assumptions t) 

Cost Eguati on· 

Al + A2 + A3 + A4 + A5 + 
A6 + A7 +As+ Ag+ A10 

0 

0 

0 

0. 20 X A 

0 

1.0193 

0 

* 0.02 x TPI + 1/12 (FOM + VOM) 

1/12 (N + W) 

0 

$5500/acre x K1 

0.18 

N1 + N2 + N3 + N4 + N5 

0.3 x L 

0 

0 

S1 + S2 + S3 + S4 + S5 

0 

0 
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Remarks 

Included in A 

Included in A 

Included in A 

Included in E 

Construction period 
equals 2 years 

Not applicable 

Not applicable 

Life span equals 
30 years 

Inclu~ed in L 

Not applicable 

Not applicable 

Not applicable 

Not appl i cab1 e 
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Table 11-13 (continued) 

variable Cost Equation Remarks 

V 

w 

(X) 

CF 

LF 

0 

$17 /hr x W1 

0 

0.68 

1.886 

No additional costs 
incurred 

However, waste quan
tities, characteris
tics, and local mar
kets may allow sale 
of by~products at 
some sites 

Imp·1 emented when 
system is new 

t subvariable Calculations: 

A1 = Cost of gravity thickening equi.pment, concrete, steel, and installation 
1 abor 

='7940 ~ (Tni ckener Ar~a, ft 2)0•38 , for Thickener Area of 300 to 4000 ft 2• 

A2 = Cost of vacuum filtration equipment, installation labor, housing, piping, 
arid va 1 ves 

= 11 ,220 x (Filter Area, ft 2)0.62, for Filter Area of 100 to 800 ft2. 

A3 = Cost of thickener overflow tank, concrete, steel, and installation labor 

= 7760 x (Tank Volume , ft3)0•82 , for Tank Volume of 1.5 x 104 to 4 x 106 ft3• 

A4 : Cost ofbsecondary dewatering underflow tank concrete, steel, and installation ta or 

. A 
5 

=· 7760 X (Tank Vo1Ul1la, ft3~0.82~ f~r Tank Volume of 1:s x 104 to 4 x 106 ft3 • 

= Cost of thickener overflow tank pump, concrete, steel, insta11ation .'labor, 
housing, metal pipes, and valves 

= 4.5 x (Puijping cap~city, .9Pd) 0•67 , for Pumping Capacity of 5 x 106 
to5xl0 gpd . 

A6 = Cost of secondary dewatering underflow tank pump, concrete, steel, installa
tion 'labor, housing, metal pipes, and valves 

= 4.5 x (Pu~ping Capacity, gpd)0.67, for Pumping Capacity of 5 x 106 
to 5 X 10 gpd. 
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Table 11-13 (continued) 

A7 = Cost of thickener sludge pum17, .concrete, steel, installation labor, housing, 
metal pipes, and valves 

= 7590 x (Pumping Capacity, gpm)0.51, for Pumping Capacity of 50 t0 5000 gpm . 

A8 =_Cost of electricity during construction period 

= (0. 15 X A1) + 0.20 (A2 ~ A5 + A5 + A7). 

Ag = Cost of miscellaneous items for construction and installation 

= 0,15 (A1 + A2 + A3 + A4 + A5 + A6 + .A7 + A8) . 

A10 = Cost of piping 

: 0.15 (A1 + Az + A3 + A4 + A5 + A6 + A7 + A8 + A9). 

K1 = Acre requirements 

= <4 acres for Plant Size of 200 MW or less 

= 4 to 5 acres for Pl ant Size of 200 to 500 MW 

= 5 to 8 acres for Plant Size of 500 to 1500 MW. 

L1 = Cost of labor for O&M of gravity thickeners 

= $13.85/hr x Labor Requirement (worker-hours); for Labor Requirement, see 
Figure 11-9. 

L2 = Cost of labor for O&M of vacuum filters 

= $13.85/hr x Labor Requir2m0n~
6
(worker-hours), where Labor Requir2ment 

= 100 x (Fi1ter Area, ft ) • , for Filter Area of 50 to 6000 ft • 

L3 = Cost of labor for O&M of thickener overflow tank pump 

= $13 .85/hr x Labor Requirement (worker-hours); for Labor ReqUfrement, see 
· . Figure 11-7. 

L4 = Cost of la'bor ·for O&M of secondary dewatering underflow tank pump 

= $13.85/hr x Labor Requirement (worker-hours); for Labor Requirement, see 
Figure 11-7. 

L5 = Cost of labor for O&M thickener sludge pump 

~ $13.85/hr x Labor Requirement (~o~~er-hours), where Labor Requirement 
= 220 x (Pumping Capacity, gpm) • , for Pumping capacity of 20 to 5000 gpm. 

N1 ~ Cost of maintenance materials for gravity thickening 

= 3.11 x (Thi ckener Area, f t2)0.74, for Thickener Area of 400 to 3500 ft2• 
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Tab1e 11-13 (continued) 

N2 = Cost of maintenance materials for vacuum filtr~tion 

·= 797 x (Filter Area, ft2)0· 7, for Filte~ Area of 10 to 4000 ft2. 

N3 = Cost of maintenance materials for thickener overflow tank pump 

= 1. 35 x (Material Cost); for Material Cost, see Fig~re 11-8. 

N4 = Cost of maintenance materials for secondary dewatering underflow tank pump 

= 1.35 x (Ma~erial Cost); for Material Cost, see Figure 11-8. 

N5 = Cost of maintenance materials for thickener sludge pump 

= 162 x (Pumping Capacity, gpm)0 .66 , for Pumping Capacity of 20 to 4000 gpm. 

s1 = Cost of electricity for gravity thicke.ning 

= $0 ,035/kWh x 7.2 x £Thickener Area,' ft2)0•94 , for Thickener Area 
of 200 to 40,000 · ft • . 

S2 = Cost of electricay for vacuum filtration 

= 
0

$0.035/kWh X 5430 X (Filter Area, ft2)0 .64, for Filter Area of 20 to 150 ft2 

= $0.035/kW~
2
x 135b X (Filter Area, ft2)0 .92, for Filter Area of 150 

to 4000 ft • 

s3 = Cost of electricity for thickener overflow tank pumping 

= $0 ,035/kWh x 83,200x (Flow Rate, mgd) 0•9, for Flow Rate of 7to 700 mgd. 

·S4 = Cost of electricity for secondary dewatering underflow tank pump 

= $0.035/kWh x 83,200 x (Flow Rate, mgd) 0•9, for Flow Rate of 7 to 700 mgd . 

s5 = Cost of electricity for thickener sludge pump 

= $0.035/k~lh . x 23.9 x (Fla.-J Rate, gpm)0.98, for Flow Rate of 20 to 2500· gpm. 

w1 = Labor requ-i rements for chemical analyses 

= 1000 hr/yr for Plant Size of 1000 MW or less 

= 1500 hr/yr for Plant Size of 1100 to 1500 ·MW. 

tt Assumptions~ 

1. Effluent frooi the FGD system contains 10% solids. 

2. Loading of thjckener is 800 gpd/ft 2 of FGD sludge. 

3. Thickener underflow contains 30% solids . 
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Table 11-13 (continued) 

4. Thickener overflow tank storage t~me is 8 hr. 

5. Loading of vacuum filter is 50 lb/ft2/hr. 

6. Cake solids content is 50%. 

7. Vacuum filters operate 23 hr/day, 7 days/week. 

a. standby pumping is included. 

9. Secondary dewatering underflow tank storage time is 8 hr . 

10. On-site capi tal cost for pumps includes underground structure housing and 
piping . 

11. Power used for pumping is based on 10 minutes of pumping per hour. 

12. Pl ant lifetime is 30 yr. 

13. Fly ash is removed from flue gas prior to scrubbing. 

11-43 



- Doc. Ex. 1812 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

Variable 

A 

B 

C 

0 

E 

F 

CAF 

G 

H 

I 

J 

K 

LAFCR 

L 

M 

N 

p 

Q 

R 

s 

T 

u 
V 

Table 11-14 

COST ESTIMATING EQUAT10NS: DIKES 
(With Subvariable Calculationsr and System Assumptionstt} 

Cost Equation 

Al ~A2 + A3 + A4 + A5 

0 

0.15 X A 

0 

0.20 (A + C) 

0.15 (A + C + E) 

1.00249 

0 

* 0.02 x TPI + 1/12 (FOM + VOM) 

1/12 X N 

0 

0 

0.23 

$13 .85/hr x 40 hr 

0.04 X TPI* 

0.06 X Tpl * 

0.30 (L + M) 

0 

0 

0 

0 

0 

0 
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Remarks 

Included in A 

Incl u'ded in A 

Construction period 
equa 1 s 4 months 

Not applicable 

Not applicable 

Not applicable 

Lifespan equals 10 
years 

Yearly repairs due to 
storm damage 

Not applicable 

Not applicable 

Not appl i cab'l e 

Not applicable 

Not applicable 

Not applicable 
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TABLE 11-14 (continued) 

variable Cost Equation Remarks 

w 0 Not applicable 

( X) 0 Not applicable 

CF 0.70 Implemented when 
system is new 

LF 1.335 

t Subvariable Calculations: 

A1 = Cost of clay material 

= ($0.32/ft3 ) x (4 ft wide) x (Length of dike, ft) x (Height of dike, ft). 

A2 = Cost of offsite clay excavation and hauling 

= [l.6
3
x {Cost of off-site excavation;'$1/yd3} + (Cost of off-site hauling, 

$/yd )] ~4 f3 wide) x '(length of dike, ft) x (Height of dike, ft) 
+ (27 ft /yd) where 1.6 = factor ,adjusting for difficulty of excavating 
clay, see Figure 11-5 for cost·of off-site hauling. · 

A3 = Eost of on-site borrow excavation and hauling 

= (Unit Cost, $/yd 3) x (Length of dike, ft) x (6h + 3~2) + (27 ft3/yd3), 
where h = finished height of dike, ft, and (6h + 3h ) = cross sectional area 
of dike consisting of borrow; for Unit Cost, see Figure 11-2. 

A4 = Cost of clearing and grubbfog site 

= ($3.85/100 ft2) x (Area to be Cleared, ft2). 

A5. = Co.st of dike placement and compaction 

= ($1.25/yd3) x (lOh + 3h 2) 2 (Length of dike, ft), where h =- finished 2eight 
of dik~, ft, and {10h + 3h ) = ~otal cross sectional area of dike, ft • 

tt Assumptions: 

1. Dike consists of a 4 ft wide clay core surrounded by granular borrow. Slopes 
are 3:1, and top is 10 ft acros·s . 

2 . Borrow is avai1able on-site, While clay is purchased off-site. 

3. Soil is compacted to 8-in. lifts. 

4. Material amounts to be pl1r chased are calculated as installed and compacted 
volumes . 
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Tab 1 e 11-.15 

COST ESTIMATING EQUATIONS: DITCHES 
(Including Subvariable CalculationsT) 

Cost Equation 

Al + A2 

0 

0.15 x A 

0 

0.2 (A + C) 

0.15 (A + C + E) 

1.0 

0 

O.Q2 x TPI* + 1/12 (FOM + VOM) 

1/12 x N 

0 

0 

0.23 

$13.85/hr x 40 hr 

0.04 x TPI * 

0.06 x TP I * 
' 0.30 (L + M)' 

0 

0 

0 

0 

0 
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Remarks 

Not applicable 

Included in A 

Construction period 
equa 1 s 1 month 

Not applicable 

Not applicable 

No new 1 and required 

Life span equals 
10 years 

Assume ditch needs to 
be repaired once per 
year due to storm 
damage 

Not applicable 

Not appli'cable 

Not applicable 

Not applicable 

Not applicable 
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Tabl e 11-15 (continued) 

Vari able· Cost Eguation Remarks 

I/ 0 Not applicable 

~, 0 Not applicable 

(X) 0 Not applicable 

CF o. 70 Implemented when 
system is new 

LF 1.335 

t Subvariable Calculations: 

A1 = Cost of ditch 

= \$2.30/~d3)3x (Cross Sectional Area of Ditch, ft 2) x (Length of Ditch, ft) 
...,.. 27 ft /Y.d • 

A2 = Cost of concrete liner 

= ($2,56/ft 2). x (Area Lined with Concrete, ft2). · 
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Table 11-16 

COST ESTIMATING EQUATIONS: DRAINS . 
(Including Subvariable Calculations1 and System AssumptionsTt) 

Cost ·Equation 

A1 + A2 + A3 + A4 

0 

0 

0 

0,25 X A 

0.20 {A + E) 

1.00083 

0 

* 0.02 x lPI + 1/12 {FOM + VOM) 

1/12 x N, 

0 

0 

0.23 

$13 .85/h~ X 96 hr 

0.04 x TPI* 

0.06 X TPI* ' 

0.30 ~L + M) 

0 

0 

0 

0 

0 

0 
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Remarks 

Not applicable 

Included in A 

Included in A 

Construction period 
equals 2 months 

Not applicable 

Included in A 

No new land required 

Life span equals 
10 years 

Cost for monitoring 
12 times per year 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not appl icab 1 e 

Not applicable 



Table 11-16 (continued) 

Variable Cost Equation Remarks 

W 0 Not applicable 

(X) 0 Not applicable 

CF 0.70 Implemented when 
system is new 

LF 1.335 

fi Subvariable Calculations: 

Al = Cost of trench excavation 

= ($2.30/yd3),x (Trench Depth, ft) x (Trench Width, ft) x (Length of Trench, 
ft) + 27 ft'/yd". 

A2 = Cost of pipe 

= (Unit Cost, $/linear foot) x (Trench Length, ft); for Unit Cost, see 
Table 11-48. 

A3 = Cost of sand or gravel fill 

= (Cost of Fill, $/yd3) (Trench Length, ft) x (Trench Width, ft) x (Depth to 
be Filled, ft) 4 27 ft'/yd , where 

Cost of Fill = $6.64, for sand 
= $6.87, for gravel (1 to 1.5 in) 
= $7.67, for crushed stone. 

A4 = Cost of backfilling 

= ($0.80/yd3) x (Trench Length, aft) x. (Width of Backfill Area, ft) x (Depth of 
Backfill Area, ft) +27 ft'/yd . 

fifi Assumptions: 

1. Monitoring is done 12 times per year. 

2. Submersible pumping system costs are not included. 
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Tab le 11-17 

COST ESTIMATING EQUATIONS: FIXfTION - DRAVO PROCESS 
{Including Subvari~ble Calculations and System Assumptionstt) 

·. 

Cost Equation 

A1 + A2 + A3 t A4 t A5 

0 

Cl+ 0.096 x (A1 + A2 + A3)0 .76 

0 

0.20 (A + C) 

0 

1.02442 

0 

0.10 (A + C + E • A3·.) 

l/12 {N + T + W) • 
0 

$5500/acre x (K1 + K2) 

0.18 

$13 .85/hr x L1 

0.04 X A 

0.06 x TP1* 

0.30 {L + M) 

0 

0 

$0 .035 kWh X Sl 

Tl + T2 

0 

0 
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Remarks 

Included in A 

Included in A 

Included in E 

Construction period 
equa 1 s 2·. 5 years 

Not app 1i cable 

Included in H 

Life span equals 
30 years 

Not applicable 

Not applicable 

Not applicable 

No additional costs 
incurred 

Not applicable 
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Table 11-17 (continued) 

variable 

( X) 

CF 

LF 

t subvariable Calculations : 

Cost Equation 

$17/hr x w1 

0 

0.68 

1.886 

A1 = On-site construction cost, excluding pond 

Remarks 

However, waste quan
tities, characteris
tics, and local mar
kets may al 1 ow sale 
of by-products at 
some sites 

Implemented when 
system is new 

= 1.97 x 106 x ~Plant Size, MW)0,204, for Plant Size of 200 to 1500 MW. 

· A2 = ~ost of servi~e~, utilities, and miscellaneous items 

= 0.015 x A1· 

A3 = Cost of pond construction 

= 5. 5 x 104 x (Plant Size, MW)0 .80, for Plant Size of 200 to 1500 MW. 

A4 = Cost of engineering, design, and supervision 

= 1. 93 x 105 x (Plant Size, MW)0 . 25, for Plant Size of 200 to 1500 MW. 

A5 = Construction expenses 

= 0.25 x (A1 + A2)o.s3 + 0.13. x (A3)0.83, where ~1, A2, A3, and A5 are in 
millio~s Of doTlars! 

c1 : Architect and eng~ne~ring contractor expenses 

= 78.5 x 103 x {Plant Size, MW)0.1 3, for Plant Size of 200 to 500 MW 

= 43.8 x 105 x (Plant ·size, MW)o.22, for Plant Size of 500 to 1500 MW. 

K1 ~ Acre requirements for settling pond 

= See Figure 11-10. 
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Table 11-17 (continued) 

K2 = Acre requireme.nt.s for Dravo system, excluding pond 

= ~3 acres for Plant Size of 200 MW or less 

= 3 to 4 acres for Plant Size of 200 to 500 MW 

= 4 to 7 acres for Plant Size of 500 to 1500 MW . 

L1 = Labor requirements for O&M (worker-hours) 

= 4980 x (MW)0 , 314 , for Plant Size of 200 to 500 MW 

= 9920 x (MW)o.203. for Plant Size of 500 to 1500 MW. 

s1 = Electricity consumed (kWh/yr) 

= 1.33 x 105 x (Plant Size, MW)0 , 566, for Plant Size of 200 to 500 MW 

= 2.88 x 104 x (Plant Size, MW)O .Sl2, for Plant Size of 500 to 1500 MW. 

T1 = Annual · cost of lime 

= ($38/ton lime) x (10.15 tons lime/MW) x (Plant,Size, MW). 

r2 = Annual cost o~ Calci1ox 

= ($58/ton Calcilox) x (70.96 tons Calcilox/MW) x {Plant Size, MW). 

w1 = Labor requirements for chemical analyses 

= 1000 hr/yr for Plant Size of 1000 MW or less 

= 1500 hr /yr for Pl ant Size of 110 0 to 1500 MW. 

tt Assumptions: 

1. Plant lifetime is 30yr . 

2 • . Three plant sizes ar"e cons.idered--200, 500, and 1500 MW . The 1500-MW plant 
is assumed to be three 500-MW units. 

3 , Total operating life is 127,500 hours, with average annual capacity of 
4250 hr. 

4. Power unit input heat requirement is 9000 Btu/kWh . 

5. Coal heating value is 10,500 Btu/lb. 

6 . Coal analysis (wt%): 3.5% sulfur (S)~ dry; 16 .0% ash. 

7, Limestone scrubbing process with 1.5 stoichiometry based on so2 removed. 
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Table 11-17 (continued) 

8 . so2 ranoved to meet Nevi Source ? er~orrnance Standards (NSPS}. 

9. Coal ash is 80% fly ash. 

10 . Ninety-five percent of the Sin the coal is emitted as so2• 

11 . Sludge is assumed to be primarily calcium sulfite hemihydrate, with 15% of 
the total so2 removed being oxidized to gypsum. 

12 . Fly ash and so2 are removed simultaneously in the scrubber system . 

13. Effluent from the FGD system is 15% solids. 

14. Thickened sludge (35% solids) is treated with Dravo addi~ives : Calcilox 
(7% of dry sludge) and Thiosorbic lime (1% of dry solids). 

15. A gravity thickener is used for ,dewatering the sludge. 

16. Treated sludge is pumped to a clay-lined pond located ·1 mile from the 
scrub~er facilities. 

17. The ponded s1udge settles in th~ pond to 50% solids , and excess water is 
recyc 1 ed to the scrubber system,. 

18. The t r.eated,. settled sludge fixes ·as a soil:..like material in the pond . 
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Table 11-18 

COST ESTIMATING EQUATIONS: FI.XATION - IUCS PROCESS t 
(Including Subvariable Calculationst·and System Assumptions t) 

Cost Equation 

A1 + A2 + A3 + A4 

0 

0.25 x A3 +0.096 x (A1 + A2)0.75 

0 

0.20 (A + C) 

0 

1.0193 

0 

0.10 (A+ C + E) 

1/12 (N· + T + W) 

0 

$5500/ acre x K1 

0.18 

$13.85/hr X Ll 

0.04, X A 

0.06 x TPI* 

o. 3 (.L .+ M) 

. Remarks 

Inc;l uded in A 

Included in A 

Included in E 

Construction period 
equals 2years 

Not app 1 i cab l e 

Included in H 

Life span equals 
30 years 

O Not applicable 

O Not a"ppl i cable 

$0.035/kWh x Sl 

($38/ton lime) x (40.88 tons lime/MW) x 
(Plant Size , MW) 

O No additional costs 
incurred 

0 Not applicable 
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Table 11-18 (continued) 

Variable 

w 

(X) 

CF 

LF 

t subvariable Calculations: 

Cost' Equation 

$17/hr x w1 

0 

0.68 

1.886 

A1 = On- site construction cost for rues process 

Remarks 

However, waste quan
ties, characteris
tics, and local mar
kets may allow sale 
of by- products at 
some sites 

Implemented when 
system is new 

= 2.4 x 105 x (Plant Size, MW)0.51, for Plant Size of 200 to 1500 MW. 

A2 = Cost of · ser~ices, utilities, and miscellaneous··items 

== 0.015 x A1 

A3 = Cost of engineering, design, and supervision 

== 97,720 x (Plant Size, MW)0.233, for Plant Size of 200 to 1500 MW. 

A4 == Construction expenses 

= 0,25 x (A1 + A2)0 .83 

K1 = Acre requirements 

= <4 acres for Plant Size of 200 or less MW 
-

= 4 to 5 acres for Plant Size of 200 to 50'0 MY/ 

-= 5 to 8 acres for Pl ant Size of 500 to 1500 MW. 

L1 = Labor requirements (worker- hours) 

= 4980 X (Plant Size, MW)0.31 4 for Plant Size of 200 to 500 MW 

= 9920 X (Plant Size, MW)0.203 for Pl ant Size of 500 to 1500 MW. 

Sl = Electricity consumed (kWh/yr) 

= 1.15 X 105 X (Plant Size, MW)0 . 59, for Plant Size of 200 to 500 MYJ 

=- 2.84 X 105 X (Plant Size, M~l)0.82, for Plant Size of 500 to 1500 MW, 
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Table 11-18 (continued) 

w1 -= Labor requirements for chemical analyses 

= 1000 hr/yr for Plant Size of 1000 MW or less 

= 1500 hr/yr for Plant Size of 1100 to 1500 MW. 

tt Assumptions : 

1. Plant lifetime is 30 yr, 

2. Three plant sizes are considered--200, 500, and 1500 MW: The 1500-MW plant 
is assumed to be three 500-MW units. 

3. Total operating life is 127,500 hours, with average annual capacity of 
4250 hr. 

4. Power unit input heat requirement is 9000 Btu/kWh. 

5. Coal . heating value is 10,500 Btu/lb. 

6. Coal analysis (wt%): 3.5% sulfur (S), dry; 16.0% ash. 

7. Limestone scrubbing process with 1.5 stoichiometry based on so2 removed. 

8. so2 removed to meet New Source Performance Standards (NSPS). 

9. Coal ash is 80% fly ash. 

10. Ninety-five percent of the S in the coal is emitted as so2 • . 

11. Sludge is assumed to be primarily calcium sulfite hemihydrate, with 15% of 
the total so2 removed being oxidized to gypsum. 

12. Fly ash and so2 are removed simultaneously in the scrubber system . 

13 . Effluent frooi the FGD system is 15% solids. 

14 •. Effluent from the scrubber system is dewatered {60% solids) using a 
thickener and rotary drum filter. 

15. The dewatered sludge is fixed by mixing with lime (4% of dry sludge). 
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Table 11-19 

COST ESTIMATING EQUATIONS: FLY ASH HANDLING -
PNEUMATIC CONVEYORS AND CONCRETE SILOS 

(Including Subvariable Calculationst and System Assumptionstt) 

Cost Equation 
' 

0 

0 

0.06 {A1 + A2 + A3 + A4) 

0 . 20 ( A + D) 

0.10 (A + D + E) 

1.00083 

0 

0.02 X TPI* + 1/12 (FOM + VOM) 

1/12 x N 

0 

$5500/acre x K.1 

0.19 

$13 . 85/hr X Ll 

0 

. * 0.06 x TPI 

0.30 x L 

0 

0 

$0.035/kWh x S1 

0 

0 
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• 

Remarks 

Included in A 

Included in A 

Construction period 
equals 2 months 

Not applicable 

Not applicable 

Life span equals 
20 years 

Included in L 

Not applicable 

Not. app1 icable 

Not applicabl'e 

!'tot applicable 
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Table 11-19 {continued) 

Variable 

V 

w 

(X) 

CF 

LF 

t subvariable Calculations: 

Cost Equation 

0 

0 

0 

0.69 

1.629 

A1 = Cost of silo concrete, des_ign, and installation labor 

Remarks 

~o additional cost 
incurred 

Not applicable 

Not applicable 

Implemented when 
system is new 

: 2215 x (Silo Capacity, · tons)o. 5o4 , for Silo Capacity of 200 to 1000 tons 

= 295.x (Si.lo Capacity, tons)0,796, for Silo Capacity of 1000 to 2000 tons. 

A2 = Cost of silo fo~ndation excavation and construction 

= $15/ft3 x 2 ft thick x ([Silo Diameter, ft]+ 8) 2 

~=Cost of pneumatic conveyor .equipment, including piping 

lf Pipe Length is 2000 ft or less: 

= $12,000 for Fly Ash Transportation Rate of 10 to 30 tons per hour 
= $17,000 for Fly Ash Transportation Rate of 40 to 100 tons per hour 

If Pipe Length is over 2000 ft: 

= $22,000 for Fly Ash Transportation Rate of 10 to 30 tons per hour 
= $27,000 for Fly A?h Transportation Rqte of .40 to 100 tons per hour . 

A4 = Cost of installing pneumatic conveyor 

= $4/ft x (Conveyor Length, ft), for. Conveyor Length of 200 ft or more. 

K1 = Acre requirements 

= 1/2 acre or less. 

L1 = Labor requirements for pneumatic conveyor operation and maintenance 
= 150 Worker-Hours/yr for Conveyor Length of 100 ft or less 
= 200 Worker-Hours/yr for Conveyor Length of 110 to 500 ft 
= 250 Worker-Hours/yr for Conveyor Length of 510 to 1000 ft 

= 300 Worker-Hours/yr for Conveyor Length of 1100 to 2000 ft. 
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Table 11-19 (continued) 

51 : Total electricity (kWh/yr) required to run pneumatic conveyor 

= 8760 hr/yr x 0 .7457 kW/HP x ([HP ·Requirements ' of Pump]+ [HP Req.uirements of 
Compressor]+ [Total HP Requirements of Motors]). 

tt Assumptions: 

1. Concrete silos are precast, with discharge through a 45-degree cone. 

2·. Silo storage capacity is based on · a density of 100 1 b/ft3 for the stored 
materi a1 • 

•. 
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-
variable · 

A 

B 

C 

0 

E 
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!i 

H 

! 
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K 
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p 

Q 

R 

s 

T 

u 

Table 11-20 

COST ESTIMATING EQUATIONS: FORCED OXIDATION 
(Inc1uding Subvariable Calculationst and System Assumptionstt) 

Cost Equation 

Al+ A2 + A3 +. A4 +As+ A6 + 

A7 +AB+ Ag+ Alo+ All+ A12 + A13 

0 

0 

0 

0.20 X A 

0 

1,0193 

0 

* 0.02 x TPI + 1/12 (FOM + VOM) 

l/12· (N + W) 

0 

$5500/acre x K1 

0.18 

L1 + L2 + L3 + L4 + l5 + l6 + L7 

0 . . 
Nl + N2 + N3 + N4 + N5 + N6 + N7 

0.30 x L 

0 

0 

S1 + S2 + S3 + S4 + S5 + S5 + S7 

0 

0 
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Remarks 

Included in A 

Included in .A 

Included in A 

Included in E 

Construction period 
equals 2 years 

Not applicable 

Not applicable 

Life span equals 
30 years 

Inc1uded in L 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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Table 11-20 (continued) 

variable 

V 

w 

(X) 

Cf 

LF 

t Subv~riable Calculations: 

Cost Equation 

0 

$17/hr X W1 
0 

0.68 

1.886 

Remarks 

No additional costs 
incurred 

However, waste quan
ties, characteris
tics, and local mar
kets may allow sale 
of by-p~oducts for 
some sites 

Implemented when 
system is new 

A1 : Cost of forced oxidation basin (con.crete, steel. and installation labor) .' 

= 72 x ('Basin Volume, ft3)0.74, for Basin Volume o~ 1.5 x.104 to 3 x 105 ft 3 

: 7.5 x (Basin Volume, ft3)0•92, for Basin Volume of 3 x 105 to 4 x 106 ft3. 

A2 = Cost of forced oxidation equipment 

= 422 x (Basin Volume, ft3)0•53 ~ for Basin Volume of 105 to 5 x 107 ft 3 

= 57 .4 x (Basin Volume, tt3)0.68• for Basin Volume of 5 x 105 to 107 ft 3• 

A3 = Cost of gravity thickening equipment (concrete·, steel, and installation 
labor) . 

= 7940 x (Thickener Area, ft2)0.38, for Thickener Area of-300 to 4000 ft2• 
' 

A4 ;;; Cost ~f ~hickener, overflow tank (concrete, steel, and installation labor) 

= 7760 x (T~nk Volume, ft3)0.82, for Tank Volume of-1.5 x 104 to 4 x 106 ft3. 

A5 = Cost of vacuum filtration equipment ; installation labor, housing, piping, 
and valves 

= 11,220 x (Fi1ter ·Area, ft2)0.62, for Filter Area of 100 to 800 ft2• 

A6 ~ Cost of filtrate sump/tank concrete, steel, and installation labor 

~ 7760 x (Tank Volume, ft 3)0.82, for Tank Volume of 1.5 x 104 to 4 x 106 ft3• 
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Table 11-20 (continued) 

A7 = Cost of forced oxidation tank pump, concrete, steel, installation labor, 
housing, metal pipes, and valves 

= 4.5 x (Pu~pi.ng Capacity, gpd)0· 67 , for Pumping Capacity of 5 x 106 
to 5 X 10 gpd ; 

Ag = Cost of thickener overflow tank pump, concrete~ steel, installation labor, 
housing, metal pipes, and valves 

= 4. 5 x (Pu~ping Capacity, gpd)0-67, for Pumpin9 Capacity of 5 x 106 
to 5 X 10 gpd. 

Ag = Cost of filtrate sump/tank pump, concrete, steel, installation labor~ 
housing, metal pipes, and valves 

= 4,5 x (Pu~ping Capacity, gpd)0•67, for Pumping Capacity of 5 x 106 
to 5 X 10 gpd. 

A10 = Cost of thi ckener sludse pump, concrete, steel, installation labor, 
housing, metal pipes, and valves 

= 7590 x (Pumping Capacity , gpm) 0 •51 , for Pumping Capacity of 50 to 5000 gpm. 

A11 = Cost of electricity during construction and installation period 

= 0. 15 (A2 + A3) + 0.20 (A5 + A7 +Ag+ Ag+ A1o). 

A12 = Cost of miscellaneous items for co~struction and installation 

= 0.15 (A1 + A2 + A3 + A4 +As+ A6 + A7 + Aa +Ag+ A10 + A11)· 

A13 = Cost of piping 

0. 15 (Al + A2 + A3 +. A4 + A5 + A6 + A7 + Ag + Ag 1-- A10 + All + A12). 

Kl = Acre requirements 

= <4 acres for Pl ant Size of 200 MW or l ess 

= 4 to 5 acres for P1 ant Size of ·200 to 500 MW 

= 5 to 8 acres for Pl'ant Size of 500 to 1500 MW. 

L1 = Labor cost for O&M of forced oxidation 

= $13 .85/hr x (Labor Requirement, worker-hours) ; for Labor Requirements, see 
Figure 11-11. ' 

L2 = Labor cost for O&M of gravity thickeners 

= $13 . 85/hr x (Labor Requirement, worker-hours); for Labor Requirements, see 
Figure 11- 9. 
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Table 11-20 (continued) 

L3 = labor cost for O&M of vacuum filters 

= S13.85/hr x (labor Requirement, worker-hours)~ where 

Labor Requirements= 100 x (Filter Area, ft2)0•6·6 , for Filter Area 
of 50 to 6000 ft2· 

L4 = Labor cost for O&M of forced oxidation tank pump 

= $13.85/hr x (labor Requirement, worker~hours); for labor Requirements, see 
Figure 11-7. 

L5 ~ Labor cost for O&M of thickener overflow tank pump 

= $13.85/hr x (Labor Requirement, worker-hours); for Labor Requirements, see 
Figure 11-7. 

L6 = Labor cost for O&M of filtrate sump/tank pump 

= $13~85/hr x (labor Requirement, worker-hours); for Labor ·Requirements, see 
Figure 11-7 . 

L7 ~ Labor cost for O&M of thickener sludge pump 

; $13.85/hr x (Labor Requirement, worker-hours), where 

Labor Requirement= 220 x (Pumping Capacity, gpm)0.42, for Pumping Capacity 
of 20 to 5000 gpm. 

N1 = Cost of maintenance materials for forced oxidation 

= 999 x (Power Requirement, HP)o.42, for Power Requirement of 30 to 5000 HP. 

N2 = Cost of maintenance materials for gravity thickening 

= 3.11 x (Thickener Area, ft 2)0.74, for Thickener Area of 400 to 35,000 ft2' 

N3 = Cost of maintenance materiaJs for vacuum filtration 

= 797 x (.F.ilter Area, ft2) o.-7, for· Filter Area of 10 to 4000 ft2• 

N4 = Cost of maintenance materials for forced oxidation ~ank pump 

= 1.35 x (Material Cost); for Materia l Cost, see Figure 11-8. 

N5 = Cost of maintenance materia~s for thickener overflow tank pump 

= 1.35 x (Material Cost); for Material Cost, see Figure 11-8. 

N6 = Cost of maintenance materials for filtrate sump/tank pumping 

= 1.35 x (Material Cost); for Material Cost, see Figure 11-8. 
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Table 11-20 (continued) 

N7 ~ Cost of maintenance materials for thickener sl udge pumpi ng 

= 162. x (Pumping C.apacity, gpm).0•60 , for Pumping Capacity of 20 to 4000 gpm . 

s1 = Cost of electricity for forced oxidation 

= $0.035/kWh x 5. 0 x (Power Requirement, HP)l.Ol, for Power Requirements of 
30 to 5000 HP . 

s2 == Cost of electricity for gravity thickening 

= $0 . 035/kW~ x 7. 2 x (Thickener Area, ft2)0.94, for Thickener Area of 200 to 
40,000 ft. 

s3 = Cost of electricity for vacuum filtration 

= $0.035~kWh x 5430 x (Filter Area, ft 2)0 .64, for Filter Area of 20 to 
150 ft • 

= $0.035/~Wh x 1350 x (Filter Area,. ft 2)0.92, for .Filter Area of 150 to 
4000 ft • 

.. s4 = Cost of electricity for forced oxidation .tank pump 

= $0.035/kWh x 83,200 x (Fl ow R~te, mgd)O·~, for Flow Rate of 7 to 700 mgd . . 
s5 = Cost of electricity for thickener overflow tank pump 

= $0 .035/kWh x 83,200 x (Flow Rate, rngd)0 . 9, for Flow Rate of 7 to 700 mgd . 

s6 = Cost of electricity for filtrate sump/tank pump 

= $0.035/kWh x 83,200 x (Flow Rate, mgd) 0•9, for Flow Rate of 7 to 700 mgd. 

s7 = Cost of electricity for thickener sludge pump 

= $0.035/kWh x 23.9 x (Flow Rate, gpm)0 .98, for Flow Rate of 20 to 2500 gpm. 

WJ. = Labor requirements for chemical analyses· 

= lOOQ hr/yr for Plant Size of 1000 MW or less 

= 1500 hr/yr for Plant Size of 1100 to 1500 MW . 

tt Assumptions: 

1. Effluent from the FGD system contains 10% solids. 

2. Stoich i ometry for forced oxidation is 1.5, i.e., 0. 2 lb o2 per lb caso3• 

3. Three pounds of o2 transferred per HP-hr by air c001pressor. 
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Tab1e ll-20 (continued) 

4- Sulfite/sulfate ratio in the feed is 50/50 •. 

5. One hour of detention time in forced oxidation tank. 

6. No pH control is required in forced oxidation . 

7. Loading of thickener is 1600 gpd/ft2 of oxidized sludge. 

8. Thickener underflow contains 50% so1ids. 

9. Thickener overflow tank storage time is 8 hr. 

10 . Loading of vacuum filter is 150 1b/ft2;hr. 

11. Cake solids content is 80%. 

12. Vacuum filters operate 20 hr/day for 7 days/week. 

13. Secondary dewatering underflow tank storage time is 8 hr. 

14. On-site capital cost for pumps includes underground structure housing and 
piping. 

15 . Power used for pumping is based on .10 minutes of pumping per hour. 

16. Plant lifetime is 30 yr. 

17. Fly ash is removed from flue gas prior to scrubbing . 
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Variable 
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Table 11-21 

COST ESTIMATING EQUATIONS: GRADING 
(Including Subvariable Calculationsf and System Assurnptionstt) 

Cost Equation 

Al 

0 

0. 15 x A 

0 

0.15 (A+ C) 

0 .10 (A+ C + E) 

1.0 

0 

*' 0.02 x TPI + 1/12 (FOM + VOM) · 

0 

0 

0 

0.23 

0 

0 

a 
0 

0 

0 

0 

a 

0 

a 
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Remarks 

Not applicable 

Included in A 

Construction period 
equal s 1 month· 

Not applicable 

Not .applicable 

Not applicable 

No new land required 

Life span equals 
10 years 

No maintenance 
·required 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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Table 11-21 (continued) 

Variable Cost Equation 

w 0 

(X) 0 

CF 0 .70 

LF 1.335 

t Subvariable Calculations: 

A1 = Cost of grading 

= (Unit Cost, $/yd2) x (Area to be Graded, yd2). where 

Unit Cost= $0.52/yd2 when area is <l acre 
-= $0 .44/yd~ when area·. is 1 t~ 5 acres 
= $0 .36/yd when area is >5 acres . 

tT Assumptions: 

RemarKs 

Not appl i-cab1 e 

Not applicable 

Implemented when 
pl ant is new 

l . Overall grading is done to achieve approximat~ grade, with cut and fill 
1 imited to 6 in. 

2. Soil cover has already been added. 
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Variable 
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Table 11-22 

COST ESTIMATING EQUATIONS: GROUNDWATER MONITORING 
(With Subvariable Calculationst and System Assumptionstt) 

. Cost Equation 

0 

0.15 (A+C) 

0 . 10 ( A + C + E) 

1.0 

0 

* 0.02 x TPI + 1/12 (FOM + VOM) 

1/12 X W 

0 

0 

0.18 

0 

0 

0 . 
0 

0 

0 

0 

0 

0 

0 

Wl + W2 
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Remarks 

Included in A 

Included in P. 

Construction period 
equals 1 month. 

Not applicable 

Not applicable 

Not appl i cab 1 e 

Lifespan equals 30 
years 

Not applicable 

Not app,licable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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~. 

TABLE 11-22 (continued) 

Variable 

(X) 

CF 

LF 

t Subvariable Calculations: 

Cost Equation 

0 

0. 68 

1.886 

A1 = Cost of well materials and installation 

Remarks 

Not applicable 

Implemented when 
system is new 

= (Number of Wells) x ($32/ft of well depth) x (Depth of Well, ft), where 
Number of Wells: [(1 well/SO ac ) x (Acres in Facility to be Monitored)] 
+ 5 wells. 

A2 = Cost of pump and portable generator for sampling 

= $1700 .• 

w1 = Cost of sample collection 

= [$17/hr x (3 hr/well) x (Number of Wells) 
where Number of Wells is defined under A1 and Samples/yr= 4 for first year 

= 2 for hazardous sites in 
= l for nonhazardous sites 

W2 = Cost of sample analyses 

\ 

+ $50]' x (Samples/yr), 

subsequent years; 
in subsequent years. · 

= ($/sample) x (1 sample/well) x (Number of Walls) .. 
where Number of Wells is def~ned under Ai, 
and $/sample= $115 for nonhazardous materials 

= $180 for l)azardous materials . 

tt Assumptions 

1. Wells are equipped.with protective casings and l-0ckin~ caps. 

2. Wells are installed in h·ollow stem auger borings. 

3. Wells do not exceed 100 ft depth. 
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Variable 
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Table 11-23 

COST ESTIMATING EQUATIONS: GROUNDWATER PUMPING 
(Including Subvariable Calculationsf and System Assumptionstt) 

Cost Equation 

0 

0.15 x A 

0 

0.3 {A + C) 

0 .2 (A + C + E) 

1.00083 

0 

. * .. 0.02 x TPI + 1/12 (FOr-1 + VOM) 

1/12 x N 

0 

0 

0. 34 

$13.85/hr X 96 hr 

0 . 04 x TPJ * 
. * 0.06 x TPI 

0.30 (L + M) 

0 

0 

($0.035/kWh) x S1 

0 

0 
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. . 

Remarks 

Not applicable 

Included in A 

Construction period 
equa 1 s 2 months 

Not applicable 

Included in A 

No new land required 

Life span equals 
5 years (interim 
measure) 

Monitoring cost per 
year 

Not appl;cab1e 

Not applicable 

Not applicable 

Not applicable 
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Table 11-23 (continued) 

Variable 

V 

w 

(X) 

CF 

LF 

t Subvariable Calculat i ons: 

Cost Equation 

0 

0 

0 

0. 70 

1 .182 

A1 = Cost of drilling and casing of injection wells 

= ($7/linear foot) x (Number of Linear feet). 

A2 : Cost of trench excavation for header line 

Remarks 

Not applicable 

Not applicable 

Not appl i cab 1 e 

Implemented when 
system i s new 

= ($2. 30/yd3)i qrench Length, ft) x (Trench Widt:h, ft) x (Trench Deptt:h, 
ft) + 27 ft /yd • 

A3 = Cost of header-1 i ne 

= (Unit Cost, $/11near foot) x (Length of Header Line); for Unit Cost, see 
Table 11-49. 

A4 = Cost of submersible pumps 

= {$430/pump) x (Number of Pumps), where Number of Pumps is site-speci fie. 

A5 = Gest of pipe bed-ding 

= ($5 . 20/yd3) x (Pipe Be~din~ Depth , ft) x 
of Trench, ft) + 27 ft /Yd • 

A6 =Cost of backfil.ling·t r enc_h. 

{Pipe Beddi ng Width , ft) x (Length 

= ($0.80/yd3) x (Len~th of Trench, !t) 1 ([Trench Depth, ft] - [Beddi n9 Depth, 
!ft]) x (Trench Width, ft)~ 27 ft /yd . 

s1 = Electricity consumed (kWh/yr) 

= 1(0. 75 kWh/hour of operation) x (Hours of O!Je r ation/pump/yr) x (Numbeir of 
Pumps). 

tt Assumptions: 

1. A 1-HP pump is used. 

2. Electrica l service is available . 
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Variable 
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Tab1e 11-24 

COST ESTIMATING EQUATIONS: GROUT CUR+AIN 
(Including Subvariable Calculations ) 

Cost Equation 

0.15 x A 

0 

0.3(A+C} 

0, 25 ( A + C + E) 

1.00083 

0 

* 0.02 ~ TPI + 1/12 (FOM + VOM) 

1/12 x N 

0 

0 

0.23 

$13.85/hr X 96 hr 

0.04 X TPI* 

' * 0 ,06 x TPI 

0.30 (L + M) 

0 

0 

0 

0 

0 

0 
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Remarks 

Not applicable 

Included in A 

Construction period 
equals 2 months 

Not applicable 

Included in A 

No new land required 

Life span equals 
10 years 

Cost per year of 
monitortng 

Not applicable 

Cost included in A2 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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Table 11-24 (continued) 

Variable Cost Equation Remarks 

\~ 0 Not applicable 

{X) o. Not apP.1 i cable 

CF 0. 70 Implemented when 
system is new 

LF 1.335 

t subva r iable Calculations: 

A1 = Cost of drilling and casing 

= ($7/linear foot) x (Number of Linear Feet) 

A2 = Cost of grout curtain 

= {Unit Cost, $/yd3) x (0. 25) x (Grout Curtain L3ngt~, ft) x {Grout C~rtain 
Oepth, ft) x (Grout Curtain Width, ft)+ 27 ft /yd , where 0. 25 equals the 
ave rage fraction of grouted subsurface materjal filled with grout ·-; for Unit 
Cost, see Table 11- 47 . 

A3 = Cost of grout injection 

= ($100/yd3) x {0. 25) x {Grout Curtai~ Le~gth, ft) x (Grout Curtai n Depth , ft) 
x (Grout Curtain Width, ft) + 27 ft /yd , where 0. 25 equals the average 
Fraction of grouted subsurface material filled with grout. 
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Variable 
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Table 11-25 

COST ESTIMATING EQUATIONS: INJECTION WELLS . 
(Including Subva·riable Calculationst and System AssumptionsTt) 

Cost Equation 

Ai+ A2 + A3 + A4 + A5 + A5 

0 

0. 15 x A 

0 

0.3 (A + C) 

0. 2 (A + C + E) 

1.00083 

0 

* . 0. 02 x TP1 + 1/12 (FOM + VOM) 

1/12 x N 

0 

0 

0. 34 

$13 .85/hr x 96 hr 

0.04 x TPI * 
* 0.06 X TP I 

0.30 (L + M) 

0 

($0 . 45/1000 gal) x (12,000 gal /hr) x 
(hours of operation/yr) 

($0.035/kWh) x S1 

0 

0 

0 
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Remarks 

Not applicab1e 

Included in A 

Construction period 
equals 2 months 

Not applicable 

Included in A 

No new land required 

Life span equals 
5 years 

Monitoring cost per 
year 

Not applicable 

Not applicable 

Not applicabl e 

Not applicable 
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Table 11-25 (continued) 

Variable 

w 

(X) 

CF 

LF 

t subvariable Calculations: 

Cost Equati on 

0 

0 

0.70 

1.182 

A1 = Cost of drilling and casing injection wells 

= ($?/linear foot) x (Number of Linear Feet). 

A2 = Cost of trench excavation for header line 

Remarks 

Not applicable 

Not applicable 

Implemented wheo 
system is new 

= ($2.3.0/yd3)l qrench Length, ft) x (Tren.ch Width , ft) x (Trench Depth, 
ft) ":"' 27 ft /yd • 

A3 ~ Cost of header line 

:=a (Unit Cost, $/linear foot) x (Length of Header Line); for Unit Cost, see 
Table 11-49. 

A4 = Cost of pump station 

00 $35,000. 

A5 = Cost of pipe bedding 

= ( $5.20/yd3) X (Pipe Be1di ng Depth, ft) x (Pipe Bedding Width, ft) x (Length 
of Trench, ft)+ 27 ft /yd. 

A6 = Cost of backfilling trench 

= ·($0.80/yd3) x (Length of Trench, ~t) ~ ([Trench Depth, ft] - [Bedding Depth, 
ft]) x (Trench Width, ft)+ 27 .ft /Yd, · 

s1 : Electricity consu_med (kWh/yr) 

= (15 kWh/hr of pump operation) x (Hours of Operation/yr). 

tt Assumptions: 

1. Water supply is on site. 

2. Electrical service is available. 
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Table 11-25 (continued) 

3. Pump station has a 40-hp pump and a 200-gpm capacity. 

4. Hours of pump statfon operation · per year depend on the ch.aracteristics of the 
site. 
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Table 11-26 

Cost Equation 

A1 + A2 + A3 + A4. + A5 

0 

0.15 x A 

0 

0. 2 (A + C) 

0.15 (A+ C + E) 

1.0 

0 

* · 0.02 x TPI + 1/12 {FOM + VOM) . 

1/12 X N 

0 

0 

Q. 23 

$13 .85/hr x 40 hr 

0. 04 X * TPI . 

0 . 06 X TPI * 

0.30 (L +. M) 

0 

0 

0 

0 

0 

0 

11-77 

Remarks 

Not applicable 

Included in A 

Construction period 
equals 1 month 

Not applicable 

Included in A 

No new 1 and required 

Life span equals 
10 years 

Assumes levee needs 
work once pe~ year, 
due to storm· damage 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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Table 11-26 (continued) 

Vari ab1e Cost Equation Remarks 

w 0 Not applicable 

(X) 0 Not applicable 

CF 0.70 Implemented when 
system is new 

LF 1.335 

t Subvariable Calculations: 

A1 = Cost of excavation and hauling of on-site materials 

= (Unit Cost, $/yd3) x (Volume of On-Site Material, yd3) i for Unit Cost, see 
Figure 11- '2 . 

A2.= Cost of off-site excavation 

= (Unit Cost
3 

$/yd3) x (Volume ~f Off-Site Material, yd3)-, where Unit Cost 
= $1.24/yd (earth); $1.75/yd (cl~y) •.. 

A3 = Cost of hauling off-site material 

: {Unit Cost, $/yd3) x (Volume of Off-Site Material , yd3); for Un i t Cost, see 
Figure 11-5. 

A4 = Cost of compaction-

= ($1 .68/~d3)
3
x (Cross Section of Levee, ft2) x (Length of Levee~ ft) 

+ 27 ft /Yd • 

A5 = Cost of spreading 

= ($0.76/yd3) x (Volume of Material, yd3). 

tt Assumptions : 

1. Ninety-five percent compaction achieved with sheepsfoot compactor. 

2. Gradi ng and vegetation costs are pre·sented elsewhere. 
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Table 11-27 

COST ESTIMATING EQUATIONS: LINER A'/OR LEACHATE COLLECTIONt-A)YSTEMS 
(With Subvariable Calculations and System Assumptions 

Cost Eq uat; on 

A1 t A2 + A3 + A4 + A5 

0 

0 

0 

0. 20 x A 

0 .15 (A + E) 

1.00166 

0 

* 0.02 x TPI + 1/12 (FOM + VOM) 

1/12 x N 

0 

0 

0.18 

0 

o.o~ X TPI* 

. * 0. 06 X TPI 

0 

0 

0 

0 

0 

0 

0 

0 
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Remarks 

Included in A 

Included in A 

Included in A 

Construction period 
equals 3 months 

Not applicable 

Not applicable 

Not applicable 

Lifespan equals 30 
years 

Not applicable 

Not applicable· 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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TABLE 11-27 (continued) 

variable 

(X) 

CF 

LF 

t Subvariable Calculations: 

Cost Equation 

0 

0.68 

1.886 

A1 = Cost of granular blanket material 

Remarks 

Not applicable 

Implemented when sys
tem is new 

"" ($/yct3) x iAcres of System) x (4840 yd2/ac) x (l/3 yd thick) 1 

where $/yd = $5.25 for washed masonry sand 
= $2.75 for bank sand. 

A2 = Cost of hauling granular blanket material 

= {Unit Cost, $/yd3) x (Volume of material, yd3); for Unit Cost, see 
Figure 11-5. 

A3 = Cost of piping material and installatJon 

= (Unit; Cost, $/ft piping) x {1200 ft piping/ac) x (Acres of System). if pipirtg 
is desired; for Unit Cost, see Table 11-48. 

A4 = Cost of granular blanket placement 

= ($3/yd3) x (Acres. of System) x {4840 yd2/ac) x (1/3 yd thick). 

A5 = Cost of Upper and/or lower liners 

= see Table 11-30 for cost of clay liner 

= see Table 11-31 for costs of synthetic liner. 

tt Assumptions: 

1. System is. used in conjunction with one or more liners. For liner ·cost 
esttmates. see•1iner sections. 

2. Based on a fishbone design with 50 ft centers, 1200 ft of piping is needed 
per acre. 

3. See sketches of liner systems, Figure 11-12, for typical installations. 
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Table 11-28 

eost Eguati on 

A1 + A2 +A~+ A4 
0 

0.15 X A 

a 
0.20 (A+ C) 

0. 15 ( A + C + E) 

1.00249 

0 

* o.o~ x TPI + 1/12 (FOM + VOM) 

1/12 X N 

0 

0 

0.23 

0 

0.04 x TPI 

0.06 .x TPI 
' 

. 0,30 X M 

0 

0 

0 

0 

0 

0 

0 

* 

* 
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Remarks 

Included in A 

Included in A 

Construction period 
equals 4 months 

Not applicable 

Not appl i cab 1 e 

Not applicable 

Lifespan equals 10 
years 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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TABLE 11-28 (continued) 

Vari ab 1 e 

( X) 

CF 

LF 

t Subvariable Calculations : 

. Cost Equation 

0 

0. 7 0 

1.335 

A1 = Cost of trench excavation 

Remarks 

Not applicable 

Implemented when 
system is new 

= ($2.17/ft) x (Length of Trench, ft), if pipeline is underground. 

A2 ~ Cost of piping material and i nstallat1on 

= (Unit Cost, $/ft) x (Length of Piping, ft), for Unit Cost, see Table 11-50 , 

A3 = Cost of sand bedding material and installation 

= ($1.06/linear ft of trench) x (Length of Trench, ft), jf pipeline is under
ground. 

A4 = Cost of backfill and compaction (using 8 in. l i fts) 

= ($1.81/linear ft of trench) x (Length of Trench, ft), if pipeline is under
ground . 

tt Assumptions: 

1. Trench has a 4 ft wide bottom and is 5 ft deep; banks are sloped 1:2 . 

2. Excavation is done with a tractor backhoe. 

3. Every 5 linear feet of . trench require 1 yd3 of sand bedding. 

4·. Passi ble charges for instal 1 ing pipeline on private prop.erty a.re not 
considered . 
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Table 11-29 

COST ESTIMATING EQUATIONS: POND EXCAVATION 
(Including Subvariable Calculationst and System Assumptionstt) 

Cost Equation Remarks 

Al+ A2 + A3 + A4 + A5 

a Included in A 

a Included in A 

a Included in A 

0.20 x A 

0 Not applicable 

l.00083 Construction period 
equals 2 months 

a Not appl i cab 1 e 

a Not appricable 

a Not applicable 

0 Not applicable 

0 No new land required 

0. 23 Book 1 if e equa 1 s 
10 years 

0 Not applicable 

0 Not applicable 

0 Not appl icabl~ 

0 Not applicable 

0 Not applicable 

0 Not applicable 

0 Not applicable 

0 Not applicable 

0 Not applicable 

0 Not applicable 

0 Not applicable 
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Table 11-29 (continued) 

Variable Cost Equation Remarks 

(X) 0 Not applicable 

CF o. 7 0 Impl.emented when 
plant is new 

LF 1 . 335 

t Subvariable Calculations : 

A1 = Cost of pumping water off surface, assuming a capacity of 1 million gallons 
per acre of lagoon 

= ($0.10/yd3 Sludge) x (Sludge Volume, yd3)~ for Sludge Volume of 100,000 yd3 

or more. 

A2 = Cost of removing and loading sludge, using a dragline for removal 

= ($1.10/yd3 Sludge) x (Sludge Volume, yd3), for Sludge Volume of 100,000 yd3 
or more . 

A3 = Cost of hauling sludge ~Y dump truck, assuming a distance of 0.5 mile, a 
truck capacity of 10 yd , and a rate of $45/hr 

~ ($1 .30/yd3
3sludge) x (Sludge Volume, yd3), for Sludge Volume of at least 

100,000 yd • 

A4 = Cost of equipment preparation and usage and administrative overhead 

= ($0.15/yd3
3
sludge) x (Sludge Volume, yd3), for Sludge Volume of at least 

100,000 yd • 

A5 ~ Cost of supervision 

= 0.05 (A1 ~ At+ A3 + A4), 

tt Assumptions: 

1. Drag1ine is used. 

2. Sludge is hauled by dump truck. 

3. Sludge volume ~100,000 yd3• 

4. This disposal method occurs once only to dispose of leftover liqtrid sludge. 
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Table 11-30 

COST ESTIMATING EQUATIONS: POND LINING -
CLAY LINER {BENJONITE) 

(Including Subvartab1e Calculations and System Assumptionstt) 

Cost Equation 

A1 + A2 + A3 + A4 + A5 + A5 + 

A7 +As+ Ag+ A10 + A11 

0 

0.15 X A 

0 

0.15 (A+ C) 

0.10 (A + C + E) 

1.00083 

0 

0.02 x TPI * + 1/12 (FOM + VOM) 

0 

0 

0 

0.18 

0 

0 

0 

0 

0 

0 

0 

0 
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Remarks 

Not applicable 

Liner design and 
specifications 

Included in A 

Cons·t ruction period 
equa 1 s 2 mqnths 

Not applicable 

Not applicable 

Not applicable 

No new land required 

Life span equals 
30 years 

No maintenance 
required · 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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Table 11-30 (continued) 

variable Cost Equation 

u 0 

V 0 

w 0 

(X) 0 

CF 0.68 

LF 1.886 

t Subvariable Calculations: 

A1 = Cost of stripping and grubbing 

:: ($240/acre) x (Number of Acres). 

A2 :: Cost of filling and compacting 

= (Unit Cost, $/yd3) x (Amount of Site Material, · yd3), 

Unit Cost = $0 .90 to $1.37 for Class 1 site material 
= $Q.97 to $1.48 for Class 2 site material 
= $1.05 to $1 .62 for Class 3 site material 
= $1.11 to $1 . 69 for Class 4 site material 

A3 :: Cost of rolling area with steel roll er 

:: ($0 . 48/yd2) x (Surface Area of Pond, yd2). 

A4 :: Cost to dump and spread cover 

= ($0.~8/yd2) x (Area Us fog Cov~r Material, yd2) • 

. A5· = Cost for trenching 

Remarks 

Not applicabl e 

Not applicable 

Not applicable 

Not applicable 

Implemented when 
pl ant ·; s new 

where 

- sandy gravel 
- sandy topsoil 
- sandy loam 
- sandy clay. 

·= (Unit Cost, $/linear foot) x (Linear Feet of Trench), where Unit 
Cost= $0 . 30 to $0.60/linear foot using ditcher and backhoe. 

A6 · = Cost of soil sterilization 

= (Onit Co~t , $/ft2) x (Area to be Lined, ft2), where Unit Cost= $0.02 to 
$0.03/ft . 

A7 = Cost of clay liner materi al 

= ($0 .20/!t2) x (Area to be Li ned with Clay, ft2), assuming a density of 
4 lb/ft • 
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Table 11-30 (continued} 

A8 = Cost of transportation 

= (Unit Cost, $/ton) x ·(Tons of Clay Needed), where 

Unit Cost= $40 to $50 for shipment to West Coast· from Wyoming 
• = $95 to $100 for, shipment to East Coast from Wyoming 

- $75 to $80 for shipment to the South from Wyoming . 

A9 = Cost of installation 

= ($0.06/ft2) x (Area t~ be Lined, ft2), 

A10 = Cost of 6-in . earth cover 

= ($0.06/ft2) x (Area to be Lined, ft2), assuming on-site availability. 

A11 = Cost of subgrade preparation for clay liners 

= ($0.06/ft2) x (Area to be Lined, ft2) . 

tt Assumptions: 

1. Pond s~rface area is greater than 4 acres. 

2. Disposal facility is average in type and location. Numbers will vary· widely 
depending on the site and the nature of the proposed pond . 

3. Costs do not include (a) hydrogeological investigation, (b) permit appii
cation, (c) site clearing and excavation, (d) groundwater monitoring, 
(e) closure and post-closure activities (final cover, revegetation, monitor
ing}, and {f) transportation. These costs are so highly variable and site
specific that general estimates would be misleading. 
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Tab le 11-31 

COST ESTIMATING EQUATIONS: POND LINING - MEMBRANE LINER 
(Including Subvariable Calculationst and System Assumptionstt) 

Cost Equation 

Al ,.. A2 + A.3 + A4 + A5 + 

A6 + A7 +Ag+ Ag+ A10 

0 

0.15 X A 

0 

0.15 (A + C) 

0.10 (A + C + E) 

1.00083 

0 

* 0.02 X TPI + 1/12 (FOM + VOM) 

0 

0 

0 

0.23 

0 

0 

o . 

0 

0 

0 

0 

0 

0 
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Remarks 

Not app1 i cab 1 e 

Liner design and 
specifications 

Included in A 

Construction period 
equals 2 months 

Not applicable 

Not applicable 

Not .applicable 

No ne'II land required 

Life span equals 
10 years 

No maintenance 
required 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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Table 11-31 (continued} 

var iable Cost Equation Remarks 

V 0 Not appl-i cable; 

H 0 Not applicable 

(X} 0 Not appl i cable 

CF 0.7 0 Implemented when 
pl ant is new 

LF 1.335 

t Subvariable Calculations ; 

A1 = Cost of stripping and grubbing 

= ( $240/acre} x (Number of Acres} . 

A2 = Cost ~f filling and compacting· 

= (Unit cost, $/yd3) x (Arf!ount of Site Material, yd3}, where 

Unit Cost= $0.90 to $1.37 for Class 1 site Jnaterial - sandy gravel 
= $0.97 to $1.48 for Class 2 site material - sandy topsoil 
= $1.05 to $1.62 for Class 3 site material - sandy loam 
= $1 .11 to $1.69 for Class 4 site material - sandy clay. 

A3 = Cost of' rolling area with steel roll er 

= ($0. 48/yd2} x (Surface Area of Pond, yd2}. 

A4 = Cost to dump and spread cover 

= ($0.68/yd2) x (Area Using Cover Material, yd2). 

A5 = Cost for trenching 

, . =·(Unit .. Cost, $/linear foot) x (Linear Feet of Trench), where Unit 
· Cost~ $0.30 to $0.60/linear foot using ditcher and backhoe . 

A6 = Cost of soil sterilizati~n 

= (Unit Co2t, $/ft2) x (Area to be Lined, ft2), where Unit Cost= $0.02 'to 
$0.03/.ft • 
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Table 11-31 (continued) 

A, - Cost of installation for underliner and liner 

= [(Underliner Cost, $/yd~ +- 9 ft2/yd2) + (Liner Cost, $/ft2)J 
x (Area to be Lined, ft), where 

Underliner Cost= $0 . 09 to $0.18 for geotextile unde r liner . . 

Liner Cost= $0.03 to $0.08 for PVC liner 
= $0 . 05 to $0 .15 for hypalon/CPE liner 
= $0.09 to $0 . 18 for high-density polyethylene . 

A8 = Cost of subgrade preparation for membrane liner 

= ($0 . 12/ft2) x (Area to be Lined, ft2). 

Ag = Cost of additional, site-specific requirements 

= ($0.05/ft2) x (Area of Pond, ft2 ) . 

A10 =Cost. of underliner and liner material 

= [(Underliner Cost, $/yd2 + 9 ft2/yd 2) + (Liner Cost, $/ft2)J 

·x (Area to be Lined, ft 2), where 

Underliner Cost; $1 . 33 to $1 .60 for geotextile, 400 gm/m 
= $1.01 to $1 . 20 for geotextile, 300 gm/m 
= $0.69 .to $0.86 for geotextile, 200 gm/m 

Liner Cost= $0 .16 to $0 .19 for PVC, 20 mil 
= $0.20 to $0.25 for PVC, 30 mil 

tt Assumptions: 

= $0.26 to $0 .33 for PVC, 30 mil, oil-resistant 

= $0.46 to $0 .59 for eypal on , 36 mi 1 (6 x 6) 
= $0.48 to $0.61 for hypalon, 36 mil (10 x 10) 

= $0 . 44 to $0 . 57 for chlorinated polyethylene, 36 mil 
( 6 X 6) 

= $b . 46 to $0 .59 for chlorinated polyethylene, 36 mil 
(10 X 10) 

= $0 .25 to $0.30 for. high-density polyethylene, 20 mil 
= $0.33 to $0.38 for high-density polyethylene, 30 mil 
= $0.40 to $0 . 45 for high-density polyethylene, 40 mil 
= $0.55 to $0 .60 for high-density polyethylene, 60 mil. 

1, Pond surface area is greater than 4 acres . 

2. Disposal facility is average in type and location . Numbers will vary w1dely 
depending on the site and the nature of the proposed pond. 
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Table 11-31 (continued) 

3. Costs do not include (a) hydrogeological investigation, (b) permit 
application, (c) site clearing and excavati9n, (d) groundwater monitoring, 
(e) closure and post-closure activities (final cover, revegetation, 
monitoring), and {f) transportation . These items are so highly variable and 
site-specifi~ that general estimates would be misleading. 
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Table 11-32 

COST ESTIMATING EQUATIONf: PUMP STATION 
(Including Subvariable Calculations and System Assumptionstt) 

Cost Eguati on 

A1 + A2 + A3 + A4 + A5 + A6 + A7 

0 

0 

0.30 (A+ C) 

0. 25 (A + C + E) 

1.0 

. 0 

0,02 X * TPI +, 1/12 (FOM + VOM ) 

1/12 x N 

0 

0 

0.18 

0 

0,04 X TPI* 

0.06 X TPl * 

Q.03 X M 

0 

0 

Sl 

0 

0 

0 
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Remarks 

Included in A 

Other subvariable 
costs include 
overhead 

Included in A 

Construction peri9d 
equals 1 month 

Not applicable 

Not appl icable 

Not applicable 

Life span equals 
30 years 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not appl i cable 
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Table 11-32 (continued) 

Variable 

vi 

( X) 

CF 

LF 

t subvariable. Calculations: 

Cost Equation 

0 

0 

·o .68 

1.886 

A1 = cost of clearing and grubbing 

= ($85/100 ft) x (Area to be cleared, ft 2). 

A2 = Cost of pumping station (excluding wetwell) 

Remarks 

Not iiPPlicable 

.Not applicable 

Imp·l emented when 
plant is new 

= $35,000 for 200 gpm.station of prefabricated concrete . 

A3 = Cost of wetwell 

: $6500. 

A4 -= Cost of transporting pumping station and wetwell to site 

= 0.10 (A2 + A3). 

A5 = Cost of excavation and backfill (using backhoe) 

= ($1.80/yd3) x (Volume Excavated,yd3), if station is installed below ground 
level . 

A6 = Miscel1aneous costs (e .g., piping, concrete slabs) 

= 0.50 (A2 + A3 + A4 + A5) . 

A7 Cost of connecting electricity to ~ystem 

= $20,000. 
-s1 = Electrical requirements for operation 

= see Figure 11-13. 

tt Assumptions : 

1. Pump station is purchased as package system . 

2. A power supply exists sufficiently close to the site so that only electrical 
connections need to be established. 

3. Piping to sewer lines is not included. For piping costs see Table 11-50. 
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Table 11-33 

COST ESTIMAT1NG EQUATIONS: ROAD CONSTRUCTION 
(Including S~bvariable Calculationst and System Assumptionstt) 

Cost Equation 

A1 + A2 + A3 + A4 + A5 + A5 

0 

0.25 x A 

0 

0.30 x (A + C) 

0.25 (A+ C + E) 

1.00249 . 

0 

·o.02 x TP I* + 1/12 ·(FOM + VOM) 

1/12 x N 

0 

0 

0.18 

0 

0.04 X TPI * 

Q.06 X TPI* 

0~03 X M 

0 

0 

0 

0 

0 

0 

0 

11-94 

Remarks 

Included in A 

Incl ucted in A 

Construction period 
equ_a 1 s 4 months 

Not applicable 

Not applicable 

Not · applicable 

Life span equals 
30 years 

Not applicable 

Not appli ca.bl e 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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Table 11-33 (continued) 

Variable 

(X) 

CF 

LF 

t Subvariab1e Calculations: 

Cost Equation 

0 

0. 68 

1.886 

A1 = Cost of clearing and grubbing 

= ($154/100 ft road) x (Road Length, ft). 

A2 = Cost of rolling and preparing subbase 

~ ($160/100 ft road) x (Road Length, ft). 

A3 = Cost of culvert material and installation 

= ($977/culvert) x (Number of Culverts). 

A4 = Cost of base material and installation 

Remarks 

Not applicable 

Implemented when 
plant is new 

= ($587/100 ft road) x' (Road Length, ft), for 12- in. base. 

A5 = Cost of wear course material and installation 

= ($183/100 ft road) x (Road LengtH, ft), for 4-in. deep crushed stone 

== ($751/.100 ft road) x (Road Length, ft) , for 3- in. thick bituminous paving. 

A6 = Cost of final grading and cleanup 

= ($60/100 ft road) x (Road Length, ft). 

· tt As~umptions: 
. 

1, Road is 20 ft wide, sufficient for two lanes. 

2, Shoulders are each 8 ft wide, covered with the base Jayer, and graded . They 
are not paved with the wear course material. 

3. Base layer uses bank ru~ gravel • . 

4, Culvert costs are for 24-in . equivalent ovals of coated and paved corrugated 
steel, each 54 ft long. 

5. Possible charges for road construction through private property are not 
considered. 
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Table 11-34 

COST ESTIMATING EQUATIONS: SAND DRYING BEDS 
(Inclutjing Subvariable Calculationst and System Assumptionstt) 

Cost Equation 

0 

0.15 x A 

0 

1.00083 

0 

* 0.02 x TPI ~ 1/12 (FOM +. VOM) 

1/12 (N + T + W) 

0 

$5500 X K1 

0. 23 

$13.85/hr X L_l 

0 

1,35 X N1 

0.30 (L + N) 

0 

0 

0 

0 

0 

0 
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Remarl<s 

Inc 1 uded in A 

Included in A 

Included in A 

Included in E 

Construction period 
equa 1 s 2 months 

Not applicable 

Included in H 

Life span equals 
10 years 

Included in L 

Not a,Pplicable 

Not applicable 

Negligible 

Not applicable 

Not applicable 

No additional costs 
incurred 

co 
Ii!!' 
0 
N 
co • ... 
I 



- Doc. Ex. 1865 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

Table 11-34 (continued) 

Vari ab1e 

(X) 

CF 

LF 

t Subvariable Calculations: 

Cost Equation 

0 

0 

0. 70 

1.335 

Remarks 

Not applicable 

However, waste quan
tities, charicteri s
tics, and local mar
kets may a11ow sale 
of by-products at 
some sites 

Implemented when 
system is new 

A1 = Cost of concrete, steel, metal piping and valves, clay piping, and media 

= 1.645 x (Sand
2
orying Bed Area, ft2)0 . 9fi, for .Sand prying Bed Area of 10,000 

to 100,000 ft . 

A2 = Cost of construction labor 

= $13 . 85 x 0.507 x (Sa~d Drying Bed Area; ft2)0.91, for Sand Drying Bed Area of 
10,000 to 100,000 ft. 

A3 = Miscellaneous items 

~ 0.15 {A1 + A2) . 

K1 = Acre requirements 

= (Sand Drying 'Bed Area, ft2 . 43,560 ft2/acre) + 0.5 acre. 

L1 = Cost of Labor for O&M 

= ($13 .85/wcfrker-hour) x (Labor Requi ranent, w9rke r-hours); fo r Labor Require
ments, see Figure 11-14. 

N1 = Cost of. solids disposal (1976 $) 

: 3 . 520 x (Weight of Dry Solids Applied, tons/yr) 0•996 , for Weight of Dry 
Solids Applied between 50 and 8000 tons/yr. 

tt Assumptions: 

1. Sludge drying beds are open, with underdrains and sludge inlet piping and 
valves . 

2. O&M lab or cos ts inc 1 ude 1 oad i ng s 1 udge, ranovi ng weeds ·from the beds, main
taining sludge inlets, drains, and bed partitions, and replacing sand. Costs 
of hauling sludge are not included. 
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Variable 

A 

B 

C 

D 

E 

F 

CAF 

G 

H 

I 

J 

K 

LAFCR 

L 

M 

N 

p 

Q 

R 

s 
T 

u 
V 

Table 11-35 

COST ESTIMATING EQUATIONS: lEOIMENTATION BASINS 
(Inc1uding Subvariable Calculations and System Assumptionstt) 

Cost Equation 

Al + A2 + A3 

0 

0.15 x A 

0 

0.2 (A + C) 

0.15 (A + C + E) 

1.0 

0 

* 0.02 x TPI + 1/12 (FOM + VOM) 

, 1/12 x N 

0 

0 

o. 23 

$13.85/hr x 40 hr 

0 .04 x TPl * 

0.06 x TP 1 * 

0.30 (L + M) 

0 

0 

0 

0 

0 

0 

11- 98 

.. 

Remarks 

Not applicable 

Inc1 uded i n A 

. Construction period 
eq ua 1 s 1 month 

Not applicable 

Not applicable 

No new l and required 

Life span equals 
10 years 

Assume basins need 
work once per year 
due to storm damage 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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Table 11-35 (continued) 

Variable 

w 

(X) 

CF 

LF 

t Subvariable Calculations: 

Cost Equation 

0 

0 

0.70 

1. 335 

A1 = Cost of on-site excavation and hauling 

'• 

= (Unit Cost, $/yd3) x (Volume of On-Site Material, yd3); 
Figure 11-2 . 

A2- = Cost of spreading 

= ($0.76/yd3) .x (Volume of On-Site Material, yd3). 

~3 = Cost _of compaction 

~emarks 

Not applicable 

Not applicable 

Implemented when 
system is new 

for Unit Cost, see 

= (Unit Cost, $/yd3)3x (gepth of Basin, ft) x (Width of Ba.sin, ft) x (length of 
Basin, ft)~ 27 ft /yd ; for Unit Cost, see Table 11-45. 

tt Assumptions: 

1. Grading costs are developed separately. 

2. Vegetation costs are developed separately. 

3. No off-site materials are needed. 

4. Outlet ~nd inlet structures are not included because their costs vary widely 
,depending on the design of fhe basin. 
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Variable 

A 

B 

C 

D 

E 

F 

CAF 

G 

H 

1 

J 

K 

LAFCR 

L 

M 

N 

~ 

Q 

R 

s 

T 

u 

V 

w 

Table 11-36 

COST ESTIMATING EQUATIONS: SITE SECURITY - FENCING 
(Including Subvariab1e Calculations1 and. System Assumptionstt) 

Cost Equation 

, Al + A2 + A3 

0 

0 

0 

0.15 (A + C) 

0 

1.0 

0 
. 

* 0.02 x TPI , + 1/12 (FOM + VOM) 

1/12 X N 

0 

0 

0.18 

0 

0.01 X TPI* 

0.01 X TPI* 

0. 30 X M 

0 

0 

0 

0 

0 

0 

0 

11-100 

Remarks 

Included in A 

Included in A 

Included in E 

Construction period 
equals 1 month 

Not app 1 i cab 1.e 

Not applicable 

Not applicable 

Life span equals 
30 years 

Not applicable 

Not applicaole 

Not appltcable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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Table 11~36 (continued} 

· Variable 

( X ). 

CF 

LF 

t Subvariable Calculations: 

Cost Equation 

0 

0.68 

1.886 

A1 = Cost of fencing material and installation 

Remarks 

Not applicable 

Implemented when 
system is new 

= [($7 .37/ft) x (Length, ft)]+ [($100/cornerpost) x (4 cornerposts)] . 

A2 = Cost of gate material and installation 

: ($34/ft of gate) x (Length of Gate, ft) x (Number of Gates). 

A3 = Cost of signs 

= ($25/sign) x (Number of .Signs). 

· tt Assumptions: 

1. Fencing is 6 ft high chain link with 3 strands of barbed wire along the top. 

2. Gates stand 6 ft high with galvanized steel frames. 

ll-101 



- Doc. Ex. 1870 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

Variab1e 

A 

B 

C 

D 

E 

F 

CAF 

G 

H 

I 

J 

K 

LAFCR 

L 

M 

N 

p 

Q 

R 

s 

T 

LJ 

Table 11- 37 

COST ESTIMATING EQUATIONS: SLUDGE LANDFILLING -
AREA FILL/DIKED CONTAINMENT METHOD . 

(Including.Subvariable Calculat.ionsT and System Assumptionstt) 

Cost Equation 

Al + A2 + A3 + A4 + 

A5 + A6 + A7 + A8 +. Ag 

0 

0 

0 

0.20 X A 

0 

1.0075 

0 

0 

0 

0 

$5500/acre x Kl 

0.23 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Remarks 

Included in A 

Included in A 

Included in A 

Not applicable 

, Construction period 
equal~ 10 months 

Not applicable 
-

, Not applicable 

Not app l i cab 1 e 

Not applicable 

Life span equals 
10 years 

No maintenance 
required . 
·Not app 1 i cab 1 e 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

co 
Ii!!' 
0 
N 
co 
D ... 
I 
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Table 11-37 (continued) 

1/ari able Cost Equation Remarks 

I/ 0 Not applicable 

w 0 Not applicable 

{X) 0 Not appl icable 

CF 0 Not applicable 

LF 0 Not applicable 

t Slibvariable Calculations: 

(y) x (z) = Average dimensions (ft2) of dike interior 
= {Sludge Volume, yd3) x 27 ft 3/yd3 + 24 ft. Determination of y and z 
separately is done through consideration of the dimensions of the 
available land. If no land constraints exist, choose y = z to minimize 
volume of earth.required for dike. 

CE = Total volume of earth {yd3) required for a 3-ft cover layer 

= 3 ft X (y + 60 ft) X· (z + 60 ft)+ 27 ft3/yd3• 

DC = Total area (ft2) of land required for diked containment 

= (y + 210 ft) X (z + 210 ft). 

OE = Total volume of earth (yd3) required for. finished dike 

= 2 x (Y + 75 ft+ z + 75 ft) x (92 yd3 earth/linear foot of dike) x 1.1. 

IC = Volume of earth (yd3) required for four layers (each 2 ft thick) of interim 
cover 

= 8 ft X (y) X (z) +- 27 ft3 /yd!J. 

A1 -~ Cost of clearing material from land providing borrow earth for dike con
struction and cover, and from land chosen for the diked containment 

= $480/acre x K1• 

A2 = Cost of loading cleared material 

= {$0 . 75/yd3) x {500 yd3 material /acre) x K1 . 

A3 = Cost of hauling cleared material 

= ($2/acre) x (500 yd3 material/acre) x K1. 

A4 = Cost of earthwork required for dike construction 

"' $1.85/yd3 X OE. 
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Table 11-37 (continued) 

As "" Cost of accumulating earth required for interim and fi na1 covers 

= $0.95/.yd3 x (IC + CE). 

A6 = Cost of placement for cover layers 

= $1.2S/yd3 x (IC+ CE) . 

A7 = Miscellaneous expenses 

= 0.15 (A1 + A2 + A3 + A4 +As+ A6). 

As Cost of equipment preparation and usage, and admini~trative overhead 

= $0.20/yd3 x {Sludge Volume, .Yd3 ), for Sludge Volume of 25,000 yd3 or more. 

Ag = Cost of engineering design and supervision 

= 0.15 (A1 + A2 + A3 + A4 + A5 + A6 + A7 + A8). 

K1 Acre r,equi rements for mound area fil-1 site and area providing cover soil 

=([(DE+ CE) x 27 ft3/yd3 + 10 ftJ +DC)~ 43,560 ft2/acre. 

tt Assumptions: . 

1. Dikes are 30 ft high with 2:1 slopes and a top width of 15 ft. 

2. Dikes are built entirely above natural grade with borrow material. 

3. Borrow material suitable for scraper pickup down to 10 ft is available 
nearby {i.2000 ft from s; te). 

4. Containment area will be filled with sludge to 24 ft, using 4 interim cover 
layers, each with a thickness of 2 ft. Top cover layer will be 3 ft thick. 

5. Excavation will be done by a scraper, and covers will be laid by a dragline 
and dozer. 

6. S1 udge ~o l ume 2._25 ,000 yd3• 

7. This dis·posal method occurs once only to dispose of leftover liquid sludge. 
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Table 11-38 

COST ESTIMATING EQUATIONS: SLUDGE LANDFJLLING - AREA Flll/LAYERtfETHOO 
(Including Subvariab]e Calculations and System Assumptions ) 

variable Cost Equation Remarks 

A 

B 

C 

D 

E 

F 

CAF 

G 

H 

I 

J 

K 

LAFCR 

L 

M 

N 

p 

Q 

R 

s 

T 

u 

V 

A1 + A2 + Aj + A4 +As+ 

A6 + A7 + Aa +Ag+ A10 + A11 

0 

0 

0 

0.20 x A 

0 

1.00416 

0 

0 

0 

0 

$5500/acre X Kl 

0.23 

0 

p 

0 

0 

0 

0 

0 

0 

0 

0 

11-.105 

Included in A 

Included in A 

Included in A 

Not applicable 

Construction period 
~quals 6 months 

Not app_l i cable 

Not applicable 

Not app 1 i cable 

Not app1icable 

Life span equals 
10 years 

Not applicable 

Not aP.pl i cable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

co 
Ii!!' 
0 
N 
co 
D ... 
I 
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Table 11-38 (conttnued) 

Variable Cost Equation 

~/ 0 

(X) 0 

CF 0.70 

LF 1.335 

t subvariable Calculations : 

A1 = Cost of clearing material from land to be used 

= $480/acre x K1• 

A2 = Cost of loading cleared material 

"'($0 . 75/yd3) x (500yd3/acre) x K
1

• 

A3 = Cost of hauling cleared material 

- ($2/yd3) x (500 yd3/acre) x K1• 

Remarks 

Not applicable 

Not appl1cab1e 

Implemented when 
plant is new 

A4 = Cost of construtting gravel pad(s) for mixing sludge and soil 

= ($10/ton gravel) x {130 tons gravel/pad1 x Number of Pads. where 
Number of Pads= 1 for 35,000-60,000 yd 

3
of sludge 

= 2 for 61,000-120,000 yd of sludge 
= 3 for 121,000-180,000 yd3 of sludge . 

A5 Cost of accumulating borrow and stockpil~ earth for cover 

= ($0.95/yd'J) X (y + 12 ft) 2 X 2 ft -;- (27 ft3/yd3} . 

A6 . = Cost of placing cover on area fill 

= .($1.25/yd3 ) X (y + iz ft) 2 X 2 .ft 

.A7 = Cost of accumulating' borrow and stockpile earth for mixing material 

= $0.95/yd3 x 2 x (Sludge Volume, yd3), for Sludge Volume ~35,000 yd3• 

A8 = Cost of mixing and placing sludge/soil mixture 

= $2.10/yd3 x 3 x (Sludge Volume, yd3). for Sludge Volume ~35,000 yd3. 

A9 = Miscellaneous expenses 

= 0.15 (A1 + A2 + A3 + A4 +As+ A6 + A7 + A8). 
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Table 11- 38 (continued) 

A10 = ·Cost of equipment preparation and use, plus administrat i ve overhead 

= S0 . 51/yd3 x (Sludge Volume, yct 3), for Sludge Volume >35,000 yct 3 . 

A11 .= Cost of engineering design ~nd supervision 

= 0.15 (A1 + A2. + A3 + A4 + A5 + A6 + A7 + A8 + A9 + A10). 

K1 = Acre requirements 

_ [(y + 12 ft) 2 + (2 x [Sludge Volume, yd 3] x 27 ft 3/yd3 + 10 ft)] 

43,560 ft 2/acre 

y = Length (ft) of side of uncapped a rea fill 

= 
(

(Sludge Volume, yd 3) x 27 n 3;yd3 

0 . 33 X 28 ft . 7056 )
0

•
5 + s4 

tt Ass~mptions: 

1. suitable site exists. 

2. Area fill height with cap equals 30 ft . 

3. Slope of s i des is 3:1. 

4. Sludge will be mixed 1:2 with stockpiled soil. 

5, Borrow soil is available .nearby (_i2000 ft from site) to a deptn of 
10 ft . 

6. Mixture is placed in layers 10 ft wide and 3 ft thick . . 
7. ,No. ~nterim-,covers a re applied. 

8. Final cover applied is 2 ft thick . 

9. Sludge volume _?_35,000 yd3. 

10. This disposal method occurs once only to dispose- of leftover liquid sludge. 

11. Disposal site has a post-closure lifetime of 10 yr. 
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variable 

A 

B 

C 

D 

E 

F 

CAF 

G 

H 

I 

J 

K 

LAFCR 

L 

M 

N 

p 

Q 

R 

s 
T 

u 

Table 11-39 

COST ESTIMATING EQUATIONS: SLUDGE LANDFILLING -
AREA FILL/MOUND METHOD 

(Including Subvariable Calculationst and System Assumptionstt) 

Cost Equation 

Al+ A2 + A3 + A4 + 'A5 + 

A5 + A7 + Aa +Ag+ A10 + A11 

0 

0 

0 

0.20 x A 

0 

1.00416 

0 

0 

0 

0 

$5500/acre x Kl 

0.23 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Remarks 

Included in A 

Included in A 

Included in A 

Not applicable 

Construction period 
equals 6 months 

Not applicable 

Not applicabfe 

Not applicable 

Not applicable 

Life span equals 
10 years 

No maintenance 
required 

Not applicable 

. Not applicable 

Not app1 i cable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

co 
Ii!!' 
0 
N 
co 
D ... 
I 
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Table 11-39 (continued) 

Variable 

V 

\.J 

(X) 

CF 

LF 

t Subvariable Calculations: 

Cost Equation Remarks 

0 Not applicaole 

0 Not appl i cab 1 e 

0 Not applicable 

o. 70 Implemented when 
plant is new 

1. 335 

A1 = Cost of cl earing land for mound area fil l site and for area chosen to pro
vide cover soil 

= $480/acre x K1• 

A2 = Cost of loading cleared material 

= $0.75/a~re x K1• 

A3 = Cost of hau1ing·cleared material 

= $2/acre x K1• 

A4 ,:: Cost of constructing gravel _pad(s) for mixing sludge and sand 

= ($10/ton gravel) x (130 tons ~raveljpad) x Number of Pads, where Number of 
Pads= l for 35,000- 90,000 yd 

3
s l udge 

= 2 for 91,000-180,000 yd sludge 
= 3 fo r 181,000-270,000 yd3 sludge. 

A5 = Cost of purchasing low-grade sand for mixing 

= $2/ton x ~.5 ton/yd3 x {Sludge Volume, yd3), for Sludge Volume of 
35,000 yd or more • . 

A6 ~ Cost of accumulating and stockpiling cover soil 

= $0 .95/yd3 x (Sludge Volume
3 

yd3) x 2 x (2 parts cover/5 parts fil 1), for 
Sludge Volume of 35,000 yd or more. 

A7 = Cost of placing interim and final covers over fill 

= $1.25/yd3 x (Sludge Volume
3 

yd3) x 2 x (2 parts cover/5 parts fill), for 
Sludge Volume of 35,000 yd or more. 

A8 = Cost of mixing and placement of sludge/sand mixture 

= $1 .95/yd3 x (Sludge Volume, yd3) x 2, for Sludge Vo1Ume of 35,000 yd3 or 
more. 
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Table 11-39 (continued) 

-
A9 = Miscellaneous expenses 

= 0. 15 (A1 + A2 + A3 + .A4 + ~S + A6 + A7 + A8) . 

A10 = Cost of equipment preparation and use, pl us administrative overhead 

= $0 .10/yd3 x (Sludge Volume, yd3 ), for Sludge Volume of 35,000 yd3 or more . 

A11 = Cost of engineering design and supervision 

= 0.15 (A1 + A2 + A3 + A4 +As+ A5 + A7 + Aa +Ag+ A10). 

K1 = Acre requirements for mound area fill site, and area providing cover soil 

= (y2 + [Sludg2 Volume, yd3J x 2 x 2/5 
+ 43,560 ft /acre, where 

y = length of side of mound at base, ft 

= 
(

(Sludge Vol , yd 3) ·x 27 ft 3/yct3 
28 X 0. 50 X 5/7 

tt Assumptions: 

12,544) 
0

•
5+ 112 

• l . Suitable storage area (e.g., pit or depression) existsr 

2. Final fill height, including cover, equals 2a ft. 

3. Bottom of storage area is shaped to provide a level pad . 

4. Sludge wil1 be mixed 1:1 with imported low-grade sand, using I loader on a 
gravel pad. 

5. Sludge/sand mixture is mounded into 20-yd3 pi l es, each 5 ft high. 

6. Mounds are covered with a 2-ft 1ayer of earth before the next layer of 
sl~dge is placed. 

7. Slopes of sides· are 4:1. 

8. Gravel mixing pad is 30 ft by 40 ft, with a thicknes~ of 2ft. 

9. Borrow soil is availab.le nearby (gooo ft from site) to a depth of 
10 ft . 

10. Sludge volume 1.35,000 yd3• 

11-. This disposal method occurs once only to dispose of leftover liquid sludge. 

12. No O&M costs are needed during the 10-yr life span. 
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Variable 

A 

B 

C 

D 

E 

F 

CAF 

G 

H 

I 

J 

K 

LAFCR 

L 

M 

N 

p 

Q 

R 

s 
T 

u 

Table 11-40 

COST ESTIMATING EQUATIONS~ SLUDGE LANDFILLING -
NARROW TRENCH METHOD 

(Including Subvariable Calculat·ionst and System Asst1mptionstt ) 

Cost Egvation 

Al + A2 + A3 + A4 + 

As+ A5 + A7 + As 

0 

0 

0 

0.20 x A 

0 

1.00332 

0 

0 

0 

0 

$5500/acre x K1 

0.23 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Remarks 

Included in A 

Included in A 

Included in A 

Not applicable 

Construction· period · 
equals 5 months 

Not ap-plicable 

Not applicable 

Not applicable 

Not applicable 

Life span equa 1 s 
10 yea rs 

No maintenance 
requi red 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

N.ot applicable 

Not appl i ca.bl e 

co 
Ii!!' 
0 
N 
co 
D ... 
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Table 11-40 (continued) 

Va.riable Cost ~quation Remarks 

V 0 Not applicable 

w 0 Not applicable 

(X) 0 . Not applicable 

CF o. 70 Implemented when 
plant is new 

LF 1.335 

t Subvariable Cal cu 1 at ions : 

A1 = Clearing cost 

= ($480/acre cleared) X Kl. 

A2 = Cost 6f loading cleared material 

= _($0~75/yd3 material ioaded) x (500 yd3 _cleared material/acre cleared) x K1• 

A3 = Cost of hauling clea;ed material 

= ($2/yd3 material hauled) x (500 yd3 cleared material/acre cleared) x ~1• 

A4 = Cost for excavation and stockpiling of earth, using a backhoe 

= ($1.70/yd3 earth) x (1800 yd3 earth/0.7 acres) x K1• 

A5 = Miscellaneous costs 

= 0.10 (A1 + A2 + A3 + ·A4), 

A6 = Costs for equipment preparation and use, plus administrative overhead 

= ($6000/5320 yd~ stor~ge) x (Sludge Volume, yd3). 

A7 = Cost for replacing soil over filled trench, without compaction 

= {$1/yd3 earth) x (1800 yd3 earth/0.7 ac~es) x K1. 

A8 = Cost of engineering design and supervision 

= 0.15 (A1 + A2 + A3 + A4 + A5 + A6 + A7). 

K1 = Acre requi rements, assuming trench is 6 ft wide and 8 ft deep 

= (0 . 7 acres/1330 yd3 storage) x (Sludge Volume, yd3). 
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Table 11-40 (continued} 

tt Assumptions: 

1. Trench is 6 ft wide and 8 ft deep. 

2. Trench is excavated with a backhoe. 

3. Extavated earth is stored next to trench. 

4. Trench is filled with sludge to within 2 ft of surface. Sludge is allowed to 
sit for 1 week, then is covered with excavated material . 

5. This disposal method occurs once only to dispose of leftover liquid sludge. 
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Variable 

A 

B 

C 

D 

E 

F 

CAF 

G 

H 

I 

J 

K 

LAFCR 

L 

M 

N 

p 

Q 

R 

s 

T 

u 

Table 11-41 

COST ESTIMATING EQUATIONS: SLUDGE LANDFILLING - WIDE TRENCH :\,EjHOD 
(Including Subva.riable CalculationsT and system Assumptions ) 

Cost Equation 

Al+ Az + A3 + A4 + 

As+ A6 + A7 + Aa 

0 

0 

0 

0. 20 X A 

0 

1.00332 

0 
•. 

0 

0 

0 

$5500/acre x K1 

0.23 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11-114 

Remarks 

Included in A 

Included in A 

Included in A 

Not applicable 

Construction period 
equals 5 months 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Life span equals 
10 years 

No maintenance 
required 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not appl 1cable 

co 
Ii!!' 
0 
N 
co 
D ... 
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Table 11-41 (continued) 

Vari able Cost Equation Remarks 

V 0 Not applicable 

w 0 Not applicable 

(X) 0 Not applicable 

CF o. 70 Implemented when 
plant is new 

lF L335 

t subvariable Calculations: 

Al = Cl earing cost 

= ($480/acre cleared) X K1. 

A2 = Cost of loading cleared material 

= ($0 . 75/yd3 material loaded) x (500 yd3 cleared material/acre cleared) x K1 . . 

A·3 = Cost of hauling cleared material 

= ($2/yd3 material hauled) x (500 yd3 cleared material/acre cl eared) x K1• 

A4 = Cost for excavation and stockpiling of earth, using a bulldozer and wheel 
I oader 

= ($0.80/yd3 earth) x (11,900 yd3 earth/1.4 acres cleared) x K1. 

A5 = Miscellaneous costs 

= 0.10 (A1 + A2 + A3 + A4). 

A6 ~ Costs for equipment preparation and use, plus administrative overhead 

= ($8600/35,600 yd3 storage) x ·(Sludge Volume, yd~) • . • 

A7 = Cost for covering filled trench with 5 ft of soil, without compaction 

= ($1.10/yd3 earth) x (11,900 yd3/1000 ft of Trench Length) x (Trench Length, 
ft) . 

A8 = Cost of engineering planning and supervision 

= Q.15 (A1 + A2 + A3 + A4 + A5 + A6 + A7). 

K1 = Acre requirements, assuming trench is 40 ft wide and 8 ft deep 

= (1.4 acres/8900 yct3 ;torage) x (Sludge Volume, yct3). 
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Table 11-41 (continued) 

tt Assumptions: 

1. Trench is 40 ft wi~e and 8 ft deep . 

2. Trench is excavated with dozer and Wheel loader. 

3. Excavated earth is stored alongside trench for later use as cover . 

4. Trench is filled by dumping. Sludge is allowed to sit 1 week, then is 
covered with 5 ft of soil. 

5. This disposal method occurs on~e only to dispose of leftover liquid sludge , 
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Variable 

A 

B 

C 

D 

E 

F 

CAF 

G 

H 

I 

J 

K 

LAFCR 

L 

M 

N 

p 

Q 

R 

s 

T 

u 

V 

.. , 

Table 11-42 

COST ESTIMATING EQUATIONS: SHEET PI~ING 
(Including Subvariable Calculations ) 

Cost Equation 

Al 

0 

0 

0 

0.25 X A 

0.20 ( A + E) 

1.00083 

0 

* 0,02 x TPI + 1/12 (FOM + VOM) 

0 

0 

0 

0. 23 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Remarks 

Not applicable 

included in A 

Included in A 

Construction period 
equals 2 months 

Not applicabl e 

Not app l kab 1 e 

Included in A 

No new land required 

Life span equals 
10 years 

No maintenance 
requi r·ed 

Not applicable 

Not applicable. 

Not app 1 i cab 1 e 
Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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Table 11-42 (continued) 

Variable Cost Equation Remarks 

w 0 Not applicable 

(X) 0 Not applicable 

CF 0.70 Implemented when 
plant is new 

LF 1.335 

t Subvariable Calculations : 

A1 = Cost of sheet piling 

" = (Unit Cost, $/ft2) x (Length of Wall, ft) x (Depth of Wall, ft); for Unit 
Cost, see Table 11-51. 

. I 
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Variable 

A 

B 

C 
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Tab le 11-43 

COST ESTIMATING EQUATIONS: SLURRY TR~NGH 
(Including Subvariable Calculations ) 

eost Equation 

A1 + A2 + A3 + A4 

0 

0.15 x A 

0 

0.30 (A+ C) 

D. 20 ( A + C + E) 

1.00083 

0 

0.0'2 x TP 1 * + 1/12 (FOM + VOM) 

1/12 x N 

0 

0 

0.23 

$13.85/hr x 96 hr 

0.04 x TPI * 
. . * 

0.06 x TPL 

0.30 (L + M) 

0 

0 

0 

0 

0 

0 
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Remarks 

Not applicable 

Included in A 

Construction period 
equals 2 months 

Not app 1 i cable 

Included in A 

No new land required 

Life span equals 
10 years 

Cost per year of 
monitoring 

Not applicable 

Cost included in A4 

Not app l i cab 1 e 

Not app l i cab 1 e 

Not applicable 

Not applicable 
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Table 11-43 (contjnued) 

Variable Cost Eguation Remarks 

w 0 Not appl ·i cable 

( X) 0 Not applicable 

CF 0.70 Implemented when 
system is new 

LF 1.335 

t Subvariable Calculat i ons: 

A1 = Cost of trench excavation 

= ($2.30/~d3)3x (Trench Depth, ft) x (Trench Length, ft) x (3 ft wide) 
-:- 27 ft /yd • 

A2 = Cost of ben\onite slurry injection 

= ($100/yct3) x (Tr3nch
3
Depth, ft)' x (Trench Length, ft) x (3 ft wide) · 

x (0. 25) ~ 27 ft /yd , where 0.25 equals the average .. fraction of grouted 
subsurface materi~ filled with grout. 

A3 = Cost of back fi 11 

= ~$0.80/~d3)
3
x (1rench Depth~ ft) x (Trench Length, ft ) x (3 ft wide) 

~ 27 ft /yd • 

A4 = Cost of bentonite slurry 

= ($35/yd3) x Cfre~ch 9epth, ft) x (Trench Length·, ft) x (3 ft wide) 
x (0 . 25) + 27 ft /yd, where 0. 25 equals the average fraction of grouted 
subsurface material filled with grout. 
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Variable 

A 

B 
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R 
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Table 11-44 

COST ESTIMATING EQUATJONS: VEGETATION 
(with Subvariab1e Ca1culations and System Assumptionstt) 

Cost Equation 

Al + A2 

0 

0.10 x A 

0 

0.10 (A + C) 

0 .50 XE 

LO 

0 

* 0.02 x TPI + 1/12 (FOM + VOM) 

1/12 x N 

0 

0 

0. 23 

$13 .80 hr x 56 hr 

0.04 x TPI * 
* 0.06 x TPI 

0 .30 (L .+ M) 

0 

0 

0 

0 

0 

11-121 

Remarks 

Not applicable 

Not applicable 

Construction period 
equals 2 weeks 

Not applicable 

Not applicable 

Revegetation requires 
no new land 

Lifespan equals 10 
years 

8 hr refertili4ation 
+ 48 hr mowing/year 

Not applicable 

Watering not included 

Not applicable 

Not applicable 

Not applicable 
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TABLE 11-44 (continued) 

variable Cost Equation Remarks 

'/ 0 Not applicable 

w 0 Not applicable 

(X) 0 Not applicable 

CF o. 70 Implemented when sys-
tern is new 

LF 1.335 

t Subvariable Calculations ; 

A1 = Cost of stabilizing soil with hay mulch, including materials, equipment1 and 
labor 

: ($142.70/acre) x (Land area, acres). 

A2 = Cost of seeding and soddfng, including materials, equipment and· labor 

= (Un i t Cost, $/yd2) x (Land area, acres) x (484'0 yd2/acre) ; for Unit Cost, see 
Table 11-52. · 

tt Assumptions: 

1. Grading and site preparation are costed elsewhere. 

2. Hydraulic seeding is used; cost includes lime, fertilizer, and seed, 

3. Watering is not included in O&M costs. 
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Oesc ri pt fon 

Common fi 11 - 811 1 ifts 
Select fill - 811 lifts 

Table 11-45 

UNIT COST FOR COMPACTION 
(Using Sheepsfoot Compactor) 

Common fi 11 - lt' 1 ifts ( 95% compaction) 

11 -123 

1.29 
1.08 

1.68 
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Table 11-46 

UNIT COSTS FOR BORROW 

Material 

Bank run gravel 

Common borrow 

Crushed stone 1-1/2 in. 
3/4 in. 
1/2 in. 
3/8 in. 

Sand, washed 

Sand, dead or bank 

Select structural fill 

screened loam 

Topsoil, weed free 

11-124 

$/yd3 

2.50 

1.00 

5. 25 
5.50 
6. 25 
6. 50 

5.25 

2. 75 

4.50 

7.00 

4 .75 
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Table 11-47 

UNIT COST OF GROUTS 

Type of Grout · $/yct3. Di i uted 

Portland cement 

Bentonite (1:10)* 

Silicate - 15% 

Li gni n 

Phenop1ast 

26· 

35 

35 

44 

53 

Silicate - 30% 59 

Silicate - 40% 79 

Urea formaldehyde (1:2)* resin 147 

Acrylamide 188 

·* Groot to water ratio. 
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Table 11-48 

* UNIT COST FOR POROUS PIPE .MATERIAL ($/linear foot) 

Pipe Material Pipe Diameter 

3" . 4" 5" 6" 8" 10" 12" I5u 18" 

Asbestos cement, class 4000, perforated 3.00 4.03 6.00 6.85 9.15 

Bituminous fiber, perforated 1.72 1.88 2.42 3.36 

Corrugated steel, perforated, asphalt coated 3. 75 5.00 6.20 7.70 10.65 

Porous wall concrete 2.61 2.76 3.96 5.65 1.00 10.15 

Vitrified clay C-211, perforated 2.64 3.70 5.10 8. 80 

* Cost applies to pipe laid i n trench , excluding excavation and backfill. 

Source: Mechanical & Electrical Cost Data., 1980. Kingston, ·Massachu.setts: Robert Snow Means Co •• 1980, p. 263. 
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t 
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Table .11-49 

UtHT COST FOR HEADER LINE* ($/1 inear ft) 

Pipe Material Pipe Diameter 
4" 6" 8" 10'' 12" 16" 18" 

Asbestos cement, 150 psi 4.55 5.90 8.20 11.10 13 .• 60 22 24 m 
't"'" 

Ductile iron , class 350J mechanical 
joint 8.35 9.45 13.40 16.85 21.00 

~ 
32 40 co 

c:I 
Oucti le iron, class 3~0. tyton joint 8.15 , 8.95 12.95 16.30 21.00 

Polyvinyl chloride, class 150J SOR 18 5.85 7. 95 .. 12 .20 14.55 18.60 

30 37 ... • :I 

..... Gate valves and boxes, cast iron 
I-' (each) 335.00 415.00 615.00 900.00 1150.00 I 
I-' 

2750 
N 
.....i Butterfly valves and boxes • . cast 

iron (each) 265.00 390.00 590.00 845.00 1025.00 2075 

* Cost includes material, labor, equipmentJ and overhead. 

Source: Mechanical & Electrical Cost Data, 1980. Kingston~ Massachusetts: Robert Snow Means Co., 1980, p. 263 . 
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.I-' .... 
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N 
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Table 11-50 

* UNIT COST FOR PIPING ($/ft) 

Pipe Oiamete·r 
Pipe Material 2" 3" 411 611 8" 10~· 1211 14" 16 11 

-. 
Asbestos cement, 150 
psi , C • L • l ot s 3.79 5.03 7.02 9.64 11.88 15.35 19.11 

Ductile iron, class 
250 water piping, 18 ft 
lengths, mechanical 
joint 6.89 7 .79 11.06 14.00 17 .65 22.65 26.50 

Copper tubing, type 
K, 20 ft joints 6. 29 11.84 

PVC, cl ass 150, 
S. D.R .-18 4.79 6.64 10.34 12.36 15.70 

* Cost includes material and installation in trench, excluding excavation and backfill. 

Source: Building Construction Cost Data, 1980. Kingston, Massachusetts: Robert Snow Means Co., 
1979. pp . 34-35. 
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Table 11- 51 

UNIT COST FOR SHEET PILING 

Descriptjon of Piling 

Depth (ft) · 

15 

20 

25 

Type 

22 psf (90.9 ft2;ton) 

27 psf (74.0 ft 2/ton) 

38 psf ('52 . 6 ft2;ton) 

11-129 
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Table 11-52 

UNIT COSTS FOR SESDING AND SODDING 

Description 5/yd 'l" 

· Seeding 

Less than 480 yd2 (0. 1 ac'.es) 

More than 480 yd2 

Sodding 

Less than 480 yd2 - level surface 

- sloped surface 

More than 480 yd2 - level surface 

- sloped surface 
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0. 53 

2 .38 

2.63 

1.83 
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Figure 11- 2. Unit costs for on-site excavation and hauling. 
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Figure 11-3. On-site construction cost for sludge/fly ash blending. 

Source: Adapted from Barrier, J.W., H.L. Faucett, and L.J. Henson, 
Tennessee Valley Authority. Economics of Disposal of Ume/Limestone 
Scrubbing Wastes: Sludge/Fly Ash Blending and Gypsum Systems. 'EPA-
600/7-79- 069. Febr.uary 1979, 
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Figure 11- 4. Power requirements for sludge/fly ash blending. 

Source~ Adapted from Barrier, LJ . W., H.L. Faucett, and L.J . Henson, 
Tennessee Valley Authority. · Economics of Di'Sposal of Lime/Limestone · 
Scrubbing Wastes: Sludge/Fly Ash Blending and Gypsum Systems. EPA-
600/7-79-069. February 1979. 
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Figure 11-5. Unit costs for off-site hauling. 
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Figure 11- 6. Labor requirements for settling tank/basin. 

Source: Culp , Wesner, Culp, Clean Water Consultants. Costs of 
Chemical Clarification of Wastewater, Draft Report·, EPA Task 
Order Contract No . 68-03-2186, Jask Order No ; 2·, ·January 1976 . 
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Figure 11- 7. Labor requirements for wastewater pumping. 

Source: Benjes, H.H •• Jr . , Cu1p, Wesner, Culp, Consulting Engineers. 
Attached Growth Biological Wastewater Treatment Estimating Performance 
and Construction Costs and Operating and Maintenance Requirements. 
Draft Report , EPA Centract No. 68-03-2186, January 1977 . 
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Figure 11-8. Maintenance materials cost for wastewater pumping . 

Source: Benjes, H.H., Jr., Culp, Wesner, Culp, Consulting 
Engineers.. Attached Growth Biological Wastewater Treatment 
Estimating Performance and Construction Costs and Operating 
and Maintenance Requirements. Draft Report, EPA Contract 
No. 68-03-2186, January 1977. 
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Figure 11- 9. Labor requirements for gravity thickening. 

Source: Cu1p,. Wesner , Culp, C1ean Water Consultants. Costs 
of Chemical C1arification of Wastewater, Draft Report,~ 
Task Order Con.tract No. 68-03-2186, Task Order No. 2 , 
January 1976. 
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Figure 11-10. Acre requirements for Dravo pond. 

Source: Adapted from Barrier, J.W., ana Faucett, H.L., 
Tennessee Valley Autho·rity . Economics of Disposal of 
Lim~ Limestone Scrubbin Wastes: Untrea.ted and Chemica11 
reated Wastes. EPA - 600/7- 78-Q23a. February 1978 . 
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Figure 11-11. Labor requirements for forced oxidation. 

Source: Benjes, H.H. , Jr. Culp, Wesner, Culp, Consulting Engineers. 
Attached Growth Bi~logical Wastewater Treatment Estimating Performance 
and Construction Costs and Operating·and Maintenance Requirements. 
Draft Report, EPA Contract No. 68;03-2186, January 1977. 
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EXAMPLE 1. CONVENTIONAL SOIL LINER WITH DRAINAGE BLANKET 
{DRAIN PIPE~ OPTIONAL) . 

PERFORATED DRAINAGE PIPE, 
HOLES DOWN (IF REQUIRED) 

SAND DRAINAGE 

EXAMPLE 2 . REDUNDANT LINER WITH LEACHATE COLLECTION 
(DRAIN PIPES OPTIONAL) . 

NOTES: 

1. FIGURE NOT TD SCALE. 

PRIMARY 
LINER CA~) 

PERFORATED DRAINPIPE 
HOLES DOWN· ( AS REQUIRED) 

2. SOIL/ADMIXTURE LINER MAY BE REP~ACED WITH 
SYNTHETIC MEMBRANE. 

3. BOTTOM LINER MAY ALSO BE CO MPRISED OF NATURAL 
IN-PLACE CLAYS (IN WHICH CASE , use FT2 COM
PACTION COSTS FOR CLAY MATERIALS ONLY). 

Figure 11-12. Liner and/or leachate collection systems . 
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Figure 11-13. Electrical requirements for pump station as a function 
of flow rate and head. 
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Source: Benjes, H.K., Jr . C.ulp, Wesner, Culp, Consulting Engineers. 
Attached Growth Biological Wastewater Treatment Estimating Perfonnance 
and Construction Costs and Operating and Maintenance Requirements. 
Draft Report EPA Contract No . 68-03-2186, January 1977. 
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SITE 1 

Site Description 

Appendix A 

CASE STUDIES 

Site 1 is in a rural setting on the eastern seaboard and belongs to a medium size 

power generating plant,* Approximately 4000 t (3630 mt) of fly ash and 80,000 t 

{72,600 mt) of bottom ash are produced annually at the site, 

Waste Disposal Practice 

The disposal facility, a fly ash and bottom ash settling pond of less than one acre 

, (0.41 ha) in size, is located on a peninsula, bordered by an estuary on one side and 

wetland on the oth~r two sides .' Soil formation in the area is sandy and local 

groundwater lies with4n a few f.eet from the pond's bottom. Groundwater is not used 

domestica1 ly. 

The pond is unlined and has no berms . It is partioned by three earthen dikes which 

extend more than halfway across the pond width, forming a baffle to lengthen flow 

path of the sluiced ashes. This design could increase the ash retention time by ·as 

much as three times. 

The sluiced fly ash is intermittently discharged to this pond since dry fly ash is 

·collected and reburned in the ·plant's cyclone boilers .• Af:ter the waste settled, 

supernatant water is discharged via a weir to the wetlands. 

Every two years, approximately 6000 yd3 (4600 m3) ·of settled waste is dredged and 

removed by an outside contractor to a permitted landfill in the state. A c001merci al 

caustic (pH"' 13 to 14) is injected into the sluiceway to offset the acidity of the 

fly ash (pH"' 3.5). The wastewater is slightly acidic, when entering the pond. 

* The site of a generating facility is indicated according to the fo11ovting 
scale: "large" plants are those whose nameplate capacity exceeds 1000 MW; 
"medium" plants fall in the 200 to 1000 MW range; and "smal 1" plants have 
capacity of less than 200 MIL 

A-1 
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Existing Pollution Control Effort 

All constituents of conce rn (contaminants) which are present in bottom ash and fly 

ash have been analyzed, using EPA- approved extraction procedure. Con~entration of 

the contam1nants were claimed to be low. 

Supernatant water is regula r ly monitored at the discharge outlet according to NPOES 

specification . Groundwater , however, is not monitor ed . 

The plant plans to close the fly ash pond in 1982. Settled waste will be dredged 

and rebur ied at an approved landfil 1 . The pond wi1 l then be fil 1 ed with gravel and 

uncontaminated soil . Futur e fly ash wil 1 be collected dr ied anct' reburned. The 

process of reburning fly ash is not clear to the project team. 

Identified Deficiencies/Potential Pr oblems 

Using the current federal standards for non- hazardous waste disposal facfl ities, two 

deficiencies.are identified from site 1: 

s No groundwater monitoring system . 

• No -leach age monitoring system. 

Oue to the design and construct i on features of the pond, potential washout and 

groundwater degration may exist at Site 1. However, the site operator be l ieves that 

the site is well maintained and no envi r onmental problems wou1d be expected to 

occu r . 

SITE 2 

Site Description 

Site 2, located on a river bank in the southern reaches_ of the A,Ppalachian high1and, 

is a la r ge size coal ".' f~.r:d powe_r. pl ant equipped with electrostatic precipitators. 

On the · average, 537,000 t (487,000 rrrt) of fly ash and 134,000 t (122,000 mt) of bot

tom ash are generated annually . 

Waste Disposal Practice 

Site 2 disposal facility is a 280-ac (113-ha) unlined pond and accepts both fly ash 

and bottom ash slurries on a continuous basis . 

The pond 1ies about 150 yd (136 m) from the river. The terrain is relatively flat, 

with a slope of about 5% or less toward the pond. Soi1s ; n the area vary fr om sandy 
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to silty clay. Information on groundwater is not documented . However, local resi

dents believe that a shallow aquifer exists at about 15 to 20 ft (4 .6 to 6. 1 m) 

below ground sur~ace, while drinkab l e groundwater is found deeper, at a depth of 

abou t 80 ft (24.4 m). 

Existing Pollution Contr ol Effort 

Effluent from the settling pond is regularly monitored according to the NPDES re

quirements . Effluent pH and temperature are monitored continual lY; oil and grease 

and TSS are checked bi-monthly . Reci rcul at ion of supernatant water is al so cons id

ered as an effort to control water pollution. 

Identified Deficiencies/Potential Problems 

Based on current federal standards, a number of design and operation deficiencies i n 

waste disposal practice at Site 2 are identified, including: 

o No groundwater monitoring sys tern. 

e No leachate monftoring system. 

ct Site access ; s not contra 1_'1 ed • 

a No record of waste quantity and qualify . 

t No closure/postclosure plans . 

In addition, there is a potential for leachate generation and migration to ground

water due to the constant hydraulic head in the pond. The potential for contamina

tion of the potab l e groundwater supply is, however, greatly reduced due to the depth 

(80 ft) of this aquifer and the attenuation ·capability of underlyi ng silty clay 

soil. Regardless of the hydrogeologic conditions, monitoring of water fran perched 

water tables and . deep aquifers is still needed .for environmental protection; 

SITE 3 

Site Description 

The plant is a medium size generator wh i ch - lies along the bank of a major midwestern 

river in a rural community . Approximately 80,000 t (73,000 mt) of fly ash and 

34,000 t (31,000 mt) of bottom ash are generated annually at this site. 

The site is located in a flood plain . Record of soil exploration indicates that 

surface and subsurface materials (to 100 ft or 31 m) are primarily silty sand. 

Water was encountered at 12 to 20 ft (4 to 6 m) during drilling. Water level of the 
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site well where drinking water is pumped is at 125 ft (38 m). Actual depth to 
usable groundwater is not known. 

Waste Disposal Practice 

Two unlined ponds constitute the present disposal system at Site 3. Each is about 
250 ac (101 ha), with Pond No. 1 being slightly smal ler than pond No. 2. Ponds are 

' about 10 . ft (3 m) deep. Berms were constructed around the · ponds to protect them 
from the 100-yr flood . 

pond No. 1 receives bottom ash and wastewaters from the plant, while Pond No. 2 
receives both bottom ash and fly ash. Bottom ash is sluiced to both ponds; fly ash 
is hauled dry and disposed of at Pond No. 2. In the past, fly ash vlas trucked to 
one side of the pond and blown through a 4-in {10-cm) pipe to the receiving water of 
the pond. It was a failure. Presently, fly ash is dumped near the pond edge, or in 
the pond and graded evenly. About 10 to 25 percent of fly ash is sold. 

Runoff in the area of the plant is directed to s~veral small catch basins and to a 
retention pond. Discharge is to a small creek wh1ch drains into the rjver . Super
natant waters from the ash ponds are recirculated for sluice water. 

Existing Pollution Control Effort 

Effluent discharged to the river is regularly mon~tored according to the NPDES re
quirements. Water is sampled monthly for pH, TSS, and oil and grease. 

Identified Deficiencies/Potential Problems 

With reference to current federal standards, design, and operation deficiencies of 
Site 3 are identified as follows: . 

IJ Lack of groundwater monitoring system. 

~ Lack of leachate monitoring system. 

It Lack. of dust control measures at Pond No. 2. 

' Lack of record on waste quantity and quality. 

l!I Lack of closure/postclosure plans. 

Although the site operator believes that fly ash will seal the bottom of the pond 
eventually, there stil 1 exists a potential for groundwater and surface \!later contam
ination due to the s i lty sand material and shallow groundwater table. In fact, t he 
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ponds may lie within or slightly above the shallow groundwater table. Thus, there 

is a need for groundwater monitoring, particularly in the deep aquifer. 

SITE 4 

Site Description 

Site 4, situated in a rural setting on the bank of a major midwestern river, accan

modate·s a large e l ectric generator · which produces 490 , 000 t/yr (445,000 mt/yr) of 

fly ash and 29,000 t/yr (26,000 mt/yr) of bottom ash . The ash disposal sites are 

constructed on the recharge zone of the river and are probably in a 100-yr flood

plain . 

Groundwater in the area lies at about 10 ft (3 m) below the ground surface . Under

lying soils are alluvium and relatively permeable. Soil permeability is about 

10- 4 cm/sec . 

Waste Disposal Pract,ice 

The disposal facilities at this site consist of a 0.5-;ac (0.2- ha) metal cleaning 

waste pond, a 3-ac' (.1.2-ha) bottO!TJ ash settling pond, ·.and a 40- ac · (16 - ha) fly ash 

pond. Only the metal cleaning waste po nd is lined (With. 3-mil Hypalon® liner) . 

Metal cleaning waste are discha rged to the first pond , where the pH is raised · from 2 

or 3 to 12. 5. The metals precipitate and the supernatant is discharged to the bot

tom ash pond. Bottom ash is slurried, us i ng rive r water, and piped to the bottom 

ash pond . The supernatant from the bottom ash pond is pumped, by way of a reci rcu

lati ng pond , to t he fly ash pond . Fly ash is sluiced, also us·ing river water, to 

join the bottom ash supernatant stream, and thus to the fly ash pond . Supe rnatant 

from the fly ash pond is discharged to a small stream, which flows to the r i ver . 

Sludge from the bottom ash pond is ·dredged weekly and landfilled .' 

Existing Pollution Control Effort 

The b_ottorn ash pond and metal cleaning waste ponds are reportedly diked above the 

level of a 100-yr flood . Effluent discharged to the rive r ti regularly monitored, 

in compliance with the NPDES permit requi r enents . 
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Identified Deficiencies/Potential Problems 

Using the current federal standards as a guide, the design and operation dificien
cies identified at Site 4 include: 

l) Lack of ground~'l'ater monitoring system. 

I! Lack of leachate monitoring system. 

IJ No safety manual. for site operator . 

(J No record of waste quantity and qua 1 i ty. 

~ No closure/postclosure plan. 

Based on available data on hydrogeology and construction of the pond, groundwater 

contamination appears to be a potential environmental problem at Site 4. A detailed 
subsurface investigation is needed to reveal the water quality status. 

SITE 5 

Site nescription 

Site 5 is in a valley farming community in the Great Plains area. The plant is a 
med.ium size generator equipped with FGO scrubbe'rs. Th~ disposal site lies at a 
lower elevation than the plant itself. 

On the average, fly ash, bottom ash, and FGD sludge are generated at 300 t/d (272 
mt/d), 90 t/d (82 mt/d) and 70 t/d {64 mt/d) respectively. About 60 percent of the 
fly ash is landfilled . 

Site soils consist of silty clay with low compressibility and penneability. Several 
perched water tables have been identified around the site. Depth to usable ground
wa.ter_, however, is not k,:i?wn. _Earthquakes with intensities ranging from VI to VIII 
(MM) have· occurred in the past and are expected to recur in-the future. 

Waste Disposal Practice 

The disposal site consists of a 25-ac {10-ha) fly ash landfill and a 300-ac {122-ha) 

sludge pond (or dam), which also holds bottom ash leachate. It i~ claimed that both 
of these facilities are lined with in-situ clay. 

Dry fly ash is hauled from the ash silos to the landfill where it is spread by a 
scraper. Water is applied occasionally for dust control . Bottom ash is sluiced to 
the higher part of the dam and its leachate drained down hill to the dam. FGD 
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sludge slurry, on the other hand, is pumped to underground drain and later all owed 

to flow by gravity to the dam. surface runoff from the landfill is also drained to 

the dam. 

Existing Pollution Control Effort 

Wells have been installed around the dam to check leakage . One groundwater monitor

in·g we11 located downgradi ent from the dam is samp1 ed semi-annually and analyzed for 

pH, EC, alkalinity, hardness, c1-, sol-, Pol-, Na, Fe, Pb, Cd, As, Cr, Hg, and Ni. 

Idenfified Deficiencies/Potential Problems 

The power plant is only three years old and the dam appears to be carefully de

signed, constructed, and managed. It is, however, uncertain that the structure will 

withstand a strong earthquake. 

Among the operation deficiencies of this site are : 

o No safety manual for site operator. 

e Groundwater monitoring network not adequate • 
. 

e No closure/postclosure plans. 

No potential environmental problems are anticipated from the results of site visit. 

Additional monitoring wells are needed to ensure adequate protection of the water 

resources. 

SITE 6 

Site Desc ri pt ion 

Site 6 is a medium size power generating plant loca~ed in the rolling hills of th~ 

northerri Great Plains . Wastes generated at this site include 93.,600 t/yr (85.,000 

mt/yr) of fly ' ash, 218,000 t/yr (197,000 mt/yr) of bottom ash and 130,000 t/yr 

(118,000 mt/yr) of FGD sludge. fly ash quantity is relatively small because the 

majority of it is used in the FGD scrubber system as a so2 absorbent. 

Glaci al sediment (till) veneers much of the disposal area. The disposal site is in 

a mine pit of a groundwater recharge area. The hydrologic units of major interest 

in the waste disposal area include the spoil materials and unruined units below the 

base of the spoils. 
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Waste Disposal Practice 

The wastes (FGD sludge, fly ash, and bottom ash) are disposed of at either the base 
of a mine pit or at the V-notch between spoil ridges. The latter, however, usually 

encountered some difficulties during wet seasons due to poor access roads; Two 
unlined ~torage ponds, 120 ac-ft (15 ha-m) each, have been constructed and used. 
Each pond is designed to store up to 6 months of waste. Waste material in the 
storage ponds is periodically excavated and disposed of in the mine pit; 

Existing Pollution Control Effort 

Small runoff collection ponds have been built in the disposal area . The site has no 
surface/groundwater monitorir.g network . Five wells were installed around the new 

sludge ponds for leak detection . These wells, however, are not suitable or meant 

for groundwater monitoring. 

Under a federal contract, a major university and the U.S . Geological Survey in the 
state have installed a network of 150 piezometers within the wa~te-disposal area and 
its surroundings . One of the contract objectives is to study effect of waste dis
posal on. underlying groundwater. Preliminary findings show that fly ash and scrub
ber sludge have caused groundwater to acquire exceptionally high· concentrations of 

. . 
sulfate and TOS. Furthermore, fly ash has the potential to cause severe degradation 
of groundwater in reclaimed land due to high solubility of arsenic, selenium and 

molybdenum. 

Identified Deficiencies/Potential Problems 

As indicated by findings from the t'esearch group, mine pit disposal is prone to 
groundwater contamination. Structures for diverting groundwater from contact with 
wastes are unavailable, Even the newly constructed ponds are unlined. 

Other design and operation deficiencies identified include: 

Q No groundwater monitoring network. 

e Lack of access contra: • 

0 Lack .of daily covering. 

19 No safety manual for site opera tor. 

0 No cl os ure/postc 1 os ure pl ans. 
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SITE 7 

Site Description 

Sit~ 7 is a small genera:tor located in the rural we·stern U.S. which produces approx-· 

imately 80,000 t/yr (73,000 mt/yr) of fly ash and bottom ash. 

The disposa l facility is situat~d on a bedrock of dark black, very thinly bedded 

shale of Cretaceous age. Soils are typical of weat.hered siltstone or cl aystone and 

are predominately· composed of silty clays to a depth of approximately 10 ft (3.0 m) 

below the natural ground surface. 

Groundwater is nonnally present at greater than 20 ft (6.1 m), although the water 

table fluctuates during the year. A perched water table has been found at depths of 

less than 7 ft (2 . 1 m) near the power pl ant. 

Waste Disposal Pr actice 

The disposal site consists of an ina~tive ash pond, a 28-ac (11-ha) active . ash pond, 

and a smal 1 refuse landfil 1. The ash· pond receives fly ash and bottom ash slurry 

1:very day. The refuse landfill, w~ich receives garbage and trash from · the power 

plant is operated only one day ·per week. Only the active .ash pond is ~iscussed. 

The act i ve ash pond is unlined, and is underlain by clayey soil. The pond super

natant is discharged to a small creek. Some of the ash is reclaimed for a variety 

of uses, but reclamation is not practiced on a regular basis. 

Existing Pollution Control Effort 

Effluent discharged is regularly monitored according to the NPDES requirements. 

Effluent is sampled at 2. sampling points . Monitoring parameters and frequencies are 

as follows: 

e We.ek1Y monitoring - fl ow rate, pH, ~emperature, and total residual 
chlorine. 

~ Monthly monitoring - ros, TSS . 

; Quarterly monitoring - Cu, Fe, and oil and grease. 
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Identified Oefic i enci es/Potential Problems 

Based on current federal standards, the design and operation defic i encies identified 

at Site 7 include: 

f Lad of a runoff diversion system. 

e No groundwater monitoring system. 

a No leachate morritoring system. 

C, 

G 

Public access to the disposal site is not restricted. 

No safety manual available for site operator. 

No record of waste quality maintained at the site. 

No closure/postclosure plans. 

In addition, the active ash pond appears to provide inadequate freeboard to prevent 

overflow in the event of heavy rain or spring snowmelt. Judged on the waste quan

tity and hydrologeolic conditions at Site 7, potential for groundwater contamination 

from the active pond appears . to be low. However, periodic monitoring of the ground

water is needed for environmental protection. 

SITE 8 

Site Description 

Site 8A and 88 are owned and operated by the same utility canpany. They are medium 

size power generating plants which are located in the Rocky Mountains. Site 8A, 

situated 14 miles (22.4 km) west of site 88, generates 500 t/d (454 mt/d), 100 t/d 

(91 mt/d), and 200 t/d (182 mt/d) of fly ash, bottcrn ash, and FGD sludge, respec

tively. Site 88 produces only fly ash and bottom ash, at approximately 476 t/d (432 

mt/d) and 119 t/d (108 mt/d}, respectively . 

' 
Onl.y hydrogeo1ogy of disposal. area in site 8A was available and is summarized •here. 

Bedrock beneath ~he disposal area is a Cretaceous-age ·mari.ne formation, con·sisting · 

of thin- to medium-bedded silty claystones, with a few thin interbeds of siltstone . 

The upper ·s to 10 ft (1.5 to 3.0 m) of bedrock is slightly to moderately weathered 

and the bedrock is impervious. No evidence of faulting within the disposal area is 

found. 

Natural clays in the disposal area are impervious to semi-impervious. Groundwater 

is at about 700 to 1500 ft (200 to 460 m) deep. 
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Waste Oisposal Practices 

Utility wastes in Site 8Aare disposed of in a well - designed landfill, while the 

disposal practice at Site 88 is s imply a mine pit dumping operation. 

Site SA. The disposal area consists of a single 45- ac (18 - ha)· clay-lined landfil 1, 

which receives bottom ash, fly ash, and scruober sludge . Fly ash is collected dry 

and wetted to contr'ol dust . Bottom ash -0nd scrubber sludge are hauled wet (20% and 

40% solids, respectivel y) and piled temporarily at the upper end of a sump within 

the landfil 1 to drain excess water. The dewatered sludge and bottom ash are then 

mixed with the fly ash, spread in loose lifts (~1 ft), and compacted . Soil cover is 

applied periodically and the sump water is sprayed over the lift to control dust. 

Fly ash and bottom ash are generally hauled 5 days/week; scrubber s l udge is hau1ed 7 

days/week. 

Site 88. The disposal site consists of mined- out areas that were stripmined in the 

early 1960s~ before mandatory reclamation requirements were in force. . . 

Fly ash, collected by electrostatic precipitators, i .. s mixed with water to 20% mois

ture and transferred to a hopper for truck l oadfog. Saturated bott001 as h is tran

sported hydraul ical°ly to storage silos where excess water is drained·. Trucks are 

loaded separately fran the fly ash and bott001 ash hoppers and driven to the fill 

area, approximately 5 miles (8 km) from the power plant . 

The disposal operation is a "valley fill" with the work normal ly proceeding downhill 

from the top. Trucks back to the edge of the 'fil 1 area and dump their loads. Plans 

call for the fill to be spread toward and over the edge by a bulldozer, but this is 

not a daily or even .a conmen practice. On the contrary, open heaps of ash we re left 

where they were dumped . 

The fill is c001pact€d · only by · the weight of the trucks working . over it. Plans call 

for 3·3 to 43 ft (10 to 13 m) of fi11 to be cove r ed by 3 to 6 ft (1 to 2 m) of mine 

spoil. Again, it has been observed that this i s .not the conmen practice. Instead, 

ash piles are commonly left uncovered , causing extreme dust and runoff (erosion) 
problems. 

Operations are slowed and hampered in wet weather, which is quite conmen. When the 

primary fill site is inaccessible, another area down the hill is used . Since ash 
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storage capacity at the plant is limited, disposal cannot be curtailed for any sig

nificant period. Records are kept of the number of loads hauled per day and the 

waste quantities are calculated from these figures. 

Existing Pollution Control Effort 

It appears that there is no existing pollution control effort for Site 88 . At Site 

8A, six. monitoring wells and three piezometers '.'lere installed Within its limits. . . 
The piezometers are used for monitoring water levels and the wells for obtaining 

water samples for water quality analyses. 

Surface runoff fron higher ground at Site 8A is routed around the disposal area in 

interceptor ditches and into natural drainages . These ditches also handle the run

off from the exterior pile slopes during construction and operation and from the top 

of the pile as well after reclamation. The ditches will be located adjacent to the 

landfil 1 area and moved in -stages as the outer limits of the storage area increase. 

Site closure pl an for site 8A focludes grading the overall exterior s l ope of 3-1/4:1 

(horizohtal to vertical} wtth 2-1/2 :1 slopes between benches . The benches would be 

15 ft .(4 . 6 m) in width spaced at 20-ft (6.1- m) intervals vertically. The benches 

wpuld reduce runoff velocitie·s and associated erosion and accamrodate vehicular 

traffic for maintenance of the slope. Slope erosion would be further reduced by 

sloping the benches toward the pile interior and directing the runoff along the 

benches to the pile perimeter . Soil cover would be provided on the outside to mini 

mize runoff contact with waste in the fil 1 and to facilitate reclamation of the 

fill . The soil cover would be brought up periodically with pile raises but not 

exceeding about 3 or 4 lifts. 

Identified Oeficiencies/Potential Problems 
.. 

For Site 8A, the site 1 ocation an.d design are .generally good ; Groundwater monitor

ing activity. however. is not functioning up to expectation . Only one sampiing/ 

analysis has been done in the past· two years. Other deficiencies identified at Site 

8A include: 

e The waste covering is not as frequent as required . 

o Safety manua l is not available for site operator. 

o Record of waste quality is not maintained. 

s No postclosure care plan prepared . 

A-12 



- Doc. Ex. 1924 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

Site 88 requires more upgrading attention. Among the design/operation deficiencies 

identified at Site 88 are: 

t No runoff control structures. 

J No groundwater monitoring system. 

e No leachate monitoring system . 

o Access to the disposal site is not restricted~ 

0 

Iii 

Wastes are not covered. 

No effort to control dust. 

No safety manual available to site operator. 

Record of waste quality is not maintained. 

~ No closure/postclosure plans. 

There was evidence of dust problems at Site 88. In hot weather, fugitive dust from 
spillage and ash tracked ont~ haul roads has attracted the states authority 1 s atten

tion . An incident of surface water contaminatio_n was also reported by a· neighbor 
after erosion by surface runoff contaminated a pond on his property. Potential for 
groundwater contaminatfon at S'ite 813 can not be assessed due to lack of s·ite hydro
geologic and construction data . 

SITE 9 

Site Description 

Site 9 is a large power generator located in the desert. southwes-t. It produces 
520,000 t/yr (472,000 mt/yr) and 128,000 t/yr (116,000 mt/yr) fly ash and bottom 
ash, respectively. 

The disposal ·canyons are formed by naturally eroded sandstone and stand _about 100 ft 
(31 m) high; the permeability is estimated'to range between 5 x 10-5 to 1.5 x 10-4 

. ~ .. . . 

cm/sec. The canyon bottoms are filled with variable thickness of dune sand depos
its . The dune sands are generally loose near the surface and becom~ denser with 
depth. Grouhdwater is at about 1000 ft (305 m) below the soil surface and is 
claimed to be of good quality. The site area, i.n general, is located in an inactive 
fault zone. 

Waste Disposal Practice 

The disposal site of this large coal-fired generating statjon consists of a 580-ac 
(235-ha) ash disposal landfill and a series of 33 evaporation ponds which receive 
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boiler blowdown and maintenance wastewater . The ponds, designed to collect and 

contain surface runoff fran a 100-yr flood, are 3 to 40 ft (1 to 12 m) deep and have 

a canbined surface area of 180 ac (73 ha) . Approximately half of the ponds are 

lined with 30-mil CPE or· Hypalon®. 

F.ifty percent of the dry fly ash is sold . The remaining fly ash is conveyed to the 

ash _bin by pneumatic line and mixed with water prior to hauling to the disposal 

site. Bottom ash is conveyed from the. boil er by water and· is dewatered prior ·to 

hauling (by truck) to the disposal site . 

The ash landfill is located approximately two miles (3 . 2 km from the power plant. 

1t is designed to be filled with ash that is placed in 2 ft (0.6 m) layers and com

pacted by machine tracking . The compacted fly ash has a penneability of 1.6 x 10-S 

cm/sec. Fill side slopes are maintained at a 3 hor izontal to 1 vertical slope . As 

areas within the disposal areas are complet~d, they are covered with 2 ft (0.6 m) of 

sandy soil and revegetated with native plant species. 

Existing Pollution Control 

A system ef 46 leachate monitoring wells (4'0 to 150 ft deep) and one 1000- ft (305- rn) . 
groundwater well allows regular monitori ng of .both leachate and groundwater. Water 

samaples are collected monthly to monitor pH, EC, and selected trace elements. 

Storm runoff is directed to the evaporation ponds, preventing it from entering 

nearby surface waters. 

Identified Deficiencies/Potential Problems 

There are no identifable design or operation deficiinctes at the fiy ash disposal 

area. The landfill is we11 operated and maintained . However, gr oundwater monitor

ing with a single well appears to be inadequate. 

SITE 10 

Site Description 

Site 10, located in the desert we.st of the U.S., i,s a medium size generating plant 

which produces 63,000 t/yr (57,DOO mt/yr), 21,000 t/yr (19,000 mt/yr), and 15~000 

t/yr {14,000 mt/yr) of fly ash, bottom ash , and FGD sludge, respectively. 

The disposal area lies over alkaline clay soils and near a small river . Information 

on thickness and penneability of the c.lay layer is not available . Gr oundwater is at 

5 to 6 ft (1.5 to 1 . 8 m) below the ground s urface and is high In alkalinity . 
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Waste Disposal Practice 

The disposal site consists of a 7-ac (2 . 8-ha) FGO s l udge settling pond, a 45- ac (18-

ha) evaporation pond, and a 20~ac {8.1-ha) ash landfill. All of these facilities 

are unlined, but a bentonite slurry barrier has been installed between the evapora

tion pond and the river to prevent 1 ateral seepage from the pond . 

The s_ludge pond receives _sludge continuously fran the .wet FGD system . The -super

natant from this pond is piped to the evaporation pond; the sediment ·is dredged 

annually and disposed in the landfil 1 along with bottom ash and fly ash . A portion 

of the fly ash is so 1 d. 

Existing Pollution Control Effort 

Groundwater is sampled semi-annually and analyzed for pH, alkalinity, clor1de, and 

sulfate. The river is sampled annually and analyzed for total hardness, calcium 

hardness, chlorides, silicon, sodium, pH_. total alkalinity, sulfates, phosphates, 

and TOS. · 

Identified Deficiencies/Potential Problems 

Th'e design and operation deficiencies identified at Site 10 include : 

e No leachate monitori ng system . 

c, Access to the disposal facilities is not restricted. 

e Wastes disposed of at the landfill are not covered. 

c, Safety manual is not available for site operator. 

o Cl os ure/postcl osure plans are not prepared . 

In a~dition , chemical c~position of wastes generated at Site 10 has not been deter

mined. As a res ult, the site monitoring program appears insuffi<::ient in terms of 

checking appropriate parameters of concl;! rn. Certain lieavy metal ·s (i.e., Cd, Pb, cu, 
etc . ) and anion contaminants (i.e., Mo, As, Se, etc.) should be included. 

Although groundwater in the area is thought to be undrinkable because of its alka 

linity and high TDS, the aquifer is not c lassified as an exempted aquifer under 

federdl standards. 
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Appendix B 

* GROUND WATER QUALITY CRITERIA 

Ground water is considered contaminated if the introduction of a substance would 
cause: 

o The concentration of the substance in the ·ground water to exceed the maxi
mum contaminant level specified herein, or 

e An increase in the concentration of that substance in the ground water 
where the existing concentration of that substance exceeds the maximum 
contaminant level specified herein . 

1. MAXIMUM CONTAMINANT LEVELS FOR INORGANIC CHEMICALS 

The following are the maximum levels of inorganic cnemicals other than fluoride: 

Contaminant 

Arsenic 

Level (milligrams per liter) · 

0.05 
Bari um 
Cadmi um 
Chromium 
Lead 
Mercury 
Nitrate (as N) 
Sel enium 
Silver 

The maximum contaminant levels for fluoride are: 

Temperature! 
Degrees 

Fahrenheit 

53. 7 and _below 
53.8 to 58 .3 
58.4 to 63,8 
63.9 to 70. 6 
70.7 to 79.2 
79 .3 to 90 . 5 

Degrees 
Celsius 

12 and below 
12 . 1 to 14.6 
14.7 to 17 .6 
17.7 to 21.4 
21.5 to 26 . 2 
26.3 to 32. 5 

1 Annual average of the maximum daily air temperature. 

B-1 

1. 
0.010 
0.05 
0.05 
0.002 

10 . 
0. 01 
0. 05 

Level 
(milligrams 
per 1 iter) 

2.4 
2. 2 
2.0 
1.8 
1.6 
1.4 
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2. MAXIMUM CONTAMINANT LEVELS FOR ORGANIC CHEMICALS 

The following are the maximum contaminant levels for organic chemicals : 

(a) 

(b} 

Chlorinated hydrocarbons: 
Endr.in (l,2,3,4,10,10-Hexachloro-6,7-epoxy
l,4,4a,5,6,7,8,8a-octahYdro-1,4-endo, endo-
5,8-dimethano naphthalene) 

Lindane (1,2,3,4,5,6-Hexachlorocyclohexane, 
gamma i some r) 

Methoxychlor (l,1,1-Trichloro-2,2-bis (p-meth
oxyphenyl) ethane)· 

Toxaphene (C10H1oCla-Technical chlorinated 
carnphene, 67 to 69% chlorine) 

Chlorophenoxys: 
2,4- D (2,4-Dichlorophenoxy-acetic acid) 
2,4,5-TP Silvex (2,4,5-Trichlorophen-

oxypropionic acid) 

Level 
(mi11 i grams 
per liter) 

0.1)002 

0. 004 

0. 1 

0 . 005 

0 .1 

0. 01 

3. MAXIMUM MICROBIOLOGICAL CONTAMINANT LEVELS 

The maximum contaminant level for colifonn bacteri.a from any one v.ell is as fol lows : 

(a) Using the membrane filter technique: 

( b-) 

• 
{l) Four coliform bacteria per 100 milhl i ters if one sample is taken, or 

(2) Four coliform bacteria per 100 milliliters in more than one sampl e of 
all the samples analyzed in one month . 

Using the five tube most probable number procedure (the fermentation tube 
method) in accordance with the analytical recommendations set forth in 
"Standard Methods for Examination of Water and Waste Water", American 
Public Health Association, 13 Ed. pp. 662-688, and using a Standard 
sample, each portion being one fifth of the sample. 

(1) 

(2) 

If the standard portion is 10 milliliters, colifonn in any five con
secutive sample~ from a well shall not be present in three or more of. 
the 25 ·por'ti ons, or 

If the standard portion is 100 millilit.ers., colifonn in any five con
secutive samples from a well shall not be present in five portions· in 
any of five samples or in more than· fi~een of the 25 portions. 

B-2 
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4. MAXIMUM CONTAMINANT LEVELS FOR RADIUM-226, RADIUM-228, AND GROSS ALPHA PARTICLE 
RADIOACTIVITY 

The following are the maximum contaminant levels for radium-226, radium-228, and 

gross alpha paTticle radioactivity: 

(a) Cambi ned radium-226 and radi um-228 - 5 pCi/1 ; 

{b) Gross alpha particle activity {including radium-226 put excluding radon 
and uranium) - 15 pCi/1 . 

* Criteria for Classification of Solid Waste Disposal Facilities and Practices ~ 
Final, Interim Final, and Proposed Regulations, Federal Register, Vol . 44, No. 
179, September 13, 1979. 
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APPENDIX C 

PARTIAL LISTING OF LINED UTILITY WASTE DISPOSAL SITES 
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n 
I ...... 

Ut i1 ity 

Colorado Public Service Co. 
Colorado Public Service Co. 
Colorado Publ ic Service Co. 
Colorado-Ute Electric Assoc. 
Colorado Springs Utilities 
Colorado Public Service Co. 
Colorado Springs Utilities 

Colorado Publ ic Service Co. 

Springfield Water, Light & 

Power Co . 

Central Illinois light Co., 
Kansas Power & Light Co . 
Kansas Po1>1er & Light Co. 
Kansas Power & Light Co. 
Kentucky Power Co. 
Commonwealth Edison 

California Pacific 
Pennsylvania Power & Light 

Virginia Electric 
Detroit Edi son 

Appendix C 

PARTIAL LISTING OF LINED UTILITY WASTE DISPOSAL SITES 

Location 

Arapahoe Station 
Cherokee Station 
Conanche Station 
Craig Station 

Martin Drake 
PaMiee Station 

Ray O. Nixon 

Valmont 

Dallman #33 

Duck Creek 
Jeffney Station 
Lawrence Station 
Tecumseh Station 
Big Sandy Station 
l~au kegan 

rli nnemucca 
Harrisburg 

Portsmouth 
Avoca 

Material 

Clay 
Clay 
Clay 
Clay 
Clay 
Clay 

Clay . 

C SPE ( i nact i.ve · 
since 1973} 

Clay 

Clay 
Campa cted soils 
Clay 
Clay 
Clay 
CSPE 

(Hypa 1 on@) 

CSPE 
CSPE 

CSPE 
8140 

Si ze(ft2) 

1.100,000 

18,000 

1,000,000 

151,000 
18,000 

Application 

Bottom & fly ash 
Bottom & fly ash 
Bottom & fly ash 
Boiler/metal wastes 

Bottom & fl y ash 
Fly ash 

Bottom ash 
Stabilized sludge 

Bottom & fly ash 

Bottom & fly ash 
Bottom & fly ash 
Rott om & fly a sh 
Bottom & fly ash 

Bottom & fly ash 

Oate 
tnsta 11 ed 

1979 
1979 

1980 

1979 

1979 

1980 

1979 

1979 

1979 

1979 

1979 

1979 

1979 

1977 

1977 

1977 

1977 

1978 

t 
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Appendix C (continued) ..J 

=' Q 
IL 

Pate IL 
Utility Location Material Size{ft2) Application Ins ta 11 ed 0 

Colorado Public Utilities Brush HOPE 2,000,000 1979 
Cooimonwealth Edison Argonne Pos-A-Pak 1.000,000 1979 
Florida Power & Light Cape Canaveral HDPE Neutralization 1977 co .. 
Florida Power & Light Hollywood HDPE Neutralization 1977 ~ 
Florida Power & Light Martin HOPE t.feutralization 1975 co 
Rochester Gas & Electric Stations 7 & 9 HOPE 1978 

0 ... 
Astabul a m Cleveland Electric I 11 um. HnPE . 1979 11! 

El Paso Electric Ne\'1man PVC 1974, 197 
Penn Power Co. Bruce Mansfield Stabilized Fly ash, stabilized 1979 

('"\ sludge sludge I 
N 

Penn Electric Co. Front Street PVC Bottom & fly ash 1980 
Penn Power & Light Co. Martins Creek Not specified fly ash 1979 
Penn Power 8 Light Co . Ho ltwood Clay Fly ash 1980 

Metro Edison Titus Clay Bottom ash 1979 
Texas Power & Light Co . Rig Bro\lm Clay Bottom & fly ash 1979 
Colorado River Authority Fayette #1 Clay Bottom & fly ash 1979 
Southwest Public Serv.ice Co. Harrington Clay Bottom ash 1979 
San Antonio Public Service J. T. Deely Clay Fly ash 1979 

Texas Power & Light Co . Monticel) o Clay Bottom & fly ash 
El Paso Electric Co. Newman PVC Cooling/boi ler 1980 

bl owdown 
Houston Power & Light Parish Clay Bottom & fly ash 1979 
Centra OP&G Co. Clay Bottom & fly ash 
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Appendix C (continued) 

Utility 

Arizona Power Coop. 

Louisville Gas & Electric 

Kentucky Utilities Co. 

Big Rivers Electric Corp. 

Louisville Gas & Electric 

Louisville Gas & Electric 

Big River Electric Corp. 

f. Kentucky Pol'ler Coop. 

Mississippi Power Co. 

Springfield Cities Utilities 

Location 

Apache Station 

Cane Run Station 

Green River Station 

Kenneth Coleman Sta. 

Millcreek Station 

Paddy's Run Station 

Robert Green Stat1on 

Spurlock Station 

V.J.Oaniels Jr . Sta . 

SI~ Power Station 

Detroit Edison Co. St. Clair Station 

Lansing Board of ~later & Light Lake Lansing 

Northern States Power Co. Sherburn Co. 

Minnesota Power & Light Co. C. Boswell Station 

Montana Power Co. Colstrip Station 

Nevada Power Co. Reid Gardner station 

New Hampshire Public Service Merrimack Station 

Duke Power Co. Allen Steam Station 

Coop Po we r As soc. Coa 1 Creek #1 

Oayton Power & Light Co. J.M. Stuart Station 

Material 

·csPE 

Clay 

Clay 

Clay 

Chy 
· Clay 

Cl ay 

Clay 
• CSP-E 

Fly ash/soil 
admixture 

Clay 

Compacted soi 1 

Clay 

Clay 

Cl ay/CSPE 

Clay Slurry 

Clay /ore fines 

Soil /clay 
admixture 

Clay 

Clay 

Size(ft2) Application 

Fly ash 

Bottom & fly ash 

Not specified 

Bottom & fly ash 

Bottom & fly ash . 

Bottom & fly ash 

Bottom & fly ash 

Bottom & f l y ash 

Date 
Installed 

1980 

1979 

1980 

1979 

1979 

1979 

1979 

1979 

Boiler cleaning wastes 1980 

Bottom & fly ash 1979 

Bottom & fly ash 

Bottom & fly ash 

Bottom & fly ash 

Bottom & fly ash 

Bottom & fly ash 

Fly ash 

Fly ash 

Bottom & fly ash 

Bottom & fl_y ash 

Bottom & fly ash 

1979 

1980 

1980 

1980 

1979 

1980 

1979 

1979 
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Appendix C (continued) ..J 

=' 
nate 

Q 
Size(ft2) IL Utility Location Material Application Installed IL 

0 
Cincinnati Gas & El ectric Miami Fort Station Compacted soi l Bottom ash 1980 
Cincinnati Gas & Electric \LC. Beckjord Sta . Compacted sons Bottom & fly ash 
Pacific Gas & Electric Moss Landing CSPE 29,000 1974 co 
Pacific Gas & Electric Albany CSPE 1975,1978 

.. 
~ Pacific Gas & El ectric Antioch CSPE 15,000 1978 co 

Pacific Gas & Electric Contra Costa CSPE 15,000 1976 0 ... 
Pacific Gas & Electric Eureka CSPE 17-,000 1977 m 

Ill 
Paci fie Gas 1/i El~ctric Morro Bay CSPE 12 ,000 1978 
Pacific Gas & Electr ic Pittsburgh CSPE 22,000 1976 n 

I Pacific Gas & Electric San Francisco CSPE 60,000 1978 -"" 

Magma Electric Holt sville CPE 

Southern California Edison San Clemente CSPE 60,000 1976 
Southern Cal i fo rni a Edi son San Onofre CSPE 15,000 1978 
Salt River Authority Phoenix CPE 2,000,000 l979 
United Illuminating Co. Bridgeport CSPE 64,000 1973 
Colorado Public Service Co. Platteville CPE 150 ,000 1972 
Windsor Power House Power CSP£ 23,000 1973 
Canmonwea l th. Ed1 son Cordova PVC 2,000.,000 1973 
Metropolitan Utilities Clnaha Butyl rubber 174,000 1974 
Montana Power Co . Co 1 strip CSPE 164,000 1975 
Louisville G.as & Electric ·Louisville CSP£• 13,000 1976 
Pacific Gas & Electric Albany CSP£ 36 ,000 1976 

.. 
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APPENDIX D 

CASE STUDY EXAMPLE OF UPGRADING COST ESTIMATION 

Section 11 of this manual presents detailed guidance and information for esti
mating the cost of disposal site upgrading alternatives. While the information is 

presented ih a systematic fashion, it is still useful to work through an actual 

example applying the methodology. One such case study was selected for illustration 
here. 

The cost estimation examples presented in this appendix are based on a case 

study described in Volume II, Section 6, qf Engineering Evaluation of Projected 

Solid Waste Disposal Practices, a report prepared for EPRI by Michael Baker Jr . , 

Inc. Th·e study .involves the upgrading two large flyash and oottom ash di sposa.l 

ponds to conform to RCRA requirements. 

The case study site receives 185,600 tons per year of fly ash and bottom ash . . 
from three coal -burning power plants with a combined generating capacity of 805 

MW. Currently, ash produced at the plants is either sluiced or t.rucked dry to the 

ponds for disposal. The ponds, as currently constructed, meet the criteria estab

lished under Subtitle D of RCRA, but fail to meet the guidelines proposed under RCRA 

.Section 1008 becuase the unlined pond bottoms are at an elevation near the ground 

water table and are surrounded by moderately perme,able soil. 

Cost estimates for two sets of scenarios are developed in the fol 1 owing exam-

pl es. Each se.t c.onsiders both hazardous and nonhazardous waste disposal in· .deline

ating measures necessary to comply with RCRA. The "wet" disposal scenarios involves 
upgrading the disposal site to allow continued o~eratioh as a ponding facility, with 
ash either sluiced in or washed from truck.s for disposal. The "dry" disposal sce

narios jnvolve draining and dewatering the ponds, converting the disposal site to a 
landfill for dry and dewatered ash. 

0-1 
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s Raise bottom of each pond 10 ft using natural soils. 

1 Raise dikes 10 ft around each pond. 

, Construct li ner in each pond 

- For nonhazardo~s wastes, a single 12-in. thick liner with a maximum perme
ability of 10- cm/sec should be i nstalled. 

- For hazardous wastes, the liner should c9nsi.st of a 6-jn. thick top liner 
and 1-ft thick bottom liner, each of 10- cm/sec permeability. A gravity
flow leachate detection/ collection systen consisting of a 1-ft thick 
layer of sand should be placed between the liners. 

@ Add appropriate piping 

- For hazardous wastes, install lined sumps within dikes to co11ect leachate 
from drainage layer . Install pumps and piping to return leachate to 
ponds . 

- For nonhazardous wastes, construct a pipeline to tie the north pond into 
the existing water recycle line. 

o Provide an on-site source of clean water, an emergency c001munications ~ys
tem, and other emergency provisions . 

a Secure site against unauthorized and/or accidental entry. 

- For nonhazardous wastes, construct a gate across the main road entering 
the site. 

- For hazardous wastes, construct a fence around the entire disposal area, 
post warning signs, and gate all entrances. 

, Install 12 ground water monitoring wells and implement an appropriate moni
toring program. 

, Implement closure activities when site is closed 

- Construct a soil cover over the entire site consisting of 6 in. of liner
quality fill beneath 18 in. of soii capable of supporting vegetation. 

- Landscape ·the final cover on the site. 

Tasks for the dry disposal scenarios are as follows: 

0 Drain ponds and dewater existing waste ash . 

<a Shift wastes frcm one pond to the other. (Each pond is upgraded in turn.) 

o Raise bottom of disposal areas 10 ft using natural soils. 

e Construct a liner over the entire disposal area . 

- For no9hazardous wastes, a single 12-in . thick liner with a permeability 
of 10- cm/sec should be installed. 

D-2 
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- For hazardous wastes, a 1-ft thick liner with a penne·ability of 10-7 
cm/sec should be covered with a 1-ft pervi ous drainage layer sized to 
prevent clogging. This layer must be graded to al low drainage to a 
collection sump. 

~ Provide diver~ion and storage for surface water- runoff -from disposal area, 
consisting of sedimenta:ion ponds, dikes and pumps, , and treatment if needed . 
For the hazardous scenario, this wil 1 al low collection of' leachate from 
liner drainage. 

a Construct and maintain dewatering system for bottom ash brought to the site. 

<1 Construct a silo for stol"age of f'ly ash. 

t Instal 1 12. ground water monitoring wells and implement an appropriate moni
toring program. 

o Provide an on-site source of clean water, an emergency cQ'Tlmunications sys
tem, and other emergency provisions. 

e Secure site against unauthorized and/or accidental entry 

- For nonhazar-dous wastes, construct a gate across the ma1n road entering · 
the site. 

- For hazardous wastes, construct a fence barrier around the entire disposal 
area, post warning signs, and gate all entrances . · 

, Construct a soil cover over the ;;ite as· sections are completed.·Cover con
sists of 6 in. of liner-quality fill beneath 18 in. of soil capable of 
supporting vegetation. 

Tables 0- 1 and D- 2 present cost estimates for the dry and wet disposal upgrad

ing scenarios. Sizing informat ion, design criteria~ and source tables are presented 

in the tables to allow the r-eader to follow the Section 11 calculations. 
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TABLE 0-1 

L£VELTZEO COSTS FOR ORY OlSPOS.lll SCIIEHE 

Ta.bl e Table Unit 
Subtask Reference Variable Ouantities 

Construct drain pipe from ponds to 
sewer 

On-s1te cap1tal 
Engineering overhead and fees 
Project contingency 
Process contingency 
Preproduction costs 
Inventory capital 

TOTAL LEVELIZ.ED COST OF CAPITAL 

Maintenance labor 
Maintenance materiah 
Overhead charges 

TOTAL LEVELIZEO OPERATING COSTS 

TOTAL LEVEUZED REVENUE REOUlRE>lEtlT 

PU111p supernatant water off pond and 

11-28 

dispose of It 11-1 
On-site capital 
Project contingency 

TOTAi. LEYELlZED COST OF CAPITAi. 

TOTAL lEVELIZ.ED REVEllUE REOUIREMEIIT 

A 
C 
E 
f 
A 
I 

H 
ff 
p 

,. 
E 

4000 ft 

Nonhazardous 
Total 

$260.000 
39,000 
59,800 
53,820 
16,201 

3,447 

77,993 

4,136 
4,136 
1,241 

17,9U 

95,935 

1.178 
236 

Hazardous 
Total 

$260,000 
39,000 
59,800 
53,820 
16,201 

3, 447 

77,993 

4,136 
4,136 
1,241 

17,941 

95,935 

1,178 
236 

254 

254 

Ass1J11ptfons and llotes 

System requires 4000 ft of ll-f t 
diameter reinforced concrete pl pe 

l>t.inicipal sewer line fs located at 
or llillllediately adjacent to power 
plant for ~stewater disposal 

All costs are capi tal costs 
A 15 NGPH centrifugal pump f s 

rented at $70/h<eek for one 
1reek (Including dol«l time) 

Piping/hoses are provided with 
plllllp; drain ls available 

Supernatant doesn't need treat-
111ent 

Two operators work for one l'll!e~ 
at $13.85/hr 

t 
8 
..J 
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TABLE 0-1 (cont1nued) 

lable Table lJn1t 
Subtask Refe rence Variable Quantities 

newater waste in pond bottons 11-1 405 acres 
On-site cap! tal A 
Engineer ing overhead and fees C 
Project confi ngency £ 

TOTAL LEVELIZED COST OF CAPITAL 

TOTAL LEVEL !ZED REVENUE REQUIREME!n 

Shi f t twice the total voJW11e of the 
existing waste ash the distance frcm 

549,926 yd3 north pond to south pond 11-7 
On-site capita 1 A 
fng1neer1ng overhead and fees C 
Project cont1 ngency E 

C7 Preproduction costs 11 
I 

U"l TOTAL LEVELIZED COST OF CAPITAL 

TOTAL lEVELIZEO REVENUE REOUfR EMJNT 

Ra1se rond bottocns l D feet 11-7 6,534,000 .yd3 
On- site capital A 
Engineering overhead and fees C 
Project contingency E 
Preproduction costs II 

TOTAL LEVELIZEO COSl OF CAPITAL 

TOTAL LEVEL !ZEil REVEIIUE REQU tRE.MEIIT 

line pond bottoms ll-3 0 17,641,800 ft 2 
Dn-s I te capita I A 
Engineerfng overhead and fees C 
Project contln9ency E 

Honhazardous Ha zardous 
Total Total 

Sll ,081 n 1,081 
1,662 1,662 
2, S49 2,S49 

15, 292 15,292 

2,755 2-, 755 

· 1,440,806 1,440,806 
360,202 360,202 

.. 270, 151 270,151 
41,458 41,458 

380,580 380,580 

380, 580 380,580 

32,996,700 32,996,700 
8,249, 175 8,249,175 
6,186,881 6, 1B6,1181 

9~8.655 948,655 

11,127,725 11,127, 725 

1 I, 127 1725 ll , 127,725 

18,680,711 23,894,838 
2,802,107 3, 584,226 
3,222,423 4,121,860 

·-~- - -----

As sumet ions and llules 

All . costs are capital costs 
Dewatering consists of disking , 

harrowing, and alr drying 
A 30,000 lb motorized grader 

is needed for 8 weeks (4 day/ 
pond, 2 ponds, 4 times each 
over 2 montlis) 

Ash left i n pond bottoms after 
draining is roughly 5 or 6 in. 
deep 

One operator is needed for 260 hr 

Canioon borrow is obta, ned off-site; 
haul di s tance = 3 miles 

tlonhaza rdous: 
Bentonfte ($25/ton) is hauled to 

mid -western site fr()tl Wyoming 

,... 
a. 
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TABLE n-1 ( cont 1 nued} 

lable Table Unit 
Subtask Reforence Variable OUantfties 

Process contlntency F 
Preproduction costs H 

TOTAL LEVELIZED COST Or CAPITAL 

lOTAl LEVEUZE.ll Rf.VEIIUE.REQUIREHEHT 

Construct dikes to form settling basins 11-14 1500 ft 
On-s1 te capl tal A. 
Engineering overload and fees C 
Project contingency E 
Process contingency F 
Preproduction costs II 
Inventory capital t 

TOTAL LEVELIZEO COST OF CAPITAL 

Operating labor l 
Maintenance labor H 
Maintenance material s II 
Overhead charges " 

TOTAL LEVELIZEn OPERAT rtlG COSTS 

TOTAL LEVELIZED REVEN.DE REQU IREMElff 

Nonhazardous ttaza rclou s 
Total Total 

$"2 ,4 70,524 $3,160,092 
543,966 695.797 

4,993,612 6,387,420 

4,993,612 6,387 , 420 

96,089 96,089 
14,413 14,413 
22,100 22,100 
19,890 19,890 
4,544 4,5411 

764 764 

28,473 28,473 

554 554 
6,115 6,115 
9.172 9,172 
2,001 2.001 

33,650 33,650 

62,123 62,123 

llssLC11pt Ions and lloles 

Hazardous: 
Bottom I mer = I-ft c I a.y-so i I I iner 

topped by I-ft pervious drainage 
layer 

Cost of sanqy topsoil for perv1ous 
layer ls between the q1ioted unit 
costs for Class 2 111ateriaJ; 
$0.97 to $1.48/ydJ 

Bentonlte ($25/ton} 1s hauled to 
mid-western site from llyOJ11ing 

Dike w\11 be 10-ft high 
The sett 11 ng bas in for U1e north 

pond will have a capacity of 
28.5 ac-ft of water and the 
south pond 12 ac-ft of water 
at maximum; both w11 I be carable 
of 111ailltainlng at l east 3 ft of 
freeboard at maxlm1J11 capacity 

This wil l require the addition of 
910 ft of dike to the north pond 
and 590 ft of dike to the south 
pond to create 2 square ponds 
11ithl n the ex lsti ng d1kes that 
are capable of retaining the 
assumed 1nax imlJIJIS 

Ex Is ting di kes wi 11 be used for 2 
sides of each pond 

On-site borrow must be hauled 
21)00 ft 

Area w111 have newly raised and 
l ined bottom, there fo re wi 11 not 
have to be cleaned and grubbeu 

AssJJ111e transportation di stances for 
clay Is 4 miles 

------------------------------------------------------- -----
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HOLE 0-1 (co11tl11ued l. 

Table Table 
Subtask Reference Variable 

Construct two pump stations 11-32 
Oll-site capital A 
Engineering overhead and fees C 
Project contingency E 
Process cont'i ngeocy F 
Preproduction costs II 
Inventory capftal 1 

TOTAL LEVELIZED COST Of CAPITAL 

Maintenance labor M 
Maintenance lllilterfals II 
Overhead charges p 
Electricity 5 

TOTAL LEVEL! ZEll OPERATlllf,. COS TS 

0 
I 

TOTAL LEVELIZEO REVEUUE REOUlREMEIIT 
...., 

Tnsta 11 and sample ground water . 11-22 
monitoring well system 

On-site capital A 
Engineering overhead and fef?S C 
Project contingency E 
Process contt ngency F 
Preproduction costs II 
Inventory capital I 

TOTAL LEVELIZED COST Of CAPITAL 

Variable ~aintenance costs II 

TOTAL LEVEL! ZED OPERAT 1116 COSTS 

TO'V.L LEVELi ZEil REVF.llUE REOUlROIEIIT 

Unit llonhazardous Hazardous 
Quantities Total Total 

$176,950 $176,950 
14,092 14,092 
57, 313 57,313 
62,089 62,089 
9,112 9,112 
1,552 1,552 

57,799 ST, 799 

12,418 12,418 
18,627 18,627 
3,725 3,725 

100 100 

65,704 65,704 

123,503 123,503 

24,7~0 24,HO 
3,711 3,711 
4,268 4,268 
3,272 3,272 
8,037 8,037 
7,317 7,317 

9,242 ~,242 

2,042 5,644 

2,619 7,238 

11,861 16,480 

-------

Assinptions and llotes 

System requ1res two pum11 stat ions ; 
each 111ust overcooe 20- ft hearl 

System requires 12 wells 
\fel Is average 60 ft deep 
Samples are taken annually 

through 10-yr post-closure 
11eriod for nonhazardous 
scenario; se111i-ann.ually 
through 30-yr post-,cl osure 
period for "hazardous scenario 

t 
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TABLE 0-1 (continued) =' Q 
IL 

Table Table Unit ·lloohazardous Hazardous IL 
~ ~eference Variable Quant1 ties Total . Total Assulllet Ions and flotes 0 

Inst a 11 clean water pfpe l lne to pond 11- 28 4000 ft Syste11 requires 4000 ft of 4• 
area diameter duct i1 e Iron pipe 

On-sl te capital A $47,720 $47,720 Clean. water source is at power 
Engineering overhead and fees C 7,158 7,158 plant 
Project contingency E 10,976 10,976 
Process contfngen,y F 9,878 9,878 co Preproduction costs II 2,227 2,227 .. 
Jnventory capital I 3.80 380 

~ TOTAL lEVELJZED COST OF CAPITAL 14,135 14,135 co 
Halntenance labor H 759 759 0 
Haintenance materials II 759 759 ... 

m Overhead charges p 228 228 Ii! 
TOTAL LEVELIZto OPERA Tl UG COSTS 3, 2!13 2.r.fil 
TOTAL LEVELi zrn REVENUE REQU IRE>1ENTS 17,428 17,428 

c:, 
Construct silo for storage of fly I 

19,640 ft3 co ash fra~ lln its 2 and 3 11-19 S1lo shall have the capacfty lo 
On-s1te capf ta 1 A · 126,678 126,678 store the amount or fly· ash pro-
Sal es tax n 7,601 7,601 duced during ?. weeks ( 14 flays J 
Project contingency E 26,856 26,856 or Units 2 anll 3 operation. 
Process contingency F lli, 113 )6, 113 Silo l<rill be 30-ft tall (28.8 ft 
Preproduction costs II 6,715 li,715 lllameter) 
Inventory capital I 887 887 Pneirmat i c conveyor equ i p!llent: p1 pe 
Land costs I: 2 ,750 2,750 length <2000 ft, fly ash trans-

portation rate = 10 to JO tons/hr 
tOfAL L€V(lJZ£n COST or C,V,JtAL 33,794 33,794 

SystEfll requires 600 rt of pneumatic 
Operating labor L 3,462 3,462 conveyor 
Maintenance materials fl 10,644 10,644 Power requirement or lhe f)lllf1p, 
Overhead charges p 1,039 1,039 c0111pressor, and motor Is 100 hp 
Electricity s 22,863 22,863 

TOTAL LEVEL! ZED OPE RAT IIIG COSTS 57,879 57,879 

TOTAL LEVEL lZEI) REVENI.E REQUJREHEIIT 91,674 91,674 

---- -- ~ 
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TABLE 0-1 (continued) 

Site security 
On-site capital 
Engineering overhead and fees 
Project contingency 
Preproduction costs 
Inventory cap1tal 

TOTAL lEYEllZEO COST OF CAPITAL 

liaintenance labor 
Maintenance materials 
Overhead charges 

TOTAL LEVELIZEO OPERATING COSTS 

TOTAL LE YEL lZEO REVEtlUE REOUIREHElff 

Construct and 111ai nta in dewaterl ng 
bin for bottom asl1 frOll al I 3 units 

On-s1 te capital 
Sales tax 
Projec t contingency 
Preproduction costs 
Inventory capttal 
Land costs 

TOTAL lEVELlZEfl COST Of CAPIRAl 

Operating labor 
Ha! ntenance ma ter1a ls 
Overhead charges 
E1 ectr ic 1 ty 
Variable 111afntenance costs 

TOTAL lEYELlZEO ~PERATfUG COSTS 

TOTAL LEVELiZEO REVENUE REQUIRENEHT 

Table 
Reference 

11~36 

11-11 

, I _-

Table Unit Nonna za rdou s 
Variable Quantities Total 

A $ 510 
C l.28 
E l28 
II 17 
I 1 

ill 
H 8 
N 8 
p 2 

~ 

lli 

I\ l ,000,718 
n 12,682 
E 202,692 
Ii 103,758 
I 1,900 
K 35,750 

248,586 

l 685,437 
H 5,800 
p 205,631 
s 33,722 
ll 17,000 

L.758,289 

2,006,874 

Hazardous 
Total AS SU!i1Etlons and Uotes 

Nonhazardous: 
1 19,868 Orie IS-ft I ong gate is nee,led 

4,967 flazardous: 
4,967 Site requires 2400 ft of fence , and 

653 three 15-ft gates, plus 10 
25 s1gns 

5,41l6 

298 
2-98 
89 

1,293 

6.779 

1,000,778 
Sys teil requl res two 500 ton 

dewatering bins and one 5000 tt 2 

12,682 settling basin to handle 37,120 
202,692 tons of hottORl ash/yr 
103,758 Storage tank = I 00,000 ga 1 

1,900 (13,333 rt3) 
35,750 PU111p capacity needed for ,rater 

storage tank water ret11r·n pu:iQ} 
248,586 = 24,405 gpd (17 gpi.,) 

Minimum pt.anplng capacity= 5(106) 
685,437 gpd for 115, 116 . 

·5,800 M1nimurn p1m1pfng capacity= 50 91?'" 
205,631 for 117, 118 

33,722 Minimum rulllfling caracity = 22 1Jp111 
17,000 for L4 , L5 

111 n l1o1U111 fl ow rate = 7 MGPO 
l, 758,289 for s2, s~ 

Systea requ res 6-1/2 acres or 
2,006,874 land 
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TABLE D-1 (continued) 

Table Table Unit 
Subtask Reference Var tab 1 e ()Uantiti es 

Place 6" lmpenneable clay- soil cover 
topped by 18" of soil capable of 
supporting vegetation ll~30 

On-si.te capl tal A. 
Engineering overhead and fees C 
Project cont1 ngency E· 
Process contingency F 
Preproduction costs II 

TOTAL LF.VEL IZF.ll COST llF CAPITAL 

TOTAL LEVELIZED REVEIIUE 1REQUIREMfllT 

Record keeing and other adminis
trative duties 

Operating labor 

TOTAL LEVELi ZED OPERATIIIG •COSTS 

TOTAL LEVELIZEO REVENUE REOUIRH1flfT 

landscape finished cover 
On-site capital 
Engineering overhead and fees 
Project contingency 
Process contingency 
Preproduction cost 
Inventory capital 

TOTAL LE'IELIZED COST Of CAPIT~ 

Operati ng labor 
Maintenance laho r 
Mai ntenance materf al s 
overhead charges 

TOTAL LE'IELIZEil OPERATltlG COSTS 

11-1 

11-44 

TOTAL LEVEL IZEO REVEIIUE _REOUIREJ.IEtlT 

GRAIID TOTAL LEVELIZEO RE'IEtlUE RE(JIJIREHErlT 

L 

A 
C 
E 
F 
It 
I 

L 
H 

" p 

l7 ,641,800 rt2 

405 acres• 

Honhata rdous 
Total 

$7,674,186 
!, 151,128 
I, 323,797 
l, 014, 911 

223,466 

2,051,416 

2,051,4Ui 

2,881 

5,433 

5,433 

1,096,700 
109,670 
120,637 
60,318 
40,779 

6,937 

258,307 

773 
55,493 
83,240 . 16,880 

208,774 

467,081 

21,438,428 

Hazardous 
Total 

$7,674,186 
1,151,128 
1,323,797 
1,014,911 

223,466 

2,051,416 

2,051,416 

2,881 

5,433 

5,433 

1, 096,700 
109,670 
120,637 
60,318 
40,779 

6,937 

258,307 

773 
55,493 
83,240 
16,880 

208,774 

467,081 

22,843,460 

Ass1J11ptio11s and llotes 

Soil for cover is· ava i lable 
on- site 

Three worker-years are required 

t 
0 o 
..J 

=' Q 
IL 
IL 
0 

co .. 
~ 
co 
0 ... 
m 
Ill 
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TABLE 0-2 

LEVELlZED COSTS FO,R ~ET O(SPOSAt SCHEME 

Table Table UnH 
Subtask Reference Ya rf ab le l)Janti ti es 

Construct drain pipe from ponds to 
sewer 

On-site capital 
Engi neerf ng overhead and fees 
Project cont 1 ngency 
Process contingency 
Preproduction costs 
Inventory capital 

TOTAL LEVHJZEO COST OF CAPITAL 

Maintenance labor 
Ha:I n tenance mate rf a 1 s 
Overhead charges 

11-28 

TOTAL LEYELIZEO OPERAT-ING COSTS 

TOTAL lEVELlZEO REVENUE REOUIREJ.!ENT 

Pl/!Ilp supernatant water off pond and 
dispose of it 11-1 

On-site capital 
Project contingency 

TOTAL LfVELlZEO COST OF CAPITAL 

TOTAL LEVEL lZ(D REVBIUE REQU IREM'ENT 

/I 
C 
E 
F 
It 
I 

H 
N 
I' 

A 
E 

4000 ft 

2.64(lo8) gal 

lfonhaza rdcius 
Total 

·$260,000 
39,000 
59.800 
53,820 
16,201 
3,447 ' 

77,993 

4,136 
4,136 
1,241 

17,941 

95,935 

1,178 
236 

!?.! 
254 

Hazardous 
Total 

$260,000 
39,000 
59,800 
53,820 
16,201 
3,447 

77,993 

4,136 
4,136 
1,241 

17,941 

95,935 

l, 178 
236 

254 

254 

Assumpt1ons and Aotes 

System requires 4000 ft of 4- ft 
diameter reinforced concrete pipe 
Municipal sewer line is located 

at or i111111Edfately adjacent to 
power pl ant for wa stelfa ter 
dfsposal 

All costs are capital costs 
A 15 MGPII centri fuga I purnp 1s 

rented at $70/week ror one 11eek 

(including down time) 
P1plng/hoses are provich!d with 

pump; drain fs available 
Supernatant doesn't need treat

ment 
Two operators worlc for one week at 

$13. 85/hr 
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TABLE 0-2 (continued) 

---------------------------------------------------- ------
Table Table Unit 

Reference Vari ab 1 e Quantities _ 

Dewater waste in pond bottoms 11-1 
On-site capital 
Engineering overhead and fees ' 
Project contingenc_y 

TOTAL lEVE,llZEll COST OF CAPITAL 

TOTAL lEVEUZE!l REV£tlUE REOUIRtNE/H 

Shift twice the total vol1m1e of the 
exi .sting waste ash the di stance fran 
north pond to south pond 11-7 

On-s lte capl tal 
Engineering overhead and fees 
Project contingency 
Preproduction costs 

TOTAL LEVELI1 EO COST OF CAPITAL 

TOTAL LEVELIZEO REVENUE REOUTREriENT 

Raise pond bottoms 10 feet 
On-site capita 1 
Eng1neering overhead and fees 
Project contingency 
Preproduction costs 

TOTAL LEVELIZEO COST OF CAPITAL 

11• 7 

TOTAL lEVELTZED REVEllllE REOUTllENEtH 

Raise dike tops 1 o ft a round ponds 
On-site cap Ital 
fngineering overhead and fees 
Project contingency 
Process contf ngency 
Preproduction costs 
lnventory capital 

TOTAL LEVEllZED COST Of CAPITAL 

11-14 

A 
C 
E 

" C 
E 
II 

I\ 
C 
E 
If 

A 
C 
E 
F 
II 
I 

405 acres 

549 , 926 yd3 

6,534,000 ydl . 

23,356 ft 
. 

tlonhazardous 
Total 

$ 11,081 
1,662 
2,549 

~ 
2,755 

1,440,806 
360,202 
271l,J51 
4J ,45R 

380,580 

.. 380,580 

32,996,700 
8,249,175 
6, 186,BBl 

948,655 

11,127,725 

11,127,725 

5,343,445 
801,517 

1,228,992 
I ,106,093 

249,427 
42,506 

1,582, 757 

Hazardous 
Total 

.$ 11,081 
1,662 
2,549 

15,292 

2,755 

1,440,806 
360,202 
2m, 1 s1 

41,458 

380,580 

380,580 

32,996,700 
ll,249,175 
6,186,881 

948,655 

ll, 127,725 

11 . 127,72.S 

5,343,445 
801,517 

1,228,992 
1,106,093 

249,427 
42,506 

1,582,757 

llssu111ptlons and Hates 

All costs are capitaT costs 
newatering consists of disk Ing 

harrowing, and air drying 
A l0,000 lb motorized grader is 

needed for 8 weeks (4 day/pond, 
2 onds, 4 times over 2 months) 

Ash left io pond 6ottoms after 
dra1ning is roughly 5 or 6 in . 
deep 

One opera tor i s needed for 260 hr 

C011111on borrow 1s obtained off-site; 
haul distance = 3 miles 

florth pond Is 21!5- acn!s (3105 x 
4000 ft); south pond is 120 
acres (2287 ft square) 

Clay ts hauled 4 miles 
On-site borrow is hauled 4000 fl 
Previous dl~e was built with a 4 

ft wide clay core surrounded 
by granular t>urrow; slopes are 
3:1 and top Is to ft across 

t 
0 o 
..J 

=' Q 
IL 
IL 
0 
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TABLE n -2 (continued) 

Table Tab le 
Subtask 

Operat lng labor 
Maintenance labor 
Maintenance 1:2atertals 
Overhead charges 

Reference Variable 

TOT',l LEVEL IZED QPERATI Nt. COSTS 

TOTAL LEVEL TZED REVEUUE REOUIRENWT 

LI ne pond bottOQs 11- 30 
On-site c.api tal 
Engineering overhead and fees 
Project contingency 
Process contingency 
Preproduction costs 

TOTAi. LEVELTZEO COST Of CAPITAL 

TOTAl U:VEL IZEO REVEIIIJE REQUJR~MEIIT 

Construct pipeline to tie the north 
pond into the existing recycle Hne 

Di-site capital 
Engineering overhead and fees 
Project contingency 
Precess contingency 
Preproduction costs 
Inventory capital 

TOTAl LEYEL!ZEO COST Of CAPITAL 

11-28 

L 

"' H 
? 

A 
C 
E 
f 
II 

A 
C 
E 
F
u 
I 

Unit 
()Jant1ties 

17,641,800 ft~-

1500 ft 

llonhazardous 
Total 

i 554 
340,047 
510,070 
102,180 

1, 797, 076 

3,379,833 

18,680, 71 l 
1,802,107 
3,222,423 
2,470,524 

543,966 

4 ,993,012 

4,993,612 

18,090 
2,714 
4,161 
3 ,745 

5.31 
24 

5,298 

Hazardous 
Total 

$ 554 
340,047 
510,070 
102,180 

l,797,076 

3,379,833 

33,781,706 
5,067,256 
5,827,344 
4,467,631 

983,695 

9,030,316 

9,030, 3115 

As sum pt ions and notes 

Nonhazardous: 
Bentonite ($25/ton) is hauled to 

~id-western s ite f~OIII Wyoming 
llazardous : 
Bottom l iner~ 6 in. c)iy-soil 

layer + 1 ft sand + 1 ft clay
soi 1 bottm layer 

Sandy topsoil Is used for leachate 
detection drain 

Unit cost for Class 2 mat eri a I f s 
$123/ydl . 

B""ento:ni te ($25/ton) is hauled to 
mid-western site frDQ WyOllling 

Cost of Installation roughly 
doubled because 2 dist inct ben
tontte liners must be placed 

Recycle I ine from south pond can 
carry recycled water frllllt both 
ponds 

Sy:ste1:2 required 1500 rt of &" 
cement pipe 
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TARLE D-2 (continued) 

Subtask 

Haintenance labor 
Kaintenance materials 
Overhead charges 

Table 
Reference 

TOTAL LEVELlZEO OPERATING COSTS 

TOTAL LEVEllZEO REYEHUE REQUTROIEI/T 

Construct tlfO punp stat1ons 11-32 
On-site capital 
Engineering overhead and fees 
Project contingency 
Process contingency 
Preproduction costs 
Inventory capl tal 

TOTAL LEVELIZED COST Of ~APITAL 

Maintenance labor 
Maintenance materials 
Overhead charges 
Electddty 

TOTAL LEVELIZEll OPERATIIIT COSTS 

TOTAi. LEVEL IZED REVENUE REOUIRE!~Ni 

111stal I and sa111ple ground water 11-22 
monitoring well syst811 

On-site capital 
Engineering overhead and fees 
Project contingency 
Process contfngency 
Preproduction costs 
Inventory capital 

TOTAL LEVELIZEO COST Of CAPITAL 

Table Unit 
variable ()ua(lt1ties 

H 
N 
p 

A 
C 
E 
F 
II 
I 

H 
II 
p 
s 

A 

C 
E 
F 
u 
I 

,... 
D. 
0 o 
..J 

=' Q 
IL 

llonha zardous Hazardous IL 
Total Total ASStr.l1(!t1ons and Uotes 0 

$ 288 
288 
86 

1,248 

6,547 co .. 
TifO pu:np stations are nc_eJed; ~ 

$176,950 each must overcO!lle 20 rt head co L4,092 
57,313 0 
62,0M ... 

9,112 m 
J,552 ~ 

57,799 

12,418 
18,627 

3,725 
100 

65,704 

123,503 

s_vsten requires 12 wells 
llel 1 s average 60 ft deep 

24,740 24,740 sa~ples are take~ annually 
3,711 3,711 throuah 10-yr r,ost-closure 
4,268 4,268 rer1o for non 1aza,dous 
3,272 3,272 scenario; semi-annually through 
8,037 8,037 30-yr post-closure period for 
7 ,3L7 7,317 hazardous scenario 

9,242 9,242 
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TABLE 0-2 (continued) 

Tab1 e Table Unit 
Subtasl: Reference Vari.able Ouanti ties 

Variable maintenance costs 

TOTAL LEVEllZEn OPERATING COSTS 

TOTAL LEVELIZED REVEIIUE REOUIREMEIIT 

Install clean water pipeline to pond 11-28 
area 

On-site capita 1 
Engineering overhead and fees 
Project contingency 
Process contingency 
Preprocluct ion cos ts 
Inventory capital 

TOTAL LEVEL !ZEO COST CW' CAPITAL 

Maintenance labor 
Haintenance materials 
Overhead charges 

TOTAL LFVELIZfO OPERATIIIG COSTS 

TOTAL LEVELIZED RE\IEllUE REQUI~EMfllTS 

Si te s·ecuri ty 
On-site capital 
Engineering overhead and fees, 
Project. Contingency 
Preproduction costs 
inventory capital 

TOTAL LF.VEL IZEO COST OF CAP! TAL 

11-36 

11 

A 
C 
E 
F 
u 
I 

M 
H 
p 

A 
C 
E 
II 
r 

4000 ft 

Nonha ZdrdOus 
Total 

$2,042 

2,619 

11.861 

.47,720 
7,158 

10,Y76 
9,878 
2,227 

380 

14,ns· 

759 
759 
228 

3,293 

17 ,42.8 

510 
128 

·128 
l7 
1 

141 

Hazardous 
Total 

$5,644 

7,238 

16,4BO 

47,720 
7,158 

10,976 
9,878 
2,227 

380 

14, 135 

759 
759 
228 

3,293 

17,428 

19,868 
4,967 
4,967 

653 
25 

5,486 

Assumptions .ind tlotes 

Systm requires 4000 ft of 4" 
dia~eter ductile iron pipe 

Cl ean water sou rce is at power 
plant 

Nonhaurdous: 
One 15-ft long gate needed 
Haza rdous: 
Site requires 2400 ft of fence 

and three 15-ft gates , pl us 10 
s igns 
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TABLE ll-2 (continued) 

Table Table Unit 
Subtask Reference Va r1 ab 1 e Quantities 

Maintenance l abor M 
Maintenance ~aterials ll 
Overhead charges p 

TOTAL LEVELIZE!l OPERATTIIG COSTS 

TOTAL LEVELIZED REVEIIUE REOUIREMHff 

Pl ace 6" I rnpermeab le cl ay-so11 
cover topped by 18" of .so ll capab 1 e 
of supporting vegetation 11-30 17,641,800 ft< 

On-sfte capital fl . 
Engineering overhead and fees C 
Project contingency E 
Process contingency F 
Preproduction costs II 

TOTAL LEVEL llEO COST OF C.API TAL 
0 
I TOTAt.. LEVE~ !ZED REVEIIUE REQUIREMEtlT ...... 

m 
Record keeping and other administra-
tive dut ?es 11-1 

Operat1 ng labor L 

TOTAL LEVELIZED OPERATlt/6 ~OSTS 

TOTAf_ LEVEL IZEO REVENUE REOUIREMHrT 

Landscape finished cover ll-4,of 405 acres 
Oil-site capital A 
Eng lneerl ng ove rhear1 and fees C 
Project contingency E 
Process contingenc;y F 
Preproduction cost H 
rnventory capital 1 

TOTAL LEVEL rzro COST Of CA.Pr'TAL 

. Nonhazardous 
Total 

$ 8 
. ·8 

2 

33 

174 

7,674,186 
1,151,128 
1,323,797 
1,014,911 

223,466 

2,051,416 

2,051,416 

2,801 

5,433 

5,433 

1,096,700 
109, 670 
120,637 
60,318 
40,779 

6,937 

258,307 

Hazardous 
Total 

I 298 
298 
89 

1,293 

6,779 

7,674,186 
1,151,128 
1,323,797 
1,014,'}l 1 

223,466 

2,051,416 

2,051,416 

2,881 

5,433 

5,433 

1,096,700 
109,670 
120,637 
60;JI8 
40,779 

6,937 

258,307 

Assumet Ions and !lutes 

Soll for cover 1s available on-
site 

A total of 3 1torl:er-years Is 
required 

t 
0 o 
..J 

=' Q 
IL 
IL 
0 



- Doc. Ex. 1951 -
Docket No. E-7, Sub 1214
Joint Exhibit 8

C 
1 ...... 

"-,I 

TABL£ 0-2 (continued) 

Operating 1 abor 
Maintenance labor 
Maintenance materials 
Overhead charges 

TOTAL 1.EVH I ZED OPERATIIIG COSTS 

. Table Table 
Reference Variable 

L i, 
II 
p 

TOTAL LEVEL lZEO REV£tlUE REOUIROIEIIT 

Gf!AIID TOTAL LEVH IZED REVENUE REQUIREMENT 

UriH 
Quantities· 

Nonhazardous llazardous 
. Total Total Ass1J11ptlons and Hotes 

773 773 
55 ,493 55,493 
aJ,240 83,240 
16,880 16,RRO 

208,774 208,774 

467,081 467,081 

22,540,634 26,705,518 
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Investigations of Duke Power Coal Ash Dis posal 

and I ts Impact Upon Groundwater 

Executive SuITTTiary 

Beginning in 1978, field and laboratory investigations of the composition of 
coal ash leachate and its behavior in the disposal environment were conducted 
by Duke Power and outside contractors. Leach tests, using EPA and ASTM proto
cals, were conducted on dry fly ash and bottom ash from the Allen, Belews Creek, 

and Marshall plants, as well as on ponded ash from all ash storage basins. All 
results found the concentrations of toxic metals in the ash to be non-hazardous 
according to the EPA criterion. Groundwater monitoring, in 13 test wells 
installed by Duke Power around a retired and active ash basin, found over a 

four-year period that drinking water quality was maintained in the wells down
gradient of the sites after ground~ater stabilization had occurred following 
well installation. Additional groundwater monitoring and soil testing from the 
same sites, done by an EPA contractor, also found the downgradient groundwater 

to be drinking water qua l·i ty and suggested the high ion exchange capacity of 
the soil lining the ash basin to be the mechanism preventing migration of so l
uble metals from the ash basin . These field and laboratory studies confinn 
that wet disposal of coal ash by Duke Power has no s ignificant impact on ground
water. 
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Investigations of Duke Power Coal Ash Disposal 

and Its Impact Upon Groundwater 

Introduction 

In 1983, the t;>urning of 14,800,000 tons of bituminous coal at Duke 

Power 1 s eight fossil stations produced 1,213,000 tons of fly ash and 

409,000 tons of bottom ash. Except for 68,500 tons of fly ash (in cement 

and filler applications) and 51,000 tons of bottom ash (lightweight 

aggregate) so 1 d that year for reuse , a 11 of the coal ash was disposed of 

by sluicing to storage ponds ranging in size from 14 to 500 acres surface 

area. The ponds have NPDES permits for discharge of the supernatant 

water to receiving waters via an overflow tower . While permit effluent 

l imitations have historically been complied with for the pond discharg~s 

to surface waters, the question of any leaching of a~h constituents to 

groundwaters was raised in 1978 in light of the increased scrutiny by 

regulatory agencies . Si nce that time Duke Power has conducted groundwater 

mon itori ng and leachate testing to resolve th is issue. 

Because Duke's two largest fossil stations, Ma rshall and Belews Creek, 

are beg inni ng conversion in 1984 from sluicing and ponding of fly ash to dry 

collection in silos and landfilling , the question of fly ash leachate will be 

less relevant to Du ke as over 60% of t he fly ash produced by the Company will 

be handled dry, compacted, and landfilled . This disposal method wi l l greatly 

reduce any leaching of fly ash . However, prior to this change in disposal 

method, the lack of adverse effects of ash leachate even in the pond env i ronment 
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had been demonstrated. Th is report provides t he resu lts of ash leach i ng tests 

fo r all Duke fossil stat ions, and extensi ve and intensive groundwater mon itor~ 

i ng at Plant Allen, conducted by Duke and by outside consultants . 

Ash Leachate Analyses 

The Environmental Protection Agency Extraction Procedure (May 19 , 1980 

Federal Register) calls for addition of distilled water equal t o 16 times the 

weight of the solid (100 gms .), pH adjustment to 5. 0 ±0 .2 us i ng 0.5 N acet ic 

acid, and agitation for 24 hours. The sample is then fi 1 tered through a . 45 

micron membrane and the f iltrate is diluted to 20 times the in itial we i ght of 

the solid (2000 ml . for 100 gms.). The l eachate is then preserved by acidifi

cation to pH 1.4 to 2.0 us ing nitric acid and is analyzed for eight tox ic 

metals : arsenic, selenium, barium, cadmium, chromium , lead, mercury , and sil

ver. 

The American Society for Testing and Materials (ASTM, Committee 0-34) has 

recommended a shaker method for extract ion of solid waste fo r leachate 

analysis . The method calls for a 4:1 l iquid / solid ratio and a 350 gm. solid 

sample , ra ther than the 16:1 ratio and 100 gm. sample required by EPA. The 

sample is shake n usi ng a shaker table for 48 hours, with no pH adj us tment. 

The samp 1 e is filtered and preserved as desc r ibed above , but the f i 1 tr ate is 

not diluted. 
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Both the Extraction Procedure (EP) and ASTM method have been used to 

simulate leachate from Duke fly and bottom ash, both i n the dry and ponded 

state. These results have been compared to the EPA toxicity criterion limits 

for a solid waste under the Resource Conservat ion and Recovery Act (RCRA ), 

which are: 

Element Concentration (ppb) 

Arseni c 5,000 

Sel enium 1,000 

Barium 100,000 

Cadmium 1,000 

Chromium 5,000 

Lead 5,000 

Mercury 200 

Sil ver 5,000 

Initially ( in 1980), Duke Power analyzed samp les of ponded ash (mostly 

bottom ash combined wi th some fly ash) by the EP pr ocedure for all ash ponds . 

The resu lts are shown in Table 1. 

In the same time per iod , leach tests of dry fly and bottom ash at Be l ews 

Creek were conducted by consulting laboratories for the companies marketing 

the ash for reuse . Southeas t Labora tori es used t he EP procedure to obta i n the 

f ollowi ng resul ts ( in ppb) for bottom ash: 

-3-
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Tab le 1. Extraction Procedure Analysis of Ponded Ash from Duke Power Ash Basins . 
Samples collected i~ 1980. 

All concentrations are in parts per billion . 

A 11 en Belews Buck Cliffside Dan River lee Marsha 11 Riverbend 

Cell 1 Cell 2 Ce 11 1 Cell 2 Cell 1 Ce 11 2 

Arseni c 51 31 35 35 36 33 73 22 31 82 75 

Barium 1200 1,100 2400 2200 1900 1300 2100 <1000 1100 1100 1300 

Cadmium <25 30 <25 <25 <25 <25 <25 <25 <25 <25 <25 

Chromium 10 70 50 50 60 30 80 100 70 20 60 

Lead <500 <500 <500 <500 <500 <500 <500 <500 <500 <500 <500 

Mercury 0. 11 0. 11 0.2 0. 18 0. 44 2.2 0. 17 2 <0.1 <0.1 <0.1 

Se lenium <6 <6 <6 <6 <6 <6 <6 <6 <6 <6 <6 

Silver 150 50 110 90 30 70 60 100 70 30 40 
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Arsenic 1. 4 

Barium 50 

Cadmium 5 

Chromium 20 

Lead 10 

Mercury 0.5 

Selenium 0.8 

Silver 10 

The Georgia Institute of Technology also analyzed Be l ews Creek bottom ash 

for radionuclides and found 2. 4 pCi / g Radium- 226, which is well below the proposed 

EPA limit of 5 pCi/g. 

Raba-Ki stner Consultants performed both the EP and ASTM leach tests on 

Belews Creek fly ash. The results are shown in Table 2. 

Also in 1980, as part of an ash pond investigation conducted by EPA ( the 

A. D. Little, Inc., study) at Plant Allen, samples of dry ash from Units 1 and 

3 were analyzed util izing the EP. The results are shown in Table 3, along with a 

Ra-226 activ ity of 4.3 (Unit 1) and 4.2 (Unit 3) pCi / g. 

Plant Allen fly ash, bottom ash, and coal were also tested i n 1982 in a 

U. S. Department of Energy study by Versar, Inc. Samples were processed 

according to both the EP and ASTM methods. Duke split samples with Versar and 

did its own EP and ASTM leach tests for comparison. The DOE test results are 

shown in Table 4, and Duke 's are given in Table 5. 
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Tab le 2. BELEWS CREEK 

FLY ASH LEACHATE (ppb) 

ASTM EPA EP EPA Limits 

pH 3. 7 4. 0 

Arsenic 500 <5 5,000 

Barium Not Determined <500 100,000 

Cadmium 100 <100 1,000 

Chromium 115 <100 5,000 

Cobalt 100 <100 

Copper 2050 600 

Iron 2000 300 

. lead <1000 <1000 5,000 

Manganese 200 100 

Mercury Not Determined <2 200 

Ni eke l 300 200 

Sel eni um 50 <10 1,000 

Silver Not Determined <100 5,000 

Zinc 1050 300 

Source: Raba- Kis tner Consul t ants 
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Table 3. Extraction Procedure Results for Plant All en Fl y Ash 

RESULTS FROM INITIAL SAMPLE ANALYS ES 

SAMPLE INFORMATION 

Ut i lity Name: Ouke Power 
Plant Name: Plant Allen 
Plant Locat i on: Gaston, N.C . 
Type of Sample: Fly Ash 
Sampling Location : Unit 1, ESP 
Date Sampled: July 16, 1980 

RESULTS 

Bas i s : These results are from analyses performed by Arthur D. Little, 
Inc. on grab samples obtained during the f i rst visit to the site. 
The limitation on the confidence levels for both sampling and 
analyses are noted in the accompanying cover letter. 

Concentrations of Elements Measured in EPA Extraction Procedure (Ref: 
Fed . Register, Vol. 45 , (May 19, 1980), pp . 33127-33131) 

Element Concentration (microgram/L extract) 

Arsenic 98±20 
Barium (mg/L) 0.51±0. 16 
Cadmium 16±3 
Chromi um <8 
Lead <l 
Mercury <2 
Seleni um 52±7 
Silver <2 

Activities of Radioisotopes Measured In Sol id Samples Ref: Fed. 
Register, Vo l. 43, Dec . 18, 1978, pp. 59022- 3; see cover letter for 
experimental details) 

Radium-226 4.3±0.3 
(picocurie/ gram ) Isotope Specifc Activity 
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Table 3. (cont ' d) 

RESULTS FROM INITIAL SAMPLE ANALYSES 

SAMPLE INFORMATION 

Utility Name: Duke Power 
Plant Name: Plant Al l en 
Plant Location: Gaston, N.C 
Type of Sample: Fly Ash 
Sampling location: Unit 3 
Date Sampled: July 16, 1980 

RESULTS 

Basis: These results are from analyses performed by Arthur D. Little, Inc. 
on grab samples obtained during the first visit to the site . The 
limitation on the confidence levels for both sampling and 
analyses are noted in the accompanying cover l etter. 

Concentrations of Elements Measured in EPA Extraction Procedure (Ref: 
Fed. Register, Vol. 45, (May 19 , 1980) pp. 33127-33131) 

Element Construction (microgram/L extract) 

Arsenic 63±10 
Barium (mg/L) 0.36±0.16 
Cadmium 5±3 
Chromium <8 
Lead <l 
Mercury <2 
Selenium 8±2 
Silver <2 

Activities of Radioisotopes Measured In Solid Samples Ref : Fed. 
Reg i ster, Vol . 43, Dec. 18, 1978 pp. 59022- 3; see cover letter for 
experimental details) 

Isotope Specific Activity (picocurie/ gram) 
Radium-226 4.2±0. 4 
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Table 4. Extraction Procedure and ASTM Leach Test Results (ppb) for Plant Allen 

Coal, Fly Ash, and Bottom Ash - Department of Energy Study 

Sample Arseni c Barium Cadmium Chromium Lead Mercury Selenium Silver 

Coal 
EP <10 270 <0.5 1.1 1. 6 <. 05 33 <. 05 

ASTM 41 310 <0.5 1. 0 4.3 <. 05 <10 .8 

Fly Ash-
Unit 2 

EP 460 230 <0.5 1.1 1. 6 . 19 150 <. 05 
ASTM 100 330 1.1 90 6. 5 .53 94 1. 3 

Fly Ash-
Unit 5 

EP 310 210 1. 7 <l. 0 3. 7 <. 05 19 <. 05 
ASTM 180 480 1. 2 90 6.5 <.05 40 .42 

Bottom Ash-
Unit 5 

EP 12 660 <0.5 <l. 0 <l. 0 <.05 10 <. 05 
ASTM 10 260 1. 4 <1. 0 <1.0 <.05 10 <. 05 
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Table 5. ALLEN LEACHATE STUDY - Duke Power Results 

Sample Desaription Arsenic Barium* Cadmium Chromium 

Flyash, unit #2 ppb mg/g ppb mg/g ppb mg/g ppb mg/g 
EPA #1 269.3 4.08 X 10- 3 219.83 3.33 X 10- 3 3.96 6.00 X 10-S 4. 97 7.54 X 10- 5 

EPA #2 274.l 4.28 X 10- 3 228 . 43 3. 56 X 10- 3 3.41 5. 32 X 10- s 7.61 1. 19 X 10-4 

ASTM Ill 72 . 74 2. 68 X 10- 4 266 . 03 9.80 X 10- 4 7.76 2.86 X 10-S 119.08 4. 39 X 10- 4 

ASTM #2 91. 9 3.33 X 10- 4 211..13 7. 65 X 10- 4 1. 36 4.93 X 10-6 126 . 02 4. 57 Y. lQ- 4 

Flyash, unit #5 
6.62 X 10- 3 4.26 X 10- 3 9.43 X 10- 5 2.64 X 10-4 EPA #1 417 .9 268.93 5. 95 16.63 

EPA #2 441 . 9 6. 89 X 10- 3 433.93 6. 77 X 10- 3 6.49 1. 01 X 10- 4 14.41 2. 25 X 10- 4 

ASTM #1 254.9 9. 05 X 10- 4 332.53 1.18 X 10- 3 0. 45 1. 60 X 10-6 85. 77 3.04 X 10- 4 

ASTM #2 202.2 8. 17 X 10- 4 300.93 1. 07 X 10- 3 1. 21 4.29 X 10- 6 80.22 2. 85 X 10- 4 

Bottom ash, unit #5 
EPA <2.0 <3.07 X 10-5 46 .37 7.10 X 10-4 <0.20 <3. 07 X 10- 6 <0.50 <7.68 X 10-6 

ASTM 5.84 1. 92 X 10-5 98.33 3. 24 X 10- 4 0.36 1. 18 X 10-6 <0.50 <1.64 X 10- 6 

Coal 
EPA #1 <2.0 <3.12 X 10-S 40.53 6.33 X 10- 4 0.20 3.12 X 10-6 0. 53 8. 28 X 10-6 
EPA #2 <2.0 <3.18 X 10- 5 46 .23 7. 36 X 10- 4 0. 29 4.61 X 10- 6 <0.50 <7.95 X 10-6 

ASTM #1 <2.0 <7.52 X 10-6 141. 73 5. 33 X 10- 4 0. 72 2. 71 X 10-s <0.50 <1.88 X 10 6 

ASTM #2 <2.0 <7.65 X 10-6 170 .93 6.54 X 10- 4 0.97 3. 71 X 10-6 0.67 2.56 X 10- 6 

*Corrected for filter blank. 
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Table 5. ALLEN LEACHATE STUDY (CONT'D) I 
I 

Samel e Descrietion Lead Me rcury Silver Selenium I 

Fl yash, unit #2 ppb mg/ g ppb mg/ g ppb mg/g ppb mg/ g 
10- 3 

I 
EPA #1 < 1. 0 < 1. 52 X 10- 5 <0.1 <1.52 X 10- G 0.51 7. 73 X 10- 6 68. 74 1. 04 X 

I EPA #2 <l. 0 <l. 56 X 10-s <0. 1 <1. 56 X 10- 6 0.11 1. 72 X 10-G .69.12 1.08 X 10- 3 

ASTM #1 <l. 0 <3. 68 X 10- 6 <0. 1 <3. 68 X 10- 7 1.48 5.45 X 10- 6 426.60 1. 57 X 10- 3 

ASTM #2 <1.0 <3.63 X 10-6 <0.1 <3. 63 X 10- 7 0.62 2.25 X 10- 6 445. 30 1. 61 X 10- 3 I 
Flyash, unit #5 

<5. 0 <7.92 X 10-s I EPA #1 <l. 0 <l. 58 X 10 s <0.1 <1. 58 X 10-6 0. 56 8.88 X 10-6 
EPA #2 <l. 0 <l. 56 X 10- 5 <0.1 <1.56 X 10- 6 0.28 4.37 X 10- 6 <5. 0 <7.80 X 10- S I 

ASTM #1 <l. 0 <3. 55 X 10-6 <0.1 <3.55 X 10- 7 0.45 l. 60 X 10- 6 13. 60 4.83 X 10- 5 

I ASTM #2 <1.0 <3.55 X 10-6 <0.1 <3.55 X 10- 7 0.39 1. 38 X 10- 6 13.97 4. 96 X 10- s 

I Bottom ash, unit #5 
EPA <l. 0 <l. 54 X 10- s <0.1 <1.54 X 10- S 0.68 1. 04 X 10- s <5. 0 <7.68 X 10- 5 I ASTM <1.0 <3. 29 X 10- 6 <0. 1 <3.29 X 10- G 1.19 3. 92 X 10-s 11. 74 3.86 X 10- 5 

Coa l 
EPA #1 <1.0 <1. 56 X 10- S <0. 1 <1.56 X 10-S 0.11 1. 72 X 10- 6 8.01 1. 25 X 10- 4 

EPA #2 <1.0 <1.59 X 10-5 <0.1 <1.59 X 10- 6 0.45 7.16 X 10 6 6.90 1.10 X 10- 4 

ASTM #1 <1. 0 <3.76 X 10- 6 <0.1 <3. 76 X 10- 7 0.11 4.14 X 10- 7 26.27 9.88 X 10- s 
ASTM #2 <1. 0 <3.83 X 10- 6 <0. 1 <3. 83 X 10- 7 0.22 8.42 X 10- 7 26.27 1. 01 X 10- 4 
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In 1983, Duke Power tested dry fly ash and bottom ash from Pl ant Marsha 11 

by the EP method (Table 6). 
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Table 6. Location: Marshall Steam Station Date: 9/23 & 29/83 
Flyash and Bottom Ash 
Toxicity Leach (Extraction Procedure) 

location Description 

(Concentration) 

Arsenic Barium Cadmium Chromium Lead Mercury Selenium Silver 
µg /1 mg/1 mg/1 mg/1 mg/1 µg/1 µg/1 mg/1 

yash 1-A 
09-23-83 82 0.26 <0.014 <0.02 <0.14 <0.1 166 <0.012 

yash 1-8 
09-23-83 89 0.16 <0.014 <0.02 <0.14 <0. 1 166 0.017 

Bottom Ash 2-A 
09-29-83 118 0.062 <0. 014 0.18 <0.14 <0.1 3.8 0.017 

Bottom Ash 2-B 
09-29-83 75 0.074 <0.014 <0.02 <0.14 <0. 1 4.1 0. 014 
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Duke Power Groundwater Monitori ng 

A monitoring program more extensive than that . required by RCRA has been in pro

gress at the Allen Steam Station since 1978 . This i n-house program was de

signed to evaluate the performance of Duke ' s ash basins, and their effect on 

groundwater movement and water quality . Additional Information: Duke ' s As h 

Basin Equivalency Demonstration, EPA's Fossil-Fired Exemption (Dietrich Letter), 

EPRI Report - Codisposal of Liquid and Solid Wastes from a Typi cal Coal - Fired 

Generating Unit. 

The objectives of this monitoring program were: 

1. Provide data for documenting the condition/quality of groundwater at the 

ash basin site; 

2. Predict and assess the effects of ash basin leachates on the physical and 

chemical quality of adjacent groundwater ; 

3. Determine the projected length of time that a typical as h basin substrate 

can retain leachates ; and 

4. Predi ct/ calculate the l i fe expectancy of an ash basin with respect to ion 

exchange capabilities of underlying soi l s. 
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Results of this study will be used to: 

1. Have groundwater qua l ity data from our service area wh i ch may be quite 

different from the limited studies EPA will use for formulating 

regional/national groundwater quality standards for industrial waste 

ponds (i.e., ash basins, resin basins); 

2. Participate at the state or regional level in . the development of 

groundwater quality standards and resulting legislation; and 

3. Address any future groundwater legislation by means of a strong 

technical data base such as was done with the Ash Basin Equi va 1 ency 

Demonstrat ion. 

Ash Basin History 

Allen station is a five-unit, 

Lake Wylie in North Carolina . 

1140 MW coa 1-f ired steam pl ant located on 

Mill tailings, bottom ash, and fly ash 

derived from the processing and burn ing of coal are pumped .via ash slurry 

lines to a series of ash basins . Development of the ash disposal site 

( Figure 1) began with area A, which first received fly ash from the pl ant in 

the late 1950s. 

Area B contains ash that was dredged from area A in the early 1970s . In 

1972- 73, it was covered with 30-60 cm of earth fill and p 1 anted with a ground 

cover. Currently, ash sluiced from the plant is pumped directly to the ash 

basin designated as area C. The series of di kes around this area were 

completed in 1973 and the basin has been operational since then . 
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These three areas typify the ash storage extremes that may exist around a 

steam station during the typical cycle of ash basin utilization and 

reclamation: stored ash generated in the plant's early days; dredge mater i al 

l ess than 10 years old with l imited reclamat ion; and currently generated ash. 

Note that the prevailing direction of movement of the groundwater is toward 

the river, as indicated by topographic relief in the plant vicinity 

( Figure 2). The series of ash basins are placed so that groundwater infiltra

tion into the deeper acquifer is negligible , if not totally precluded. Addi

tional Information: Allen Revegetation Study. 
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Well Construction 

a. Layout-Physical Location/Site 

Wells were located on the site based on an examinat ion of available 

geological / his torical / groundwater information. Field surveys were then 

conducted to select f inal well locations based on: 1) accessibility by 

drill rigs, 2) accessibility by well mon i toring personnel, 3) placement 

in area which will not be disturbed by routine plant activities, 4) 

placement in areas not affected by future modif ications of basin , 

5) avoidance of unsu i table physical features, i.e ., culverts, rock fill, 

avoid excessive clearing. The fina l we ll locations are indicated on 

Figure 2. Additional Information: Groundwater Monitoring Program. 

b. Boring Logs 

Extensive records were maintained to document a 11 aspects of the ac tua 1 

well emplacement. Informat ion i nc l uded i n the boring logs includes : 

date, well number, field, depths for samp l ing, soil f ield classification , 

general drilli ng procedures. Addit iona l Information: See fi eld logs of 

boring logs, Person~l Communication : J ocassee Soils Lab; Construction 

personnel, DE Geo logist , OE Civil Soils Engineers, Bowser-Morner, Law 

Engineering, Haley and Aldr ich. 
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FIG . 2. - SAMPL ING WELL LOCATIOHS AT PLANT ALLEN 
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c. Soil Analyses 

Soil analyses were conducted by the Jocassee Soils Laboratory. 

Additional Information: Results from Soils Lab are contained in separate 

appendix and include soil partic l e size ana lysis , grain size 

distribution, moisture, calculated permeabilities and soil descriptions . 

Results were discussed with Soil Lab personnel, Civil Engineering 

personnel, DE geologist, Haley and Aldrich , Weston, Inc . , EPRI . 

Well Design 

a. Air Lift Sampler 

The gas lift sampler (Figure 3) consists of two plastic tubes . The 

smaller tube (1/4 in. 00) supplies pressurized nitrogen from a regulated 

source to the discharge hole at the bottom of the gas line; the larger 

one (3/4 inc. OD) returns a gas-water mi xture to the surface. 
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Figure 3. Schematic Diagram of gaslift samp ler. 
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This assembly, constructed of PVC material, is inserted into a 4 inch PVC 

casing. The nitrogen feed line is connected to the inflow fixture and 

the gas is permitted to flow at a rate that produces t he optimal water 

flow at the discharge tube . Samples are taken directl y from the 

di scharge tube opening. 

b. Function of Wells 

Table 7 lists the wells, general information and its function - control 

or monitoring. Additional information: Well installation log ; surveyors 

log, site layout, soil boring data, general soils informat i on, 

discussions with OE geologists, Civil Engineering personnel, Soils 

Laboratory personne l. 

c. Genera l Well Construction 

All wetable surfaces of the we ll and assoc i ated piping and tubing were 

made of plastic to minimize potential metal contamination . Further details 

of well construction are contained in the air lift sampler descr i ption . 

Sampling Procedure 

a. Well Stabilization 

Well i ns tallation was completed by February , 1978 , and the wells were 

pumped using nitrogen on a weekly basis through April, 1978. Th i s 

procedure ensured that dri 11 i ng-re lated disturbances in the soil strata 
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Table 7. Function, location, and 

design details of wells.* 

Well Depth, 

No. ft. Function and specifications 

1 66 Control (to provide hydrological and chemical background data) 

2 52 Control (same as well 1) 

3 32 Monitoring; river side of old ash-basin dike, below perched-water table 

(nearest depth for ample groundwater volume) 

5 47 Monitoring; finished to about 30 ft. below well 4 

6 30 Monitoring; river side of new ash-basin di ke, below perched-water table 

7 43 Monitoring; on peninsula in new ash bas in, finished below perched-

water table 

8 50 Control; northwest corner of new basin, finished below perched-water 

table 

9 50 Control; farther west than well 8, below perched-water table 

10 20 Monitoring; r iver side of dike of new ash-basin discharge 

11 46 Monitoring; river side of south dike of new bas i n, sufficiently below 

table for ample groundwater sample 

12 43 Mon i toring; south and 30 ft. downgradient of wel l 11 

13 40 Monitoring; south and 30 ft. downgradient of wel l 12 

*Well #4 discontinued because of rerouting of ash discharge 

resulted in permanent lowering of water table. 
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had stabi 1 i zed and that a 11 water used during dri 11 operations had been 

removed from t he we ll s and s urroundi ng soil s . Conductivity measurements 

and spot sampling conducted during t his period indicated that the wells 

had stabi lized and a full-scale month ly sampling progr am was i ni tiated . 

b . Sampling Protocol 

Wells were allowed to recharge prior to sampling ( two-day survey) which 

e l iminated any mi nor contamination from surf ace water i nfil trat ion , and 

ensured removal of waters that might be affected by different 

oxidation/ reduction regimes as a result of exposure to the atmosphere. 

When these waters were removed, a more representative groundwater sample 

would be taken. 

Although sampling initially consisted of monthly analyses, so li ttle 

change was detected that quarterly sampling was deemed adequate. It 

should be noted, however, that in sha 11 ow we 11 s - less than 3 m - the 

temperature was observed to change seasonally, even though the major 

chemical parameters showed no discernible trend. The procedure required 

that each we 11 be pumped/ sampled on two consecuti ve days. The we 11 s 

were pumped to the lowest lev~l possib l e on the first day, allowed to 

recharge for 24 hours , and then re-sampled. Temperature, pH, conductivity, 

and water level were measured in the fi eld . Additional information: 

Groundwater Monitoring Pr ogram. 
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Analytical Procedure 

a. Trace Meta 1 s 

Composite samp les were collected for laboratory analysis for the 

following: arsenic, cadmium, chromium, manganese, sodium, nickel, and 

zinc. The samp 1 es were put on ice and then brought to the 1 ab where they 

were passed through a 0.45 µ filter (soluble fraction), transferred to 

acid washed glass bottles, and then acidified to a pH of approximate ly 2.0 

with nitric acid. The maximum time between sample collection and comp l e

tion of sample preservation was four hours . 

The routine sample analysis consisted of calcium, chloride, magnesium, 

nitrate, potassium, sodium, sulfate, arsenic, cadmium, chromium, copper, 

iron, manganese, mercury, selenium and arsenic. Additional information: 

Sample study design, raw data sheets, various summaries in files. 

b. Fie 1 d Measurements 

Sampling procedure for the field was as fol lows: 

1) The depth to water in a monitoring well was measured usi ng a 

volt-meter with calibrated coax cab le and the value recorded on data 

sheets. 
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2) The 3/ 4 i nch PVC tubing permanently mounted inside the 4 inch PVC 

casing was adjusted to a des i rab 1 e pumping depth and th is depth was 

recorded on field data sheets. 

3 ) Pumping was started and the conductivi t y (µ mhos / cm2) of the dis

charge water was monitored by a specific conductance bridge. The 

values for specific conductance at selected pumping times were 

recorded on a well pumping data sheet . 

4) When conduct ivity reached a constant va lue , the temperature and pH 

of the discharge water were meas ured and values recorded on data 

sheets. 

5) Al l field i nstruments were cal i brated in the l aboratory . 

Summary of Analytica l Results 

The presence of leachate in the test we 11 s was determined by comparing the 

concentration of substances present with those i n the contro 1 we 11 s and with 

the dissolved constituents in the o l d and new ash basins. Conduc t i vi ties 

above 100 µmhos and calcium concentrations exceeding 8 mg/1 were taken to 

indicate the presence of leachate . On this bas i s, wells 3, 4 , and 11 we re 

j udged t o be situated in t he leachate plume . 

For the first two years of data analyzed, the highest conduct i vity recorded 

for the contra l we 11 s was 98 µmhos. By comparison, the lowest conductivity 

for the test we 11 s i n the p 1 ume wa s 180 µmhos. Average calcium concentration 
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measured in the control wells was 2.62 mg/ 1, whereas the average for test 

wells 3 , 4, and 11 was 54.5 mg/1. The e l evated calcium l evels were probabl y 

associated with the leading edge of the plume. 

With the possible exception of test well 12, none of the other test wells 

appeared to be in the leachate plume. As shown in Figure 4, wells 11, 12 and 

13 were situated on a hi 11 s 1 oping down to the river. Although we 11 11 is 

definitely situated in the plume, as mentioned, well 13 is not, because none 

of the parameters measured there exceeded those at the control wells. Well 12 

is questionable, however, with average magnesium concentrations (2 mg/ 1) 

intermediate between those .wells 11 and 13. 

The concentration of trace elements in the control and test wells for the 

entire study is provided in Table 8, giving the single highest and lowest 

values recorded. For comparison, the table i ncludes Interim Prfmary Drinking 

Water Standards . 

As noted, minimum concentrations are generally near or at the detection limit 

of the instrumentation. In all cases, the minimum concentrations were less 

than the Interim Drinking Water Standards. Maximum values were observed 

during the early portion of the sampling period when water quality within the 

well was still influenced by the drilling process. Well No . 4 located at the 

ash/clay interface became dry during the last 2 years of the study because of 
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Table 8. Maximum - Minimum Concentrations (ppb) measured during groundwater sampling du ring 
1979 - 1982 at Allen Steam Station. 

Well As Cd Se 
No. Min - Max Min - Max Min - Max 

1 1.2 - <2.0 <0.2 - 0.3 <5. 0 - 6.0 
2 2. 0 - 6.5 0. 7 - 1.1 <5. 0 - 12. 0 
3 <2. 0 - 9. 2 <0. 2 - 8.5 <5. 0 - 8.5 
4 8.8 - 112 .5 <0.2 - 7.0 <5. 0 - 19. 5 
5 <2.0 - 8.0 <0. 2 - 7.0 <5. 0 - 5. 8 
6 <2.0 - 2.0 <0.2 - 2.0 "'* - <5. 0 
7 <2. 0 - 4. 5 <0.2 - 3. 5 <5.0 - 5. 5 
8 <2.0 - 5.6 <0. 2 - 15.0 "'* - <5. 0 
9 1.3 - <2. 0 <0. 1 - * ** - <5.0 

10 <2. 0 - 6.8 7.6 - 19 .0 <5.0 - 12 . 0 
11 <2. 0 - 6.9 <0. 2 - 7. 7 <5.0 - 12 . 0 
12 <2.0 - 3. 4 <0.2 - 7.0 <5. 0 - 8 . 5 
13 <2. 0 - 5.1 <0. 2 - 2.8 <5. 0 - 11. 5 
EPA' 50 10 10 

1- EPA Interim Primary Drinking Water Standards 
2- No criterion 
* - One sample only 
** - Detecti on limit changed from <1. 0 t o <5.0 

Cr Cu Ni 
Min - Max Min - Max Min - Max 

<0. 5 - <20.0 <l. 0 - <20. 0 <5.0 - <20.0 
<0. 5 - 90.0 1.8 - <10. 0 <5.0 - 20.0 
<0 . 5 - 10 . 0 <10 . 0 - 30 . 0 <5.0 - 10 . 0 
<0.5 - 10.0 <1.0 - <10 . 0 <5. 0 - 40 . 0 
<0. 5 - 20. 0 <l. 0 - <10. 0 40 - 68.0 
0.7 - 10 <l. 0 - <10. 0 <5. 0 - 20 . 0 

<0.5 - 10 <l. 0 - <10. 0 <5.0 - 10. 0 
<0.5 - 20 <l. 0 - <10. 0 <5.0 - 10.0 
<0.5 - <20 <l. 0 - <20. 0 <5.0 - <20.0 
<0. 5 - <20 <l. 0 - <10. 0 <5.0 - <10.0 
1. 9 - 20 1. 2 - 20.0 <5.0 - 20.0 
<0.5 - 20 <1.0 - <10.0 <5. 0 - 10 . 0 
1. 6 - 50 2. 1 - 10.0 <5.0 - <10.0 
50 1000 NC 2 
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Zn 
Min - Max 

1.2 - <20.0 
10. 0 - 36.0 
<l. 0 - 70 . 0 
<1. 0 - 80. 0 
48 - 50 
4.1 - 20.0 

11.0 - 20.0 
1. 7 - 20. 0 

<1. 0 - <20.0 
8. 0 - 20.0 
6.6 - 90. 0 

11. 0 - 30 . 0 
2.2 - 30 .0 
5000 
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rerouting of ash sluice l i nes in the area . Consequently, these data reflect 

the qua 1 i ty of i nterst it i a 1 water i n the ash pond rather than the actua 1 

groundwaters. 
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Env i ronmental Protection Agency Contract No. 68-02-3167: 

Characterization and Environmental Moni toring of Full Scale 

Utility Waste Disposal Sites 

Prime Contractor : Arthur D. Little, Inc . 

Geotechnical Subcontractor: Bowser-Marner Testing Laboratories, Inc. 

Chemical Analysis Subcontractor: TRW, Inc. 

The purpose of this program was to obtain information to enable 

promulgation of federal regulations under RCRA for the storage, treatment, and 

disposal of coal ash and flue gas desulfurization sludge . 

The study involved geohydrologic and ground water quality investigations 

at six utility waste sites . Soil borings were performed to take split spoon 

and Shelby tube samples and to install test wells. Flush joint, steel casing 

(4 inch ID) borings , using wash-bori ng techniques, were employed. Soil 

samples were obtained at 5 ft . intervals, with the split-spoon sampler used to 

determine Standard Penetration . Wells consisted of 2 in. ID, Schedule 80 PVC 

pipe with slotted well points surrounded to 5 ft . above the point with Ottawa 

sand. The casings were bac kf illed with sand, cement grouted at ground 

surface , and completed with a 3 ft . stand pipe with vented locking cap. 

Samples of dry fly ash were also taken for leachate analysis . 

The Plant Allen site was selected as be ing representative of the Piedmont 

region and the combined ponding of fl y and bottom ash. The s ite was also 

selected to i nvestigate Duke Power's practice of treati ng boiler cleaning 

waste in the ash basin . 
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The geology of the Allen site was found to consis t pr imarily of resi dua l 

(si l ty clay with low organi c content) soils with some very localized al l uv ial 

deposits from f ormer surface drainage areas . The origi nal groundwater table 

was located at a maxi mum depth of 33 ft. Groundwater fl ow was found to be 

5 X 105 m3 / yr . The A. D. Li ttle subcontractors decided upon 12 test wells to 

character ize the retired and acttve ash basins, in locations similar to those 

selected by Design Engineering for the Duke study. Two background wel ls (3-4 

and 3-4A) were located upgradi ent from DP we 11 #8, and seven downgradi ent 

wells were installed. We l l 3-5 was placed near DP #11, We l ls 3-6A and B near 

DP #10, Well 3-7 further upriver, Well 3-9 and 3-8A near DP #6 and Well 3-8 

uprive r and downgradient of the dike separating the retired and active 

basins. Well 3-1 was located within the ret i red pond and Wells 3-2 and 3- 3 

were placed in the active pond . Well 3-2 sampled the water in the ash at the 

bottom of the pond. In addition, the toe dra i ns of the active pond dike were 

designated 3-10, 3-11 , and 3-12, and the pond NPOES discharge was designated 

3-13. The sampling locat ions are shown in Figure 5. All wells were f lushed 

after installation and were subsequently sampled by peristaltic pump . 

Groundwater samp 1 i ng occurred in February and March 1981 and in Ju ly 1982 . 

Samples of boi ler cleani ng waste were taken during the cleaning of Al len #4 in 

November 1981. 

Gr oundwater samples were analyzed by I nductivel y Coupled Argon Plasma 

emission spectroscopy, except for analysis of arsenic a nd selenium by hydride 

evolution atomic absorption and analysis of sulfate (and five other anions) by 

ion ch romatography. Data for some selected parameters are shown in Table 9 
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c-4 
r-3- 4A 
_.-3-4B 

Ne,.,, Ash Bas in 

3-2* 
e 3-2A • 3- 3 

e 3-l 

Figure 5. EPA/AOL Groundwater Monitoring Well s In-Place at 
Plant Allen as of June 30, ~982. 

*3-2 - Depth at ash/c l ay interface 
3-2A-Well po in t within t he ash. 
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Table 

OATE February 1981 

location 3- 2 

As (ppb) 1550 

Se (ppb) 3 

Cu (ppll) <. 008 

Mg (ppb) 10.5 

504 (ppm) 320 

NS = Not Sampled 
NA = Not Analyzed 

3-9 

NA 

NA 

<. 008 

7.9 

<4 

9. Selected Groundwater Data 

March 1981 

3-2 8 3-9 

2425 <2 <0. 2 

<2 <5 <. 26 

<. 005 2.2 <. 005 

11. 7 1. 2 8. 7 

320 NA <4 
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for Plant Allen Sampling location 

July 1982 

6 3-2 8 3-9 6 -
<2 318 <5 <0.1 NS (Inaccess i b 1 e) 

<5 6.6 <5 <0. 1 NS (Inaccessible) 

<l <. 008 <l <.008 NS (lnacces$ible) 

1. 2 6 1.15 7 .1 NS (Inaccessible) 

NA 169 NA 4 NS (Inaccessible) 
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for We ll s 3-2 (worst case high concentrations ) and 3- 9 (downgradient of active 

pond) with some data from Duke wel l s 8 (background) and 6 for comparison. The 

parameters shown are arsenic and selenium (primary drin ki ng water standards ), 

magnes i um ( indicator of i on exchange capac i ty), and copper and su l fate 

(secondary drinki ng water standards). The dif ference in the concentration of 

arsenic and sulfate between that found within the active pond and in the 

downgradi ent we 11 is noteworthy . The arsenic concentrations detected in the 

interstitial waters of the ash-soil interface at the bottom of the active pond 

(well 3-2) were much higher than the leachable arsenic found in dry fl y ash 

from Allen Unit 1 (98 ppb) and Unit 3 (63 ppb), yet no arsenic was detected in 

well 3-9 downgradient of the active pond. 

Soil attenuation is suggested by A. 0 . Little as the mechanism preventing 

migration of arsenic from the ponds. This was demonstrated by lab experiments 

in which interstiti al water from well 3-2 (fortified with cadmium, chromium, 

copper , lead, and selenium) was used as a test leachate tn be combined in 

SO-ml aliquots with .05, . 5, 5, and 25 gms . of soil from the borings for 3-2. 

The slurries were shaken for 24 hrs ., filte r ed through a . 45 um filter, and 

aliquots were either preserved with nitric acid for ICAP or cooled for ion 

chromatography. Analyses were performed both on solutions and on digested 

solids. 

Statistically significant decreases in concentration between start i ng 

solutions and equilibrated solutions were considered to be the quantity 

adsorbed by the soil. The starting solut i on concentrations of arsen i c and 

se 1 en i um were 512 and 125 ppb, respect i vely . The a 11 uvi a 1 soil used from the 

bottom of we l l 3-2 was 69% sand, 28% clay , 8% silt, with 0.08% total organ i c 
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carbon and 4940 ppm manganese. The pH of the 1 eachate/ soi 1 mi xtures was 8. 97 

for the . 05 gms . solution, 8.58 for . 5 gms . , 6.99 for 5 gms . , and 6.5 for the 

25 gms . solution . 

The equilibrated final solutions contained as much as 360 ppb arsenic and 

113 ppb selenium for the smallest amount of soi l but as little as <0. 2 ppb 

arsenic and 0.2 ppb selenium for the 25 gm . soil sample, indicati ng the so i l's 

hig h adsorptive capacity, the highest of any site studied by A. D. Little . 

The high manganese content of the soil is suggested as the explanation for its 

ability to adsorb arsenic and selenium. 

The soil from 3-2, the groundwater from the downgradient wells, and the 

pond toe drains and discharge water did not have concentrations of copper, 

nickel, and zinc above background, confirming that the high concentrations of 

these metals added to the pond during a boiler cleaning are precipitated and 

confined within the pond. 
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