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Wells - Public Staff 
Cross Examination Exhibit ~ G:, ABSTRACT 

This report summarizes results of a 3-year study of current coal 
ash and flue gas desulfurization (FGD) waste disposal practices at 
coal-fired electric generating plants. The study was conducted by 
Arthur D. Little, Inc., under EPA contract 68-02-3167, and involved 
characterizing ~astes, gathering environmental data, assessing 
environmental effects, and evaluating the engineering/costs of disposal 
practices at six selected sites in various locations around the councrv. 
Results of the study are providing technical background data and 
information to EPA, State and local permitting officials, and the 
utility industry for implementing environmentally sound disposal 
practices. 

J:/A 

Data from the study suggest that no major environmental effects 
have occurred at any of the six sites. For example, data from w-ells 
doYngradient of the disposal sites indicate that the contribution of 
waste leachate to the groundwater has generally resulted in concentra­
tions of chemicals less than the primary drinking water standards 
established 'by EPA. Although occasional exceedances of the standards 
were observed, these were not necessarily attributable to coal ash and 
FGD waste, A generic environmental evaluation based on a matrix of four 
waste types, three disposal methods, and five environmental settings 
(based on climate and hydrogeology) shows that technology exists for 
environmentally sound disposal of coal ash and FGD wastes for ponding, 
interim ponding/landfilling, and landfilling. For some combinations of 
waste types, disposal methods, and environmental settings, measures must 
be taken to avoid adverse environmental effects. ~owever, site-specific 
app-~cac~~n c! go~d engi~ee~~ng design and prac:i can mitigate most 
potentially adverse effects of coal ash and FGD waste disposal. Costs 
of waste disposal operations are highly system- and site-specific. 
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1 • l OVERVU:W 

SECTtnN 1. 0 

EXECUTIVE SUMMARY 

This final report was prepared by Arthur D. Little, Inc. (ADL) for the 
Environmental Protection Agency (EPA) as part of a study of current coal ash 
and flue gas desulfurization (FGD) waste disposal practices at coal-fired 
power plants. The study involved characterizing wastes, gathering environ­
mental data, and assessing the environmental effects and engineering/costs 
associated with disposal practices at six selected sites at various locations 
around the country. Results of the st:udy will be used: (l) · as a technical 
basis to help EPA determine the degree, if any, to .which disposal of these 
wastes should be managed to protect human health and the environment; and (2) 
to provide useful information on environmentally sound disposal of coal ash 
and FGD wastes to utility planners and state and local permitting officials. 

This three-year effort consisted of several work elements. The first 
step was to select six waste ~isposal sites for detailed field and laboratory 
evaluations. The selection was based on an analysis of all available informa­
tion on coal ash and FGD waste disposal at coal-fired utility plants in the 
U.S. During this site-selection process, waste tYl'es, r.iethods of disposal, 
and environmental settings were considered. .. 

The second step was to develop sampling infrastructures at these six 
sites. These efforts consisted of placing borings, groundwater wells and test 
pits to study stratigraphy and to gather wastewater. and soil samples. After 
site development, samples of groundwater, surface water, wastes, and soils 
were subjected to comprehensive physical and chemical analyses. Additional 
groundwater and surface water samples were gathered at the sites over a 
one-year period for further analysis. 

Data from site development and sampling/analysis we~e used to assess 
environmental effects. The primary focus of the environmental assessment was 
to study the fate of waste constituents (including trace elements) by examin­
ing .the relative concent-rations in liquids and solids at background, in-waste, 
and do"Wngradient locations. ·The environmental assessment effort continued 
until the end of the project. 

At each of the six sites , engineering information was gathered on the 
handling and disposal of coal ash and, if present. FGD wastes. This engineer­
ing infonnation formed the basis for developing process flow sheets, capital 
costs, and first year annual costs for waste handling and disposal . 
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Throughout this project, related programs, including those sponsorec by 
EPA, the Electric Power Research Institute (EPR!), the Department of Energy 
(DOE), the Tennessee Valley Authority (TVA), and others in the utility 
industry were evaluated. 

Based on all. the data and information, a generic assessment of coal/ash 
and FGD waste disposal was undertaken. The generic assessment serves as a 
basis for anticipating environmental effects.for a mix of waste types, methods 
of disposal, and environmental settings. This generic assessment also 
provides a data base on capital and annual costs for coal ash and FGD waste· 
handling facilities for a mix of waste types and methods of disposal. 
Finally. a decision methodology was developed to serve as a tool for federal, 
state and local permitting officials and utility planners in developing 
environmentally sound waste management practices for coal ash and FGD wastes 
under a variety of circumstances. 

l.2 TECHNOLOGY AND PRODUCTION OF WASTES 

Coal-fired power plants based on conventional combustion technology 
generate tvo major types of waste materials: coal ash (fly ash, bottom ash, 
or boiler slag) and FGD wastes. Both are produced in fairly large amounts and 
so are usually referred to as "high volume wastes." Numerous additional 
wastes, generated in smaller quantities, are associated with other processes 
or maintenance ope.rations in a power plant. These include coal pile runoff, 
boiler blowdown, cooling tower blowdown. water treatment wastes, maintenance 
cleaning vastes, general power plant trash, and plant sanitary wastes. This 
project focused primarily on the high volume wastes. 

Fly ash from coal-fired utility boilers is collected by mechanical 
collectors and/or electrostatic precipitators, fabric.filters, or wet 
scrubbers. By late l98Z, about 103,000 MW of coal-fired generating capacity -
operational, under construction, and in various stages of planning - had been 
committed to FGD systems. Flue gas desulfurization can be accomplished by 
nonregenerable throwaway systems, which result in FGD wastes, or by regener­
able systems, which produce a saleable product (sulfur or sulfuric acid). 
Operational nonregenerable FGD systems are currently predominated by wet 
scrubbing technology; however, some dry FGD scrubbing systems were coming 
on-line in 1982 to 1983. The major types of systems used in utility power 
plants are based on direct limestone, direct lime, alkaline fly ash, dual 
alkali, and lime- or sodium-based dry FGD systems (l). 

Table 1.1 gives some projections on the generation of coal ash and FGD 
wastes [together, these are deSignated as flue gas cleaning (FGC) wastes] in 
the U.S. Most of the coal ash and almost all FGD wastes are sent to disposal 
(2,3). In view of the expected increase in coal consumption in the U.S., this 
trend should continue for many years. Utilization of FGC·wastes should grow, 
but at a slower rate than that at which it is generated. Typical uses of coal 
ash include soil stabilization, ice control, and as an ingredient in cement, 
concrete. and blasting compounds. FGD wastes are not presently used in the 
U.S., except for some minor amounts in road base and ~ther applications. On 
balance, disposal will continue to be the major option for FGC waste manage­
ment in the U.S. for the foreseeable future. 

1-2 
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TABLE 1.1 

PROJECTIONS OF FGC WA.STF. GENERATION BY UTILi'rY PlJ..NTS T~ !RF, UNITED STATE~ 

(1980-1995) 

Waste Generation (106 Metric 

lolasce Type 1980 1985 

Coal Asha 62.4 83.2 

FGD Wastes b 8.6 26.9 

TOTAL 71.0 110.1 

(78.3)c (121..+) 
C 

aCoal ash quantities are shown on a dry basis. 

~FGD waste quantities are shown on a wet basis (50% solids). 
C 6 . 

10 cons/year. 

Source: Arthur D, Little, Inc. · 

• ";i J-.,. 

tons/ zr ) 

1995 

110.0 

48.6 -
158.6 

(174.S)c 
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All FGC waste disposal is on land. At-sea disposal may be a future 
alternative if it can be practiced under environmentally and economically 
acceptable conditions (4,5). The main methods of disposal on land are: 
ponding, landfilling (including disposal in surface mines), and interim 
ponding followed by landfilling. Table 1.2 summarizes disposal practices 
based on practices at 176 plants. 

Ponding of FGC waste is more common than any other disposal method. 
Ponding can be used for a wide variety of coal ash and FGD wastes, including 
chemically treated FGD wastes. Ponds can be designed based o.n diking or 
incision, but the construction of dams or dikes for ponds is usually costly. 
Regulatory developments under the Clean Water Act have encouraged dry handling 
and disposal oi fly ash. In the future, even in existing plants, ponding will 
probably be limited to those sites that will involve minimal construction of 
dams or dikes. One exception could be a special ca.se of wet ponding - FGD 
gypsum "stacking." In this case, gypsum slurry from a forced oxidation system 
would be piped to a pond, allo.ed to settle, and the supernate recycled. 
Periodically the gypsum would be dredged · and stacked around the perimeter of 
the pond, thus building up the embankments. . · 

Landfilling of FGC waste is also widely practiced, and can involve one or 
more of a variety of handling operations before the disposal operation. For 
example, bottom ash is almost always sluiced from the plant, so it must be 
dewatered before it is transported. Dewatering must also be applied to fly 
ash that Is sluiced from the plant or is wet-scrubbed from the flue gas - with 
or without significant quantities of so

2
• Wet FGD waste must be dewatered via 

thickening, vacuum filtration, and, if necessary, blending Yith dry fly ash 
for stabilization or chemical treatment (fixation) additives such as lime. On 
the other hand, fly ash slated for landfill :is typically transported directly 
from the plant in a'dry state, with only enough moisture added for dust 
control and compaction in the landfill. Wastes from a spray dryer FGD system 
can also be transported directly; during this project, commercial operation cf 
these systems on utility boilers was just beginning. A properly designed and 
operating landfill system can potentially enhance the value of the disposal 
site after termination or at 1east .perm.it post ... operational use. 

Mine disposal is a vari&tion of landfilling that is receiving increased 
attention. Surface coal mines, particularly those serving "mine-mouth" 
plants, offer the greatest capacity and economic attractiveness for disposal 
of wastes from po~er plants (4.5). Since the volume of FGC wastes produced is 
considerably less than the amount of coal burned, many mines would have the 
capacity for disposal throughout the life of the power plant. Several plants, 
particularly in the Plains States (i.e., North Dakota), have recently prac­
ticed chis disposal method. 

Interim pond/landfill has been an important waste disposal method in the 
past, but is likely to decline in the future, especially since dry ash 
handling and disposal is being more widely practiced. 
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f' 
I 
di 

TAIH.l!: L2 

CURRENT FGC WASTE DISPOSAL METHODS USED AT 
UTILITY COAL-FIHED POWER Pl.ANTS fN THE U.S. 

(Data Base: 176P1ant >200 MW/ 

Number of l' lanls 

Type of Waste 

I:' l y ush only 18 

Bollum ash only 29 

Coml>lne<l fly and I.ml tom ash 69 

FGD waste only s 
Mixed fly ash and FCD waste 7 

Mixed bottom ash and a,•GI) Wi.l sle 1 

Mixed l'ly ash and FGD waste (stabil !zed) 2 

Mixed fly ash, bottom ash, and FGO waste 2 

- ---. -- .... --~~-

C I.Jn<l r f l1 

46 

]J 

9 

7 

6 

1 

C 
lnltfflm l'ond/1.nmJf i IL 

6 

29 

16 

l 

1 

a 
Coal-fl.red plants on which data were available (:i:_80' of their power generated 

b 

(' 

l rn111 coal in 1977} which have r,enernting capacities >200MH with the exception 
of four plants employing ft:» systems. Figures represent the number of plants 
al which e,1ch wasle type/disposal method is practiced. (Many plants use more 
than one method.) 

Includes direct ponding and interim/final ponding m~thods. 

Includes managed and unmanaged fills anJ mine disposal. 

Source: Arthur D. Liitle? Inc. 
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1.3 PROJECT RATIONALE 

The environmental impact of coal ash and FGD waste disposal is influenced 
~y three factors: type of waste generated (physical and chemical characteris­
tics). disposal il\ethod (ponding, landfilling, or other). and dis1>osal site 
characteristics (soil type, hydrogeology, climate, etc.). In this project, a 
mix of waste types, methods of dist>osal, and sit.e characteristics was selected 
to provide a broad range for environmental assessment and engineering cost 
estimates. The disposal methods examined included the more prevalent methods 
used by the utility industry. · 

In planning and executing this project, priority was given to those 
potential environmental effects that are addressed by the Resource Conserva­
tion and Recovery Act (RCRA). Highest priority was given to three areas: the 
effects of waste disposal on groundwater quality; effect on surface water 
quality from:1onpoint sources; and the use of potentially mitigative design, 
management; or control practices. The generic assessment and the decision 
methodology that "'1ere developed also took irito account the many related 
efforts sponsored by E'!A, EPRI, DOE. TVA and the utility industry. 

L 4 SITE snECTION AND TEST PLA.t.~ PREPARATION 

The site selection process is described in detail in Appendix A. Site 
selection consisted of three major efforts - selection of candidate sites, 
selection of final s,ites, and preparation of test plans for each final site. 

1.4.1 Candidate Site Selection Process 

The purpose of the candidate site selection ·process was to evaluate 
available data on coal-fired power plants and recommend several candidates and 
backup sites. The contiguous 48 states were divided into 14 physiographic 
regions. Plants in each region were screened to develop a list of candidate 
and baclc.ut> sites • . A target of 25 to 30 sites, including 18 candidate and 7 to 
12 backup sites, was desired. Based on. an assessment of present: and future 
FGC waste disposal practices, a preliminary distribution of the targeted 
number of candidate sites in each regional was agreed upon. In screening 
selections, investigators remained avare of the targeted number in each 
region, but were not absolutely limited by that number. The attempt was co 
choose desirable plants in as many regions as possible. The list of planes in 
all the regions ·that.· came through · this • filtration process amounted to 26. 
These 26 were then ranked. Eighteen.were nominated as candidate s~tes and the 
remainder as backup sites. 

1.4.2 Final Selection Process 

The candidate and backup sites were subjected to a more detailed evalua­
tion. These evaluations included one or more detailed site visits by engi­
neering, environmental, and hydrogeologic specialists. Their findings, 
together with continuing evaluations on the overall mix of the sites, 
supporud an iterative process resulting in the selection of the final six 
sites. Table 1.3 gives some information on the final six sites that were 
selected for evaluation; Figure 1.1 shows the site locations. 

1-6 
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CaEac it }'. 
Location Namep l ate 

Plant UtlHt}'._ ~tale County Generatfnt 

Allen Duke Power tlC Gaston 1155 

l l n uM Duque6ne PA Washington 510 
Hght 

l)avc l'adflc Power WY Convers e 750 
Johnston & Light 

I-' Sherburne Northern MN Sherburne 1458 
I County States Power 

Poverton Co1m1011wea 1th IL 1'a i ewel l 1786 
Edison 

Smith Gulf Power FL Bay )l,0 

Notes: 
8 UL - Unlined 
Al. - Artlflclall~ Lined 

bDlsposa l site optrated by Conversion Systems, Inc. 

Source: Arthu r ll. Little , Inc. 

TAULE 1,3 

!>ELECTED SJ1'£S 

(M\.I) Stanu7 D2te rco {mo id 
Unit On Plant FCD - - --

-/57 -

510 6/52 l0/7S 

-/57 

1458 5/76 5/76 

. /72 -

6/65 ,. 

High l'r loril , Issues 
llnd~r St 11 ,l.l:'. 

I mpJ oyPtent 
of a 

Wast~ Site Undur Studl IJ1 , und- Surf.ice l'uumllal ly 
bl sposa wa ter wate1 Mi. t lgative 

Waste 'fne Method Qualhy !}uallly l'racl lee 

Corilbined fly Pond (UL) X JI. ll 
and bottom 
Ash 

Stabilized l.andfil I ,!\ 

FCl> 11aste (UL; 
Comb 1 ned fly of fsite) 
aud botltllh LandfJ 11 
ash (Ul.) 

Fly Ash Landfill >I, 11 
(Ul.) 

Fly ash/FGD Pond (AL) ~ Jot 

Comtned fly Landfill l'i. X 
and bottom ( AL ) 
ash 

Comblned fly Pond {tl;i.) X it X 
and bottom 
ash 
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I-' 
I 

(X) 

FIGURE l. l 
SELEC'rEO Sl'fES FOR EVALUATION 
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1.4.3 Test Plan Preparation 

Detailed test plans were developed to provide: background information on 
each of the sites; a description of the proposed program of site development; 
physical and chemical sampl : ng Md ana.:. d s; and environmental and 
engineering/cost assessments. The test plans were reviewed by EPA and the 
utility involved, and their comments were incorporated. The finalized test 
plans guided the work at each site. 

1.5 SITE DEVELOPMENT AND PHYSICAL TESTING 

).her approval from the utility and, in some cases, from state regulatory 
agencies, site development was begun. Site development and physical testing 
were guided by procedure manuals developed for this project (Appendices Band 
C). The activi1:ies involved in site development included the drilling of 
borings; eY.cavating test pits; collecting waste, soil, and water samples; 
conducting field permeability tests; installing groundwater monitoring wells 
and piezometers; and docurnenting each activity. These activities took place 
at each of the six sites in time periods of 2 to 4 weeks. Table l.4 indicates 
the timing under which the six sites were developed and the extent of the 
activities at each site. The Table also gives the number of physical tests 
performed. Preliminary water balances we't'e developed for each site. 

l. 6 CHE-:: CAL SA.."1Ptl~G .:Ull) M,.J.YSI S 

At each site, a program of chemical sampling and analysis was undertaken. 
This involved characterizing waste, water, and soil samples taken during site 
development, and groundwater well and (in some cases) surface water samples 
later obtained during visits scheduled to correspond with relatively wet, 
relatively dry, and intermediace periods for each site. Table 1.5 summarizes 
the chemical sampling and analysis programs. 

Chemical samples were subjected to several types of analyses: ion 
chromatography (IC) for si:x anions, inductively coupled argon plasma emissions 
spectroscopy (ICAP) for 26 metals; and atomic absorption spectroscopy (AA) for 
selected metals. As shown in Table 1.5, these analyses were performed on a 
mix of solid and liquid samples for each site, In addition, experiments were 
conducted to assess the attenuative capacity of various soils obtained at the 
sites. During the initial phase of this project, 23 grab samples of wastes 
from 18 plants were obtained and analyzed using EPA Extraction Procedures 
(EP); a summary of results from these tests is given in Table 1. 6. Further 
details, as well as results of radioactivity measurements , are available in 
Appendix D. 

1.7 SITE-SPECIFIC ENVIRONMENTAL EVALUATION 

The data and information from site development and sampling/analysis 
activities were evaluated throughout t he project in terms of potential 
environmental effects. The procedure for the individual site evaluations is 
described below. 

::.- ? 
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f ,· 
I Allen '. 

:'' j 

El rama 

Johnston 

Sht!rburue 
County 

Power Lon 

Smith 

Da t c1 

Deve lupment 
Cumµleted 

(mo/ yr) 

Oi/81 

03/81 

05/81 

08/81 

11/81 

12/81 

TAHI.E 1.4 

SUMMARY OF SITE DEVELOPMENT/l>IIYSICAL TESTING 

Nmnl>er of --·---· .. --- .. ...-.-- -·---~----~ -·-------/: 

liorings Wells 

20 20 

20 16 

14 12 

ll a· 

11 9 

25 24 

Tesl Soil 
)' iL:; 

2 

4 

10 

l 

~dmplcs 

152 

199 

154 

178 

112 

146 

Number of 
__ J,<11lora lOr y l'h1s ica ) _ _Tests .... __ 
Unifi c<l So ·i l 

Classi f lcJtion 
Sea- ics (USGS) 

18 

17 

12 

20 

30 

15 

Purmet1l>i l i Ly 

4 

13 

7 

6 



- Doc. Ex. 8227 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

1'.\!LZ l.3 

St.~Y OF Clii::MIC.U. SAf'IP!.nlG AND ANALYSIS P!CGRAM 

a 
AnalV9fl Sb 

Sam;i les !ri~ l Trios ? ;i , ~, anc .. 
Sica T:-:.;, ), !::-i?S 2, l, ,md .. !CAP IC .U/Se Field Data Oc:her 

il.!.enc ·.1alls wGlls and :c :c lt X 
ash solids surface = cers X X 
ineers::ic:.:!.al ::.::.quors X X ;( 

soils X X 

Elrama walls wells, lys il:eters, :< X X :, 
wasce solids surf~c• vatars X X 
soil X l{ 

•.ras ce exc:rac::s X 

Sha rburno wells walls and X X X X 
C~11ncy waste ~ncerscit.ia.l surface liq11ors X lC !{ 

l1quon 
was te solids X 
liner sol.ids X 
Liner liquor X X 
sou solids X 
soil exc::ac:cs X 

Smith liq1.1ors wells and X X X 
waste solids sur:ace wacars :c 
i:lc:.erscitial ·.1asce X 1 

liqucrs 
soi::. X 
soil l.·:.quors X X 

?::,we r,:on •.rel.ls .. wells and X X X X 
waste solid: surface ·.tac:er!l X 

::lave :.tells ,.,ells and X lC :{ :{ 

.Johnston wasce solids surface waters !{ X . waste axer.aces X 
soils :{ 

•s.uiples obtained during s:;.ce development and subsequent samplint and ana lysis ::-i;,s. 

b Analysu ;,erfor.iJed a.re a!>orevia ted as follows: 

xd 

tCAl' - ~g. Al, !I, !la, 3e., Ca, Cd, Co, Cr, Cu, Fe , iC, ~S , Xn , !io, ~a, )Ii, ?, ?!>, 
Si , Sr, Th, Ti, V, Zn, Zr. (Does not include 8, aa, and Si for 
s~lids~) _ _

2 
_ _

3 IC 4 F , Cl , :,o
3

, :504 , :lr , P04 • 
As/S& - either or ~och on selected samples. 
Field Data - groundvacer level. ;,H, dissolved oxygen, conductivity, cam-perac.::re. 

cOther sami,les 11ere O'>ta:.neci ·ooiler cleaning wastes). Analysis was limited to 
ICAP, i,a, and bromate. 

~ _, 
~!nc.ludu sol::..ds c.ha rac tui:ation :or SO .. ·, ~oca l oxidi:able sulfur, slurt:y pH, 

acid ~nscluoles . 

.·•· .... ., 
' _.- • .4-
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TABLE 1.6 

SUMMARY OF RESULTS OF EXTRACTION PROCEDURE (EP) TESTS OF 20 FLY ASH AND 3 FGI) WASTE GRAB SAMPLES 

Metal 

Arsenic 

Barium 

C.idmium 

Chromium 

Lead 

Mercury 

Selenium 

Silver 

Overall Range Observed, pg/1 
Fly Ash FGD Waste 

<2 - 410 

<100 - 700 

<2 - 193 

<8 - 930b 

<3 - <36 

<2 

<2 - 340 

<l 

<2 - 65 

<150 - 230 

<2 - 20 

<11 - 26b 

<5 

<2 

8 - 49 

<1 

Interim Primary Drinking 
Water Standards8

• µg/1 

50 

1000 

50 

2 

10 

50 

Ratio of RJnge Observed to Standards 
Fly Ash FGD Waste 

<0.04 - 8. 2 

<0.1 - o. 7 

<0.2 - 19.3 

<0.16 - 18.6 

<0.06 - 0.72 

<l 

<0,2 - 34 

<0.02 

<0.04 - 1.30 

<0,1S - 0.23 

<0.2 - 2 

<0.22 - 0.52 

0.1 

<l 

0.8 - 4.9 

<0.02 

a . 
Reference 6 gives these standards 11 .,.for use in determining whether solid waste disposal activities comply 

b 

with groundwater criteria. 11 SLandards included in Reference 6 1 but not measured in these tests, arc for 
fluoride: -1400-2400 µg/ 1 (depending on temp~ralure) • and for nitrate (as N): 10,000 µg/1. 

Reference 7 contains an amendment to the chromium criteria for the EP, revising it from total chromium to 
Cr(VI); since the total chromium values were measured by atomic absorption (AA). the measured ranges rt!present 
upper limits for Cr(VI) Jn the samples. 
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First, available background information on the disposal operation and its 
environmental setting was reviewed. This information, together with results 
obtained during this project, was used to identify present disposal-related 
water quality effects. Apparent cause/effect relationships were hypothesized 
to explain the findings at the sites. Potential future ranges of water 
quality effects were taken into account. Finally, industry-wide implications 
of the findings at the individual sites were considered in the generic assess­
ment, discussed below. 

Environmental evaluation of all six sites provided substantial data and 
information. The general results are that: 

• Data suggest that no major adverse environmental effects have occurred 
at any of the sites. For example, data from wells downgradient of the 
disposal sites indicate that the contribution of waste leachate to the 
ground'W'ater·has generally resulted in concentrations of chemicals less 
than the primary drinking water standards established by EPA (6). 
Occasional exceedances of the standards were observed, but these could 
not be attributed to the coal ash and FGD wastes. 

• The results from the sites are internally consistent. Analyses of 
samples taken on different dates at the same locations are very 
similar. 

The total integrated evaluation of data from site development, site water 
balances, physical testing of wastes samples, and chemical sampling and 
analysis has provided a large data base to explain many of the environmental 
effects that can result from coal ash and FGD waste disposal. A brief account 
of the results at each of the sites is presented below. 

1. 7. l Results from Allen Plant 

Leachate generated within the ash ponds at the Allen Plant contains 
elevated (over background) concentrations of several waste-related chemical 
constituents (i.e., boron, sulfate·, calcium, arsenic). However, the surround­
ing soils have attenuated significant fractions of some leachate contaminants 
within the immediate vicinity of the ponds. 

Leachate water from the upgradient portions of the ash ponds has not 
moved enough to create steady-state concentrations of unattenuated 
constituents (i.e., sulfate) in the downgradient wells. But concentrations of 
these constituents are expected only to reach or barely exceed Secondary 
Drinking Water Standards (for sulfate, 250 ppm). 

1.7.2 Results from Elrama Plant 

Before disposal of FGC wastes. much of the site at Elrama was 
contaminated by acid mine drainage, resulting in low pH (4.5 to 5) and high 
concentrations of chemical constituents (i.e., about 2000 ppm sulfate) in the 
groundwater. The landfill and runoff collection ponds serve as additional 
sources of some of t'he same constituents. An elevated level (about 0.2 ppm) 

1-13 
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of arsenic was repeatedly measured at one waste/soil interface lysimeter, but 
may not be a general problem in view of the substantial attenuation of arsenic 
by soils at the site that is expected. 

The relativ~ absence of elevated levels of waste-related constituents in 
downgradient groundwater ma? be explained by the relatively short time that 
the fill had been in operation (4 years) and by chemical/physical attenuation 
phenomena (including the effects of the t-reatment/disposal process). 

The landfill does not seem to alter significantly the local concentra­
tions of some constituents (such as sulfate) potend.ally available from both 
mine drainage in the area and FGC wastes in the landfill. 

1.7.3 · Results from Dave Johnston Plant 

At the Dave· Johnston Plant~ the water balance and estimates of plume 
arrival time indicate that the widespread. measurement: of what might elsewhere 
be considered elevated chemical constituent: levels (i.e.,sulfate, about 
1000 ppm) is due to background elevations and not waste landfills. The 
estimates of plume arrival time for the peripheraLwells downgradient from 
(net directly under) the active landfill are in excess of 100 to 300years, 
assuming only travel time in the saturated zone. Travel time from the inac­
tive landfill to the dovn.gradient "Well is longer than 20 years (the period 
since .the landfill was completed and this · sampling effo-rt was .undertaken). 

:-!ost of the "elev~ted" measurements reflect pervasively high background 
levels characteristic of highly mineralized groundwater in many western 
settings. However, lower measured values (i.e., sulfate, about 100 ppm) at 
one background and one peripheral well indicate that, even in highly mineral­
ized. arid areas, there may be areas of good water quality that require pro.tec­
tion. Measurements of several waste-related parameters, such as calcium and 
strontium, indicate a waste-related concentration gradient in waters within 
the waste deposit. 

1.7. 4 Results from Sherburne Courity Plant 

Leachate movement from the ponds at Sherburne County has so far been 
retarded enough by the clay liner to prevent significant elevations of 
chemical constituents in the water sampled at downgradient ~ells. A 
waste-related influence is reflected in the slightly elevated levels (of boron 
and sulfate) measured in the peripheral/downgradient wells to the west and 
southwest~ It is unclear whether this is due. to past leakage from the sheet 
piling/conduit area. or to leachate that has moved through the liner. 

Because of the pervious soils in the site area and the apparent profile 
of contaminant migration through the liner, some increases in concentrations 
of major soluble species in downgradient wells are possible over the next few 
years. Secondary Drinking Water Standards will probably be exceeded in these 
wells. But the effects of these species off-site will be diluted about 305 m 
(1000 ft) downgradient by the Mississippi River, which flows by the plant. 

1-14 
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The higher concentrations of waste parameters in FGC pond supernatant vs. 
underlying waste interstitial waters may be due to two factors. For one. tre­
conversion by the utility to a system involving recycle of the FGC waste 
transport water would have caused increased concentrations of chemicals in the 
water. Evaporation of water in the pond would also raise chemical concentra­
tions. 

1.7.5 Results from Powerton Plant 

Although the completed landfill at Powerton was supposed to have a 0.25-m 
(8-in) Poz-0-Pac~ liner, an absence of liner material was observed during the 
coring operation at most sampling sites on the abandoned landfill. This 
Observation iS consistent Yith the fact that it is difficult tO place 
uniformly such a relatively thin layer of soil-like material over a large 
area. Engineering practice suggests that a minimum thickness of 0.45 to 0.60 
m ( 18 to 24 in) of liner placement .is required to ensure full effectiveness. 
Near downgradient wells showed waste-related contamination of boron and 
sulfate, the latter in excess of the Secondary Drinking Water Standard. 

The surface vater analytical results for Lost Creek stream (which is 
immediately down.gradient) are consistent with the water balance calculations. 
Both sets of results indicate that the stream has enough assimilative/­
dilution capacity to lower current concentrations of chemical constituents in 
leachate reaching Lost Creek to slightly elevated but insignificant levels. 
The results also suggest that the stream, if an effective groundwater flow 
divide, may limit the extent of further downgradient groundwater contamination 
by the waste plume. 

Elevated concentrations of nitrate at various sampling locations at the 
site can be attributed to local agricultural and urban nonpoint sout'ce activi­
ties and not the coal ash landfill. 

1.7.6 Results from .Smith Plant 

At the Smith Plant site. a steady state seems to exist between the 
concentr&tions of soluble species in the pond and in the immediately adjacent 
downgradient areas. These down.gradient areas have apparently been affected by 
leachate from the pond. Concentration gradients for waste-related parameters 
(calcium and stronti\111\) are evident. 

Little or no chemical attenuation of the waste-related parameters is 
apparent. but rather a progressive reduction in concentrations in the do-.mgra­
dient direction. This agrees with what would be expected due to admixing of 
leachate with the greater amounts of dilution water. 

The use of high total dissolved solids Bay water in the pond for makeup 
and its .presence in adjacent downgradient areas create a situation where 
little incremental effect is detectable from such typical ash pond "tracer" 
species as sulfates, chlorides, and boron. 
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1.8 ENGINEERING AND COST ASSESSMENT 

The purpose of the engineering and cost assessment was to develop concep­
tual engineering designs and c:on-esponding capital and annual costs for 
generic waste handling and disposal operations. This information was prepared 
in a form that r.:ould be useful as a decision-making tool for preliminary waste 
management planning purposes. To accomplish this, site-specific engineering 
and cost data were prepared for the solid wast:e handling and disposal opera­
tions at the six study sites based on information suppHed by the 
participating utilities and data developed during this project. 'l;'he . results 
of this effort. along with engineering and cost data developed in other 
pertinent studies. were . adjusted and refined to produce a generic engineering 
and cost data base. Tables l.7 and 1.8 summarize the costs provided by this 
generic data base. The ranges shown represent variations in specific plant 
operations as well as differences in the many cost estimates used to develop 
the data base . . 

1.8.1 Site-Specific Engineering and Cost Assessments 

Conceptual engineering designs and capital and annual cost estimates were 
developed for the solid waste handling and disposal operations at the six 
study sites. · This effort called for: 

• Preliminary conceptual engineering designs for the solid waste 
handling and disposal systems at the six study sites, based on da.ta 
provided by the participating utilities and engineering data developed 
as a result of a p:-eliminary plant visit. 

• Finalized conceptual engineering designs for the ·solid waste handling 
and disposal systems of the six study sites, based. on revisions to the 
preliminary design, as provided by the utilities, and data developed 
during a final plant visit (if such a vis~t was necessary)~ 

• Capital and annual cost estimates for the systems specified in the 
final engineering design. 

• Final, site-specific engineering/cost packages consisting of the 
conceptual engineering process designs and cost estimates developed. 

The site-specific engineering and cost evaluations of the solid waste 
handling arid dispr,sal operations at all six sites were conducted in the same 
manner. For each site, . the waste types and process systemsof interest were 
identified. Three major utility coal combustion wastes were taken as the 
primary focus: fly ash, bottom ash or boiler slag, and FGDwaste. The 
battery limits of the waste handling and disposal system were then 
established. In every case the system evaluated included all waste handling, 
processing, storage, transport, and disposal activities, up to and including 
disposal site reclamation. 

After the waste types and solid waste handling and disposal operations 
had been identified, the system was divided into modules. Up to five modules 
were considered for the management of any particular waste type: raw 
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!.\JU: l. i 

GJ.)IE?.:C CAP!:AL ,:::::~· ES'!!.'lA7tS rnR FCiC :;ASn: :ns?OSAL. 

:u.te :.982 ::lol:an. a 

Ca.pita! Co11t !.:.nge 

?lent 

~lod,.d.e Submodule 2sob 

Fly a.sh. luu:i.dlins i processin; Wet handling v/o r ecycle 2.3-4,J 
~et handling w/rec:yc:le 3.i-'5.8 
Dry handling 2..:?-4.l 

Cly ash uora.ge ::lr v 4.7-8.8 

Fly asn t:-anspor:: W,a t sluicing J,5u6.4 
Dry t::uciu.ng 0.3-0.3 

:1:, ash ~laceoent . dispos. l t:-.ll.:i ed. :,end l5 .l-27 .8 
l.a.ndfUl ... J-8 .l 

3ottom aih handling . ?recessing ,;et hnndling Y/0 recycle 2.2-4.l 
.:ec h!!.ndling wr®Cycle Z.5-4.6 

3oc::om a11 h transport :.iec sll.licing J.0°S.6 
Ory trucking 0.2-0.4 

Bott01II ash ;,lace111ent , disposal Unlined pond 6 ... -ll.8 
Landfill l.3-2,4 

Raw ;uc.cr1als nandl.i.ng1storagc Ory '. li.m@ and fly ash} 2 ... -1..3 

!!Gl) '..ras:c:e handling process:.::,, ·otet rumcil:.ng ::: .::.-n .6 

:Gil '.I/Ute t:ansport .iet sluicing 0. 7-L. 3 
i:>ry cruck.ing 0,:.-0.1 

:G::> ,.asta ?lacament d.i:,posal Unlined ;,end ::.o .O-lS .6 
!.andfi!.l '-.1~7 .6 

aEn;ineering ~ews Record '?ml) Index • 3931.ll (l9l3 - 100) 
~ 365,97 :1967 - 100) 

b?.elacionshi: ~e:~een ~lane size §nd ~nPte genftration •or r~ical case: 
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materials handling and storage; waste processing and handling; waste storage; 
waste transport; and waste placement and disposal (including site monitoring 
and site reclamation). This approach was valuable for many reasons. The 
ultimate benefit was that the engineering and cost data were provided in a 
for.nat to facilitate their ultimate use. The generic modules serve as 
building blocks that may be combined and interchanged to obtain generic 
engineering designs and capital and annual costs for a variety of solid waste 
handling and disposal schemes. 

1.8.2 Q_eneric Engineering and Cost Assessment 

The site~specific engineering and cost data developed for the six study 
sites, together with the engineering and cost data available in the litera­
ture, were used to develop generic capital and annual .cost data for various 
combinations of the three waste types and five process modules. 

Capital cost curves (capital cost vs. power plant si2e, MW) were 
developed for fly ash and bottom ash handling and disposal; similar curves 
(capital cost vs. FGD waste generation. metric tons) were developed for 
handling and disposal of FGD waste. Annual cost curves (annual cost vs. power 
plant size, MW, and annual cost vs. ash generation, metric tons/ye.ar) were 
developed for fly ash and bottom ash waste handling and disposal; in addition, 
cost curves (annual cost vs. FGD waste generation, 111etric tons/year) were 
developed for the handling and disposal of FGD wastes. (Results were 
summarized in Tables l. 7 and l. 8.) 

The method of estimating waste handling and disposal system costs fo-r a 
specific application involves first determining both the capital and annual 
costs for every process module used in the handling/processing and ultimate 
disposal of the various ..:aste types generated at the proposed plant, This is 
accomplished by using the ·appropriate capital and annual cost ranges presented 
in Tables 1. 7 and l, 8, respectively. One then simply adds all of the 111odule 
costs to arrive at a total waste handling and disposal system cost for the 
plant being considered. (This method is intended to provide a conceptual cost 
esti'lt\ate [with accuracy of plus 30 percent minus 10 percent] for preliminary 
planning purpostts only. and should not be substituted for more detailed 
estimates prepared from detailed engineering and site-specific information.) 

1.9 GENERIC ENVIRONMENTAL EVALUATION OF COAL ASH lUID FGD WASTE DISPOSAL 

The environmental effects of solid waste disposal are determined by three 
factors: waste type, disposal method, and environmental setting. The data 
base from this project and other studies suggests that present and future 
practices of coal ash and FGD waste disposal may be effectively evaluated 
through a matrix consisting_ of four waste typesJ three disposal methods, and 
five environmental settings. 

The four waste types .are: 

1. Fly ash OT fly ash admixed with other materials. A significant body 
of literature suggests that most trace metals available for leaching 
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from utility solid wastes may be associated with wastes containing fly 
ash. This category of wastes thus includes fly ash or fly ash mixed 
with bottom ash, and fly ash / bottom ash/ FGD waste mixtures (excluding 
chemically treated FGD wastes; see item 3, below). 

2. Non-fly ash materials. In this category are bottom ash (or boiler 
slag) and FGD wastes that are disposed of separately from fly ash 
(including forced oxidation wastes). This group usually contains 
lesser concentrations of trace metals, but can result in high concen­
trations of major species f i.e., chlorides from FGD waste). 

3. Chemically treated FGD wastes (fixation). FGD wastes may be treated 
for full-scale disposal by a variety of proc~sses. Processes 
presently in commercial practice involve the addition oflime and fly 
ash, or processed slag. Lime / fly ash treatment for landfill disposal 
is presently practj,ced at some power plants and will .likely become 
more important. Chemica~ly treated F<:;D wastes comprise a separate 
category because ·of the .differences in their physical and chemical 
properties created by the fixation process. 

4. Dry FGD wastes. Several dry FGD systems are expected to come into 
commercial use over the next 3 years (2). These systems provide a 
waste containing fly ash and sulfur compounds ina relatively dry form 
that is likely to be sent for disposal to a managed landfill. The 
physical and chemical properties of these wastes are expected to 
di:!er from those of the other waste types discussed above. Even 
limited field-scale infot'mation _is lacking as to their leaching 
characteristics. 

The three disposal methods for coal ash and FGD wastes that are practiced 
and expected to continue are: pond disposal; interim ponding followed by 
landfill disposali and landfill disposal (including disposs-1 in mines, which 
is considered a special case of landfilling) . . 

Three of the five environmental settings for solid waste disposal are 
based on major differences in climate and hydrogeology, These are: (1) 
coastal areas, specifically those areas where surface water and groundwater 
are influenced by the ebb and flow of tides; (2) arid areas, characteri.stic of 
much of the western U.S., where net evaporation generally exceeds precipita­
tion by a significant margin; and (3) interior areas. typical of . the 
non-coastal portions of the eastern U.S. In .interior areas, precipitation and 
evaporation are fairly balanced, and permanent surface water bodies are so 
abundant that they are near many disposal sites. 

Evaluations during this project suggested that two more special 
categories would be useful because of their significant characteristics. 
l'hese additional categories are: (l) arid areas in the west where 
groundwaters and surface waters are very highly mineralized, and (2) interior 
areas subject to acid mine drainage. Both of these, as well as the coastal 
setting, tend to have .water quality characteristics that can potentially show 
less of an incremental effect from coal ash and FGD waste leachates. This is 
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because the waters in these areas already contain a number of chemicals found 
in the leachate. 

Table 1.9 is a matrix of waste types. methods of disposal, and environ­
mental settings. and indicates combinations for which =~ ~1d-scale and other 
information is available. Sources of data and information other than this 
study included the Utilities Solid Waste Activicies Group (USWAG). EPRI, and 
DOE. As shown, some information is available for most of the combinations 
that are being practiced today or are likely to be applied in the future. 

On balance, it appears that the technology exists for environmentally 
sound disposal of coal ash and FGD wastes based on any of the modes of 
disposal. Potential environmental effects are highly site- and 
system-specific. For some combinations of waste types, disposal methods, and 
environmental settings, mitigative measures must be taken to avoid groundwater 
and/or surface water contamination. However, proper site selection and 
site-specific application of good engineering design and practice can mitigate 
most potentially ad~,erse environmental effects of high-volume, utility coal 
waste disposal. 

1.10 DECISION METHODOLOGY 

As part of this project, a decision methodology was developed to assist 
utilities and planners with the many issues related to coal ash and FGD waste 
management. Typical questions may range from assessing waste management 
options for new coal-fired power plants or expanding existing plants to 
projecting the continuing operations for several years into the future. 
Changes in disposal operations may be indicated, The potential impact of 
abnormal events, such as hurricanes and floods, on a waste disposal site must 
also be consicered. 

Figure 1.2<- shows the decision methodology prepared as part of this 
project. Eight steps are involved in evaluating alternatives for coal ash and 
FGD waste disposal. The first consists of gathering data and information on 
the disposal alternatives. An evaluation of these alternatives that considers 
the large data base on coal ash and FGD waste management is the second step. 
Step 3 involves defining the information requirements for the site-specific 
environmental setting - geology, hydrogeologic conditions, surface water 
information, climatic conditions, and the like. Once information is available 
on waste characteristics, disposal methods and costs, and environmental 
settings, the environmental.effects can be evaluated (Step 4). The generic 
environmer.tal assessment methodology must consider the generation of leachate, 
and its transport and admixing with the surrounding surface and groundwater. 
Chemical and physical attenuation by the soil and surrounding materials should 
also be examined. 

Based on the information developed during Steps 1-4 , the decision-maker can 
make an initial selection of disposal alternatives (Step 5). These must be 
investigated further in Step 6 in terms of utility-specific factors and 
regulatory requirements. Additional laboratory field studies and engineering 
evaluations may. be warranted (Step i). The final step in this process, 
selecting the proper disposal methods and sites, can now be made. 
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FIGURE 1.2 OVERALL DECISION-MAKING PROCESS 
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Section 8 of this report provides more information on the decision 
methodology process. It has been designed as a generic tool to aid the 
decision-maker. The ultimate environmental effects of coal ash and FGD waste 
disposal. however, are highly site- and system-specific and cannot be overly 
generalized. 
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2.1 PROJECT BACKGROUND 

SECTION 2.0 

INTRODUCTION 

The U. s. Environmental Protection Agency's (EPA's) Office of Research 
and Development (ORD) contracted with Arthur D. Little, Inc. (ADL) to conduct 
a study of current coal ash and flue gas desulfurization (FGD) waste disposal 
practices at coal-fired power plants. EPA's Office of Solid Waste (OSW) 
worked closely with ORD on this program. The study involved waste characteri­
zation, water and sampling and waste analysis, environmental evaluation, and 
engineering/cost assessment of disposal practices (for coal ash and .FGD 
wastes) at six full-scale waste disposal sites at various iocations around the 
country. 

This project was initiated in October 1979, and all technical work was 
completed by November 1982. This final report provides an overall summary of 
the data and information gathered and presents the results and conclusions 
from the project. 

2.2 PROJECT GOALS 

The overall objective of the project was to provide EPA with the 
technical background data and information to assist the Agency in determining 
the degree, if any, to which disposal of coal ash and FGD wastes needs to be 
managed to protect human health and the environment. 

Results from this study will be used by EPA in preparing a report to 
Congress required under the 1980 Amendments to the Resource Conservation and 
Recovery Act (RCR.A). The results also provide useful technical guidance 
concerning environmentally sound disposal of coal ash and FGD .wastes (which 
together are called flue gas cleaning, or FGC wastes). This information is 
valuable to state and local permitting officials and to the electric utility 
industry. 

2.3 SCOPE OF THE PROJECT 

This project was organized into three major tasks: 

• Task I - Site Selection and Test Plan Preparation. 

• Task II - Site Development, Waste Characterization, Site 
Evaluation (Physical and Chemical 
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Sampling/ Analysis), and Site-Specific Engineering Cost 
Evaluation. 

• Task II! - Environmental Evaluation and Generic Engineering Cost 
Assessment. 

Figure 2.1 shows the flow cf information in the overall project . The indi­
vidual tasks are discussed in more detail below. 

2.3.1 Task I: Site Selection and Test Plan Preparation 

The purpose of this task was to select the disposal sites for evaluation 
and to develop a test plan for each site. The site selection process was 
conducted in two steps. · First, all available data were evaluated to select 18 
candidate and eight backup sites for further investigation, including informa­
tion assembled during visits by hydrogeologic and engineering teams. These 
site visits served to verify and .ampHfy the technical information and also 
allowed the utilities' willingness and ability to participate to be deter;.; 
mined. The additional information acquired during those visits was used in 
various mid-course evaluation steps. The result of · these activities was the 
selection of six sites for detailed environmental characterization and evalua­
tions, together with the development and assessment of engineering cost 
infonation on the handling and disposal of coal ash and FGD waste at each of 
the six sites. The Site Selection Report (Appendix .A) provides more detailed 
information on this process. · 

Another activity during Task 1 was to define baseline procedures and 
app-roaches for: developing a FGD was.te disposal site; characterizing the waste 
in surt'ounding soils; conducting environmental evaluations; and gathering 
engineering/cost data • . The major dot;:uments gu.iding the site development and 
sampling and analysis activities were: Hydrogeologic and Geotechnical Proce­
dures Manual {Appendix B) and Sampling and Analysis Procedures Manual 
(Appendix C). 

Test plans were then prepared for each of the six sites. The six indi­
vidual test plans provided a detailed account of the individual steps to be 
taken for site development, physical and chemical sampling/ analysis and 
engineering/cost evaluations. · These. test plans, after approval by the EPA 
Project Officer, were reviewed by the utilities involved. All review comments 
were incorporated into the final test plans. 

To conduct extraction procedure (EP) and radioactivity testing, grab 
samples were gathered during initial visits to many waste disposal sites and 
were subjected to the EP procedure specified in RCRA .Section 3001, EP Protocol 
(8). This procedure requires .determining the concentrations of eight trace 
elements (arsenic, barium, cadmium, chromium, lead, mercury, selenium, and 
silver) in the EP extract of the wastes. These wastes were also analyzed for 
radioactivity. The results of these evaluuions are summarized in the draft 
report Application of EPA Extraction Procedure and Radioactivity Measurem~nts 
to Coal-Fired Utility Wastes (Appendix 0). 
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2.3.2 Task II• Site Development, Waste Characterization, Site 
Evaluations and Engineering Cost: Evaluation 

During Task II, data and infoniation were gathered for the various sites. 
The ::irst step was to devel op the appropriate contractual requirements with 
the utility and state or local environmental pennitt:ing agencies. Iu all 
cases, a letter of understanding with the utility or a full contract defining 
the study was required. In some instances, state environmental agencies had 
their own additional permitting requirements which had to be fulfilled. 
Access to the site was obtained after completion of all these contractual 
rectuirements and approval · of the t:est plans by EPA and the utility. 

The site was then ready co be developed. Site development involved 
gathering hydrogeologic and geotechnical information on the sites by an 
appropriate mix of borings. wells and the like. The geotechnical and hydro­
geologic team guided the activities of the drilling outfits to obtain this 
information. 

. . . . .. . 

In addition to the many soil waste and water samples gathered during site 
development, sampling and analysis .teams visited the sites periodically over a 
one-year period. The samples gathered were subject to chemical analysis, and, 
as appropriate, to physical analysis. 

Another effort under Task II was to ;,erfom engineering cost evaluations. 
The investigative team interacted closely vith the various utilities to 
develop .process flow sheets and cost estimates for the waste handling and 
disposal practices at each site. 

2.3.3 Task I!! - Environmental Evaluation, Engineet'ing/Cost Assessment 
and Development of Preliminary Decision Methodology 

Task III consisted of four major steps. The first was an environmental 
evaluation of the results from site development and physical and chemical 
sampling and analysis. Other sources of data, including those provided by the 
utilities, were also used. The assessment effort had actually begun at the 
very outset of sampling and analysis and continued throughout the project~ 
Assessment memoranda were prepared for all six sites. Preliminary recommenda­
tions were ·madeconcerning approaches for sound environmental management of 
these wastes. These recommendations were based on the environmental data base 
gathered under Task II. 

An engineering/cost assess111ent was conducted under Task III to provide 
generic cost info.rmation for waste handling and disposal operations. Results 
f:rom the site-specific engineering cost assessments (performed under Task II), 
along with engineering and cost data developed · for other pertinent studies, 
were adjusted to produce the generic engineering and cost data base. 

The final major effort under Task III was to develop a preliminary 
decision methodology to assist state and local permitting officials or the 
utility industry in planning waste management options. 
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2,4 CRG .... ~IZATIONS INVOLVED IN THIS STUDY 

:.4.1 Contractor and Subcontractors 

Arthur D. Little, Inc. (ADL) was the prime contractor for this project. 
Five subcontractors (Bowser-Merner Testing Laboratories, Inc., Haley & 
Aldrich, Inc., Kaiser Engineers Power Corp., TRW, Inc., and the University of 
Louisville) assisted ADL. Table 2.1 shows these participants and their areas 
of responsibility. 

2.4.2 Utility Interfacing 

Interaction with the utilities and utility cooperation were key elements 
in this project • . FGC system requirements and waste disposal regulations are 
important issues to many utilities. who have a strong interest in ensuring 
that necessary environmental protection measures are cost effective and 
technically sound. The utilities thus had incentive to participate in the 
study, providing that proper channels of communication were set up. From the 
outset of the project, close .communication with the utility industry was 
established. This included initial and follow-up contacts with specific 
utilities and with appropriate Electric Power Research Institute (EPRI) and 
Edison Electric Institute (EE!) staff members. 

Two review committees were formed: the Advisory Committee, with rep­
resentatives of EPA, Department of Energy (DOE), EE!, and American Public 
Power As .soc:iation (APPA); and the Technology Committee, consisting of np­
resentatives of EPA, ADL, EPRI, and several utilities. The Committees 
reviewed and commented on the project as it proceeded: 

As an additional mechanism for coordination, data and information 
obtained during the test program and the results of the field and laboratory 
work were provided to the utilities for review. 

2.5 ORGANIZATION OF THE FINAL REPORT 

This report discusses: 

• The data and information gathered from the field activities, 
laboratory ~ork and engineering and environmental assessments. This 
includes a summary of all findings and conclusions. 

• Generic projections on the implications of the findings from this 
project and other studies by EPA, EPRI, DOE. the Tennessee Valley 
Authority (TVA) and others. The generic findings have been formatted 
to accommodate specific views by state or local permitting officials 
or the utility industry. 

• The decision methodology developed to serve as a tool for state or 
planning officials or the utility industry in planning new coal a.sh 
and FGD waste disposal facilities or in modifying existing ones. 



- Doc. Ex. 8246 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

TABLE 2.1 

CHARACTERIZATION AND ENVIRONMENTAL MONITORING OF FULL-SCALE 

CTIL!TY WASTE DISPOSAL SITES 

Proiect Area 

Prime Contractor/Project Management 

Chemical Sampling and Analysis 

Engineering/Economic Evaluation 

Geotechnical & Field Drilling 

Eydrogeologic Activities 

Physical Sampling & Analysis 

Notes: 

Principal Participants 

Arthur D. Little, Inc. 
Cambridge, MA 02140 

Arthur D. Little, Inc. 
Cambridge, MA 02140 

TRW, Inc. 
Redondo Beach, CA 90278 

Arthur D. Little, Inc. 
Cambridge, MA 02140 

Kaiser Engineers Powe.r Corp. 
Oakland, CA 94623 

Bowser-Morner Testing .. a 
Laboratories, Inc. 
Dayton, OH 45401 

Haley & Aldrich, Inc. 
Cambridge, MA 02142 

Bowser-Merner Testing 
Laboratories, Inc. 
Dayton, OH 45401 

University of Louisville 
Louisville, KY 45208 

aOther local drillers also were involved on some sites. 
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Section 3. , Background. provides infot"mation on the electric utility 
industry, with emphasis on coal-fired power plants. Present industry size, 
anticipated growth, coal utilization trends, current and future waste genera­
tion trends and disposal practices are discussed; along with an introduction 
to environmental settings. 

Section 4.0, Approach, outlines the scope and overall approach used in 
site selection, site development, physical sampling and analysis, chemical 
sampling and analysis, engineering cost assessment and environmental 
assessment. 

Section 5.0, Results, provides the results of this study, including an 
overview on the environmental assessment .of the six disposal sites together 
with conceptual engineering designs and capital and annual costs for waste 
handling and disposal at each on-::. This section serves as a baseline for the 
subsequent generic assessments. 

Section 6.0, Engineering Cost Assessment, gives a generic: conceptual 
engineering designs for and the capital and annual costs of coal ash and FGD 
waste handling and disposal. To the extent possible, all engineering design 
data and cost information developed in this project have been incorporated 
with cost estimates from other studies to provide generic engineering flow 
diagrams and cost relationships for a range of waste handling and disposal 
options. 

Section 7.0, Environmental Assessment, is an overview of the generic 
assessment of coal ash and FGD waste disposal based on data from the six sites 
and from other studies by EPA, EPRI, DOE, TVA and others. Generic projections 
are made for the implications of the effects from various combinations of 
r.:a:: te types, dis-: osal m~de~. and environmental settings. 

Section 8.0, Decision Methodology, provides a decision methodology tool 
based on state-of-the-art practices to assist state and local planning 
officials and industry planners in decision-making for new coal-fired pover 
plants. 

Finally, detailed procedures, data, and a summary of the environmental 
ef fects of various combinations of waste types , disposal methods, environ­
mental settings are presented in Appendices A through I. 

~-
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SECTION 3.0 

BACKGROUND ON COAL ASH AND FGD WASTE GENERATION 

3. l OVERVIEW OF ELECTRIC POWER GENERATION 

Energy forecasts indicate significant shifts in prospective fuel usage 
for generating electric power in the United States. As oil and gas prices 
rise, coal and uranium are expected to emerge as the primary fuels during the 
mid-1980 to mid-1990 period. In 1980 oil and gas fuels were used to generate 
26% of the total electric powe-r produced in the United States. By 1995, 
assuming finances permit existing oil- and gas-fired power plants to be 
displaced by new nuclear or coal-fired power plants, the combined contribution 
of oil and gas fuels to electric power production will be reduced to only 8%. 
Coal is expected to provide 61% of the total electric power generation in 
1995, compared with SL% in 1980 (9). 

By the late 1990's, the major emerging utility technologies are likely to 
be non-nuclear. Most new electric power generating units will be based on 
conventional coal combustion. Table 3.1 gives some estimates on committed new 
generating capacity. Projections such as these are subject to change, mostly 
because of variations in elect:-ic power demand. But it is interesting that 
nearly two-thirds of all announced new capacity commitments are coal-fired 
plants. This trend is potentially important from the environmental 
perspective, since conventional coal combustion generates significant 
quantities of solid waste. These wastes the a.mounts generated, their 
characteristics, and methods of disposal -- are discussed briefly in this 
section. 

3.2 COAL COMBUSTION WASTES 

3.2.1 Conventional Coal Combustion 

Three major technologies are used to genera-:e electric power from coal: 

a Conventional coal combustion. 

o Fluidized bed combustion. (atmospheric or pressurized). 

• Coal gasification and combined cycle power generation. 

Of these, only conventional coal combustion has reached 
commercialization. Although the others may be used commercially in the 
1990's, conventional coal combustion will remain the predominant method for 
the next 25 years. 

3-1 
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TABLE 3~1 

COMMITED NEW ELECTRIC GF.NERATING PLANTS AND CAPACITIES: 1982 ANO LATER 

1'IMl': FRAME 
1995--1999 

Tee luwlogy 1982-198~ 1985-1990 .. 1.990-1995 And Later TOTAL 
No • MW . No •. MW No • MW No • MW No , MW 

Coal and 
Lignile 

011 and Gas 

Biomai;s 

Multifuel a 

Combustion 
Turbine 

llydroelectric 

Pump and 
Storage 

Geothermal 

Nuclear 

TOTAL 

NOTES: 

67 32,299 

4 

l 

4 

l 

126 

40 

1,716 

170 

7J 10,775 

2 1,250 

10 636 

199 84,080 

68 JH,671 

1 120 

2 1,)20 

Lil, 6,711 

9 752 

162 86,235 

33 19,000 

7 

2 

1 

1,578 

435 

110 

6 7 , 380 

49 28,503 

8
Coal-oil, coal -"Waler; or coal-re fuse mixture. 

Source: Reference 10 

35 1/,67& 203 107,648 

1 250 

5 

1 

6 

16 5,620 137 

19 10,402 31 

20 

246 

4U 

3,036 

420 

24,684 

1,498 

12 13 1 790 88 93 , 124 

83 47,740 493 246,558 
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Table 3.2 lists the waste output of a conventional coal-combustion based 
power plant. Coal-fired power plants based on conventional combustion 
technology generate two categories of waste materials. based on the volume of 
material. The high-volume wastes are coal ash (fly ash. bottom ash or boiler 
slag · a.;~~ : _ ;.:. •. _,;; su:ft:r::. zation :Fe:-· wa~::es . Th ,.. : o,;,,r-volume wastes are 
those assoc _ _, ~>d with numerous other processes or maintenance ; ? .:,rations in a 
power plant. 

This project is concerned primarily with high-volume wastes. In some 
cases the disposal sites _studied also received (in addi_tion to one or more 
high-volume wastes) one or more low-volume wastes; such as coal pile runoff or 
maintenance cleaning wastes. In such cases, the environmental effects of 
these low-volume wastes were also studied. 

3.2.2 Coal Ash Collection Technology 

Coal-fired utility and industrial boilers generate two types of coal ash 
fly ash and bottom ash. Both constitute the non-combustible (mineral) 

fraction of the coal and the unburned residuals. Fly ash, which represents 
most of the ash generated, is the fine ash frac t ion carried out of the boiler 
in the flue gas. Bottom ash is the material that drops to the bottom of the 
boiler and is collected either as boiler slag or dry bottom ash, depending on 
the type of boiler. 

The total amount of coal ash produced varies with the ash content of the 
coal fired and can range from a few percent of the weight of the coal fired to 
as much as 351; . The partitioning of ash between fly ash and bottom ash 
usually depends on the type of boiler, . Standard pulverized coal-fi~ed boilers 
typically produce 80% to 90% of the ash as fly ash • . In cyclone-fired boilers 
--hich are frequently used to burn lignite, the fly ash fraction is usually 
somewhat less, and in some cases bottom ash accounts fo~ most of the total 
ash . 

Collecting bottom ash (o-r boiler slag) does not involve systems outside 
the boiler itself. Fly ash, however, is an important source of particulate 
emissions and requires a major collection system. Fly ash ca-rried in the flue 
gas stream can be collected in many ways to meet the current particulate 
emission control requirements. Typical methods have included mechanical 
collection. electrostatic precipitation. fabric filtration and wet scrubbing. 
However. with the tightening of regulatory requirements, future systems will 
have to be highly efficient in removing submicron particulate matter. This 
criterion means that all mechanical collectors and many .wet scrubber systems 
will not be sufficient when used as the only method of control. But the 
mechanical collector may function as a preliminary collector followed by a 
more efficient collector. 

Any particulate control devices used in utility boiler applications will 
have to be commercially available and proven for this application. This 
constraint eliminates, for the ~mmediate future many hybrid wet scrubber 
systems and novel collectors that are now under development. In the long run, 
however, such advanced systems may be used. 

3-3 
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High-Volume Wastes 

• Fly ash 

TABLE 3.2 

COAL COMBUSTION WASTES8 

b • Bottom ash or boiler slag (economizer ash and pyrites typically 
included) 

• Flue gas desulfurization (FGD) wastes 

Low-Volume Wastes 

• Coal pile runoff and other surface drainage 

• Boiler blowdown 

• Cooling tower blowdown 

• Water treatment wastes 

• Maintenance and cleaning wastes 

• General power plant trash 

• Plant sanitary wastes 

aBasis: Conventional coal combustion in a utility power plant. 

b Ash produced as the flue gas passes throug"ti the economizer. 
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Electrostatic precipitatcrs and fabric filters may be the only systems 
capable of meeting particulate emissions control requirements in the 
foreseeable future. In addition, dry fly ash handling systems will become 
more attractive, especially for new plants, because of environmental and cost 
considerations. 

3.2.3 Flue Gas Desulfurization (FGD) Technology 

Options -- Flue gas desulfurization (FGD) wastes are produced as a result 
of controllir.g emissions of sulfur oxides to the atmosphere. FGD processes 
are being applied increasingly to control sulfur oxide emissions from fossil 
fuel combustion in industrial and utility boilers, and many processes have 
been developed for these wastes. Table 3.3 shows present and projected total 
FGD controlled generating capacities. The specific FGD process breakdowns are 
given in Tables 3.4 and 3.5. These tables indicate a rapid expansion in the 
projected use of FGD systems. In general, the technology falls into two 
categories: nonrecovery, or throwaway systems, which produce a waste material 
for disposal; and recovery systems, which produce a potentially saleable 
byproduct (either sulfur or sulfuric acid) from the recovered so2• 

Nonrecovery FGD Processes -- Nonrecovery processes make up the 
overwhelming majority of operating FGD systems. Of the nine different FGD 
processes and process variations that can be considered commercially 
available, seven are nonrecovery systems. These seven processes constitute 
more than 95% of the capacity currently operating on utility and industrial 
boilers, a trend which is expected to continue. 

Nonrecovery FGD consists of wet and dry processes. Wet processes involve 
contacting the flue gas with aqueous slurries or solutions of absorbents and 
producing wastes in the form of solutions or slurries. These wastes can be 
direetly discharged or processed further before disposal. In most cases, 
waste slurTies are partially dewatered and processed to produce a soil-like 
material for landfilling. Dry processes, on the other hand, produce 
essentially moisture-free solids. These systems are based on dry injection of 
adsorbents into the flue gas or the use of spray dryers. 

Most. nonrecovery processes in operation, as well as those due to come on 
line until the end of 1984, involve wet scrubbing. In these, gaseous sulfur 
oxides are absorbed in the slurry where they react with an alkaline reagent to 
form calcium sul~ite. calcium sulfate (gypsum) and a calcium sulfite-sulfate 
coprecipate. The degree of oxidation determines the composition of these 
wastes. Gypsum is desirable because it has better dewatering characteristics 
than calcium sulfite. 

Some dry FGD systems are now operational, and a number of contracts have 
been signed for the application of dry systems to utility·boilers. These 
systems have been scheduled for startup in the early to mid~l980's. 

Of the seven different types of nonrecovery processes now in commercial 
use on industrial and utility boilers, five involve converting so2 to some 
form of solid waste (sludge) for disposal in either wet ponds or landfills. 
Most utility applications of nonrecovery FGD processes involve solid 

3-r. 
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TABLE 3.3 

NUMEER AND TOTAL CAPACITY OF FGD SYSTEMS AS OF EARLY 1982 

Status Number of Total Controlled Equivalent 
Units Capacity, MW8 Scrubbed b 

CaEacit::t:, MW 

Operational 92 34,937 31 ~ 738 

Cnder construction 42 18,226 17,457 

Planned: 
Contract awarded 16 9,385 9,169 
Letter of intent 11 8,293 8,235 
Requesting/evaluating 
bids 10 5,630 5,630 
Considering only 
FGD ·systems 51 30,726 30,398 

TO'!AL 222 107,197 102,627 

!-lotes: aThe summation of the gross unit capacities (MW) brought into 
compliance FGD systems regardless of the percent. of the flue gas 
scrubbed by the FGD systems(s). 

bThe summation of the effective scrubbed flue gas in equivalent 
MW based on the percent of the flue gas scrubbed by the FGD 
system(s). 

Source: Reference 11 
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TABLE 3.4 

DlSTRIBtTION OF FGD SYSTEMS BY PROCESS 
.,.5 OF DECEMBER b8~ 

FGD Capacity , MW 
Under Contracted 

Process Operational Construction Awarded/Planned Total 

Nonrecovery 
Limestone a 

L
. b 
1.me 

LimelSpray Drying 

Lime/ Limestone 

Lime / Sodium Carbonate 

Sodium Carbonate 

Sodium Carbonate / Spray 

Drying 

Dual Alkali 

Aqueous Carbonat:.e / Spray 

Drying 

Recovery 

Lime 

Limestone 

Lime/Limestone 

Magnesium Oxide 

wellman-Lord 

Citrate 

Not Yet Selected 

TOTAL 

15,420 

13,013 

110 

20 

100 

1,255 

440 

1.181 

100 

0 

0 

o· 
240 

1. 959 

60 

0 

33 , 898 

9,362 

3,710 

2,893 

0 

0 

250 

0 

842 

0 

65 

166 

475 

484 

0 

0 

0 

18,2.47 

16.100 

1,660 

l, 260 · 

0 

0 

1, 650 

0 

265 

0 

0 

0 

0 

0 

0 

0 

30,148 

51,083 

alncludes limestone and alkaline fly ash/limes~one systems . 

blncludes lime and alkaline fly ash/lime systems. 

Source: Reference 12 

40»882 

18 , 383 

4,263 

20 

100 

3,155 

440 

2,288 

100 

65 

166 

475 

724 

1,959 

60 

30,148 

103,228 
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TABLE 3.5 

SUMMARY OF FGD SYSTEMS BY PROCESS 

~onrecovery Processes 
Wet Systems 

Lime 
Limestone 
Dual · Alkali 
Sodium Carbonate 
NAc 

Dry Systems 
Lime 
Lime / Sodium Carbonate 
Sodium Carbonate 

Saleable Product Process 

• 

Process 
Aqueous Carbonate / 

Spray Drying 
Citrate 

Lime 
Limestone 
Lime/Limestone 
Magnesium Oxide 
Wellman-Lord 
Wellman-Lord 

Process Undecided 

TOTAL 

a bActual as of September 1981. 
Estimates for December 1999. 

Percent of Total 
September Decembtr 

i98la 1999 

Byproduct 
·Elemental 

Sulfur 
Elemental 

'Sulfur 
Gypsum 
Gypsum 
Gypsum 
Sulfuric Acid 
Sulfuric Acid 
Elemental Sulfur 

36.8 
48.7 
3. 7 
4.0 

0.3 

1. 4 

0.2 

2.3 
2.6 

100. 0 

20.6 
36.9 
2.0 
3.1 
5.2 

3.4 
0.1 
0.4 

0. l 

0 .1 
0.1 
0.2 
o.s 
0.7 
1.2 
0.8 

24.6 

100.0 

C . 
NA - Not available. These systems are committed to nonrecovery processes; 

however, the actual process is unknown at this time . 

Source: Reference 11 
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~aste-producing systems. In contrast, the large majority of industrial boiler 
FGD applications generate liquid wastes. Solid waste-producing systems are 
conventional direct lime scrubbing, conventional direct limestone scruhbing, 
conventional limestone scrubbing with forced oxidation, alkaline fly ash · 
scrubbing, and dual alkali scruH:..ng. I •.;· 1 s:·str.-=s o·· ce-through-sodium 
scrubbing and ammonia water scrubbing, produce a soluble waste which is 
discharged as an aqueous liquor to holding ponds or wastewater treatment 
systems. 

Wet scrubbing nonrecovery systems can usually withstand sotne levels of 
simultaneous . particulate collection and, in the past, many scrubbers were 
designed for simultaneous sulfur oxides and particulate remo-i,al. ·. However, 
most FGD systems being installed today on utility-scale boilers follow high 
efficiency particulate control systems in order to ensure reliable service of 
the FGD system. 

Several factors, including increased coal use and th4! 1979 New Source 
Performance Standards (NSPS) for utility boilers, have promoted the use of dry 
FGD processes. Three different approaches have been actively pursued: 

• Injection of solid sorbents into the flue gas sfream with collection 
of sorbents downstream in a particulate control device. 

• Injection of solid sorbents into the boiler combustion zone. 

• Contacting of flue gas with alkali sorbent slurries in a spray dryer. 

Of these, spray dryer FGD is the major commercially applied dry FGD process. 
The others are in earlier stages of development. 

Recovery Processes -- As in the case · of nonrecovery processes, recovery 
processes can be categorized into wet and dry systems, according to the mode 
of so2 removal. They can be further classified according t~ the type of 
byproauct -- concentrated S02 for conversion to sulfur or sulfuric acid, 
sulfur only, or .sulfuric acia only. 

Only two recovery processes have been commercially demonstrated on large 
industrial- or utility-scale boilers -- the 'Wellman-Lord process and magnesium 
oxide scrubbing. .The citrate scrubbing process bas been tested on a large 
industrial boiler. All three are based on wet scrubbing. The total capacity 
attributable to these three wet processes was less than 5% -of the total FGD 
operating capacity in 1980, and the market: share fo-r such systems is expected 
to remain below 5% of the total installed FGD capacity on boilers in the 
United States through early 1990. No dry sorbent recovery FGD systems are 
operating on utility or industrial boilers, although some are in the advanced 
stages of development. 

Even recovery FGD systems are not vaste free. All available processes, 
as well as many development, produce a certain amount of waste. The wet 
processes generally cannot tolerate any significant contamination of the 
absorbent with fly ash, chlorides, or other trace species in the flue gas and 
usually require a prescrubber ahead of the so2 absorber. Treatment of the 

3-9 
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blowdo•Jn :rom the prescrubber can generate wastes in amounts up to 15% of 
those produced by nonrecovery FGD processes. There may also be secondary 
waste streams, formed by oxidation of the absorbent, that require purging. 

3.3 CURRENT WASTE GENERATION A.."lD TRENDS 

Coal ash and FGD wastes (collectively known as flue gas cleaning or FGC 
wastes) can be classified into four major waste types: 

• Fly ash or fly ash admixed with other materials. This category of 
wastes includes fly ash, fly ash mixed with bottom ash, fly ash, 
bottom ash, a.nd FGD wastes that are disposed together . . Wastes 
containing fly ash are known as stabilized wastes. They are worthy of 
senarate consideration, since the majority of trace metals available 
for leaching from utility solid wastes may be associated with the fly 
ash-containing fractions. 

• Non .fly ash materials • . In thls category are ·included bottom ash (or 
boiler slag), unstabilized wastes, and FGD wastes that are disposed 
sepa-rately from fly ash, including forced oxidation wastes. These 
materials usually contain lesser concentraeions of trace metals 
compared to fly ash wastes but can have higher . concentrations of major 
species . 

• Treated FGD wastes. FGD wastes may be chemically treated (a process 
known as fixation) for full-scale disposal. Lime/fly ash fixation for 
landfill disposal is presently practiced .at some power plants and is 
expected to become more prevalent. · Chemically treated FGD wastes are 
placed in a separate category because of the differences in their 
physical and chemical properties created by the fixation process. 

e Dry FGD wastes. Several · dry FGD syscems are coming into c.ommercial 
use. Dry FGD systems provide a combined waste containing fly ash and 
the . sulfur compound in a relatively dry form. This waste will likely 
be sent ·for disposal in a managed landfill. The physical and chemical 
properties of these wastes are .expected to be different from other 
waste types. Even limited field-scale information on their leaching 
characteristics is lacking. 

More detailed information on waste types is available in Section 6. 

Table 3.6 shows how much coal ash and FGD wastes have been generated from 
coal combustion over recent decades. With New Source Perfonnance . Standards 
(NSPS) requirements that all riew coal-fired utility boilers constructed after 
September 18. 198.2 scrub at least 70% of their sulfur oxides emissions, FGD 
waste generation is projected to increase d-ramatically in the immediate 
future. Recent estimates on future growth in electric power demand have been 
very modest compared to the growth over the past 20 years. Table 3.7 presents 
some estimated data on ash generation in the United States by EPA Region for 

- i r 
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TABLE 3.6 

wASTE GENERATION FROM COAL COMBUSTION 

Waste Type Amount of Waste Generated (106 metric tons ) 

1966 1975 1979 
Fly Ash a 15.5 38.4 ,52.2 

Bottom asha 7.3 16.1 16.1 

b C FGD wastes , NA NA NA 

Notes: Dry basis 

b Wet basis as 50% so lids 

cFGD waste estimates are based on 100% scrubbing (no bypass) and use 
of the FGD system wherever the boiler is operating. Actual waste 
generation is probably considerably less. 

Source: References 13 and 14 

J --.1 
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EPA Re gion 

I 

II 

IT! 

IV 

V 

VI 

VII 

VIII 

!X 

X 

TOTAL 

Notes: 

TABLE 3.7 

PROJECTIONS FOR ASH GENERATION BY UTILITY PLANTS 
IN THE UNITED STATES BY FEDERAL EPA REGION 

(1978-1995) 

Ash Generation (106 Metric Tons/1r) 
19784 1985 4 

0.1 0.3 

1. 4 2.9 

8.9 10.6 

14.8 20.2 

18.6 23.2 

3.0 10.3 

4.5 7.1 

2.8 5.9 

1. 2 2.2 

0.3 .2.:1. 

55.6 83.2 

a!ncludes both new and existing plants as well as those 

plants converting from oil/gas to coal. 

Source: Reference 2 

1995a 

1. 8 

.5. 5 

13.8 

26.3 

27.0 

15.2 

8.3 

7.8 

3.8 

0.5 

110.0 
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1985 and 1995. These estimates include both fly ash and bottom ash. (For an 
average coal-fired power plant, the ash is normally distributed as follows: 
bottom ash, 20 to 25% of total ash; fly ash, 70 t~ so:; economizer ash, l to 
5%; and uncollected ash, about 5% of total ash.) Table 3.8 gives estimates on 
total coa:.. : ~h ~nd FGD waste generation rates for 1980, 1985 and 1995. Over 
the time period shown, the total volume of waste generated is projected to 
more than double. 

3.4 COAL ASH AND FGD WASTE CHARACTERISTICS 

Physical and chemical characteristics of coal ash and FGD wastes are 
critical parameters in the proper design and operation of waste handling and 
disposal systems. Design and operation of ponds and landfill depend on the 
physical and engineering properties, while environmental effects of leachate 
movement are determined by the waste's chemical and engineering properties . 
These character.ist.ics are discussed below, with emphasis on leachate mobility, 
which was the primary focus of this project. 

3.4.l Chemical Characteristics 

This section summarizes the chemical composition of the major categories 
of FGC wastes: 

• Fly ash / bottom ash, 
e FGD Wastes (lime, limestone and dual alkali), 
• Dry sorbent FCD waste (sodium and calcium based), and 
• Chemically treated FGD wastes. 

The chemical composition~ of these wastes are described in terms of major 
. components, trace components, and liquors and leachate. 

This section is not. a comprehensive review of available data but ra~her 
points to general concentration ranges observed. Greater detail on previous 
studies and a more comprehensive compilation are available in References 2 and 
3. 

3.4.1.1 Major Components of FGC Wastes~ 
Coal Ash -- Coal ash consists mainly of fly ash and bottom ash . The 

chemical characteristics of fly ash depend on a variety of factors -- the type 
of coal, the extent of coal preparation and treatment before burning, and the 
particular operating conditions of the boiler. The method of ash collection 
is also important because the size distribution of the resultant ash particles 
effects its chemical composition. 

The ash represents the f'raction of the original. coal which does not burn 
and is typically composed mostly of silicon, aluminum, and iron oxide species. 
Ash composition is usually analyzed in terms of elemental composition (e.g., 
for Al) rather than species present (e.g •• Al2o3). Table 3.9 shows ranges for 
major components (median concentrations greater than about 0.5% by weight) 
according to coal rank (eastern and western bituminous and western lignite). 

3-13 
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TABLE 3.8 
PROJECTIONS OF COAL ASH AND FGD WASTE GENERATION 

UTILITY PLANTS IN THE UNITED STATES 

(1980-1995) 

Waste Type Waste Generat:ion 006 · Metric tons/x;r) 

a Coal Ash 

FGD Wastesb 

TOTAL 

1980 

62.4 

8.6 -
71.0 

(78.3)c 

a . 
Coal ash quantities are shown on a dry basis. 

1985 -
83.2 

26.9 

110.1 

(121.4)c 

bFGD waste quantities are shown on a wet . basis (50% solids). 
cl 06 , . tons,yr. 

Source: Reference 2 

1995 

110.0 

48.6 

158.0 

(174.S)c 
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The presence of particular crystalline phases has been reported for a 
limited number of fly ash samples (3, 15, 16). The following crystalline phases 
have been observed: 

• a Quartz (S102), 
• Anhydrite (S-CaSO), 
• Lime · (CaO) , 
e Mullite (3Al

2
03 '2S102), 

• Magnetite (Fe3o~J, 
e Hematite. (a Fe2o3), and 
• Periclase (MgOJ. 

Bottom ash is collected either in a dry or a molten state (the latter is 
referred to as boiler slag). Bottom ash has a different particle size 
distribution than fly ash .and its bulk density is higher. Its major component 
chemical composition is similar to that of fly ash. Boiler slag is a black, 
glassy substance composed chiefly of angular or rod-like particles, ranging in 
size from that of fine gravel to sand. · 

FGD Wastes -- .Flue gas d~sulfurization wastes are wastes produced by wet 
scrubbing of so2 with calcium-based reagent~ and include calcium salt 
components due fo scrubber reagent present 1.n ~he vaste and fly ash that is 
simultaneously removed with the waste.. Table 3 .10 summarizes the major 
components in the solid phase of these wastes. 

The waste composition is affected by many factors, and the presence of 
certain components can vary widely: 

• calcium salts (CaS04 , Caso3 • Ca(OH) 2 , CaC03), 
• fly ash, . 
• inert materials (present in reagents), and 
• co,~osit!on a~1 qufntitz of e~2ess S£r.1bber liquor (containing 

Ca , Cl, Mg · , K ~Na, so4 , S03 ), 

The amount of Caso4 present (i.e., CaS04 '2H
2
o or Caso

4
·~H

2
o) depends on 

the extent of oxidation in .the system. This is usually higher in systems 
burning low sulfur coal and in direct limestone systems vs. direct lime 
systems. Oxidation can be promoted in many syscems (including dual alkali) 
to generate wastes with low Caso3 content. CaS04 is preferable to CaS03 because it gives the waste material .better disposal properties. 

The .amount of fly ash in FGD waste .depends on whether the SO scrubber is 
also used to remove fly ash (particulate control) or vhether the tly ash is 
admixed with the FGD waste after separate collection of each. The amount of 
inerts and excess reagents (Ca(OH) 2, Caco

3
) varies with the qua.lityand 

utilization of the reactant raw maferials. These wastes may also contain 
quantities of Mg salts (i.e., Mgso

4
), which crystallize out of scrubber 

solutions in plants vith a tight water balance where concentrations of soluble 
species can rise to high levels. 
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w 
I ..... 

I 

FGD Process 

Limestone 

Lime 

Dual Alkali 

TAUI.E J. lO 

MAJOR COHPONlrnTS JN FGD WASTE SOLIDS a 
Range (%) 

CaS~J, J./'!, llz-° CaSO • 2H 0 ~-:.ft -2·-

8-40 5-85 

2-94 2-95 

0.2 - 90 5·64 

I.imestone (with forced oxidation) <J 47-62 

Lime (with forced oxidation) ...: J 52-62 

Fly Ash Scrubbing 0 ·.5 5-40 

~a~QJ Fly~ sh 

0-74 1-65 

0 - 3 3-60 

2-11 0-9 

5-lO J0-40 

2-5 J0-40 

<l 40-70 

a Data is for a limited number of plants including fuli scale, prototype and pilot. 
b 

MgS0
4 

(or NaCl) 

c CaS0
4 

·1/2 11
2
0 or CaS0

4 cJ 
Na

2
so 

4
' 7H

2
0 

Source: References 2,13,17 

Ollter 

() Sb • 0-10(' 

0-2 b 

0 20b, 
d 

0 -·7 

5-30 b 
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FGD wastes carr:r vith them occluded ot' free (excess) liquot' from the 
proce~s. !hese+pquor.:2cont~in varying fI!OUnts ~~ major common species (such 
as Na , Cl , Ca , so4 , Na , S03Y-:2, K and Mg ) • as well as . trace 
components. The a1X1ount of liquor vat'ies according to the extent of dewatering 
before disposal and can range from 10 to 90% of the total weight of the waste 
(3). Concentration ranges observed for the major species in waste liquors are 
given in Reference 3. Such concentrations are dictated either by solubilities 
(e.g., Caso4 or CaS03) or+by t~e rate at which the ions enter the system from 
various sout'ces (e.g., Na, Cl from ash or flue gas). Sodium levels in 
direct lime and limestone systems are generally much lower than in the 
sodium-based dual alkali• system, where levels can reac~210,00Q2pptn or m~2e, 
depending on the degree of cake washing. Levels of Ca , so4 and so3 ar e 
generally dictated by solubility of the respective salts. 

Drv Sorbent FGD -- Dry sorbent so2 scrubbing units use both sodium- and 
calcium-based reagents. Sodium-based systems involve bicarbonate and 
carbonate scrubbing materials, either by solids injection or spray drying, .to 
produce Na2so4 and . Na2So3 products. Calcium-based systems use a slurry of 
lime or limestone to produce salts similar . to those obtained in other wet 
scrubbing systems (CaSO · , CaS03). · Fly ash may also exist as a major 
component. The chemica! composition of . these wastes is only generally known. 
!he waste tends to differ from wet calcium scrubbing wastes in .terms of 
content of unreacted lime or limestone, particle morphology, hydrated states 
of products, as well as trace element distribution. Also, no liquid phase is 
expected~ Reference 18 gives more details .on the compos:l.tion of waste 
materials from dry sorbent FGD. · · 

Chemically Treated FGD Wastes -- Procedures to produce .chemically treated 
FGD waste have been studied. The processing generally involves adding agents 
to the waste to t:iodify chemical or physical properties (sometimes both) to 
help increase strength, decrease permeability, and produce a product that will 
be more environmentally acceptable for disposal. 

The major components of the chemically treated wastes are the FGD waste, 
fly ash, the additive needed for the particular procedure, and any chemical 
reaction product produced by the interaction of the additive with the fly ash 
and FGD waste. The most common additives are lime and fly ash, which help to 
form a poz.zolanic product. 

Several companies offer wast·e solids fixation processes, but only two 
processes - Dravo's Calciloxll and Conversion systems, Inc. (CSI) Poz-0-Tec~ -
have been sufficiently developed and tested to be commercially feasible for 
use with FGD waste solids. In the Dravo process, CalciloXQ>, a product derived 
from blast fiirnace slag, is added to the waste solids. · The CSI process 
involves vacuum filter dewatering of FGD solids, followed by addition of time, 
dry fly ash, and other substances to produce a dry product called Poz-0-Tec®, 
which can be used as landfill. 

These fixation processes depend on formation of cementitious calcium 
silic:ate and aluminat.e-type pozzolanic products. Limited data are available 
on the composition of individual process products, although Reference 2 

3-18 
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provides some useful infonnation. Products of the pozzolanic stabilization 
reactions have been identified as ettrignite (3Ca(OH) 2 • AlH2o3 • Caso

4 
• 

32H20), tetracalcium aluminate monocarbonate hydrate, tetracalcium monosulfite 
hydrate, and calcium silicate hydrate gel. Other investigators have found the 
su:ii:e anal : g of ettrignite as a product. 

3"4.1.2 Trace Components--
Coal Ash Solids -- Trace elements in coal ash derive mostly from their 

original presence in the coal and to a minor extent from the water used in 
coal handling. Table 3.11 gives the ranges of trace element concentrations in 
a variety of ashes. Concentrations of some elements are directly related to 
the original content of the coal, while others {such as As and Sb) do not 
correlate well, · either because of their volatile nature or because their 
concentrations are unevenly distributed in terms of the fly ash panicle size. 

Particular elements, notably S, Hg and Cl, are almost completely 
volatilized and leave the boiler as gaseous products which are no.t collected 
doYnstream in the dry ash collection equipment. Other volatile species may 
recondense on the fly ash particle surface dol.7tlstream from the boiler and 
would account for the elevated levels on the finer particles that have larger 
surface areas. Antimony, selenium, arsenic and lead are notable fot' being 
significantly enriched on suspended particles in the stack (3). 

· 226 Radioactive radium ( Ra ) concentrations and radon emanation have been 
measured in ash samples, both as part of this and other studies (see, for 
examp.le, Section 5 and Ref.erence 19) • 

Trace Components in FGD Wastes -- Trace element concentrations in FGD 
wastes depend primarily on: 

• Levels of trace elements in the coal. 
• Amount of ash admixed with the FGD waste. 
• Efficiency of the scrubber in capturing trace species. 
• Trace elements in reactant feed and process makeup waters. 

Thus, to the extent that the waste contains ash, trace elements in the ash 
will be present in the waste. Trace components in any remaining scrubber 
liquor will also be present. Significant correlations of the trace element 
levels in the waste with the concentrations in the coal are less likely, 
because of the varying amounts of ash that can be admixed and the . othet' 
sources of trace elements (reactant feeds). Table 3.12 shows concentration 
ranges for trace elements in FGD waste solids. 

Ory Sorbent FGD Wastes -- Only limited data are available regarding trace 
element composition of dry sorbent FGD wastes. To the extent these wastes 
contain co-collected or admixed fly ash, they are expected to show the 
composition of the ash component. Trace chemical components present in wastes 
from two dry sorbent processes are presented in Table 3 .13. 
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TABLE 3.11 

CO~C~NI?.AIION ~~GE OF Ia.ACE SPECIES 
PRESENT IN COAL ASH.ESa 

J Concentration Ranges (eem) 
Element Li gnites .ind Subbituminc us Anthracites Rtt:umi~ous 

Ag 1-50 l 1-3 
As 9-45 11-990 

B 320-1900 63-130 74-2800 
Ba 55-13900 540-1340 96-4660 
Be i:-28 6-11 4-60 
Br 2-3 2-4 

Ce <95-130 <53-250 
Cl 41-90 76-270 
Co 11-310 10-165 10-440 
Cr 11-140 210-395 36-490 
Cu 53-3020 30-850 

F 16-1000 30-380 

.~a 10-30 30-71 10-135 
Ge 20-100 20-20 20-285 

La 34-90 115-220 19-270 
Li 56-100 48-500 

Mn 310-1030 58-365 31-4400 
Mo 6-11 12-17 

Nb 21-34 31-78 
Ni 20-420 .125-320 20-610 

Pb 20-165 41-120 23-1500 
Rb 17-43 29-<1000 
Sc 2-58 50-82 · 7-155 
Se 5-16 10-.37 
Sn 10-660 19-4250 10-825 
Sr 230-8000 80-340 40-9600 
Th 21-43 26-54 
V 20-250 210-310 60-860 
w 7-14 16-30 
y 21,;,..120 70-120 29-460 
Yb 2-10 5-12 3-23 
Zn 50-320 155-350 50-1200 
Zr 100-490 370-1200 115-1450 

aAtomic absorption data on coals .ashed at 600°C (1140°F). Concentrations are 
bppm. 

Elements with concentrations <2ppm include Ru Pd R o I 
Rt, Au, Rh, Te, Bi, W, Hf, Lu, t, Cd. 

• • e, s, r, 

Source: Reference 3 
3-20 
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TABLE 3.12 

FGC Waste FGC Waste Range in 
Elements Solids ( ppm) Liauor (ppm) Coal (ppm) 

Antimony o. 09-1. 6 

Arsenic 0.6-63 <O. 004-1. 8 3-60 

Beryl.lium o. 05-ll <0.001-0.18 0.08-20 

Cadmium 0.08-350 0.004-0.11 

Chromium. 3-250 0.001-0.s 2.5-100 

Copper 1-76 0.002-0.6 1-100 

Lead 0.2-21 0.001-0.55 3-35 

Manganese 11-120 <0.01-90 

Mercury 0.001-6 <0.001-0.07 0.01-30 

Molybdenum 0.9-5 . .3 

Nickel 6-27 0.005-1. 5 

Selenium 0.2-19 <0.001-2.7 0.5-30 

Zinc 10-430 0.01-27 0.9-600 

Source: Reference 3 
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Element 

Ag 

As 
d 

Ba 

Be 

Cd 

Cr 

Co 

Cu 
Pbd 

Mn 

~o 

Ni 
Sed 

Sb 

Sr 

V 

Zn 

TABLE 3 .1.3 

TR.ACE COMPONENTS I~ LIME-BASED DRY SORBE~T 
FGD WASTESa 

Concentration !eem} 

Sample lb 

< o.s 
30 

350 

4.3 

< 1 

52 

4.9 

16 
< 20 

630 

16 

215 

< 20 

< 8 

1,900 

580 

37 

Same le 2 

< o. 5 

38 

100 

12 

< 1 

33 

14 

15 
< 20 

71 

3.6 

43 

< 20 

< 8 

300 

52 

69 

a 
As analyzed using inductively coupled argon plasma spectroscopy . 

b . 
Joy/Niro test facility at Riverside Power Station. 

Siikropul test facility at Strathmore Paper Company. 

~easured by atomic absorption. 

Source: Reference 18 

C 
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Chemically Treated FGD Wastes -- The trace element composition of 
chemically treated FGD wastes is affected by the same variables that determine 
the major chemical constituents. The particular fixation process will largely 
determine the concentrations and distribution of the trace elements in the 
final produ~:. Table 3.14 shows the range of concentrations of trace spec~es 
observed in several chemically treated FGD waste samples (lime, limestone and 
dual alkali FGD wastes before and after fixation) via four different fixation 
processes. 

3.4.l.3 Liquors and Leachate Compositions--
The mobility of waste species in aqueous phases is critical because of 

pr.t .. 7:ltial for leachate -:nig=a- .on and . groundwater contamination. Although 
the waste solids contain certain elements, it is the concentration of elements 
in the aqueous phases produced by the wastes in their respective disposal 
environment that is of primary im'!'ortance. 'Ibis means that, for wet disposal 
scenarios. concentrations of po:-: .~ liquors (either surface liquors or 
interstitial liquors in the waste ,- solid phase) are primary indicators of 
leachate composition. The waste solids composition represents the reservoir 
available for leaching over the longer term. 

Forwastes that contain a smaller amount of moisture such as untreated 
FGD wastes which are disposed of in a landfill, the composition of the 
occluded liquor is also of primary importance, since the occluded liquot' will 
be flushed with incoming water, and the resulting liquor will comprise the 
primary leachate. Subsequent volumes of water will produce leachate more in 
keeping with the solid waste composition. Data on these types of leachates 
are available from laboratory and some field studies. 

In dry disposal, the primary chemical composition of the leachate has 
generally been estimated by performing laboratory and field studies on the 
extractability of waste species contacted with .aqueous phases. A variety of 
batch and column tes.t procedures has been used, including those proposed by 
the EPA (EPA-Extraction Procedure) (8) and the American Society for Testing 
and Materials (ASTM Methods A and :S) (20). Limited data have also been 
produced froin field .studies where site groundvater or surface water contacted 
and/or percolated through the unsaturated waste to generate a leachate that 
.1as collected in sampling devices. In this project. EPA extraction tests were 
conducted and reported on 18 grab samples of coal ash and FGD waste (Appendix 
D) • 

Fly Ash and Bottom Ash Pond Liauors -- The chemical composition of fly 
and bottom ash pond liquors varies greatly, depending on the composition of 
the ash, the quality of water used to sluice the ash, as well as the contact 
time of the liquid and solid phases. · Table 3. 15 shows concentration ranges 
for a limited number of ash pond discharges. 

The acidity of the slurry produced greatly affects concentrations of 
other components in the aqueous phase. Generally, the higher the acidity, the 
greater the rates of solubilization of the elements. Composition of the 
discharge may be quite different from that of the interstitial pond liquor due 
to the different contact mode and time and environment (e.g., reducing vs. 
oxidizing) of each. 

3-23 
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Element 

As 

Be 
Cd 

Co 

Cr 

Cu 

Hg 

Mn 

Ni 

Pb 

Sn 

V 

Zn 

TABLE 3 .14 

TRACE CJMPONE~TS IN WASTE SOLIDS 
BEFORE AND AFTER FIXATIONa 

Before Fixation 
(ppm) 

13-170 

BDtb-27 

2.3-18 

35-"83 

25-130 

38-280 

0 .08-1. 9 

44-600 

50-220 

84-380 

19-84 

69-530 

6.7-170 

After Fixation 
(ppm) 

2-60 

BDf-8.5 

4.4-26 

ll-29 

14-90 

24-77 

0.06-0.5 

25-78 

20-76 

15-85 

5.5-48 

35-180 

45-110 

~ari.ges reported for trace components of wastes from 4 fixation processes: 
fly ash and lime additive; two additives to produce soil-like product; 
two additives to produce concrete-type product; and patented additive 
with pH adjustment to produce clay-like produce. 

bBDL • Below Detection Limit. 

Source: Derived from References 2 a~d 3 
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S1..:bstancc 

Ars..,nii; 
Barium 
Cadml.um 
Chlonde 
Chromium 
Copi,)er 
Cyanide 
Iron 
Lead 
!-tanganese 
5e:le: . .::._, 
Silver 
sulfate 
zinc 

Substance 

Arsenic 
Barium 
Cc.1t.lm1um 
Chloride 
ChromJ.wn 
Copper 
Cyanide 
Iron 
Lead 
Manganese 
Se 1..,:-,:i. u.-n 
Silver 
Sulfate 
Zinc 

Substance ---
Arsenic 
Barium 
Cadm1.um 
Chlor1.de 
Chrom1.wn 
Copper 
Cyan.1.de 
Iron 
Le:ad 
Manganese 
s,.,li;:niurn 
Sl.lvi:r 
Sulfat.e 
Zinc 

TABLE 3.1.5 

ILLUSTRATIVE ANALYSES OF ASH POND DISCHARGES (in ppm) 

E'l y Ash Pond 
?...... ... .. t.~ 

o . .)1 1.1 
0.2 0.3 
0.001 - 0.037 
6 7 

o. 02 0.067 
O.C2 2.4 

l. 44 - 630 
o • .)1 0.91 
0.13 0.48 
"I -~' <,,;, U . - - 0.33 

209 - 358 
0.06 2.2 

Ranq e 

0.006 - 0.018 
. l 0.2 

0. ,_'Ql - 0.003 
7 s 
:).009 - 0.01 
0.041 - 0.065 

5.29 5.98 
o. 02 0.02 
o.1o 0.58 
0.002 0.011 

49 -139 
::. 09 0.14 

Range 

0.005 - 0.038 
0. 1 o.i 
0.001 - 0.005 
3 14 
0. 004 - 0.043 
·0 .01 o • .)8 

(}. :)1 0. 05 
0.23 2. 3 
')_ 01 ::. J 25 
0.01 0.39 
J.003 - 0.065 

30 156 
. • :,3 :, . 12 

• 

;\• . 

0.38 
0.25 
0,019 
6.5 
0.044 
0.91 

211.12 
0. 3:3 
0.31 
:) • .;.2 

283.5 
1.26 

Bot~om Ash Pond 
Avg. 

0.012 
0.15 
0.002 
7.5 
0.095 
0.053 

5.64 
0.02 
0.37 
0.007 

94 
0.1: 

Com.b~ned Ash Pond 
Avg. 

0.038 
0.19 
0.0(2 
7.2 
0.015 
0.042 
0. ,: 3 
0.8 
~ -~ 14 
0 .. 09 
0.016 
o. : 1 

109 . ., 
o. :.::. 

Source: Reference 21 
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3 
2 
2 
2 
2 
3 

3 
J 
2 
3 

2 
3 

Oata Pts. 

2 
2 
2 
2 
2 
2 

2 
2 

Data Pts. 

9 
10 

6 
1:: 
1(1 
10 

3 
10 
10 

9 
h ) 

J . ' .:.v 
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Further data on composition of ash pond effluents (overflow) are 
available (2,3). The data presented in this study on field interstitial 
liquors (those present within the waste solids) represent most of the limited 
set of existing data for these types pf samples. Additional information on 
field interstitial liquors is available from a TVA study (22). 

FGD Waste Liquors -- The composition of FGD waste liquors depends to a 
gr.eat extent on t .he specific FGD Process. Typical levels are shown in Table 
3.16. Speciation of the various components in liquors and in leachates of 
these wastes is impoTtarit in terms of their subsequent mobility in the 
environment (e.g. , exterit of soil attenuation under the sites L as well as 
their possible toxicity. Little information is available regarding 
speciation of partii~lar ele?~nts (e.g., As) in ash pond liquou. The 
presence of both As and As depends on the oxidizing/reducing conditions. 
Inaddition, thermodynamic data have been used to calculate concentrations of 
icin pairs and complexes present in solution ,(2,23). Field data on 
interstitial wast:e pond liquors are extremely sparse. 

Leachate Composition -- Leachate data (for unsaturated disposal 
conditions) have been derived mainly from laboratory tests and from some pilot 
studies. ·· The various types of tests used on the different samples of ash and 
FGD waste provide a range of information, much of which is useful in 
understanding leaching mechanisms. H0"7ever, ·the data .are veey specific to the 
particular experimental conditions of .the given test. 

Compositions of wet disposal leachates can be. better estimated initially 
from waste liquor compositions~ For dry disposal, field data or lab data are 
needed. To normalize leaching test methods, both EPA and ASTM have developed 
standard leaching test procedures (8,20). The EP method has been widely 
practiced to obtain extract data on ash and FGD wastes and provides a large 
data base for the various types of utility ~astes. Table 3.17 shows some data 
obtained for a variety of ash and FGD samples. Additional information is 
available in RefeTences 25 and 26 and in Appendix D. 

3.4.2 Physical and •Engineeririg Properties 

Certain physical and engineering properties of coal ash and FGD wastes 
are important in terms of how they affect the waste's disposal 
characteristics. These include: 

• Grain properties 
• Compaction behavior 
• Permeability 
~ Strength properties 

These properties are briefly described below. More detail is available 
in References 2, 3, 27, and 28 and in Appendix E of this report. 

3.4.2.1 Grain Properties--
Particle size distribution is an important grain property because it 

affects many engineering parameters. A material with a very small range of 
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particle sizes is said to be unifon:ily graded (sometimes known as poorly 
graded). A material with a well dispersed assortment of particle sizes is 
considered well graded. The distinction is important, since a well graded 
material can be readily compacted to a dense condition and will generally 
develop greater shear strength and lover permeability than uniformly graded 
material. 

The distribution of particle size can be expressed as a curve of particle 
size versus percent of particles smaller than the particle size. Figure 3. 1 
describes the entire spectrum of fly ashes, including those from a variety of 
coals. Materials with .steeper curves have a smaller range of particle size 
and are more uniformly (or poorly) graded. Fly ash is usually uniformly 
graded material with particles primarily in the silt range.The particle size 
of fly ash ranges from 1 um to 100 1,1m in diameter for the glassy spheres, with 
an average of 7 um, and froll' l . Jm to 300 um in diameter for the more angular 
carbon particles. : he grai~ size distribution can be altered by blending with 
other materials (e.g., bottom ash). 

Figure 3.1 also indicates the range of grain size distributions for 
bottom ash and boiler slag. Bottom ash and boiler slag have particles ranging 
in size from that of fine sand to that of fine gravel. Boiler slag is more 
uniform in size than the bottom. ash. 

Grain size distribution for sulfite-rich FGD wastes without ash centers 
in the 2-74 um range (62-93%), with smaller amounts (4-8%) in the >74 um and 
<2 1,1m range. Sulfate-rich FGD wastes without ash similarly center in the 2-74 
1,lm range (66-76%), but a lar.ger fraction is in the >74 .i.m range (18-30%) and a 
smaller fraction (2-6%) in the <2 µm range. Addition of fly ash materials to 
FGD wastes increases the fraction in the 2-74 um range (3). 

3.4.2.2 Compaction Behavior-
Compaction behavior is related t:o compressibility, density, and moisture 

content. The compressibility of a fly ash fill affects the rate and amount of 
settling which may occur. Non-self-hardening fly ash behaves like a cohesive 
soil in terms of consolidation and settlement. The compressibility of fly ash 
near its maximum dry density is low. Typical values for compressibility 
{percent of original height at 50 psi or 345 Pa) are L 8 for fly ash and 1. 4 
for bottom ash. 

The compaction behavior of .sulfate and sulfite FGD wastes is largely 
determined by the particle morphology, grain size distribution, and specific 
gravity of the material. Generally, addition of fly ash to sulfate and 
sulfite wastes increases maximum dry density and decreases moisture content at 
the maximum dry density. Repeated impacts on sulfite wastes appear to cause 
progressive breakdown of the waste particles. Sulfate wastes are generally 
less compressible than sulfite wastes due in part to different particle 
morphology. Consolidation tests indicate that uncompacted sulfite FGD wastes 
may compress as much as 10% of their original height in a fill. Sulfate 
wastes are much less compressible (21, 27, 31, 32). 

Density, the weight per unit volume of material, is important because it 
influences the permeability, stiffness, and strength. These in turn affect 
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the extent of settlement and stability of a fly ash landfill, as well as 
leachate mobility.. Density can be dry or wet. Dry density occurs when the 
pore spaces in the waste contain only air. If all or part of the voids is 
filled ~ith water, the density is known as a wet density. with a corresponding 
moisture content. The ash is said to be saturated if all the voids are fil:.c 
'W'ith water. Reference 33 discusses density and specific gravity in detail. 

The ash moisture content refers to the amount of water present in the 
voids of the ash. Moisture content affects weight and other handling and 
engineering p-roperties. including compaction behavior of the waste. Expressed 
as a percentage of the ash's dry weight, moisture content is determined by 
dividing the weight of the water in the voids by the weight of the ash when 
dry, and then multiplying this figure by 100. Two moisture contents, the 
natural (or in-place moisture contr->nt) and the optimum moisture content, are 
important. The optimum moisture content of an ash is related to the maximum 
density obtained by compaction in the laboratory. The in-place moisture 
content is a function of the deposition environment of the ash. Typical 
values of natural moisture content are 2 to 5 percent for silo-stored ash and 
50 to 100 percent for lagoon-stored ash (2, 3). 

Due to tension forces and the small pore size distribution in these 
wastes, capillary action causes watei: to be drawn into the waste. Thus, in 
situations where the waste is placed above groundvater, the waste can become 
saturated. 

3.4.2.3 Permeability--
Penneability is a function of the viscosity of the water. the size and 

shape of the waste grains, the degree of compaction. and the number of 
discontinuities present in the waste mass. The coefficient of permeability is 
a convenient indicator of the quantity of water which will seep through the 
waste in a given period of time~ Since leachate is produced when wate-r 
contacts the waste and then migrates from the disposal site, permeability data 
provide a way to estimate leachate migration rates and quantity. 

F!i ash is a freely draining material, with a permeability around 0.5 to 
5 x 10 cm/sec. The permeability of sulfite-rich FGD wastes is generally 
lower than that of sulfate-rich FGD wastes, although well-managed gypsum 
formation in a dual alkali plant may produce low permeability waste. Addition 
of stabilizing agents may decrease permeability by one or moTe orders of 
magnitude • . Unsta~Slized sulfi~,-rich FGD wastes have permeabilities in the 
ra:!§e of 0.9 x 1Q5 to 4 x 10 • Stabilization leads to values around 5 x 
10 _5o 11 x 10 _5 Unstabilized sulfate-rich FGD wastes have values in the 1 
x 10 to 98 x 10 range (2, 3, 28, 34). A decrease in permeability is also 
observed with an increase in fly ash content of FGC waste due to a decrease in 
the void ratio (or increase in solids content). 

By comparison, clean gravel can hav!9permeabilities as high a:s 30 cm/sec . 
while clays can have values as low as 10 cm/sec (21). 



- Doc. Ex. 8279 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

3.4.:.4 Strength Properties--
Shear strength of the waste is important in engineering the waste 

disposal, since it will determine the steepness and fill slopes as well as the 
ability of the waste to support loads. Shear strength is a function of 
cohesion and the angle of internal friction. Cohesion is a measure of 
individual particles' attraction for each other, while the angle of internal 
friction is a measure of friction between particles. 

Dry fly ashes which are not self-hardening possess little cohesion, 
although pore moisture may lead to apparent cohesion due to ca-pillary forces. 
This apparent cohesion can .be eliminated by drying or saturation • . Fly ashes 
which self.;.harden develop strength. This strength more closely resembles the 
chemical bonding strength of cement .than the cohesive strength of a soil. The 
angle of fnternal friction of fly ash varies with the degree of compaction, as 
does the shear strength of bottom ash and boil. .. r slag. The angle of internal 
friction for bottom ash and boiler slag in a loose condition can vary from 38° 
to 42.5° (30). 

FGD wastes generally show insignificant effective cohesion but unconfined 
compression strength in the 10-20 psi range is obtained for samples at their 
maximum dry density. Strength parameters for stabilized . wastes are sensitive 
to moisture content and age of the waste. Stabilizingagenu such as fly ash 
and lime can greatly cause great increases in strength for the cured materials 
(2, 3). 

3,5 DISPOSALOPTIONS 

Most coal ash and all FGD wastes generated today are sent to disposal. 
This trend should continue for many years, in view of the expected increase in 
coal consumption fo-r generating electric power. · Over the longer term, an 
effective way to manage coal and FGD wastes will be to utilize them. A 
significant fraction of the total generation of coal ash ·can be used as soil 
stabilizers, for ice control, and as ingredients in cement,· concrete, and 
blasting compounds (2, 3). · Utilization of FCC wastes is expected to grow, but 
at a slower rate than FGC waste generation. In 1980, there was no utilization 
of FGD wastes in the United States. 

Cur-rently, all FGC waste disposal options involve some form of land 
disposal. At-sea disposal may be a future alternative if practiced under 
environmentally and economically acceptable conditions. ·The land-based 
disposal options can be. cha.racterized in terms of the nature of the was us, 
the type of disposai, and site characteristics • . Table 3.18 lists some of the 
potential disposal options. Sulfur is included in this table as a potential 
waste product. although it is more likely that sulfur as a by-product of 
recovery FGD systems will be produced for utilization. 

Recovery FGD p-rocesses are likely to require prescrubber systems to 
remove particulate absorbent liquors. Prescrubber blowdown from these systems 
will result in waste analogous to,'the was~e from nonrecovery FGD systems, 
albeit in smaller quantities. Hence, even if recovery processes are used more 
extensively in the future,.FGD waste quantities will be reduced, not 
eliminated. 
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TABLE 3.18 

LAND DISPOSAL OPTIONS FOR UTILITY SOLID WASTES 

FGD Wastes Other Wastes 

Disposal Chemically 

Method FGD Waste Codisposala Treated Waste Coal Ash Sulfur 

Conventional Cb C C C 

Wet Ponding 

FGD Gypsum pc 

Stacking d 

Managed Fill C C C C p 

Surface Mine p C p C p 

Underground p p p p 

Mine 

Notes: 

aCodisposal of coal ash and FGD waste. 

b Commercial practice. 

cReasonable potential. 

d From forced oxidation FGD systems. 

Source: Reference 3 
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Land disposal methods for utility wastes are wet ponding. disposal in 
managed fills. and mine disposal. These are reviewed below, along with some 
comments on ocean disposal, which may be an alternative in the future. 

Wet pondin g is more widely used than any other method of coal ash/FGD 
waste disposal, although it will probab1y be 1ess prevalen't in the future 
because it is a fairly costly dispos~l method. Ponding is suitable for a wide 
variety of FGC was.tes, ranging from unstabilized FGD materials to waste 'that 
has been treated by a proprietary chemical fixation process. Pond designs are 
based on diking ·or incision. Ponds can also be engineered on slopes. These 
options are discussed further in Section 6. A special case of wet ponding, 
gypsum stacking, is now under evaluation. It involves pumping gypsum slurry 
(typically from forced oxidat:ionsystem) to a pond, where it is allowed to 
settle. The supernatant is recycled. Periodically the gypsum is dredged and 
stacked around the embankments, thus building up the entrainment. 

Disposal in managed fills may include: 

• Landfilling of dry fly ash. 

• Interim ponding of FGC wastes followed by 
dewatering and iri some cases, excavation and landfilling. 

• Mechanical dewatering and landfilling of FGC wastes. 

• Stabilization, Ot' blending of FGD wastes and dry fly ash, followed by 
landfilling of the mixed FGC wastes. 

• Fixation of FGD with additives, followed by landfilling of the 
c~emically treaced waste. 

Typically, before disposal in a managed fill, FGD wastes and/or coal ash • 
handled in wet systems are thickened and dewatered to a high solids content. 
Dry fly ash may bedirectly disposed of with no treatment. FGD wastes may be 
blended with fly ash and, in some cases, lime, thus formirig a material with 
cementitious properties. The waste material is transported to the disposal 
site where it is spread on the ground and compacted. Layering proceeds to an 
ultimate depth that can range from 30 to as much as 80 feet or more. A 
properly designed and operated dry impoundment system can potentially enhance 
the value of the disposal site after disposal is completed, or at least permit 
post operational use. 

Mine disposal is receiving increased attention. Surface coal mines and 
underground room and pillar mines for coal, limestone, or lead/zinc ores offer 
particular potential (10). Coal mines, especially surface coal. mines, are the 
most likely candidates. They offer the greatest capacity for disposal and are 
frequently · tied directly to power plants. In fact, .many new coal-fired power 
plants are "mine-mouth" (located adjacent to or within a few miles of the 
mine), with the mine providing a dedicated coal supply. Since the quantity 
(volume) of FGC wastes produced is considerably less than the amount of coal 
burned, such mines would usually have enough space for waste disposal 
throughout the power plant's life. 
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Ocean disposal is not practiced today. But if applied under 
environmentally acceptable conditions, ocean disposal could represent an 
important utility waste management option, particularly in the Northeast where 
lan~ available for disposal operations is limited. Viable techniques are 
available fo-: tr...nsporting FGC wastes to . offshore disposal sites. The sites 
may be in the shallo'-1 ocean (on the continental shelf) or deep ocean (off the 
~ontinental shelf). Each has a different ecosystem with its own set of 
~otential impacts. Potential waste materials with suitable disposal 
.Properties include fly ash-free gypsum and chemically treated mixtures of FGD 
waste, fly ash, and lime. 

3. 6 Cu"'IIB.ENT DISP "' SAL PRACTICES 

Table 3. 19 summarizes current disposal practice based on a survey of 176 
coal-fired power plants, or about 75% of all coal-fired power plants in the 
U.S. that generate at least 80% of their power from coal, with capacities of 
at least 200 MW. As shown, combined fly ash and. bottom ash ponding is the 
most common method of disposal for coal ash, with nearly 45 percent (by 
weight) of all fly ash and bottom ash codisposed of in ponds (35). 
Landfilling of fly ash was also reported as a significant disposal option 
more than 30 percent (by weight) of all fly ash is disposed of in this manner 
(35). Interim ponding followed by landfilling seems to be a major method of 
bottom ash disposal where separate disposal of bottom ash is practiced; this 
method accounts for between 25 and 30 percent (by weight) of all bottom ash 
sent to disposal (35). Bottom ash is also often ponded. Separate ponding of 
fly ash and bottom ash is practiced to a les.ser extent (about 20 percent by 
weight) than combined fly ash and bottom ash ponding, while mixed disposal of 
coal ash/FGD Yaste and disposal of chemically treated FGD wastes are only now 
coming into more extensive use. 

To consider cur.rent disposal from another perspective t Table 3. 20 
presents data on ash handling systems used by utility plants on the basis of 
physiographic region. In regions with the highest concentrations of 
coal-fired utility plants . (B and D), wet handling of fly and bottom ash is the 
most common disposal procedure. 

While most coal ash and FGD wastes are now disposed of by ponding, 
economic, environmental, and regulatory developments are likely to encourage 
the use of dry disposal methods in the. future. Complementing the development 
of dry disposal methods, FGD waste fixation (chemical treatment) processes are 
likely to find a broader acceptance. As of mid-1980, there were more than 12 
plants practicing FGD waste fixation, and this number is likely to grow in the 
future ( 12). 

3.7 PRIOR DATA BASE ON CHARACTERISTICS AND ENVIRONMENTAL EFFECTS 

To provide a perspective for this project , this section includes a. brief 
review of earlier studies concerning characterization of FGC wastes and 
environmental evaluation of waste disposal. More detailed info.t111ation on 
these studies is available in References 2 and 14. These results were 
considered in the assessments described in Section 5. 
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TABLE 3.19 

CURRENT FGC WASTE DISPOSAL METHODS USED 

AT UTILITY COAL-FIRED POWER PLANTSa 

Number of Plantsb 

Fly ash only 

Bottom .ash only 

Combined fly and bottom ash 

FGD waste only 

Mixed fly ash and FGD waste 

Mixed bottom ash and FGD waste 

Hixed fly ash and FGD waste 

(chemically treated) 

rdxed fly ash, bottom ash, and 

FGD waste 

C Pond 

18 

29 

69 

5 

7 

1 

2 

2 

Landfillc 

46 

13 

9 

7 

7 

l 

Interim 

Pond/Landfill d 

6 

29 

16 

1 

1 

a Data· base: 176 coal-fired plants (_!80% of their power generated from coal in 

b 

1977 with generating capacities !.200 MW except for four plants that employ 

FGD systems). 

Figures represent the number of planes at which each waste type/disposal 

method is practiced. (Note that many plants utilize more than one method.) 
C 

Includes direct ponding and interim/final ponding methods. 
d Includes managed and unmanaged fills and mine disposal. 

Source: Reference 35 
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TABLE 3.21 

SOME RECENT CHEMICAL CRARACTERIZATION PROGRAMS 

L- rganizat:.ion 
Performing Research 

WES8 

Rutgers Universityb 

Radian Corporation8 

ADL /NEA8 

ADL/UNDa 

Mi h l Bk A . C c ae a er ssociates 

a Aerospace Corporation 

Areas Of 
Investigation 

Stabilized-Wastes Laboratory 
Leaching and Analysis 

Characterization of Stabilized 
Wastes Completed 

Characterization of Stabilized 
Wastes/Ocean Disposal 

Characterization of Stabilized 
Wastes Completed 

Characterization and Environ­
mental Monitot'ing of Full­
Disposal Sites 

Chemical and Physical 
Characteristics of Wastes 

Characterization of Stabilized 
Wastes/Ocean Disposal 

Monitoring of Mine Disposal 

Monitoring of Stabilized Waste 
Disposal Under Way 

Stabilized-Waste Disposal 
(Scholz) Completed 

Characterization of Unstabilized 
Wastes Completed 

WESa Ash Leaching Effects on 
Groundwater 

University of Notre Dameb Fly Ash Leaching and Speciation 
and Groundwater 

TVA2 Coal Ash Leaching ~ Soil Studies 

TVAa Ash Leaching 

(continued) 
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Status 
in 1982 

Completed 

Ongoing 

Under Way 

Completed 

Completed 

Completed 

Completed 

Completed 

Completed 

Completed 
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Various Organizationsd 

Cniversity of Tennesseeb 

. b f 
Vazious Organizations • 

TABLE 3.21 (continued ) 

Leaching Tests Evaluation of 
Wastes Completed 

Leaching and Radioactivity of 
Ashes Completed 

Dry Sorbent Waste Leaching 

Organics in Ash 

Illinois Geolog~cal Surveyb Leachates Characterization 

a 

Completed 

Completed 

Completed 

WES - Waterways Experiment Station 
St 'NY - State University of Ne\J York 
ADL · - Arthur D. Little, Inc. 

b Funding by EPA 
Funding by various organization 

C d Funding by EPRI 
NEA - New England Aquarium 
rND - I:niversi ty of .North Dakota 
EPRI - Electric Power Research Institute 
CEA - Combustion Equipment ·Associates 
IVA - Tennessee Valley Authority 
DOE - Department: of Energy 
ASTM - American Society for Testing 

and Materials 
ES - Engineering Science 
ERCO - Energy Resources Company 

One study with many participants 
:Funding by EPRI/DOE/ASTM1ES 

Smaller studies 
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3.7.1 Chemical Characterization of Coal-Fired Utility Wastes 

Several studies of utility waste -- principally coal combustion and coal 
cleaning wastes -- have been undertaken. The Environmental Protection Agency 
(EPA), Electric Power Research Institute (EPRI), and other organizations have 
examined the chemical characterization of coal combustion wastes. Table 3.21 
lists major studies funded by government agencies or EPRI. These have focused 
on wastes generated by so2 removal systems (with or without simultaneous fly 
ash removal). In addition, a number of private organizations active in 
commercial fixation of FGC wastes and in the marketing of FGC systems, as well 
as the utilities, have valuable in-house data, much of which is not available 
in the open literature. 

3.7.2 Physical Charact~dzation of Coal-Fired Utility Wastes 

Physical properties that have been studied for coal combustion wastes 
include index properties, consistency-water retention; viscosity versus water 
content, compaction behavior, dewatering characteristics, strength parameters, 
permeability, and weathering. • EPRI and EPA have sponsored several studies 
concerning the physical characterization of FGC wastes and coal cleaning 
wastes. Table 3.22 gives a partial listing of investigators who have 
performed physical tests on FGC wastes and indicates the types of tests 
perfomed. In addition to the projects listed in Table 3.22, many studies are 
being conducted by utility organizations, individual utilities, and agencies 
that furnish waste fixation processes and expertise. · · 

3.7.3 Field Studies 

EPA, EPRI, DOE, TVA, and others have undertaken several FGD waste 
disposal studies, as indicated in Table 3.23. 
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TABLE 3.22 

Swr!MARY OF PHYSICAL TESTING - FGC WASTES 

Waste : y:ie 

Sulfite-Rich (CaSOx' l/2H20) 

Mixed Sulfite/Sulfate 
(CaSOx ' l 2H

2
0 

+ CaS04 . 2H
2

0) 

p;, sical ':ests a Investigators 

Grain-Size Analysis ADL, Aerospace, 
Dravo, FMC, UL, WES 

Atterberg Limits DRAVO, FMC, UL 

Proctor Compaction ADL, FMC, UL, WES 

Permeability ADL, Aerospace, UL 1 

WES, Radian 

Consolidation DRAVO, FMC, UL 

Unconfirmed Compression ADL, Radian 

Triaxial Compression FMC, UL Radian 

Dynamic Loading ut 

Dewatering-Viscosity ADL, Aerospace, UL 

Field Compaction scs 

Grain Size Analysis Aerospace, H&L, K&Dt 
UL, WES 

Atterberg Limits H&L, K&D, UL 

Proctor Compaction H&L, K&D, UL, WES 

Permeability Aerospace, K&D, WES 

Consolidation UL 

Unconfined Compression H&L, K&D 

Triaxial Compression H&L, K&D 

Dewatering-Viscosity ADL, Aerospace, 
Dravo 

(continued) 

3-41 
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TABLE 3.22 (continued) 

Sulfite-Rich 
(CaS04 • l/2H2 +, or 
CaS0

4
• 2H

2
0) 

Other (mixed) 

Notes: 

aADL - Arthur D. Little, Inc. 

Grain-Size Analysis 

Atterberg Limits 

ADL, Aerospace, UL, 
WES, Radian 

UL 

Proctor Compaction ADL, TCT, UL, WES 

Permeability ADL, Aerospace, WES, 
Radian 

Consolidation UL 

Unconfined Compression ADL, TCT, Radian 

Triaxial Compression UL~ Radian 

Dewatering-Viscosity AOL, Aerospace, 

Liquefaction TVA 

TCT - Twin City Testing 

Aerospace - Aerospace Corporation 

Dravo - Dravo Corporation 

UL - University of Louisville 

WES - U.S. Arm'J Waterways 

FMC - FMC Corporation 

H&L - Haas and Ladd 

K&D - Klynn and Dodd, Ontario Hydro 

SCS - Southern Company Services 

Experimental Station 

Radian - Radian Corporation 

TVA - Tennessee Valley 

Authority 
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a Nunrtmr Sponsor 

LANO l>l Sl'OSAI. 

J. EPA 

2. !::PIH 

j, El'A/lPRI 

"· EPRI 

!i. EPRI 

6. EPA 

7. El'A 

l:J. DOE 

TABLE 3.D 

RECl;;N'l' FIEI.IJ II.STING PltO.JEL'TS - F~C. WAS'ftS - l981 

il,1s.!.s ; l. Only recently complct•!d, ongoing or pla111111d projects arc mentioned, 
'J.. l'rojects involving pa1,cr studies or cngineeriug/economk u:,sessml:lnt 

with no characterization or n-mitoinr an•· al:.o included. 

Pri11clpal
3 Contractor 'J)pe of Waste 

Alli, 

MBA 

Cl!A/ADL 

CIC/Radian 

M,111y 

Many 

Dual Alkali, 
Sul Hte-rlch 

MBA/Bat tel le 'll1iosorblc 

llechtel 

TVA/Bechtel/ 
Aerospace 

UND 

Lime based 
l•GO wastes 

Dual A lka II 
Sul fur · rich 

J.l me 6. Lime­
stone F'CO 
Systems; 
forcl!d oxi­
dation units 

Al lull l.ne Ash 
based FGD 
:,y:llun waste 

of Wm,Lc 

Many 

Many 

Fil tcr Cake 

'111!ckencd 
Slurry 

Statiillzed 
by CSI and 
as filter 

Disposa l 
Mode 

Many 

Many 

Dry lmpouml · 
ment 

Gypsum 
Slacking 

Dry I11pound­
ment 

Stab ii I.zed Dry Impound· 
and as ment 
fl Iler cake 

As cake anti 
as slurry 

rilter Cdkc 
and as 
slurry 

Dry Impound­
ment 

Surface Mint! 
Disposal 

(continued) 

~st Arca 

All over the U,S. 

All over the U.S. 

Several acre sites 
at Plant Scholz of 
Gulf Power 

One acre site at 
Plant Scholz of 
Gulf Power 

Several cells at 
Conesville Plant 
of Columbus and 
Southern Ohio 
Hectric 

Commen t h 

'l'his project w.ts iuitiated L11 
late 1979. 

•:1ght-sjte englm·1' 1 lng/econo111lc 
assessment of proj <..tt!d solid 
waste dlspoaal pt~crlrP~. 

Com1, leted. 

Results appcJr encouraging. 

Phase I report published. 
Tests continulng. 

Wet and dry impound- Completed. 
ments {<0.1 acre 
each) at Cane Run 
Plant, Louisville 
Gas 6' Electric 

Four Pts. at 
Shawnee Plant, TVA 

Sect ions of nil ne at 
Mi I ton Young Plant 
of Mlnnkola Power 

Completed. 

Originally funded \}y EPA Jt1d 
now continued hy um:. 
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'fAlilE 

l'r inc ipa I a Form 
Number Sponsord Cun tractor T,tl!C of Waste of Waste 

9. om: t:r,gineerlng Many Many 
Science 

OCEAtl IHSPOSAL 

10. ll(}E/EPA SUHY/CS1 Thiosotbic Stabi l izcd 
t.1-'Rl/ lime-based by CSI ,11111 
NYl::RDA/ FCD waste:; ,is bricks 

NOH.:l>: JAi)(. - Arthur D. Uttle. Inc, 
- Combustion Equipment Associates 
- Chiyoda International 
- Department of Energy 

CEA 
CIC 
DOE 
tPA 
EPIU 
CSI 

- U.S. Environmental Protection Agency 

Source: 

• Electric Power Research Institute 
- Conversio. Systems, Inc. 

Arthur D. Uttle, Inc. 

• 

3.23 ,contlmwt.l) 

Disposal 
Mode 

1-tmy 

Ret>f 

'l'cst Area 

All ov,-. r the U.S. 

Off i.ong 1 slnrnJ 

Co1ume11ts 

F.ngiueerlng/t>conomi.c study ot 
sites. No cl1ai-acterization or 
monitoring. 

Work ls continuing. 
Construct ton 

NYERDA 
l' ASNY 
SUNY 
TVA 
UNO 
NEA 
MBA 

- NE>w York State ~;nergy RE>st•,nch &. Oevc lopment 
- Power Authority ot the State of New York 
- -Statt:! University of New York 
• 'fon11es1a1ee . Valley Authority 
• University of North l)akota 
~ New England Aquarium 
- HlchacJ Baker Associates 
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SECTION 4. 0 

APPROACH 

t.,l BACKGROUND 

The environmental effects of FGC waste disposal and any potential threat 
to human health or the environment are influenced by three factors: 

• type of waste generated (physical and chemical characteristics); 

• disposal method used (ponding, landfilling, or others); and 

• disposal site characteristics (soil type, hydrogeology, climate, etc.). 

In this project, a mix of was~e types, disposal modes, and site characteristics 
were selected to provide the broadest possible range for the environmental 
assessment. 

Criteria and planning for this project were organized to reflect the 
priorities of the various potential impacts under the Resource Conservation and 
Recovery Act (RCRA). Highest priority was given to subject areas that both are 
characteristicallv important for utility solid waste disposal and reflect 
principal regulatory concern under RCRA: 

• groundwater quality; 

• surface water quality from non-point sources; and 

• use of potentially mitigative design management 
or control practices. 

Within this context, the overall approach is described below. It 
consisted of eight major areas of effort -- site selection, test plan 
preparation, site development, physical and chemical sampling and analysis, 
preparation of engineering cost information. site-specific environmental 
assessment, generic environmer.tal assessment, and development of a decision 
methodology. 

4.1. l Site Selection 

Site selection was a two-step process. First was the preliminary eval­
uation of available data from all coal-fired power plants in the United States. 
This information was used to select 18 candidate and eight backup sites • 

.:..-1 
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Sources included a precursor EPA study (36), together with a large data base 
resulting from efforts by EPA, EPRI, TVA, DOE and others. 

In the second site selection step, the candidate sites were evaluated more 
closely through site visits, preliminary testing of grab samples of wastes, and 
detailed geotechnical and hydrogeologic evaluations. A continuous iterative 
process, based on several technical factors and the geographic distribution of 
sites, led to the final selection of the six sites (Appendix A). 

4.1.2 Site Develooment 

Site development was undertaken according to the overall procedures 
defined in the Hydrogeologic and Geotechnical Procedures Manual (Appendix B). 
It involved preliminary site visits, research of available information, 
development of a test plan, and actual site evaluation and sampling. The test 
plans were developed t .o provide backg.round lnformation on each sfte. and to 
guide the program of site development, physical arid chemical sampling and 
analysis, and assessment of engineering costs • • The test plan was a detailed 
account of the work to be done at each site. Each test plan was reviewed by 
EPA and the utility involved. 

4.l.3 Physical and Chemical Sampling and Analysis 

Many waste, soil, and water samples were gathered during site development. 
Sampling and analysis teams also visited (:he sites periodically for about one 
year to gather appropriate samples and field data • .. All samples were subjected 
to a comprehensive program of physical and chemical evaluations, as described 
in the Sampling and Analysis PTocedures Manual (Appendix C). 

4.1,4 Engineering and Cost Assessment 

Based on site visits and information supplied by the utilities, process 
flow diagrams, equipment . lis'tS and equipment specifications were developed for 
the waste handling and disposal systems at each site. These were used as the 
basis for costing after they had been reviewed by the utilities. Capital and 
annuc:11 costs were then developed for each site and adjusted to late-1982 
dollars. 

4.1.5 Environmental Assessment 

The environmental assessment of each site started as soon as initial data 
became . available from the site development and sampling a.nd analysis programs. 
As the .data wert! gathered, preliminary assessments of the effects of waste 
disposal at each site were developed. These assessments were modified as 
additional data became available. 

4.1.6 Generic Engineering , Cost and Environmental Assessment 

In both the environmental evaluations and engineering cost assessments, 
the data and findings of the six-:-site study were incorporated into a larger 
data base. This effort took into account not only the data from the six sites 

4-2 
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but other studies sponsored by EPA, EPRI, TVA, DOE, and others. These combined 
results led to the generic evaluation summarized in Sections 6 a~d 7, a generic 
engineering and cost data base and an environmental assessment, respectively, 
for a broad ~atrix of waste types, methods of disposal, and site 
characteristics. 

4:.1. 7 Decision Methodology 

As part of this study, a decision methodology tool was developed . Its 
purpose is to permit state and local planning officials and the utility 
industry plan new waste disposal facilities or modify or expand existing ones. 
Details on the decision methodology are outlined in Section 8.0. 

4. 2 SITE SELECTIJN PSOCESS 

4.2.1 Overview 

The overall objective of the site selection process was to choose sites 
that would include both prevalent disposal methods used by industry today and 
those with future potential." For example, in the future, dry disposal of coal 
ash and FGD wastes (that is, as moist soil-like materials) in managed fills is 
likely to be encouraged. Similarly, use of coal in western plants is likely to 
grow. The site selection pr: cess was a major effort and is described in 
detail in Appendix A. It involved two major tasks -- selection of candidate 
sites and selection of final sites, as described briefly below. 

4.2.2 Selection .of Candidate Sites 

The goal of the candidate site selection process was to evaluate available 
data on coal-fired power plants and recommen.d an initial pool of 18 candidate 
sites and a smaller (but unspecified) number of backup sites. 

The first step was to divide the contiguous 48 states into 14 physio­
graphic regions. The plants in each region were screened to develop a list of 
those that could be considered as candidate and backup sites. The total number 
of candidate sites was to be 18 to ensure enough redundancy. A smaller number 
of backup sites was also desired, for a total target of 25 to 30 candidate and 
backup sites. Present and projected coal ash and FGD waste disposal practices 
(described in Section 3) were assessed to determine the best regional distribu­
tion of the sites. The attempt was to choose desirable plants in as many 
regions as possible. A total of 26 plants in all the regions passed thrl"ugh 
this screening process. These 26 plants were then ranked, and 18 were 
nominated as candidate sites, with the rest as backup sites. This pt'ocess is 
described in more detail below, along with the selection criteria that were 
used. 

4.2.2 . l Initial Sct'eening for Sites--
The selection criteria used to screen sites were based on the need to 

study the effects of disposal in three areas that are important issues for 
solid waste disposal and have been priority concerns under RCRA: 
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• impact on groundwater quality; 

• impact on surface water quality from non-point sources; and 

• use of mitigative design, control, or management practices. 

Engineering/technology-related screening criteria were developed to assess 
a plant's disposal operations. These included factors . related to waste varia­
bility, site age. FGD system, and application of mitigative engineering 
practices. The engineering/technology criteria were applied as first-level 
screens. 

Hydrogeologic criteria were also used in the site selection process. 
These concerned site bedrock geology, surficial soil characteristics, ground­
water flow conditions, and climate.. The intent was to select sites where data 
from about one year of environmental monitoring could be used for assessment 
with ~~asonable confidence~ · 

Other site selection criteria were developed to reflect the overall 
objectives of RCRA. These rating factors fell into two basic categories: 
(1) regional/general factors, such as climate, regional soils, and critical 
regions for groundwater and surface water utilization; arid (2} site-specific 
factors, such as site settings (substrate and proximity to surfacewater), . 
mitigative controls, compli.cating factors (such as other external influents to 
an ash pond). availability of baseline environmental infonnation, and other 
study opportunities. (These facton only illustrated potential opportunities 
to study various types of . environmental impacts~ No attempt was made to select 
preferentially sites with high or low expected effects.) 

The screeni11g criteria (engineering/technologic, hydrogeologic and other 
site selection factors) were used to obtain a preliminary list of sites whe-re 
data obtained from about one year of monitoringcould be reasonably assessed. 
Very complex ·sites where reliable data interpretation was not possible (on 
technological or hydrogeologic grounds) were .eliminated from further considera­
tion. Even so, the overall plan for characterization and environmental 
monito-ring at the final selected sites was designed to accommodate complex 
sites, complex waste types, and complex methods of disposal. 

4.2.2.2 Ranking Used to Select Candidate arid Back-Up Sites--
The initial list of sites was evaluated in an iterative manner. This 

evaluation process focused on three types of variables: 

• Waste Type. Available information indicated that six categories of 
.waste constitute the vast majority: fly ash, bottom ash, combined fly 
and bottom ash, FGD waste alone, FGD waste and fly ash, and chemically 
treated FGD waste. These categories will likely remain the only major 
options in the future. 

• Method of Disposal. Ponding and landfill-type operations are p-racti­
cable fo~ many wastes. FGD wastes, when disposed of alone, are usually 
disposed of by ponding. However, disposal of treated FGD wastes as 
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moist soil-like materials in landfills is likely to be a future trend. 
In the future, with forced oxidation methods, FGD waste disposal by 
itself in the form of gypsum stacks may also be feasible, although such 
disposal practices do not now exist. Mine disposal, another special 
subcategory of landfill-type disposal, was also considered. 

~ • General Location. While the initial screening was based on 14 physic-
graphic regions, for the final ranking, the .United States was divided 
into three basic types of environmental settings: Coastal, Interior, 
and Western. Plants within a few miles of Atlantic and Gulf coasts 
were grouped as Coastal plants. Plants in ·Or west of Montana, Wyoming, 
Colorado, and New Mexico were considered Western plants . The remainder 
of the contiguous 48 states was considered Interior. 

The ranking process began by listing all sites with a particular mix of 
waste type, method of disposal (e.g., fly ash pondirig) and general setting. 
The sites were compared, and the more promising ones were recommended as 
candidate sites, with the others as backups. Results are shown Table 4.1, 
which categorizes the recommende.d candidate and backup sites by waste type , 
disposal mode, and region. For many disposal modes there were no candidate or 
backup sites in some regions of the country. Usually this was because such 
practice either was not very common in that particular region or not used at 
all. For example, separate fly ash ponding is not practiced in the Coastal 
zone. Similarly, the separate landfilling of fly ash in the Coastal zone had 
no candidate, since it is not typical of this region. 

4.2.3 Selection of Final Sites 

The candidate and backup sites listed in Table .... 1 were next subjected to 
more detailed evaluation, including one or more detailed site visits by appro­
priate engineering, and environmental and hydrogeologic specialists. 

Based on the overall site selection effort, six sites were selected for 
evaluation, as shoYn in Table 4.2. All these sites were developed for evalua­
tion during 1981. Figure 4.1 gives the locations of these sites. 

During the selection process, the distribution of the sites was 
continually assessed in terms of coal rank, particulate control systems and 
sulfur controls. The intent was to provide a reasonable mix of these features. 
Individual sites from major participating utilities, notably TVA, were also 
evaluated. In addition, the utility industry wished to include a site west of 
the Continental Divide, in the relatively arid part of the country. Apache 
Plant of Arizona Electric Power Cooperative was nominated as a seventh site but 
but could not be evaluated because of budget and time constraints. 

Industry representatives pointed out that the engineering/cost impacts of 
coal ash and FGD waste disposal at small plants (less than 200 MW) could be 
much different from the impacts at larger plants. Several attempts were made 
to locate a suitable small plant for study. but many of the smaller ~lants 
practiced disposal of these wastes along with other types of wastes that were 
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No. Plant Name 

Allen 

l Arapahoe 

) CU fty Cree k 

Colstrip 

"i Columbia I 

Drake 

Elrama 

H Dave Johnston 

Keystone 

'l'AUI.E 4. 1 

RECOMMENIJED CAND1J)ATI~ AND BACKUP SITES ~· OVE.RVIEW 

Utility Nami? 

Dul<~ Power 

Public Service 
of Colorado 

Indiana-Kentucky 
·Electric 

Montana Power 

Wisconsin Power 
& Light 

Colorado Springs 
Dept. of Public 
Utilities 

Location 
County State 

Gaston NC 

Denver CO 

Jefferson IN 

Rosebud lfr 

Portage Wl 

El Paso co 

Duquesne Light & Washington PA 
IU Conversion 
Systems 

Pacific Power & 
Ught 

Pensylvania 
Electric 

Converse WY 

Annstrong PA 

Nameplate 
GeneraLlng 
Capacity Start~p 

(MW) Date . . • 

1156 

250 

1303 

no 
(720 on 

f'GI)) 

556 

282 

510 
(510 on 

FCD) 

750 

1872 

(continued} 

-/57 

-/50 

"l./55 

U/7 11 

5/75 

-/62 

6/52 
(FCD in 
10/75) 

-/59 

1/67 

Disposal 

Combined fly and bottom ash to 
an unlined pond. 

keglon 

]uteri or 

Corublned fly and bottom ash to an West 
interim pond and then to a lantlflll. 

Fly and hotto111 ash to separate clay interior 
substrate l111ed ponds. 

J,'ly ash/F<:D walites to a clay 
substrate lined tnteri111 pond und 
theri to an unlinl!d {in.ii pond. 
Bottom ash to separate clay 
sub.~Lrate lined pond and then to 
the same final porid. 

Fly .. and bottom ash to separate 
unlined ponds, 

Combined fly and bottom ash to a 
clay substrate lined landfill. 

FGD wa~tes stablli¥.ed and disposed 
in an off-site landfill. Combined 
fly and bottom ash to an unllned 
interim pond and then to the same 
landfill. 

Fly .ash to an unlined landfll l. 
Combined fly and bottom ash to a 
clay substrate lined interim pond 
and then ·to •the ·sane .landfill. 
Bottom ash to an unlined interim 
pond and then to the same landfill. 

Fly ash to an unlined landfl.11. 
Bottom ash to an unlined interim 
pond and then to the sa~ lamlfi 11. 

West 

Interior 

Wet.t 

Interior 

West 

Interior 
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TAliLE 4.l (continued) 

Nameplate 
Generating 

Location Capacity Start~p 
N_o_. __ P-'l_a;.;.n...ct_ N_a_m_e _ ___ U_t-i_l-'-i-t .._y_N_a_111_e _______ t_'o_u_n_t..._y _ _ ._St_a_t_e ___ ..;..(MW_"--) - --D-11-'t-t! _____ ____ D.:..is°"pc..c,;...s_a_J_. ------~ !;\ ion _ _ 

10 

l l 

12 

I J 

14 

~ 
I 15 

-...J 

16 

17 

18 

19 

A.S. KJng 

Powerton 

Presque lsl.e 

Sherburne 
County 

Smith 

Southwest 

Tombigbee 

Widows Creek 

Wfnyah 

Northern States 
Power 

Commonweal th 
Edison 

Upper Peninsula 
Generating 

Northern States 
l'ower 

Gulf Power 

Springfield City 

Alabama Electric 
Coop. 

Tennessee Valley 
Authority 

South Carolina Public 
Service Authority 

BACKUP S1TE:S 

IHg lhown Texas Power & LlghL 

J lm Br !.dger Pacific Power lie Light 

Washington MN 598 

l'u.ewcll IL 1785 

Marquette Ml 101 

Shnburne MN 1.440 
(1440 on 

FGll) 

Uay FL 340 

Greene MO 

Washington AL 

Georgetown SC 

Freestone TX 

Sweetwater WY 

194 
(l'.}4 on 

FGll) 

585 
{385 Oil 

J<'GD) 

1977 
(550 on 
FCD) 

630 
(140 on 

FGD) 

1186 

(continued) 

-/68 Combined fly anti bottom ash to an Interior 
unlined landfill. 

-/72 f'ly ash to an artlflci.illy ll111,,I Interior 
lamlflJ1. Bottom ash to the s,1"11! 
landfill. l.andflll is off-site. 

9/55 Fly ash to an unl incd land fl l l, lnterior 
Bottom ash to an unlined Interim 
pond and then to the same Jami f I I I , 

5/76 .-Jy a:.hff{;II wastei; to a clay Interior 
sub:arati· I incd pond, Rott,,m ,1sh 
Io au I ,.,i I rl tn pond .ind then SI) Iii. 

6/65 Combined tty and botton, ,rnh to an (;oastal 
unlined pond. 

6/76 
{FGD in 

4/77) 

Fly ash/FGO waste to an artJ ft ~ Interi (,1 
dally lined land HJ 1. Bottolll ash 
to a~ artiflcially lined Interim 
pond anti then to the same landfill. 

6/69 FCD wastes to a lined pond. 
(FGD in 

9/78) 

7/52 FGD vast ~s to an unlined pond. 
(FGD in COlllbined fly and· bottom ash to 

1/78) an unlined pond. 

5/75 FGD wastes to an unlined pond. 
(FGD in Combined fly and bottom ash 

7/77) probably ponded. 

Tuterlor 

Interior 

Coastal 

12/11 Fly ash to a clay substrate lined Interior 
landfill. BottOIII ash to clay sub-
strate lined pond. 

9 /74 Cnmbf ned fly and bot tom ash to a Interior 
1 and fl 11 which ls a mine. 
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TAllU: ,,.1 (continued) 

Namcplnle 
Ge1lt' rn ting 

L<.,cat ion Capacity StartHP 
No, l' l ant tlame Uti llt ;r: Nanm eoun~:,: State (MW) Dale Dtseosal Rcl,!Hm 

ll Com,rnche Pllbl le Service of Pueblo co 77 - /73 Fly ash to a landfi 11. Bottoni ash West 
Colorado Lo un interim pond a.nd thtell to the 

same landfi 11. 

'2'1 l>uck Creek Central J 1.1 inof.8 f'u I ton lL 441 6/1b Fty ·ash/FCD ~astes to an unlln~d Interior 
J.ight (41b on (FGD in pond • . Bottom ash to an unlin~d pond. 

fGI)) 9/lb) 

.'3 ltunt ley Niagara Mohawk t:r le NY 826 -/4 i Fly ash i:u an unllned landfill. lr1Le r 1 o.-
Power llottom ash to unlined and lined 

interim ponds and then to·the same 
land Fl 11. 

24 Gcurgc NeQl Iowa Public Service Woodbury IA 96 -/64 Combined fly and bottom ash to au Interior 
11illined pond. 

25 Sp,Hll Central Operating Mdson WV 1105 -/ 0 F'l y ash to ail un 1 f ned pond. Bottom lnlerior 
:,.. ash to an unlined Interim pond dnd I 
00 then sold. 

26 Sutton Carolina Power 6i LighL New Hanover NC 671 8/">4 Combined fly and bottom a~h to an Coastal 
un 11 ned pond. 

Nbtl!S: 

aodglna l startup date of plants' first coal - fired unit. 
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J 
I 

·.v 

Al l c n 

El r a~1a 

l>a11e 
Johnston 

Ut i hty 

Duke Power 

Uuqueine 
l.tght 

Pacific Power 
& Ligh t 

Sherburne Northern 
County States Power 

l'ow-e rton Commonwealth 
Edison 

!3mi t h Gu lf Power 

fiotes: 
0 Lil, - Un ll ned 

AL - Artificia lly Lined 

Location 

NC Gaston 

l'A Washington 

WY Conver se 

MN Sherburne 

IL Tazewell 

FL Bay 

TABL~ 4,l 

:m1.1-:c11m s I TES 

lllgh Pl"iority Issues 
llndt>r Stud y 

Capacity (MW) Staru~ D) t "'aste Site Under Studl Ground- SurfJct•-
Nameplalc f'GD y D{sposa water wc1ll!1 

General lng Untt On Plant IT!D Waste Type Method guall ty Qu11 l i I y 

1155 -/57 Combined fly Pond (UI.) X X 

and bottu111 
Ash 

510 6/52 10/75 Stallilized Landfill lt 

1-'GD waste ( lll.; 
Combined fly offsite) 
.,:111c.J bot tom l.anclf JI 1 
ush (UL) 

750 -/57 Fly Ash LandtU 1 
(UL) 

1458 1458 5/76 ':J/76 ny ash/FGI> Pond (AL) 

1786 -/72 - Coinbined fly I.and fill Joi.. 

arid bottom (At ) 
ash 

l-40 6/65 Combined fly Pond (Ul. ) 
and bottom 
ash 

Employ111e11t 
ot a 

Potent ia I ly 
Mitigative 

Practice 

X 

l\ 

X 

X 

bDisposal site operated by Conversion Systems, Inc. 

Source: Arthur D. Little, Inc. 



- Doc. Ex. 8301 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

FlGUll~ 4; 1 

. fOR EViLUATlON 
SELECTED snis 



- Doc. Ex. 8302 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

outside the scope of this study. Hence. no suitable small plant was available 
for this project. 

4.3 SITE DEVELOPijENT 

The ter.:i "site development" refers to those activities associated with the 
design and installation of the sampling infrastructure at each site. Site 
development field activities consisted of: 

• preliminary visit by the site selection team; 

• initial hydrogeological/geotechnical site reconnaissance; 

• research of available information; 

• development of a Site Evaluation Plan (Test Plan) for each site; 

• actual site evaluation; and 

• selective, long-term well sampling. 

The Test Plan summarized the regional and local hydrogeologic and 
geotechnical conditions, detailed the approximate locations, numbers, and 
depths of samples, and described the types of explorations and instrumentation 
for the selected site. It also summarized plant background data, the various 
sampling and analytical procedures, site evaluation costs, and schedule of 
activities. The site-specific evaluation plans were then reviewed by all 
participating parties, including EPA and the utilities. 

Since the various selected sites were widely sp r-ead throughout the contig­
uous United States, a variety of firms specializing in subsurface explorations 
participated in the field evaluation phases of the project. Also, because of 
major variations in hydrogeological conditions and site access, a range of 
equipment and technical procedures was used to accommodate local conditions. 

A manual was prepared to describe the hydrogeologic and geotechnical 
procedures used during the site development (Appendb: B). The purpose of this 
manual was to ensure that the field work would be accomplished efficiently and 
on a consistent basis. The intent was to make all the data acquisition and 
management as similar as possible. The Hydrogeologic and Geotechnical 
Procedures Manual describes the field procedures in detail, including: 

• procedures used for boring, well and piezometer installations, perfor­
mance of field permeability tests, soils classification, and test pit 
preparation; 

• procedures for sampling wastes and soils; and 

• formats used for reporting data obtained during the various site 
development activities -- daily test borings, test pits, groundwater 
observation wells, groundwater monitoring piezometer installation~ 
borehole sealing, and field permeability and subsurface exploration. 
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Although the methods of advancing and stabilizing the boreholes varied 
from site to site, the methods used to obtain the various samples at all sites 
was in accordance with the American Society for Testing and Materials (ASTM) 
procedures. · The two primary sampling devices consisted of ·the 2-inch diameter 
split-spoon sampler (ASTM Dl586) and the . 3-inch diameter thin-wall "Shelby" 
tube sampler (ASTM 01587) •• These samplers gave detailed information on site 
stratigraphy. Selected samples were preserved for additional geotechnical and 
chemical laboratory testing. Other details regarding technical procedures, 
ectuipment at1d methodology are outlined in Appendix B • . · tnfonnation on the 
site~specific exploration program, sa.mples obtained, in-situ tests and instru­
mentation installed, is summarized in Sections 4.4, 4.5 and in Sec'tion 5. 

4.4 PHYSICAL SAMPLI~G AND ANALYSIS 

4.4. l General 

This section briefly summarizes the standard procedures for physical 
sampling and analysis that were used during this project. The actual data from 
these efforts are available in Appendix E, Physical Sampling and Analysis Data. 

Physical sampling and analysis were conducted on this project to: 

• establish geologic profiles for estimating water/contaminant movement 
patterns; 

•• establish waste deposit distribution data by waste type; 

• develop field and laboratory data on physical properties (e . g •• per­
meability. moisture content, etc.) to assist in water balance and 
containment movement evaluations. 

Borings were drilled through the waste deposits in order to determine 
waste deposit boundaries and physical properties and tQ sample for chemical and 
physical laboratory testing. Selected borings were extended beneath the waste 
deposits to assess the nature and characteristic of the underlying natural soil 
and/or liner material. Borings were advanced through landfills of FGC waste by 
truck:_mounted drillingt'igs equipped with bothhollow stem augers and flush 
joint casing; borings were advanced through ponded FGC waste deposits by ·using 
portable equipment mounted on a barge to drive a 2.5-inch O.D. (BX) casing. 
Detailed descriptions of ·the drilling techniques are available in Appendix B, 
Hydrologic and Geotechnical Procedurer. Manual. 

4.4.2 Sampling Procedures 

Disturbed and relatively undisturbed samples of the appropriate FGC wastes 
were obtained in accordance with ASTM D 1586 (Penetration Test and Split Barrel 
Sampling) and ASTM D 1587 (Thin Walled Tube Sampling of Soils), respectively. 
Samples were generally obtained at intervals of less than 5 feet (measured from 
center-to-center o.f samples). Detailed descript:lons of the sampling procedures 
are available in Appendix B, Hydrogeologic and Geotechnical Procedures Manual, 
and Appendix C, Sampling and Analysis Procedures Manual . 

.t- - .,, ""' --...:. .. 
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At one site, Sherburne County, different sampling procedures were 
required. This· site was unique in that it involved disposal in a lined pond. 
The sampling procedure, described below, was used to ensure that when the liner 
was pierced, minimal leakage would occur. 

Sampling within the scrubber sludge waste basin at the Sherburne County 
plant was accomplished with site-specific, predetermined procedures for 
penetrating the cohesive soil liner beneath the bottom of the basin. Continu­
ci,us split-spoon samples (ASTM D 1586) and Shelby tube samples (ASTM D 1587) of 
the waste were taken throughout the depth of each boring. After a sample had 
been obtained, the boring was advanced by driving BX casing through the waste 
to the level which had :-e:::n previously sampled; any material which remained 
within the casing was removed with the split-spoon sampler. Immediately after 
the liner had been encountered, as determined from a marked increase in blow 
counts, the BX casing was driven approximately halfway through the liner. 
Clear pond water was then pumped through a line leading to the bottom of the 
casing to flush any sludge out the top of the casing. 'Water was bailed out of 
the casing, and a recovery permeability test was performed to verify that the 
casing was properly sealed. Afterwards, the casing was driven completely 
through the liner. The cohesive soil (liner) that remained in the casing was 
then sampled as previously described. The natural sand underlying the liner 
was then sampled using the split-spoon sampler. 

4.4.3 Physical Testing Procedures 

This section summarizes the field tests, laboratory test.s, and quality 
assurance/quality control activities of the physical testing program. The 
results of these efforts are available in Section 5 and Appendix A. 

4.4.3.1 Field Tests--
Field testing of the FGC wastes consisted of standard penetration tests 

(ASTM D 1586), field permeability tests, vane shear tests (ASTM D 2573), and 
down-hole nuclear density tests. Specific procedural details for these tests 
are described in Appendix B. 

4.4.3.2 Laboratory Tests--
Laboratory testing of the wastes consisted of: 

• natural moisture content determinations (ASTM D 2216); 

• index tests (ASTM D 422, ASTI{ D 423, ASTM D 424, ASTM D 857); 

• moisture-density relationship determinations (ASTM D 698); 

• permeability tests (A.SIMD 2434); 

• consolidation/Permeability tests; and 

• strength tests (ASTM D 2166). 

"1-: .3 
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Where applicable, the laboratory tests were performed according to ASTM proce­
dures. If no ASTM procedures existed, the tests were based on procedures 
developed for this project as described in Appendix C, Sampling and Analysis 
Procedures Manual. 

4.4.4 Quality Assurance/Quality Control Activities 

Project personnel from the University of Louisville and Geologic Asso.ci­
ates served as QA/QC coordinators for the physical testing program. Early 
during the testing program. •QA/QC personnel reviewed the testing procedu-res and 
observed testing activities. Since procedures for most of the physical tesu 
were defined by ASTM, the QA/QC program was developed to verify only the 
pet'11ieability test:s. !n addition, field permeability test results were per­
formed for comparison with results of laboratory permeability tests. The 
quality control program also called for tests on nearby samples (not quite 
duplicate samples) to examine the repeatability .oft.he physical test data. This 
gave additional results that enlarged the data base for the project. More 
information on the QA/QC activities is available in Appendix I, Quality 
Assurance/Quality Control Testing Program: Physical and Chemical Sampling 
Analysis. 

4.5 CHEMICAL SAMPLING AND ANALYSIS 

4.5.1 General 

Chemical sampling and analysis were conducted to: 

e characterize the chemical concentrations of species of interest in 
waste solids, background soils, groundwater and surface water; 

o identify potential waste-related chemical "tracers," i.e .• those 
chemicals whose elevated concentrations in the waste and relative 
absence in background samples made them candidates for use in mapping 
the extent of waste-related contamination; · 

• map chemical concentration gradients related to the waste deposits; and 

• provide data to structure and test hypothesis to explain phenomena 
suspected to occur at the site (e.g., soil attenuation of trace 
metals). 

4.5.2 Sampling 

4.5.2. l Waste and Soil Samples--
Shelby tube and split-spoon sampling techniques were used during site 

development to obtain all waste and soil samples (including pond liner 
samples). The Shelby tube samples were shipped "as is" in tubes to the 
laboratory. The split spoon samples were transfeTred to precleaned glass mason 
jars and then shipped. Some waste ~amples were also collected during the 
subsequent sampling and analysis trips. These samples (mostly liquids and 
slurries) were obtained by grab sampling with a plastic bucket. 

4-1-+ 
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4.5.2.2 Groundwater and Surface Water Samples--
Samples were collected from groundwater monitoring points and several 

types of surface water sources. Sample types included saturated zone ground­
water samples from wells and piezometers, unsaturated zone groundwater samples 
from lysimeters, and samples of surface water (i.e .• ponds, lakes, rivers, 
streams, swamps and tidal basins). Collected samples were split into two 
fractions. one for metal analysis and one for anion analysis. The metals 
fractions recovered were preserved with nitric acid as pe-r pertinent DOT/EPA 
regulations, while the anion fractions were preserved by packing in ice. A 
comprehensive chain of custody record system adapted from NEIC (National 
Environmental Investigation Center) protocolwas imposed on all field samples 
collected. Table 4.3 summarizes the sampling equipment used. Figure 4.2 is a 
schematic of the pneumatic pumping system used to sample groundwater. 

Certain sampling and analysis procedures deviated from those described in 
Appendix C. These are described below. 

4.5.2.2.1 Groundwater Well/Piezometer Sampling (Sat:urated Zone) -- The 
intended procedure at the beginning of this project was to remove three to five 
well volumes before sample collection, as described in Appendix C. This proved 
to be impractical because .of time limitations during sampling trips. The 
following procedure was developed instead. It saved time and provided the 
appropriate samples . . 

In determining the procedure used to collect a sample from a groundwater 
well, some assumptions were made about the water column in a well. Any water 
above the screened section of a well was considered stagnant with respect to 
the Yater in the screened section. This is because the water in the screened 
section is constantly being replaced with 'w'ater from the aquifer and so has 
been more recently exposed .to the geological formations that are outside of the 
well casing. Water contained above the screened area is trapped, with possible 
changes in its composition because of prolonged exposure to the atmosphere and 
to well casing materials. Therefore, the sample should contain a minimal amount 
of stagnant water. To achieve this, the sample should be withdrawn from below 
the fresh/stagnant water interface, with care to prevent any stagnant water 
from contaminating the sample. The following procedure was used: 

1. Groundwater depth was measured to calculate the overall well volume and 
volume of stagnant water in the well (the well diameter was known). 
Before the sample location was assessed, data wer~ gathered as to the 
well diameter, screen volume (screen length times well cross-sectional 
area), screen/upriser interface depth (see Figure 4.2), and overall 
well depth. 

2. One well volmne (overall well depth minus depth to Yater times well 
cross-sectional area) was removed from a location in the well that was 
as high above the fresh/stagnant water interface as possible. The 
fresh/stagnant water interface was assumed to coincide with the upper 
elevation of the screened section of the well. The point from which 
the initial well volume was removed was determined by the individual 
characteristics of each well, including factors such as well depth, 

.::.-15 
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Pt.rfPS: 

Peristaltic Pump 

Pneumatic Pump 

INSTRUMENTS: 

pH Meters 

Dissolved 
Oxygen Meter 

Conductivity 
Meter 

FILTER HOLDER: 

FILTERS: 

GRAB BUCKET: 

SAMPLE CONTAINERS: 

TUBING: 

PNEUMATIC FLUID: 

TABLE 4.3 

CHEMICAL SAMPLING EQUIPMENT 

- Master flex portable sampling pump 
Horizon Ecology Co. 

Designed and built at Arthur D. Little, Inc. The 
pump body consists of PVC pipe (l~", schedule 80 
PVC), a check valve on the bottom to allow water 
to flow in, and a check valve at the top to 
prevent water from flowing back into the pump body 
once the pressure is released. Figure 4.2 shows 
the pump body along with the ancillary equipment 
needed for sample collection. 

Horizon Ecology Co. (Type 5995) portable pH meter 
and a Beckman portable field (Model Monitor II 
!:./Stem). 

YS1 Model 57 with built-in temperature probe. 

Chemtax. Inc. , Type 70. 

- Millipore 316 stainless sanitary XY3024236 

Millipore 
- Millipore 

Polyethylene 

Polyethylene 

0.45 
prefilter 

HAWP14250 
AW0614250 

All sampling lines in the wells were polyethylene 
tubing. 

Surface water samples were collected through 
Tygon® tubing. 

- Nitrogen 

-.-17 
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groundwater depth, and the rate of well recharge. If the well did not 
recharge as quickly as the water was removed, the location of the 
sampling point was positioned at or just below the fresh/stagnant water 
interface. Once the stagnant water was removed, the sampling location 
was dropped to a point near the bottom of the screened section. 

3. Successive screen volumes of water were removed from the bottom of the 
well and pumped through a flowthrough cell equipped with electrodes to 
measure chemical parameters of the flowing water. Conductivity, pH, 
dissolved oxygen (D.O.), and temperatures were measured. Stabilization 
of these measurements indicated that the well water composition had 
reached equilibrium (minimal changes with successive pumping). When 
two consecutive parameter readings fell within the allowed tolerances 
(the allowed tolerances were pH tO.J units, conductivity t 10% 
relative; D.O. readings relatively consistent), .the well was sampled. 

4. Actual sample collection involved removing and filtering the appropri­
ate volume of water (typically liters), splitting the sample into anion 
and metal fractions (for analysis purposes), and preserving these 
fractions. 

This type of multilevel sampling approach greatly reduced the time required to 
sample each well by decreasing the volume of water that had to be removed 
before sample collection. 

Two kinds of pumps were used to evacuate the wells, pneumatic pumps and 
peristaltic pumps. Toe pneumatic pump was used when the water level in the 
well was below the suCtion lift capacity of the peristaltic pump. The pumping 
sequence and the volumes of water removed were the same for both types of 
pumps. One difference in procedure between the two pumps was that two separate 
tubes were placed in ·the well at the desired depths when the peristaltic pump 
was used. The peristaltic pump was connected to the appropriate tube to remove 
stagnant or fresh water. Toe pneumatic pump, however, was physically raised or 
lowered to locations above or below the screen/upriser interface to remove the 
desired type of water from the well. 

Two types of duplicate samples were removed from the wells to check on 
different aspects of the sampling and analysis procedure. These were: 

• Well duplicates obtained ·by using the same pump. These were collected 
by first completing one full sampling sequence, then repeating the 
sequence from the beginning of the entire sampling procedure. This 
type of sample duplicate was taken to determine: {1) if the well had 
actu,ally reached the equilibrium state identified during the initial 
sampling process and (2) if by removing more water prior to sample. 
collection, a different quality water would be sampled. 

• Well duplicates obtained by using the two different types of pumps. 
This type of duplicate was taken exactly the same as the well duplicste 
above except that the second sequence was carried out with a different 
pump. This procedure indicated whether the two pumping systems 
produced the same quality sample. 

4-18 
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The results of these well duplicates are available in Appendix I, Quality 
Assurance/Quality Control Testing Program: Physical and Chemical Sampling and 
Analysis (Table 7). The small variations observed in the concentration of 
analytes in the sequential samples showed that even after at least two times 
the minimum voluce requiredbefor~ sampling hac beer: removed, the quality of 
the water being sampl ed was (with regard to the measuTed parameten) the same 

,as the quality obtained when only the original procedure was used. This 
indicated that the procedure for collecting the initial sample was adequate to 
collect a representative sample. Results from a series. of well duplicates 
collected with the two different types of pumps. peristaltic and pneumatic , 
also supported this conclusion. 

4. 5. 2. 2. 2 Lysimeter Sampling (Unsaturated Zone) -- Lysimeters located in 
the unsaturated ;::one were sampled by a pressure-vacuum hand pump. The 
lysimeter was pressurized and evacuated of the accumulated standing water. A 
vacuum was applied to the lysimeter for six hours. The water collected in the 
lysimeter after .this period was pumped into a container, and chemical 
parameters (pH, conductivity} were measured on a small aliquot of the 
unfiltered sample. The water was then filtered and preserved according to the 
protocol described previously. 

4.5.2.2.3 · Surface Water Sampling -- Surface water samples were collected 
tci th a peristaltic pump or a grab bucket . Witr the 7'ump method, the pumping 
::: • -:·..tence applied was sit:i.l " ~ to the one used in sampling the groundwater wells . 
A volume of water ("'1000 mls) was pumped from . the surface water source, and 
then successive volumes (3500 mls) were removed. Chemical parameters were 
measured {in the sampling stream) on each successive volume. A sample was 
taken after two consecutive parameter readings fell within the allowed toler­
ances. The sample volume was removed, filtered, split into anion and metal 
fractions, and preserved. 

The grab bucket method was us·ed at locations where it was impractical to 
collect surface water samples with the pump. In this approach, a volume of 
water was collected, and the sample was filtered split, and preserved. The 
excess .unfiltered sample was used for measuring chemical parameters. 

4.5.2.2 . 4 Quality Control Samples (Field) -- In addition to surface and 
groundwater samples, a number of quality control samples were collected during 
each site visit as part of an overall Quality Assurance/Quality Control (QA/QC) 
plan. These are described in Section 4.5.6. 

-4.5.3 Sample Log-In and Distribution 

Solid samples (wastes and solids) obtai.ned during site development were 
ass_igned an F number (F followed by a number from O to 9999). · The liquid 
samples collected in subsequent sampling trips were placed in insulated boxes 
that contained a mixture of ice and water in which a plastic bag containing the 
plastic bottles had been immersed. 

Samples were checked for: (l) integrity of the seal placed on each bottle 
cap; (2) the presence of solid precipitates which sometimes fonned during 
sample transport; and (3) pH (for the acidified samples). If a sample did not 

4-19 
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conform to the required condition, a remedial action was taken, such as adding 
nitric acid to dissolve solids or to lower the pH. Non-acidified samples 
cont~ining particulates were filtered. Any manipulation of the samples was 
noted. !f problems had been encountered with any field pH or conductivity 
equipment, a valUe for these parameters was obtained in the lab at this time. 

The acidified water samples were then assigned "MF numbers" (M for metals 
fraction), and the unacidified fraction .of the same sample assigned an "ICF 
number" (IC for ion chromatography) number. The ICF samples were stored in the 
refrigerator until. aliquoted for analy$1S. Metal samples were stored at room 
temperature, as were soil samples and wastes. A list of sample numbers and a 
description of each sample were prepared for .each batch of samples received 
(generally representing a particular sampling period for a particular site). 

At this point, laboratory QC samples were prepared. These included 
laboratory splits, blind standards, and laboratory blanks. Liquid samples were 
then aliquoted into three plastic bo.t .tles (30 ml) and distributed as · follows, · 
A complete set .of MF samples (including splits and blind standards) was sent to 
Barringer .Magenta, • Ltd~·. (Toronto, Canada) for · inductively coupled argon . plasma 
(ICAP) analysis. • Another set was reserved for metals analysis in-house (As and 
Se) on selected samples. A complete set of ICF samples was provided for 
in-house IC analysis. 

Waste and soil samples were distributed after the site development boring 
logs had been revieved and the particular samples designated for further 
chemical analysis had been identified. 

4.5.4 Preparation of Samples for Analysis 

4.5.4.1 Liquid Samples--
The ICAP and IC liquid samples required no preparation (other than 

dilution) before they were introduced to the ICAP spectrometer or ion 
chromatograph. Analyses of As and Se based on hydiide evolution were performed 
on as-received water samples. In cases where the presence of organics vas 
suspected, e.g., extracts of soils, samples were digested with HN03 and HC104 , 
as exp:tained in Appendix C. A check on a cross section of groundwater samples 
from the various sites shoved, in general, small differences between digested 
and undigested samples~ 

4.5.4.2 Solid Samples--
Solid samples of .wastes and soils were freeze-dried under vacuum before 

they were shipped for analysis. The analysis, perfomed by Barringer Magenta. 
Ltd., involved a "total11 digestion of the solids with a mixture of 
HF/HN03/HC104 before ICAP analysis. 

Solid samples for As and Se analysis were digested with HNO/HCl04 before 
the AA/hydride evolution analysis of the digest. 

4.5.4.3 Pore Liquid Samples--
Pore liquids were obtained from moist or saturated waste solid and soil 

samples by the pressing technique described in Appendix C. Waste and liner 
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samples were pressed under N2 to obtain samples of the liquid phase which '1,iere 
then passed through a 0.45-inch filter. Portions of the liquid were then 
acidified for metals analysis. and a portion was cooled for anion analysis. 

4.5.4.4 Extracts--
In cases where the pressing technique did not produce any liquid for 

~nalysis. a water extract was obtained by mixing distilled water with the solid 
,and agitating the slurry in a shaker for one hour. The extract was separated 
Irom the slurry by filtration through a 0.45-inch filter. 

4.5.5 Analytical Methodology 

4.5.5.l Inductively Coupled Argon Plasma Spectroscopy~ 
Inducti··ely coup;.ed a-::-gon plasma ( ICAP) spectroscopy was performed by 

'.'..ar-:.nger Mage"'l.ta. :... ::: • 1 "~0:-0:::.:, Ca-a..:;d') (: ~~. The. : CAP unit was a mo .:el 
QA-137 Applied :L.-earch l.a.bc:-.:.tories spectrometer ,, i·h. a 1920 rulings/mm 
gra~ing. Reciprocal linear dispersion detectors (~.4b-0.52/mm. first. order 
R300) from Hamamatsu Corp. "Were used. The plasma observation height was 16 mm 
above load coil, 4-mm vertical section. Sample uptake was 2-2.5 ml/min .by a 
cross-flow pneumatic nebulizer \<tith Scott chamber. A Jarrel-Ash monochromator 
(1/2 M Ebert) and a R787 Hamamatsu Corp. photomultiplier were used. Generator 
output was 1600 W was at 27. l2 MHz. · 

The ICAP analysis is ~erformed by aspiratin: the undiluted sample. This 
analysis provides emission .c.ata for trace components as well as major species 
(up to 1000 ppm)~ A computer...;based program, which corrects for interelement 
spectral interferences, is used to quantify trace elements~ The major species 
(>100 ppm) are quantitated by diluting the original sample and reanalyzing it. 
These reanalyzed values are used as input concentrations for major species in 
the interelement computer program. 

The following elements were analyzed simultaneously for liquid samples: 
Ag, Al, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K. Mgp Mn, Mo, Na, Ni. P, Si. Sr , 
Th, Ti, V, Zn, Zr. In the case of solid samples that had been digested with a 
mixture containing HF, the ICAP reports. did not ·contain data for B and Si. 
which are at least partially lost due to formation of volatile fluorides. Data 
for Ba also were not available because of erratic resuits, probably due to 
formation of insoluble sulfate. 

Barringer Magenta. Ltd. has an extensive in...;.house QC program, as described 
in Section 4.5.6. More details on this analysis are available in Appendix C 

..and in Reference 38. 

4.5.5.2 Ion Chromatography--
Ion chromatography (IC) was perfonned on ·liquid samples with a Dionex 

Model 10 ion chromatograph equipped with a Varian autoinjector (Model 805500). 
The anion analysis system consisted of a precolumn, anion separator column, and 
a suppressor column followed by conductivity detector. Conditions for perform­
ing the analysis with NaHC0 3/Na2co3 eluent were as specified in the instrument 
operator manual. Appendix C provides further details. 
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- - - = Analytes quantitated were F, C!, NO '=and so4 • Chromatograms were also 
reviewed for the presence of Br and ~o4-, and these were noted if detected. 

4.5.5.J Atomic Absorption Measurements--
Atomic absorption (AA) measurements were performed for As, Se and Pb. 

Arsenic and selenium were analyzed by Arthur D. Little, Inc. The method was to 
use the hydride evolution technique on a Perkin Elmer Model 503 spectrometer 
equipped with an Instrumentation Laboratory Model 440 atomic vapor accessory. 
The .detailed procedure is described in Appendix C. 

Atomic absorption was also used to quantitate Pb in various samples. This 
analysis was perfomed by Barringer Magenta • . Ltd. as part of the "ICAP 
analysis" suite. The methodology was either flame AA (with a Varian Techtron 
Model AAS under conditions specified by EPA Method 239.1} or flameless AA (with 
a Varian Techtron Model 475 and a Perkin- Elmer Model HGA 2100 furnace under 
conditions specified in EPA Method 239.2). 

4.5.5.4 Other•Procedures--
· 4.5.5.4.l Total Organic Carbon -- Total organic carbon in soils was 

determined by Barringer Magenta, Ltd., with a LECO induction furnace Model 
521-000 used according to manufacturer specifications~ Sulfurous acid was 
added to remove inorganic carbonate and the sample was then dried. The dried 
sample was .combusted under o2• and the CO2 produced was absorbed in KOH. The 
change in gas volume was measured volumetrically. 

4.5.5.4.2 Silicon in Solids -- Silicon in soils was detet'1!lined by LiB03 fusion, . dissolution of the solid residue in 10% HN03, and determination of S1. 
in the solution by ICAP analysis (performed by Barringer Magenta, Ltd.). 

~.5.5.4.3 Bromate Analvsis -- Br0111ate analysis of boiler cleaning samples 
was performed by adding an aliquot of the sample (5-25 ml) to 10 1111 of 2N 
hydrochloric acid (HCl) and 5ml of O.SN potassium iodide (KI) solution, vith a 
few drops of .ammonium paiamolybdate solution to . catalyze the ·reac:tion. The 
iodine (I2) produced was titrated with standardized sodium thiosulfate. Starch 
was the end point indicator. 

4.5.S.4.4 Other Solid Waste Ch3:racteri2ation _..;. Measurement of total 
oxidizable sulfur (S), sulfa te (S0

4 
- ) , acid insolubles. slurry pH, and % 

solids were made on selected FGD solid waste samples, as described in Appendix 
C. Solid samples were freeze-dried to constant weight to determine% solids 
before other analyses were carried out. · 

A summary of the sampling dates, number of samples, number of sample 
locations, and type of chemical data available for each site is given in Tables 
4.4 to 4.9. 

4.5.5.5 Soil Attenuation Studies--
Soil samples from each site were analyzed to determine the extent of 

attenuation of certain major and trace elements. Two leachate solutions {one 
from the Allen site and one from the Sherburne County site) were contacted with 
nine different soils from the various sites. These two solutions were "spiked" 

4-22 
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TABLE 4.4 

SUMMARY OF CHEMICALS/A PROGRAM - ELRAMA PIA 

S<lmpllng Trip~: Site Development - 3/31/81 
1st S/A 4/27/81 

Samples Obtained:a Site Devl!lopment 85 Solids and Liquids 
1st S/A - 35 liquids 

C 
Analysis Peformed (Locatloni,;) 

Site Development -
- 21 Groundwater and Waste Liquids 

7 Wastes 
1 Soil 

Trip 1 - 23 Liquids 

Trip 2 - 25 Liquids 

Trip 3 - 27 Liquids 

Attenuation Stu<llt:!s 

NOTES: 

alncludes QA/QC 

bSelected Number 

- 1 

cDoes not include QA/QC 

Soil 

Anions 

X 

X 

X 

X 

dTOS, S04, pH Slurry, Acid Insolubles,% Solids 

ICAP 
Met.1 ls ---" . _ __, 

X 

X 

X 

X 

X 

X 

X 

2nd 
3rd 

2nd 
3rd 

b 
As 

X 

X 

X 

X 

X 

X 

S/1. 
&/A 

S 1 A 
s t- ·' 

X 

X 

X 

X 

X 

h 

'j /25/81 
11/02/81 

37 
"l6 

liquids 
liquids 

Field 
Data 

l< 

X 

l,t 

Solid 
Extract 
Anions ------·· - Other 

d 
X 
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TABLE 4.5 

SL~Y OF CHEMICALS/A PROGRAM - ALLEN PLANT 

Sampling Trips: Site Development - 12/8/81 
1st S/A - 2/23/81 
2nd S/A - 3/23/81 
3rd S/A - 7/14/82 

Samples Obtained:a S.D. - 88 Solids and Liquids 
1st S/A - 39 Liquids 
2nd S/A - 30 Liquids 
3rd S/A - ?.S Liquids 
Other - 9 Boiler Cleaning 

Analysis Performed (Locations):c 

Anions 
ICAP 
Metals Asb Seb 

Site Development 
6 Well Samples x 
6 Solid Ash 
8 Interstitial Ash 

Liquors 
- 17 Soils 

Trip 1 - 21 Groundwaters 
Ot:1ers 

Trip 2 - 18 Groundwaters 
Others 

Trip 3 - 25 Groundwaters 
Others 

and 

and 

and 

Boiler Cleaning - 8 liquids 

Attenuation Studies -
3 Soils 

'NOTES: 

aincludes QA/QC Samples 

bSelected Number 

cDoes not include QA/QC samples 

X 

X 

X 

X 

X X 

X X X 

X X 

X ,: X 

X X X 

X X X 

X 

X X X 

Field 
Data 

X 

X 

X 

Other 

Bromate, pH 
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TABLE 4.6 

s·_:-r.L~Y OF CH:. :CAL. S/A ?ROGRA.'1 - DAVE J _:iiKSr:·:: PLA.:.'i'T 

Sampling Trips: Site Development - 5/ 20/61 
1st S/A - 7/06/81 
2nd S/A - 10/20/81 
3rd S/A - 5/18/82 

Samples ::'.'btained: a S. D. - l ~ Liquidt 
1st S'n - 19 Liqu~cs 
2~d S ! - 22 Liquids 
3rd : .. 19 Liquids 

Analysis Performed (Locations):c 

Anions 
ICAP 
Metals 

Site Development -
- 1; ;..iquids 

6 Waste Solids 
5 Soils 

1st S/A - 11 Liquids 

2nd S/ A. - 13 Liquids 

3rd S/A - 11 Liquids 

Attenuation Studies -
1 soil 

~OTES: 

a!ncludes QA/QC 

b Selected number 

cDoes not include QA/QC 

X 

j{ 

X 

X 

. "·"'·t!: 
4'""""',,,,, ... J 

X 

X 

X 

X 

X 

X 

X X 

X X 

X X 

X X 

Field Extracts 
Data (Anions ) 

X 

X 

X 

X 
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TABLE 4.7 

St.1'!MARY OF CHE)1ICAL S A PROGRAM - SHERBURNE COUNTY PLANT 

Sampling Trips: Site Development - 8/21/81 
1st S/A - 10/06/81 
2nd S/A - 5/ 10/ 82 
3rd S.' A - 6/10/82 

Samples Obtained:a s.o. - 113 Solid and Liquids 
1st s;A - 10 Liquids 
2nd s,·A - 24 Liquids 
3rd SJA - 23 Liquids 

Analysis Performed ( Locations ) :c 

Anions 
ICAP 
Metals 

Site Development 
- 10 Liquids (Yells/ 

surface) 
8 Interstitial ~aste 
Liquids 
8 Waste Solids 
2 Liner Solids 
4 Intestitial Liner 
Liquids/Extracts 
7 Intestitial Soil 
Liquids/Extracts 
4 Soil Solids 

Trip 1 - 9 Liquids 

Trip 2 - 14 Liquids 

Trip 3 - 11 Liquids 

Attenuation Studies -
1 Soil and l liner 
solid 

NOTES: 

ainclude.s QA/QC 

b Selected Number 

cDoes not Include QA/QC 

X 

X 

X 

X 

X 

X 

X 

4-26 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X X 

X X 

Field 
Data 

X 

X 

X 
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TABLE -..8 

SUMMARY OF CHE~ICAL S/A PROGRAM - POWERTON PLA..~T 

Sampling Trips: Site Development - 11/23/81 
1st S/A - 12/14/81 
2nd S/A - 4/19/ 82 
3rd S'A - 8/02/82 

Sanples Obtab.ed:" s.:. - 50 Solids and Liquids 
1st~ A - 21 Liquids 
2nd S/A - 22 Liquids 
3rd S/A - 21 Liquids 

Analysis Performed (Locations)c 

Site Development 
2 Liquids 

- 10 Waste Solids 

Trip 1 - 12 Liquids 

Trip 2 - 12 Liquids 

Trip 3 - 12 Liquids 

Attenuation Studies 
1 Soil 

NOTES: 

a Includes QA/QC 

b Selected Number 

-

c Does not Include QA/QC 

Anions 

X 

X 

X 

X 

ICAP 
Metals 

X 

X 

X 

X 

X 

X 

S-c b 

X X 

X X 

X X 

X X 

Field 
Data 

X 

X 

X 
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TABLE 4.9 

SUMMARY OF CHEMICALS/A PROGRAM - SMITH PLANT 

Sampling Trips: Site Development - 12/02/ 81 
1st S/A - 2/02/82 
2nd S/A - 3/22/82 
3rd S/A - 8/23/82 

Samples :'.:btained - S.D. - 59 Liquids and Solids 
1st s;A - 53 Liquids 
2nd S/A - 46 Liquids 
3rd S/A - Sd Liquids 

. C 
Analysis Performed (Locations) 

Anions 

Site Development -
- 3 Waste Solids 

3 Waste Interstitial 
Solids x 

1 Soil Solid 
1 Interstitial Solid 
1 Interstitial Soil 

Liquid x 

Trip l - 38 Liquids 

Trip 2 - 33 Liquids 

Trip 3 - 39 Liquids 

Attenuatic;:,n Studies - l 

:iOTES: -
a . 

Includes QA/QC 

bSelected ~umber 

cDoes not . include QA/QC 

soil 

X 

X 

X 

ICAP 
Metals 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X X. 

X X 

X X 

Field 
Data 

X 

X 

X 
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+2 -2 ..;.'! +2 -2 
with Cd , CrO. , Cu-, Pb , and Seo2 • (Spiking, the addition of a sub-
stance in knowrt concentrations to a solution, is used when the original concen­
trations may be below detection limits. The procedure establishes measurable 
baseline concentrations that can be observed for changes when samples are then 
qdded tQ tr£ solution.) A constant volume of spiked solution (50 ml) was 
mixed with various amounts of as-received soil (0.05, 0.5. Sand 25 g). The 
resultant slurries were mixed for 24 hours in a rotary shaker. The slurry was 
then passed through a 0.45-llm filter, and the aqueous phase was preserved by 
addition of nitric acid and analyzed for pH, As, Se, and a suite of metals via 
ICAP analysis. A limited number of unacidified extracts were subjected to ion 
chromatography to determine anions present. Calculations of the amount of 
analyte sorbed (removed from solution) onto the soil were based on the 
difference in concentrations in the starting solution and the.solution 
equilbrated with the soil. At-test (90% confidence level) was perfor1ned to 
determine if this difference in solution concentrati~ns was si~,:, ~-: hore 
id:::rmation on those procedures and their results is given in Appendix F> 
Chemical Sampling and Analysis Data. 

4.5.5.6 Extraction Procedure and Radioactivity Measurements--
Twenty-three waste samples (fly ash and FGD wastes) were obtained from 18 

utilities and subjected to the EPA Extraction Procedure (EP) (8). Samples were 
used as-received, without drying or grinding. About 100 g of sample were 
extracted at pH 5.0± 0.2 for 24 hours. The separated aqueous phase was stabi­
lized with nitric acid and analyze~ for Ag, As, Se, Hg, Cr, Cd, Pb, ana Ba. As 
and Se were analyzed by hydride-evolution AA. Hg analysis was conducted with 
the cold vapor atomic absorption method. Graphite furnace AA techniques (39) 
were used to analyze all other elements. 

Radioactivity measurements were made on 34 waste samples (fly ash, bottom 
ash. FGD, and boiler slag wastes) from 18 utilities. Gamma-ray spectroscopy 
(40) was applied to analyze these samples for radium-226. Gamma ray.energies 
i~ the Oto 2 MeV were s~reened. and emitting nuclides were identified by the 
characteristic energies of the gamma rays. Several samples were analyzed for 
radium-228, thorium-228, potassium-40, uranium-238, total uranium and radon 
emanation. 

Appendix D, Application of the EPA Extraction Procedure and Radioactivity 
Measurements to Coal-Fired Utility Wastes, provides further infomation on 
these experiments and their results. 

4.5.6 Data Management and Reporting Formats 

4.5.6.1 Data Management--
After each sampling trip, a memo was prepared to summarize the field data 

obtained. This data included groundwater levels (relative to top of casing) 
for the wells, temperature~ pH, conductivity and dissolved oxygen in water 
samples. The memo also described all samples taken and summarized any other 
observations. These field sample descriptions vere assigned numbers in the 
laboratory. The analytical results obtained from Barringer Magenta. Ltd. 
(ICAP) were received in the form of computer printouts. These listed sample 
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numbers (e.g., MF XYZ) and concentrations (ppm) for the appropriate analytes. 
The analytical results for the IC data and AA data were similarly summarized by 
sample number after completion of the analysis. All analytical data were input 
into a computerized system designed to store the analytical information. A 
description of each sample was also entered. The computer could then summarize 
all stored infonnation in each of a number of formats, as described below. 

Format 1. Sample listing description by sequential F number: 

Fi68 · 2/3/82 09SW19 SEEP EAST 
(sample no.) (date collected) (location) (description) 

AB F 
(type of data available) 

Location 09SW19 indicates site 9, surface water, location 19. 
A, B, and F indicate ICAP; IC, and monitoring data available. 

Fam.at 2. A site nport describing which sample data are printed 
relative to a described location: 

SEEP: 12/20/81 
9-9 (EAST) F768 

This report indicates that the data for sample F768 were printed next 
to location 9-9 under SEEPS. Each site report contains data for one 
specific analyte for all sampling trips and locations. 

Format 3. A sample report which provides all analytical data for a 
particular sample: 

2 Chloride (ppm) 
4 Sulfate (ppm) 
32 ZiTconium (ppm) <0.05 

F768 

1570 
699 

The values before the analytes are identification number.s for each 
analyte. .The data on the right side are concentrations obtained for the 
particular analyte for sample F768. 

Format 4. Quality Control Reports for blanks, field replicates, 
laboratory replicates, sequential samples and standards: 

Blanks were generally reported in a format to highlight the analytes 
that were above .detection limit. Replicate and sequential samples were 
reported in terms of the% relative standard deviation change between 
the samples. Standards were reported with a column for reference 
values and calculated recovery data. 

4.5.6.2 Reporting Formats--
The results of the chemical sampling and analysis program are provided in 

Appendix F. This data is reported by analyte for each site in the form of 

4-30 
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"site reports. 11 Table 4.10 lists the analytes and their respective assigned 
identification numbers. Section 5 explains where liquid and solid samples were 
obtained and the reporting format for each site. The locations are also identi­
fied in site maps provided ·~ Appendix F. 

4.S.7 Qualitv Assurance/Qualitv Control (QA/ QC) Activities 

4. 5. 7. l Overview-
A brief summary of QA/QC activities is given below. More detailed infor­

mation is available in Appendix I, Quality Assurance/Quality Control Testing 
Program: Physical and Chemical Sampling and Analysis, 

4.5.7.2 Field Activities--
A field activities plan, prepared before each sampling trip, described the 

methods to be used as well as the samples to be obtained, including quality 
control samples. Quality control samples o';; tained during each trip were 
generally as follows: 

• Acid Blank - distilled water containing the exact amount of acid (HN0 3) 
used to stabilize samples for metals analysis. 

• MilliQ® Blank - distilled water with no additives to serve as a blank 
for anion analyses. 

• :Field Blank - distilled water passed through the sampling devices 
(pneumatic pump, peristaltic pump) and filtration apparatus to check 
for equipment contamination. 

• Field Duplicate - split of a sample obtained from a well or a surface 
water location after all field manipulation had been completed but just 
before placing in the sample bottle for transport to the laboratory. 

• Sequential Well or Surface Duplicates - sequential samples obtained 
from a well or a surface water location after the location had been 
sampled with the .standard sampling procedure. 

• Other Blanks - samples of water obtained on or near the site that had 
been used to wash equipment. 

In addition to these check sainples, QC activities were performed to 
calibrate and verify the accuracy of the instruments used to obtain field data 
(dissolved oxygen, conductivity, pH). Standards used to calibrate and monitor 
perfonnance of the instruments were: 

• Dissolved Oxygen.· The response in air and to a sodium sulfite 
(D.O. = 0) were measured. T'nis was performed at the beginning and end 
of each day's sampling. 

• Conductivity. Standard KCl solutions (0.1, 0.029 and 0.001 N) we.re 
measured before and after sampling each day. 

·-4 - 3.!. 
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Liouids 

TABLE 4.10 

k1ALYTES, ANALYTE NUMBER 

DESIGNATION, ~'ID ABBREVIATIONS 

Solids 

l Fluoride 
2 Chloride 

F 
CL 

7 Silver 
8 Aluminum 

11 Beryllium 
12 Calcium 
13 Cadmium 
14 Cobalt 

3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
37 
38 
39 
40 
41 
42 
57 
60 

Nitrate 
Sulfate 
Phosphate 
Bromide 
Silver 
A1uminum 
Boron 
Barium 
Beryllium 
Calcium 
Cadmium 
Cobolt 
Chromium 
Copper 
Iron 
Potassium 
~agnesium 
Manganese 
Molybdenum 
Sodium 
~ickel 
Phosphorus 
Lead 
Silicon 
Strontium 
Thorium 
Titanium 
Vanadium 
Zinc 
Zirconium 
Arsenic 
Selenium 
pH Lab 
pH Field 
Conductivity Lab 
Conductivity Field 
Groundwater Level 
Dissolved Oxygen 
Bromate 
Lead Graphite Furnace 

~03 
so

4 P04 BR 
AG 
AL 
B 
BA 
BE 
CA 
CD 
co 
CR 
cu 
FE 
K 
MG 
MN 
MO 
~A 
NI 
p 
PB 
SI 
SR 
TH 
TI 
V 
ZN 
ZR 
AS 
SE 
pH-L 
pH-F 
C-L 
C-F 
GRW 
DO 
Bro 
PB-CR 

4-32 

15 Chromium 
16 Copper 
17 Iron 
18 Potassium 
19 Magnesium 
20 Manganese 
21 Molybdenum 
22 Sodium 
23 Nickel · 
24 Phosphorus 
25 Lead 
27 Strontium 
28 Thorium 
29 Titanium 
30 Vanadium 
31 Zinc 
32 Zirconium 
43 Arsenic 
44 Selenium 
45 TOS (Sulfite) 
46 Sulfate 
47 pH-Slurry 
48 Acid Insolubles 
49 Solids (%) 
SO F (Extractable) 
51 CL ( " ) 
52 N03( 11 

) 

53 so ( " ) 
54 co4< " ) 
55 Altalinity (OH) 

AG 
AL 
BE 
CA 
CD 
co 
CR 
cu 
FE 
K 
MG 
MN 
MO 
NA 
~I 
p 

PB 
.SR 
Til 
TI 
V 
ZN 
ZR 
AS 
SE 
TOS 
S04 
pP. 
AI 
% SOL 
F 
Cl 
N0

3 so4 co
4 OH 
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• pH Buffers (pH 4, 7, 10) were checked at the beginning, end, and at 
least two other times during each sampling day. 

• Temperature. Cheeks were made of the instrument with a mercury 
thermometer at the beginning and end of each sampling day. 

4.5.7.3 Laboratory Activities~ 
Laboratory QC activities included inserting "blind" quality control 

samples into each batch of samples to be analyzed. In addition to this level 
of QC, ICAP analyses performed by Barringer Magenta, Ltd.» were subject to that 
organization's internal routine laboratory QC program. 

The following quality control samples (in addition to the field QC 
samples) were generated in-house: 

• Laboratory Duplicate - a split of the field duplicate sample was made 
upon receipt of samples in the laboratory. 

• Blind Standards - a triplicate set of blind standards was inserted 
Toutinely into each batch of samples. For larger batches, two tripli­
cate sets were included. 

• Digestion Blanks - for samples requiring in-house digestion, a blank 
was carried along with each batch. 

• Spiked Samples - known amounts of standard solutions were added to the 
various liquid matrices observed during the project. 

A quality control procedure was practiced by Barringer Magenta, Ltd., 
during this ICAP analyses. In it, every 10th sample in a batch represented a 
quality control check sample in the form of a blank, repeat, or certified 
standard. If the sample was digested before analysis (e.g., solids), reagent 
blanks, repeat digestions, and appropriate certified solid samples were run. 
In addition, a .drift standard was run after every 10th sample to check instru­
ment stability (37). 

The types of reference standards used throughout this project for liquid 
samples were Environmental Resource Associates (ERA, Chica.go,tillinois) water 
quality c~f!trol samples from !irious lots (MINERALS flsteWatR m, HARDNESS 
WasteWatR , DEMAND WasteWatR , NUTRIENTS WasteWatR , TRACE METALS · tm · . . · · 
WasteWatR ) • · In addition, National Bureau of Standards (NBS) Trace Elements 
in Water reference standard (l643a) was routinely used. High concentration 
standards of certain elements (e.g., Si) were prepared from atomic absorption 
standards (Fisher Scientific). 

For solid samples, the reference standards were National Bureau of Stan­
dards (NBS) fly ash (1633 and 1633a) as well as River Sediment (1645). 

4.S.7.4 QC Data--
The quality control data were reported and reviewed for individual sites 

and for the overall program. Data were reviewed for the following individual 
site samples: 
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For 

• concentrations of analytes in blanks where levels exceeded detection 
limits; 

• concentrations of all analytes in duplicates and relative standard 
deviation between replicates; 

• recovery of blind standards and reproducibility of these results; and 

• recovery of spiked samples and reproducibility of these results. 

the overall program, the following data were reviewed: 

• values of all blanks that were above detection limits; 

• composite values for relative standard deviations of all field, labora­
tory duplicates and well or surface water duplicates; 

• average recovery for each element for the complete program for blind 
standards; and 

• average recovery for each element in "spiked" samples. 

4. 6 ENGINEERING AND COST ASSESSMENT 

4.6.1 Overview 

.. The purpose of the engineering and cost assessment was to develop concep­
tual engineering designs and corresponding capital and annual costs for generic 
waste handling and disposal operations. This information was prepared in a 
form .that would enable it to be used as a decision-making tool for preliminary 
waste management planning purposes. The engineering/cost data are provided in 
Section 6. The data were developed so that they could be used, together with 
o.ther information (waste characteristics, environmental setting, etc.), by 
local permitting officials or utility planners to define, evaluate and select 
appropriate waste manageme.nt scenarios for new coal-fired power plants. 
Variations in waste type and in the collection handling, processing, storage, 
transport and disposal of these wastes call for different waste management 
practices, The engineering data presented in this report provide design 
options for . each type/waste management activity combinations. In addition, the 
cost data base found in Section 6 gives estimates for the capital and annual 
cosu associated with each possible waste management design option. This 
engineering/cost data base fulfills one of the several information requirements 
necessary to apply the overall decision methodology for proper waste management 
options~ (See Sectio~ 8.) 

Site-specific engineering and cost data were developed for the solid waste 
handling and disposal operations at the six study sites based in information 
supplied by the participating utilities and data developed during this project. 
The detailed procedures for the site-specific engineering and .cost assessments 
are provided in Section 4.6.2. The results of this effort (summarized in 
Section S-.1). along with engineering and cost data developed for other perti­
nent studiesj were adjusted and refined to produce the generic engineering and 
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cost data base presented in Section 6. The approach for developing this 
generic engineering and cost data is described in Section 4.6.3. 

4.6.2 Site-Specific Engineering and Cost Assessments 

The site-specific engineering and cost assessment involved developing 
conceptual engineering designs and cost (capital and annual) estimates for the 
solid waste handling and disposal operations at the six study sites. This 
effort called for several major work products: 

• Preliminary conceptual engineering designs for the solid waste handling 
and disposal systems at the six study sites, based on data provided by 
the participating u~~lities and engineering data developed as a result 
of a preliminary p> -.. t visit. 

• Finalized conceptual engineering designs for the solid waste handling 
and disposal systems of the six study sites, based on revisions to the 
preliminary design, as provided by the utilities, and data developed 
during a final plant visit (if such a visit was necessary). 

• Capital and annual cost estimates for the systems specified in the 
final engineering design. 

Final, s::..te...;spec:..I,.,_c: ~ngineerin&_. cost package f :~nsisting of the 
conceptual engineering process designs and cost estimates developed. 

Figure 4.3 shows the relationship of these various work products. A more 
detailed discussion is given below. 

4.6.2.1 General Approach for the Site-Specific Engineering and Cost 
Assessments--

The site-specific engineering and cost evaluations of the coal combustion 
coal-fired utility solid waste handling and disposal operations at all six 
sites were conducted in the same manner. For each site, the approach to the 
first phase of the assessment required identifying the waste types and process 
systems of interest. Three major utility coal combustion wastes were taken as 
the primary focus: fly ash, bottom ash or boiler slag, and FGD waste. 

Fly ash was viewed in this study as any particles collected fT0111 the flue 
gas. including economizer and air heater ash, as well as fly ash collected in 
air pollution control devices. Waste materials rejected by coal pulverizers 
(i.e., mill rejects or pyrites) are typically handled and transported in 
consolidated systems with bottom ash or slag. For this reason, these materials 
were placed in the same waste type category as bottom ash/boiler slag. 

After the waste types to be considered on a site-by-site basis had been 
identified, the battery limits of the waste handling and disposal system were 
established. In the case of FGC wastes, the systems to be conside?'ed began at 
the point of discharge from the various particulate and/or sulfur oxides 
collection devices. In systems where fly ash or FGD wastes were collected in 
dry form, this was the discharge of the hoppers below the electrostatic 
precipitator (ESP), bag filter, or mechanical collectors. For fly ash or FGD 
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waste collected in vet scrubbers, the system under assessment began at the 
discharge from the scrubber. For bottom ash or slag, the pertinent system for 
this study started at the discharge of the bottom ash/slag hopper. In every 
case, the operation under consideration included al: waste handling, 
processing, storage, transport .;;nd disposal activities, up to and including 
disposal site reclamation. 

It is difficult to separate completely solid waste handling and disposal 
systems from other waste streams in the plant. Such streams include coal pile 
runoff, wastes generated in boiler cleaning operations, and .other, similar 
plant wastes. Thus, broad process specifications were developed for auxiliary 
systems -- those handling wastes, other ·than coal ash and FGD wastes, that 
enter the solid waste handling and disposal system. 

After th!? waste types and solid waste handling and disposal operations had 
been identified, the system was divided into modules. Up to five modules were 
considered for the management at any particular waste type: 

• raw materials handling and storage; 

• waste processing and handling; 

• waste storag~ ; 

• waste transport; and 

• waste placement and disposal (including site monitoring and site 
• reclamation). 

All five specified system modules did not necessarily exist at every coal-fired 
utility plant for each of the waste types of . interest. 

This modular approach to the engineering and cost evaluation was valuable 
for many reasons. It ensured consistency ·in the assessments for all six sites. 
It also allowed easier cost comparisons to be.made between individual modules 
and systems at different plants. This approach also facilitated identification 
of the various cost elements within the .solid waste handling and disposal 
systems. The ultimate benefit of the modular approach was in the development 
of engineering and cost lata for generic: solid waste disposal and handling 
modules. The generic modules can be viewed as building blocks which may be 
combined and interchanged .to obtain generic engineering designs and capital and 
annual costs for any number of generic solid waste handling and disposal 
schemes. 

4.6.2.2 Methodology for the Site-Specific Engineering Assessment~ 
As the first step in developing conceptual engineering designs for the 

systems of interest, a questionnaire was distributed to each utility that 
participated in the project. Table 4 .11 shows the questionnaire format. Much of 
the information requested was gathered during the site selection process. To 
minimize any inconvenience to utility personnel, this information was placed on 
the questionnaire before it was sent. The utility was asked to verify this 
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TABLE 4.11 

FOR}L~T FOR REQUESTING I~FOR..'1ATI0N ON DISPOSAL METHODS 

l. GE;,iERAL PLA:JT I~FOiZ~IATION 

A. Plant Name: 
B. utility Operacing Plant: 
C. Plant Ownershi? [Ctility Name(s)]: 
D. Primary Contact 

1. Name: 
• 2. Title: 

3. Telephone ~umber: 

£. Plant Location 

1. Longitude/Latitude: 
2. County/Stace: 
3. Geographic Location 

a. Nearest City/Town 

• Distance from Plant: 
• J;H rection from City /Town to Plant: 

b. Nearest Water Source 

• Distance from Plant: 
• Direction from Water Source to ?lant: 

F. Plant Type (Le. , Base load or Pea.kload) : 
G. Plant Nameplate Generating Capacity (MW): 
H. Plant Start-up Date (Month/Year): 
I. Overall Plant Annual Capacity Factor(s) [include value(s) and 

year(s)]: 

J. Projected Addition of New Units [include date(s), unit number(s) 
and nameplate generating capacity(ies)]: 

IL BOILER FACILITIES 

A. Boiler Typ~ (i.e., tangentially fired, pulverized 
coal-fired) : 

B. Total Number of Cnits: 

(continued, 
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TABLE 4 .11 (continued) 

Unit Information (1 for each unit) 

1. Unit ~ameplate Generating Capacity (MW): 
2. Unit Status (i.e., active or retired): 
3. Unit Start-up Date (~~nth/Year): 
L, . Boiler Manufacturer: 
5. Turbine Hanufacturer: 
6. Annual Average Load Factor(s) [indicate value(s ) 

and year(s)]: 
7. Boil=r Cleaning Frequency: 

III. SOLID WASTE COLLECTION AND HANDLING 

A. Flue Gas Desulfurizacion (FGD) System 

1. System Type (i.e., lime scrubbing): 
2. System Start-up Date (Month/Year) 
3. System Status (original or retrofit": 
4. Design [fficiency: 

.5. Operating Cff iciency: 

6, FGC System Equipment List [include description of equipment, 
name of manufacturer(s) and quancity(ies) of equipment]: 

7. Chemi~al Additives Employed: 

8. Solids Content of FGC Waste Prior to Processing: 

9. Primary FCC Waste Dewatering Method (i.e., thickening): 

10. Solids Content of FGC Waste Following Primary Processing: 

11. Secondary FGC Waste D~w.atering Method (i.e., filtration or 
centrifugation): 

12. Solids Content of FGC Wast~ Following Secondary Processing: 

B. Particulate Removal System 

1. Collection Mode (wet or dry): 
2. System Type (i.e. mechanical collection or electrostatic 

precipitation): 

(continued) 
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TABLE 4.11 (continued) 

3. System Start-up Date (Month/Year): 
4. System Status (original or retrofit): 
5. Design Efficiency: 

6. Operating Efficiency: 

7. Chemical Additives Employed: 

8. Equipment List [include description of equipment, name of 
manufacturer(s) and quantity(ies) of equipment}: 

C. Handling of Dry Fly Ash 

1. Pneumatic Conveying System 

a. System Type (i.e., positive pressure or vacuum): 

b. Conveying Distance: 
c. Conveying Destination (i.e., storage silos): 

2. Wet Handling System 

a. System Type (i.e., direct slurrying or combination 
vacuum pneumatic/wet slurrying system): 

b. Conveying Distance: 

D. Bottom Ash Collection 

1. Boiler type (i.e., dry or wet bottom): 

2. ProceSsing Equipment 

a. Grinding (i.e., Clinker Grinder): 

b. Dewatering (i.e., Hydrobin): 

3. Transport (i.e., wet sluicing or dry conveying): 

E. Transport of Fly Ash 

1. Truck Transport of Dry Fly Ash 

a. Truck Type (i.e., conventional rear dump, semi- trailer 
rear dump or semi-trailer bottom dump): 

·(continued) 
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TABLE 4.11 (continued) 

b. Loading Facilities (i.e., front end loaders, jelt 
conveyors or chutes): 

c. ~umber of Trucks tsed for Fly Ash Disposal: 
d. Capacity of a Truck (tons): 
e. ~umber of Truckloads Transported Daily: 
f. Distance Each Load is Transported: 

2. Pipeline Transport of Fly Ash for Wet Disposal 

a. ~umber of Sluice Lines: 
b. Piping 

• Length of Line: 
• Size (diameter): 
• Haterial of Construct ion: 
• Frequency of Replacement: 
• Modifications: 

c. Pumping Ec;:.iipment 

8 Number of Pumps: 
• Pump Type (s): 
• Modifications: 

d. Slurry Solids Content: 

F. Transport of Bottom Ash 

1. Truck Transport of Dewatered Bottom Ash 

a. Truck Type (i.e., conventional rear dump. semi-trailer rear 
dump or semi-trailer bottom dump): 

b. Loading Facilities (i.e., front end loaders, belt conveyors 
or chutes): 

c. Number of Trucks Used for Bot~om Ash Transport: 
d. Capacity of a Truck (tons): 
e. Number of Truckloads Transported Daily: 
f. Distance Each Load is Transpor~ed 

2. Pipe line Transport of Bottom Ash for Wet Disposal 

a. Number of Sluice Lines: 

( con tinue·tf l 
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IV. COAL 

TABLE 4.11 (continued) 

;:, ., ? iping 

• Length: 
• Size (diameter): 
• ~aterial of Construction: 
o Frequency of Replacement: 
• Modifications: 

c. Pumping Equipment 

• Number of Pumps: 
• Type(s) of Pumps: 
• Modifications: 

d. Slurry Solids Content: 

A. Coal Consumption Data: 

Coal Type: 

· Coal Source (s): 

State: 

Mine: 

Coal Consumption: 
(thousand tons/yr) 

1976 1977 

( continued,, 
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TABLE 4.11 (continued) 

B. Coal Composition Data: 

Coal Heat Content (Btu/lb) 

Coal Sulfur Content (wt%, 
dry basis) 

Coal Ash Content (wt%, 
dry Basis) 

Coal Moisture (wt%) 

V. WASTES GE~ERATED 

A. Coal Ash Wastes: 

1976 1977 1978 1979 

Annual Tonnage (Dry Basis) 
1976 1977 1978 1979 

Fly Ash Generated 

Bottom A.sh Generated 

FGD Waste Generated 

Fly Ash Sold 

Bottom Ash Sold 

FGD Waste Sold 

Fly Ash Used by Plant 

Bottom Ash Used by 
Plant 

FGD Waste Used by 
Plant 

Pyrites /Mill 
Rejects 

( continued) 
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TABLE 4.11 (continued) 

B. Plant Wastes: 

Boiler Blowdown 

Cooling Tower Blowdown 

Boiler Cleaning 
Wastes* 

Air Preheater 
Cleaning·wastes* 

Coal Pile Run-Off 

Surface Run-off 

Plant Sumps 

Yard Sumps 

wther (specifyi 

·:r. WASTE DISPOSAL METHODS 

Annual Quantities (gallons/year) 
Indicate Where 

1976 1977 1978 1979 1980 Wastes Are Sent 

A. Brief Description of Overall Solid Waste Disposal Operation: 

B. Ash Disposal Pond or Settling Pond 

1. Pond Influents (waste type, volume :n: 

2. Present Status (active or retired): 
3. Design Life: 
4. Present Age: 
5. Date of Construction (Month/Year): 

*Indicate frequency of cleaning and what types and quantities 
of cleaning solutions and rinses are used. 

( continued) 
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TABLE 4.11 (continued) 

e. Construction Method: 

7. Distance from Plant (miles): 
8. Surface Area (acres): 
9. Design Depth (feet): 

10. Influent Transport ~Iethod 

a. Material(s) of Construction: 

b. Thickness 
c. Origins) of Materials) of Cons~ruction: 

11. Pond Overflow Discharge Destination: 
12. Dredging 

a. Frequency: 
b. Disposal Site for Dredged Materials: 

c. ; redging Metnod Employed: 

13. Proposed Modifications: 

14. Past ~edifications (date and description): 

15. Outfall Location(s): 

16. Changes in Outfall Location(s) [give date(s) 
and location(s)]: 

C. Landfill 

1. Wastes Landfilled (waste type and volume J~): 

2. Present Status (active or retired): 
3. Design Life: 
4. Present Age: 
5. Date of Construction (Month/Year): 
6. Construction ~ethod: 

( continued) 
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8. 
9. 

10. 
11. 

12. 

13. 

14. 

15. 

16. 

TABLE 4.11 (continued) 

Distance from Plant (miles) 
Surface Area (acres): 
:!a:dmum Design Placement Depth (feet): 
Placement Depth (feet): 
~ethod of Waste Transport to Landfill: 

Spreading Method \equipment a.nd procedure·) : 

Compacting Method (equipment and procedure): 

Run-off Control: 

Just Control: 

Embankment 

a. ~aterial(s) of Construction: 

b. Thickness: 
c. Origin(s) of Construction Material(s): 

17. Excavation During Construction: 

18. Landfill Slope Ratio: 

19. Maximum Number of Benches: 
20. Number of Benches Placed: 
21. Bench Size: 
22. Lift Thickness: 
23. Proposed Landfill Modifications: 

24. Past Landfill Modifications (date and description): 

25. Planned Landfill Reclamation: 

(continued) 
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TABLE 4.11 (continued) 

VII. DISPOSAL SITE XONITORI~G 

A. Surface Water Monitoring 

l. Ash Pond Discharge Monitoring: 

2. Upstream Surface Flow Monitoring: 

3. Other (specifi : 

B. Groundwater Monitoring 

1. Number of Monitoring Wells : 
2. Locations and Depths of Monitoring Wells: 
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information and "fill inn the additional information needed. In addition to 
the completed questionnaire, each utility was requested to provide: 

• process flow diagrams for the coal ash and, where appropriate, FGD 
waste handling, processing, storage and transport systems; 

• proces.s flow diagrams for the miscellaneous plant wastes handling and 
transport systems; 

• specifications for major pl:'ocess and mobile equipment of the above 
systems; 

• overall specifications for the air pollution control equipment; and 

• design and operating material balances for each system. 

PreHminary efforts also inclucied a data-gathering visit .to five of the 
six sfody sites~.• {The Powel:'tcn Plant; which .had a relatively straightforward 
solid lo.Taste handling and di.sposal system, was not visited.) With the data 
provided as a result of these infoTI11ation-gathering efforts, the modular 
approach was used to develop preliminary engineering packages, which included 
process flow diagrams, equipment lists, and equipment specifications. The 
first step was to determine the battery limits. of t:he systems of interest and 
divide these systems into appropriate modules. 

A design basis was defined for each system. Of highest importance was the 
specification of design waste generation rates. For process equipment, the 
design waste capacity was assumed · to be equivalent to the theoretical 
generation rate when the boiler operated at full electric generating capacity. 
For disposal areas, design waste capacity specifications were based on plant 
operations at a 70% load factor. 

For the preliminary process flow diagrams, process flows and operations 
were made readily identifiable, and only the most essential details of process 
d~sign were included. All major items of process equipment were shown. When 
two or more identical pieces of equipment were used for the same function 
(either in series, in parallel, or as spare equipment), only one sy,nbol was 
shown on the process flow .diagram. (The existence of multiple pieces of 
equipment was indicated by the equipment number assigned to a particular 
symbol, as explained below.) 

Numbers were assigned to all proqess equipment, mobile equipment, and 
disposal operations for which engineering specifications and costs were 
developed. A number appears on or next to the appropriate equipment symbol in 
the process .flow diagram and is referenced in all equipment lists, equipment 
specifications and cost estimates. Each item number consists ot two, and in 
some cases three parts; each part is separated by a hyphen. The first part has 
one or more letters identifying the type of equipment or system. Process 
equiptnent is denoted by a single capital letter. Mobile equipment and disposal 
operations are designated two letters. In the case of mobile equipment, only 
the initial letter is capitalized, while both identification letters are 
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capitalized for disposal operations. The equipment designation codes are 
listed in Table 4,12. 

The second part of all item numbers consisted of a four digit number. The 
:ir;::t digit rep:-esents the plant at which the equip~.=- n't or disposal op~ ;;-ation 
is located. (Table 4.13 lists the plants and their identification numbers. ' 
'Iihe second digit is for the area account to which a piece of equipment or 
disposal operation was assigned. Area accounts were assigned after the coal 
ash/FGD waste handling and disposal system had been divided into modules. A 
module was either stipulated as an area account or broken down into two or more 
area accounts. In most cases, a: single area account contained items assigned 
to only one module. A sufficient number of area accounts were established to 
account for all items of the waste handling and disposal operation. The 
remaining two digits of the equipment number indicate the number of the 
specific piece of equipment. For example, P-1101 indicates that the process 
equipment in question is located at Plant Allen. is in Area Account 1. and is 
designated as Pump Number l. 

A third designation is for multiple pieces of identical equipment. Two 
letters separated by a slash are shown. If each item represented by a symbol 
is assigned a consecutive letter of the alphabet, the first letter (always A) 
is shown to the left of the slash and the last letter assigned is placed to the 
right of the slash. For example, T-2101-A/B refers to a set of t~o thickeners 
in c:a Acc:,.inc l at the Elra·, : site. 

Only the most important equipment and process information was included on 
the process flow diagram. Table 4.14 gives the specifications which. if 
available, were included in the process flow diagram. A more detailed listing 
of equipment and specifications was developed for the cost estimating task. 

All major process· streams indicated on the flow diagram wer~ assigned a 
number, shown on the diagram next to the stream and enclosed in a diamond­
shaped symbol. A material balance referencing these stream numbers was 
developed and presented on the lower left corner of the process flow diagram. 
The material balances were developed for design (i.e., full-load) operation and 
were based on average daily stream flows. 

An equipment list was prepared for the coal ash handling/disposal opera­
tion of each plant under consideration. Each equipment list included: 

e a list of plant specific area accounts; and 

• a list of equipment by type, including item numbers, descriptions, and 
the quantity .required. 

In addition to equipment lists , a more detailed listing of equipment 
specifications than that shown on the process flow diagrams was developed for 
the cost estimating task. 

The preliminary engineering packages described above were submitted to the 
utilities for review. The utilities were requested to make corrections and to 
fill in any data gaps. In some cases a final plant visit ~as made to collect 
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TABLE 4.12 

EQUIPMENT DESIGNATIONS USED 
IN THE ENGINEERING ASSESSMENT 

PROCESS EQUIPMENT 

Agitators 

Blowers, Compressors, Fans 

Conveyors 

Feeders 

Eductors 

Filters, Centrifuges, Cyclones 

Mixers, Pugmills 

Pumps 

Storage Tanks 

Thickeners 

Vessels, Bins, Hoppers 

MOBILE EQUIPMENT 

Dozers 

Draglines 

Front End Loaders 

Scrapers 

Trucks 

DISPOSAL OPERATIONS 

Landfills 

Ponds 

Source: Arthur D. Little, Inc . 

A 

B 

C 

D 

E 

F 

M 

p 

s 

T 

V 

Dz 

Dl 

Fl 

Sc 

Tr 

LF 

PD 
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IA.BLE 4.13 

P~'IT IDENTI FICATION NUMBERS 

Plant Name 

Plant Allen 

Elrama Power Plant 

Dave Johnston Power Plant 

Sherburne County Power Plant 

Powerton Power Plant 

Smith Power Plant 

Source: Arthur D. Little, Inc. 

. ,_ .. , ... -., ... 

Plant Identification 
Num~er 

1 

2 

3 

4 

5 

6 
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TABLE 4.14 

PROCESS -~~D MOBILE EQUIPME~T SPECIFICATIONS FOR PROCESS FLOW DIAGRAMS 

EQUIP~NT 

Process Equipment 

Agitators 

Blowers, Compressors, 
Vacuum Pumps 

Centrifuges 

Conveyors, Feeders 

Cyclones, Dust Collectors, 
Filters 

Eductors 

Mixers, Pugmills 

Type 
HP 

SPECIFICATIONS 

Material of Construction 

Capa :ity ( SCFM) 
Type 
Suction Pressure 
Dis charge Pressure 
Material of Construction 

Capacity (lb/hr of wet cake) 
Type 
Size: Diameter c,) X Tangent to 

Tangent Height (TT) 
Material of Construction 

Capacity 
Type 
Size (e.g., lift and/or length, 

as appropriate) . 
Material of Construction 

Type 
Flow Rate 
Exposed Surface Area (if applicable) 
Size: Diameter(') x Tangent to 

Tangent Height (TT) 
Material of Construction 

Type 
Inlet or Discharge Throat Diameter 
Supply Fluid Pressure 
Material of Construction 

Capacity 
'Type 
Size: Diameter (!IS) x Ta.91gent to 

Tangent Height (TT) 
Material of Construction 

(continued) 
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TABLE 4.14 (continued) 

EQLIPMENT 

Pumps 

Stora; e Tanks ~ Vessels 

Thickeners 

Mobile Eouipment 

Dozers, Front End , 
Loaders, Drag Lines 

Trucks 

• 

Source: Arthur D. Little, 1nc . 

SPECIFICATIONS 

Capacity 
Total Developed Head or Pressure 

Differential 
Type 
Material of Construction 

Capacity 
Size: Diameter(¢) x Tangent to 

Tangent Height (TT) 
Type 
Material of Const.ruction 

Capacity 
Size: Dia.meter (6) x Tangent to 

Tangent Height (TT) 

Ca.::-,acity 
Type 
Size: 

Capacity 
Type 
Size: 



- Doc. Ex. 8345 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

additional engineering data. The preliminary engineering package (i.e., process 
flow diagrams, equipment lists and equipment specifications) was then revised 
and finalized. 

4.6.2.3 Methodology for the Site-Specific Cost Assessment--
The finalized engineering l'ackages were used to estimate capital and 

annual costs for the waste .handling and disposal operations at each of the six 
sites. The capital costs were estimated as the replacement costs of existing 
facilities; first year annual costs were also developed. All cost estimates 
are reported in .late 1982 dollars. These cost estimates are conceptual in 
nature, with accuracies of ±30%. 

The initial plans for the cost estimating task called for obtaining actual 
capital and operating cost data fr-.,m the utility plants themselves. A cost 
estimator was to visit the six plants and review as much available capital and 
operating cost information as possible~ At the . end . of each visit •• the 
estimator was to evaluate the quality of available data and its usefulness for 
estimating the pt"oject's cost requirements • . If required, subsequent site 
visits were to be made to fill data gaps. At the discretion of the estimator 
and in the absence of sufficient utility-supplied data, estimated. data from 
sources other than the utility were to be used. 

In. reality, it wa.s notfeasil:>le to obtain actual cost data from utility 
sources due to the difficulties encountered in accessing these sources~ Thus, 
cost estimates prepared for the six sites do not . represent adjusted actual 
incurred costs, but rather were estimated based on process design data. 
Accepted cost estimating techniques were used. 

4.6.2.3.1 Capital Costs -- The capital cost estimates were prepared from 
the finalized process flow diagrams, equipment lists, and equipment 
specifications developed for the engineering evaluation. The modular approach 
was applied to estimate capital costs. 

Capital cost items were divided into direct costs, indirect costs and 
other capital costs. Direct capital costs include the cost:s of process 
equipment, piping and insulation, foundations and structural components, site 
preparation and earthwork, electrical requirements, process instrumentation, 
and site reclamation and mobile equipment • .. For each line item, both material 
and labor costs ·. for installation were determined~ In addition, the costs of 
services, including allocated costs from the power plant for the use of 
maintenance shops, stores, communications~ security • . offices, parking .lots, 
walkways, landscaping / fencing, and vehicles, were. also taken into account. 
!his cost was estimated as 2% of .the remaining direct capital costs, excluding 
mobile equipment. Current budget prices for process and mobile equipment were 
obtained from manufacturers or manufacturer's representatives. Direct capital 
cost elements are: 

• Labor and Burden. Labor rates were current union labor rates for the 
specific site location, including fringe benefits and burden. No 
allowance for overtime was made. 
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• Material. Material prices were based on vendor budget quotations or 
in-house information. 

• Sales Tax. This item was excluded. 

• Equipment Usage. This consisted of current rental rates for con­
struction equipment. excluding operator and oile-r. An allo~1ance for 
fuels. lubes and routine maintenance was included, 

• Equipment. Equipment prices were based on vendor's budget quotations. 

No engineering drawings or specifications were developed for structural 
excavation, concrete, equipment foundations, structural steel. miscellaneous 
steel, duct work, insulation, ·electrical requirements or instrumentation. The 
capital costs of these .items were es'timated as paramet.ar costs based on 
equipment weight, equipment cubage, and in-house information. 

Capital costs for the disposal sites were based on engineering drawings of 
the site. if available. For example, capital cost estimates for dike 
construction were based on actual dike design drawings. Unit costs for waste 
handling and disposal site construction are provided in Table 4.15. 

Indirect capital costs include contractor's fees and profits, engineering 
design and supervisfrn, archit ~ct a.nci engi neering cc~tractor expenses, contin­
gency allowances, allowance for startup and modification, and interest during 
construction. All these costs, except interest during construction, were 
estimated. Costs for the first five items listed were calculated as percent­
ages of direct capital costs, as shown in Table 4.16. Allowances for startup 
were estimated based on in-house information. 

Other capital costs include working capital·and land. Working capital 
consists of: funds invested in raw materials a.nd supplies;· accounts receiv­
able; cash retained for payment of operating expenses, such as salaries, wages. 
and raw material purchases; accounts payable; and taxes payable. For the 
purposes of this . study, working capital was not estimated. The cost of land is 
highly variable throughout the country and, thus, actual land costs were not 
used. A unit land cost of S.790/m2 ($3,200/acre) was assumed . Land costs, 
however , do not represent a major contributor to the overall capital cost. 

Special provisions were required .to standardize the cost estimates. 
Equipment, material, and construction labor shortages with accompanying 
overtime pay incentives were not included in cost estimates. Generation 
facilities for electric power consumed were not included in the capital costs. 

Items excluded from the developed capital cost estimates were: land 
right-of-way; owner's administrative costs; interest during construction; 
permits; soils; spare parts; working capital ; and sales tax. 

4.6.2.3.2 Annual Costs -- The modular approach described earlier was used 
to estimate annual costs for the coal ash and FGD waste handling and disposal 
activities at each of the six sites. For each site, a cost basis was developed 
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TABLE 4 .15 

UNIT COSTS FOR CAPITAL COST EST!~f.ATES 
FOR ALL SIX STL'DY FGC ~vASTE HA..'IDLING AND DISPOSAL SITES 

i.;;:.;rr COSTS: 

Item Descriction 

Clearin2 and Grubbing 

• Bushes 
• ~tedium Dense Woods 
• Heavy Woods 

Earthwork 

• Cut and Fill (balanced) 
• Hass Excavation 
• Structural Escavation 
• Structural Backfill 

Aggregates 

• Sand and Gravel {in place) 
• Crushed Rock (in place : 
• Rip-Rap (in place ~ 

Liner 

• Benconite Clay (installed) 
• Poz-0-Pac (installed) 

Dike Seeding 

Reclamation 

• .4S Meter Cover Soil; .15 Meter Top Soil 
& Seed 

Access Road ( dirt & some gravel) 

!nstrumentat:ion 

• ~tonitoring Well (installed; 

Land Ac quisition 

Source: Arthur D. Little, Inc. estimates. 
Kaiser Engineers 
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Units 

3 :n . 
3 

m3 
m 

Each 

2 
m 

Unit Cost ($) 

.205 

.445 

.692 

3.80 - 5,90 
1.45 

3.40 - 5.60 
4.05 - 7.85 

15. 70 
19.10 

23.55-28.80 

5.25-13:10 
15.70 

. 70-1.20 

1. 71 

4.80-6.60 

2 t 80C 

.790 
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TA~LE !...16 

snIX.ARY OF I :IDIRECT CAPITAL COST FACTORS 

INDIRECT COST 

CONTRACTOR'S OVERHEAD 

• Fly Ash/S02 
Control 

• Mobile Equipment 
• All Other 

CONTRACTOR'S PROFIT 

• Fly Ash/ S02 
Control 

• Mobile Equipment 
• A-.L J tner 

ENGINEERING DESIGN 
AND St.:PERVISION 

• Fly Ash/S02 
Control 

• Mobile Equipment 
• All Other 

ARCHITECT-ENGINEERING 
FEE 

e Fly Ash/S0
2 

Control 
• Mobile Equipment 
• All Other 

CONTINGENCY 

Source: Arthur D. Little, Inc. estimates. 
Kaiser Engineers 

FACTOR 

10% of Direct Cost 

15% of Direct Cost 

2% of Direct Cost 

3% of Direct Cost 

5% of Direct Cost and Contractor's 
Overhead and Profit 

10% of Direct Cost and Contractor rs 
Overhead and Profit 

2% of Direct Cost and Contractor's 
Overhead and Pcofit 

5% of Direct Cost and Contractor's 
Overhead and Profit 

30% of Direct Costs, Contractor's 
Overhead and Profit, Engineering 
Design and Supervision and 
Architect-Engineering Fee 
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which included an estimate of on-stream time and annual average operating 
capacity. A typical operating capacity of 70% was chosen as the basis for 
operating cost calculations. Unit cost factors were developed for labor, 
materials and utilities. Table 4.17 presents the unit cost factors used for 
this study. All are averages typical for the industry. 

Before site-specific unit costs could be calculated, it was necessary to 
establish site-specific operating requirements for utilities, labor, mainten­
ance, and the like. Ptilities consumption were determined from the material 
balance (process water and raw matet"ial require111.ents), mobile equipment usage 
(fuel and mobile equipment maintenance requirements) ., and horsepower of 
electric:--powered equipt1ient (electric power consumption). Estimates for labor 
requirements were based on discussions .with plant personnel. Maintenance 
requirements for au · items except mobile equipment were taken as percentages of 
the total fixed investment for the appropriate items. Pond an.d landfill 
maintenance were respectively estimated at 2% and 3% of the total. fixed . 
investment • . Process equipment maintenance was assumed to be 4% of the total 
fixed . investment. Mobile equipment maintenance requirements were based on · 
manufacturers' specifications (42). Such items as lube oils. filters, grease, 
tires, 0th.er materials, and . labor were included • . 

Annual costs were divided into direct and indirect operating costs for 
each of the specified modules. Direct operating costs consist of the costs of 
such items as; supervision, operating labor. maintenance (labor and materials), 
utilities requlred (electricity, water, steam, etc.) and raw materials (e.g., 
lime or Calcilo~. a proprietary additive used for waste fixation). Direct 
operating costs were estimated with the unit costs and factors previously 
discussed. 

Indirect operating costs include .overhead expenses (payroll and plant), 
general and administrative costs, taxes, and insurance. The largest of the 
indirect operating costs are capital charges that depend on the ·capital 
structure of the utility. To present the findings of this study on a consis­
tent basis,; one set of capital charge values vas used to determine annual · 
costs. Capital charges .for mobile equipment, which is unique in that interim 
replacements are required, will be relatively higher than other capital 
charges. Similarly, the capital requirement for reclamation. an expenditure 
that occurs at the end of the 30-year system life rather than .at the beginning, 
differs from other capital charges. To provide a consistent basis between this 
cost e·stimate and other cost estimates prepared within the industry, factors 
for capital charges were de4:erminedwith the method proposed by the Electric 
Power Research Institute (EPRI) as a standard for use by EPRI staff and 
contractors (43). With this method* the following factors for calculating 
capital charges were detennined: · 

• Capital charges for the coal ash and FGD waste handling and disposal 
system (exclusive of mobile equipment and disposal site reclamation) 
were assumed to be 14.7% of total capital investment on the basis of a 
30-yeat' operating life. 
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TABLE 4.17 

S!A..'iDARD ANNUAL COST INFORMATION SUMMARY 
FOR ALL SIX STUDY SI:.ES~ FGC WASTE HANDLING AND DISPOSAL 

l7nit Costs: 

Item Descriotion 

aaw Materials 
• Lime 

Utilities 
• Process :.:ater 

• Electricity 

• Fuel (diesel) 

Operating Labor 
• Operator 

- Process Equipment 
- Mobile Equipment 

• Fcrer.:a.n 

• Supervisor 

• Sampling & Analysis 

Maintenance (Materials 
& Labor) 
• Process Equipment (PE) 

• nobile Equipment (ME) 

• Pond (PD) 

• Landfill (LF) 

Subcontracted Items 
s Pond Dredging 

Overheads 
• Payroll & Plant 

- ~1obile Equipment 
- Mobile Equipment 
- All Other 

• Capital Charges 

- Process Equipment (PE) 
- Mobile Equipment (ME) 
- Reclamation (REC) 

Units 

metric ton 

1000 liter 

kWh 

liter 

manhour 
manhour 

man"lour 

manyear 

manhour 

% of PE Total Fixed Inv. 

% of PD Total Fixed Inv. 

% of LF Total Fixed Inv. 

% of Maintenance (M&L) 
% of Operating Labor 
% of Operating Labor & 
Ma.int. (M&L) 

% of PE Capital Inv. 
% of ME Capital Inv. 
% of REC Capital Inv. 

Source: Arthur D. Little, Inc. estimates. 
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Unit Cost ($) 

77 .15 

.03 

.045 

.30 

11.00 
12.50 

12.50 

30,000 

12.75 

4.0 

Based on R~f. 7 

2.0 

3.0 

Based on Ref. 8 

15.0 
65.0 
65.0 

14.7 
28.0 
3.S 
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@ Mobile equipment capital charges were calculated to be 28.0%, based on 
a 10-year mobile equipment life. 

Assumptions used in these calculations were that: 

• The weighted cost of capital is 10% annually. 

• Inflation is 6% annually. 

• Depreciation is stated in terms of a sinking fund. Because of retire­
ment dispersion, an additional allowance is added to provide sufficient 
depreciation reserve. {'::ais deficiency results from the use of average 
life for depreciation calculations.) 

• Tax preference allowances, accelerated depreciation and investment tax 
credits are included in the capital charges. Calculation of tax 
preference allowances is achieved with a flow-through method. Accel­
erated depredation is determined based on the sum-of-the-years digits 
methods. Investment tax credit rates are 4% of the total capital 
investment. 

• Gross receipt taxes are not universally applied to capital charges 
calculations and are not included in the figures presented here. 

• Property taxes and insurance are 2% of the total capital investment. 

Capital charges for reclamation were estimated as the annual annuity 
payment (assuming 10% earnings on investment) required to produce a fund 
sufficient to pay for reclamation costs inflated over the 30-year life of the 
disposal site. The annual payment was estimated at 3.5% of the total capital 
cost for reclamation. 

Plant and payroll overhead costs and administrative costs were estimated 
as 50% and 15%. respectively, of the total expense for operating labor. 
maintenance and supervision. 

4.6.3 Generic Engineering and Cost Assessment 

The engineering design and economics of coal ash and FGD waste handling 
and disposal operations significantly affect the selection of air pollution 
control technologies at coal-fired utility plants. Engineering and cost data 
bases must be developed for these systems. These will serve as a tool in 
preliminary engineering and cost evaluations of potential waste management 
options. The generic engineering and cost evaluation was implemented in this 
project to provide such a decision-making tool. 

The site-specific engineering and cost data developed for the six study 
sites, together with the engineering and cost data available in the literature, 
were used to develop generic capital and annual cost data for various 
combinations of the three waste types and five process modules. This task was 
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complicated by the fact that most of the cost studies available in the litera­
ture did not offer detailed cost breakdown by waste type and for the specific 
process lt'.odules that had been identified for this project. Where practicable, 
cost data reported in the literature were broken down in the same manner that 
had been us ,[ in compiling costs for the si:x study sites. This involved 
evaluating the engineering/cost details that were provided and allocating 
entire cost elements or fractions of such cost elements eo appropriate process 
modules. This was a difficult task at best, and the confidence level of the 
resulting data was somewhat less than desired. 

Capital cost curves (capital cost vs. power plant size, MW) were developed 
for fly ash and bottom ash handling and disposal; similar curves (capital cost 
versus FGD waste generation, metric to-:. s ) were developed for handling and 
disposal of FGD was.te. Cost curves for the handling and disposal of FGD wastes 
were plotted with capital cost vs. FGD waste generation rate rather than power 
plant size. This is because FGD waste generation rates vary widely for any 
given plant size. The cost of FGD waste handling and disposal is too dependent 
on the sulfur content of coal used for any one plant size to have a meaningful 
cost relationship in terms of plant size • . Similarly, annual cost curves 
(annual cost vs. power plant size, MW, ·and annual cost vs. ash generation, 
metric tons/year) were developed for fly ash and bottom ash waste handling and 
disposal; in addition, cost curves (annual cost vs. FGD waste generation, 
metric tom· ···ear) were developed for the handling and disposal of FGD waste. 
For the s _ rc as ::. a~ me~1t i o:-.~d a.be ; e, c:.:s t curves for the handling and 
disposal of FGD waste were not developed in terms of annual cost vs. plant 
size. ·· · · · 

In preparing the generic capital and operating cost curves, it was 
necessary to convert all cos.t data to a common basis. In some cases, this 
?"equired developing new cost estimates for generic engineering designs based, 
in part. on adjusted site specific data. For example, waste handling by truck 
transpor~ varies in cost according to transport distance. It was necessary to: 
(l) convert all systems to a common design basis in terms of transport 
distance; (2) determine mobile equipment and operating requirements (e.g., 
fuel, labor, maintenance, etc.) for the new design basis; and (3) calculate 
capital and annual costs for the generic (i.e., revised) engineering design. 
The basic engineering design premises adopted for the generic engineering 
assessment are provided in Table 4.18. To arrive at common design bases, many 
elements in site-specific and literature engineering designs had to be 
adjusted. including: 

• service life; 

~ load factor.; 

• fly ash/bottom ash ratio; 

• coal ash content; and 

• the presence of liners . 
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TABLE 4 . 18 

Sl~!}URY : r SASIC ECONO~nc PREIISES FOR GENERIC COST CURVES: 

FCC WASTE H.ANDLI~C A~D DISPOSAL 

Economic Premises 

\'ear of Caoital and Annual(. st :stimates 

Capitalization of Site 
Construction . Percent) 

Capitalization of Site 
Reclamation !''. Percent . 

Capi~al ~harge Factorsa 

• Procesri Equipment and n1sposal Site 
• 'lobile [ quipment 
• r'.ecia1:1at::.on 

System Battery Limits 

., 
~and Co~c (S/~-; ~lac~~ 

Late-1982 

100 

100 

0.14\ 
o. 230 
0.035 . 

Waste Handling/Processing 
to Ultimate Disposal 

0. :'9; ]200 

.:iTh'3se capital charge fact:ors were employed in the preparation of the 
:i!.°st ve~r annual ~osts for the six study sites and in the adjustr.ients 
;n.3dc tJ cost Jata found in the literature, when practicable. 

" rho:! :a:-ical ,: h...1rgt: :accor for mobile ~quiprnent incL1des an allowan : e 
f.;,r int~rim repl:i.cen,e ;. t. 

S0~1rce: Arthur D. Little, Inc., estimates. 
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In some cases, it was easier to determine the equivalent plant size that 
corresponded to the generic engineering design premises and for which the 
existing system design was appropriate, rather than to redesign completely the 
existing system to meet the generic premises. For example, if the bottom ash 
handling system at a given 500 MW plant is designed to handle bottom ash 
resulting from a 90/10 fly ash/bottom ash split, the system would be considered 
underdesigned for a 80/20 fly ash/bottom ash split. However, the same bottom 
ash system could handle bottom ash from .a 250 MW plant generating 20% of its 
ash as bottom ash. Thus, rather than redesign the system to meet the engi­
neering premises of the study, it was simpler to determine the plant size that 
corresponded to premises for the specified system. Of course this adjustment 
applied only to the plant size (MW) vs. cost determinations with respect to 
parameters affecting the lifetime or annual ash generation rates (i.e., service 
life, load factor. coal ash content and fly ash/bottom ash ratios). 
Differences between the design ?remises and actual design specifications of the 
remaining parameters listed required engineering design adjustments. If these 
adjustments were needed, corresponding capital and annual costs adjustments 
were made. Additionally, capital and annual costs from various studies were 
adjusted to the common bases shown in Table 4.19. 

The least squares method of curve fitting was used to generate curves for 
adjusted capital costs, operating costs, and plant sizes for different combina­
tions of coal ash types (e.g., fly vs. bottom ash) and modules. In cases of 
t.:o or !:,':re d .. stinc: syst .:::::- •:-c-,::-iations wit: . :.:i a giver. module for a gi·: en waste 
type,, (e.g., wet and dry transport of fly ash), two or more different cost 
curves were developed. 

4. 7 ENVIRONMENTAL ASSESSMENT 

4.7.1 Overview 

The environmental asse~sment conducted in this project emphasized three 
aspects of coal ash and FGD waste disposal: 

• effects on groundwater quality; 

• effects of non-point source drainage on surface water quality; and 

• use of mitigative designo management and disposal practices. 

Within this context, the assessment work was divided into two major 
efforts. First, individual site assessments were prepared for each of the six 
study sites based on available background information and on the data developed 
dur;tng this project. The methodology for these site assessments is described 
in detail in Section 4.7.2, and the assessment findings are presented for each 
site in Section 5. 

The second major assessment effort was to use the findings from the six 
sites along vith available information from other studies to describe the 
"generic" (industry-wide) effects implications of the various forms of coal ash 
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TABLE 4 . 19 

SIDC-1ARY OF BASIC E~~G rNEERniG DESIGN PREMISES FOR GENERIC COST Ct:RVES: 
FGC WASTE HA:-.i"DLI'lG A~ID THSPCSAL 

E~~GINE:.RDJG DESIGN PREMISES 

Power Plant 

New or Retrofit 
P'iant Size (~it-1) a 
Boiler Type 
Heat R.-.ce (M joules / kWh; Btu 'kUh : 
Lvc ation 
Service Life (y~) 
L.:;ad Factor (Lifetime Averaee Percentage 'l 
:::y Ash/Bottom Ash Ratio 

Coal ? ro per't~ 

Sulfur Content i?ercent) 
Ash Content I Percent} 
Heating Value (M joules/ks; ; Btu/lb) 

Ai r Pollution Contr~l 

?arci~ulace Control 
Particulate Removal (Percent' 
~u! :ur Oxides Control 

.\lkali Stoichiometrv 
SO~ Removal (Percent) -

Disoosal Site 

::ype 
Design Life : yr) 
Terrain 
Groundwater ~1onitoring Wells ,Number) 
Reclamation (Closure ) 

Liner 
Distance from Pla:it (km; miles ! 

aLarge plants employing multiple 500 TvflJ units. 

Source : Arthur D. Little. Inc. esti~ates. 

4-6 ... 

~ew 
200-3000 
Pulverized Coal-Fired Dry Bo t tom 
12; 11,400 
United States 
30 
70 
80/20 

0.5-3.S 
12.0~1s.o 
22. 0-26. 7: 9 ,500-11, 500 

ESPs 
>99 
Conventi0n.:1l l.im<.-! Scrubbi:r with 
or without Forced Oxidation 
1.1 
>70 

Pond/Landfill 
30 
Level 
6 
0;45 m cover soil· 0.15 ~ top 
soil; reseeding 
None 
1.6; 1.0 
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and FGD waste disposal. The approach used for the generic or industry-wide 
assessment is summarized briefly in Section 4.7.3 and is presented in more 
detail, along with the findings, in Section 7. 

4 • .., .2 Approach to Site- ._oeciL .. c Environmental Asses -:-:nents 

The individual site assessments were accomplished by: 

• reviewing and evaluating background information on the disposal 
operations and setting; 

• identifying and describing present disposal-related water quality 
effects based on evaluation of measured information developed during 
this project; 

• postulating apparent cause/effect relationships to explain the findings 
at the site; 

• considering potential future ranges of water quality effects (to the 
extent that suitable data were available); and 

• summarizing the broader industry-wide implications of the findings at 
the 'individual site~ 

4. 7. 2.1 Assessment of Effec.ts on Groundwater Quality-
. 4. 7. 2. 1.1 ·· ·Development of B.a.ckground Information -- Background data were 

used in many ways. · The data served as a source of information on: 

o Early or pre-disposal conditions. 

• Influences not related to the ash or FGD waste · di.sposal. but still 
affecting the disposal site environment. 

• Yearly or seasonal variability (if any). This .gave a better perspec­
tive on the results from this project and provided additional informa­
tion for the trend assessment. 

The background data also provided a reference point that could be used to 
determine the reasonableness of the background sampling results obtained during 
this project. 

Geologic and Hvdrogeologic Background Information. The initial phase of 
site hydrogeological ·evaluation consisted of collecting and reviewing existing 
information on near-region and site-specific geologic and hydrogeologic 
conditions. This information was used to determine if the geologic and 
hydrogeologic conditions at a site would allow it to be adequately analyzed 
within the cost guidelines of the project. The information was collected and 
reviewed throughout all phases of the project, and it vas used to refine or 
modify the assessment of a selected site. 
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Geologic information of incerest included: 

• topographic and physiographic conditions at the site; 

• type of bedrock and surficial materials; 

• stratigraphy and structure of geologic units; 

• type and degree of site area disturbance caused by construction and 
mining; and 

• other geologic conditions which could affect site area hydrogeology and 
site development for monitoring. 

Hydrogeologic information included: 

e proximity of major surface water bodies to the site area; 

• flow characteristics of nearby streams and rivers and the potential for 
flooding in the site area; 

• stratigraphy, pressure conditions, and hydraulic properti_es of aquifers 
underlying the site area; 

• depth to the water ta.ble(s) and direction(s) of groundwater flow; 

e location of nearby groundwater recharge or discharge areas and areas of 
artesian flow; 

o aspects of the hydrologic cycle, including precipitation, 
evapotranspiration, infiltration, groundwater recharge, and surface 
water and groundwater runoff; and 

• use of surface water and groundwater resources in. the site area. 

In the course of gathering this inforllia~ion, data on the chemical characteris­
tics ot surface water and groundwater were often encountered. These were 
catalogued and assessed in conjunction with the geologic and hydrogeologic 
information.. 

Geologic and hydrogeologic information pertaining to a particular site 
area were obtained from a variety of federal, state, and local government 
agencies; public and private organization; and knowledgeable individuals. 
These infonnation sources included: U.S. and .State Geological Surveys; U.S. and 
State Soil Conservation Surveys; U.S. and $tate Bureaus of Mines; National 
Oceanic and Atmospheric Administration; Corps of Engineers; U.S. and State 
Environmental Protection Agencies; and U.S. and State Bureaus of Roads. More 
local sources of information included the specific utilities, regional and 
local technical libraries, local engineers and contractors, and local and state 
water surveys. 
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Before each site visit, the following near-region and site-specific 
reference materials were obtained: 

• U.S. Geological Su:o:- (USGS) 1:24,000-scale topographic maps of the 
area surrounding site, to n 8-kilcmer - (5-mile ~aa~us. If 
these were not available, suitaole topographic coverage at a smaller 
scale ~as obtained for the same radius of coverage. 

• U.S. Geological Survey (USGS) 1:250,000-scale topographic maps of the 
area surrounding each site, to a 40-kilometer (25-mile) radius. 

• U.S. or State Geological Survey geologic quadrangle maps of any 
available scale for the site and area, to a 32-kilometer (20-mile) 
radius. 

• County soil survey reports of the Soil Conservation Service or its 
predecessors at the U.S. Department of Agriculture. 

• Site-specific topographic maps or construction drawings, if available. 

During site visits, utility representatives were interviewed by the 
hydrogeological/geotechnical representatives of the team to gain access to 
site-specific information sources. These included construction drawings and 
aocuments re:att!".g to the c:.c::osal site, site-s.- cif-- to;:-o~ra'Phic surve•,s -:nd 
geologic maps, bot'ing logs and logs of local water wells, site-specific 
groundwater surveys, site area environmental studies, and others~ A prelimi­
nary reconnaissance surficial geologic map of the disposal site was made during 
the visit, and general and specific. site geologic and hydrogeologic conditions 
were observed and noted. Color slides of the site area were obtained to 
document existing site conditions. 

Local public and private agencies were also visited to gather information 
on near-region and site-specific geologic and hydrogeologic conditions. 

Groundwater Quality Information. Background information on groundwater 
quality was available from several source. The availability of such informa­
tion was checked routinely during visits with utility personnel and by tele­
phone contact ~1th government agencies. The data available from these sources 
included: 

• well data from explorations during utility planning/construction and 
information from neighboring projects, such as data from individual 
water supply wells (e.g., Smith and Sherburne County sites); and 

• groundwater monitoring· data from studies conducted by the utility 
(e.g., Sherburne County, Allen, Powerton and Dave Johnston sites). 

The U.S. Geologic Survey Water Resources Data for different states is a 
publicly available source of groundw-ater quality data. These data were 
requested for sites that were being considered for test plan development. The 
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amount and level of detail that were available varied widely from state to 
state. For example. available data for the Smith site area included generali­
zations about the chemical nature of local aquifers (based on sampling data). 
Only physical hydrologic data were available for most of the other sites. 

Climatology Information. Historical and current climatology information 
were obtained ~rom the National Weather Service and National Climatic Center. 
Data on historical precipitation and evaporation were collect.ad for the 
Vicinities of each site. The historical precipitation data were updated 
monthly during the field portion of the effort to help schedule sampling visits 
for targeted (wet or dry l periods, and for subsequent use in interpreting 
measured information obtained during the visits. 

4.7.2.1.2 Identification of Present Effects of Disposal -- The overall 
approach to groundwater assessment at each site relied on two major sources of 
information: (1) background information in at least two categories (climate 
and geohydrology) and (2) data collected during the project in three major 
categories: · 

• geology/ geohydrology of the site; 

• physical and chemical properties of the site waste(s) and solids; and 

• groundwater quality associated with the site. 

In the broadest sense, the groundwater assessment approach consisted of 
three steps. First, the measured geohydrologic and geotechnical information 
was used , to describe a site water balance. Next, correlations between chemical 
concentrations in the waste and downgradienc groundwater (but absent from 
background groundwater) were identified and described. The . final step was to 
assess the significance of any disposal-related changes in groundwater quality 
by comparing them with appropriate standards and prevailing background condi­
tions. 

De~w'elopment of Geological Profiles and Water Balance at Each Site. 
Development of a site-specific water balance involved thl:'ee-steps: (1) analyz:­
ing hydraulic conductivity (permeability) test data for soil units at the site; 
(2) generating generalized hydrogeologic profiles of the site; and (3) using a 
mass balance or flow net approach to generate a water balance. 

The hydraulic conductivities of subsurface soil units (including waste) 
were determin1ed. from data collected in-situ from boreholes and completed W'ell 
installations; and from laboratory testing of undisturbed and remolded soil 
samples. In most cases, the hydraulic conductivity measurements made in the 
field were considered more.representative of the in-situ soil conditions than 
the laboratory measurements. Laboratory hydraulic conductivity measurements 
were supplementary. 

Representative hydrogeologic profiles were developed for the specific 
sites, based on the revised surficial geology plan, geologic cross sections, 
groundwater level contour map, and hydraulic conductivity data. The number : ,f 
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profiles developed de.pended on the site's geologic and hydrogeologic complexi­
ties. The hydrogeologic profiles were generalized to account for most of the 
geologic and hydrologic conditions. The hydrogeologic profiles indicated the 
hydraulic conductivities of soil units, the transmissivities of soil units, 
h·,craulic heac. conditions in surface water bodies. t:he 'Dresence or absence of 
u~saturated zones beneath t:he waste repositories, hydra~lic head conditions in 
confined and unconfined water-bearing soil units, and horizontal and vertical 
components of hydraulic gradient and groundwater flow. 

The water balance for each site attempted to account foT all major inputs 
and outputs of groundwater and surface water in the site area and in the 
immediate vicinity of waste repositories in such a way,that the potential for 
and amount of leachate movement could be assessed. Site-specific water 
balances were generated based on groundwater level contou!' maps, hydraulic 
conductivity ce-::eminations :o:: subsurface soil units, and hydrogeol . c 
profiles. 

The water balance at a site could be determined eitheT by a mass balance 
or a flow net approach. The particular method depended on the complexity of 
the site and on .the amount of available geologic and hydrologic information. 
The mass balance approach to generating a water balance involves determining 
the fluxes of area- and point-source inputs of groundwater and surface water. 
The fl ·x of one unknown variable can be determined if values for all.other 
~,a:-i c..- _ iC _,,;,,.'T; . : o~ l'-':.!"'"1p_e. if the ·,a_ue -;,f : • • inputs to a pond . :-e 
know, as well as the loss .of water due to all mechanisms ot:her than seepage 
through the pond .bottom; the loss of water by seepage is equal to the total 
water input minus the loss of water due to all mechanisms other than seepage. 
If the amount of incident precipitation, runoff, and evapotranspiration are 
known for a landfill, the amount of groundwater recharge can be dete.rmined. 
The results of the mass balance approach to a water balance are fluxes of 
groundwater and surfac~ water for the various components of the hydrologic 
system in the site area. 

A flow net approach is preferable for generating a water balance at a site 
whe-re more than one variable of the hydrologic system is unknown. With this 
approach, the unknown variables may be calculated directly o-r indirectly based 
on Darcy's Law and a knowledge of the hydrogeologic and hydraulic conditions at 
the site. For example, if some inputs to a pond are not known, the seepage 
through the. pond bottom can be estimated if the hydraulic properties of the 
pond bottc,m and the hydraulic gradient across the pond bottom are available. 
Similarly. the amount of groundwater movement to a surface water body can be 
-estimated by analyzing a flow net generated on the basis of hydrogeologic and 
'hydraulic information obtained during site development. The results of the 
flow net approach to a water balance can be fluxes of groundwater and surface 
water for the.various components of the hydroiogic system in the site area, or 
average linear velocities of groundwater flow in subsurface soil units. · 

Assessment of Groundwater Quality Data. Data on the composition of 
groundwater at the site collected by the chemical sampling and analysis were a 
major source of information on the present-day effect of the disposal operation 
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on the surrounding environment. The assessment of the interactions, effects, 
and implications of this data involved two major types of activities: (1) 
establishing the reliability range of the data sets; and (2) examining the data 
within the context of selected concentration limits for particular species and 
for overall tt"ends across the site. The assessment process was repeated as 
each successive series of sampling and analysis data became available. The 
practice of evaluating successive data .sets before collecting succeeding 
samples gave special flexibility in the testing/assessment parts of the 
program. It allowed potential mid:..course redirection ot'. refocusing of the 
subsequent chemical sampling and analysis· efforts. if such changes appeared 
advantageous fer the overall assessment task. 

·· Establishing· Data Reliability . The QA/QC effort for the chemical sampling 
and analysis activities gave estimates of the confidence limits associated with 
the various data sets generated in the test program (see Section 4S.). The 
confidence limits were translated into a context that could be used in the 
environmental assessment. For example, the confidence range measurements might 
be appropriately expressed in terms of some factor times selected environmental 
standards, such as those for drinking water • . Accordingly, after the confidence 
limits had been established, the data were examined, initially against some 
appropriately selected standards. · This setvedto identify data points in which 
the c:oncentrations reported were either high or low enough to constitute · 
identifiable environmental effects~ These data points .. were then subjected to a 
recheck of calculations and data transcription {but not necessarily reanalysis, 
see below) in order to confirm the levels identified and reported • . This 
activity was ?'elated to but different from QA/QC activities in that a set point 
related to the environmental content was used to trigger reexamination of the 
data rather than the deviation from some analytical standard. • In rare cases, 
it appeared that a questionable value was reported correctly, and that an 
actual reanalysis of the sample was called for. Such requests for reanalysis 
depended on the nature and magnitude of the reported analytical value and on 
'whether the sample was unique or the location was_ likely to be resampled and 
analyzed during a subsequent sampling trip. · 

Such date examination began after the data for the first full sampling 
trip were available. At that point, trends between sampling points had been 
compared. The data available from samples collected during site>development 
'ilere evaluated to determine trends, such as those that would indicate stabi­
lization of wells or continuing variations that could mean real changes in the 
water composition. This data evaluation effort was an ongoing process. As the 
data for each additional sampling visit became available, they were subjected 
to the same examination for reliability and trends so that a picture of the 
site water chemistry became clearer on a continuous basis . throughout the 
project. 

Comparison of Data. With Concentration Limits! and for ·Trends Over the 
ill.!· Once the data had been analyzed for reliability of confidence intervals 
and for trends · (which would indicate whether composition in sampling points had 
stabilized or was cont:f.nually changing), the data for the individual sampling 
points within the site were compared in several ways, including: 
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• examining the degree of correspondence between the levels of potential 
naturally occurring tracers (chemical constituents) in the waste 
interstitial waters or water extracts and downgradient well water, 
versus background well water; 

• det:er:?lining the ncr: emical logicn associated .. ith the observed presence 
or absence of correlations; 

• characterizing the p.atterns of elevated concentrations in time and 
space across the site; and 

• determining the degree to which concentrations of parameters were 
elevated relative to reference concentrations, such as drinking water 
standards, or standards for agricultural use, including whether such 
. :e•n:ted concentratior.s actually occured in the settings that the 
;.:; : ::.nc.aras were intended to protect. 

4. 7. 2, 1. 3 Techniaues for Further Interp retation of Groundwater Data -­
!nterpretation/proj ection techniques were used to assess groundwater effects. 
In this approach, observable effects were accorded greate-r importance and 
credibility than projected effects. Simple techniques, based on practical 
hydrogeological experience and appropriate assumptions., were initially applied. 
More complicated techniques were considered only in cases where simple techni­
ques were inca~~ble e f addressing important assessment issues. 

Many techniques are available for interpreting .groundwater data. These 
vary in their levels of mathematical complexity and in their abilities to 
address specific assessment issues. The general approach to using the 
interpretation/projection techniques began with identifying an assessment issue 
as a result of evaluating field observations. The issue could generally be 
framed as one or more questions. For example, "Groundwater directly beneath 
the waste is observed to contain concentrations of selenium and arsenic in 
excess .of relevant standards~ However. groundwater monitors around the 
perimeter of the disposal site do not exhibit elevated levels of selenium and 
arsenic. What is the likelihood that concentrations exceeding .standards will 
eventually be observed off-site? If elevated levels are expected to migrate 
off-site, when would .such contamination be observable?" Questions of this 
nature were fonnulated during the assessment of the measured groundwater 
quality data (described in Section 4.7.2.1.2). 

In the assessment phase of this project, the simplest techniques for 
further interpreting groundwater results were generally characterized by the 
following assumptions: 

• Either the head distribution or the flow velocities were known. 

• Flow was primarily in one-dimension . 

• Disperson and/or chemical processes did not need to be accounted for. 
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An initial list of potentially applicable projection techniques was prepared. 
This list was based on the state-of-the-art analysis of groundwater migration 
problems and familiarity with the assessment issues likely to be addressed in 
this project. 

Some issues were generally not sufficiently resolved by the available 
interpretation/projection techniques to justify their use at several of the 
sites. These issues included: 

• The considerable ranges of uncertainty associated with geotechnical and 
hydrogeologic measurements in field situations. While such data may be 
simple to represent mathematically, there is often order-of-magnitude 
uncertainty in key physical variables upon which projections must be 
based. Where such uncertainty prevailed. the quant:itative projection 
techniques were deemphasized in favor of more qualitative discussion of 
the cause-effect phenomena and expected ranges of future effects at the 
various sites. 

• Description of physical and chemical phenomena in wastes as we11 as 
soils. Many of the techniques have been validated for naturally 
occurring soils, but only a few (and sometimes at limited scale) for 
FGC wastes. 

• Mathematical integration of dynamic surficial, unsaturated.zone, and 
saturated zone phYsical phenomena in materials of differing physical 
and chemical properties. Many of the techniques reviewed address one 
or two of these parts of the picture, but few if any represent the type 
of interactive conditions that occur in the field and have been 
validated at field scale. 

e Physical phenomena (e.g., water flow) tend to be better represented 
(mathematically) than chemical phenomena, such as the various factors 
contributing to chemical attenuation. This trend called for more 
independent evaluation and interpretation of physical and chemical 
factors at various sites, as in the case of As attenuation at the Allen 
site. 

• Cost effective techniques for representing subsurface phenomena in 
three dimensions are not generally available. At some sites (depending 
on such factors as site surface area versus depth to the water table). 
such techniques would have been more appropriate than one- or 
two-dimensional representations. The available three-dimensional 
techniques tend to have excessive programming and storage requirements, 
and in some cases may only represent many iterative one- or two­
dimensional solutions. 

Concerns such as these were taken into account to ensure that the selec­
tion process was judicious and that a balance of mathematical and judgemental 
interpretive techniques were used for the project. 
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4.7.2.2 Assessment of Effects on Surface Water Quality 
4. 7. 2. 2. l ,Development of BackgTound Inf.ormation -- Background information 

for physical hydrology and water quality was available from several sources. 
Among the ~ore u, :~1 sources of water background data were: 

• environmental assessments for the utility or neighboring projects 
(e.g., Smith site); and 

• water quality/quantity studies by the utility (e.g., Allen site). 

The availability of such sources was routinely checked during visits with 
utility personnel and by telephone contact with state and/or regional govern­
ment agencies. 

Another publicly available source of surface water data is the STORET 
system. This . is a federally supported repository for surface water data, 
principally that collected pursuant . to the Clear Water Act. At the least, the 
system contains surface water data that result from regular, repeated monitor­
ing at fixed locations. For some sites, it also contains data from special 
studies that have been conducted, as well as effluent data and data on public 
water supply intake quality. Physical characteristics such as temperature and 
flow rate are also frequently available. The amount of data stored in the 
system variec; frr,m state to st;'lf' f, althon£h th.e report:!.ng of fixed station 
mon-1.~ri:-_.; i.:; r~ , .L ~= e:Cl at ,,.. .... _ .;.::: ... .:- cs. 

For this project, the boundaries of one or more USGS quadrangles contain­
ing the site were used to recall all STORET water quality data for the last 
five years for all the sites considered for test plan development. The . results 
of this retrieval varied greatly with site location -- from a large number of 
parameters o.easured in water bodies and sediments near the site in question, to 
essentially no information on surface waters near· another given site. 

The U.S. Geologic Survey water resources data for different states are 
publicly available sources of surface water data. These .. were routinely re­
quested for all sites being considered for test plan development. • 'While 
largely hydrologic in nature, such state surveys can also contain some water 
quality data. Data on the rate of stream discharge, including information on 
means and extremes, were of particular interest for sites like Powerton, where 
the disposal operation was adjacent to a small stream with variable flow. 

Such information helped the investigators understand potential sources of 
contaminants (e.g., mine drainage at the Elrama site). Information on mixing 
v:1>lumes for non-point source additions was developed from stream flow data, 
~gether with with an understanding of approximate stream surface area (a USGS 
map could be a source). 

In all cases. the timeframe, proximity to the site, and the sampling and 
analysis methods used to generate data were considered • . Wher~ surface water 
quality or hydrologic data were part of in the overall assessment, especially 
for trend assessment, an effort was made to contact the source of data reports 
(e.g., the utility), and identify sampling and analysis methodologies and 
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detection limits. An overall evaluation of the usefulness of surface water 
background data included a careful look at those areas sampled frequently, for 
evidence of reproducibility. 

4.7.2.2.2 Identification of Present Effects of Disposal -- The assessment 
of non-point source effects on surface water quality at the various sites drew 
on background information and data gathered during this pToject. Background 
information was considered in at least two categories (climate and surface 
water hydrology and quality). Information gathered during the project included: 

• topography and surface water hydrology of site drainages; 

• physical and chemical properties of the site waste(s) and soils; and 

• surface water quality associated with the site. 

Additionally, the mechanisms of non-point source effects on surface water 
quality at the sites included leachate discharge from groundwater to a 
receiving surface water body (as opposed to or in addition to runoff 
discharges). Thus, the above considerations were supplemented by the results 
of groundwater effects assessment (described in Section 4.7.2.l), which served 
as inputs to the surface water quality evaluations. 

The main steps in assessing present surface water quality effects at the 
various sites were: 

• review and comparison of the results of physical hydrologic measure­
ments from this project and other studies to define admixing con­
ditions; 

e identification of correlations between waste-related adjacent and 
downgradient chemical species concentrations in the water body; and 

• evaluation of the significance of any disposal-related changes in 
surface water quality by comparison withpackground values and appro­
priate standards. 

These steps were relatively simple to implement for the small stream at the 
Powerton site. In the fast-moving or large mixing volume waters at most of the 
other sites (e.g., Elrama), non-point source constituents were not found or 
expected in high enough concentrations to be picked up by monitoring. The 
estuary at the Smith site represented a somewhat more complicated situation. 
For example. tidal action can cause both upstream and downstream movement of 
entering constituents, and specific tlparcelsn of water can visit the same areas 
many times before finally moving seaward. Under these circumstances, so called 
"upstream" correlations had to be made with different background locations 
(checked with sediment analyses) -- in this case, parallel tidal creeks not 
under the potential influences of non-point discharges from the ash disposal 
pond. 
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Three types of potentially applicable water quality standards promulgated 
by EPA were used to judge the significance of waste-related changes in surface 
water quality: 

• Inter:...:i Primary and Secondary Drinking Water Standards; 

~ Water Quality Criteria for the protection of aquatic life; &nd 

a Water Quality Criteria for protection of other water uses, such as the 
criterion for boron designed to protect certain sensitive crops from 
elevated levels in irrigation water. 

In cases where one or more of the above standards was used, the assessment took 
into account the extent to which the uses designated for protection actually 
prevailed in the respective disposal site settings. 

4.7.2.2.3 Further Interpretation of Effects on Surface Water Quality - ­
The evaluations of present-day effects on surface water quality at several 
sites largely pre-empted the need for further study of cause/effect hypotheses 
(beyond simple mixing phenomena) or of .expected future concentrations of 
waste-related chemical species. This was in part because the magnitude of 
measured water quality effects appeared to be so small, even in a perceived 
steady-state where off-site concentrations equaled or exceeded those in the 
·.Jaste dep :- s- ~ ~f"e Powertor. : _s·-1 ::s :-: .".'e:~::.o:: s; , am' a:s .:; ~ecat!!" ': ~". :. 
potential for relative contributions at the other "pre-steady-state" sites 
(e.g., Allen, Elrama, Dave Johnston, and Sherburne County) vas too small to 
justify detailed analysis. 

4.7.2.3 Assessment of Mitigative Practices 
Overall Approach -- The overall approach to assessing the effects of 

mitigative design, management, and/or control practices at the study sites 
included: 

• evaluating the observed effects of the mitigative measures employed; 

• assessing the enviromnentaleffects of these mitigative techniques; 

• considering the potential environmental effects in the absence of such 
mitigative measures; and 

• evaluating the potential for future use of these mitigative techniques , 
in light of their costs. 

The mix of sites selected for investigation gave an opportunity to 
evaluate and recommend many of the basic types of mitigative design, management 
and control practices generally used. Table ·4.20 shows the particular 
mitigative practice(s) used at the six plants. 

As illustrated in Table 4.20, the Allen and Smith plants collectively 
exemplify not only the unlined ponding of combined fly ash and bottom ash, but 
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also the potential environmental advantages of ash pond sluice water recycle. 
Ash pond overflow at the Smith plant is recycled back to the plant to be used 
as a source of water for ash sluicing. The SherbuTne County plant also gives 
the opportunity to evaluate a ponding operation; however, thi -, pond is lined 
with clay and recei·es both fly ash and FGD wastes. !he lining is about 0.5 
meter (1.5 feet) of clay and can be considered a potential mitigative design/­
control measure. In addition, the FGD system at the Sherburne County plant 
uses forced oxidation. This can improve the dewatering characteristics of the 
FGC waste. The Elrama plant shows potential mitigation offered by FGD waste 
stabilization. The operation at the Elrama plant uses the ConveTsion Systems. 
Inc. (CSI) fixation process, in which both fly ash and lime are added to the 
FGD waste. 

Finally, the Dave Johnston and Powerton plants illustrate dry disposal 
(landfilling) of fly ash in different unlined and lined settings, respectively. 
Par.t of the Powerton plant landfill is artificially lined with Poz-0-Pac®• an 
admixture of coal ash and lime which is pToduced by a p?.'oprietary process. In 
another adjacent part of the landfill, essentially no liner was found in the 
excavations made for this program. The disposal areas studied at the Johnston 
site are unlined, and the active landfill was developed in an excavation 
reportedly designed to reduce the potential for wind-borne loss of fugitive ash 
particles. 

4. 7. 3 Summcrv of A?oroach t + Ge".':.eri.:. Pr0J ec1:1-,.-, c: :::"'::!Ust:rv-·. ide 
Implications·of Coal·Ash and FGD.Waste•Disposal 

Six major steps were taken to translate the results from the individual 
sites into findings broadly applicable to the coal ash and 'FGD waste disposal 
practices of the utility industry: 

1. Characterization of the ma j or cause/effect mechanisms app licable to the 
non-point source water quality effects of coal ash and FGD waste 
disposal. 

This step involved identifying and characterizing four principal 
effects mechanisms that act in combination to determine water quality 
-- leachate formation, leachate movement, admixing, and attenuation. 
These mechanisms are in turn governed by three main factors, namely, 
waste type, disposal method, and environmental setting. The' roles 
played by these factors were also identified and characterized. 
Section 7 of this report details the results of this step. 

2. Identification of the broader implications of the findings at each of 
,the study sites. 

In this step, the results from each site were evaluated in the context 
of the above cause/effect relationships to assess the transferability 
of the findings to various combinations of wastes, disposal methods, 
and settings. Section 5.2 presents the results of these evaluations 
for each site. 
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3. Evaluation of che findings of other studies. 

Results of che various other full-scale and pilot-scale field studies, 
and laboratory studies of coal ash and FGD wastes from other programs 
were reviewed in the same context as the results from the six sites 
studied in this program. Section 7.5 discusses these findings. 

4. Matrix assessment of findings. 

The results of steps 2 and 3 were superimposed on the matrix of sixty 
possible combinations of major waste types, disposal methods and 
environmental settings. This showed the range and likelihood of generic 
effects applicable to the individual and major categories of matrix 
combinations. Sections 7 .• 5.5 and Appendix H detail these findings. 

5. Assessment of mitigative practices • . 

Based on .the potential needs for mitigation made apparent by steps 1-4 
and . the: engineering/cost evaluations (Section •6). potentially · 
applicable .mitigative measures were evaluated and are discussed in 
Section 7.6. 

6. Translation into a decision framework. 

As Section 8 describes in detail, the assessment results were trans­
lated into a decision framework. This framework identifies the infor­
mation needs and sequence of activities that could ·provide utility 
planners and/or regulatory agencies with comprehensive coverage of the 
major technical, environmental, andengineering/ cost disposal issues in 
a manner to facilitate decision-making. 
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SECTION 5 

RESULTS AND CONCLUSIONS FOR THE SIX STt.JDY SITES 

5. 1 OVERVIEW 

This section summari7es t .. :"" environmental assess-:-ant and engi?:.e-;. ring c ;-.. t 
results for each of the six sites. Some of the significant, general , 
environmental assessment conclusions are that: 

(1 ) Major dissolved species, especially sulfate, can be expected 
to migrate off-site, in exceedance of secondary drinking 
water standards, and remain unattenuated •. · However, in all 
cases except direct, upgradient hydrogeologic proximity to 
drinking water or a very small surface water body, such 
~igration would have little environmental significance. 
This is because t r: r elevated concentratiot:s would preva :." 
only in a fairly small area and are generally below damage 
thresholds. Thus, they would have few, if any, adverse 
ecological effects. 

(2) Releases of most trace metals are generally within 
acceptable limits (e.g. , drinking water an_d aquatic life 
standards), because of the combined effects of receiving 
water dilution and the che~ical immobilization of most 
waste-related species. Arsenic is a significant exception 
that would require case-by-case evaluation for analogous 
wastes. In this study, elevated concentrations of arsenic 
in the in-situ liquid phase and/or off-site mobility of 
arsenic were observed at three of the six sites. 

(3) In settings characterized by at least modest precipitaticin 
and fairly pervious soils where .disposal occurs in direct 
hydrogeologic proximity to a subsurface drinking water 
supply or small, high-quality surface water body, an 
artificial disposal site liner may be needed to minimize 
contamination by (at least) the major species. A minimum 
liner thickness of about 0.5 m (1.5 ft) would suffice for 
proper engineering placement of soil-like liners. 

(4) Isolated areas of high-quality surface or groundwate r may be 
expected at disposal site sett:ings where Qlost of the ambient 
water is highly mineralized . This phenomenon was observed 

- . ~-.... 
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in the highly mineralized western and acid-mine drainage 
settings studied in this program. 

(5) In many cases, adverse environmental water quality impacts 
that may occur can be adequately mitigated by careful 
location of the disposal site. Areas with less permeable 
and more chemically attenuative soils are preferable, as are 
locations that ·are removed from drinking water supplies or 
key small surface water bodies. 

The results and conclusions are discussed in more detail below for each 
individual site studied in this program. 

5 • 2 PLANT ALLEN · 

5.2.1 Site Description 

5.2.l.1 Background-- . 
Plant Allen of Duke Power Company is located in Gaston County, North 

Carolina, four miles southeast of the town of Belmont. The plant site is 
adjacent to the west bank of Lake Wylie, one of eleven impoundments that · 
comprise the 386 km (240 miles) Catawba River Development. The site location 
is shown on Figure S. L . . . . 

· The coal ash disposal site at Plant Allen consists of two separate, major 
units. The first unit is comprised of retired ash ponds, approximately 
~06,000 .m2 (127 acres) in total area, that were used and expanded from 1957 to 
1973. The second unit is the active ash pond, approximately239,000 m2 (146 
acres) in area, that was constructed in 1973. A combination of fly ash and 
bottom ash is presently sluiced directly into this pond located immediately 
south of and adjacent to the retired pond complex. The . liquid overflow from 
the ash pond is discharged untreated into adjacent Lake Wylie. The ash ponds• 
are retained by earth dikes constructed from residual soils excavated from 
within the .ashpond limits. 

The following factors were important in the selection of the combined fly 
ash/bottom ash disposal ponding operation at Plant Allen for study: 

• The practice of pond disposal of combined fly ash and bottom ash is 
the most cotm1on FGC waste disposal practice in the United States and 
virtually the only disposal practice in the Piedmont Region. 

• The amount of precipitation and the mix of residual and alluvial soils 
at the Piant Allen site represent environmental conditions typical of 
many other locations in the eastern half of the United States and are 
particularly representative of the Piedmont Region, which supports 
significant coal-fired generating capacity. 

• Co-disposal of intermittent, contaminant-rich waste streams (i.e., 
boiler cleaning wastes and coal pile run-off) in ash ponds occurs at 
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Plant Allen and is widely practiced, with potentially broad 
applicability in the future. 

5.2.1.2 Geologic Conditions--
The site area lies within the upland section of the Piedmont 

Physiographic Province and is characterized by broad, rolling topography and 
isolated Monadnock-type hills and ridges. The majority of the overburden 
soils were formed from the chemical decomposition of the underlying micaceous 
diorite bedrock. These deposits .are referred to as · residual soils and consist 
primarily of slightly plastic silts and sands with varying amounts of clay and 
quart: pebbles. The weathering profile is moderately <= - ep but highly 
irregular. The bedrock and overburden soils are also c:1aracterized by a 
variety of younger, more permeable igneous dikes and sills which have intruded 
the original bedrock unit. 

Active and ephemeral surface drainage systems . have created several major 
surface drainage valleys with gradients lying at right angles to the Catawba 
River. Several small. localized alluvial .deposits, filled with relatively 
loose and permeable material, are now incorpo-rated within th.e ash basin 
complex. · · · 

Figure 5.2 summarizes the site area surficial geologic conditionst and 
Figure 5.3 presents an idealized subsurface geologic profile sketch. 

5.2.i.3 Hydrologic Conditions-.:.. 
The Plant Allen site lies within the Piedmont Groundwater Province. All 

groundwater is derived from local precipitation which varies from l 012- to l. 38 
m (44 to 55 in) annually. resulting in approximately O. 26 to O. 38 m (10-15 in) 
of percolation to the watertable. The plant obtains all of its cooling and 
process waters from Lake Wylie; approximately 50.000 m3 /day (14.4 million 
gal/day) are used for sluicing ash into the disposal pond, and ultimately 
return to Lake Wylie. 

The original groundwater table depth varied considerably with the site 
topography, from at or above ground surface in the low-lying alluvial areas, 
to an approximate depth of 10 m (33 ft) beneath the higher elevations of the 
site. The limited data available indicate that plant discharges into the 
disposal ponds have created groundwater mounding in their immediate vicinity, 
saturating the former vadose. zone above the regional piezometric level. All 
local surface and groundwater flow is eas"terly towards Lake Wylie (see 
Figure 5.2). 

5.2.2 Site Evaluation Plan and Site Development 

Duke Power Company conducted several environmental studies at Plant Allen 
that supplied valuable hydrogeologic baseline information; in addition, 
subsurface exploration inforznation obtained in 1972 for the active ash p.ond 
dike construction was made available to the study team. Twenty existing 
observation wells installed throughout the plant site by Duke Power provided 
supplemental groundwater level monitoring locations. 
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The project site development plan for Plant Allen included the 
installation of multi-purpose wells and exploratory borings for 
hydrogeological and geotechnical evaluation purposes. Two upgradient 
observation wells were in: : led for background monitoring purposes, and seven 
downgradient ,;.;ells were i:'1.s - alled at various locations and elevations to 
determine the presence and vertical extent of any leachate movement. One well 
was installed in the retired ash disposal pond to determine the piezometric 
surface (which was in a state of hydrologic non-equilibrium), and two wells 
were installed within the active ash pond using floating equipment. A 
piezometer was also placed within the active ash disposal area for sampling 
purposes. 

At the completion of installati on of all monitoring apparatus in January 
: i:' s::. , t:h · · ·el: s ;.;-ere flush ed ... r.d ba -led , and i11i r.ial samples were obtained for 
chemical evaluation purposes. 

The locations of all explorations and monitoring/sampling installations 
are indicated on Figure 5.4. A summary of all field tests and results. the 
types of samples collected, sampling locations, well types and well depths is 
presented in Table 5.1. 

5.2.3 Physical Testing Results 

Figure 5.5 shows the . results of field and laboratory permeability tests 
performed on the fly aSh and bottom ash wastes .at the Allen site. In 
addition, results of standard penetration unified soil classification tests 
are presented. 

One boring (3-1) was drilled in the abandoned ash pond that contains 
fly ash from mechanical collectors and from electrostatic precipitators and 
bottom ash.· Apparencly, ash has been discharged at various locations at the 
site resulting in the segregation of fly ash and bottom ash in Boring 3-1. It 
is estimated that the bottom ash, located near the center of the abandoned ash 
deposit, has a coefficient of permeability greater than or equal to 3 x 10-3 

cm/sec:. The fly ash located near the sudace and •near the bottom of the 
abandoned pond is much finer (87 percent of the particles passing a £4S. No. 
200 sieve)_~ith a coefficient of permeability ranging between 1 x 10 cm/sec 
and 1 x 10 cm/sec. 

Two borings (3-2 and 3-3) were advanced through the active ash disposal 
pond that contains fly ash from both mechanical collectors and electrostatic 
precipitators as well as bot:tom ash, all of which have been disposed 
throughout the life of the act:ive pond. Unlike the abandoned pond, the active 
po.nd had no distinct zones of fly ash and bottom ash. Instead, thin lenses of 
coarser ash were noticed throughout the ash deposit, Results of./ield _ 
permeability tests indicate a range in permeabilities of 2 x 10 to 4 x 10 3 

cm/sec at those locatiqns .tested. Because of the horizontal layering of the 
ash in both ponds, it is estimated that the coefficient of permeability of the 
waste deposit in the vertical direction will be appr~fimately the coeffic;i.ent 
of permeability of the fly ash (approximately l x 10 cm/sec). The 
coefficient of permeability of the waste deposit in the horizontal direction 

5-7 
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is approximately equal to the coefficient of permeability of the coarser ash 
lenses (approximately 3 x 10-3 cm/sec). 

A more detailed presentation of the physical testing results for Plant 
Allen wastes is provided in Appendix£. Table 5.2 provides a summary of 
selected physical testing results. 

5.2.4 Chemical Testing Results 

The site monitoring infrastructure was developed in January 1981, with 
emphasis on the active ash pond. At that time:, samples of wastes and soils 
were collected for physical and chemical testing; . surface water and 
groundwater .samples .were obtained for chemical testing. Subsequent water 
sampling occurred in late February thro i.gh early March 1981 and in July 1982. 
Year-to-date precipitation was somewhat below normal prior to . the 1981 visits, 
but it was in the high to normal range pt'ior to the .1982 visit. Boiler 
cleaning wastes were collected for analysis in November and December 1981. 

Selected results of 
presented iri Table 5.3. 
presented in Table 5.4. 
presented in Appendix F. 

chemical analyses of samples from the Allen site are 
A summary of chemical attenuation test results is 
A compilation of the chemical analysis results is 

S.z;s Environmental Assessment 

5.2.5.i Approach for Plant Allen--
The environmental assessment of the Allen site results focused on the 

following three issues: 

1) effects of the ash pond leachate on downgradient groundwater quality; 

2) effects of the ash pond leachate on water quality in Lake Wylie, 
including comparison with the magnitude of ash pond point source 
(overflow) discharge; and 

3) effects of co-disposal of intermittent, metal-rich waste streams 
(especially boiler cleaning wastes) · on Items 1 and 2 above. 

The steps employed in the environmental assessment at this site were as 
follows: 

• A site subsurface geological profile and a site water balance were 
prepared. 

• The values of and t·rends in chemical sampling and analysis results for 
the various areas of the site were compared with the results of 
previous sampling by Duke Power Company and with relevant EPA 
standards for groundwater protection . 

... ', - , 
;;-""',.;,, 
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TABLE 5.2 

SELECTED PHYSICAL TESTI~G RESULTS 

Permeability 
(cm/sec) 

Specific Gravity 

Grain Size Distribution 
(Weight Percent) 

• > 74 :.rm 

• 2 - 74 µm 

• < 2 l,lm 

Moisture Con:e~t 
(Weight Percent) 

Effective Strength Parameters 

e Angle .of Interna.:. Friction 

• Effective Cohesi~n 
.PA;psi) 

aSee Appendix E for more detail~d data. 

-7 1 X 10 - 2 X 

l.96 - 2.20 

13 

22 

0 

69 

85 

15 

10.9 - satura:el 

28.8° 

0.0; o.o 

Source: Arthur D, Little, Inc., and Bowser-Marner Testing 
Laboratories, Inc. 
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TABL~ ~.J 

SHU:cn:n IJATA FOi< 1a·.PHFSEN'fATIVI:: SAMPL!Nc; I.OCA'flONS 
A 1' ALU:'.N l'LAN1 

LOCATIONS -- ---
Wl'll 3· 48 
(Background) 

Wel I J-1 
(l'ndcr Rd ired Pond) 

We 11 '3 - 2A 
(In Act lve Ash Pond) 

We 11 )-2 
{lfnder Active Ash Pond} 

Wells 3- / A and ) ~8 
(Oown~rJditmt) 

~ 
2.1 

89.9-100 

169,4-320 

1.4 

13-76.2 

CONCENTRATION {mg/R. or ppm except where noted) 

Ca B 

9.95-10.9 <o.oos - 0.016 

59.4-64,] 1. 71-1.87 

63. 7-1:!9 1.99-3.68 

15,1:1-17 0,057-0.76 

18.1-37.9 0.05-0.999 

(' Wl'l ls 3 ·6 and J-9 
t ' (lJowngradient) 
+ 

J l. :.>-18.0 <0.005-0.116 

l'ond Overflow 3-U 

Ash Solids 
3-:! and 3-J 

Background Soils 
3-4 

19,6-21,4 

2251-4S78 

47l-40S6 

EPA Interim Primary Drinking Water Standards for As -
l!.l'A Proposed Secondary Drinking Water Standards are: 

50 ug/R. 
Cu - 1 mg/l 
so4 - 250 mg/1 
Zn • 5 111g/i . 
Fe • 0, 3 a1g/! 
Mn - 0,05 mg/! 
B - 0, 750 mg/! EPA Criterion for Protection of Sensitive Crops: 

continued 

0,205- 0.238 

Sr 

O.llil- 0.166 

J~60-4. 71 

J, YH•.ll 

0.241-0,274 

o.2ll-0.41J 

0.076-0.164 

0.297-0,342 

112-239 

8.85-33.l 

As (U j;j/l) 

<o. :1 - 1 .o 

56.3- 57.2 

318-21,25 

<0,15-J ,6 

<0.10-0. 78 

<0.2 

58 

16.2*·~7.l 

0.6-1.41 
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Vl 
I 

t--' v, 

TA8l.E S.3 

CUN<.:t:tlTRATION (mg/t or 

LOCAT10NS Cu Ni Zn 

Well 3· 4B <0.008 <o.os <0.05 
(llackgrnund) 

Well J-1 <O,OO!l <0.05 <o.os 
(Uuc.h!r Retired Pond) 

Wdl 3-lA <0.008 <o.os <0.05 
(111 Actlve Ash Pond) 

~/ell 3·2 <0;008 <o,os <0.05 
(Under Active Ash Pond) 

Wells 3-7A and 3·8 <0,005-0.lHJ <0.05 <0.05 
(Downgrad!ent) 

Wells J-6 and J-9 <0,008 <0,05 <0.05 
(Downgradient) 

<o.os <0.05 
Pond Overflow J-13 <0,008 

Ash Solids 20.8-45,J 15.3-26,0 )8,5-45,7 
3-2 and 3-3 

llackground Soils 9.52-:-17.1'> 4.48·10.8 22.8- 36,2 
J-4 

EPA Interim Primary Ddnklng Water Standards for .c\e - 50 ug/1. 
EPA Proposed Secondary Drlnking Water Standards are: Cu - l mg/l 

so,. - 250 111g/t 
Zn - 5 mg/1 
Fe - O. l 11g/i 
Mn - 0, OS mg/l 

EPA Criterion for Protection of Sensitive Crops: B - 0.750 mg/1 

p1>m except where llOtt!d) 

V 1-'e Mn 

<0.005·0.0]b <0.01 <o.o 1-0.01 

0.018-0;0]4 <0.01 <0.01 

O. OJS-0,043 <0,01-0.02 0.06-0,16 

<0.005 25.9 6,41,-)4 

<0,006 <0,01-0.02 <0.01-0.01 

<o.oos-0.011. 0.01-14.4 <0.01 - 1..12 

0.030-0,047 <0,01 <0.01-0.09 

22.2-41.5 11,700-29,491 8)-171 

28.1-49.1 ll,164·16.558 155· JOJ 
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TABLE 5.4 

SELECTED RESULTS OF SOIL ATTE~UATION STUDIES 
ALLEN SITEa 

Element and Solution Concentration Soil Capacity Soil Capacity ... 
Soil Samelea <:e:eb) (µg/!E~ Solution Concentration 

Arsenic {A) <0.2-4lJ 1.0-215 >5500-261 
(B) <0.2-225 0.3-47 >5500-128 
(C) 2.4-492 1.l;,.66. 9 458-136 

Selenium (A) 0.2-113 0.25"".127 90-9844 
CB) <0.1-96 0.25-124 2500-92 
(C) 2.8-138 0.24-1 . 73 86-5.1 

Calcium (A) 4 2. 3 ... ; 3 mg, i 68-590 1.6-8 .1 
(B) 12.4-368 mg -•- 130-322 0.5-10 
(C) 52.5 mg/ .. 44 + 5 0.8 

Cadmium (A) 40-1'.lO 0.24-42 6-350 
(C) 70-150 0,17-12 2.4-8.0 

Chromium (A) 0.040-0.190 0.03-0.96 <0.35-11.8 
(B) 0.040-0.130 0.47-1.45 11.8 
(C) 0.030-0.250 0.06-0.49 <0 . 35-16.3 

Copper (A) <0.008-0.072 >0.03-328 12-4500 
(B) 0.012"".0.159 0.14-290 8.3-1800 
(C) 0.013-0.179 0.69-220 15-1200. 

Nickel (B) 0.210 4.5 + 1.3 
(C) 0.220 o':-31 1.4 

Vanadium (A) 0.009-0.030 0.05-6 5.5-200 
{ B) o.ooa-0.014 0.05-2 .. w 6-157 
(C) 0.021-0.031 0.03-0.05 1.4-1.6 

aSoil types used were as follows: (A) boring 3-2, alluvial material , 
-30% clay; (B) boring 3-3,residual soil, silty sand; and (C) boring 3-6, 
alluvial material, -20% clay. 

s-:b 
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• Using the chemical analysis results and the gross and net water 
balance, mass balance estimates were made for selected contaminants 
entering the ash pond via the fly ash and bottom ash discharges and 
through the addition of boiling cleaning wastes, and for contaminants 
leaving the pond via overflow to Lake Wylie and leaching to 
groundwater. 

e The water balance, geological profile, and chemical and physical 
testing results were considered together to structure and evaluate 
hypotheses concerning the nature of leachate generation and movement 
at the site. · The i1:1portance of events such as the temporary cessation 
of the point source (pond overflow) discharge .during boiler cleaning 
was considered in this step. 

• To evaluate fo":.'ther hypotheses concerning chemical attenuation of 
leached trace metals by the soils surrounding the ash pond, a series 
of attenuation tests were executed using ash pond liquor and local 
soils. 

•· The results of the attenuation tests were evaluated along with the 
water balance, geological profile, mass balance and physical testing 
data to estimate the potential for long-term leaching of arsenic from 
the ash ponds to Lake Wylie. 

• The broader implications of the Allen site results were considered in 
tenis of their applicability to similar combinations of waste types, 
disposal methods and environmental settings. This step can be 
considered particularly important for the Allen site because the 
combination represented there is quite prevalent at other sites. 

5.2.5.2 Geological Profile and Water Balance--
Figure 5.6 illustrates the subsurface geological profiles for three areas 

of the Allen waste disposal site as delineated above in Figure 5.4. These 
profiles were prepared on the basis of the site development results for this 
program along with the available site background information. 

The annual water balance estimated for the Allen site is summarized 
briefly below and illustrated in Figure 5.7. 

Definition of Tenns 

Precipitation 
Evaporation 
Point Source Input to Pond 
Point Source Output from Pond 
Surface Water Runoff into Pond 
Groundwater Runoff beneath Pond 
Groundwater Movement through Fill 
Groundwater Movement through Alluvium 
Groundwater Movement through Residual Soil 
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SA = Water Seepage through Bottom of Pond 

Calculation of OPS 

Inflow to Pond = 

= 

= 

C: 

Outflow from Pond 

Ev+ SA+ GF + OPS 

[5,95 X 105 
+ 2.63 X 105 

+ 2.94 X 107 

- 7.36 x 105 - 1.03 x 102 ] m3 /yr 

2. 91 X 107 
m3 /yr 

Balance of Groundwater Flow 

Groundwater Inflow = Groundwater Outflow 

RGW + SA 
5 3 . 

1.43 x 10 m /yr+ 7.36 x 

8.79 x 105 m3 /yr 

= GA+ GR 

9.02 x 104 m3 /yr + 5.42 x 105 m3 /yr 105 
m3 /yr = 

5 6.31 x 10 m3 /yr 

5.2.5.3 Evaluation of Testing Results--
The results of chemical analyses of samples, in conjunction with 

available background data, indicate the following: 

• Absolute and relative concentration values measured on different dates 
at the same sampling locations .were similar. 

• Concentrations of likely ash-related "t r acers" (boron, sulfate, 
calcium. strontium, vanadium and arsenic) were significantly higher in 
groundwater obtained from wells placed within the ash than in water 
from th.e other wells at the site; with the exception of vanadium, 
concentrations were significantly higher in the ash solids than in 
background soils (see T..:.ble 5. 3). 

• Concentrations of these same "tracers" exhibited a generally 
consistent pattern iJ?, downgradient wells, as follows: 

Elevations of concentrations versus background concentrations were 
evident at some oi the downgradient wells (wells 3-7A and 3- 8. 
Figure 5.4); 

Elevations of concentrations versus background concentrations were 
slight or lacking in samples from the other downgradient wells 
(e.g . • wells 3-2, 3-6 and 3-9. Figure 5.4); arid 

High levels of iron and manganese in background soils 
(approximately 17 . 500 ppm and 400 ppm, respectively). groundwaters 

5-21 
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(0.01 to 16 ppm and 0.014 to 11 ppm, respectively), and the 
River/Lake upgradient and upstream of the site (0.100 to 2.5 mg/l 
and up to 0.050 mg/1, respectively) were measured in this program 
and/or previous studies. 

• Arsenic was measured at significantly elevated concentrations in 
groundwaters from lower strata within the ash (over 1000 µg/1 at 12 to 
14 m (38 to 40 ft); SO to • 100 ug/1 in higher strata). The results of 
the EPA Extraction Procedure (EP) on samples from this site indicated 
arsenic leve1s about two orders of magnitude lower than the in situ 
field values (see Table 5.3). As noted above, arsenic was measured at 
near background levels in downgradient wells. 

• Attenuation tests with ash pond liquor .and site soils (see Table 5.4) 
indicated that the local soil attenuation capacity for arsenic was at 
least 10 ug/g soil; the attenuation capacity of the site soils was 
generally greater for the various trace metals than that measured for 
soils at any of thia other five sites in the program. 

• The amounts of copper, nickel, and zinc added to the pond during a 
boiler cleaning event represent 3 to 22 percent (280 kg. 71 kg and · 
80 kg, respectively) of the total amount of these same elements added 
in ash sluice water plus ash solids over a period of 18 months (time 
between · boiler cleaning events}. Ot.her constituents added by boiler 
cleaning represented less than two percent: of the total amount added 
over 18 months, and the contributions of most were less than 0.1 
percent of the total amount added to the pond. 

• The chemical analysis results of all sampling trips showed copper, 
nickel and zinc concentrations in well water, pond toe drains and pond 
overflow to be consistently low, approximately at or below the · 
applicable detection limits. These were also generally at comparable 
levels .in the ash and background soils, (Copper .was somewhat elevated 
in the a.sh, as shown in Table 5.3). . 

• Natural soils under the site, treated with partial exttilction, did not 
show much difference in concentrations of these three elements 
(Copper: 11-19 ppm; Nickel: 5-6 ppm; Zinc: 21-35 ppm) f-rom similar 
background soils. 

5.2.5.4 Cause and Effect Relationships--
The results fr0ta the investigations at Plant Allen are consistent with 

the following hypotheses: 

• Leachate generated within. the ash ponds contains elevated 
concentrations of several waste-related components. The surrounding 
soils in the immediate vicinity of the ponds have thus far been able 
to attenuate significant fractions of such leachate contaminants as 
arsenic and vanadium. 

• Leachate water from the upgradient {western) portions of the ash.ponds 
has not yet moved sufficiently to create steady-state concentrations 

5-22 
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of unattenuated parameters at the downgradient wells. This applies 
particularly to the active pond, but also appears to apply, to a 
les·ser degree, to the most recently deactivated pond. 

• ·Based on the results of the attenuation tests (Table 5.4) and analyses 
of site wastes and soils (Table 5.3), it appears likely that arsenic 
is chemically attenuated by iron and/or manganese in the soils under 
and around the ash ponds. Combining this information with the 
available information on arsenic inputs to the pond, the water balance 
and supporting hydrogeologic data, it also appears that the 
attenuative capacity of the surrounding soils would be sufficient to 
prevent passage of arsenic leachate with concentrations' in exceedance 
of drinking water standards into Lake Wylie for longer than the 
estimated 15 year operating life of the active pond. This estimate 
would apply even if the pond ret:1ained active for almost 100 years, and 
for considerably longer (in excess of 500 years) if the pond is 
retired as scheduled. 

• The chemical nature of various boiler cleaning wastes arid the ash pond 
liquor (into which the former is periodically added) are such that 
chemical interactions likely alter the dis.tribution of elements 
between the liquid and solid states. For example, while copper 
represents the most significant element added with boiler cleaning (by 
percent increment), precipitation of copper may occur upon decrease of 
the cleaning waste ammonia concentration by dilution in the_ pond. 
Copper and other elements, such as nickel or zinc, could be 
precipitated by additional interactions between boiler cleaning wastes 
and ash pond liquors. Such hypotheses are supported strongly by the 
l ack of concentration elevation (availability) of these elements in 
pond liquor, the pond discharge well water and soil samples under the 
site (see Table 5.~). 

Selected aspects of the above hypotheses are discussed further below. 

Geohydrologic conditions at the site and the site water balance (Figures 
5. 6 and 5. 7) reflect the fact that the spatial distribution of subsurface 
materials is relatively complex, leading to great uncertainties in defining 
leachate movement and admixing patterns. However, several pieces of 
information suggest that the downgradient wells have not yet reached steady 
state conditions with respect to the movement and admixing· of leachate 
generated by . the pond. 

The water balance calculations suggest that downward leachate flow driven 
by the head of standing water in the pond is an important flow feature in the 
alluvial deposits under part of the pond. There is no analogous data to 
define vertical flow velocities in the residual soils ·that underlie most of 
the pond, which are estimated to car ry the bulk of water flowing downgradient 
of the pond. · 

Given the variations and uncertainty in the length of flow paths , 
hydraulic gradient (especially accounting for variations over the life of the 
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facility) and hydraulic conductivity at this site, it is only possible to 
conclude that leachate generated in eastern portions of the pond has begun to 
reach che downgradientwell locations. It is not clear whether leachate from 
western portions of the pond has yet reached to downgradient locations. or 
what fraction of the total leachate emanating from the pond has actually 
migrated toward or reached the downgradient wells. Since steady stai::e 
conditions would not be achieved until the whole pond (all potential flow 
paths carrying leachate) contributes leachate to downgradient locations. it is 
plausible that steady state conditions have not been achieved. 

Another element of the water balance (see Section 5.2.5.2) also suggests 
that steady state conditions have not been achieved. Again, the magnitude of 
geohydrologic uncertainty compromises the conclusion ~ . The water balance 
indicates that leachate seepage from the base of the pond exceeds groundwater 
underflow from upgradient areas by roughly an order of magnitude. The 
estiinated s~epage rate also exceeds the estimated groundwater flow rate away 
from the site by roughly a factor of two. This discrepancy probably roughly 
indicates th.e magnitude of error associated with the seepage rate estimate, 
but may be partly associated with the fact that water .movement patterns at the 
site are still dynamically responding to pond seepage~ (Seepage frotriall 
parts of the pond bottom has not yet re8ched downgradient locations.) At face 
value, the water balance estimates suggest that at steady state nearly all the 
downgradient flow would be leachate. Even if the seepage rate is one half of 
the estimated value. downgradient water at steady state would still be roughly 
80 percent. leachate plus 20 percent underflowing groundwater. Observed 
concentration levels for major constituents indicate that down.gradient wells 
are sampling a mixture of roughly 20 percent leachate plus 80. percent 
underflowing groundwater. Thus, allowing for reasonable levels of uncertainty 
in the water balance, it appears that downgradient locations have not reaehed 
steady state, and increasing concentrations ·over the next several years would 
be expected • 

• 
Available data, however, cannot support a precise estimate of future 

groundwater quality at the site,although it is clear that steady state 
concentrations may .range between existing concentrations and concentrations 
typical of ash leachate (e.g., as in well 3-2A at present). 

5.2.5.5 Environmental Effects Implications--
Existing levels of most constituents in almost all groundwater sampling 

locations at the site do not exceed present water quality standards .(see Table 
5. 3) • The except ions include: · 

• iron and manganese, which exceed secondary drinking water standards in 
background waters and over most of the site • . (It has been noted that 
these elements may aid in attenuating constituents such as arsenic.); 
and · 

• sulfate, arsenic and boron in the "in-waste" well, with the 
concentrations of the latter two also high in groundwater under the 
waste, and in some cases, in the pond overflow. 

s-:-
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As illustrated by the definition of water balance given in 
Section 5.2.5.2, the potential incremental leachate impacts at this site can 
be put in perspective by comparison with the point source discharge from the 
ash pond. Considering the mass transport rates of selected constituents from 
the Plant Allen pond, the following conclusions may be readily drawn: 

• leachate generation rates are typically one to two orders of magnitude 
less than point source discharge rates; 

• present downgradient transport of leachate into Lake Wylie appears t o 
be about 8 times less than leachate generation rates; and 

• the mass of ash-related contaminants entering Lake Wylie by non-point 
source transport appears to be about two orders of magnitude less than 
the mass entering by point source discharge. 

The reasons why downgradient transport rates appear to be less than 
leachate generation rates have been discussed earlier, but are summarized as 
follows: 

• downgradient locations may not be at steady state; 

• some constituents have been attenuated; and 

• leachate generation rates may be overestimated. 

Exceptions to the above conclusions may be noted for iron and manganese, 
whose presence at greater concentrations in background water dominates the 
leachate contribution. 

Considering the maximum observed concentrations of non-attenuated species 
(e.g., sulfate) in the leachate and the dominant influence of the point source 
discharge, the long-term impacts of leachate migration to Lake Wylie at this 
site are expected to be insignificant. 

The results frour the Allen site support conclusions 1,2,3, and 5 in 
Section 5.1 and have the following broader implications for similar disposal 
practices: 

L Concentrations of at least one trace metal (arsenic) in coal ash 
leachate can significantly exceed the applicable drinking water 
standards, and can be present at order s of magnitude higher in situ 
concentrations than would be indicated by the results of the EP test. 

2. Chemical attenuation of leacha~e trace metals by surrounding soils can 
be a significant mitigative factor affecting the potential for 
down.gradient water quality effects of coal ash disposal sites. This 
further implies that siting new disposal areas ~hich are surrounded by 
such attenuative soils, or importing such soils for use as site liners 
may be important mitigative practices on a case-by-case basis. 
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3. In sicuations where pond disposal is practiced, the relative 
importance of a point source discharge can far exceed that of leachate 
contributions to changes in receiving water quality. However, because 
of the wide range of variation .in disposal site water management 
practices, this is very t:1.uch a case-by-case consideration. 

4. The use of coal ash ponds as neutralization and admixing media for 
other intermittent, acidic, metal-rich waste streams (specifically 
boiler cleaning wastes and possibly coal pile runoff) appears to be an 
effective mitigative practice under conditions analagous to those at 
the Allen site. Boiler cleaning wasus were sampled and considered in 
some detail at this site; coal pile runoff, while not sampled in this 
program, was a known input to the ash ponds. 

5.2.6 Engineering Cost Assessment 

5.2.6.l Engineering Assessment~-
Plant Allen, a ba.seload facility, has a current total nameplate 

generating capacity of 1,155 MW, employing five units. Plant operation 
commenced in 1957, with the startup of Units 1 'and 2,. each unit having a 
165 MW nameplate generating capacity. During the three-year period of 
1959-1961, inclusive, three units with 275 MW nameplate generating capacities 
were installed at a frequency of one unit per year~ Plant Allen boilers are 
pulverized coal, tangentially-fired units. Average annual boiler capacity 
factors during 19i9 were 32 and 39 percent for Units land 2, respectively. 
The newer boilers, Units 3, 4, and 5 had higher load factors during the same 
period, 57, 61, arid 56 percent, respectively • . 

Air Pollucion Control--Units land 2 are equipped with conventional 
multiple-cyclone, reverse-flow particulate collectors. Units~. 4~ and Sare 
equipped vith cold-side electrostatic pr~cipitators (ESPs). Dtiririg the early 
1970's, hot .. side ESPs were added to each of the five units to effect more 
efficient fly ash removal. · Experimental flue gas conditioning systems have 
recently been added to Units · l and 2 in order to improve fly ash collection 
efficiency. Propriet9ry chemical additives injected directly into the boiler 
combustion zone are used for flue gas conditioning. The particulate control 
systems in use at Plant Allen were tested in October 1979, and were shown to 
be 97 to 98 percent efficient. 

Coal Consumption-~Bituminous . coalused by thls plant is obtained from a 
number of sources in Virginia, Kentucky, Tennessee and West Virginia. Annual 
coal consumption for the years 1977 through 1979, inclusive, ranged from l. 72 
to 1. 95 million metric tons (l. 90 to 2:.15 million tons). Annual average coal 
sulfur content remained . constant over .this period at LO percent, by weight 
(dry basis) • . The average annual coal ash content during this period was 12 to 
15 percent• by weight. Average heating value of the coal ranged from 28. l to 
28.4 million joules/kg (12,000 to 12,200 Btu/lb). 

Waste and Water Management--Fly ash and bottom ash are the only high 
volume solid wastes produced by this plant. Annual ash production during the 
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next decade is projected to remain constant at approximately 227 , 000 metric 
tor.s (250,000 Lons). 

Fly ash is conveyed by a vacuum pneumatic system to a hydro-ejector that 
is used to mix a fly ash/water slurry. The waste is sluiced to the disposal 
pond. Bottom ash collected in hoppers is directed to clinker grinders and is 
.also sluiced to the disposal pond. Four pipelines are used to transport fly 
ash and bottom ash to the pond, 

Coal pile runoff and plant drainage are intennittently pumped to the 
disposal pond by way of separate lines. There are two sumps at the Plant 
Allen site; one collects plant drainage, boiler blowdown. water treatment 
wastes, and pump sealing water, etc., and a second services surface water 
runoff from the coal storage area. The sump pumps automatically engage once a 
specified level of liquid is in the sump. Both sumps d"ischarge into the 
northeast corner of the disposal pond. 

Process flow diagram F-100, Figure 5.8, depicts the waste 
handling/transport scheme and provides a material balance for this operation. 

Disposal Operation--The current disposal ~ond, denoted Pond c. is 590 t000 
m2 (146 acres) in size. Effluent from this pond is discharged to Lake Wylie. 
In prior years, two adjoining ponds, Ponds A and B, Yere used for coal ash 
disposal. These ponds were filled with ash and are now retired. Duke Power 
has under1:aken a program of groundwater monitoring at the site and, hence, has 
installed mcn:itoring wells at various locations around both the active and 
retired disposal ponds. 

In addition to the process descriptions and process flow diagram 
developed for the Plant Allen coal ash handling and disposal operation, a list 
of Plant Allen area accounts and a detailed equipment list (divided among 
modular area accounts) were developed. These are provided as Tables G-1 and 
G-7, respectively, in Appendix G. 

5.2.6.2 Cost Assessment--
Capital and first year annual cost estimates were developed for the coal 

ash handling and disposal operation at Plant Allen. These were based 
primarily on the engineering assessment results. However, to provide for 
consistency among the cost estimates developed for the six sites. it was 
necessary to specify certain engineering design premises that were consistent 
for all study sites (e.g .• plant service life, load factor, heat rate, etc.). 
The engineering design premises that pertain to the Plant Allen cost estimates 
were listed in. Table 5.5. 

Detailed capital cost estimates for the Plant Allen coal ash handling and . 
disposal system are presented .in Appendix G. Table G-13. A summary of the 
n;odular capital cost estimates for the Plant Allen system is presented in 
Table 5.6. This table provides the modular capital costs broken down by waste 
type. As can be seen from this summary, the cost of the air pollution control 
system comprises a significant fraction (approximately 65 percent) of the 
total cost of the environmental control system for the plant. It is also 
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evident that the capital cost of solid waste placement and disposal is the 
largest cost element (approximately 60 percent) when the air pollution control 
system is not considered. This is commonly the case for ponding operations; 
in this study the waste placement and disposal module for ponding operations 
typically comprised 55 to 65 percent of the non•air pollution control 
environmental system costs. The Plant Allen capital cost estimate is 
consistent with this thesis. 

Comparison of the Plant Allen waste handling and disposal system 
(excluding related environmental systems) capital costs ($36/kW) to those for 
other plants evaluated under this program that practice pond disposal (the 
Sherburne County Plant at $43/kW and the Smith Plant at $47/kW) indicates 
that this system has the lowest capital costs. This is primarily due to 
savings that result from economies of scale (i.e., Plant Allen has a nameplate 
generating capacity of 1155 Mt-:, while that for the Smith Plant is only 340 MW) 
and from the fact that the pond construction did not require expensive 
materials (f. e., the Plant Allen pond is unlined. compared to that at the 
Sherburne County Plant that was lined with clay 8t an added expense). 
However, the difference among the Plant Allen capital cost estimate and those 
for the other plants that use pond disposal is not as pronounced as one might 
expect. This is because Plant Allen, with five boilers, has four distinct and 
separate coal ash ha.ndling and transport systems. The capital cost for this 
module is relatively high, since it is actually comprised of four small-scale 
systems and therefore exhibits very little economy of scale. In addition, the 
distance from the plant to the disposal site at Plant Allen is approximately 
four times as great as that at the Smith Plant •. 

A detailed annual cost estimate was prepared for the Plant Allen system 
(Table G-19, Appendix G). A modular summary of this estimate, Table S. 7, 
provides a less detailed account of these costs. 

Annual costs for the three sites evaluated which practice ponding of FGC 
wastes were relatively similar in value. The unit annual cost for ponding at 
Plant Allen ($23.70/ciry metric ton) is the lowest of the three; the unit cost 
for the Smith Plant is $25.10/drymetric ton while the Sherburne County Plant 
cost is $26.60/dry metric ton. The lower cost at Plant Allen {1155 M'W) 
indicates some cost savings due to economies of scale (with respect to the 
Smith Plant 340 MW), however, one might expect this to be more dramatic. The 
fact that Plant Allen, with five boilers, has four distinct and separate coal 
ash handling and transport systems reduces economies of scale ·that one might 
expect. As with the capital costs, the major annualized cost element is due 
to the waste placement and disposal module, which typically contributes 45 to 
55 percent of the total annual cost. This is primarily due to the large 
contribution of disposal ponds capital charges to the annualized cost. This . 
again, illustrates that pond disposal is highly capital intensive . 
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5.3 Elrama Plant 

5.3.l Plant Description 

5.3.1.1 Background--
The Elraoa Plant of Duquesne Light Company is located in Washington 

County. Pennsylvania; approximately 32 km (20 miles) south of Pictsburgh. The 
plant is adjacent to the Monongahela River. The FGC waste disposal facility 
is located approximately 19 km (12 miles), east of the plant in Elizabeth 
Township, Allegheny County. The plant and disposal site locations are sho..n 
on Figure 5.9. 

The Elrama Plant began operations in 1952; the addition of flue gas 
desulfurization capabilities occurred in 1975. The waste disposal methods 
consist of wet sluicing of bottom asb and, occasionally, fly ash to an on-site 
interim pond. The dewatered contents of the pond are subsequently excavated 
and removed to a landfill disposal site. The FGD waste sludge is pumped from 
thickeners to a Conversion Systems, Inc. (CSI) processing plant where the 
waste is fixated with fly ash (which is collected and handled in dry form) and 
lime, and removed to the landfill site. · · 

The selection of the fixated FGC waste landfill operation at the Elrama 
disposal site for study was based on a number of considerations in comparing 
this with other potential sites in the region~ The two most important ones 
were the following: 

• Fixated FGC waste landfilling was available for study at 
very few sites in 1980; however, this disposal option was a planned 
commitment at many other interior locations in the eastern United 
States. The type of fixation practiced at Elrama is based on 
controlled mixing of dewatered FGD waste with lime and fly ash to 
change . the characteristics of the waste from a thick slurry to a 
highly alkaline, soil-like material. This process makes landfill 
dispdsal .a pratcical alternative to pond disposal. 

• Landfill disposal of FGC wastes in abandoned strip mities is also a 
growing practice. The Elrama landfill site occupies an abandoned coal 
mining ·area that exhibits acid mine drainage. While acknowledged as a 
potential complicating factor in the assessment, this situation 
represents an opportunity to fill a significant data gap on highly 
alkaline waste disposal in a typical acid mine drainage setting. 

A number of other factors enhan.ced the attractiveness of Elrama as a 
study site and · are includ.~d here because they had to be considered in both the 
design and interpretation of the monitoring program at this site: · 

• climatic conditions (average rainfall, temperature range and 
typical frost penetration) can be considered representative of the 
Appalachian Region; 

• good groundwater flow in this setting was expected; 

5-3:.. 
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• alluvium underlying the disposal area was anticipated to provide a 
good monitoring medium; and 

• the landfill is in close proximit;• to surface water (Youghiogheny 
River ) , although it is separated from the river by runoff collection 
ponds. Additionally, the site is located on a hillside above the 
river. 

While somewhat less important than other factors (e.g., the presence of 
acid mine drainage), these factors were considered in the selection process in 
the belief that data from a site such as Elrama would provide broadly 
generalizable information. 

5. 3.1. 2 Geologic Conditions:.-
The project site area is located within the Allegheny Plateau of the 

Appalachian Plateau physiographic province. The Plateau is characterized by 
both major and minor erosional valleys and ravines, wgh broad meandering and 
mature streams displaying well developed flood plains arid associated Tiver 
terraces. 

The majority of Allegheny County is underlainby very shallow, nearly 
flat-lying sedimentary rocks belonging to the Monongahela and Conemaugh groups 
of the Pennsylvania system~ These geologic units are composed of complexly 
inurbedded, repetitious sequences of a variety of ro~k types, in addiUon to 
the major and world-reknown.ed "Pittsburgh Coal" member. The Pittsburgh Coal 
seam has been extensively mined throughout Allegheny County, including the 
Elrar:ia disposal site. · · 

The majority of .the overburden soils in the county are formed from the 
decomposition of the relatively shallow, underlying bedrock. These sediments 
are referred to as residual soils and consist primarily of silts and clays 
with trace amounts of partially decomposed rock fragments. Along the flanks 
and bases of the sueper slopes, sloughing and. landslides have created 
intermixing of the rock debris and residual materials which are referred to as 
colluvial deposits. Previous surface contour strip coal mining operations 
have lefLbehinci major spoil piles which include a mixture of all soil and 
reek type• in the site are~. 

The alluvial and river terrace deposits associated with the adjacent 
Youghiogheny River consist of silts and sands with minor amounts of clay and 
gravel. Figure 5.10 indicates the general subsurface geologic conditions in 
the project area. ·· · 

During the project site development phase (March 1981), the Elrama waste 
disposal site occupied 89,000 m2 (22 acres) of machine compacted, stabilized 
waste placed in four benches, each approximately 6 m (20 .ft) thick. The 
disposal site will be eventually expanded to 258,000 m2 (66 acres) with 13 
additional benches. At the time of site development, the majority of the 
disposed waste was located within the low-lying alluvial terrace of the 
Youghiogheny River. Bedrock had been exposed during the previous coal mining 
operations above and slightly to the south of the existing waste disposal 
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limits. Major amounts of coal mining spoil tlebris underlie the upgradient 
portions of the disposal site. Continued expansion of the disposal site will 
eventually cover over all the mine spoil debris and exposed bedrock to the top 
of the adjacent hill. Figure 5.11 summarizes the site area surficial geologic 
conditions. 

5.3.1.3 Hydrologic Conditions--
The Elrama waste disposal site is located within the Monongahela River 

Groundwater Province. The Youghiogheny River is the main tributary of the 
basin and drains an area of 4,569 km2 (i, 764 mi"). The primary sources of 
groundwater recharge in Allegheny County are precipitation and infiltration of 
stream and river water. The average annual -precipitation is 0.94 m (37 in) 
with historical fluctuations varying from O •. 508 .to l. 27 m (20 to 50 in). The 
majority of the precipitation is lost from the county by fJtJw into the Ohio 
River or by evapotranspiration. 

Groundwaur levels vary considerably with the site topography, being 
relatively deep seated in the bedrock at the higher site elevations .and 
varying from 60 to 90 m (20 to 30 ft) below ground surface in the low lying 
alluvial depos~ts. < Allsurface and groundwater flow is westerly to the 
adjacent Youghiogheny River. 

5.3.2 Site Evaluation Plan and Site Development 

In 1975 the Elrama wast.e disposal site was first examined by the current 
owner as a possible sanitary landfill site. · Additional studies of the site 
were conducted by CSI in 197i for the existing disposal facility. Four large 
diameter observation wells were installed by CSI for long-tenn monitoring 
purposes. These previous studies providedvaluable .hydrogeologic baseline 
data which was utilized in developing the project site evalua.;ion approach. 

1'he project site development plan for Elrama included the installation of 
multipurpose wells, lysimeters, exploratory borings and test pits for · 
hydrogeological and geotechnical evaluation purposes. A major site 
geochemical concern was to .determine the amount of leachate derived from the 
adjacent, acidic mine spoil debris which abuts and underlies the disposal site 
on the upgradient side. 

One observation well (Well 1-14) was installed in the alluvial floodplain 
for background monitoririg purposes, and one upgradient well (We~l 1-2) was 
installed within the mine spoil debris~ Following site development and the 
April 1981 sampling visit, fixated FGC waste was disposed adjacent to and 
upgradient of well 1-2. · Five downgradient observation vells were installed in 
the alluvial flood plain deposits of the Youghiogheny River. Three 
observation wells ar.d three lysimeters were installed in the lower benches of 
the compacted waste fill. The lysimeters were installed in the unsaturated 
vadose zone beneath the waste fill deposit to provide leachate samples which 
had not been in contact with any mine spoil leachate. Machine excavated test 
pits were obtained to determine the presence and extent of underlying mine 
spoil debris and to obtain large block samples of aged, previously placed 
waste fill for laboratory testing. Down-hole nuclear density· testing was also 
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conducted in the disposed waste and is discussed in more detail in Section 
5.3.3. 

At the ·completion of monitoring well installation, the wells were 
flushed, allowed to restabilize to the groundwater level and an initial sample 
obtained for chemical evaluation purposes. Upon completion of the field 
sat1pling phase in September 1982, all installations were sealed with cement 
grout at the request of CSI. 

The location of all explorations and monitoring/sampling installations 
are indicated on Figure 5.12 and a summary of all field results, samples, well 
locations, well and sample depths, tests and well types are indicated on 
Table 5. 8. 

5.3.3 Physical Testing Results 

Figure 5.13 preset1.ts results of permeability tests, standard penetrat.ion 
tests, down-hole nuclear density tests, and unified soil classification tests 
performed on fixated FGC waste from the Elrama disposal site are presented on 
Figure 5.13. Although bottom ash and fly ash excavated from. the interim pond 
were reportedly randomly placed in the fill with the stabilized waste, layers 
of fly ash and bottom asbwere encountered within each of ihe borings. 
Coefficients of penne~bility within the ash layers ranged from 7 x 1C1·- 6 cm /sec 
to 1 x 10-3 cm/sec; the higher coeHicient of permeability was measured within 
a saturated ash zone in the fill by installing a temporary well and performing 
a recovery head field permeability test. During this test~ approximately 50 
gallons of water were evacuated without significantly affecting the stabilized 
water level in the well. 

The stabilized waste, when compacted to approximately 95 percent of the 
standard Proctor maximum dry density and aged for 28 days, has a coefficient 
of permeability equal to approximately 1 x 10-6 cm/sec. • At lower densities, 
however, the coefficient of permeability of the stabilized waste can be as 
high as 1 X 10-5 cm/sec after 28 days as measured in the field at the Elrama 
landfill and in the laboratory. 

The effects of the pozzolanic reaction on the apparent dry density of the 
stabilized waste are important when analyzing the permeability data. A sample 
of stabilized waste remolded to a dry densfty of 1040 kg/m3 (65 lb/ft 3

) 

(Elrama project specifications) has an apparent dtjdensity of 1170 kg/m3 (73 
lb/ft 3 ) after 28 days. !his increase in apparent dry density is due to the 
free water in the sample, which is present during placement, being 
incorporated in the pozzolanic (cementing) reaction. Samples tested in this 
program to measure moisture content were dried at 60°C so as to remove only 
free water and not .che mo.isture of hydration (refer to Appendix E). 
Therefore, the actual dry density of the st.abilized waste during placement was 
approximately 10 percent less than the analyzed value (after aging). 
Accordingly, it appears that the waste was not compacted to the desired index 
throughout, thus explaining the measured range in the coefficient of 
permeability of the · stabilized waste. 
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A detailed compilation of physical testing results is provided in 
Appendix E. Table 5~9 provides a summary of selected physical testing results 
for the Elrama Plant. 

5.3.4 Chemical Testing Results 

The site monitoring infrastructure was developed in April 1981. At that 
time. samples of wastes and soils were obtained for physical and chemical 
testing; surface waters and groundwaters were sampled for chemical testing. 
Subsequent water sampling occurred in April, ~.ay, and November 1981. 
Precipitation and water levels were extremely high at the times of site 
deYelopment and sampling in the spring, but were typical of the dry season for 
the November visit. 

Sel~cted chemical sampling and analysis results from the Elrama Plant are 
summarized in Table 5.10. A comparison of analytical results to EPA drinking 
water standards is also provided in the table. The results of soil 
attenuation testing are presented in Table 5.11. A more detailed presentation 
of chemical testing results is provided in Appendix F. 

5.3.5 Environmental Assessment 

5.3.5.1 Approach for the Elrama Plant--
The environmental assessment of the Elrama site results focused on the 

following two issues: 

1) effects of stabilized FGC waste landfill leachate and runoff on 
down.gradient groundwater quality (Particular effort was made to 
attempt to distinguish the effects of interactions between the 
alkaline waste leachate and the background acidic mine drainage.); and 

2) effects of landfill/runnoff pond leachate on water quality in the 
Youghiogheny River. 

The steps employed in the environmental asses.sment at this site were ·as 
follows: 

• A site subsurface geological profile and water balance were prepared. 
The latter was updated (annualized) as additional field data became 
available. 

• The values and trends in the chemical sampling and analysis results 
for the various areas of the site considered ir this program were 
compared with the results of previous sampling by CSI and with the 
relevant EPA criteria for groundwater protection. In some cases, 
regression analyses were used to attempt to discriminate the apparent 
relative influence of mine drainage versus the wasta landfill on 
groundwater quality at the several well locations. 

• The water balance . geological profile and chemical and physical 
testing results were considered together to st'ructure and evaluate 

5-45 



- Doc. Ex. 8415 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

TABLE 5.9 

SELECTED PHYSICAL TESTING RESULTS 

ELRAMA PUNT 

Maximum Dry Density 
(kg .c"m3; lb/ft 3) 

Optimum Moisture 
Content at: 60° C 
(Weight Percent) 

Penneability 
(cm / sec ', 

Specific Gravitv 

Grain Size Distribution 
(Weight Percent) 

• > 74 µm 

• 2 - 74 um 

• < 2 um 

Moisture Content 
(Weight Percent) 

1170; 72. 7 

2.30 2.48 

8 - 73 

15 - 66 

0 - 34 

4.5 to Saturated 

Source: Arthur D. Little, Inc., and Bowser-Morner Testin,g 
Laboratories, Inc. 
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Element 

Arsenic 

Selenium 

Cadmium 

Chromium 

Copper 

TABLE 5.11 

SELECTED RESULTS OF SOIL ATTENUATION STUDIES 
Eu.AMA SITEa 

Solution Concentration Soi.l Capacity Soil Capacity f 

(ppb) (~g/gm) Solution Concentration 

0.7-275 1.1-252 1571-916 
0.4-483 1-44 2500-91 

0.35-95 0.25-3 714-32 
2.5-131 0.27-7.7 108-58 

60-150 0,19-12.0 3-80 

170 0.06 < 0.35 
70-220 0.40-0.54 5.7-2.4 

14-100 0.77-300 55-3000 
10-11 1. 58-0.15 158-13 

aSoil sample came from boring 1-14 , ba~kground in alluvial flood plain. 

s-... s 
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hypotheses concerning the nature of leachate and runoff generation and 
movement at the site. The importance of leachate generation from the 
runoff holding ponds was given separate additional emphasis in this 
step. 

• The results of soil attenuation tests were evaluated along with the 
water balance, geological profiles, and chemical and physical testing 
data to assess potential long-term down.gradient concentrations of 
various chemicals at the site. 

• The broader implications of the Elrama site results were considered in 
terms of their applicability to similar combinations of waste types, 
disposal methods, and environmen~al settings. This step can be 
considered particularly important because the number of sites 
practicing landfill disposal of fixated FGC wastes is increasing 
rapidly, and the number of disposal sites in Appalachian acid rain 
drainage settings is sizeable. 

5.3.5.2 Geological Profiles and Yater Balance--
Figure 5.14 illustrates the subsurface geological profiles for several 

areas of the Elrama waste disposal site as delinea.ted above in Figure 5 .12. 
These profiles were prepared on the basis of the site development results for 
this program along with the available site background information. 

Water Balance-~The estimated, seasonally adjusted water balance for the 
Elrama site, is summarized in Table 5.12 and illustrated (from preliminary 
calculations) in Figure 5.15. 

5.3.5.3 Evaluation of Testing Results--
A summary of the chemical testing results evaluation for the solid wastes 

located at the Elrama landfill site follows: 

• All three wastes occuring at this site, fixated (with lime and fly 
ash) FGD waste, bottom ash, and mine spoil, were chemically analyzed 
following acid digestion procedures. The results of these analyses 
indicated that calcium represented a good discriminator between the 
fixated waste and the other two wastes. The amount of calcium in each 
waste was: 9.45 to 17.8 percent in the fixated waste, 1.31 percent in 
bottom ash, and 0.28 percent in the mine spoil. 

• Sulfate and aluminum concentrations are high in the mine spoil, as 
well as in the landfilled fixated FGD waste. However, the former is 
noticeably higher in the fixated waste. 

• Calcium and arsenic were detected at significantly 
the fixated FGD waste than in the other materials. 
also illustrated the high alkalinity of this waste 
acid mine spoil. 

higher levels in 
Solids analysis 

as compared with 

• Chloride levels were found to be only slightly higher in the fixated 
FGD waste than in . the mine spoil. 



- Doc. Ex. 8419 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

• 
'Ill•} 

'1111 

0,0 z:i,._ 

900 
2•l • 

,,,, 
,HJ) 

I 

"' I li '"" if" 1,i • ,., 
"' :, 
, 

~ ,9~0
o '----+----1-1 -----tt--· 

lOO >OO IOO 

:::' .... 
:f 

Vl ... 
I .. 

\J1 ::! 
0 z 8 - ,oo 

A 
5ir1.r 
;; 
1 ... ·~') _j 1)7. 

IIOO 
.t•l. 

i7!•..;- , :;.,, 

. ·/.I 
!i? 
~· l • j 

:oo >OO 

~· ~ 
11• ,,, ' 

Roo · 

PROFILE A·A 

·--lle-----+-----11 
410() ,oo 

----fl----~+1----1------+-- --- 11-----t-·-----f-----ll-----' 
100 eQI") . ,-0(1 tUOO 1100 1.1(,u 1100 t4(11J t~UC 

p 

o,s IAN(.( IN fEH 

rw •OO . '""" o,staNCC 1N ru, 

SUBSURFACE GEOLOGICAL PROFILES - ELRAMA SITE 

DUQUESNE LIGHT COMPANY, ALLEGHENY COUNTY, PA. 

FIGURC 5.H 

(contlnu<·d) 

,..,.,t,· . 

PROFILE 8-0 
t-----1-----·t-

IS(tO t•t-'l 



- Doc. Ex. 8420 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

Vl 
I 

V1 ._. 

~o,.• L 

vl J ?f " 
::i 

"' ~ l~;,~ 

• l.u , .. , 

~ l , ·)· 

! 
A ,oo 
,_.: 212 I 

" :> ... 
.J 

C 

PROf"ILf C· C 

"" .~~~1------1------.-100------+-- ----+- ---- .too·-----1t------1 ------+--- --9-oot-.-----1------,,-----+------+----~ 
,co ~ soo ,oo ., &Oo ,oo eno 1000 11t.0 ,zoo uoo Mi)() 
)0) 606 ,09 1lt.2 l)t) llJ III 112, l4l 4 l1ll' J,J )O ).Sll )6)6 l9S9 4l42 

:i.1 t l(f.l'S z• SB 
lt(T .,,.-

241 e 

POl ·O IC( 

lfl i .,,,, M t 

J'f(, ~ fol" J ,, 
1'l 9 

.. , 

I · ) 

21~ l 
ZlS 4 

,,., , 
,no 

ZllO rs,~ mi 
22'J S -- - ~----~-·· ne, uu 

•s~ ~ 

1 • 

u,, 
lilo""T 

•ot 
n,1 _ ,,, , 
ll1 ~ 

!,Pllll.S ·~· 
WL 

l ,l. 

~ .. 
m~--
1190 
,211" 

,,,, A:S I 

' ' 10)8 z,1, 
POI @ 

01S TllNCE SCA!..( IN fH TI METEIIS 

I · ) 

?l9 1 ll~ J ;;n- urr 
•o.c 

ML 

1l01 
220 l ra• ... 

~ .. n6• .. , 
SM 

i'I~ I) 
111 ~ 

SM , ... 
111 2 ... 

5 .. 696 t ' 
IHO en 6%.2 

.... ti . .. ~ ............. .-JI ..... ., 

rozo 11c: , ... ,... .... ,1 ... ~"'''C'«1.,. • ., .,..,., , .... .....,..,., ..,, ...... ...... ...,.,. ... ,.01'"~ " -M>At t,cto.1, ~ 1,rant,Wt ,., "1N'y ••IIM'I\'.-- ~""""' ,,.,r f8"• kt ht .. _..,.,.-. 
M9W"'IMltAHftl Ol 4.~f .91 ....... ci-Mt,°'k h '"'llfNM" 

AcillCMII Sa.it t......_,,a ••.• ~"""tf.C:l&N\PIIIM, .... ~,~ ......... -~ IUO fllltta .. b '~ ...... 
Al"-tw~ fSo1I• l -1. i'llt 1..,111 M>cwMPM!' h•"l 1n,..,i; toftl b.~Mdt•ll-10t1w t, _.., ,., :.h 

,-,,tri "41'\' ei"'l .i:,t>o.tnt,ol 1.kw ll'Ml,ini,.:t..,.n lo•O..O .. ...,.,,..,di 1•""* .,..Mi .. nli ....... ..,. .. 
"""' C~ lU ""' t°'1'lfl0Cl l'CT <tMlt,,°""' wi,,i.l:,t °'9 _... -,.~,.C'ff..,. f,,.~ •••" kl 

r." ... at .. , ... .-.,~ 

SUBSURFACE GEOLOGICAL PROFILES • ELRAM/\ SITE 

OUQUESNE LIGHT COMPANY .... LLEGHENY COUNTY, PA. 

FIGURE 6, 1<I 



- Doc. Ex. 8421 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

TABLE 5.12 

ESTI~[ATED SEASONALLY ADJUSTED WATER BALA."lCE 

ELRAMA SITE 

Groundwater discharge 
through alluvium 

Infiltration through 
landfill 

Groundwater movement 
through mine spoil 

Groundwater recharge 
in flood plain 

Incident precipitation 
on landfill slope 

Incident precipitation 
on •1andfill surface 

Runoff from watershed 

Percent runoff to groundwater 

3 WATER FLOW 
(m /day - m width) 

November­
April 

0.364 

0.000 

0.144 

0.220 

0.204 

0.329 

0.560 

16 

May­
October 

0.326 

0.020 

0.196 

0.110 

0.238 

0.384 

0.182 

38 

Source: Arthur D. Little, Inc. Estimates 
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An evaluation of groundwater and surface water testing results led to the 
following observations: 

• As summarized in Table 5.10, elevated concentrations of many 
constituents were observed in groundwater sampled at various 
locations. 

• High pH (7. 9 to 9. 9) characterized groundwater samples directly 
associated with the alkaline fixated waste. Low pH (4,5 to 6), very 
likely the result of acid mine drainage in the area, characterized 
background and some downgradient groundwater samples. Near-neutral pH 
(6.9 to 7.5) was characteristic of a few downgradient samples (in 
which concentrations of all constituents were relatively low). 

• Strong correlations between the concentrations of some consitutents 
and .extre'l:les in p.H were observed. Fol;' example, some constituents 
(e.g., zinc, 0.18 to 0.80 mg/1) were significantly elevated only at 
sampling locations exhibiting low pH; some components (chloride, 200 
to 570 mg/1; and sodium, 100 to 300 mg/l)were detect:ed at high 
concentrations in .groundwaters with high pH; other constituents (e.g., 
sulfate. 300 to 2300 mg/1) were measured a.t elevated levels in 
groundwaters with both low and high pH. 

Comparison of the analytical results with EPA drinking water standards 
(see Table 5.10) indicated the following: 

• Iron and manganese concentrations appear to be elevated at many 
locations. The iron concentration is especially high in groundwater 
samples affected by FGD-related wastes, while manganese levels seem 
highest in samples more affected by mine drainage. Nonetheless, even 
the least contaminated groundwater samples ·show levels of these 
constituents in exceedence of EPA drinking water standards. One may 
conclude that the concentrations of these constituents are 
characteristically high in • groundwater ;in the area, . and both mning 
and FGC wastes are likely contributing to incremental elevations. 

e Elevations in levels of chloride ions, even in the waste source 
samples, remain sufficiently low to be of relatively little concern. 
Drinking water standards are exceeded only in the waste itself. 

• Fluoride and arsenic concentration elevations appear restricted to 
isolated runoff diversion pond samples and groundwater samples 
closely related to the waste. 

• Sulfate levels in groundwater exceed drinking water standards in many 
mine spoil and FGD waste-related locations. 

Attenuation tests using various waste liquors and soils obtained from the 
Elrama site indicated that these soils generally had high-intermediate 
capacities to attenuate trace metals in comparison to the soils at the other 
five study sites (See Table 5.11 and Appendix F). · 
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5.3.5.4 Cause and Effect Relationships--' 
Based on the hydrogeologic information collected and interpreted for the 

Elrama site, contaminants leached from the stabilized FGD waste may move in a 
number oi directions: 

l. laterally through the waste to seeps along the wall of the landfill, 
subsequently running off to surface collection ponds placed between 
the fill and the river; 

2. downward through underlying mine spoil or natural alluvial deposits to 
the alluvial aquifer of the flood plain. thus mixing with mine spoil 
leachate; or 

3. as surface runoff to the collection ponds, interacting with surficial 
mine spoil at peripheral locations on d • .! edge of the landfill. 

It has been estimated that the ponds represent an important source of 
water to the alluvial flood plain aquifer, although the actual recharge rate 
is uncertain. Hence. water-mobile waste constituents collected in the ponds 
would also be expected to eventually migrate into the alluvial aquifer. 

There also appear to be isolated pockets of relatively cleaner 
groundwater that have thus far been free of the acid mine drainage influence. 
Groundwater samples obtained from wells 1-16 and 1-llare examples. It 
appears that mine drainage has missed these areas. and it is too early for the 
leachate plume from the three year old landfill to have traveled to these 
wells. 

River water will eventually contribute to leachate dilution, and it is 
important to note that river background concentrations of some key parameters 
are quite low. (The reader is referred to data from sampling points 1-16 and 
1-17, Table 5.10). At the very least, operating as what is presumably a final 
sink for site waste constituents, the river would appear to be a significant 
diluting source. 

Concentrations of some major FGD waste constituents (e.g., sulfates) 
appear generally elevated at this site prior to its use for utility waste 
disposal, as a result of acid mine drainage. This is illustrated by the 
concentration similarity evident in lysimeters.and wells downgradient of the 
landfill and within groundwater downgradient of mine drainage. 

Results also seem to indicate that the landfill and runoff collection 
ponds will eventually generate a secondary plume of constituents, m.a~y of them 
common in identity and concentration range to the mine drainage. 

For some parameters (calcium and sulfates, especially), concentration 
increases were observed in many wells during the sampling period. Earlier 
samples represented the wet season, later samples vere taken at a time of year 
experiencing relatively little rain. Conc~ntration increases could be 
attributed to leachate plume migration or could result from less dilution of 
the leachate. The pattern of increase suggests that both are contributing 

5-55 
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factors since the effect observed is not uniform for all constituents in all 
wells. Leachate migration from the stabilized FGD waste appears to contribute 
to lat:er wet and dry season concentration increases at well 1-2. above which 
waste was placed early in the study period. Reduced dilution in the dry 
season appears a reasonable explanation for concentration changes at most of 
the wells. 

Because of runoff transport, contaminants are expected to migrate to the 
downgradientalluvium and eventually to the river relatively quickly by the 
runoff and seepage directed to the ponds and subsequent recharge to the 
alluvium. The samples taken from the ponds appear to have been more strongly 
influenced by fixated waste-related contaminants than any downgradient well 
samples. Chloride, boron, calcium and pH appear to be relatively good tracers 
of stabilized FGD waste-related contamination. 

The trends 1n contaminant concentrations over the sampling period 
indicate that groundwaters at several down.gradient locations are only 
beginning to be affected by the landfill. . The effects are expected to 
increase over time. Asa result of significant complexity and uncertainty in 
the geohydrologic setting. travel times from the landfill to downg:radient well 
locations are quite uncertain. but appear to range from one to five years for 
r.ur downgradient locations and from five to ten years for far down.gradient 
locations. • Travel time from the runoff collection ponds to far downgradient 
locations are in the one to five year range~ Thus. it is not surprising that 
three year.s after the development of the landfill, concentrations of 
landfill-related constituents began to exhibit a rising trend. 

Table. 5.13 shows estimates of the ranges of steady-state concentrations 
that may pt'evail in future at the Elrama site • . Even in the future. there is 
expected to be little basis for qualitative distinction between the 
groundwater affected by the fixated FGD waste and mine drainage at the site. 

5.3.5.5 Environmen'tal Effects Implications--
In this case, th.e landfill is not the likely cause of continuing 

groundwater exceedence of the sulfate drinking water standard. · However, the 
landfill h. and will continue tobe, a contamination source of secondary 
importance to the prevalent acid mine drainage at the site. which has caused 
exceedanceof potentially applicable water use standards, Additionally, 
analyses indicate that some constituents in landfill leachate · (e.g., . calcium) 
could represent .a .traceable. but not environmentally significant, influence in 
projected steady state dowgradient groundwater concentrations. In the case 
of some major species (i.e., calcium and sodium) such influence will be 
incrementally small in magnitude in an already contaminated situation and 
would be expected to have .no measurable adverse environmental effects in this 
setting. Major dissolved species appear not to be attenuated by physical or 
chemical factors at the site. 

The findings at the Elrama site support all the conclusions presented in 
Section 5.1 and have the following broad implications for similar disposal 
operations: 

5-.36 
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TABLE 5. 13 

EXPECTED RANGE OF STEADY STATE GROUNDWATER CHEMICAL CONCENTRATIONS -
ELRA.'1...\ PLANT 

CONCENTRATION RANGES (ppm) 

Between Between 
La.r,cliill Ponds and 
and Ponds In Pond River 

Cl 8-84 14-114 8-114 

so4 460-1900 500-1170 460-1900 

Al <0.01-0.7 0.06-0.35 <0.01-0.7 

B 0.02-0.41 0.21-0.31 0.02-0.411 

Ba <O. 005-0. 01+5 <0.005-0.026 <0.005-0.045 

Ca 180-530 200-410 180- 530 

Cd <O.Ol-0.04 <0.01-0.02 <0.01-0.04 

K 6-8 1-50 l-50 

Mg 35-60 12-96 12-96 

Mn 0.5-3.5 <0.01-1.4 <0,01-3.5 

Na 7-18 7-40 7-40 

Ni <0,05-0.19 <0,05-0.09 <0.05-0.19 

Pb <0.05 <0.05 <Q,05 

V <0,005 <0,005 <Q.005 

Zn 0.05-0.12 <0.05-0.1 <Q,05-0.12 

As 0.0004-0.0015 0,0027 0.0004-0.0027 

Se <0,00026-0.00046 0.006 <Q,00026-0.006 

pH(unf.ts) 6.l-7.9 7. 3-·9 .1 6 . 1-9.l 

Conductivity 900-2100 975-2600 900-2600 
(umhos / cm\ 
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1. Disposal of processed (and other) FGC wastes in acid-mine drainage 
settings is facilitated by the opportunity for waste leachates to 
admix with groundwater already contaminated by many of the same major 
and mfoor species that characterize the FGC waste leachate. In such 
circumstances, the presence of FGC waste leachate may be detectable 
using tracers such as calcium, but it would be expected to have 
little, if any, incremental impact potential for water quality. 

2. Concentration elevations of waste-related versus more typical 
background species are present in the Elrama waste. This suggests 
that disposal of similarly processed FGC. wastes in areas of modest and 
high precipitation (i.e., both coascs and the Eastern half of the 
United States) and in proximity to drinking water supplies can be best 
accomplished where surface water admixing is significant or where 
surrounding soil can physically retard leachate and chemically 
attenuate some leachate constituents. Notably, leachate 
concentrations of sulfates and chlorides, which are among the major 
species riot likely subject to dgnif icari.t chemical attenuation, would 
be expected to .be two to ten times the secondary drinking water 
standards • . Amorig the trace metal species,. arsenic in water collected 
from the waste deposit was repeatedly recorded at levels three to five 
times the EPA Interim Primary Drinking Water Standards at one isolated 
location under the waste,reinforcing the possibility that similar 
wastes at other sites can leach arsenic at .levels that would be of 
concern if arsenic was not attenuated by surrounding soils or diluted 
before reaching drinking water. 

5.3.6 Engineering Cost Assessment 

5.3.6 . 1 Engineering Assessment--
The Elrama Plant is a baseload facility with four pulverized coal-fired 

units .providing a total nameplate generating capacity of 510 MW. Two 100 MW 
boilers, Units land 2, were commissioned in 1952 and 1953, respectively. 
Unit 3, a 125 MW nameplate generating capacity boiler, was added during the 
following year. Unit 4, a 185 MW nameplate generating capacity boiler, was 
started up in 1960. In 1978, the average annual load factor for these units 
was 49.7 percent. 

Air Pollution Control--Mechanical collectors and cold-side electrostatic 
precipitators service each of the four units. In October 1975 this plant was 
retrofitted with a flue gas desulfuriza~ion . (FGD) system consisting of five 
venturi-type · scrubbers. The scrubbers simultaneously remove excess 
particulates and sulfur oxide. A scrubber effluent, which is five percent 
solids (of which approximately 25 percent by volume of the solid material is 
fly ash), results. The high fly ash content is due to the inefficiency-of the 
particulate removal system. 

Coal Consumption--Bituminous coal used by the Elrama Plant has been 
obtained from Pennsylvania and west Virginia. Annual coal consumption during 
1977 and 1978 were 1.26 and 1.00 million metric tons/yr (1.39 and 1.11 million 

5-58 
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tons _·yr). respectively. The annual average sulfur contents (dry basis) for 
these years ranged from 2.1 to 2.2 weight percent. Heat contents were 
reported in the range of 27.5 to 28.4 million joules/kg (11,815 to 12,015 
Btu/ lb). 

Waste and Water Management--Fly ash and lime are employed at the Elrama 
Plant to fixate the FGD waste using the CSI fixation process. Based on the 
·reported coal · consumption in 1978, the Elrama Power Plant would have generated 
approximately 52,000 metric tons (57,300) of bottom ash (dry basis) and 
378 , 000 metric tons (417,000 tons) of fixated FGD wastes. 

Fly ash is conveyed by a vacuum pneumatic system to a silo for storage. 
The fly ash can be alternatively conveyed to a hydro-eject:or where it is 
slurried in water and subsequently sluiced to an interim disposal pond. 
Process flow diagram F-200, Figure 5.16, provides more detaile~ process 
information regarding the fly ash handling and storage system. · 

Bottoc ash is collected in the boiler hoppers and transported in trenches 
to a collection sump; it is then sluiced 0.2 km (0.1 mile) to interim 
dewatering ponds. Two ponds are used alternately, with one receiving wastes 
during the period while the second is being dredged. This dredging cycle 
occurs quarterly, nie dredged waste is rJmoved to a landfill for ultimate 
disposal. Each pond has a 8,100 m2 (2 acre) surface area and is about 7.2 m 
(23.5 ft) deep. Both ponds are lined with 0.9 m (3 ft) of clay. Process flow 
diagram F-201, Figure 5.17, depicts the bottom ash handling system. 

Fly ash and FGD waste collected in the scrubber are directed to either of 
two thickeners. A surge tank is provided to hold the thickener effluent, 
which is 15 to 45 percent solids, prior to CS! fixation. CSI uses a 
proprietary process for FGD waste fixation. Thickened FGD waste is vacuum 
filt;ered to produce a cake which is approximately 55 percent solids. Fly ash 
and lime are combined with the filter cake in a pug mill. . A material with a 
solids content in the 60 to 70 percerit range is conveyed from the pug mill to 
a concrete stacker pad (for curing) from which it is then loaded into trucks 
and transported to a landfill for disposal. Process flow diagram F-202, 
Figure 5.lSt illustrates the CSI FGD waste fixation process. 

Trucks owneci by subcontractors are employed to haul stabilized FGC wastes 
and coal ash dredged from the interimponds to the landfill. 

Disposal Operation--Fixated FGC wastes and dredged bottom ash are 
disposed in a landfill located in Allegheny County, 19 km (12 miles) east of 
the plant site. This landfill is ovned by the Municipal Industrial Company, a 
subcontractor to CSI. The landfill has a design life of eight years. The 
active landfill has an 89,000 m2 (22 acre) surface area and a maximum depth of 
37 m (120 ft). Approximately 258.000 m2 (66 acres) of the entire 2.4 million 
m2 (600 acre) site are presently under permit for the utility plant disposal 
operation. Part of the site was surface mined in the past; deep mining has 
also occurred in the surrounding area. 
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The wastes are spread on the landfill and are allowed to settle for 
several days as the fixation reaction occurs. The material is subsequently 
respread and compacted. 

In addition to the process description and process flow diagrams 
presented herein, a list of area accounts and a detailed equipment list were 
prepared for the Elrama waste handling and disposal operation. These are 
provided in Appendix Gas Tables G-2 and G-8, respectively. 

5.3.6.2 Cost Assessment--
Capital and first . year annual cost estimates were developed for the coal 

ash and FGDwaste handling anddisposal operation at Elrama. These were based 
primarily on the engineering assessment results. However, to provide for 
consistency among the cost estimates developed for the six sii:es~ it was 
necessary to specify certain engineering design premises which were consistent 
for all study sites (e.g., plant service life. load factor, heat rate, etc.). 
The engineering design premises which pertain to the Elrama plant cost 
estimates · are listed in Table 5.14. · · 

Detailed capital cost estimates for the Elrama plant coal ash and FGD 
waste handling and disposal system are presented in Appendix G, Table G-14. A 
summary of the modular capital cost estimates . for the Elrama plant system is 
presented in !able 5.15. This table provides the modular capit31 costs broken 
dolffl by waste type. As can be seen from this summary, the. cost of the air 
pollution control system ($242/kW') comprises a significant fraction (nearly 80 
percent) of the total cost ($310/kW') of the environmental management system 
for the plant. It is also evident that the cost ($37/kw) of waste handling 
and precessing is the largest element (approximately 55 percent) of the total 
waste handling and disposal capital cost ($68/kW) when the air pollution 
control system is not considered. Waste handling and processing capital costs 
for the other two plants practicing landfill disposal range from $6/kW 
(Powerton Plant) to S16/kW (Dave Johnston Plant). The reason for the 
considerably higher cost at the Elrama Plant is due to . the fact that FGD waste 
handling and ·processing at Elrama includes the use of thickeners, vacuum 
filters, and a pug mill for the fixation of FGD. waste. The capital cost of 
the waste placement and disposal module for Elrama ($14/kW) constitutes 20 
percent of .the tota1 capital cost (excluding air pollution control costs); 
this case .. is similar to that of the Dave Johnston Plant where the capital cost 
of the waste placement and disposal module ($11/kW) accounts for about 30 
percent of the non-air pollution control;.;.related capital cost .. In contrast, 
the capital cost of the waste placement and disposal module at the Powerton 
Plant ($45/kW) constitutes over 80 percent of the total waste handling and 
disposal system capital cost (excluding air pollution control costs). This 
discrepancy is due primarily to the fact that all required Powerton landfill 
area· anticipated for the remaining life of the plant was assumed to be lined 
with Poz-o-Pac [ 3 m (10 ft) thick on the sides and l.5 m (5 ft) thick on the 
bottom]. The high unit cost for the liner, in addition to its considerable 
thickness, results in very significantly higher capital costs for the waste 
handling and disposal module at the Powerton Plant. 
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TABLE 3.14 

SL~!!'.-\RY OF BASIC ENCINEER!NC DESICS ?R~!lSES FOR. 
£UV..~ PU.,._r 

rec WASTE R.\NOLING A.ND DISPOSAL 

E~CINEERISG DESIGN PREMISES 

P0t,1e:- ?lant 

i'lant <;ize 'Mt.:) 
Boiler !:,•pe 
Heat Rau (M joules , kWh; Btu kWh) 
Lo1:ation 
Service Life ~yr) 
:oad ,actor (Lifetime Average Percentage) 

;;aste Generated · drv b<1 s L 

Fly Ash/Bottom Ash Ratio 
Fly Ash Generaciou ~metric tons,yr; tons/yr) 
Bottom Ash Generation tm~tric con2/yr; cans/yr) 
FGD Waste Generatic;.n :t:ietrie tons ; yr; tons;' yr: 
Ash t:tilization 

Coal Prope:-t:1es 

Coal Typs 
Sulfur Content (Fercent) 
Ash Content (Percent) 
Heating Value (M joules/kg; Btu/lb) 

A!r Pollution Control 

Particulate Control 

?articulate ReQoval (Pe:cent) 
Sulfur Oxides Control 
A:kali Stoichi~~etr-; 
SO, Removal (Percent) 

Disoosa: Site 

Ty;,e 
Duign Life f "r'. 
Land Area (m: acre) 
Croundwacer ~onito:ing wells (~umbe r) 
Reclaeacion (Closure) 

i!~er (type: m: f:) 
~istance ~rem Plane ';cr.i; =ile) 

510 
Pulverized Coal 
12: 11,400 
Pennsylvania 
30 

15:25 
195,300; 215,300 
69,600; 76,800 
135,300; 149,200 
None 

Bituminous 
2.2 
19.0 
27.9; 12,000 

~echanical Collectors and 
Cold-Side E:SP' s 

,-99 
Conv~ntion~l Lime Scrubber 
1.1 
S3 

Landfill (abandoned strio ~ine 
30 
837, :'00: 207 
10 
0.45 m cover soil; ').15 'Tl cop soil.; 
reseed.in& 
!'<one 
19; ::.: 
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A detailed annual cost estimate was also prepared for the Elrama Plant 
coal ash and FGD waste handling and disposal system. This estimate is 
provided in Table G-20, Appendix G. A simplified summary of these estimates 
is provided in Table 5.16. On a unit cost basis, the annual cost for the 
overall Elrama waste handling and disposal system ($32.60/dry metric ton) is 
higher than those for the other two sites [Dave Johnston ($24.90/dry metric 
ton) and Powerton (~27.30/dry metric ton)] practicing landfilling. because the 
more complex CSI fixation process is used at Elrama. One might imagine that 
the operating cost at Elrama could be even more expensive in comparison to the 
other two plants than is indicated. The reason for this is that both the Dave 
Johnston and Powerton plants have some unusual and very costly site-specific 
conditions. For example, the pressure pneumatic fly ash handling system at 
Dave Johnston is considerably more expensive to both purchase and operate than 
the pressure/vacuum or vacuum pneumatic dry fly ash handling systems used at 
Elrama and Powerton, respectively. In addition, the Dave Johnston plant 
employs off-the-road ash hauling trucks which are more expensive to purchase 
than ori.-the-road trucks and which also provide significant over-capacity for 
waste transport. The Powerton Plant on the other hand, has a significantly 
higher operating cost than one would anticipate mainly due to the capital 
charges associated with the Poz-0-Pac® liner at the landfill. 

5.4 DAVE JOHNSTON PLANT 

5.4.l Plant Description 

5.4.l.l Background--
The Dave Johnston Power Plant of Pacific Power and 'tight Company is 

located in Converse County, Wyoming, approximately 9.6 km .(6 miles) northeast 
of the town of East Glenrock and 48 km (30 miles) east of Casper, Wyoming. 
The plant and ash disposal facility are located on the north bank of the North 
Platte River as shown on Figure 5.19. 

The Dave Johnston Plant consists of four generating units with various 
flue gas cleaning capabilities. Units 1, 2 and 3 are equipped with cold-side 
electronatic precipitators; Unit 3 is additionally equipped with a mechanical 
collector. Units 3 and 4 use an economizer ash removal system. Unit 4 is 
equipped with a wet scrubber to remove fly ash. 

Fly ash from Units l, 2 and 3 and economizer a~h from Units 3 and 4 are 
handled in dry form and disposed in a landfill site east of the plant. Bottom 
ash is slurried to one of two settling ponds which are used alternately for 
interim dewatering. Periodically, the bottom ash is dredged and used for road 
construction or is codisposed in a landfill site with ash from Unit 4. Fly 
ash and bottom ash from Unit 4 are directed to an interim settling pond where 
they are dewatered and subsequently periodically excavated and disposed in a 
major disposal area north of the plant site. The various disposal areas and 
their constituents are indicated on Figure 5.19. 

The Dave Johnston Plant was selected for study primarily because it 
provided the opportunity to evaluate landfill disposal of dry fly ash. As 
such, the remainder of this section ~ill focus on the landfill disposal of dry 
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fly ash fro~ Units 1, 1 and 3 and dt"J economizer ash from Units 3 and 4. 
Other factors of importance in the selection for study of the fly ash 
landfilling operation at the Dave Johnston Plant include the following: 

• The site is located in the western United States, and the rate of 
growth of new coal-fired utility capacity in · the west is expected to 
be significant. 

11 The environmental setting combines significant net evaporation with a 
flood-plain location that would be expected to illustr.ate contaminant 
migration in an idenUfiable pattern, while exemplifying arid western 
conditions. 

• The disposal operation is 1:epresentative of existing and future 
operations at many western locations. At the portion of the Dave 
Johnston site selected for study, fly ash, which is collected and 
handled in dry form, is disposed along with small amounts of 
miscellaneous plant trash; other utility solid wastes may also 
occasionally be disposed in this landfill. · This is a modern practice 
that is characteristic of western·plants, and was not expected to be a 
significant complication in the assessment. 

• Both active and inactive landfills were available for study in the 
selected portion of the site. These landfills have been developed 
over about a 20-year period and are believed to be isolated from any 
other potential sources of waste contamination. 

5.4.1.2 Geologic Conditions--
The Dave Johnston Plant is located within the Missouri Plateau Section of 

the Great Plains Physiographic Province in east-central Wyoming. The Plateau 
is characterized by badlands, broad valleys, deeply eroded gullies and low 
ridges and escarpments capped hy·resistant sandstone beds. Extensive sand 
dune deposits are common throughout the area. 

The project site area is underlain by bedrock of the. Lance Formation, 
which consists of carbonaceous shales with interbedded sandstones and thin 
coal units. · Subsequent decomposition of the bedrock surface created a thin 
residuum of sllt and clay, which contains numerous fragoents of the more 
resistant sandst.one. During the Quarternary time period, the ancestral North 
.Platte River deposited fluvial sands and gravels directly over the underlying 
residual soils. Subsequent erosion removed much of these sediments beneath 
the main course of the river channel and left behind higher-level river 
terraces adjacent to the modern North Platte River. Intermittent flooding of 
the river caused the deposition of alluvial flood plain sands and silts with 
trace amounts .of organic matter directly over the underlying flu.vial deposits. 
Due to the arid conditions and lack of substantial vegetation, fine sand and 
silt aeolian deposits are common throughout the site area in the form of sand 
dunes. 

The operational fly ash disposal area was excavated approximately 3 m tlO 
ft) into the natural sand deposits in order to increase the disposal area and 
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provide cover material. No liner was placed in the excavation which is in 
close proximity to the groundwater table. Figure 5.20 summarizes the site 
area surficia! geologic conditions and Figure 5.21 indicates the general 
subsurface geologic profile ir~ the site area. 

5.4.1.3 Hydrologic Conditions--
The Dave Johnston fly ash disposal facility lies within the Great Plains 

Groundwater Province. The North Platte River, which is adjacent to the plant 
site, is one of the three principal drainage basins of the Missouri River. 
Wyoming has serious ~ater supply limitations in terms of both quality and 
quantity, with a mean annual precipitation of O. 305 m (12 in) in the site 
vicinity. The majority of the precipitation is lost through evaporation, \rich 
an annual runoff of only 0.013 m (0,4 in). Nearly all recharge to the 
groundwater system occurs during spring runoff and. occasionally, during 
periods of heavy precipitation. The landscape is constantly subjected to 
alternating wet and dry periods. 

Groundwater occurs within the site area in two different and separate 
hydrogeological environments. The hydraulic communication between the deeper 
bedrock "aquifer" and the near-surface unconsolidated fluvial deposits is very 
minimal. The North Platte River and its associated alluvial deposits are the 
major source of water supply throughout the entire basin. The Dave Johnston 
Plant obtains the majority of its operational and domestic water supply from 
the North Platte River, which has been da111J11ed to create a small water supply 
lake. · The plant also supplements its water supply from both vertical and 
horizontal wells located in the ri.ver alluvial deposits. Various large 
diameter production wells ·in the bedrock were abandoned due to low flow rates 
and mineralization. All project site surface and groundwater flow is 
southerly towards the adjacent North Platte River. 

5.4.2 Site Evaluation Plan and Site Development 

The operational Dave Johnston flyash disposal area, located east of the 
plant complex, was first evaluated in 1971 for a proposed ash disposal area. 
Prior to that time. isolated and local areas had been .used for ash disposal 
purposes within the general 1.6 million m2 (400 acres) .available site area. 
All pre-1971 disposal areas had been retired, regraded and reclaimed. In 1976 
additional studies were conducted that led to the state-licensed solid waste 
disposal facility. Several geotechnical reports for the various plant 
constructions, as well as test boring and well logs from a variety of studies, 
were .supplied for this program by the utility; these provided invaluable 
hydrogeological information. 

The project site development plan provided for a comparative assessment 
of two major ash disposal areas which reflect different times and methods of 
placement. The t-wo separate but related disposal operations allowed 
evaluation of both the short- and long-term effects of ash disposal in an arid 
environment. 

The project site evaluation included the installation of multi-purpose 
wells, piezometers, exploratory test borings and test pits for hydrogeological 
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and gectechnical evaluation purposes. One upgradient observation well was 
installed for overall site background monitoring purposes, and an upgradient 
~ell was installed in the alluvial deposits of ephemeral Sand Creek. 
Monitoring/sampling wells were installed withi~ the disposed fly ash in both 
the active and retired disposal areas. Seven downgradient observation wells, 
at various locations and elevations, were installed to evaluate the active and 
retired disposal areas and their combined effects on the environment. Ten 
machine excavated test pits were obtained throughout the site area to 
determine the vertical and lateral extent of the various natural and 
artificial surficial deposits. 

At the completion of all mod.coring installations, the wells were 
flushed, bailed and an initial sample obtained for chemical ·evaluation 
purposes. 

The location of all explorations and monitoring/sampling installations 
are indicated on Figure 5.22 and a summary of all field results, sample 
locations, types, depths, tests and wells are indicated on Table 5.17. 

5.4.3 Physical Testing Results 

Results of permeability tests, standard penetration tests. and unified 
soil classification tests performed on wastes from the Dave Johnston landfill 
site are presented as Figure 5.23. 

Physical testing showed that bottom ·asll had bee11 disposed within the fly 
ash landfill resulting in layers of ash that vary in particle size. 
Specifically, in boring 7-2, fly ash was encountered near the surface 
(coefficient of .permeability equal toS x 10-s cm/sec) while coarser ash was 
encountered at a depth of aE~roximately 5.5 m (18 ft) (coefficient of 
permeability equal to2 x 10 cm/sec). At a depth of 7.5 m (24.5 ft) the fly 
ash was encountered again (coefficient of permeability equal to 3 x 10-i+ 
cm/sec), and the fly ash extended to the bottom of the boring. As can be seen 
from the test results, .grain size has a substan~ialeffect on the coefficient 
of permeability of. the Dave Johnston ash samples. .The extended permeability 
test .. and tests performed on loose and dense (remolded) samples of the same ash 
indicate . that density does not have a significant effect on the coefficient of 
permeability of the Dave Johnston ash samples. 

Selected physical testing results for this site are provided in Table 
5.18. A more detailed presentation of these results can be found in 
Appendix E. 

5.4.4 Chemical Testing Results 

The site monitoring infrastructure was developed in May 1981. Samples of 
wastes and soils were taken at that time for physical and chemical testing, 
and groundwaters were sampled for chemical testing. Subsequent groundwater 
sampling took place in July and October 1981 and May 1982, along with limited 
sampling of standing surface water at the base of the landfill. Year-to-date 
precipitation was typical at the time of each sampling visit. 
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TA.BLE 5.18 

SELECTED PHYSICAL TESTING RESULTS 

DAVE JOH~STO~ PLANT a 

~!aximum Drv Densitv 
(kg/m 3 ; lbift 3 ) • 

Optimum Moisture 
Content at 60°C 
(Weight Percent) 

Permeability 
(cm/sec) 

Specific Gravity 

Grain Size Distribution 
(Weight Percent) 

• > 74 um 

• 2 - 74 um 

• < 2 um 

~loisture Content 
(Weight Percent) 

1370; 85.3 

16.5 

-7 -s 2 X 10 - 6 X 10 

2. 22 - 2.33 

32 99 

l - 67 

0 - 9 

0.4 - 31.9 

8
See Appendix E for individual sample results. 

Source: Arthur D. Little, Inc., and Bowser-Merner Testing 
Laboratories, Inc. 
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Selected results of groundwater and surface water chemical analyses, 
along with a comparison with applicable EPA drinking water stands, are 
prest:nted in Table 5.19. Selected soil attenuation test results are presented 
in !able 5.20. A more detailed presentation of chemical analysis results is 
provided in Appendix F. 

5.4.S Environmental Assessment 

5.4.5.l Approach for the Dave Johnston Plant-
The environmental assessment of the Dave Johnston site results focused on 

one major issue, the effect of fly ash landfill disposal on downgradient 
groundwater quality in an arid floodplain environment. 

The s~eps employed in the environmental assessment for this site were as 
follows: 

• A site .subsurface geological profile and a preliminary site 
waterbalance were prepared • 

• The values and trends in chemical sampling and analysis results 
for the various areas of the site were compared with each other, the 
results of previous sampling by Pacific. Power and Light Company and 
relevant EPA standards for groundwater protection. 

• The water balance, geologic profiles and chemical and physical testing 
results were considered together to structure and evaluate hypotheses 
concerning the nature of leachate generation and movement at the site. 

• The broader implications of the Dave Johnston site results were 
considered in terms of their applicability. to similar combinations of 
waste types, disposal methods and environmental settings. 

5.4.5.2 Geological Profiles and Water Balance--
Figures 5.24 and 5.25 illustrate the subsurface geological profiles and 

preliminary water balance, respectively,J for different areas of the Dave 
Johnston waste disposal sfte. These profiles and waterbalance were prepared 
from the site development results from this program along with the available 
site background information. 

5.4.5.3 Evaluation of Testing Results--
The chemical analysis results for samples gathered at the .Dave Johnston 

Site, in conjunction with available background data, indicate the following: 

e Values measured on dlfferent dates at the same sampling locations were 
extremely similar. (See Table 5.19 illustrating results for selected 
parameters.) 

• Groundwater concentrations of a number of typical coal ash chemical 
"tracers" were quite high at most locations, including background, 
in-waste, and peripheral : downgradient wells. The sulfate, boron and 
calcium concentration values in Table 5.19 illustrate this trend. The 
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VI 
I 

(X) 
1.,..1 

TAHI.E i;. 19 

SELECTED OATA l'OI{ l<El'HESENl'ATIVE SAMPI.INC LOCATJONS A'I' 'flW DAVE JOIINSTON PLANT 

CONCF.NTKA'flONa 
~Ji•s/i>--- .... s,....c .....,..(µ-g"'"'• /"'i""')----------------Locatlom; fil\ ( mg /)l) B (ms7!J Ca~~&ffi Hr (!!!JJ.! l 

Well 7-5 880-12110 0.683-0.692 1.4 
(Aackground) 

Wcl 1 7-11 31:1.6-144 0.056-0.064 <o.s 
(Creek Area llacllground) 

Wei I 7-7 44-87.5 0.014-0.032 <0,5 
ffu r-l'c r I phcru 1) 

\.Id I 7-2 )010-1560 l. 71-1. 94 0,5-0.7 
( llmlc r Ash} 

Wl'I I 7-2Ab 1780 4.96 
( ln Ash) 

\Jell 7-6 1100-1450 0.659-0.840 
(Do1,mgradhrnt Active Area) 

Well 7-8 920-1510 1..67-2.24 0,6 
(Near-Peripheral) 

Well 7-10 960-1630 1.92-2.79 
(Near Peripheral) 

Surface Water 24!10 3,82 
(llrainagc from l.andfill) 

Waste Sot ids 2.6-17.6 ppm 

l\or!ng 7-5 
1.llackground Soils) 

8 1'roposed EPA Secondary Urinking Water Standard for Sulfate = 2SO mg/t 
l'ruposeJ EPA Interh1 Primary Drinking Water SlandarJ for As = SO pg/i 
Proposed t:PA lnterim Primary Urlnklng Water Slandard fol" Se = 10 pg/1 
EPA Criterion f<>r Protection of Stmsitive Crops for 8 ~ O. 7SO mg/i 

b . 
Small-volume grab sample, well was dry on 2 of 3 trlps. 

278-296 1,6/-1..06 

4.2-5.7 70.8-74,2 o.,,o-0.447 

1.J SIJ.4-ol.O 0.95:l-l.0 

0.8-1.7 401.-449 2.77-3.]] 

720 5.6 

)22-358 'J.73-).15 

2.) HS-444 2.63-3.55 

)48-481 2. 77-4.13 

648 4.1 

98,400-167,000 720-1350 

3,350-6 , 000 78-)44 



- Doc. Ex. 8453 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

Element 

ArsP.nic 

Selenium 

Cadmium 

Chromium 

Copper 

Nickel 

Vanadium 

TABLE 5.20 

SELECTED RESULTS OF SOIL ATTENUATION STUDIES 
DAVE JOHNSTON SITEa 

Solution Concentration Soil Capacity Soil Capacity t 

(ppb) (µg/ gm) Solution Concentration 

10-485 1.1-7.9 110-161 
17. 9-514 1.1-7.5 61-15 

26-124 0.1-0.2 3. 8-1. 6 
59-123 0.16-0.15 2. 7-1. 3 

50-150 0. 22-1. 20 4.4-8 

250 0.04 + 0.04 < 0. 2 

30-272 0.74-127 25-467 

180 0.14 + 0.02 0.8 

58-79 0.05-0.7 o:9-9 
14-25 0.04-0.ll 2. 9-4.4 

8 Soils used for testing were from background boring i-5. 
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secondary drinking water standard for sulfate was exceeded by a factor 
of three to five times in groundwater obtained at background well 7-5. 

• The elevated background, in-waste and peripheral/downgradient 
concentrations of the potential tracer species generally varied within 
one order of magnitude and sometimes overlapped (e.g., sulfate). 
However, the concentrations of calcium, strontium and boron generally 
exhibited the follo'Wing pattern: concentrations were higher in the 
wastes than in surrounding soils, and those measured at well 7-2A 
placed in the waste were greater than those measured under the waste 
(sampling point 7-2) and at near-peripheral locations (sampling points 
7-8 and 7-10); all these water samples obtained near the waste showed 
higher concentrations than background (sampling point 7-5) and further 
downgradient groundwaters. 

• This pattern is consistent with the relative concentrations of calcium 
and strontium measured in the waste solids versus background soil 
samples; these concentrations were 10 to 30 times higher in the wastes 
(see Table 5.19). 

• There were consistently much lower levels ·· of the same species in 
waters analyzed frolll one background and one peripheral well (see data 
for wells 7-7. 7-11, Table 5.19). 

• During one .trip, standing surface water at the base of the landfill 
was sampled and analyzed for selected parameters. Levels of the 
ash-related constituents (sulfate, calcium, boron, strontium) were 
comparable in all cases to the levels found in groundwater samples 
from the "in ash" 1.1ell (well 7-2A). 

• Levels of some attenuation-prone trace metals in the ash solids (i.e., 
chromium and vanadium) were three to ten times higher than in 
background soils. 

• Supplemental attenuation experiments with background soils from boring 
7-5 showed these soils to have less attenuative capacity for a variety 
of trace metals than the various soils from any of the other five 
study sites (see Appendix F and Table 5.20). 

5.4.5.4 Cause and Effect Relationships--
For arid western sites in general, including Dave Johnston, the limited 

potential for water movement creates a study focus on leachate plume 
identification in the area immediately adjacent to the waste deposit. At this 
site, the active landfill was reportedly developed in an excavation that may 
have intersected the underlying water table. Thus, one could not a priori 
rule out either the likelihood of very little plume movement (due to the arid 
conditions) or the possibility of some contaminant migration via direct 
contact between the bottom of the fill and the water table. It appears that 
the measured results reflect some combination of these factors. 
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• The water balance and estimate of plume arrival time support the 
hypothesis that the widespread measurement at the site of what might 
elseYhere be considered elevated contaminant levels is not due to the 
waste landfills. The preliminary estimates of plume arrival time for 
the peripheral wells downgradient of (not directly under) the active 
landfill are in excess of 100-300 years considering only travel time 
in the saturated zone. Travel time in the unsaturated zone would add 
to these estimates. Travel time from the 20-year old inactive 
landfill,. (which was not excavated to the watertable) to the 
downgradient well was not separately estimated, but would be to be in 
excess of the time between disposal and the measurements made in this 
project. 

• The results support the hypothesis that most of the "elevated" 
concentration measurements reflect pervasively high background levels 
characteristic of western settings. 

• The lower measured values at the one background well and one 
peripheral well may reflect the sampling of discrete, chemically 
different water masses at these locations. 

• The trace metals present in greater concentrations in waste solids 
versus background soils (e.g., chromium, vanadium) are unavailable for 
leaching under the prevailing conditions. 

5.4.S.5 Environmental Effects Implications--
The evaluation of testing results at the Dave Johnston disposal site 

indicates that the landfill will not have a significant impact on groundwater 
quality. Coal ash constituents that under other circumstances could migrate 
and have an adverse effect on usable groundw8ter. are moving too slowly, due 
to the arid setting, to be significant. Additionally, these would not have a 
perceptible ef feet, in this particular setting. given the comparably high 
background concentrations of the same species that already limit the quality 
oi the receiving groundwater. At another site where background water quality 
was less degraded, ·the potential for incremental impact would be greater. 
The findings ae the Dave Johnston site support conclusions 1,2,4, and 5 
persented in Section 5.1 and have the following broader implications for 
similar disposal practices: 

L Disposal of coal ash wastes in highly mineralized, arid western 
settings is facilitated by the prevalence of conditions minimizing 
leachate formation and movement. lt is also facilitated by the 
opportunity for leachates to admix with groundwater already 
contaminated by most of the same major and minor species that 
characterize the waste leachate. In such _circumstances, the presence 
of leachate may be detectable using such tracers as calcium, but the 
leachate would be expected to have little, if any, potential for 
significant incremental impact on receiving water quality. 
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2. The order of magnitude variations in background water quality over 
relatively short distances at the Dave Johnston site demonstrate that 
even in highly mineralized arid settings there are isolated areas of 
excellent groundwater quality that may require protection in disposal 
site planning and management. 

3. The capacity of at least one soil type at the site to attenuate 
various leachate trace metals appears extremely poor, suggesting that 
in similar settings one may have to rely on the inherent and/or 
supplemental restriction of water movement rather than chemical 
attenuation to mitigate potential impacts of leachable trace metals. 

5.4.6 Engineering Cost Assessment 

5.4.6.l Engineering Assessment--
The Dave Johnston Plant is a baseload facility, consisting of four 

pulverized coal-fired .units with a total nameplate generating capacity of 750 
MW. Two 100 MW capacity boilers. Units 1 and 2, were commissioned in 1959 and 
1961, respectively. During 1964, operation of Unit 3, with a 220 MW nameplate 
generating capacity, commenced. The final unit to be installed at this plant 
was Unit 4, with a J30 MW capacity, which started up in 1972. The annual 
average capacity factors reported in 1978 for each of Units 1 through 4 were 
91.5, 78.8, 81.8, and 65.5 percent, respectively. 

Air Pollution Control--In 1976, Units l, 2, and 3 were each retrofitted 
with cold-side electrostatic precipitators to collect dry fly ash; these 
operate at 99.4 percent efficiency. A mechanical collector servicing Unit 3 
with 86 percent collection efficiency remains in service, although similar 
collectors have been removed from Units 1 and 2. Units 3 and 4 are equipped 
with an economizer ash removal system, (soot blowers, hoppers p etc.). No 
economizer ash is removed from Units land 2 • 

.. 
The air pollution control system servicing Unit 4 consists of three 

venturi scrubbers. Although the primary purpose of these scrubbers is to 
collect fly ash, some sulfur oxides are also removed from the flue gas. 
However, the percentage removal is too small to equate these scrubbers with a 
flue gas desulfurization (FGD). system. Because dry fly ash is the waste of 
interest at this plant, the wet scrubber and its associated wa5te 
handling/disposal systems are not discussed further. 

Coal Consumption-Subbituminous Powder River Basin coal used by the David 
Johnston Plant is obtained from a strip mine owned and operated by Pacific 
Power and Light Company and located in Wyoming, 24 km (15 miles) north of the 
plant. Coal consumption between 1976 and 1980 ranged from 2.54 to 3.34 
million metric tons/yr (2.79 to 3.67 million tons/yr). The annual average 
sulfur content of the coal used at this plant was reported to be nearly 
constant at 0.45 weight percent. The annual average heat content of the coal 
ranges from 17.4 to 18.0 million joules/kg (7,460 to 7,740 Btu/lb). 
Similarly. the coal ash content has varied, ranging from a low of 8.97 weight 
percent to a high of 10.76 weight percent. 

5-91 
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Waste and Water Mana gement--As much as 253,000 metric tons/yr (278,000 
tons/yr) of fly ash has been produced at the Dave Johnston Plant, of which 
approximately l3Z,OOO metric tons (145,000 tons) is in dry form. A portion of 
the dry fly ash generated has been sold for use as an additive in the 
production of concrete. 1n 1980, approximately 20 to 35 percent, or 27,000 to 
45,000 metric tons (30,000 to 45,000 tons) of the dry fly ash generated was 
sold. 

Dry fly ash collected from Units 1, 2, and 3 and dry economizer ash 
generated by Units 3 and 4 are pneumatically conveyed (pressure system) to ash 
storage silos. Separa1:e conveyors service each of the three units. Separate 
conveyors are also used to transport economizer ash collected from Units 3 and 
4. The dry fly ash storage silos are equipped with rotary·drum unloaders in 
which a water spray is employed for dust control. Heavy off-the-road trucks 
a-re used to transport this dry ash to a landfill. Process flow diagram F-300. 
Figure 5.26 depicts the fly ash handling system and provides a material 
baJa.nce for t _his operation. 

Disposal Operation--Anumber of sites have been used for the purpose of 
dry fly ash disposal. The total area of the Dave Johnston Plant site that can 
be . used as a landfill is 1. 6 million m2 (400 acres). . At any given time, only 
a small portion of this area is active. The current active . landfill is 
100,000 m2 (25 acres) in surface area and is less than l.6 km (l.O mile) from 
the plant. This landfill is a licensed sanitary landfillwhich receives plant 
refuse in addition to dry fly ash. · Water trucks are used on a continuing 
basis to keep the landfilled material wet and thereby control fugitive dust 
emissions. Ash is placed in this .. landfill by end_;dumping from the . top of the 
deposit in approximately 6 m (20 . ft) lifts. • This minimizes the disturbed area 
of the landfill, thereby controlling the formation of dust by the prevailing 
wind. End-dumping results in loose placement of the ash and relatively little 
compaction of the ash occurs after placement • 

. In addition to . the engineering infonnation presented herein, · a list of 
modular area accounts for the Dave Johnston Plant dry fly ash handling and 
disposal system was developed. Detdled equipment lists were also prepared. 
These are provided in Appendix G. Tables G-3 and G-9. respectively. 

5.4.6.2 Cost Assessment~~ 
The process description and process flow diagrams provided above served 

as the basis for the estimation of capital and annual costs for the dry fly 
ash handling and disposal operation at the Dave Johnston Plant. However, to 
provide consistency among the cost estima_te_s developed for the six sites, it 
was necessary to specify certain engineering design premises which were 
consistent for all study sites (e.g .• plant ·service life, load factor, heat 
rate, .etc.). The engineering· design premises for the Dave Johnston cost 
estimates are listed in Table 5.21. 

Detailed capital cost estimates for the Dave Johnston Plant dry fly ash 
handling and disposal operation are presented in Appendix G, Table G-15. A 
summary of modular capital cost estimates is presented in Table 5.22. The 
major capital cost element of the \laste handling and disposal system is the 
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TABLE 5.21 

s;,;~lX,\.il.Y or BASIC E!:GINEERI:;c DESlGN PREMISES FOR 
DAVE .iOn~SiOl; !'l.A!n" (t:nics l. 1 and 3 

FCC \,;AST£ HANDL ::;G i\h'D OlSPOSAl. 

E~•ClX:'.ERl~G DESIG:; PR~'!'.SES 

Power_ Plan, 

Plant Si:z:e (~) 
Boiler Type 
!!eat Rate \N · joules/kw"h; !ltu/kl.'h) 
Location 
Sen•ice Life (;"r) 
Load Factot' (Lifet::.:::e .~verage Percentage) 

Waste Generated (drv ~asis) 
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waste handling system ($16/kW). This is partly because the plant uses a 
pressure pneumatic conveying system which incorporates very expensive 
equipment for feeding ash from the electrostatic precipitator and economizer 
ash hoppers into the pressurized conveying lines. As a result, the waste 
handling/processing module costs constitue nearly 50 percent of the total 
waste handling/ disposal capital costs ($35 / kW'); exclusive of air pollution 
control-related capital costs. The capital costs for these systems at the 
Elrama Plant ~S68 / kW) and Powerton Plant ($54/kW') are considerably greater 
than . the Dave Johnston Plant costs. This is due to the fact that the capital 
cost:S for the Elrama and Powerton Plants include costs for fly ash, bottom ash 
and in the case of the Elrama Plant. FGD waste, However, if one looks at the 
costs for fly ash only. since this is the only waste under consideration at 
the Dave Johnston Plant, the capital cost at Dave Johnston ($35/kW') is higher 
chan those at both the Elrama ($26/kW) and Powerton ($22/kW) Plants. This is 
primarily due to the following : 

• The pressure-type pneumatic conveying system used at the Dave Johnston 
Plant is. considerably more costly than the pressure/vacuum or vacuum 
systems in use at the other two plants; hence. the associated total 
capital costs are similarly relatively high. · 

• The Dave Johnston Plant uses off-the-road ash hauling trucks which are 
more expensive to purchase than on the road trucks. 

• The quantity fly ash produced per unit of electric power generation 
capacity at the Powerton Plant is significantly less than th.at at the 
Dave Johnston Plant. This is because cyclone-fired boilers are used at 
the Powerton Plant which results in a fly ash/bottom ash ratio of 
30/70. 

A detailed annual cost estimate was also prepared for the Dave 
Johnston fly ash handling and disposal system. This estimate is provided in 
Table G-21, Appendix G. A simplified summary of these estimates is provided 
in Table 5~23. On a unit cost basis, the annual cost of waste handling and 
disposal for the Dave Johnston Plant ($24.90/dcy metric ton) was lower than 
for the other two sites (Elrama at $32.60/dry metric ton and Powerton at 
$27. 30/dry metric ton} considered which practice landfill disposal. Reasons 
for these differences are that: 

• One site (Elrama) practices FGD waste fixation, which is more 
expensive due to the greater complexity of the waste handling and 
processing system. 

• The .other site (Powerton) practices landfill disposal in lined gravel 
pits. The. liner adds significantly .to capital charges since it is 
both expensive and is used in relatively large quantities. 
Additionally, no economies of scale are realized, since a number of 
small gravel pits are used. 
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However, the difference between the annual costs at the Dave Johnston site and 
those for the Elrama and Powerton plants are not as significant as would be 
expected. This is due to the following: 

• The pressure pneumatic conveying sys.tem used at the Dave Johnston 
Plant is considerably more capital intensive than the combination 
pressure/vacuum or vacuum systems employed at the other two plants , 
and, hence, the associated capital charges are similarly relatively 
high. 

• The Dave Johnston Plant employs off-the-road ash hauling trucks which 
are more expensive to purchase than on-the-road trucks. Additionally. 
the trucks in use at the Dave Johnston Plant ptovide significant 
over-capacity, 

5.5 SHERBURNE COUNTY PLANT 

5.5 . l Plant Description 

5.5.1.l Background--
The Sherburne County Plant of Northern States Power Company is located in 

Sherburne County, Minnesota, approximately 2 km (1. 3 miles) south of the town 
of Becker and 48 km (30 miles) northwest of Minneapolis. The plant site is 
adjacent to the northeast bank of the Mississippi River, as shown in Figure 
5.27. 

The Sherburne County Plant consists of two units; each equipped with fly 
ash alkali FGD scrubbers that use supplemental limestone. The combined fly 
ash/FGD waste effluent is thickened before disposal in a clay-lined pond. 
Bottom ash and lilill rejects are sluiced to a separate clay-lined disposal 
pond. · Each of these ponds has an· associated clarifying pond which receives 
the overflow from that pond. The effluents from the overflow ponds are 
recycled for use as .a scrubber medium or for waste sluicing. 

The disposal ponds we-re constructed by excavating within each basin and 
using the granular outwash deposits to construct the earth retention dikes. A 
clay core was added to the dikes. and a O. 46 m (18 in) thick clay liner was 
placed at the bottom of each excavation and connected to the dike cores. 
Retirement and reclamation is planned for all disposal ponds after they have 
met designedstoragecapa~ity. 

The following factors were important in the selection for study of the 
FGC waste pending operations at the She.rburne County Plant: 

• The waste management practice includes several features . of interest 
and likely future importance. First, simultaneous removal of fly ash 
and sulfur oxides occurs in a mode of external forced oxidation at 
this plant. This produces a sulfate-rich waste material that is 
generally easy to dewater and handle. Therefore. forced oxidation has 
been broadly identified as a potentially mitigative measure to 
increase the number of available waste management options for FGD 
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wastes. Few other plants practiced forced oxidation at full-scale in 
1980, although it is expected to be a growing practice in the future. 

e Secondly, the disposal system consists of separate, adjacent, 
clay-lined ponds for the FGC waste/fly ash mixture and for bottom ash, 
with recycle of the waste transport water. The pond lining and water 
recycle provisions are modern, potentially mitigative features of 
general interest to the study program; they were represented at very 
few locations in 1980. In particular, this site afforded an 
opportunity to study liner performance in the ponding of wastes with 
potentially high ranges o.f major dissolved species (e.g., sulfate and 
boron). 

• Thirdly, western coal is employed at the Sherbt1rne County Plant. 
Given the anticip{lted growth in generating capacity based on use of 
western coal with FGD systems, this factor also broadens the potential 
applicability of findings from work at this site. 

• Additionall,y, the environmental setting is isolated from any other 
sources of potential contamination and combines modest precipitation, 
local high-quality groundwater and seasonal temperature extremes 
(i.e., ,very cold winters). It was expected that this setting would 
facilitate the identification of any waste-related groundwater 
contamination. 

5.5.1.2 Geologic Conditions--
The Sherburne County Plant is located within the Superior Uplands 

Physiographic .Province on the southern margin of the Canadian Shield. The 
Uplands are characterized by irregular and undulating glacially derived drift 
overlying relatively shallow crystalline rock. 

The project site area is underlain by pre-Cambrian granites that vary 
from 15 to 45 m (50 to 150 ft) below ground surface. The major overburden 
soil throughout the site area consists of glacially derived, permeable outwash 
sands and gravels with minor amounts of silt and cobbles. These glacial drift 
sediments were deposited from meltwater streams .which issued from the terminus 
of wasting ice lobes. However, due to major fluctuations in temperature 
during the close of the glacial period, minor readvances of the ice occurred 
in the site vicinity. The readvances caused the deposition of lobes of a very 
dense, heterogenous mixture of silt, sand and clay over the. previously 
deposited outwash deposits. These sediments, referred to as glacial till, 
occur as discontinuous lenses and layers of varying thickness within the 
outwash sands and gravel. 

The adjacent Mississippi River has locally deposited various river· 
terrace and flood plain sands and silts over the glacial drift deposits. 
Thesedeposits, although in close proximity to the disposal area, are 
encountered only in the downgradient portions of the site, adjacent to the 
river. 
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Figure 5.28 summarizes the site area surficial geologic conditions and 
Figure 5.29 presents a general subsurface geologic profile in the site area. 

5.5.1.3 Hydrologic Conditions--
The Sherburne County Plant site lies within the Mississippi River 

Groundwater Province and the Sauk River Watershed. The principal water 
bearing units in th·e watershed are the unconsolidated glacial outwash sands 
and gravels. The pre-Cambrian bedrock units do not constitute any developable 
aquifer potential. The plant obtains its operational waters from the 
Mississippi River and its fresh water requirements from large diaceter wells 
in the outwash deposits. 

Annual precipitation is approximately 0.71 m (28 in). In general, there 
is no surface runoff in the site area with all precipitation infiltrating 
rapidly through the granular overburden soils to the groundwater table. The 
groundwater table is located approximately 10.7 to 12.2 m (35 to 40 ft) below 
the existing ground surface in the site area. All groundwater flow is 
southwesterly towards the Mississippi River. 

5.5.2 Site Evaluation Plan and Site Development 

Thirteen groundwater monitoring ~ells or piezometers had been previously 
installed throughout the plant site by Northern States Power Company to 
evaluate potential disposal pond seepage during the period 1977-1979. 
Information obtained from these well installations, in addition to test boring 
data obtained for geotechnical purposes, provided a valuable basis for 
developing the project site evaluation and development plan. 

Northern States Power Company has conducted groundwater monitoring at the 
Sherburne County Plant site since 1977. Their program indicated ~levated 
concentrations of sulfate (in the range of 1500 ppm), boron (up to 16 ppm) and 
selenium (up to 32 ppb) in downgradient groundwater _to the west and southwest 
of the FGC waste pond. These elevations were attributed by the utility to 
leakage from sheet piling and/or drainage conduits alo.ng the western edge of 
the pond complex. rather than to permeation of the pond liner by leachate. It 
was also hypothesized by contractors to Northern States Power Company that 
much of the predicted movement .of leachate through the liner would be recycled 
through the plant water use system. This hypothesis was related to a 
judgement that the pond was at least seasonally in the cone of depression for 
the plant water supply well and the fact that soils below the liner are 
relatively pervious. With these factors in mind, the site monitoring 
infrastructure for this program was developed in late August 1981 to emphasize 
downgradient areas near the ponds but east of the path of the plume from the 
reported leakage. 

The site development plan for the Sherburne County disposal pond comp l ex 
included the installation of multi- purpose observation wells, piezometers and 
exploratory test borings for hydrogeological and geotechnical evaluation 
purposes. Two upgradient observation wells were installed for background 
monitoring purposes and six downgradient wells were installed at various 
locations and elevations to determine the presence and extent of movement of 

S- lC.! 
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any leachate. Two continuously sampled borings were obtained from floating 
equipment on the fly ash/FGD waste pond. Special procedures were utilized to 
penetrate the underlying clay liner, and the boreholes were pressure-tremie 
grouted upon completion to insure resealing. 

The locations of all explorations and monitoring/sampling installations 
are indicated on Figure 5.30 and a summary of all field results are indicated 
on Tab le 5 ~ 24. 

At the completion of all monitoring installations, the wells were 
flushed. bailed and an initial sample obtained for chemical evaluation 
purposes. 

5.5.3 Physical Testing Results 

Results of permeability tests, Standard Penetration Tests, and Unified 
Soil Classification Tests performed on FGC waste from the Sherburne County 
waste pond are presented on Figure 5. 31. This Figure also indicates the 
results oftest:s performed on the earthfill liner located beneath the fly 
ash/FGD waste pond. 

The results of tests performed on samples of the FGC waste indicate the 
following: 

l. No significant stratification of the FGC Yaste was observed and. 
therefore, the coefficient of permeability of the waste was fairly 
uniform throughout the deposit ranging from 7 x 10-s to 
5 x 10-6 cm/sec. · 

2. The upper 3. 6 m (15 ft) of waste in the pond was cemented; however, 
the cementation did not appear to have a substantial effect on the 
coefficient of permeability of the waste. 

3. Increasing the dry density of the FGC waste substantially reduces its 
coefficient of permeability. 

Particular care was taken in sampling the earthfill located beneath 
the pond while still maintaining the liner integrity. Testing of the liner 
consisted of field permeability tests in addition to laboratory permeability 
tests perfomed on samples of. the liner obtained from both beneath the ponds 
and the dikes. Based on these test results. it is estimated that the 
earthfill line'C' has a coefficient of permeability which ranges from S x 10-7 

to 1 x 10-7 cm/sec. 

Selected physical testing results are presented in Table 5.25. A more 
detailed compilation of these results for the Sherburne County Site is 
provided in Appendix E. 
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5E:..::::CTE:> PHYSICAL TEST::'.!:G R.I:St:LTS 

SHER.Sl.'R!':r cot::;'!"! pu..,,rl 

?~t:7leab i l i: ~, 
( c:111 sec ) 

S;>ecihc Grav::.::; 

Grain Size )is·.n;ut!.~-n 
;.-e>.ghc ?e:-cenc 

l K • · - J X 3 X l 

2.34 - 2.~3 

• > - :. i;:, 5 

• < : ,. 

:-!ois:ure ,: ,.nc o::.:ic · 
·,;ei.;'lc ?er ~~nt . 

E!fec~ive Screcgth 
?aramecers 

"' <1.n 12 le oi 'i::i!erna! Fric~i ,n 

... :ffec:i·,•e Cohesion 
pa: ?Si ' 

• 

1 ... - Saturtited 

58. "' 0 

'-See App end1..-: E i or details of ind i vidua l tests. 

Source: Art ur !). :..ictle, Inc ., and Bowse r-"iorner Testing 
:.a::iorlltor~es, Inc . 
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5.5.4 Chemical Testing Results 

In August 1981 samples of wastes, liner materials, and soils were 
obtained for physical and cheQical testing. Groundwaters were sampled for 
chemical testing. These included samples obtained by three borings through 
the pond liner, which were immediately sealed. Subsequent groundwater and 
pond supernatant sampling took place in October 1981 and May 1982. 
Precipitation was reasonably typical at the times of sample collection and 
covered the extreme wet and dry seasons. 

Table 5.26 provides data on selected componenu of groundwater and 
pond liquors at the Sherburne County site, including comparison with selected 
results of EP extract analysis and with relevant EPA water use criteria. 
Chemical analysis results ·for selected constituents of liquids from within t:he 
pond liner and from soils beneath the liner are presented in Table 5.27. 
Selected chemical attenuation. test results are presented in Table 5, 28. A 
more detailed presentation of chemical testing results is provided in 
Appendix F. 

5.5.5 Environmental Assessment 

5.5.5.1 Approach for the Sherburne County Plant--
The environmental assessment of the Sherburne County Site results focused 

on the following issues: 

• effects of the pond leachates on downgradient groundwater quality; and 

• effectiveness of the pond liner as a mitigative feature for the 
protection of groundwater quality. 

The steps employed in the environmental assessment at this site were as 
follows: 

• Site subsurface geologic.al profiles and a site water balance were 
prepared. 

• The values and trends in chemical sampling and analysis results for 
the various areas of the site were compared with each other, the 
results of previous work by Northern States Power Company, and 
relevant EPA criteria for wate use protection. 

• The water balance, geological profiles, and chemical and physical 
testing results were considered together to structure and evaluate 
hypotheses concerning the riature of leachate generation and movement 
at the site. Particular emphasis Yas placed on consideration of 
chemical sampling and analysis results for pond liquor and 
interstitical waters from within the wastes, pond liner. and 
underlying unsaturated zone. 

• The results of soil attenuation tests were evaluated along with the 
water balance, geological profiles , physical and other chemical 
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TABLE J ., .• .., 

si::u:rn:o DATA FIICJM l'mm AND wn1..s A'1' TIil: Slll:.Kl:O Si'ff 

(all in mg/JI. except Se (µg/2.) 

Co11stituents: Cl. so B Ca 
Trl ~s: .---:r J ··''-··1;- - ~ .. '2 ·-f -· -,.- J ••.. . 2-- ·- 1 ···,; - - 1 ·-2 - - J - - 4 

~~a LJ_~~ 
- - ···- --- ·- - - ·- · --#-··- - ---·· 

S · ', (Batkground We 11) 18 27 21 n 22 20 14 1$ .04 .ou, .004 .Ol9 ">9. 7 f>6.9 64 . . , 66.1 

5 ·11 (Background Well 
Dlrnct ly North of 19 'J 9 10 110 7 37 46 .OJ .004 <,004 .on 107 /8.8 69.6 78.4 
Pvnds) 

r., . { (W. l'uripheral Well) 14 16 19 21 70 52 19 41 • lJI, • 3)4 .233 .JU> 101 87 79.6 81. 7 

5 · 8 ( E:. Pedpheral Well) 15 13 18· 17 35 24 / 0 JO <,004 <.004 <.004 .on 60. l 60.2 65.7 64.4 

5 -4 ( Oowrtgrad tent Well) l'> 19 17 17 30 28 n B 0.56 .005 .004 .014 66.9 68.l 73. 7 n 

5 · 6 (Downgradient Well} 16 20 13 }] 76 59 41 4'J .189 • l!:>8 • I]) • 188 83.1 81.6 75. <J 7tl 

v• 5,- 9 ( Downgrnd lent lo/ell) 6 1 2.5 ] 22 16 18 I:, <. 004 <.004 <.o04<.oo6 5J.1 '>3.4 51. J 51 
I 

)--' W.iste Liquors: (FG») 
)-' 
.i; 

5-1 (12. 5-14. 5 feH) fl2 512 90.J 742 

5 · l (20.5-22.5 feet) 336 3057 t,J. 9 591 

5- 1 (24-26.5 feet) 261 2420 50. 3 624 

Haste Liguors: (Bottom Ash) 

S· 11. A bO 56 -- 2]05 2200 30.4 ... 715 

(FGl> Pond l.iquor) 150 155 8]67 9900 105 132 566 49) 

., 1B O'Gll kccyc le Basin) 56 58 2345 2200 20.9 19.9 62] 613 

(Continu~d) 
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TABI.E 5.26 

Con.stituents: Mt Na Se 
'frlpN: -r 2 3 4 l 2 3 4 2 1 4 

Locations 

5-5 (Background Well) 17.6 19. 2 18.6 19.5 5 4 4 5 • 26 . 26 

5-H (llackground Well Dlrectly 28.8 22.2 18.6 21.9 6 2 2 ] 

North of Ponds) 

r:,-7 (W. Peripheral Well) n.2 23. 7 21.6 22.5 6 4 3 4 <., :i(, 

5-8 ( I::. l'cripheral Well) 17.2 16.CJ 17.5 18.2 4 1 4 4 

S-4 (Downgra11ient Well) 19. 2 18. 7 21.3 20. l ) 3 2 3 <.26 

':,-6 (Downgradient Well) 24. 2 22. 7 20.6 21.) 6 3 3 4 <.26 

5-9 {Downgradient Well) 14. 7 1.4.9 14.1 15.2 4 <1 2 3 -<.1,6 

Waste Li guors: (FGD) 

S-1 (l?..5-14.S feet) 1530 857 It~ 
\JI 
I 5-1 (20.5-22.5 feet) 436 468 21. ..... 

f--' 
\J1 S-1 (24-26.5 feet) 165 330 ' 

Waste Li 9uors: (Bottom 1\ sh) 

5-ll A 344 234 21.6 

(l,'CD Pond Liquor) 2050 2150 262 284 

5-18 (FGD Recycle Ilasin) 297 207 102 98 

Note: Potentially applicable water quality standards and criteria include: 

Se: 10 µg/1 (EPA Interim l'ri1aary Drinking Water Standard) 
CJ: 250 mg/1; SO~: 250 mg/1 (EPA Proposed Secondary Drinking Water Standard) 
B: • 750 mg/1 (E A critedon for protection of sensitive crops) 
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~~ ~:::~nc arid 

!.ULE 5.:8 

3ELECTED RESULTS OF SOIL A!TE~'UATION S!:JDI!S 
SHER.11L1UI! COL";111'Y SI!!.! 

Sol~:::..Jn Concentroc.ion Soil Capa::it•·· Soil Capacity ' .5cil Sa:;,le • ;,ob) ( w!';j .'~) Solution CcncentTation 

Arsenic (A 4.S-454 l. l -119 2:?:9-262 
· .. A,i 7.3-473 1-39 128-123 
·,::1 ' H-454 1.1-121 i9-267 
•.3) 18•477 1-53 .56-lll 

.:iele::.iu::. (A) s-12:: 0.2-0.8 25-6. 7 
(A) 14-137 •0.25-7.4 lS-54 
('S) 30-97 0.3-2.4 10-24.7 
(S) 37-149 0.23-0.8 6.2-S.4 

Cad::iium (A) 40-llO 0.24-5.16 6-47 
(S '. 50-lJO 0.:22-J.20 4.4-24.6 

Chromium ( .-\.) 160 0 . 06 < o. 35 

Copper {A) 32-154 0.73-246 23-1600 
m 35-251 0.73-145 21-'590 
(J;) 12-13 0.14-1.28 11-98 

:.:I.eke!. (A) o.1a-o.21 • 0. 14-0. (, 3 0.$-.:?.l 
(.8 ) 0 .20-0.21 0. 10-0. 45 0.3-2.l 

Vanadium (.:-.) 47-73 0.07-1.26 l.5-17 
(A) 16-26 0.03-1.00 l.6-38 
(S) 64-i6 0.04-1.0Q 0.6-13 
(!) 16-20 0.04-0.16 2.5-6 

aSoil$ tes:ed · .. ere from cvo borings: (A) 5-3, in the ;:la.:, liner, 
,me; :s , 5-~. uavelly, si.:.c:; ,sar.d east cf ene ponds. 

- ..,_ -1 .,.., : -~,.;....I 
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testing data to describe the potential for longer-term leaching of 
contaminants from the waste ponds to down.gradient monitoring well 
locations. 

• The broader implications of the Sherburne County site results wen 
considered in tet'l!l.S of their applicability to similar combinations of 
waste types, disposal methods and environmental settings. For this 
site, this step had particular importance because of the significance 
of the lined pond disposal method in a typical interior setting of 
high-quality groundwater. 

5. 5. 5. 2 Geological Profiles and t.;a ter Balance--
Geological Profiles--Figure 5.32 illustrates the subsurface geological 

profiles for ttJo areas of the Sherburne County waste disposal site. These 
profiles were prepared on the basis of the site development results for this 
program along with the available site background information. 

Water Balance--The estimated water balanc~ for the Sherburne County Site, 
based on the hydrologic information from the site development work, is 
summarized in Table 5.29 and illustrated in Figure 5.33. 

5.5.5.3 Evaluation of Testing Results~-
The chemical analyses results for this site, in conjunction with 

available background data, indicate the following: 

• The values measured on different dates at the same sampling locations 
were remarkably similar. Nitrates were a minor exception, with 
concentration elevations found only in the August 1981 site 
development samples from a background boring and a peripheral well 
boring. 

• As illustrated in Table 5.26, the measured concentrations of several 
components were significantly higher in the FGC pond supernatant and 
FGC waste interstitial waters than in background groundwaters. These 
components included sulfate. boron, chloride. calcium, magnesium, 
sodium, selenium. Sulfate, boron, and chloride show the most 
consistently pronounced waste-related groundwater concentration 
elevations. Sodium and magnesium showed a similar pattern, although 
less consistent relative differences in concentrations were exhibited. 
Selenium concentrations were also elevated in the waste liquors (up to 
250 p'p'b), which is 25 times the EPA Interim Primary Drinking Water 
Standard and about 30 times higher than the value obtained by the EP 
test (see Table 5.26). However, selenium decreased with depth in the 
waste liquor to 49, 21, and 5 iig/1. Thus. sulfate and boron appear to 
be likely "chemical tracers" for a leachate plume, with the other 
parameters providing supplementary data. 

• While both sets of concentrations were elevated, the likely chemical 
tracer concentrations measured in the FGC pond supernatant were higher 
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than those measured in interstitial waters within the FGC waste 
deposits (e.g., over 10,000 ppm sulfate in the supernatant versus 
2,000 ppm in the interstitial waters). 

• As illustrated in Table .5.27, the "tracer" concentrations were similar 
in both the waste interstitial waters and the ;nterstitial water 
squeezed from various locations and depths within the pond liner. 
However, the amount of moisture decreased with depth in the same 
samples (i.e. 40 percent moisture in the fully saturated waste, 15 
percent in the 80 percent saturated liner, and less than four percent 
in the underlying unsaturated zone soils). 

• None of the groundwater samples from background, downgradient or 
peripheral wells showed concentration elevations of prospective 
tracers in the ranges found in the waste and liner interstitial 
waters. The concentrations in the background, east and southeast 
peripheral, anci south downgradientwellswere similar; the 
concentrations in the west and southwest downgradient wells were 
slightly elevated (i.e •• sulfate 5 to 30 ppm, boron 0.004 to 0.06 ppm 
in the background versus sulfate 50 to 80 ppmp boron 0.05 to 0.35 ppm 
in the west/southwest downgradient wells). 

• Nitrate exceedance of the EPA Interim Primary Drinking Water Standard 
was widespread at various locations around the site (including 
background) and appears unrelated to the disposal operation. As 
indicated here or on Table 5. 26, .the waste contained concentrations of 
fluoride (up to 18 ppm), chloride, iron (up to 1.8 ppm), sulfate, 
manganese (up to 15 ppm) and selenium that could exceed the 
applicable federal primary or .secondary standards if they reached 
drinking water unattenuated. However, there were no such exc.eedances 
recorded for any of these parameters at the saturated zone sampling 
locations beyond the pond itself. 

• As presented in Table 5.28 and Appendix F, attenuation tests conducted 
with site soils and various waste liquors indicate that the sandy, 
relatively inorganic soils. that prevail over much of this site (e.g., 
from boring 5-8) have relatively poor capacity to attenuate trace 
metals. A sample of !'clay core" liner soil (with about 20 percent 
clay-sized particles (versus 10 to 15. percent elsewhere at the site) 
had somewhat better attenuative capacity that was still in the lower 
end of the range exhibited at the various study sites. 

5.5.5.4 Cause and Effect Relationships--
Flow through the liner and unsaturated soils at the Sherburne County 

disposal pond was investigated using assessment methods developed by McWhorter 
and Nelson (l980) and subsequently restated and simplified by Bouwer (1982). 

From the data developed in this study, the steady state seepage rate in 
the unsaturated zone underlying the ponds was estimated in the range of 1.2 x 
10-6 to 2.2 x 10-6 cm/sec. By this method, the rate of leachate flow through 
the entire pond bottom is estimated at 350 to 400 m3 /day (92,000 to 106,000 

5-123 
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gal/day). This estimate compares favorably with the results of the 
preliminary site water balance [i.e., leachate flow of 500 m3/day (132,000 
gal/day)]. 

The travel time through the clay liner is sensitive to the liner 
thickness, ranging from about 140 days for the 0.46 m (1.5 ft) thick liner 
base to approximately 470 days for the 0.90 m (3.0 ft) thick 0 clay core" liner 
edges. Thus, some leachate is expected to break through the liner after 
approximately 150 days, although steady state may not be achieved for 
approximately 500 days. 

Estimat.ed travel time through the unsaturated zone may vary from 500 to 
850 days. b.ased on variation in the seepage rate (function of liner thickness) 
as well as in the soil moisture content. Travel times in the saturated zone 
toward downgradient ·wells 5-4 and 5-6 would be about 400 days from the 
southwest side! of the pond, 2800 days from the northeast. 

Combining the above estimates, leachate from the southwest corner of the 
pond could have begun to af.fect wells 5-4 and 5-6 as early as March 1979, and 
probably no later than February 1981. Observations at these wells, on the 
contrary, indicate little contamination in 1981 and 1982. Here some possible 
explanations are explored. 

The first arrival of contaminants at wells 5-4 and 5-6 will not be nearly 
so concentrated as would develop later.. There are two essential reasons: 

• Inid.ally, only a small quantity of leachate has mixed with larger 
amounts of uncontaminated groundwater. Groundwater reaching wells 5-4 
and 5-6 in 1982 had already flowed under a large fraction of the pond 
before the.first leachate trickled down to the water table (by these 
estimates at the approximate time of January 1978). Water sampled at 
well 5-4 in M.ay 1982 was roughly midway along its flow path -under the 
pond when . it was first affec.ted by leachate. 

• Leachate that originally permeated the liner may have been less 
contaminated than the leachate currently found in the FGCwaste or 
liner pore waters. the leachate may not have come to chemical 
equilibrium with the wastes, and early plant operatiofrs did not 
involve recycling as my.ch plant water as in later years. Some 
evidence for this is in the decrease in chloride, sulfate, calcium and 
other major ions in samples deeper in the waste deposit. This 
observation is not consistent with either dilution, chemical 
attenuation or plume "front" hypotheses. 

These considerations can only explain the observations at well 5-4 ·if 
initial leachate concentrations of sulfate were no more than 100 pp.m. Such a 
low concentration does not seem likely from available information. 

Another possible ex.plar.ation is that flow in the liner, unsaturated zone, 
or saturated zone .is slower or less vigorous than has been estimated above. A 

... - ,, _:1 _ __ + 
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numbe :- of assumptions and / or measurement errors could contribute to errors in 
the hydraulic esticates: 

• the flow system as observed may not be representative of the life of 
the facility (pond water .level was occasionally lower, pumping rate of 
plant water supply well may have been greatert liner thickness greater 
than 0.46 m {1.5 ft) under most of the pond, etc.); and 

• hydraulic conductivities used in the estimates may be too high. 

Relative differences in the hydraulic conductivities of the liner versus 
underlying materials . could resul~ in different relative contribution of 
leachate and underflowing groundwater~ All other possible explanations for 
the discrepancies between the findings of this analysis and the observed 
absence of contamination at downgradient wells would not affect the long tt" :m 
steady state concentrations that would obtain at those wells. They only 
affect estimates of when these concentrations would be observed. 

In this context, the water balance indicates that values for steady-state 
concentrations of conservative species at down.gradient wells may be estimated 
using the following equation: 

downgradient cone.=- 0.7 (leachate cone.)+ 0.3 (background cone.) 

Such steady-state concentd.tions would be expected by the end of 1988. 
In the meantime, steadily increasing concentration levels from those observed 
in 1982 to the projected value are expected. Since it appears that leachate 
had already penetrated the liner as of August i981, elevated concentrations 
should be observable at well 5-4 no later than summer of 1985. 

The groundwater effects of the Sherburne County pond would b, quite 
different had no liner been used. Applying equations provided by Bouwer 
(1982), the seepage rate would be 3.7 x 10 5 cm/sec, corresponding to a 
leachate release rate of roughly 7000 m3/day through the pond bottom. This is 
roughly 15 times the existing seepage rate. The unsaturated zone beneath the 
pond would exhibit a soil moisture. content of approximately 12 percent, and a. 
substantial groundwater mound would develop forcing leachate in all directions 
from the pond area. · 

In this hypothetical case, it would take only a year for leachate to 
travel to do\mgradient locations, and the groundwater quality at points 
adjacent to the pond would already closely approximate the leachate quality. 

5.5.5.5 Environmental Effects Implications--
The evaluation of .testing results for the Sherburne. County site can .be 

summarized as follows: 

• Leachate movement from the pond has been physically retarded to 
preclude development of contaminant concentation elevations at the 
southern downgradient wells. However, one may expect such elevations 
to occur eventually. 
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• ~aste-related chemical constituents appear at slightly elevated levels 
in the peripheral/downgradient wells to the west and southwest of the 
pond, but it is not clear whether this is due to the remnants of past 
leakage from the sheet piling/conduit sources, leachate that has moved 
through the liner, or a combination of both. 

• The higher concentrations of waste constituents in FGC pond 
supernatant versus underlying waste interstitial waters, may be due to 
two factors. First. the .conversion by the utility to a system 
in•iolving recycle of the FGC waste transport ~ater would have resulted 
in increased concentrations of chemicals in the water, and second, the 
evaporation of water in the pond would also increase remaining 
chemical concentrations. 

The findings at the Sherburne County site support conclusions 1, 2, and 3 
presented in Section 5. l and have · the following broader implications for 
similar disposal operations: 

1. For similar wastes, the trace constituent of greatest concern relative 
co primary drinking water standards may _ be selenium, which was present 
in the Sherburne County pond at levels up to 25 times the drinking 
water standard. However, program results indicate that selenium may 
be chemically attenuated . in soils with a prevalence of firie particles 
or high organic content. 

. . 

2. If underlying or intervening soils are relatively impermeable and the 
site is well-removed from potential drinking water and small surface 
water bodies~ it appears that the types of wastes generated at the 
Sherburne County Plant can be acceptably disposed of by ponding or 
landfilling methods. 

5.5.6 Engineering Cost Assessment 

5.5.6.1 Engineering Assessment--
The Sherburne County Plant is a cyclic load facility which operates at 

full load approximately 10 to 12 hours per day. Two pulverized coal,, 
tangentially-fired units (each of which has a 729 MW nameplate generating 
capacity) are in use; the total nameplate generating capacity is 1458 MW. The 
first unit started up in May 1976, and the second was commissioned in April of 
the following ·year. The utility is planning to expand this piant with the 
addition of an 800 . MW unit in 1988. 

Air Pollution Control~F1ue gas cleaning has been in use since startup of 
the two units at the Sherburne C.ounty Plant. Initially, sulfur oxides and 
particulates removal was achieved simultaneously employfng limestone/fly ash 
alkali scrubbing. However, a variety of materials have been tested as 
scrubber additives in addition to limestone. including municipal water 
treatment plant sludge, dust collector fines from a lime production plant, and 
calcium hydroxide from acetylene production plants. 
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Twelve venturi-rod scrubbers service each of the two units at this plant. 
A design sulfur dioxide removal efficiency of 50 percent is stipulated. 
Forced oxidation is also provided. Initially, marble bed absorbers were 
installed on the scrubbers. although the manufacture of marbles was 
discontinued, and the absorbers were subsequently converted to spray towers. 
The operational desulfurization efficiency of the FGC system was increased to 
70 percent by the change to spray tower absorbers. · Actual operating 
particulate removal efficiency is reported to be 99.0 percent. Economizer ash 
is collected separately in dry form. 

. . Coal Consumption--Subbituminous Colstrip and Absolaka coals used by the 
Sherburne County Plant are obtained from the state of Montana. Annual coal 
consumption at the Sherburne County Plant in years that both units were 
operating ranged from 4.0 to 4.4 inilfion metric tons/yr (4.4 to 4.8 million 
tons/yr). The heat content of coal used at this plant has essentially 
remained constant, ranging from 19.9 to 20.l million joules/kg (8,550 to 8,640 
Btu/lb). The annual average coal sulfur and ash contents have remained 
constant at 0.8 weight percent (dry basis) and 9.2 weight percent (dry basis). 
respectively. Coal moisture contents were reported to range from 24.5 to 25.6 
weight percent. 

Waste and Water Management--FGC waste (fly ash and FGD waste) generation 
rates rang~ from 255,000 to 315,000 m3/yr (9.0 to 11.l million ft:3/yr). The 
combined fly ash and FGD wastes, along with the economizer ash, (which is 
slurried and handled in wet form), are thickened to approximately 30 to 35 
percent solids. The t.hickener · overflow is recycled for use in the scrubber. 
The thickeri.e.d . sludge is sluiced to a disposal pond by way of two pipelines. 
Figure 5.34, process flow diagram F-400, illustrates the fly ash and FGD "taste 
handling, processing, and transport scheme. 

Bottom ash and mill rejects are sluiced by pipeline to the bottom ash 
disposal pond. Between 1,600 and 2,0QJ) m3/yr (55,000 and 70,000 ft 3/yr) of 
bottom ash is generated annually. Figure 5 . 35, process floY diagram F- 401, 
depicts the bottom ash handling and transport system. 

Disposal Operation--Combined fly ash and FGD waste, as well as boiler and 
scrubber cleaning wastes, are disp,osed in a 250,000 m2 (62 acre)• 14 m (45 ft) 
deep pond. · This pond has a aesign life of ten years. The pond is lined with 
0.46 m. (18 .in) of clay which was obtained locally. 

With the. proposed addition of Unit 3, this fly ash and FGD waste disposal 
pond is not considered by plant personnel to be capable of providing adequate 
disposal capacity for all of the fly ash and FGD waste generated by the 
Sherburne County Plant. A new pond will be constructed for this purpose. 

A clarifying pond (denoted the scr-ubber recycle basin) receives overflow 
from the fly ash and FGD waste disposal pond. This pond is adjacent to (to 
the west of) the fly ash and FGD waste disposal pond. It has a surface area 
of 1,000 m2 (0. 25 acre) and. is 3 m (10 ft) in depth. This pond is lined with 
0.45 m (18 in) of clay. The effluent from this pond is recycled to the plant 
for use in the scrubber system. 

5-127 
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Bottom ash and mill rejects are disposed in a separate 74,000 m2 (18 
acres) pond. As a market becomes available, some of the ash is periodically 
dredged and sold. The depth of this pond is 14 m {45 ft). The pond is lined 
with 0.45 m (18 in) of clay that was obtained locally. 

Overflow from the bottom ash pond and wastes from the coal yard and plant 
sumps are directed to a clarifYing pond which is denoted the recycle basin. 
This pond is adjacent to (to the west of) the bottom ash and fly ash/FGD waste 
disposal por.ds • . The recycle basin has a design life equal to that of the 
plant (35 years). This pond is lined with 0.45 m (18 in) of clay and is 3 (10 
ft) deep • . It is dredged intermittently at 2 to 3 year intervals. as needed. 
The effluent from .this pond is recycled to the bottom ash sluice system. 

A list of area accounts for the waste handling and dispnsal operation at 
the Sherburne County Plant is provided in Appendix G. Table B-4. 
Additionally, a detailed equipment list for each area account is provided as 
Table G-10, also in Appendix G. 

5.5.6.2 Cost Assessment--
The engineering assessment results for the Sherbu:rne County Plant 

provided a basis for the development of capital and annual costs for the solid 
waste handling and disposal operation. To provide consistancy among the cost 
estimates for the six ~ites, it was necessary to develop cer.tain 
specifications which were consistent for all scudy sites; t.hese include plant 
service life, load factor, heat rate, etc. The design premises for the 
Sherburne County Plant cost estimates are listed in Table 5.30. 

Detailed capital cost estimates for the Sherburne County Plant waste 
handling and disposal operation are provided on a modular basis, by waste type 
in Appendix G, Table G-16. A ·summary of these capital costs is presented in 
Table 5.31. As was the case with the other two study sites practicing pond 
disposal [Plant Allen ($36/kW) and the Smith Plant ($47/kW)], the waste 
handling and. disposal scheme at the Sherburne County Plant is highly capital 
intensive ($43/kW) when air pollution control costs are not considered. This 
is due to the high cost of pond construction. This situation is compounded at 
the Sherburne County Plant ·wherecostly clay liners .were installed in the 
ponds. The liner cost is particularly high since the clay was not available 
on-site, but rather was excavated and hauled to the pond area from an off-site 
location. 

Detailed annual cost estimates are provided for each of the Sherburne 
County Plant waste handling and disposal modules. in Appendix G, Table G-22. A 
summary of these costs is presented in Table 5.32. The unit annual cost for 
ponding at the Sherburne County Plant ($26.60/dry metric ton) is higher than 
the unit costs for the other two study plants practicing pond disposal (Allen 
at $23.70/dry metric ton and Smith at $25.10 dry metric ton). The annual cost 
for waste handling and disposal at the Sherburne County Plant is slightly more 
expensive than that for Plant Allen, primarily due to the fact that . the 
Sherburne County ponds are lined, unlike the ponds at Allen, resulting in 
increased capital charges. In addition, the Sherburne County Plant practices 
water recycle which additionally adds to the capi.tal costs of the system and 
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likewise to capital charges. One might expect that the waste handling and 
disposal system at the plant, with a capacity of 1458 MW), would have a lower 
unit annual cost than that of the much smaller 30:.0 MW Smith Plant, due to 
economies of scale. However, the cost of the liner at the Sherburne County 
Plant tends to overshadow such expected differences. 

5.6 POWERTON PLANT 

5.6.l Plant Description 

5.6.l.l Background--
The Powerton Power Plant of Commonwealth Edison Company is located in 

Tazewell County, Illinois, approximately 16 km (10 miles) south of the city of 
Peoria. The site is located 1. 6 km (1 mile) from the Illinois River, as shown 
on Figure 5.36. 

The existing Powerton facility began operation in 1972, although a 
smaller plant had previously operated at the site. Dry fly ash is collected 
by cold-side electrostatic precipitators and stored on an interim basis in 
silos prior to removal to the landfill disposal area. Boiler slag is col­
lected from wet bottom boilers, sluiced to hydrobins for dewatering, and 
transported by trucks to the disposal site. 

The Power ton disposal site, approximately 1. 6 km (1 mile) south of the 
plant, is actually two abutting landfills operated by American Admixtures, 
Inc. The older landfill was used from 1972 to 1977. It reportedly has a O. 20 
m (8 in) thick liner composed of a stabilized fly ash-slag mixture called 
Poz-0-Pac®. Embankments up to 9 m(30 ft) in height, constructed of 
Poz-0-Pac®, retain the landfill on an original sloping ground surface. The 
older landfill was reclaimed with an addition of a 0.6 m (2 ft) top soil layer 
and seeded. The newer landfill site, which began operation in 1977, occupies 
an adjacent, abandoned borrow pit and has a designed 1.5 m (S ft) thick 
Poz-0-Pac® liner. This disposal area was anticipated to be retired by 
mid-1982. 

The following factors were important in the selection for study of the 
coal ash landfill operation of the Powerton Plant: 

. . . 

• Collection, handling and managed landfill disposal of ash as practiced 
at Powerton is one of the prevalent nationwide practices in the 
utility industry; it is an even more prevalent practice at newer 
plants. 

• The Powerton site provided an opportunity to study the effects of 
landfill disposal of coal ash from combustion of a western coal in a 
typical interior climat:ic and geohydrologic setting. The site is in 
ari area of relatively permeable soils and relatively moderate, regular 
precipitation. 

• The initially available information indicated that two adjacent, 
artificially lined fly ash/slag disposal areas might be available for 
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study. One site is the original, recently retired disposal area 
reportedly underlain by a 0.20 m (8 in) thick Poz-0-Pac® liner, and 
the other is an active area underlain by a 1.5 m (5 ft) Poz-0-Pac® 
liner. While artificial lining of managed coal ash landfills is not a 
prevalent practice nationwide (and is not expected to be in future), 
this w-as .considered a useful opportunity to study a potentially 
mitigative practice. · 

• The retired landfill is bordered on one downgradient face by a small. 
permanent stream (Lost Creek) with mean flows estimated at 0.028 to 
0.28 m3 /sec (45QO to 45,000 gal/tnin). Lost Creek receives upgradient 
runoff loadings from a variety of land uses, including agricultural 
(acdve corn fields border most of the disposal site) · and a mix of 
light industrial and corm:iercf'l.l uses. Because there are no major 
point source discharges to Lost Creek, this was considered an excel­
lent opportunity to study potential non-point source impacts of coal 
ash disposal on both groundwater quality and water quality in a small 
surface water body. ··· · ·· · 

5. 6. 1. 2 Geologic Conditions-
The Powerton Plant is located within the Havana Lowland Region of the 

Central Lowland Physiographic Province of west-central Illinois. The Lowland 
is characterized by glacially-derived, rolling topography with numerous 
erosional and depositional stream channels. 

The project site is underlain .by a broad bedrock channel of the 
ancestorial Mississippi River and consists of Pennsylvanian shales with 
interbedded limestones, sandst.ones and coal units. The bedrock surface in the 
site area is approximately 15 to 30 ti (SO to 100 ft) below ground surface. 

The Wisconsin glacier, which teminated approximately 3 km (2 miles) east 
oi the site, caused thick sequences of outwash s.ands and gravels to be 
deposited directly over the decomposing bedrock surface. 'With the development 
of modern surface drainage courses, flood plain. alluvium consisting of clay, 
silt and sand was deposited over the underlying and adjacent outwash deposits. 
Lost Creek, which abuts the disposal area on the east, deposited from 1.5 to 
3.0 m (5 to 10 ft) of these finer alluvial deposits along the easterly 
portions of t:he landfill site. However. the clay units, varying from Oto 2 m 
(0 to i ft) in thickness are generally discontinuous. 

Figure 5.37 summarizes the site area surficial geologic conditions in the 
site area. General subsurface geologic profiles are described in Section 
5.6.5.2. 

5.6.1.3 Hydrologic Conditions--
The Powerton Plant site lies within the Glaciated Central Lowlands 

Groundwater Province and the Illinois River Basin. The main water bearing 
units are the sand and gravel outwash deposits; the underlying bedrock units 
are relatively impermeable. The Powerton Plant obtains its water supply from 
large diameter wells within the outwash deposits. 

5-138 
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Annual precipitacion is approximately 0.89 m (35 in), of which an average 
of O. 26 m (10 in) contributes to groundwater recharge and O. 21 m (8 in) is 
lost in annual st.ream discharge. Flooding of rivers and streams is a common 
occurrence and the adjacent Lost Creek has been known to rise as much as 2.1 m 
(7 ft). 

The groundwater table in the site vicinity is very close to the original 
ground surface along its easterly boundary and was encountered within the base 
of the disposed ash in the retired landfill site. Considering the higher 
elevations of the original ground surface along the westerly landfill 
boundar;, · the water table is encountered at approximately 10 m (35 ft) below 
ground surface. All surface and groundwater flow is northeasterly towards 
Lost Creek which subsequently flows to the .Illinois River. 

5.6.2 Site Evaluation. Plan a11d Site Development 

Nine monitoring wells installed by the. landfill contractor in the two 
landfill sites provided preliminary subsurface information and groundwater 
levels for a two.;.-year period. 

The project . site . development platl for the Powerton landfill site included 
the installation of multi-purpose wells; piezometers and exploratory test 
borings for hydrogeological and geotechnical evaluation purposes. One 
upgradient observation well was installed for background monitoring purposes 
and five downgradient wells were installed around the perimeter of the 
disposal area to; determine the presence and vertical extent of any leachate. 
Four continuously sampled test borings were obtained in the older, retired 
landfill area to determine the presence and thickness of the compacted 
Poz.-0-Pac<!l liner. ·0n1y the most westerly exploration (boring 6-3) encountered 
a liner which was 0.27 m (11 in) thick. · A sealed piezometer was installed, 
utilizing special Illinois EPA-approvedprocedures, within the outwash 
deposits immediately below the disposed fill materials. Although the 
anticipated liner, which could have created "perched" groundwater conditions, 
was not present at this location, it was determined that groundwater mounding 
had occurred into the base of the landfill material. No explorations or wells 
were installed in the most recent, active ash disposal area, which reportedly 
was linedwith l. 5 m (5 ft) of Poz-o:..Pac®. 

At the c:ompled.onof all monitoring installations, the wells were 
flushed, bailed and an initial sample obtained for chemical evaluation 
purposes. 

The location of all explorations and monitoring/sampling installations 
are indicated on Figure 5.38 and a summary of all field results, samples, 
locations, types, depths, and tests are indicated on Table 5 .• 33. 

5.6.3 Physical Testing Results 

Results of physical characterization tests performed on samples from the 
Powerton site are included as Figure 5.39. Confirming the reports of 
Commonwealth Edison personnel, boiler slag and fly ash were found .in separate 

.. ~ \ "'-
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areas of the older portion of the landfill (Borings 6-1 and 6-2, 
respectively). The coefficients of permeability ranged from a high of 3 x 
10-2 cm/sec for the slag to a low of l x 10-~ cm/sec for the fly ash. In the 
more recent section of the ash landfill where slag and fly ash were mixed, the 
coefficient of permeability of the ash was approximately 5 x 10-4 cm/sec. 

Samples of fly ash and mixed slag/fly ash were remolded to both loose and 
dense relative densities and subsequently subjected to laboratory permeability 
tests. Based on these analyses, it was determined that the coefficient of 
permeability of the fly ash from the older portion of the landfill can be 
decreased by increasing its density. However, only minimal permeability 
changes resulted by increasing the density of the more recently placed fly 
ash/slag mixture. 

Table 5.34 summarizes selected physical testing results. A more detailed 
presentation is provided in Appendix E. 

5.6.4 Chemical Testing Results 

The site monitoring infrastructure was developed in November 1981. At 
that time samples of wastes and soils were obtained for physical and chemical 
testing. Subsequent groundwater and surface water sampling for chemical 
testing and measurement of water levels took place in December 1981 , April 
1982, and August 1982. Precipitation and water levels were at a 
(seasonally-representative) very low level for the December visit, were 
extraordinarily high for the April visit (because of storms), and were in the 
high-normal range for the August visit. 

Selected chemical testing results are presented in Table 5.35, along with 
values for rele"·ant EPA water are standards. !able 5. 36 presents selected 
results of attenuation tests using Powerton site soils. A more detailed 
presentation of chemical testing results is provided in Appendix F. 

5.6.S Environmental Assessment 

5.6.5.l Approach for the Powerton Site--
The environmental assessment of the Powerton site results focused on the 

following issues: 

e effects of the ash landfill leachate on downgradient groundwater 
quality; 

• effects of the ash landfill leachate on Lost Creek surface water 
quality; and 

• initially, effectiveness of the Poz-0-Pac® liner under the older 
disposal area. When site development efforts revealed a general 
absence of the liner, this emphasis was discontinued. 

The steps employed in the environmental assessment at this site were as 
follows: 

5-145 
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TABLE 5._34 

SELECTED PHYSICAL TESTI~G RESULTS 

POWER.TON PLANT 

Permeability 
(cm/ sec) 

Specific Gravity 

Grain Size Distribution 
(Weight Percent) 

• > 74 µm 

• 2 - 74 µm 

Moisture Content 
(Weight Percent) 

Effective Strength 
Parameters 

• Angle of Internal Friction 

• Effective Cohesion 
(Pa; psi) 

2.63 - 2.79 

15 - 98 

2 - 80 

0 - 20 

i'.L 3 - Saturated 

30.2° 

0.0; 0.0 

Source: Arthur D. Little, Inc., and Bowser-Morner Testing 
Laboratories, Inc. 

- .,, . 
_- _'-! ".' 
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\JI 
I 

I-' 
I · 
··, , I 

Sample Descrip tion 

Wells t, - 5, 6-6, 6- 15 
(llat.kgrountl) 

\./el I 6-9 
{lo Waste) 

Wl,l ls 6-4, 6·7, 6-8 
(llowngrJdlent) 

Borings 6-3, 6-9 
(Waste Solids) 

Location 6 .. 1 
(Landfill Surface 
o. 6-1.2111) 

Wells 6-J.3, 6-14, 6 - 16 
(Lost Creek Background) 

Wells 6·1l, 6-10, 6,,12 
(Lost Creclt Dm,mgrad lent) 

TABLE ) ·. J:i 

Sl<:LtCTJ.:l) DATA .-OR RlPltl.;SEN'rA'l'I % SAMPI.INC: I.OCA110NS A1 lll~. POWt:R PLANT 
CONCt:NfRATION (ppu t~Xl:t•pt where notc,tJ) 

~ ~ B Na Ca 

7-t,<J. 9 11.5-56 o.n-o.63 4-14 82-104 

10.7-76.5 59J ·904.l 15.9-"}6.5 158~260 % · 126 

<0.6·34.4 120-688 2.1-]8.] 19-178 109-247 

78,000-13,800 16,100- 26,800 

8,000 39,000 

15.8 · 54.3 60-83. 7 0.02-0.23 8-18 74-97 

18.2-52.6 58.4-96. 2 0.05-0.76 Jl-19 77-104 

EPA ·Interim Primary Drinking Water Standards: As = SO ug/i; Cr= SU ug/l; PB• SO ug/t; No3 · 10 mg/! 
• EPA Interim Secondary Drinking Water Standards: so4 ~ 250 mg/!; Cu l mg/t; Zn T 5 mg/! 

EPA Criterion for Protection of Sensitive Crops: 0.75 mg/! 

continued 

A (ug /,e,) 

<0.7~0.4 

0. 7 · 1. 1 

<O. 2- l'J. 5 

o.,, - o.6 

0.5 
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'fABLF. 5.1S 

CONCENTRATION (ppm except where noted) 

San~le D~scrl etlon Cu ~:r Pb 2n r 

Wt?ll~ 6-5, 6-6, 6-15 <0.008-0.01 <0.01-0.05 <0.05 <0,05 0,029-0.115 
(Background) 

Wl!l I 6-9 0.024~0. J 12 <0.01-0.os <0.05 <0.05-0. l o.1sr~o. 251 
On Waste) 

Wdls 6-3, 6-7, 6-8 <0.008-0.051 <0.01-0.05 <0.05-0.2 <O.OST0,08 o.1:n -496 
(Oowngradicnt) 

norings 6'-8, 6-9 lJ0-203 128-19] 80-160 1,150-1,780 257-36] 
(Waste Su lids) 

Local lon 6-1 40.7 26.6 <5 124 347 
(1.andfill Surface 
0.6-l.2m) 

V1 

' W~lls 6-13, 6-14, 6-16 <0.008-o.on <O.Ol-0.04 <0.05 <0,05 0.062~0. 106 
t-' (Lost Creek Background) J.'-
00 

Wi.lls 6-11, 6-10, 6-12 <0.008-0.011 <O.Ol-0.05 <0,05 <0.05 0.06]-0.106 
(Lost Creek Downgradlent) 

EPA Interim Primary brinking Water Standards: As = 50 ug/.11.; Cr .. 50 ug/R.; PB .. 50 ug/.11.; N03 = 10 mg/t 

EP,\ Interim Secondary Drinking Water Standards: so4 "' 2SO mg/1 ; Cu = l 0 mg/! ; Zn = 5 mg/9.. 

~PA Criterion for Protection of Sensitive Crops: c 0.75 mg/t 
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Element 

Arsenic 

Selenium 

Cadmium 

Chromium 

Copper 

Vanadium 

TABLE 5. 36 

SELECTED RESULTS OF SOIL ATTENUATION STUDIES 
POWERTON srn:a 

Solution Concentration Soil Capacity 
Soil Capacity~ 

Solution 
(ppb ) (ug/gm) Concentration 

6.5-495 1.1-80 169-161 
2.2-495 1.0-32. 5 454-66 

5.9-117 0.2-1.0 34-8.5 
8. 5-106 0.26-3.3 31 

30-150 0.26-12.0 9-80 

170 0.05 <O. 35 

15-99 0.76-300 51-3030 
12-13 0.14-1.28 11-98 

48-75 o. 07-1. 3 1.5-17 
19-27 0.01-0.90 1.5-33 

aSoil sample tested was : rom downgradient boring 6- 4, brown, clayey sand. 
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• Site subsurface geological profiles and a site water balance were 
prepared. 

• The values and trends in chemical sampling and analysis results for 
the various areas of the site were compared with each other, the 
results of previous sampling by the utility, and relevant EPA water 
use criteria. 

• The water balance, geological profiles, and chemical and physical 
testing results were considered together to struct.ure and evaluate 
hypotheses concerning the nature of leach.ate generation and movement 
at the site • ... These considerations were applied to leachate movet1ent 
into downgradient groundwater and leachate movement/admixing into Lost: 
Creek. 

• The broader implications of the Powerton site results were considered 
in terms of their applicability to similar combinations of waste 
types, disposal methods, and environmental settings. Of particular 
importance in this step for Powerton were the following factors: 

the presence of Lost Creek, an extremely small stream immediately 
adjacent to the landfill, represented a conservative reference 
point for judging environmental effects on surface water bodies; 
and 

the location of the fill immediately adjacent to another offsite 
lanci use (in this case agricultural) was unique to this program. 

5.6.5.2 Geological Profiles and Water Balance--
Figure 5.40 illustrates the subsurface geological profiles for several 

areas of the Powerton waste disposal site. These profiles were prepared on 
the basis ot the site development results for this program along with the 
available site background information. 

Water Balance--An initial site water balance, based mainly on data 
obtained during site development, is summarized briefly below and illustrated 
in Figure S. 41. 

• Water Input (precipitation) to the Landfill= 

2.9 ft/yr x landfill area= 8,390 ft3/day. 

• Water Output from the Landfill= Groundwater Recharge and Runoff and 
Evapotransperation. 

• Groundwater Recharge= Groundwater Movement away from the Groundwater 
Mound~ 80 m3/day. 

5.6.5.3 Evaluation of testing Results--
The results of chemical analyses of samples from this program along with 

available background data indicate the followi~g: 

5-15,0 
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• There was no evidence of Poz-0-Pac® liner material in four of the five 
borings that extended fully through the retired landfill into 
underlying soil. Liner material was visible in the active landfill 
[where the liner was to be about 1.5 m (4.5 ft) thick], although no 
borings were undertaken in that area. 

• Chemical concentrations measured on different dates at the same 
sampling locations are similar and in accordance with the cause and 
effect hypotheses discussed in the following section. Some values 
were consistently higher at individual locations during the dry season 
and consistently lower at the same locations during the wetter 
periods. 

• Nitrate values (7 to 77 mg/1) consistently exceeded the EPA Interim 
Primary Drinking Water Standard (10 mg/1) in groundwaters obtained 
from background wells in fertilized corn fields, the well within the 
waste, the downgradient well located in a corn fields and all of the 
Lost Creek sampling stations. Nitrate levels were well below the same 
standard (less than 0.6 to 2.5 mg/1) in the downgradient wells which 
were not located in corn fields. 

• Groundwater samples from all wells placed within the waste and 
down.gradient of the disposal site showed concentrations of several 
expected waste-related chemical tracers, including sulfate, boron, 
sodium, strontium and calclum, which were consistently higher than 
background levels. Comparative ranges were shown in Table 5.35. 

o Several sulfate concentration values exceeded the propos.ed EPA 
Secondary Drinking Water Standard of 250 mg '1. Calcium values were 
generally higher in the downgradient wells (109 to 247 mg/1, with a 
mean of 181 mg/1) compared to the in-waste values (96 to 126 mg,:1, 
with a mean of 116 mg/1), and background (82 to 104 mg/1. with a mean 
of 95.7 mg/1). · 

• Lost Creek surface water samples from the two drier sampling periods 
(December and August) consistently showed slightly higher downgradient 
concentrations of all of the above potential chemical tracers as 
compared to background levels. Respective ranges of background versus 
downgradient concentrations during these two sampling periods were: 

Sulfate: 

Boron: 

63 to 84 mg/1 background versus 75 to 96 

mg/1 downgradient concentration; 

0.09 to 0.23 mg/1 background versus 0.44 ·to 

0.74 mg/1 downgradient concen~ration; 
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Sodium: 

Calcium: 

11 to 13 mg/1 background versus 14 to 15 

mg/1 downgradient concentration; 

77 to 97 mg/1 background versus 90 to 104 

cg/l downgradient concentradon; and 

Strontium: 0.081 to 0.106 mg/l background versus 0 . 083 

to 0.106 mg/1 downgradient concentration. 

• During the April high-flow sampling, values for all the above 
parameters in Lost,Creek, except boron (0.04 mg/1 background versus 
O.ll mg/1 downgradient), overlapped and were virtually identical at 
the background versus downgradient locations. The only surface water 
sample to exceed potentially applicable federal water quality criteria 
for the noted "W"aste-related tracers was one dry-season downgradient 
sample f9r which boron slightly .exceeded the non-binding criterion for 
protection of sensitive crops value of 0. 75 mg/1. · ·· 

• As shown in Table 5.35, analysis of waste solids indicated areas of 
consistently higher concentrations of four trace metals: copper, 
chromium~ lead and zinc. None of the above metals .were consistently 
measured at higher than background levels in the down.gradient wells or 
surface water; copper and zinc were detectable in the in-waste well in 
the dry season sample. 

• Arsenic and sel.enium groundwater concentrations were generally well 
below drinking water standards and at or near the detection limits, 
with the exception of a recurring arsenic concentration elevation at 
one dowgradient well. The observed elevations were less than half 
the value of the Interim Primary Drinking Water Standard for arsenic. 

5.6.5.4 Cause and Effect Relationships--
The Powerton site results are consistent with the following hypotheses: 

• The groundwater concentrations of the major waste tracer. species 
indicate that leachate migration from the retired landfill has reached 
appro~imate steady-state conditions with respect to the concentrations 
of these species in the waste and downgradient wells. 

• The chemical testing results are consistent on the overall scale with 
the preliminary site water balance; on the smaller scale the changes 
in concentration that were measured would be expected due to seasonal 
variations in background (dilution water) flows and the observed 
general absence of artificial liner material under the retired 
landfill. 



- Doc. Ex. 8525 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

• The observed general absence of liner material under the retired 
landfill is consistent with the anticipated difficulty of achieving 
unifom placement of a relatively thin layer [i.e., less than O. 25 m 
(10 in)) of soil-like material over a large area using conventional 
~ngineering practices. It appears that a minimum thickness of 0.45 to 
0.60 m (1.5 to 2.0 ft) of liner placed Using current engineering 
practice would be desired .to ensure full effectiveness. 

• The analytical results for Lost Creek surface water are also 
consistent with the water balance observations; these indicate that 
the stream has adequate assimilative/dilution capacity to render the 
present levels of waste contributions relatively insignificant. 

• The results also suggest that the extent of further downgradient 
groundwater contamination by the waste plume may be limited if a 
stream acts as an effective groundwater flow divide. 

• The levels of trace metal concentrations in groundwater suggest that a 
combination of dilution and chemical attentuation (which is in the 
intermediate range for.the site soils tested as shown in Table 5.36) 
is preventing the buildup of significant concentrations at 
downgradient locations. 

e Elevated nitrate concentrations in groundwater from various sampling 
locations can be attributed to local agricultural and urban non-point 
source activities and not to the coal ash landfills. 

5.6.S.5 Environmental Effects Implications--
The prograt'.1 findings for the Powerton site support conclusions 1.2,3, and 

5 given in Section 5.1 and have the following broader environmental effects 
implications for the disposal of coal ash in managed landfills: 

• Landfill disposal of western coal ash in .an eastern interior setting 
of modest-to-high precipitation. relatively pervious underlying soils, 
and near-surface groundwater with relatively low background 
concentrations of contaminants can have a measurable (but not 
necessarily significant) impact on groundwater quality. l'.ajor 
dissolved species, notably sulfate, can be leached in exceedance of 
the Secondary Drinking Water Standard of 250 mg/1 and may remain 
unattenuated. However, in all but direct, upgradient hydrogeologic 
proximity to a drinking water supply, such major species leaching 
would be expected to have no environmental significance because of the 
relatively small area in which concentration elevations would prevail 
and the general absence of ecological significance of these species at 
the prevailing concentrations. 

• Release of most trace metals from landfills similar to those at 
Powerton appears to be held well within acceptable limits as a result 
of the combined effects of dilution typically available at most 
interior sites and the relative chemical immobility of most of waste 
species. The potential exception appears to be-arsenic, which showed 

5-156 
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isolated concentration elevation and off-site mobility at this 
location ar.d would require a case-by-case basis evaluation for 
analogous wastes. 

• The apparent ability of even the relatively small stream bordering the 
Powerton landfill to assimilate and dilute the waste contributions 
suggests that: 

the vast majority of flowing surface waters would be immune to 
significant impact from adjacent landfill disposal of coal ash 
similar to that produced at Powerton, and 

location of a managed coal ash landfill disposal area so as t:o rely 
on a flowing surface water body for dilution and assimilation of 
non-toxic major species (like sulfate) may be a technically 
effective mitigative practice to avoid groundwater supply 
contamination. The hydrology, water quality and other sources of 
contamination would need to be evaluated on a site-specific basis 
to validate this conclusion. 

5.6.6 Engineering Cost Assessment 

5.6.6.l Engineering Assessment--
The Powerton Plant is a baseload facility with a current nameplate 

generating capacity of 1,786 MW. Six units have been in service throughout 
the life of the plant. although the four older units were retired in October 
1974. The operating cyclone-fired units. Units 5 and 6, started up in 1972 
and 19}5, respectively; each has a nameplate generating capacity of 893 MW. 
In 1978 mid 1979, the annual capacity factors for these units were 46.8 and 
54.6 percent, respectively. 

Air Pollution Control--Fly ash is collected in dry form by cold-side 
electrostatic precipicators. This equipment has a design particulate removal 
efficiency of 99.5 percent and operates at 99.6 percent efficiency. 

Coal Consumption--Coal used at the Powerton·Plant has been obtained from 
Montana and Illinois. Coal consumption during the period 1974 through 1979 
ranged from 2.3 to 3.4 million ~etric tons/yr (2.5 to 3.8 million tons/yr). 
The coal originally used at this plant had an a.sh content of approximately 
12.0 to 14.0 percent by weight; the coal in current use contains about 10.0 
percent ash. Although the sulfur content of coal previously used was 3.5 
weight percent, a much lower coal sulfur content of 0.6 weight percent is 
characteristic of the coal currently in use. The annual average heat content 
of coal used .at the Pot.rerton Plant during the period 1974 through 1978 has 
ranged from 23.5 to 24.9 million joules/kg (10,100 to 10,700 Btu/lb), 

Waste and Water Management--Wastes generated as a result of coal 
combustion at the Powerton Plant include fly ash and slag. In 1978 nearly 
450,000 metric tons/yr (500,000 tons/yr) of ash was generated. 
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Fly ash is pneumatically conveyed to two silos for interim storage prior 
to disposal. A rotary mixer is employed to wet the fly ash at the silo 
discharge. This facilitates truck transport and placement of the waste. 
Process flow diagram F-500. Figure 5.42 depicts the fly ash handling system 
and presents a material balance for the system. 

· Economizer ash is collected in wet hoppers and discharged through jet 
pumps to the slag handling system. 

Slag is collected from the wet bottom boilers and sluiced with the 
economizer ash to hydrobins for dewatering~ . Following dewateriri.g, the slag 
and economizer ash are transported by truck to the landfill disposal site. 
Aqueous effluent from the dewatering bins is directed to settl:1.rig ponds for 
clarification prior to discharge to the cooling lake and ultimate reuse. 
Process Flow diagram F-501, Figure 5.43 illustrates the slag and economizer 
ash handling and processing system. 

Miscellaneous plant wastes are directed to .the settling ponds. Process 
flow diagram F-502, Figure 5.44 provides information on this system. 

Disposal Operadon--An abandoned gravel pit. was in use for ash disposal 
at the time of this study. !e had been used for ash disposal since 1977 and 
was expected to be retired in 1982. This landfill is 6.5 hectares (16.0 
acres) in surface area and is designed to contain a maximum waste placement 
depth of 9 m (30 ft). Wastes consisting of 25 percent fly ash and 75 percent 
slag .in a partially satura.ted state were spread ic. the gravel pit by dozers 
and front-end loaders. Although mixing of ash has been attempted, there was 
no systematic method of mixing fly ash and slag. Although some degree of ash 
compaction was afforded by the spreading operation, no other compacting 
operations have been used. The bottom and sides of the landfill are lined 
with Poz-0-Pac®, a lime/ash mixture. Th, liner thickness ranges from 1.5 m (5 
ft) on the bottom to 3 m (10 ft) on the sides. • 

A second landfill was previously . empioyed for disposal of Powerton Plant 
~astes. This landfill was retired, reclab>.ed and revegetated. 

A list of area accounts assigned to the Powerton Plant waste handling and 
disposal operation was developed and is provided in Appendix G, Table G-5. 
Additionally, a detailed equipment list for each area account is presented in 
the same appendix as Table G-11 . 

5.6.6.2 Cost Assessment-~ 
The engineering assessment information presented herein was the basis for 

the capital and annualized cost estimates for the waste handling and disposal 
operation .at the Powerton Plant. It should be noted that a number of 
engineering specifications were assumed to be the same for all study sites 
(e.g., plant service life, load factor and heat rate). in order to provide 
consistency among the cost estimates for the six sites. The design premises 
which relate to the Powerton cost estimates are listed in Table 5.37. 
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TA!!LE S.37 

S!..~;A.R"! OF BP.S!C ENG!~EERI~G l>ES!CN ?REMISES FOR 
po;,1:;;.ro~ p1..,,.::r 

fGC I.ASTE li..\:."DtI~IG A.?:O DISPOSAL 

0/G!NEERINC DESIGN PR!?-!!~~S 

Power Plar.t 

? :.ant S ::e (:r.1} 
Boiler type 
Heat Rate (~ jou!esi;cWh; Btu/kWh) 
:.ocacior: 
Service Life (yr) 
Load Factor (L1feti:ie A".·erage ?erceneage) 

~~ste Generated 'drv oasis) 

Fly Ash l!otto.m ... sh Ratio 
Fly Ash Generation (metr:.c to11s/~r; tons/yr) 
Bottcm Ash Generat:.on [tietr:.c tons ,'yr; tons yr) 
FGD Waste Generation (i:etr.i.c tons ,Yr: tons ·yr '. 
Ash 1J'tiliiation 

Coe.l .Pr~pert!es 

Coal Type 
Sulfur Content (Percer.t, 
As:·, Content (Percent) 
Heating Value (M joules/kg; :St:u/lb). 

A1r ?ollut·ion Control 

Particulate Contr~~ 

Particulate Removal (Percent) 
Su!:ur Oxides Control 

D::.sposal Site 

':"ype 
Design Ufe !yr) . 
Land Area -m~; acre ) 
Gr-oundwater !fonitori:ig 1;e11s (Ni.i-i.:.bcr) 
Recla!ilaticn (Closure· 

Liner ( type;~; ft \ 
Di<t vnce fri::,e Pbnt ; :ci,; m::.l ,, 

lBo 
Cyc:lone-!ired 
12; 11 ; .. ~. 
!llin;i\.i?. 
30 
·o 

40/60 
300,000 ; 330, soo 
472,300; .521,300 

~one 

Subbi tJ.'l'.inous 
~ . ~ 

14.0 
23. 5; 10 , ,)•:;: 

1:a:.:ifill ( .i:rave l :, i ts l 

l,S00.900: !.45 
6 
, . ~5 ~ cover soi:: 0.15 = to? scil· 
reseed in~ 
Doz-~-?ac•: ) to L.5; 10 CO t5 
1.6; 1.0 
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Detailed capital cost estimates for the waste handling and disposal 
system at the Powerton Plant are presented in Appendix G, Table G-17. A 
condensed summary of these capital costs is presented in Table 5.38. The air 
pollution control system costs for this plant ($18/kW) comprise a 
significantly smaller fraction (only 25 percent) of the total capital costs of 
the combined air pollution control .and waste handling and disposal systems 
than it does for the remaining five study planes (where it comprises 65 to 75 
percent). This is due to two factors: (1) The Powerton Plant cyclone-fired 
boilers which produce proportionately less fly ash than bottom ash (40:60 fly 
ash to bottom ash ratio) than the pulverized coal-fired boilers in use at the 
other study plants (approximately 80: 20 fly ash t .o bottom ash ratio). Thus, 
proportionately smaller. less expensive electrostatic precipitators are 
required; (2) No flue gas desulfurization is practiced at Powerton. unlike the 
case at two of the other study sites. 

Another cost element of importance is the disposal facility. At 
Powerton. the waste placement and disposal module constitutes nearly 80% 
(S45/kW) of the total capital cost of $56/kW (excluding related air pollution 
control system costs). This is because all landfill area anticipated for the 
remaining life . of the plant \iTas · assumed to be lined wit.h Poz-0-Pac@ [3 m (10 
ft) thick on the sides and 1.5 m (5 ft) thick on the bottom], as was the case 
in the most recent landfill. The cost for this liner, in addition to its 
considerable thickness, results in very significant landfill costs. This 
situation is somewhat atypical; in considering the other study sites that 
practice landfill disposal, the major capital cost element (module) was waste 
handling and processing. · At the Dave Johnston Plant, this is because an 
expensive pressure conveying system is used. As a result ; the waste 
handling/processing module constitutes nearly 50 percent of the total waste 
handling/disposal system capital cost. At the Elrama Plant the waste 
handling/processing module is expensive because it is relatively complex, 
consisting of thickeners, vacuum filters, and pug mills for the fixation of 
FGD waste. 

Annual costs for waste handling and disposal at the Powerto~ Plant are 
presented in Appendix G. Table G-23. These .costs are summarized in 
Table• 5. 39. Annual costs for landfill disposal at the three plants evaluated 
range from $25/dry metric ton at Dave Johnston to nearly $33/dry metric ton at 
Elrama. The PoYerton annual cost for waste handling ar.d disposal is 
$27.30/dry metric ton, somewhat larger than would be anticipated due to the 
large plant size and c()rresponding economies of scale • . However, the capital 
charges which result from the expensive Poz-0-Pac® landfill liner tend to 
result in relat.ively high annualized costs. 

5.7 LANSING SM!TH PLANT 

5.7.1 Plant Description 

5.7.1.1 Background--
The Lansing Smith Plant of Gulf Power Company is located in Bay County, 

Florida, on a Gulf Coast peninsula separating North Bay and West Bay 
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(Alligator Bayou) within the St. Andrew Bay System. It is approximately 13 km 
(8 miles) north of Panama City, Florida, as shown in Figure 5.45. 

Unit 1 of the Lansing Smith facility began operation in 1965; a second 
unit was added in 1967. Both units are equipped with hot-side electrostatic 
precipitators, and fly ash collected by these i~ sluiced to a disposal pond, 
Bottom ash, mill rejects and coal pile runoff are also directed to the same 
disposal pond by separate pipelines. 

The Lansing Smith ash disposal pond, which consists of a 810,000 m2 (200 
acre) aboveground facility, was constructed by excavating on~site surficial 
sands into a low containment dike system. The pond capacity has been 
increased by raising the dikes on three separate occasions. Soil and ash, 
dredged from within the pond complex, was used to raise .the pre-existing dike 
system. The dikes, now approximately 6.0 to 7.5 m (20 to 25 ft} in height 
were not dluigned as water retention structures. In fact, seepage through the 
exterior slopes has been observed. Very little standing water is maintained 
within the pond, as all excess water is channelled through a recycling canal 
and pumped back to the plant facility for . reuse as sluicing water. . 

. . .. .. . 

A number o'f fact~rs were important in the selection of the Lansing Smith 
Plant for inclusion in this program. These are discussed below. 

The disposal_ practice at the Smith Plant is combined disposal of fiy ash 
and bottom ash in an unlined pond. It is the single most prevalent utiiity 
waste disposal practice in the Atlantic: and Gulf Coastal Plain regions, the 
latter of which is the location of this plant. It was also the single most 
prevalent nationw.ide disposal practice at the time of site selection, 

The disposal operation at the Smith Plant had been in existance for more 
than 15 years at the time of site selection, allowing sufficient time for 
measurable leachate to exit the pond and reach the surrounding environment. 
In addition, the hydrogeology of the site environment was judged to be 
relatively uncpmplicated and amenable to understandable monitoring efforts 
over a period of a year. 

The Smith Plant is a true coastal site (located within the zone of tidal 
influence). The site occupies the estuarine interface between the saline 
waters of adjacent St. Andrews Bay and Alligator Bayou and the acidic 
freshwater swamp environment whic.his adjacent to the north~ · The site has 
other characteristics that typify many tidally-influenced coastal plain 
locations, including the presence of a near-surface aquifer with relatively 
high .dissolved solids concentrations and an underlylng deep aquifer (the 
Floridan) which is a principal drinking water supply. The aquatic setting 
allows the study of the special situation where ash pond leachate and seawater 
would admix. The seawater would contribute its unique chemistry and buffering 
capacity. 

The site experiences extremely heavy precipitation in a setting of 
pervious, coastal soils and was expected to illust~ate the potential maximum 
extent of leachate formation and transport in a pend disposai setting. The 
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use of bay water for plant make-up water is a site feature that could prevail 
in other coastal plain locations and, thus, was also of interest. The coastal 
location of the Smith Plant was also considered a positive site selection 
factor because of anticipated increases in coal conversion of coastal 
oil-fired paver plants. Additionally, the general paucity of literatu-re data 
and previous studies of coastal disposal operations were of importance in 
selecting this site for study. Finally, it was possible that major storm 
events (i.e., tropical storms) might be experienced during the monito-ring 
period. (During its operating lifetime, the plant has experienced a · 
hurricane.) Such events could possibly provide a chance. to observe the effect 
of a frequently recurring "abnormal event" that could change contaminant 
transport and distribution from a pond disposal operation. However, no such 
storm events took place during the time frame of the monitoring program. 

5.7.1.2 Geologic Conditions.;..-
The Lansing Smith Plant is located within the Flatwood Forest Division of 

the East Gulf Coastal Plain Physiographic Province~ The area is characterized 
by low-lying [0 to 3 m (O. to 10 ft) mean sea level], nearly flat-lying, 
ancient marine terraces with intervening swamps and .bayous. 

The bedrock that underlies the site area at an approximate depth of 30 m 
(100 ft) consists of highly permeable limestones and constitutes the principal 
aquifer of the County and the largest fresh water aquifer in the United 
States. However, due to a very thick aquiclude of Miocene clay overlying the 
Floridan Formation, very slight hydraulic communication exists between the 
aquifer, which is under artesian pressures, .and the overlying Pleistocene 
granular sediments. Overlying Miocene days form another semi-confining layer 
of calcareous silts and sands with varying amounts of clay and shells. This 
formation is referred to as the Intracoastal Formation and is overlain in turn 
by loose permeable terrace silts and sands, approximately 7.6 m (25 ft) in 
thickness. These deposits are referred to as- the Citronelle Formation and are 
overlain by thin topsoil and shallow organic deposits, which for the most part 
were not removed during construction of the ash basin complex. 

Figure 5.46 summarizes the site area surficial geologic conditions and 
Figure 5.47 presents diagrammatic subsurface geologic profiles in the site 
area, 

5. 7 .1. 3 Hydro logic Conditions--
The Lansing Smith Plant site is located within the Gplf Coastal Plain 

Groundwater Province on the west shore of North Bay, a branch of St. Andrews 
Bay, and lies within the Econfina Creek drainage basin. Groundwater occurs in 
two separate hydrologic enviroriments; the deep and confined Floridan bedrock 
aquifer and the shallow, unconfined Citronelle Formation. The groundwater 
within the Citronelle Formation is not potable in the plant vicinity, with 
very high chloride and iron contents. Fresh water for plant use is obtained 
from several deep wells within the underlying Floridan aquifer. 

Annual precipitation in the site area is approximately 1.467 m(58 in) 
with an average annual potential evaporation of L 219 m (48 in). The average 
annual runoff is between 0. 508 m (20 in) and .0. 635 m (25 in). High flow rates 

5-172 



- Doc. Ex. 8542 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

!r.;1 1 

I ~· ' I 
Lv 

.. 
). 
,. , 

I 
\ 

.. 

; I 

,, 
'I 
··/ 

SI 

1 

i .. 

\ " II ,, I 
II ' 

•, ., 
ii,,, 

•I!. 
, .-
'-

, ,_i, _ • ,. 
.. ...t]I ' 

SI 

.. L .. 

··~ l 
,,. 

.:. -·-

.·•, SI 

SI 

~1 

~ 

·' .. ..;~: ~ .. 

r If, •Ar 
. _..,,.. '" .... ::s_,., .• 

~- -; ~ 

I.. 

t I lr~;1 
l'F.1 
l!£J 

11•~1,u( :JAlt• CUIAJNAC.I Otr1,, ,;.i, 
. Ut;LmlO 

\ t• ltl A• Ill OAtltll 8CIAfN .. C.I[ Otf(u 
. llOlU, 

AIU OtlO· IN. I~ OeU"'JIAI N IH O 
IWZAt f' UU.'f I.SrGltDJ 

.~H l!M~ ilt 
OfN)IJ'Jf; 

U IA-ACI 
~.\NO 
OlPOIIU 

lfil 
f.!!J 
f.!!J 
C!i] 

f.El 
~ 

COAl \l1•NAt.f MIIA 

C.INUIIH \tit Ftl l 

l l•lt1' ,l \1'Ul\ fllQ,t,, A1 ,, ·_i... AIOII fl'l.,•'•f 
IPH:fOC:NfllA.Nft I' U.t•OI 

fuel 1; AA lic.O \UitAltHIJ -Ci,f'4: t • ) Jt ; '" .. 

''"''"'"'' 4 .. 1.1111·,ttt .. 1t4\ f • ._,· , , 1,1 

, ........ ~ :0, 1,lt.Jf I• Ill\ f I f U"lt,l1'1' 
lffllllA~' I ' , SA ... 1, .,.,., ... .... ,~l f " • •.t 
f A"" •·• 10,. Utt ru ltl(.(N T 

.. 
I 

I , .. 

1. &"'I£ ..... flllotJ:lr,I, US.(, l fOi,n, ll"f'ffl ( MAP if')I I IN 
,f)ll:f 0UA011Atl• ,ll "i,1., ,ll 1 t, .. , . f:jlA \ f >1•1 
co,inoua ... aut~At " , u, _ 

1. su1111,.:1A1. uo101~• MAP°"'' ..or tff r. 1~.,,L , .. t...,, 
o, ,., .. AISOCtArttt ..... Au:, .. , ( ' Ut\lP1.,c1 10 
AOAO••nt ,... OR lill'ilUUtU4L -'tU.41 

1. roll'1t4fU)N cn,..r.-,c: f\ ~ore: u11i.fO Ufl .-.vA.n,i,u 
tHlll.HA.IN>N AND ARI ll r MIO, .. An . 

t , LO-CAl.a..t.,. Pt)lllffl l ' t>rH ,r.11..1,u 1'-lHi-•ht ~ ... , 
Pill. Gila(). ASM :Oltf,t, , ..... I ,Ut( ••ur, n 11 4,,4 
•t•••l r110U.N~kAl'tl U«iliU fto ~OOflJt Ofl. An (, •A,11 
.. ,. .. 111,)11.f.l•ri OflAtl,.\0 11n """' Alllf '''°' ~1rAU.ll au Al, .... arl'IHtlf , .... . 

• 111ti t •n 
If ll U .. 

SIT£ ARCA GEOLOGY PLAN 
SITE NUU8i.M 9 

t.AHSUi G $MOU i,l(AM PtAN1 
SULf l'O~r.11 COUPAlfY 

f'AIJAM ~ CIT', 

""' cour,,r ILORIOA 

r~~""-\~~ -1 .. 
0 1~ 10• 111.•01 
Ul.&IICM .... 

FIGURE 5.46 



- Doc. Ex. 8543 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

' ,ri: 

I 
• • 

l 
4-

to ,,, 
0 

,o .. 
0 

,. 
soun1a 

,. 
NORTH .. ; 

.. C zaa Il ··- : 

~ :.--------------' 
,. 

-----------____________ .,.,. ____ ' _____ .;.. _________ , _____________ -~,;.,. ------

d ,. 
SI 

• """ 

110..'1. 

&I 
(El 

00 
[ill 

[E) 
[li) 

r_. ... ' 

!!!!IL 

..... , ... ···•"'""l .... 

.............. , ....... .,.....,. ... ro..-

..... IL,& ....... ......, ... ~-c. .... 
Wlffaf&I ........... l•t• M.11\M .. 

........... "''' ....... ---~-"·"•LIi , HNllt, llilAf H.IC,f .. ac:., 
NI* ,uor.at11 ,o ,qu..1 

,.._,,,..,.,. ,11u ...,_,, •11111• ut.tt 
•• .. •• .. 1H(OUI.-.., M'!tlMIN)III 

41f1UCI CMta , ......... 

IOltlkl , • .-, .. o, , ... , ... un 
lttllfllll , .... ,.-.c:.•11"4. • .._ ... 

·~• ..... •t<•u•1. ... u.,.. 

I . &Get.I ....... C. .. I MCt .... l Milt ......... ,,_ 
IIH &Ua~-911G•n.AM 

,,._., H(tltlwt ..... ••'-"'-'....-ltl •• aoatu111 ... ,nu• ... ,. ,.-a C,HIIKfC c. .... u .. , l&W• 
MJt,'flUtA.MJI .... OM,1111'°" 

·-------_ , ____________________ -.;._...:.....;. .... __________ _ 
,. 

---------·------~~-----,-------------~------------~------~------
u 

otAGRAlllollo\tlC CROSS HCflONI 
l1f£ NUll&[II I 

l-'INSING '°""' Sli.&M PL&NJ 
GIILf l'OW(II C:Olll'Allt 

· l'AIIAIIA CIIY 
aar COIIHJT 

flllll10A 

,ib, 

FIGUIU~ 5. It 7 



- Doc. Ex. 8544 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

in Econfina Creek are maintained by groundwater from a confined aquifer which 
is discharging through springs into the creek bed. Northwestern Florida 
experiences numerous flooding and drainage problems·. The low elevations of 
the site area have experienced flooding from both river basin inundation and 
coastal stems. 

The regional groundwater flow is ioutheasterly towards North Bay. 
However, due to the hydrologic influence of the ash pond. local site filling 
and the proximity of North Bay and Alligator Bayou. flow patterns are 
multi-directional in the plant vicinity. The unconfined groundwater level is 
at, or very close to, ground surface throughout the majority of the site area. 
Groundwater mounding has occurred beneath the disposal pond area and is in 
contact with the disposed ash materials. 

5. 7. 2 Site Evaluacion Pla.1 and Site Development 

Preliminary subsurface information was obtained from plant foundation 
boring logs supplied by Gulf Power. There were no pre-existing monitoring 
wells at the Smith Plant disposal site area. 

Due to the hydrogeologic complexities at the project site area, the 
detailed program included the installation of 24 multi-purpose monitoring 
wells and piezometers throughout the site area. Two upgradient observation 
wells (9-4 and 9-5) were installed approximately 0.4 km (l/4 mile) and 1.2 km 
(3/4 mile) north of the disposal facility for background monitoring purposes. 
As the hyd:rologic effects of the .aboveg:round disposal basin were not known at 
the time of site development, it was considered necessary ·to install a backup 
system some distance from the disposal area. Eleven "downgradient'' wells and 
piezometers were installed around the ash disposal pond at varying locations 
and elevations. Eight monitoring devices were installed in and through the 
dike. Three wells were installed directly through the disposed ash within the 
basin complex. · 

At the completion of all monitoring installations. the wells were 
Hushed, bailed and an initial sample obtained for chemical evaluation 
purposes. 

The location of all explorations and monitoring/sampling installations 
are indicated on Figure 5.48 and a summary of all field results, sample 
locations, depths. types and tests are indicated on Table 5.40. 

5.7.3 Physical Testing Results 

The results of tests performed on samples recovered from the Smith site 
are included as Figure 5.49. The physical testing program for the Smith site 
was not as comprehensive as that for the other sites because of the detailed 
study which was performed earlier for the ash ponds at the Allen site. In a 
manner similar to that observed at the Allen ash pond, the waste at the Smith 
site segregated into lenses of coarser and finer grained ash. Generally, the 
coarser ash has a coefficient of permeability of approximately 9 x 10-~ 
co/sec, while the fly ash has a coefficient of permeability of approximately 3 

.5-175 
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TABLE 5.40 

SITE DEVELOPMENT SUMMARY 

SITE: LANSING SMITH STEAM PLANT 

Boring II 

Soi.ls 
Clc1ss.ificat ion [depth (m): Class] 

Number of Samples Obtained 

9-14 

0-3.5: Dike Fill 
3.5-5.0: Fin~ Sund 

4 
- --·--. , __ - - - -~-- ---~-

Field Permeability Tests No Test 

Well Installation No Well 
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x 10- 5 cm/sec. Moreover, the vertical ash deposit permeability will be • 
controlled by the coefficient of permeability of fly ash, while the horizontal 
permeability -will be more influenced by the coefficient of permeability of the 
coarse ash (bottom ash). 

Table 5.41 provides a brief summary of selected physical testing results 
for the Lansing Smith Plant. A more detailed compilation is provided in 
Appendix E .• 

5.7.4 Chemical Testing Results 

The monitoring infrastructure for this prQgram was developed in December 
198L At that time, solid and liquid samples were taken for analysis. 
Groundwater and surface water samples were subsequently obtained in February, 
March, and August 1982. Precipitation had been unseasonably low (even for the 
dry season) at the period of the first two sampling occasions, but returned to 
a more normal pattern ai: the time of the March sampling trip. Precipitation 
was typical of the wet season at the time of the August 1982 sampling. 
Freshwater inputs resulted in the seasonally typical depression of background 
salinities in Alligator Bayou and St. Andrews Bay, resulting in major 
dissolved species concentrations roughly one-half as high as those during the 
earlier sampling visits. 

Table 5.42 provides a summary of selected chemical testing results. 
Table 5.43 presents selected results of chemical attenuation studies performed 
with .soils from the Sl:!l.ith site. A more detailed presentation of these results 
is provided in Appendix F. 

5.7.5 Environmental Assessment 

5.7.5.1 Approach for the Lansing Smith Site--
The environmental assessment of the Smith site results focused on the 

following issues~ 

• effects of the ash pond leachate on downgradient groundwater quality; 
and 

• effects of the ash pond leachate on downgradient -surface water 
quality. 

A third anticipated area for fo·cus was the relative .importance of major 
storm events with respect to contaminate transport. This issue was not fully 
pursued because such events did not occur during the course of the study. 
However, the study results provided some insight into this issue as well. 
(See Section 5.7.5.4.) 

The steps employed in the environemntal assesment at this site were as 
follows: 

• Site subsurface geological profiles and a site water balance were 
prepared. 
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TABLE 5.41 

SELECTED PHYSICAL TESTI~G RESULTS 

LA.~S!NG SMITH PLANTa 

Permeability 
(cm/sec) 

Specific Gravity 

Grain Size Distribution 
(!.Jeight Percent) 

• > 74 um 

• 2- 74 JJm 

• < 2 llin 

Moisture Content 
(Weight Percent) 

a . 
See Appendix E for detailed results. 

-7 -5 
2.6 X 10 - 7.08 X 10 

2. 21 - 2. 72 

28 

6 

0 

97 

59 

8 

4.3 - saturated 

Source: Arthur D. Little, Inc., and Bowser-Morner Testing 
Laboratories, Inc. 

5-·183 
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'~· I 
1. 
<i(j 

+ 

'tABL~ 5. 42 

a 
SELECTED l>ATA FOR REPRESENTATIVE SAHPLlNG LOCATIONS AT TIIE SMLTII Pl.ANT 

CONCENTRATION 

Location ----
3urface Water (9-15) 

(Seawater Background) 
\sh hi.terstitial Waters 

Well 9-2 (Under Pond) 

;ecp 9-16 (Western) 

Jell 9-6A (South Dike) 

Well 9-10 (North Dike) 

Jell 9-3A (Downgradient) 

'lell 9-9 (Downgradienl) 

Seep 9-20 (South) 

Hell 9-5 (Freshwater nacltground) 

Ca (mg/.l) 

93-252 

498-17 JO 

LZI0-1830 

831-931 

453~510 

420-501 

479-533 

349-490 

397-543 

7-10 

Sr (mg /R.) 

l.49-3. 75 

18.9....:.62.9 

33.6-61.9 

12.l.;.14.8 

3.02-3.67 

9.43-ll.3 

2.97-3.6 

4.61'-5.41 

5.91-6.21 

.04-.06 

aSee Appendix F for detailed results from individual samples. 

As (µ g/.l) Se (~ g/t) 

.6-1. 2 <. 26 

5-11 .3-4.5 

6.3-8 .6-4.0 

1-1.4 <.l 

13 

<.l-.5 

<,15 

L2 

.2 

<. l 

<,26 
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'·.Jl 
I 

· .1,; ,,, 

Element 

Arsenic 

Selenium 

Cadmium 

Chromium 

Copper 

~ .. .lcium 

TABLE 5. 43 

SELECTED RESULTS OF SOIL ATTFNUAT lON STUDlES 
SMITH SITEa 

Solution Concentration 
( ppb >... 
2-240 
5-338 

2-12 
4-28 

130-140 

0.210 

0.47-0.91 
8 

419-429 ppm 

Soil Capacity 
(11g/gm) .. . 

l.0- J)5 
1.0-215 

0.2-12.3· 
0.26-11.1 

3-22 

6.8 + 2.5 

35- 308 
<1.78 

60-82 

Soil Capacity 1 

SoluLion Concentration 
.~ .. -·------ ... ·-..-.- ··- ·- ·--. --~ 

450-13Y6 
200-635 

100 .. 1025 
65- 393 

23-157 

32 

745-3385 
<220 

0.14-0.20 

8 soil sample for Lhese tests was from boring 9-5. upgradient background 
location. See Appendix£ for details. 
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• The values and trends in chemical sampling and analysis results were 
compared for the various site areas. Regression analyses were used to 
attempt to identify waste-related "tracer" parameters. 

• The water balance, geological profiles, and chemical and physical 
testing results were considered together to structure and evaluate 
hypotheses concerning the nature of leachate generation and movement 
at the site. The importance of the periodic use of seawater for ash 
sluice water makeup and the seasonal fluctuations in the local 
salinity of the estuary were explicitly considered in this step. 

• The broader implications of the Smith site results were considered in 
terms of their applicability to similar combinations of waste typest 
disposal methods, and environmental settings. This step can be 
considered particularly important for the Smith site because of the 
lack of other data on such disposal activities in tidally-influenced 
coastal settings. 

5.7.5.2 Geological Profiles and Water Balance-
Figure 5. 50 iUustrates the . subsurface geological profiles fo.r . several 

areas of the Seith waste disposal site. These profiles were prepared on the 
basis of site development results for this program along with the available 
site background information. 

The water balance for the Smith . site was based on the data from the site 
developm~nt activities, and is briefly summarized below: 

• Estimated seepage through the pond dike= 72.5 m3 /day, 

• Estimated incident precipitation a 3113 m3 /day, 

• Inputs a precipitation+ ash sluice (variable), 

• Outputs= evaporation and bottom seepage and dike seepage 
and recycle discharge. 

The ref ore, • · 

3113 m3 /day and ash sluice= 

2579 m.3 /day and 3i7 m3 /day + 72.5 m3 /day + recycle discharge; 
and 
Recycle discharge= 86 m3 /day + ash sluice. 

5.7.5.3 Evaluation of Testing Results--
The analytical results obtained from the various sampling trips are 

generally consistent; one can readily see the .effects of the use of bay water 
for make-up purposes on pond liquor composition. Such was in effect at the 
time of the February and August sampling trips, but not during the March 1982 
sampling. Additionally, concentration values for all seawater-related species 
varied in the background sampling locations in accordance with the seasonal 

5-'.'..S E--
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variation in freshwater input. On the whole, chemical values measured on 
different dates at the same sample locations are similar and in accordance 
with seasonal phenomena expected at the site. 

Calcium and, to a lesser degree, strontium appear to be reliable tracers 
oi the ash pond-related leachate and seepage at the Smith site. As 
illustrated by Table 5.42, there is a distinct concentration gradient with 
increasing distance from the pond for these two species in both groundwater 
and surface water. This concentration gradient can be compared with seawater 
background concentrations to indicate the concentration elevations (in some 
cases as much as an order of magnitude) resulting from ash pond leachate. 
Note also these tracer concentrations are even more elevated in the ash waters 
when compared with freshwater background from wells to the north of the pond 
(e.g., well 9-5). 

Selenium and arsenic could also be considered possible tracers of pond 
leachate on the basis of observations of somewhat elevated concentrations in 
the ash interstitial waters in comparison to site background concentrations. 
However, the degree of elevation is far less than that observed fer calcium 
and strontium, and the difference is not sufficient to allow for consistently 
reliable comparisons. 

The calcium concentrations are comparable between the interstitial waters 
obtained from within the ash and two locations external to the pond (well 9-2 , 
locat1:d in the soil underneath the ash, and seep 9-16, along the western 
dike). At these locations, calcium values are at least five to ten times 
higher than those observed in background seawater and are even more 
significantly elevated compared to background freshwater. 

At a second set of locations, represented by dike wells [well 9-6A (in 
the south dike) and well 9-10 (in the north dike)], shallow.downgradient wells 
to the south of the pond (represented by wells 9-3A and 9-9), the other seeps 
along the south dike (e.g., well 9-20), and in the seepage discharge to North 
Bay (well 9-24), the tracer species concentrations are generally about 1.5 to 
2 times as high as the background seawater. and even greater than the 
background freshwater. 

The sampling and analysis results obtained in the aftermath of the rainy 
season showed up to a 50 percent reduction of major seawater species 
concentrations in the background waters, but showed less than a 10 percent 
reduction in similar and tracer species concentrations at the locations 
apparently more affected by pond seepage and leachate. 

Sampling of the deep underlying aquifer (well 9-11) throughout the 
program showed no evidence of contamination by ash pond leachate or the 
seawater. as was the case in the near-surface aquifer, 

5.7.5.4 Cause Effect and Relationships--
The chemical and physical testing results from the Smith site are 

consistent with the site water balance, which suggests that pond seepage and 
leachate dominate water flows in the immediately adjacent downgradient areas 

5-1.8~ 
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on all sides of the pond, and is especially significant to the west. where the 
seepage was estimated to be roughly twice that experienced on other dike 
faces. 

Steady-state appears to have been achieved between the species leaching 
from the pond to the immediately adjacent dowrigradient areas (as exhibited by 
the quality of water at well 9-2 \ . 

Consistent with the attenuation test results (Table 5.43), the field data 
indicate 11.ttle or rio chemical attenuation of the major tracer species such as 
calcium and strontium; a progressive reduction in concentrations is observed 
downgradient. This is consistent with admixing of leachate with greater · 
amounts of dilution water. This would adequately explain the concentration 
gradient observed in the downgradient locations (e.g., wells 9-3A and 9-9, 
seeps 9-20 and 9-'24, and similar locations}. This further suggests that 
long:..term leaching, rather t.han individual events (e.g~. t-ropfcal storms), are 
largely responsible for the concentration gradients in the area. 

Insufficient samples were obtained from the downgradient tidal creek 
surface waters to describe the concentration gradients and admixing that 
prevail therein~ 

. ::he use of bay water as sluice water. make-up and its ' presence in adjacent 
downgradient .areas masks and assimilates the potential for significant impact 
from such .typical ash pond tracer species as sulfates, chlorides and. boron, 
which are already elevated into a comparable concentration rari.ge in the Bay. 

The levels of trace metal concentrations can be attributed to several 
factors: 

e The levels . may be inherently low due to the absence of significant 
trace metal concentrations in the coal and resulting ash. This is 
suggested. by the'relatively low concentrations .measured for . 
potentially good tracers (i.e., arsenic and selenium) in alkaline 
environments; these were observed at other sites in far greater 
concentrations. 

• The use of bay wate·r for ash sluice water make-up may tend to both 
dilute and reduce the availability of trace metals that might 
otherwise be readily leachable from the surface layers of the ash. 

• Once diluted by the tidally influenced receiving waters and attenuated 
by surrounding soils, even those metals with somewhat higher 
concentrations in the ash (e.g., arsenic and selenium, as shown in 
Tabie 5.42) are observed only at background or near-bac:kground levels 
in locations where the other tracers (calcium and strontium) are· 
evident. The attenuation capacities of the organically-enriched soils 
surrounding the Smith disposal ·pond are relatively high in comparison 
with those of the other sites in this program. 

5-190 
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5.7.5.5 Environmental Effects Implications--
The major environmental effects implication of the Smith site findings is 

that different considerations apply to ash disposal operations in typical 
tidally-influenced estuarine settings. This includes the fact that 
traditional drinking water standards are often not meaningful for assessment 
of phenomena in the shallow aquifers already affected by salt water intrusions 
and not used for drinking water. Further, the composition of seawater renders 
most of the major species contributions from the ash insignificant 
counteracting the tendency for these settings to transmit contaminants rapidly 
by a combination of extremely high precipitation and extremely pervious 
surrounding soils. 

5.7.6 Engineering Cost Assessment 

S.7.6.1 Engineering Assessment--
The Lansing Smith Plant, a baseload facility, is comprised of two 

tangentially-fired, pulverized coal-fired boilers with a total nameplate 
generating capacity of 340 MW. Unit 1, a 150 MW nameplate generating capacity 
boiler, started up in 1965. A second 190 MW boiler, Unit 2, started up in 
1967. In addition, the plant uses a 42 MW gas turbine, fired by number two 
fuel oil. No significant quantity .of ash results from the gas turbine 
operation. 

Air Pollution Control--Units land 2 were originally equipped with 
cold-side. electrostatic precipitators to .collect dry fly ash. The design 
particulate removal efficiency of this equipment is 98 percent. In 1977, both 
units were retrofitted with hot-side electrostatic precipitators to facilitate 
the removal of fly ash generated as a result of burning coal with a lower 
sulfur content. · 

Coal Consumption--Bituminous coal used by the Smith Plant is presently 
obtained from South . Africa and Kentucky, with the former source providing the 
bulk of the coal currently consumed. The domestic coal, which has a somewhat 
higher sulfur content, is employed to enhance particulate collection and to 
avoid the need .for sodium sulfate conditioning of flue . gas. The sulfur 
content of South African coal, 0.7 weight percent, is much lower than that of 
the coals for which the original particulate collection system (cold-side 
electrostatic precipitator) was designed, 2.8 weight percent:. The ash content 
of the coal in use at the Lansing Smith Plant has remained relatively constant 
at 13.0 weight percent. · The heat contents of coals employed have ranged from 
2i.O to 27.6 mil.lion joules/kg (11,615 to 11,880 Btu/lb). In 1978, coal 
consumption at the Smith Plant was 815,000 metric tons (900,000 tons). 

Waste and water Management--Wastes generated at the Smith Plant as a 
result of coal combustion include fly ash and bottom ash; ash wastes produced 
at this plant presently consist of 98 percent fly ash and 2 percent bottom 
ash. Fly ash is conveyed by a vacuum pneU1:1atic system, slurried in water and 
sluiced to the disposal area via two pipelines. Process flow diagram F-600. 
Figure 5.51, depicts the fly ash handling and transport system. 

Bottom ash is also handled as a wet slurry which is transported to the 
disposal site by way of t wo pipelines. Other solid wastes generated at this 
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Source: Reference 17 

FIGURE 6.19 DIKED PONO CONSTRUCTED ABOVE-GRADE. 
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FIGURE 6.18 DIKED PONO PARTIALLY EXCAVATED BELOW-GRADE. 
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Proper disposal site selection is often the most effective way to reduce 
the environmental consequences associated with land disposal of FGC wastes. 
There is no question that proper site selection can, by itself, eliminate 
most potential disposal impacu • . A disposal site located near existing or 
potential groundwater users may require mitigative measures. But the same 
design schet:1e at a site which is relatively isolated from existing or 
potential groundwater users could be environmentally acceptable. 

6.1.7.2 Pond Disposal of .Coal-Fired Utility Solid Wastes-
At present, most coal-fired utility plants dispose of coal ash and/or 

FGD wastes by ponding. However, pond disposal is anticipated to be less 
widely practiced in the future. This is primarily due to the relatively high 
cost of this disposal option~ Excavation and · construction of ponds is quite 
expensive. Thus, future ponding operations willl.ikely be limited to sites 
which can be converted . to ponds with relatively little excavation or dike 
construction. 

A number of pond configurations are used for disposal of coal-fired 
utility wastes. The most common wet disposal configuration is the diked 
pond. Here the pond is contained within a perimeter embankment or dike. 
Figures 6.18 and 6.19 illustrate two types of diked ponds. A level or nearly 
level site is. required for these two pond types. Dikes are constructed of 
materials excavated from below the existing grade at the pond site, or they 
may be constructed above-grade from borrow material. Above-grade 
construction is necessary if excavation below the existing grade is difficult 
due to the shallow depth of groundwater or bedrock • 

. Incised ponds are contained within an excavation entirely below the 
existing ground surface area. This pond configuration is used where there is 
limited space for dike construction and where groundwater and bedrock will 
not be encountered in excavation. This type of pond is also attractive when 
excavated materials are either unsuitable for dike construction or valuable 
for other purposes. An incised pond design is shown in Figure 6.20. 

A third pond configuration is the side-hill pond. This pond design 
lends itself to hilly ·terrain where a level site is not available for 
construction of incised or diked ponds. In this case, the local terrain 
provides one or two sides of the pond. The side-hill pond design is shown in 
Figure 6.21. 

Other pond configurations are also in use. Existing basins, such as 
abandoned surface mines and quarries, may b.e used for pond disposal sites. 
Cross-valley ponds, created by constructing a dam across an existing natural 
valley between the two valley walls, have been employed. 

Dike stability is a critical design consideration. Designs are 
generally conservative and incorporate many factors which enhance stability: 

• flat dike slopes; 

• staged, controlled rate of construction; 
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TABLE 6.3 

MATRIX OF WASTE TYPES AND DISPOSAi. OPTIONS 

Disposal Option 

Pond Landf.ill Mine 
Disposal Disposal Disposal 

c~.1_!\s_~ 

• Dry Fly Ash I ./ 

• Dewatered Fly Ash I I 

• Fly Ash Slurries I 
• Dewatered Bottom Ash I I 
• Bottom Ash Slurries I 

FGD Waste 
. ------. ---

• Dry FGD Waste I I 
• Stabilized/Fixated FGD 

Waste I I I 
• Primary/Secondary 

Dewatered FGD Waste I I 
• Primary Dewatered FGD 

Waste I 
• FGD Waste Slurries ./ 

./=Disposal option in current use for waste type of comparable waste. 

P = Potential disposal option. 

Source: Arthur D. Little, Inc. 

Ocean 
Disposal Utilization 

p I 
p I 

p I 

p I 

p ./ 

p p 
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plant, a return pipeline (part of the vaste handling and processing system) 
must also be provided. The waste transport pipeline may be used for this 
purpose if wastes are not transported through the line continuously. 
Provision must also be made for periodic pipeline flushing and cleaning. 

Conventional steel piping and. pumping equipment may be suitable for 
transporting utility wastes. · However, when .the slurry pH deviates from 
neutral or the slurry is highly abrasive, conosiou. and erosion may be 
problems. In these cases, rubber-lined steel or plasticpiptng may be used. 
Steel pipe is easy to install, easy to suppot'tdue to the pipe's rigidity, 
and has good vear resistance. Only when the · slurry is highly abrasive or 
corrosive should one consider the use of alternatives to steel. In severely 
cold. climates. line freezing · may also · be a· prdblem that might · very well 
decrease the potential for .pipeline transport or necessitate the use of some 
typL Of Steam tt'acing. . 

Ash/water slurries can be transported by centrifugal pumps 01: jet pwnps. 
Slurries. of about 20 weight percent ash can be moved. Considerable dilution 
is required at the suction end of the pump to eiiable slurry pumping. 
Centrifugal pumps are approximately 40 percent more efficient than jet pumps. 
This does not account for the efficiency .of the auxiliary pumping equipment 
that supplies the ejector nozzle. However .• use of jet pumps is advantageous 
because of the relative ease .of se.rvicing such pumps. although they must be 
serviced more frequently than centrifugal pumps. When system heads exceed 
30.5 m (100 ft), jet pumps are iml)ractical. Although jet pumps are not 
effective when operated in series, centrifugal pumps are commonly placed in 
series for high-'rl.ead requirements. · · · 

Pumps for ash/water slurry transport are constructed of hard metals, 
especially in areas where abrasion is most severe. Since abrasive wear · 
increases as velocities increase, velocities are kept sufficiently low to 
reduce such wear without impairing pump efficiency. 

6.1.7 Coal-Fired Utility Waste Placement and Disposal 

6.1.7.l Overview-
Three modes of utility solid waste disposal a-re currently pl'acticed: 

• ponding of coal ash, FGD w~stes and/or fixated FGD ltast~s; 

• impoundment of dry or dewatered coal ash, FGD wastes and/or 
stabilized/fixated wastes in landfills; and 

• mine disposal of coal ash and/or FGD wastes. 

This discussion of placement and disposal practices is not specific to 
different waste types, but t'at:her focuses on disposal practices as they are 
dictated by the physical form (i.e., aqueous waste slurries or dry wastes) of 
the waste. Table 6.3 summariies the applicability of the various waste 
disposal options for specific wastes. 
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of transport from interim ponds to landfills which are of close proximity, 
self-loading scrapers may be used for both excavation and transport. 

Rail transport of utility wastes is an option for long or 'short 
transport distances. It is possible to use empty coal cars to haul FGC 
vastes to mines for disposal, thus avoiding dead-heading costs. Today rail 
transport is not commonly utilized, except at a few utilities. 

A ujor consideration with trains and trucks is the need to load the 
vehicles. Both vehicle types cari usually be lo.aded with front-end loaders, 
belt-conveyors, or chutes. The front-end loader loads the vehicle from a 
surge pile by dumping directly into the car. • Chutes and belt-conveyors can 
load directly from the outlet .of processing equipment or from storage silos. 
However, the use of front-and loaders is .prefe-rred, since processing is 
usually a continuous process, whereas transportation is an inte-rmittent 
process normally carried out on a 144,000 <sec (40 hour) week basis. 

6. 1. 6. 3 Transport Systems for Wet Wastes-
Wet disposal is practiced for coal ash and FGD wastes vhich .exhibit 

fluid properties. It is theoretically. possible to use all methods of 
transport previously described, except belt-conveyors. to t-ransport vet 
wastes. However, pipeline . transport of these wastes is the most practical 
method and, to date, the only method which ha.s been used. · 

The four principal factors that must be considered in the design of 
pipeline systems are: 

• solids settling; 

e erosion/abrasion potential; 

• corrosion potential; and 

• freeze protection. 

Of these, avoidance of solids settling in pipelines is usually the overriding 
factor in design. To prevent settling, conveying velocities usually range 
between 1.5 and 3. 7 m/sec (5-12 h/sec), depending on material density. 
particle size and pipeline configut'ation. In long pipelines handling coarse 
materials, velocities must be increased above those used for shorter lines. 
In addition, some device to create turbulence may be .required to maintain a 
homogeneous slurry mix, particularly when conveying bottom ash o-r mill 
rejects. Fly ash and FGD waste slurries with finer particles can be pumped 
at the lower range of velocities. 

Typically, a single pumping station is required to transport the ash 
and/or. FGD waste slurry to the disposal pond. More pumping stations may be 
required for long transport distances and/o-r uphill transvet"ses. At least 
two full-sized pipelines are required for redundancy. The need fol' such 
redundancy may be eliminated by pt'oviding emergency storage for the slurry in 
the event of pipeline outages. If supernatant is to be recycled to the 
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6.1.6.2 Transport Systems for Dry Wastes--
Dry disposal is practiced for coal-fired utility wastes which do not 

exhibit fluid properties. All but one (i.e •• pipelines) of the utility solid 
waste transpoTtation methods previously identified can be used to transport 
dry wastes. 

Conveyors are suitable for dry waste transport but are used only for 
short transportation distances. To date. no belt conveyor has been used to 
carry coal-fired utility solid wastes from a plant to the fina1 disposal 
site. This .is because long belt conveyors (of several hundred meters or 
more) have high maint.enance costs. and are inflexible. permanent fixtures 
requiring .fixed starting and ending poinu. A. high capital investment is 
required for conveyor systems. although they have long service lives. For 
the given life of ,nan:y plants, this . trade.;.off is uneconomical • . 

Trucks are by far the most coD1Don and flexible means of transporting dry 
utility wastes over both short and re1atively long distances. The 
availability of trucks from private contractors in varied numbers for varying 
time periods provides a number of solid waste transportation alternatives. 
All truck hauling 1Da1.Y be contracted, or the use of a captive fleet of trucks 
may be supplemented by contracting additional trucks as the need arises. 
Three types of trucks are commonly used to transport dry FGC wastes: 

• conventional rear-dump; 

• semi-trailer rear-dump; and 

• semi-trailer bottom-dump. 

In colder areas. many trucks may be equipped with exhaust gas-heated bodies 
to prevent moist wastes from freezing. 

• 
The primary advantage of truck transportation for utility wastes is its 

flexibility. This transport method can readily accommodate changes in the 
quantity of solid waste produced. Additionally, transport routes may be 
conveniently altered in response to relocation of the disposal site. 
Maintenance and standby vehicles provide inherent transportation system 
availability; idle vehicles may be used for other hauling purposes. Contract 
hauling is cost-accountable as an operating expense and requires little or no 
capital investment. 

An important disadvantage of truck transport is that this operation is 
labor-intensive • . Thus, operating costs (due to inflation) can be expected to 
increase over the life of the disposal operation. Additionally, this 
operation has high public visibility which may result in public opposition to 
increased truck traffic, dust, and noise. 

Transport of dry, dewatered, or processed waste is usually accomplished 
by open, on-highway rear-dump trucks with capacities of 7 to 18 metric tons 
(8 to 20 tons) or by off-highway trucks with tY1)ical capacities of 32 to 77 
metTic tons (35 to 85 tons). The selection of the appropriate vehicle 
depends on the required capacity and location of the disposal area. In cases 
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TABLE 6. 2 

MATRIX OF WASTE TYPES AND TRANSPORT OPTIONS 

Ory Transport Options ~~~~~ 

Coal Ash 

• Dry 

Waste Type 

w Aqueous Slurry 

• Dry 
• Aqueous Slurty 
• Primary Dewatered Waste 

From Wet Scrubber 
• Secondary Dewatered Waste 

From Wet Scrubber 
e Stabilized/Fixated FGD 

Waste 

Be lt 
Conveyor 

p 

p 

p 

Truck Barge 

I p 

l p 

,/ p 

' f:' 

I= Transport method currently in use on waste type or comparable waste • 

. P s Potential transport option. 

Source: Arthur Di Little, Inc. 

Railroad 

I 

,/ 

I 

I 

Wet Transport 
Option 

Pipeline 

l 

I 
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feed the silo. must be provided. The receiver can consist of a cyclone-type 
collector with dust filter above, which feeds the air lock discharge. The 
air lock may be either a rotary driven gate or a gate lock type of feeder. 

Mechanical systems are also available for handling lime and Calcilox~. 
With mechanical handling, the additive is usually discharged from the 
transport vehicle into a hopper, then transferred by a screw, pan, or drag 
conveyor to a bucket elevator and finally elevated to storage. Pan and drag 
conveyors are preferred for larger-sized additives. 

Several designs are available to facilitate unloading of raw materials 
from storage silos. The raw materials of interest exhibit some inherent 
problems with flowability. necessitating the use of flow~enhancing unloading 
systems. The simplest device for improving flowability is the 
electro-magnetic vibrator attached to the outside of the hopper face. Air 
jets or pulsating air pads are also used on hoppers to facilitate flow. When 
using air jets or pads, the silo must be vented. Proper sloping of the silo 
bottom is another means of improving flowability. 

Feeders are typically located beneath the silos, with the raw material 
simply flowing by gravity to the feeder. The feeding synem is usually 
adjustable to give diffeTent rates of feed. The feed may be by volume or, 
more commonly, by weight. Gravimetric feeders take numerous £oms but are 
generally classified ·as pivot belts, rigid belts and loss-in'1eight hoppers. 
Most feeders for use in power plants will be of the rigid belt type. Figure 
6.17 illustrates a typical additive storage and handling system. 

6.1.6 Coal-Fired Utility Solid Waste Transport 

6.1.6.1 overview--
The coal-fired utility solid waste transport system is an essential 

component of the waste handling and disposal operation. Conceptually, five 
transportation methods can be used for coal-fired utility wastes: 

• belt conveyors; 

• trucks; 

• railroads; 

• barges; and 

• pipelines • 

The ultim•te choice of a transportation scheme depends on many factors, 
including waste type, distance of transport, cost, and availability of 
transport options. However, the form of the waste (i.e., wet or dry) 
ultimately limits transport options. Table 6.2 summarizes waste types and 
appropriate transport options. 
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Before truck or rail transport, fly ash must be wetted to prevent dust 
problems during transport. This is accomplished by conditioners, ~hich may 
be of the horizontal rotary pugmill type or of the vertical type. The 
horizontal conditioner is capable of conditioning a maximum of 45 kg/sec (180 
tons/hr) of fly ash with up to 20 weight percent water addition. The 
vertical type can process as much as 63 kg/sec (250 tons/hr) at si11lilar water 
addition rates. Figures 6.15 and 6.16 illustrate two typical fly ash storage 
systems. 

Storage systems for dry FGD wastes will be similar to those used for fly 
ash. 

6.1.5 Raw Materials Handling and Storage 

In cases where ?GD waste proc ~ssing is achieved by stabilization or 
chemical fixation, cementious additives and/or fly ash are typically added to 
the FGD waste. Fly ash would be considered to be a raw material in 
stabilization (i.e., blending) t>.rocesses and in the CS1 chemical fixation 
process. Cementious additives include lime, which is used in the CSI and 
Dravo chemical fixation processes, and Calciloxe, a proprietary fixation 
additive in the Dravo process. Handling and storage facilities are required 
for all these raw materials. 

T.hese materials are commonly stored in storage bins or silos. The 
decision to install one or more large handling/storage units versus several 
small ones will be site-specific and should be based on. such factors as daily 
additive requirements, type of demand (steady or inurmittent), type of 
delivery, future needs, etc. In any case, the total storage capacity for 
purchased additives is generally at least 50 percent greater than the minimum 
delivery in order to guarantee adequate supply. Since lime and many fly 
ashes are not corrosive, storage bins or silos can in many cases be 
constTUcted from conventional steel or concrete. Lime storage units, 
however; must be water and air tight. since lime can absorb moisture and 
carbon dioxide. At present, .most raw ·materials storage units are silos with 
conical bottoms. This bottom type assists in discharaging the material from 
the silO.. · · 

Raw material handling systems vary according to the source of the 
material. Fly ash is delivered to the raw material storage area from the fly 
ash handling or storage equipment at the power plant by pneumatic transport. 
The silo arrangement is like that described in Section 6.1.5 for conventional 
fly ash storage. 

Lime and Calcilox additives are typically delivered to the raw 
materials handling unit in truck or rail cars. The additives can be 
pneumatically t-ransported from the delivery vehicle with p.ressure or vacuum 
systems. In pressu-re systems, motive force is supplied by a positive 
displacement rotary blower mounted on the delivery vehicle. A particulate 
collection device must be provided to clean air vented from the silo. With 
the vacuum handling system, the raw uterial is pulled into the silo by 
vacuum. A lobe-type suction pump. filter receiver, and discharge air lock to 
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floating decanter. Water is drained from the body of the ash through 
stationary decanters on the sidewalls of the bin. Normally, about 28,800 sec 
(eight hours) are required for the total dewatering process, if a product 
satisfactory for truck or rail transport is desired. Ash is discharged 
through the bottom of the bin by means of a hydraulically operated gate. 

Various bottom ash handling and processing options are shovn in Figures 
6.13 and 6.14. 

6.1.4 Coal-Fired Utility Solid Waste Storage 

Until recently, dry fly ash .was the only coal-fired utility waste which 
required provisions for its storage. With the advent of dry FGD scrubbing, 
the need arose for storag.e of wastes from this process also. Fly ash can be 
stored for intennittent removal for sale, for use in FGD waste 
stabilization/fixation, or for disposal. Dry FGD wastes will typically be 
stored prior to disposal. 

Dry fly ash is conveyed pneumatically (see Section 6.1.3.1) from the air 
pollution control device to . the storage area. Fly ash can be separated from 
the conveying air by means of cyclone separators or fabric filters located on 
top of the storage silo. Collected fly ash is discharged through the bottom 
of these devices into the storage silo. Cyclone separators are .inertial 
separators which remove .particles from the. carrying gas by transforming the 
velocity of inlet stream into a confined double vortex. The gas moves 
downward in spiral fashion at the outside of the cyclone and upward at the 
center to discharge at the top~ The particles, due to their inertia, move 
toward the cyclone wall and are collected at the bottom of the ·cyclone. 

Fabric filters provide higher efficiency than cyclones. The fly ash 
laden air is passed through a fabric bag which filters the ash from the gas. 
A number of these fabric filters are housed in a single bagbouse. Fly ash is 
removed from the bags by shaking, pulsing a jet of air through the bags, or 
reversing the air flow through the bags. 

Alternately, fly ash and the accompanying conveying air may be 
discharged directly into the storage silo. These silos are provided with 
vent filters (typically fabric filters) to prevent the discharge of dust 
along with displaced air as the silo is being filled. Venting can also be 
provided by a duct f'rom the silo roof back to the precipitator inlet or 
hoppers. In some cases, it 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 dropout of fly ash in the duct. 

Storage silos may be of carbon steel or hollow concrete stave 
construction. Flat bottom silos are equipped with aeration stones or slides 
to fluidize dust and induce flow to the discharge outlets. Motor driven 
blowers supply the fluidizing air. Beaten may be required to prevent 
moisture from accumulating in the silo. 
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Bottom ash produced by dry bottom boilers is collected in hoppers. 
Diffe~ent types of hoppers are used, depending upon the capacity of the 
boilers which they service. For smaller boilers, with .steam. generating 
capacities in the 126 kg/sec (l.O million lb/hr) or smaller range, ash 
feeding is not a consideration, and flat-bottom ash hoppers with a single end 
or center outlet are used. Such ash hoppers provide maximum. storage with 
limited headroom. Ash mun be fed from the flat bottoms by means of 
operator;..coutrolled nozzles. Large,:- boilers require hoppers with large 
storage ·capacities~. steep ·self-feeding ·slopes; and water ·contaimnent to 
quench ash .and to provide delivery at a high rate totheconveying system. 
The bottom ash hopper will be equipped with x-efractory-lined ash gates, which 
maybe water cooled if high temperatures are anticipated. These ash gates 
may be either manually operated or equipped with an air-operated cylinder. 

For continuously slagging, wet-bottom bQ.ilerE. slag tanks are employed. 
Ash leaves the boiler in a molten state. Slag is quenched in a water-filled 
hopper. The quenching medium may, in some instanc.es, be .used as the 
transport fluid for sluicing the quenched ash. The .a.lag hopper design is 
similar for we.t bottom pulverized coal-fired boilers and · for cyclone boilers. 
·However, larger hoppers will be required for the latter system, since the 
percentage of bottom ash recovered in cyclone furnaces is higher than in the 
pulverized coal-fired type of boiler. 

Bottom ash and slag handling and processing requirements are dictated 
primarily by the disposal method. Handling and processing options include 
sluicing for bottom ash or slag disposed by wet ponding and dewatering for 
dry disposal. tn either case, the bot:tom ash is generally passed through a 
grindnbefore it is handled or processed~ Double and single roll clinker 
grinders are used. This crushing is sufficient to produce particles which 
will pass through ejectors, pumps, and conveying lines. 

Bottom ash anij slag are typically sluiced with jet pumps, although 
slurry pumps have been employed. With jet pumps, water provides the motive 
force. The waste may be sluiced to the disposal area for wet disposal or to 
a hydrobin for dewatering when dry disposal is called for. .Rydrobins are 
available .in a range of cap..,cities to meet the. requirements of plants of 
varying sizes~ These capacities range from 23 to 900 metric tons (25 to 1000 
tons), based on a dry coal ash density of 720 kg/m3 (45 lb/ft3 ). In most 
cases, at least two hydrobins are employed. One bin is available to receive 
ash, while the second contains ash which is being dewatered . and unloaded. 
Ash is pumped .into the bin over a bar screen, which permits the finer 
material to drop directly • into the center while the coarser · .particles are 
diverted toward the sides of the bin to form. a filter to trap fines before 
they reach the decanting elements. Aqueous overflow enters ·a serrated weir 
around the bin periphery and subsequently flows into a trough to a drain or 
settling system. The. flow over the weirs is reasonably steady and 
undisturbed due to the presence of an underflow baffle. All material 
entering the bin must pass under this baffle before reaching the weirs. In 
this manner. turbulence caused by the inlet discharge does not reach the 
weirs. Once a bin is full, it 1s allowed to stand for about 3600 sec (one 
hour) until most ash has settled. The standing water is drained by a 
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A second chemical fixation process of interest is the Dravo process. 
The Dravo Lime Company patented a method of FGD waste fixation through the 
use of hydrated lime and Calcilox«', a cementitious product derived from basic 
blast furnace slag. Dravo offers three distinct variations of its process: 

• direct ponding; 

• interim ponding followed by landfilling; and 

• direct landfilling. 

In the Dravo ponding process, FGD waste is dewatered in a thickener to 
25 to 30 weight percent solids~ The devatered waste is mixed in a tank for 
l,200 sec (20 minutes) with the li.me and Calcilox fixation agents. Normally 
5 to 10 percent of Calcilox is added in terms of dry slu,.ge solids weight. 
The lime is added in sufficient quantity · to rais.e the pH of the mixture to 
between 10,5 and 11.0. After mixing., the treated waste slurry is pumped to 
the disposal pond. It is in the pond that die fixated waste solidifies to 
fom an earth-like substance called Synearth. The pond supernatant is . 
usually returned to the scrubbing system, since the highly alkaline liquor 
cannot be discharged to local surface water streams without costly acid 
treatment. 

The remaining two Dravo processes employ much of the same FGD waste 
processing methods that are used by Dravo to treat wastes for · pond disposal. 
With the interim pond option, the major difference is that the treaud waste 
is dewatered in the. pond and is dredged and ultimately disposed in a 
landfill. The direct landfilling option calls for dewatering of the treated 
waste slurry from the mixing tank by the secondary methods (e.g., filtration 
and centrifugation) previously described. Figure 6.12 illustrates the 
various Dravo options for FGD waste handling and processing. 

Forced oxidation is a waste processing step which is. incorporated as 
part of the scrubber cycle. Here sulfite species are intentionally oxidized 
to sulfate so that gypsum (which is more readily dewatered) is the primary 
FGD sludge component. Forced oxidation involves additiori c,f air to the 
scrubbing liquid or recycle loop bleed stream by means of compressors or an 
eductor. The control of pH is essential, since the oxidation rate increases 
as pH decreases. The pH can be controlled by employing a two-stage scrubbing 
process1 in which the first stage is maintained at low pH for oxidation 
purposes and the second stage at a higher pH for sulfur dioxide removal. The 
ultimate value of forced oxidation system is with respect to the nature of 
the waste generated, Gypsum is readily dewaterec, unlike calcium sulfite 
wastes; thus. fot'ced oxidation systems reduce FGD waste processing costs as 
well as those for transport and disposal. 

6.1.3.3 Bottom Ash and Slag Handling and Processing--
Bottom ash and slag collection systems differ, depending upon the form 

of the waste; bottom ash may be co,llected in dry form from dry bottom 
boilers, while slag is collected when a wet bottom boiler is employed. 

6-26 



- Doc. Ex. 8581 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

13\ 
I 

N 
V, 

j FGO SLUDGE fROM 

S02 SCRUBBER 

I THICKENER 
FEED TANK :,/J 

AGITATOR 

I 
I 

I 

THICKENER 
FEED PUMP 

RECYCLE AOUEOUS MEDIA TO 

S02 SCRU801NG ·OPERATION 

~ _ A R? ____ o_v_E_R __ FL_o_w __ _..,. 
~ . THICKENER I 

THICKENER 
OVERFLOW 

TANK 

TutCK[NER 
UNDERFLOW 

PUMP 

'"-,-----, 

T~ICKENER 
OVERFLOW 

PUMP 

LIME FROM . RAW MATERIAL 
HANDLING .MODULE 

ROTARY ORUM 
VACUUM FILTER '-'----611 

FLY. A St! FROM RAW MAT~RIAL 
IIANOUNG MODULE 

FILTRATE 
RECEIVER 

RECYCLE AQUEOUS MEDIA TO 

r1.; 

MIXl::R 

..... l, .4'\ /\ ,' 
'L.'::!..._:! · v 

TO LOADING AREA 

S02 SCRUBBING OPEffATtON ONVEYOR/STACKER 
FILTRATE 

RECYCLE POMP 

Source: Artln.1, D Lillie, Inc. 

VACUlJM 
PUMP 

FIGURE 6. 11 FGO WASTE I tANDLING ANO PROCESSING MODULE 

CSI fixation Proce~s 



- Doc. Ex. 8582 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

f 60 .WASH FROM lllllCL[ AQUEOUS MfOIA TO 
.,-~-~~-~~-~~~-~~~ 

SOz SCIIUI\OtR 502 SC11u1J01NG Of'(lt.\llON 

. At.lfAlOH 

lHICKENER l~J ffEO TAN< ,,'. . 

~ 
T : ·~~ 

OVfHIIOW 

c:.-1:J .. · · TIIICK£NER ovrnfa.ow 
TANK 

·-·: -'--' 

~ 
TUICK(Nfff 
fffO PUMI' 

fUICl<t:NEH 
UHOfHfLOW 

f'V!.tP 

VACUUM flLTEtl ~ !)' I -·---'====~, 

THICKENfR 
O\lfRfLOW 

PUMP 

fUIISII fl!ON AAW NAlfll lALS 

IIANOLIHG MODll!..f 

ROTARY DRUM r ::-, I 
a:::-__ CONVEYOH . _ __ .D I 

flLrHAlf [7l 1 '"L . . 
ft£Cf1Vflt f.. , .. , /. ,\ ,· •.. !!l TO LCMOIMG AHU 

• fl{UCU AOU(OUS MCPIA 10 .,. J"' MIX;r: ~ !! -;,":r1 ., --
S0z SCRUBBING OP(IIAIIOH _ft-- Q <X i::e,\•~ NVf YOFI /STACKER 

fll TUM£ VACUiJM 
Rf:.CYCLE PUMI• t>UMI' 

Sowte: A, IIIUf U l •III&, t,u: . 

FIGUnE 6.10 FOO WASTE HANDUHQ AND PROCESSING MODULE 
FOD Wa,shi/fly Ash Ule11t1lny Sy&ltim 

' 



- Doc. Ex. 8583 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

(in which solids discharge from the end opposite the slurry inlet). These 
centrifuges differ significantly. Concurrent centrifuges are large in size 
and operate at low centrifugal force, while countercurrent centrifuges are 
smaller in size but employ high centrifugal force. To date, the advantage of 
one type over the other for this application has not beel.'). proven. 

Dry blending of FGD waste and fly ash (i.e., stabilization of FGD waste 
with fly ash) results in a third FGD handling and processing variation. In 
blending applications, FGD wastes are dewatered in primary and . secondary 
operations, and the resulting waste is mi.xed in . a pug mill with dry fly ash 
to produce a mixture with a lowet'moisture content than the FGD waste alone. 
Figure 6.10 is a process flow diagram of FGD waste/fly ash blending. A 
variation on this pr9cess is to mix the fly asllwith the FGD slucigeat the 
landfill site with eaTth moving equipment. Control of moisture content to 
obtain the optimum compaction in the landfill is essential to this process. 
Fly ash reactivity is a second parameter of importance, since use of alkaline 
fly ash containing significant quantities of calcium oxide can cause the 
co-disposed waste to undergo a pozzolanic reaction, thereby generating a 
fixated waste. This type of reaction can be desirable; in fact, processes 
based on other additives have been designed to produce fixated wastes, as 
described below. 

The fourth FGD waste handling and processing option is chemical 
fixation.. In this process, fly ash and lime or other additives are added to 
dewatered FGD wastes. prior to disposal. In the fixation process, the FGD 
wastes and. cementitious additives undergo pozzolanic reactions that pToduce 
increased structut'al integrity of the resulting wastes. This chemical 
process continues even after placement of the process waste. 

The most common FGD waste fixation process in use today is the 
Conversion Systems, Inc. (CSI) process. In it, the FGD wastes undergo 
primary and secondary dewatering to a hi.gh solids content (50 to. 60 percent). 
A thickener and filter are typically employed. Subsequently, the waste is 
blended with fly ash arid lime in a pug mill, where thepozzolanic reaction 
yields a material with cementitious properties. [The raw materials (i.e., 
fly ash and lime) storage and delivery system is described in Section 6. l.5.] 
The fixated waste that leaves the mixer is transported by belt conveyors to 
tempoTary surge piles for storage until it is reclaimed for ultimate 
disposal. Single stat:ionary stacking conveyors are satisfactory for 
delivering .dry sludge to surge piles of moderate size. However, only conical 
piles can be built with a stationary conveyor and because of the height 
limitations of such piles. it is often necessaq to distribut:e the surge pile 
over a larger area than is possible with a stationary conveyor. Therefore' 
many utilities . use inclined conveyors pivoted at the tail end .on the loading 
point centerline (i.e •• radial stackers). The ·conveyor structure. is 
supported near the midpoint by a tower. The radial stacker design allows for 
movement of the conveyor discharge point, thereby permitting the formation of 
large capacity arc-shaped piles. Figure 6.ll is a process flow diagram of 
the CSI fixation process. 
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• dewatering of the FGD waste and subsequent chemical fixation prior to 
disposal. 

In cases where FGD wastes are directly ponded, the supernatant is 
generally returned to the process. This ·practice may also be employed when 
FGD wastes are dewatered prior to disposal. However, not all ponding systems 
incorporate water recycle, and many which do include this feature practice 
only partial recycle. As a rule, water management and conservation dictate 
water reuse. For new systems, recycle and optimum water management sre 
anticipated to be mored widely practiced. 

Most unthickened slurry wastes produced by FGC systems contain on the 
order of 5 to 15 weight percent suspended solids~ In order to avoid the 
unnecessary discharge of large amounts of · process liquo-r, these wastes are 
frequently mechanically dewatered .prior to being disposed. Dewatering 
decreases the volume of waste for transport and disposal, thereby reducing 
the costs of these operations. Additionally, wastes dewatered to an optimum 
moisture content exh.ibit a maximum strength; thus, dewatedng to reach that 
moisture content is a useful engineering technique • . Pd.mary dewatering is 
usually accomplished with thickeners or . interim ponds. Primary dewatering is 
virtually universally p'l'acticed to reduce sludge volume and conserve water. 
Figure 6.8 illustrates a typical primary thickening operation for pond 
disposal of FGD waste. Interim ponding of FGD wastes is practiced in the 
same way as interim fly ash ponding (Section 6.L3.l). Secondary methods of 
dewateringare also sometimes used. · These include vacuum filtration and 
centrifugation •. Secondary dewatering is only practiced as a p-recursor to dry 
impoundment to improve the handling properties of the wastes prior to truck 
transport, stabilization or fixation. Figure 6.9 shows typical pTimary and 
secondary dewatering options. 

Conventional gravity thickenen operate similarly to settling tanks. 
Feed solutions enter at·the center and are distt'ibuted radially. A 
circulating rake is used to gently push settled solids toward the discharge 
point. Sludge solids are collected as underflow in a sump and then directed 
to disposal or secondaTy dewatering operations (i.e., vacuum filtration or 
centrifugation). Clarified aqueous effluent is discharged over a weir and is 
generally recycled to the scrubber system. 

Two tY?es of vacuum filters have been used to dewater FGD sludges, 
rotary-drum filters and belt filters • . These filters are similar in 
operation, although a scraper is required to remove solids from the rotary 
drum filter cloth, while none is needed for the belt filter. · From a 
maintenance standpoint, this scraping results in costly wear of the rotary 
drum filter cloth. However, the installed capital cost of belt filters can 
be up to 30 percent higher than that of drum filters. Both filters require 
auxiliary equipment such as a vacuum receiver, .vacuum pump, and filtrate 
pump. 

Two types of centrifuges are applicable to dewatering FGD scrubber 
sludges. These are the countercurrent centrifuge (in which solids are 
discharged at the slurry inlet end of the bowl) and the concurrent centrifuge 
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If the waste is not sufficiently dewatered to permit this type of 
excavation or if the pond is too large to be excavated by shovels. a cable 
powered dragline may be employed. Draglines have been in use for more than 
50 years for long range difging and hauling, with scraper sizes ranging from 
0.4 to 15 m3 (0.5 to 20 yd ) · and on spans of up to 305 m (1,000 ft). 
Skid-mounted units are available in sizes up to 2.3 m3 (3 yd3 ). These 
machines offer high production and portability where the line of operation 
must be frequently shifted (Figure 6.7). 

Draglines work equally well on high banks [measuring as high as 73 111 

(240 ft)], level ground, and ·under water. Hauls from the deposit can be made 
to a surge pile or hopper. Dragline machines are built in sizes. to match all 
tonnage requirements. · Botb the. size of the dragline and the length of haul 
are the chief factors in determining handling capacity. 

The drag line consists of a bottomless scraper, operating cables, a two­
or three-drum.hoist, and ·guide blocks. The blocks may be mounted on a mast, 
skid frame. or mobile towers located at the head and tail ends of the 
installation. The .cables are spooled in the drums. reeved through the guide 
blocks, and drag the scraper through its operating cycle. Scrapers can 
discharge their load at the head end support into a surge pile, or into a 
hopper, truck or rail car. With larger size scrapers, 4 m3 (5 yd3 ) and 
larger, a track cable is used to lift the scraper off the surface on the 
return cycle and to lower the scraper to contact the waste mate:t"ial during 
the digging and waste hauling cycle. 

In some interim ponding or disposal ponding operations, supernatant 
recycle may be practiced. This operation is similar to that discussed in the 
following section on FGD waste processing and handling. 

6.1.3.2 FGD Waste Processing and Handling~-
FGD wastes, like fly ash, can be collected in either wet or dry form by 

currently available sulfur oxides control devices. Dry FGD waste 
technologies are relatively new and, therefore, most FGD waste handling and 
processing options in use are based on wet wastes. However, the use of dry 
sulfur oxide scrubbing technologies is growing .at a rapid pace. and the 
handling and processing systems for wastes .from these technologies warrant 
attention. In general, handling systems for dry FGD wastes would be similar 
to the dry fly ash handling systems discussed in Section 6.1.3.l. 

There are four basic approaches to processing and handling wet FGD 
wastes: 

• pumping the wet scrubber effluent directly to a disposal pond with no 
processing; 

• dewatering scrubber sludge prior to pumping it to a disposal pond; 

• dewatering scrubber sludge prior to stabilization of the dewatered 
waste by mixing with fly ash; and 
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For longer conveying distances, pressure conveying is the most econom­
ical method. Air locks are used to transfer fly ash from the hoppers of the 
air pollution control devices to the transport lines. A positive 
displacement blower is used to create the motive force. This system is shown 
schematically in Figure 6.4. 

It is sometimes economical to employ a combination of vacuum and 
pressure conveying of . fly ash where distances rule out the use of vacuum 
conveying alone •. · In this manner, the advantages of both systems are 
utilized. The vacuum system, with its simplified controls, removes the fly 
ash from tht! collection device boppers at an optimum rate and transports it 
to a single transfer point. Fr01ll this point, the p.ressure system 
economically delivers the fly ash to the terminal destination. The 
combination vacuum/pressure pneumatic fly ash handling system is shown in 
Figure 6.5. · 

When ponding is the disposal method of choice for fly ash that is 
collected. dry, the ash may be directly sluiced from the collector hopper vith 
a hydro-ejector system and then pumped to the pond. An alternau system 
involves a vacuum pneumatic system to carry.the ash from the hoppers to a 
water jet exhauster which is used to create the vacuum; the vacuum-producing 
water is used to slurry the fly ash. The slurry is discharged through an air 
separator tank before being transported to the disposal pond. This type of 
system provides for continuous fly ash removal. In some cases, provision is 
made for returning supernatant back to the ash sluicing system. Figure 6.6 
illustrates options for wet handling of fly ash collected in dry form. 

In the very limited number of cases where fly ash is collected in wet 
form (via wet particulate scrubbers), it is usually pU111ped to a pond in 
slurry form. The wet ash may, in some instances (typically when collected 
simultaneously with FGD waste), be pumped to a thickener OT clarifier which 
partially dewaters the P'GD waste and the accompanying ash. 

Dewatering of fly ash wastes may also be achieved by interim ponding. 
The aqueous fly .ash slurry is placed in the pond and the liquor decanted or 
evaporated. Once sufficient dewatering has occurred, the waste is dredged 
and disposed in a landfilling operation. Typically, two ponds are used. One 
pond is kept in service while the second is being dewatered and dredged. 
Interim ponds are similar to disposal ponds in construction. (See Section 
6.1.7.2.) 

If the interim ponded waste has been sufficiently dewatered to bear the 
wei·_ht of conventional excavation equipment, various types of doze rs and 
shovels may be used for the dredging operation. If the dewatered waste 
cannot safely support this type of operation, dozers and shovels may be 
required to . work from the perimeter of the pond or from dikH and proceed 
into the pond as waste is removed. Even as the waste is removed, dewatered 
bottom ash is sometimes e~ployed as a base road building material to allow 
dozers s.nd/or scrapers to enter onto the pond. 
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then regenerated in a calciner, liberating sulfur dioxide, which is again 
recovered and either reduced to sulfur or used to make acid, 

6.1.3 Coal-Fired Utility Solid Waste Handl!ng and Processing 

Waste handling and processing options for coal-fired utility wastes vary 
w!t'h both waste types and the physical state(s) of the wast:es. 
This discussion of coal-fired .utility waste handling and processing is 
segmented by waste type, since, for each waste type, a variety of waste 
hand~ing and processing alternatives is available. 

6. 1 . 3 • 1 Fly Ash Handling and Processing--
The. selection. of fly ash ha;ndling and processing systems is dictated, to 

a large extent, by the following factors: 

• 

• 

• 

the form of the waste available to the hand.ling and processing system 
(e.g., fly ash is collected in dry form by ESPs and .mechanical 
collectors, while aqueous fly ash .slurries are generated by flue gas 
scrubbers); · · · 

the need to handle and process . fly ash was.tes due to the presence of 
otherwastf! species (e.g., scrubbers designed to simultaneously 
coUect particulates and sulfur oxides yield aqueous slurries of fly 
ash and FGD wastes; the presence of :GD wastes may call for 
dewatedng of the combined wastes prior to disposal); and 

the ultimate fate of the fly ash (Le .• utilization or disposal by 
wet ponding or dry impoundment). 

In cases where fly ash is collected in dry foTill, the method of waste 
handling and processing is pr~arily dependent upon whether the waste will 
ultimuely be utilized, disposed in dry impoundments, or disposed in wet 
ponding operations~ Handling and processing operations for fly ash which 
will be utilized or disposed in dry form are essentially the same. In these 
cases, dry .fly ·ash is conveyed pneumatically from the collection device to 
storage silos for . intermittent transf E!r for disposal. For short conveying 
distances of 185 m (55 ft) or less, vacuum conveying is typically used. 
Vacuum system motive force can be pToduced either hydraulically or 
mechanically by any of three devices: 

• a jet exhauster using water to create a vacuum; 

• a jet exhauster using steam to create a vacuum; 

• a mechanical .vacuum pump which operates on electrical energy to 
create vacuum. 

Figure 6.3 illustrates the various options available in vacuum pneumatic 
conveyors for fly ash handling. 
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applications. The few utility applications use inexpensive sources of 
alkaline sodium salts, such as trona. Once-through sodium systems are 
capable of achieving very high sulfur oxides removal efficiencies, 
approaching 99 percent. The type of scrubber .is dependent .primarily upon the 
degree of sulfur oxides control required. The pH is controlled in the range 
of 5 to 7 through the .addition of fresh alkali, and a sliJ>stream of spent 
liquor is removed for discharge to lined holding ponds. 

Nonrecoverv Dry Flue Gas .Desulfurization Processes -- As discussed in 
Section 3.2.3, three different approaches to dry scrubbing for sulfur oxides 
control and particulate collection .have been activelypurslled, although only 
one-.~the injection of solid sorbents into the flue · gas stream with collection 
downstream in a particulate control device..:...has reached cC>111111ercialization. 
In this commercial practice, an aqueou::. solution of slurry sorbent is 
injected as · a fine mist into the ash-laden .flue gas in a spray cham.bet'. The 
hot gas evaporates the water, . and some sulfur oxides are removed through 
reaction with the alkali~ The gas then passes to a dry particulate collector 
(fabric filter or electrostaticprecipitator) where the fly ash and dry 
sorbent solids are removed and further sulfur oxides removal is achieved. 
The .flue gas is exhausted directly to the stack without reheat, since the 
flue gas is not usually allowed to reach ·saturation in the spray dryer. 

The remaining two approaches to dry FGD ha.ve not reached 
commercialization. Testing of dry sorbent injecticm has. focused on the use 
of sodium bicarbonate nahcolite. a material not available in c0111mercial 
quantities. Injection of sorbents into the boiler combustion zone is also in 
the testing phase. 

Recovery ·'FGD Processes -- Recovery FGD processes can also be categorized 
as wet and dry, according to the mode of sulfur oxides removal. As noted in 
Section 3.2.2, they can be further classified according to the type of 
byproduct produced, i.e., concentrated sulfur oxides for conversion to sulfur 
or sulfuric acid, sulfur only, or acid only. 

Recovery FGD systems produce ' relatively small amounts of waste compared 
to non-recov.ery FGD systems and comprise a minor portion of the total FGD 
system installations or applica'tions. The Wellman-Lord and magnesium oxide 
processes are the two. major -recovery FGD processes that have been 
commercially applied by utilities. 

The Wellman-Lord process uses a sodium sulfite solution to absorb sulfur 
oxides, forming a solution of sodiumbis\llfite. Mak~up sodium carbonate also 
reacts with sulfur oxides in the absorber, producing sodium sulfite. Side 
reactions produce some sodium sulfate, . which is recovered by treatment of a 
purge stream. Sodium sulfite is regenerated from the bisulfite by simple 
addition of heat, liberating sulfur dioxide gas, which is recovered and 
either reduced to elemental sulfur or used to make sulfuric acid. 

Magnesiu~ oxide scrubbing of sulfur oxid~s produces magnesium 
sulfite/sulfate salts which are recovered and dried. The magnesium oxide is 
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systems, for example, use either carbide lime or a dolomitic (high magnesium 
content) lime rather than commercial lime. (Dravo Corporation markets a 
special high magnesium content lime for FGD systems under the trade name, 
!hiosorbic lime.) The use of these limes effects lower oxidation rates and, 
the ref ore~· better control of scrubber scaling. Also, the use of 11:igh . 
magnesium content lime or the addition of magnesiuimoxide to commercial lime 
usually results in higher sulfur oxides r .emoval efficiency and improves lime 
utilization for high sulfur coal systems (reducing lime sto1chiometries from 
typical levels of 1.1-1.3 to 1.0-1.15). 

A principal variation on direct limestone scrubbing involves intentional 
oxidation (i.e., forced oxidation) of the calcium sulfite salts formed in the 
scrubber to calcium sulfate. Tbis is done to improve sulfur oxides removal 
efficiency, minimize scale and plugging pote?ttial, improve solids dewatering 
properties (by conve-rting the wastes to gypsum), and increase limestone 
utilization. It is hoped that use of forced oxidation in high sulfur coal 
applications will reduce limestone noichiometries from .the typical levels of 
1.25-1.5 to 1.os_-1.1 • .In the simplest form of the forced oxidation process, 
air is bubbled through the sliirTY . ifo a modified delay . tank; however, . 
tvo-stage scrubbing has also been used to cause intentional oxidation. 

Western United States coal resezyes include mostly lignites and 
subbituminous coals which contain far lesi sulfur than typical Eastern coals. 
Another feature of virtually all Western coals is that their .ashes have high 
contents of calcium, sodium., and magnesium oxides • . This .lower required 
sulfur oxides removal combined with the alkalinity of the fly ash has led to 
the use of fly ash slurries · as scrubbing liquors in several Western power 
plants. Fly ash alkali (FAA) scrubbing tYJ)·ically invol,tes process · 
configurations similar to lime or limestone scrubbing. The chemistry of 'FAA 
systems is much more complex due to the greater number of ·competing 
reactions. Good utilization of the ash alkali also necessitates operation at 
lower pH levels (3.5 to 5.0) than limestone systems. Supplemental alkali 
(typically lime or limestone) is frequently required. 

Another wet~ non-recovery FCD process is the dual alkali.process. In 
dual alkali systems, sulfur oxides removal is accomplished with solutions of 
sodiumsalt.s which are then regenerated with lime to p'l'oduce a waste 
calcium-sulfur salt similar in chemical composition to the waste produced 
from direct scrubbing systems. Dual alkali systems are most appropriate for 
medium and high sulfur coal applications where relatively .high sulfur oxides 
removal efficiencies are required and where oxidation rates tend to be 
?'elatively low. Filters are usecl to .recover sodium salts in order to 
minimize sodium carbonate makeup requirements and reduce the potential 
adverse environmental·impacts from the high total dissolved solids (TDS) 
levels in the waste material. 

Wet scrubbing processes can also entail the use of sodium salts, with no 
regeneration. HoweveT, this technology is now used principally for 
industrial boiler applications rather than coal-fired utilities. In this 
case, a liquid waste stream is produced. The high cost of the sodium reagent 
and the problem of liquid waste disposal have significantly limited utility 
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The primary advantage of wet scrubbing systems as air pollution control 
devices on coal-fired boilers is their ability to collect both particulate 
materials (fly ash) and gases (sulfur oxides). The 111ost common application 
of scrubbers for coal-fired boilers is for the simultaneous control of 
particulate matter and sulfur oxides. However, a number of disadvantages are 
also ·a:ssociatedwith the useof scrubbers for particulate control: 

~ Compared to other particulate control systems, high energy penalties 
(high-pressure drops) are associated with the use of scrubbers [about 
1240 Pa (0.18 psi) for fabric filters compared to 6220 Pa (0.90 psi) 
for venturi scrubbers] • . 

• Scrubbers are not as efficient as o_ther particulate control sz1tems 
with regard to the coll~ction of fine particles [less than 10 m 
(0 .004 in) J . 

• Corrosion may potentially be associated with wet collection systems. 

• A slurry waste is generated which may result in the need for 
relatively more expensive disposal operations (48). 

6.1.2.2 Flue Gas ·Desulfurization Technology-
A wide variety of. FGD processes have been developed for application on 

utility boilers. As discussed in Section 3.2, the technology can be grouped 
into two categories: · non-recovery .(or throwaway) systems, which produce 
waste material for disposal, and recovery systems, .which produce salable 
byproducts. Nonrecovery processes make up the overwhelming majority of the 
technology. 

There are two types of non-recovery FGD processes: (1) wet processes 
which involve contacting flue gas with aqueous slurries or solutions of 
absorbents to produce wastes in the fonn of solutions or slurries; and 
(2) dry processes which produce essentially moisture-free soiid wastes 
through the use of spray dryers or dry adsorbent injection. 

Nonrecoverv Wet 'FGD Processes - Direct lime and/or limestone scrubbing 
systems constitute the majority of operational wet FGD systems. In these 
systems. the flue gas is contacted with a slurry of calcium salts (calcium 
sulfite/sulfate .and calcium hydroxide or calcium carbonate) at total 
suspended solids concentrations of 8 to 16 weight percent. Slurries are 
recirculated through . open venturies or spray-tower scrubbers at high · 
liquid-to-gas ratios~ ·The spent liquor is collected in a delay tank to allow 
for completion of the precipitation reactions. Fresh alkali makeup (either 
slaked Hme or a slurry of finely ground l~estone) is ·added to the delay 
tank. and a slipstream is removed for waste solids separation. The rate of 
fresh alkali makeup is controlled on pH (lime systems usually operate at a pH 
of 6 to 7; the pH of limestone is typically 5 to 6). 

There are a number of variations on conventional direct lime and 
limestone scrubbing systems directed toward improving sulfur oxides removal 
and overall scrubber system reliability. Many full~scale lime scrubbing 
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cleaning of the fabric filter is required to prevent excessive pressure 
drops. Three different cleaning methods are in use: 

Ii reveue air cleaning, the gentlest method, which en.tails the reverse 
flow of gas through the filter to dislodge collected material; 

• mechanical shakers, which displace filter bags ineithu the 
horizontal. or vertical direction to dislodge collected materials; and 

• pulse-jet cleaning, the 111ost severe cleaning method, in which 
expansion of the bag, due to the pulsing of pressurized air into the 
bag~ causes collected material, to be dislodged. 

Most utility fabric .filters are cleaned by the reverse air method, although 
shaki1,6 is also commonly employed, but to a lesser extent ( 46) • 

Filter fabrics_ire normally woven with relatively large open spaces [on 
the o-rder. of 1 x 10 11 (0. 004 in) or larger]. Since. particulates of much 
smaller size can be Teadily collected by these devices, the filtering process 
must involve mechanisms othe-r than sample sieving. These mechanisms include. 
interception, impingement, diffusion, gravitational settling and 
electrostatic attraction. Once a cake of dust is formed on the filter, 
further collection is accomplished by these mechanisms (in addition to 
sieving)(47). 

Fabric filters employed in utility applications exhibit high collection 
efficiency; in a. nw:iiber of cases, actual operating efficiencies exceeded 
design collection capacities which generally ranged from 99.4 to 99~7 percent 
(46). · Unlike ESPs, the effectiveness of fabric filters is independent of 
coal composition. Consequently, these devices can collect the high electt'ic 
resistivity fly ash (i.e., that generated as a result of burning low sulfuT 
coal) that is not amenable. to collection by electrostatic precipitation. In 
additicin, · with the recent commercialization of dry FGD scrubbing systems 
(through the use of spray drying or dry injection of adsorbents . into the flue 
gas) and the resultant production of . essentially moisture.:.free solid wastes, 
t .he use of fabtic filters may increase, Another advantage of fabric fiiters 
is their high efficiency in coilecting submicron particles. However, fabdc 
filtration has been shown to be more energy intensive than electrostatic 
precipitation. Additionally, close control of flue gas temperatures is 
Tequired to prevent acid condensation which would result in bag deterioration 
anc shortened .b·ag life. 

Wet Scrubbing -- Wet scrubbing for particulate control involves the 
removal of dust from a gas streUl by absorbing of the particles into 
suspended liquid droplets or by adhesion of the particles. · to the scrubber 
walls followed by liquid flushing into a waste disposal system (48). 
Intimate contact betveen the gas stream and liquid is required to transfer 
suspended particulate matter from gas to the liquid. Dust removal efficiency 
of scrubbers is primarily a function of the energy consumed in contacting the 
dust and liquid. 
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The electrical resistivity of fly ash has a significant influence on 
collection efficiency by electrostatic: precipitation. High resistivity will 
decrease collection efficiency significantly. However, the electrical 
resistance of dust .particles can be altered somewhat by altering the 
surrounding environment. As discussed previously. increases in temperature 
decrease the resistivity of fly ash particles. Similarly, the sulfur content 
of flue gas affects fly ash resistivity, since a layer of condensed, 
electrically conductive sulfuric acid can foni on the surface of fly ash and 
reduce electrical resistance • . Since the sulfur originally present in a given 
coal has a positive effect on fly ash collection efficiency, fly ash 
generated as a result of burning low sulfur coal will be more difficult to 
collect by electrostatic precipitation than that originating in a boiler 
burning high sulfur coal. For coals and fly ash having relatively high 
sodium contents, resistivity is controlled primarily by sodium concentration. 
In general, fly ash resistivity decreases with incieasing coal alkali 
content. 

Two types of ESPs are presently used for coal-fired utility 
applications, the cold-side ESP and the hot-side ESP • . The basic design of 
both devices is similar .except: that hot-sideESPs are located on the hotter, 
205 to 315°C .(400 to 600°F) upstream side of the air pTeheater. while 
cold-side ESPs are located downstream, where the temperature is UO to 205°C 
(250 to 400°F) • . This difference renders .these devices suitable for different 
services; cold-side ESPs are primarily used to collect fly ·ash of low 
electrical resistance, while hot-side ESPs collect high resistivity fly ash 
by decreasing its resistivity due to the co,nparatively higher temperature of 
the collection environment. Hot-side ESPs, despite their ability to handle 
high resistivity particulates, have some serious disadvantages: 

0 . • 

• Gas flows (volumes) are 50 percent higher than in cold-side systems 
because of the expansion of gases at higher temperatures. 

• Precipitation rates are reduced as a result of increases in gas 
viscosity. 

• Operating voltages are reduced primarily due to the lower "densities 
of hot gases. 

• Differential expansion may cause warping of structural 
components (44). 

A significant advantage of electrostatic precipitation is that 
relative to other high efficiency collectors, ESPs exhibit low operating 
pressure drops -- 745 Pa (0.11 psi) -- and hence lower power 
requirements (45). · · 

Fabric Filters -- In fabric filtration systems, dust-laden gas passes 
through a fabric in such a manner that dust particles are retained on the 
upstream side of the fabric.. and clean gas passes through. As filtration 
proceeds, a filter cake builds up on the fabric which enhances particulate 
collection while increasing the operating pressure drop (45). Periodic 
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to decline in the future due to implementation of more stringent air quality 
standards. Scrubbers are not often used for particulate control at utility 
boiler installations unless they are used for simultaneous particulate and 
sulfur dioxide removal or, when fly ash is used. as a source of alkalinity in 
FGD systems (e.g., fly ash alkali scrubbing) (12). 

Electrostatic Precipitators (ESPs) -- Collection of particulates (fly 
ash) by electrostatic precipitation entails the following sequence of 
operations: · · · · 

1. Fly ash particles become charged by colliding with gaseous ions and 
electrons generated in .a high intensity corona discharge. 

2. In the presence of an applied electric field, charged fly ash 
part ... cles migrate toward a grounded collection electrode. 

3. Collec.ted fly ash material is removed from the pl.ate by periodic 
rappin1. 

Modern ESPs are capable of achieving relatively high collection 
efficieric:ies (in some cases in excess of 99 percent). However, a number of 
parameters affect collection eff:Lciency, including: · 

• precipitator size (i.e •• specific collection area); 

• applied collection field; 

• gas temperature; 

• electrical resistivity of the particulate matter; 

• particle size; and 

• gas composition. 

The first three items are variables which may be adjusted in the design of an 
ESP. Electrical resistivity, particle size distribution and gas composition, 
howeveT, depend on boileT operating conditions and the characteristics of the 
coal fired to the boiler. Gas composition can be altered by the introduction 
of additives which can subsequently reduce electt"ical resistivity of the 
particulates and thereby increase collection efficiency. 

In the design of an ESP, increases in specified collection efficiency 
result in exponential increases in precipitator size. Thus, there is a 
trade-off ~e~een size (i.e., cost) and desired emission levels. Similarly, 
collection field requirements also increase with increasing efficiency 
specifications. Higher gas temperatures decTease the electrical resistivity 
of fly ash and, hence, increase collection efficiency. However, higher 
temperatures affect the volume of gas to be handled. ?bus, an optimum 
efficiency can be obtained by selecting the proper opera.ting temperature. 
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TABLE 6.1 

MATRIX OF WASTE TYPES AND WASTE HANDLING/DISPOSAL MODULES 

WASTE TYPE 

MODULE Fly Ash Bottom Ash 

Raw Materlals Handling and Storage 

Coal-Fired Utility Solid Waste I ./ 
Handling and Proiessing 

- - -- .. 1 - ... -- ........ - ~ . ~ -----~- -- -..,,.·--- . - -

Coal-Fired Utility Solid Waste I 
Storage 

Coal-Fired Utility Soli~ Waste I I 
Transport 

Coal-Fired Utility Solid Waste I I 
Placement and Disposal 

Source: Arthur D. Little, Inc. 

FGD Waste 

I 

I 

I 

I 
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Within each module there exist a number of system design options which 
vary according to the waste type (i.e., fly ash. bottom ash and FGD waste) 
and the existing or desired physical states of the waste (i. Sq dry solid 
wastes, aqueous slurries of solid wastes and dewatered solid wastes). In 
this engineering assessment, an attempt has been made .to. elucidate 
differences which can be identified within modules. The five modules can 
thus be viewed as five collections of engineering design alternatives. 
Selection of altei:natives from each module which satisfy the. general disposal 
and handling needs of a particular .site. results in a preliminary process 
specification. In some cases, m.orethan one alternative within. a given 
module can be required for different waste types or for wastes collected in 
different physical states~ An overviev of the five modules and the 
alternatives within each of the modules are presented schematically in 
Figures 6.1 and 6.2 for coal ash and FGD waste, respectively. • As shown, some 
modules do not apply to all aste types. Table 6.1 lists waste types and the 
modules which apply to each. 

In developing encineering and cost data on utility solid waste handling 
and disposal systems, it is ·difficult to divorce oneself entirely from the 
other aspects of the environmental control system. Hence, broad process data 
were developed for auxiliary areas that tend to shed substantial light on the 
design and cost of enviromaental control, including: 

e the air pollution control system, which may consist of particulate 
and, in some cases, sulfur oxides control; and 

• auxiliary s:ystems for handling wastes · other than coal ash or FGD 
wastes which enter the solid waste handling and disposal system. 

The rest of Section 6.1 provides an overvie~ of engineering data on the 
modules and auxiliary areas discussed above. 

6.1.2 Coal-Fired Utility Solid Waste Collection 

6 .1. 2. l Particulate Control 'l'echnology--
Control of particulate emissions from coal-fired boilers can be achieved 

by several types of particulate control devices: 

• mechanical dust collectors; 

- • wet scrubbers; 

• electrostatic precipitators (ESPs); and 

• fabric filters. 

By far, ESPs are the most collUllon particulate control devices employed by 
coal~fired electric generating utilities. Fabric filtration is more recently 
gaining acceptability for this application. The use of mechanical dust 
collectors, with fly ash collection efficiencies substantially lower than 
those of the other particulate control devices discussed here, is anticipated 

6-2 
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SECTION 6 

ENGINEERING COST ASSESSMENT OF COAL ASH AND FGD 
WASTE HANDLING AND DISPOSAL SYSTEMS 

6.1 ENGINEERING OF COAL-FIRED UTILin SOLID WASTE HANDLING AND DISPOSAL 
SYSTEMS 

Coal ash and FGD waste disposal operations · consist of a number of 
activities which. include the handling of vastes from the point of their 
collection up to and through their ultimate disposal. Variations in 
collection and disposal systems necessitate a variety of waste handling, 
processing, storage and t-ransport alternatives. Additionally, . variations 
among vaste types call for different approaches to waste management • 

. The engineering and . cost data contained in this section were assembled 
with the modular ·appt'oach outlined in Section 4.7. In general, a matrix of 
waste .types and waste management activities was developed. For each waste 
type/waste management activity combination one or more engineering design 
option is presented. It is the combination of the appropriate modular 
options which leads to a preliminary engineering specification that forms the 
basis for the conceptual cost estimate for the integrated waste managemen~ 
systetn. 

6.1.l Coal-Fired Utility Solid Waste Handling and Disposal Options 

Many options are available .for handling and disposing of coal combustion 
solid wastes. However, all coal-fired utility waste handling and disposal 
operations can .be divided into subsystems which fall into a relatively small 
number of broad categories. This categorization is the basis fot' the modular 
approach adopted for this engineering assessment. Five categories (denoted 
modules for the purposes .of this study) of coal-fired utility solid waste 
handling and disposal activities have been identified: 

• Raw Materials Handling and Storage; 

• Coal-Fired Utility Solid Waste Handling and Processing; 

• Coal-Fired Utility Solid Waste Storage; 

• Coal-Fired Utility Solid Waste Transport; and 

e Coal-Fired Utility Solid Waste Placement and Disposal (includes Site 
Monitoring and Reclamation). 

6-1 
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ABSTRACT 

This report summarizes results of a 3-year study of current coal 
ash and flue gas desulfurization (FGD) waste disposal practices at 
coal-fired electric generating plants. The study was conducted by 
Arthur D. Little~ Inc., under EPA contract 68-02-3167, and involved 
characterizing wastes,. gathering environmental data. assessing 
environmental effe.ccs, ·and evaluatina the engineering/coats of disposal 
priactices at six selected sites in various .locations around. the country. 
R.esults of the study are providing technical back.ground data and 
information to !PA, State and local permitting officials, and the 
utility industry for .· implementing environmentally sound disposal 
practices~ . 

Data from the study suggest that no major environmental effects 
have occurred at any of the six sites~ For example, data from wells 
dovngradient of the disposal site.s indicate . that. the contribution of 
waste leachate fo the groundwater has generally resulted in concentra­
tions of chemicalsless . than the primary drinking .water .standards 
established by EPA. Although occasional exc:eedances of .the standards 
were observed, these were not necessarily attributable to coal a.sh and 
FGD waste. A geiieric .envirom,.ental •valuation bas.ed ori a matrix of four 
waste types, three di•posal methods, and five environmental settings 
(based on cl:.lmate and hydrogeology) shows that technology exists for 
environmentally sound disposal of ·coalash .and FGD wastes for ponding, 
interim ponding/landfilling, and landfilling. For &01De combinations of 
waste types, disposal methods, and environmental settings~ measures must 
be taken to avoid adverse environmental effects. However, site-specific 
application of good engineering design and practices can mitigate most 
potentially adverse effects of coal ash and FGD waste disposal. Costs 
of waste disposal operations are highly .system- and site-specific. 

iii 
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NOTICE 

The information in this document has been funded . by the United States 
Environmental Protection Agency under EPA Coni:ract No. 68-02-3167 to Arthur 
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Annual costs developed for the Smith Plant waste handling and disposal 
operation are presented in detail in Table G-24, Appendix G and are summarized 
in Table 5.46. The unit cost for the Smith Plant ($25.10/dry metric ton) is 
very close to those of the remaining two study sites, (Allen, $23.70/dry 
metric ton and Sherburne County, S26.60/dry metric ton) even though these 
plants are significantly larger and would be expected to exhibit more 
significant economies of scale. However~ the added capital charges for the 
pond liner at the. Sherburne County Plant and the · more complex waste handling 
system at Plant Allen are considerable and overshadow the expected 
differences. While the difference in unit costs for the Smith Plant and Plant 
Alleri do not differ greatly, they do, however, follow the general trend of 
economies of scale. 

For all study sites practicing pond disposal (the Allen, Sherburne County 
and Smith Plants), the annual cost for the waste placement and disposal module 
ranges from 45 to 55 percent of the total annual cost. The next major annual 
cost element at these plants is the waste transport module, which averages 
roughly 2~ to 30 percent of the total waste handling and disposal costs .• 



- Doc. Ex. 8633 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

v, 
I 

I-' 
'-0 
'-0 

!•l a 11L N11u,•: !,mltl, 
rlant t,wut Ion: II •v <'.ountv, t"lu...ttlu 
Ut 11 i Ly tl,!1 , . : l,ul I l'ow,·r t'.OIJlll,IIW 

'IAlll.t 5.4'> 

('J\l'ITJ\J. ('.ll'il' SUMMflll\' 
(hi< l?lll l~><l i·n.11,·,-) ' 1 

N11nq1L11c C,•n, ·1·,11 ln1: C1p,11· ily (NW): )411 

1:,\l'l'J'AI. ui:,l'S ($ !000) 

IH\.i'l't'S 

~'.xduslvu or R<•• y.: le Wat"r Syst<?ffi 
ll,•,·ych• Y,u .. r Sy,:11 cm 

• W,1:<tc ·rr.:in _, ., .. n 
• l,/,1ste Plan•mcn,t m,d llls1ftlsal 

( ln<. I u,lm; SI t,. Muni tut I 11.: .,n<l 
R,•dan1o1tlon) 

:.111rro 1'1\1 tllll)lll.All ('()S'f'S 

10::1.ATFy RNVJIIOMHEN'l'Al .• SY'iTl:'.MS 

• Mlst"td lan1•oui, JJI ,,nt Hns.lt.~s 
lli1ildl In~ ,mcl Tr,ms1mrl 

•· A!r l'ul luLic,11 l'uutrol 

fllTAI. CAIi IT/11 •. ,:os1 S 

'' !-:Nil Co, t ltult• x l'J'J I. II (I '11 l \OU) 
Jf, "I. •I] ( 1 % 1 ·. Jtl!J) 

Snun·c•: Arthur II . 11 u 1-,· , 1 nr. ,·st lm,,i cs. 

$ %4 
795 

1,8112 

. .Jl-!4 76 

$11, I 17 

!bt llllll """ 

$l ,002 
611 

560 

l.J 1)~2 

$1,702 

c ... 11 11 I h• 1<1111 .. H 
.11HI !'!_ant H:i: ,t<·s 

s 

J, I09 

$), 109 

T,•1:,.,i 

$1,%6 
811 

l,441 

l0,'.i21l 

$ I '1,111 1) 

($4 //KH) 

$'i2, O'iO 
($IS 1/KIH 



- Doc. Ex. 8634 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

!ABLE 5.44 

SL~!l-~Ri' 0f' oASIC C:!iCI!:i:C:RI~lG !>ES!G~: ?RO!ISES FOR 
S'Xl!H PI.AST 

,CC ~AST£ ilN\1lLlNC .:..,'D DISPOSAL 

? ~t.1,H !'lant 

Pla::;t She i Mw ; 
iioi!.et "r:rpe 
He&c R.&ce ' M joules/ko,n; Bcu/k~r:) 
Location 
Service Li:e ·•'.vr) 
l.oad factor (LifetiiH ,\.Viirage Percentage , 

·~ste Generated /drv basis) 

Fly Ash, B0:to1:1 Ash Ratic 
Fl~· Ash Generation (cietric tons/yr; tons/yr) 
Bottom A ... h Gene.aci~n ~cetric to:-:s ,yr; -tons/:n·) 
F~:l Waste Generati~n (metric tens . yr; t ;,r.~ / :,r) 
A\\i,h Cti.l1:a:1on 

Coal Properties 

Coal Type 
Sulfur Conte:it (Percant} 
Ash·concent (?erccir.t) 
,!eating Value (M jo1Jles/l~g; Btu/lb , 

~ir P~llu:ion Control 

Particulate Control 

Particul ate Removal ?ercent 
Su!.:ur O~ides Control 

!)isposal Site 

T],.J' IZ 
Design !.ife ~yr) 
Land Area ·:JI ; acre 
Groundvace:- ~onito~ing Wells ,~u::be:-' 
Recla1:1ation (Clcsur e 1 

~i~er (type;~; f:) 
tistance fro~ ?lan: ~~; ~ile 

~ L ,. 

Pulverized Coal 
12; ll.4 ~J 
Flcrida 

') i' /10 
109,000; 120, '.)00 
12,500; 13,-,0Q 

2i , .;' , 11. 60':, 

Cold-Hde ESP' · 
Hot-Side .ESP. s 

?ond 
30 
l. :ll4 ., :oo. 31) ' 
6 
D.~5 n cover soil; ~.:s m cop soi:; 
reseedin11: 
~one 



- Doc. Ex. 8635 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

' 
, 

/ 

...... -.!. ~· 

............. ,~ 

t----..... ---1 --- -- 84006 

~-- • • 

1 

- --

-·· .. ~ .. ~-..... ~· -~-,···~~,. ~..:... ............ ..---........ =-·---· tT"~~--=-ani.-hht 

.-----:.=-,~..:ts ___ , ... -i 

..... -

t 

.... ,-ees: .............. ) 

-........ 

FIGURE 5.52 

D 

• 



- Doc. Ex. 8636 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

Cl 

C: 

• 

A 

I 

~ r .,,. .... 
see VRD berl ............ .,. 

·-ff . 

""-'* ...... , •• 

- -
~ © © ~ -- - ... H ---- - - ...... --·· - - 0&'1 
. • ,. .. wa,a. ••• ... · O -- .... ..... ... 

- • 

1 

. .. .,., ...... .....;.__~-. --
® ® ® (j) ® - .... H ... ..... .._ , ..... ..• ,. -.... .... .... ... -• 0 •• .. , .. ·- .... .... ... ..... 

, 

• • 

I 

-· ... -----·--- . --
(ii) @ © @ ~ ~ ® ® @ ~ ® ! . - - ·- .. ~ .. - - - -- - . ... ... ... - - ... - •• ·-- ..... - .. ... .. .. .... ..,& ... -~ ·- . ... . .. • • I •• •• ... . • I • • .... . .. .. .. .... ... . ... tt• I . . .. - .... ... 

• • 
FIGURE 5.52 



- Doc. Ex. 8637 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

THIS ?AGE INTENTIONALLY LE:! BLANK 



- Doc. Ex. 8638 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

plant include mill rejects, which are transported to the disposal site by way 
of a separate pipeline. Coal pile runoff and plant wastes are also directed 
to the ash disposal pond. The former is transported to the pond by two 
pipelines. General plant wastes are transported to the pond via a separate 
pipeline. Process flow diagram F-601, Figure 5.52, is a process flow diagram 
of the bottom ash, mill rejects and miscellaneous aqueous plant wastes 
handling and transport system. 

Disposai Operation--A single diked pond is used for disposal of coal ash 
and mill rejects. The dikes have been raised on three occasions by excavating 
ash from the dewater.ed placement, mixing the ash with soil, and constructing 
the dike extension using the admixed material. The pond is 672,200 m2 ( 165 
acres) in surface area and is located 365 m (1200 ft) from the plant. 

Overflow from the ash disposal pond is collected in a drainage ditch and 
is recycled to the plant for use as ash sluicing water. Recycled water is 
subject to pH control using sulfuric acid~ 

In addition to the process descriptions and process flow diagrams 
provided herein, a list of area accounts (Table G-6) and a detailed equipment: 
list (Table G-12) were developed for the Smith Plant coal ash handling and 
disposa; system and are presented in Appendix G. 

5.7.6.2 Cost Assessment--
On the basis of the engineering design information developed for the 

Smith site, detailed capital and operating costs were estimated for the waste 
handling and disposal systems. However, to provide consistency among the cost 
estimates developed for all of the study sites, it was necessary co specify 
certain engineering premises which were consistent for the six sites (e.g., 
plant service life, load factor, heat rate, reclamation procedure, etc.). The 
engineering design premises which pertain to the Smith Plant cost estimates 
are listed in Table 5.44. 

Detailed capital cost estimates for the Seith Plant coal ash handling and 
disposalsystem are presented in Appendix G, Table G:-18. A summary of these 
cost estimates is presented in Table 5.45. This table provides the modular 
capital costs for the two waste types encountered at this plant. The capital 
costs for the Smith Plant waste handling and disposal system, when compared to 
those for the other study sites, support the hypothesis that the pond disposal 
module comprises a significantly .larger fraction of the overall system costs 
than does the landfill disposal module. Additionally, the Smith Plant has the 
highest waste handling and disposal costs ($47/kW) of the three study sites 
practicing pond disposal (the remaining plants exhibit unit costs as low as 
$36/kW). Two issues should be considered in this respect: 

• the Smith Plant is relatively small and thus there is little economy 
of scale; and 

• the Smith Plant practices water recycle which adds to the waste 
handling cost. 
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• use of high quality materials of construction; 

• selection of proper material zoning to ensure self-healing in the 
event of cracking; 

• reduction in the natural drainage area to limit the volume of run-off 
entering the pond to ensure balance between inflow and outflow; and 

• maintenance of and design provisions for a large freeboard such that 
the worst conceivable inflow conditions could be contained within the 
pond without overflowing. 

Another important consideration in pond design is the control of 
leachate movement. The conventional approach to this p~oblem is to site 
ponds in areas where the underlying soil has low permeability. Dams are 
constructed of borrow material with low permeability to minimize seepage. If 
the permeability of the wastes and the underlying soils are not sufficiently 
low to control seepage to desired levels, artificial liners or sealants can 
be employed. Where needed, the potential options for liners are: 

• Cohesive borrow, if available near the disposal site, which can be 
placed and compacted to a suitable depth and offer a cost-effective 
and efficient liner. 

• Clay sealants, such as bentonite mixed with granular soils, which 
provide acceptably low permeabilities and can be expected to 
self-seal in the event of a rupture. Their main drawback, however, 
is a high transport cost when not available locally. 

• Chemical sealants can be sprayed into the soil to plug the 
interstices. These can be difficult to apply, but are less expensive 
than clay sealants in .areas where swelling clays are unavailable. 
However, chemical sealant liners are more permeable than those of 
clay. 

e Synthetic liners, which are the most effective liners. They are easy 
to install, although punctures can seriously nullify their 
effectiveness. Field experience with such liners in large ponds is 
limited. 

• Stabilized FGD wastes themselves can serve as liners. 

One important point with respect to constructing either of the two earth 
fill-type liners (cohesive borrow and/or clay sealants) is that, presuming 
the liner 111!:;erial =~n be compacted to achieve a coefficient of permeability 
of about 10 to 10 cm/sec, a minimum thickness of 0.5 to 0.6 m (18 to 24 
in) should be specified. This is because even if a comprehensive quality 
control program is enacted, it is virtually impossible to ensure that a 
uniform liner thickness of less than 0.5 to 0.6 m (18 to 24 in.) has been 
placed with current construction and compaction techniques. 

6-47 
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No reliable data are available on the long-term effects of FGC waste 
leachates on disposal site liner materials. The permeability of synthetic 
liners is claimed to be zero. but the durability of such liners in a utility 
~aste disposal site has noi been demonstrated. Clay liners have more 
strength, ductility, and durability than synthetic liner materials because of 
their inhennt plasticity and buffering capacity; however, clays possess 
finite permeability. 

As mentioned previously, vastes are transported to ponds as .slurries via 
pipelines • . The placement of wastes in ponds entails dumping the materials 
into the pond at a set discharge point • . This type of ·p1ace1nent: can cause an 
uneven buildup of wasi:e. To overcome this problem, movable tremie raft 
systems are sometimes used to allow for movement of .the discha.rge line, 
thereby promoting uniform buildup of the wastes on the pond floor. These 
systems also reduce turbidity in the reservoir water. In other instances, 
the discharge point for the pipeline entering the pond will physically be 
moved from time to time over the course of the pond's life. 

Bottom ash can be segregated fTom fly ash and/or FGD waste and used for 
a variety of disposal site .construction purposes. A potential use for bottom 
ash is :l.n constructing drains located both below. and within disposal ponds. 
For purposes of ·seepage control and stal>ility, . many substantial dikes require 
underdrains beneath the downstream toe of the facility to control the 
phreatic l~vel within the dike. In.cases where a new waste basin is being 
built to re~lace an existing facility, bottom ash might be used as borrow for 
the underdrain • .. Gradations of both the bottom ash and the dike borTow will 
be required to verify that the bottom ash meets acceptable filter criteria. 
If not, a graded sand filter or filter fabric must be placed between the 
bottom ash and the dike. 

Another potential use for bottom ash is in the construction of 
dewatering dra.ins located within ponds. Most ponds are equipped with a pipe 
and riser outlet system which skims the top of the pond and discharges water 
from the basin. Often it is difficult to control the suspended solids of the 
water being discharged (Le., suspended fly ash~ cenospheres, etc.). · A drain 
can be installed on the upstream face of th.e di.ke. This d-rain .shoulq. consist 
of a perforated (slotted) pipe surrounded by bottom ash. The perforated pipe 
connects to a solid pipe which then extends .through the dike. As the waste 
accumulates ln the basin, t:he lower portions of the bottom ash ~-rain may clog 
with the fine waste, but the water from the pond seeps into a higher level of 
the bottom ash drain, into the perforated pipe and out of the basin. After 
abandonment, such a drain will also aid in dewateringthe waste deposit . In 
this type of application, gradations of the bottom ash will be required to 
determine the size of the openings (slots) in th.e perforated pipe. 

Most state dam safety r1agulations require that ash basins be equipped 
with the .means to drain water from the basins in the .event of an emergency 
(i.e •• dike instability). Decant pipes are often installed in the lowest 
portion of the basin and are equipped with a riser and gates to meet this 
requirement. These discharge pipes are usually placed lower than the plant, 
making recycling of the pond water impractical. The previously described 
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pipeline connected to the bottom ash upstream drain might have enough head to 
enable the pond water to be recycled by gTavity back to the plant. 

Deep dynamic compaction is a way to increase the density of wastes in 
drained disposal ponds. Utility solid wastes disposed in ponds typically do 
not achieve the density of similar wastes placed in landfills. Consequently, 
disposal of utility wastes in ponds requires a larg•r area than does landfill 
disposal of comparable quantities of waste. In addition, ponded utility 
wastes typically have a higher coefficient of permeability than do similar 
landfilled wastes. After retirement, post disposal land use of ponds is 
typically limited because of the soft consistency of the waste in the ponds. 

Deep dynamic compaction consists of repeatedly dropping a heavy block, 
usually const?ucted of concrete, from a cTane onto the area beiug densified. 
Deposits .of . cohesionless. soil have been densified to. d•pths as great . as . 9 to 
12 m (30 to 40 ft) by this method. Additional disposal life can be obtained 
by deep dynamic compaction .of previously abandoned ponds. Similarly, waste 
deposits adjacent to existing dikes might be densified t:<> allow the dike to 
be raised by the upstream construction method and create additional disposal 
capacity. Finally, subsurface conditions at abandoned ponds situated in 
otherwise desirable areas might be improved with deep dynamic compaction to 
make the site suitable for development •. 

6.l.7.3 Landfill Disposal of Coal-Fired Utility Solid Wastes~ 
Dry FGC waste .disposal methods can involve any one of the following 

operations: 

• lry collection and direct landfilling of coal ash arid dry sorbent FGD 
wastes; 

• dewatering and landfilling of coal ash and FGC wastes; and 

• landfilling of fixated and stabilized FGC wastes. 

The exact rtature of a particular operation depends on the type of waste 
disposed and disposal site. 

Most dry disposal operations involve landfilling. Landfill design may 
be based on three common configurations: 

• The heaped landfill, which is structurally the simplest form of fill. 
This type of. landfill is typically used in areas with level terrain. 
Although this design offers advantages in .terms of slope stability, 
minimal site preparation requirements, and minimized groundwater 
pollution, it does .not blend with the surrounding terrain and is, 
therefore, aesthetically undesirable. 

• The side bill land£ ill design , which is often used in areas of hilly 
terrain where the natural slope of one side of a hill or valley may 
provide containment. The side hill landfill must be prepared 
properly to ensure stability. Properly constructed, these landfills 
blend well with many existing terrains and can provide valuable 
property when reclaimed. 
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• The valley fill design, which is the most common type of landfill. 
It is often the most complex in terms of original site preparation. 
Natural valleys or ravines are often sources of SUt'face water runoff 
and may have springs along side slopes. In such cases, surface water 
and groundwater control is usually necessary to avoiciwater 
accumulation and a potential leachate problem. Drainage must be 
provided and, in some cases, hydrologic modifications are needed to 
divert water flow around the landfill. 

The three co111mon landfill configurations are shown in Figures 6.22 through 
6.24. 

Proper landfill design requires control of both leachate movement and 
runoff. The former may be controlled throughthe .U:seof liners such as those 
discussed in Section 6.1.7.2. although this is not presently a common 
practice. Stabilization and fixation processes reduce waste permeability, 
thereby reducing leachate>movement ~ · However, to achieve full environmental 
benefits from waste processing and compaction during placement. proper design 
is necessary to control runoff. Conventional runoff control practice 
consists of retaining runoff in temporary retention basins, tliereby allowing 
suspended.solids to settlepriot to discharge or use of the overflow~ 

Because landfilled wastes are disposed of in essentially dry form, the 
physical stability measures required for disposal of wet wastes (i.e., dike 
construction, etc.) are not applicable. Unlike pond disposal, the focus of 
landfill design, then. is not on construction. Instead, operations that 
ensure the inherent stability of the placed wastes take precedence. In 
general, such op.erations at the iandfill area involve dumping, spreading and 
compaction. Usually, only small sections of the landfill are worked at any 
one time. 

Spreading equipment can include dozers, loaders; scrapers, and/or 
graders. Use of the crawler dozer is usually preferred, due to its firm grip 
regardless of weather conditions. ·· In applying dewatered scrubber sludge to a 
landfill, . the sludge is brought to the site and spread into thin layers which 
are usually less than 0.7 m (2 ft) thick. Dry coal a.sh is generally spread 
in lifts ranging from O. 3 to 1 m (l to 3 ft). The spreading is normally 
confined to as small .an area as possible to maximize .equipment utilization 
and · control dust or mud. In most .instances. two areas will be alternately 
used. Trucks haul the wastes to one area while dozers spread the wastes in 
the second area. Lifts are built up to a total ultimate fill height which is 
site specific but generally may range from 9 m (30 ft) to over 25 m (82 ft). 

Once the waste has been spread, it may be compacted to increase its 
density and strength. Various types of compaction equipment are used: . 

• rubber-tired rollers; 

• segmented pad compactors; or 

e vibratory compactors. 
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Source : Reference 17 

FIGURE 6.22 A HEAPED LANDFILL CONFIGURATION. 
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Source: Reference 17 

FIGURE 6.23 A SIDE-HILL LANDFILL. 
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.. 

Source: Reference 17 

FIGURE 6.24 A VALLEY-FILL DISPOSAL CONFIGURATION. 
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The type of compactor is very dependent on the type of waste being 
landfilled. Compactors are available in both self-propelled and towed models. 
However, where placement rates exceed 75 kg/sec (300 tons/hr), a 
self-propelled model is usually preferred. 

Segregating bottom ash from the FGC waste stream and using it in 
selected applications controls water migration from utility waste landfills. 
A common problem at ·many FGCwaste landfills is natural seepage (from 
springs, for instance) and surface infiltration through the fills. This 
water often collects in peririous zones of the landfill and slowly migrates 
out of the. fill as leachate. Placing pervious bottom ash within the lowest 
levels of the FGC waste fill can be an inexpensiveway to create an 
underdrain beneath the waste deposit. Rainfall that infiltrates through the 
fill and water. from natural seeps can be collected by the bottom ash drain 
and transported to the toe of the fill. · At this point, the water can. e . 
collected and treated if necessary or otherwise discharged. 

··. Physical instability is a potential problem for all utility wastes, 
including stabilized wastes. Geometric factors such as height and slope 
angle in . a waste/ash fill are interrelated. Stability depends on the 
combination of fill height, slope angle, and waste properties (i.e., density. 
degree of saturation .. effective cohesion, effective angle of shearing 
resistance, and behavior during shearing). For a given material. safe fill 
height decreases with increasing slope angle • 

. Underlying materials may lead to instability of a waste .deposit if the 
stresses iri those materials exceed . the strength of the materials under the 
site-specific loading conditions (i.e., failure may occur because of the 
weakness of the underlying strata). Weak compressible soils would be 
potential proble~ materials in this context. 

Instability problems may be ameliorated by compaction, which produces 
several changes: elimination of voids (between chunks, not between 
individual particles); increase of waste density; bonding of particles moved 
closer together through stabilization reactions; and increase of effectiv.e 
stress and residual total stress levels. The stability of settled sulfite 
wastes under compaction equipu:ent will vary with the solids content of the 
wastes (assuming no chemical stabilitzation of wastes) and probably with the 
type of compaction equipuient(static, rubber-tired, steel roller, sheepsfoot, 
vibratory, etc.). Sulfite-rich FGD wastes tested .to date may he incapable of 
supporting compaction . equipment of any kind unless high solids contents are 
achieved first. Liquefaction may be a more. serious threat in sulfate-rich 
FGD wastes, especially under .vibrat ry loading. 

During dry periods, dust can be a problem. A water truck equipped with 
a rear spray bar should suffice for controlling road dust. In cold, dry 
climates, the use of calcium chloride crystals may be more effective. 

6.1. 7.4 Mine Disposal of Coal-Fired Utility Solid Wastes--
Disposal of coal-fired utility wastes in worked-out mines is receiving 

increased attention. Surface coal mines and underground room and pillar 
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mines for coal, limestone, or lead/zinc ores offer potential, although coal 
mines, and 1n particular surface area coal mines, are the most likely 
candidates for waste disposal, since they offer the greatest disposal 
capacity and are frequently tied directly to power plants. Many new 
coal-fi1:ed power plants are "mine-mouth" (located within a few miles of the 
mine), with the mine providing dedicated coal supply. Since the quantity 
(volume) of coal ash and FGD wastes produced is considerably less than the 
amount of coal burned, such mines typically would provide disposal capacity 
throughout the life of the power plant. 

Disposal of coal ash .and FGD wastes in surface mines is a reasonably 
well developed technology, although the practice is not .widespread. In 
general, inactive surface mines are considerably less promising than active 
mines for waste disposal. Unreclaimed surface mines can be used for disposal 
of wastes between remaining spoil banks which offer suitable sites for 
disposal. However, because of . recent surface mine reclamation legislation, 
the number of sites and total capacity for wastes available in the future 
will be limited. 

In active surface mines, there are three options for coal ash and FGD 
waste placement: 

• in the vorking pit, following coal extraction and prior to return of 
overbut'den; 

e in the spoil banks, after return of overburden but prior to 
reclamation; and 

• mixed with or sandwiched between layers of overburden. 

!he overriding consideration with respect to disposal at active mines is that 
minimal di~ruption of mining or reclamation activities should occur. This 
provides a number of constraints on the disposal system. The physical 
condition (consistency) of the wastes must be amenable to handling, 
transport, and placement by earth-moving equipment' with m.in.imal potential 
impact on the mining operations. For pit-bottom disposal this means that the 
wastes at the time of placement or immediately . thereafter should have as a 
minimum. the consistency of a: soil:..like mate-rial with l"ittle or no 
liquefaction potential. A slurry-like material, c,r a waste with a tendency 
to· flow eithe-r when placed or when overburden is dumped on top of it, could 
present significant operational problems or unacceptably high costs for 
containment measures. More leeway exists for disposal in V-notches (between 
spoil banks); however,. here again soil-like materials. or relatively cohesive 
materials that are relatively easily handled and transported will result in 
the least cost and .minimal· disruption of reclamation activities. · At the 
least, FGD wastes must be well filtered (55 percent solids OT higher), 
admixed with dry fly ash, or treated. 

The amount (volume) of waste disposed in any surface mine should not 
exceed the amount of coal removed. The objectives of strip mine reclamation 
include returning the mined terrain to topographic configurations similar to 
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the original terrain. Returning significantly more waste to a mine than coal 
extracted could slow down the mining and reclamation activities. In most 
cases, this does not represent a constraint, since the wastes . returned to the 
mine will be only those resulting from burning the coal removed~ Depending 
on the type of coal, the particulate and sulfur oxide control· system, and 
emission standards to be met, the volume of total dry waste will vary from 
less than 10 percent of the coal burned to slightly over 50 percent. 

Finally, minimal use should be made of existing mine equipment £or 
transport and placement of the wastes at the mine. Dedicated equipment is 
preferred and; in most cases, mandatory. In almost all scenarios, waste is 
most easily placed by truck dumping. The use of coal trucks for this purpose 
could lead to unacceptable delays 111 coal mining operations due to the 
additionaltime for waste loading and discharging(and possibly cleaning 
operations). Furthermore,. most large mines use ·large bottom-dt 1p trucks for 
coal haulage. · These are designed to carry as much as 135 metric tons (150 
tons) of coal and are usually constructed of aluminum. · Some types of FGC 
waste can corrode aluminum; additionally, the bottom dumping of wastes would 
be impractical. Such trucks are not designed .for easy . maneuver.ing, and 
operating them (or any other equipment) on a freshly dumped layer of waste 
would be difficult. · The type of truck used for transport and placement will 
greatly affect the quantity of waste that can be easily disposed. 

Pit-bottom dumping is probably the most common, simplesc, and least 
disruptive method of surface .mine disposal. · Transport and placement of the 
wastes is most easily accomplished with rear-dump trucks. Access to the pit 
floors is usually good, since roads are maintained in relatively good 
condition for coal mining and hauling equipment. Also, there is usually 
adequate time for waste placement between coal removal and overburden 
replacement. 

Major potential problems are interference with coal removal in the 
working pit due to instability of adjacent spoil banks caused by the 
underlying wastes and the possible .. congestion in the working pit due to the 
two-truck transport systems (one for coal and one for wastes)~ Most of these 
problems are avoidable by proper scheduling of mining and disposal activities 
and control of waste p-roperties and placement. In some cases, it maybe 
advisable to concentrate waste dUillping on .the side of the pit farthest from 
the highwall (against the newly created spoil bank) to provide a region where 
no waste exists when the next cut is taken and the overburden .dumped on the 
waste. 

V-notch or spoil bank disposal, as wit' pit-bottom disposal, would 
involve truck dumping, and many of the constraints described above for waste 
characteristics and disposal operations will apply. This method involves 
somewhat more effort than pit-bottom d:l.sposal, since roads must be cut into 
the spoil banks at the base of the ·vees to allow access by waste trucks. 
This can be accomplished with relative ease in most cases with standard 
dozers and road-grading equipment. While it requires more effort, it may 
also offer some advantages in that the disposal is less likely to impact 
directly the coal removal operation. There is less pit congestion, less 
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potential of creating spoil bank instability, and generally less stringent 
scheduling requirements. For these reasons, spoil bank disposal may often be 
preferred over pit-bottom disposal. 

Waste disposal operations can also be adapted to allow mixing of the 
waste and overburden. This can be accomplished readily in contour strip 
mines where haulback methods are used and in some ·western mines where 
overburden is1handled by truck. However, in many strip.mines, mixing waste 
and overburden or sandwiching waste between layers of overburden may require 
too much additional handling of materials and place added constraints on the 
dragline or shovel operation. Thus, in most mines, this type of operation is 
not expected to be practical. 

Many disposal system configurations are possible, depending on the type 
of waste, distanca between. the power plant and mine and the type of 
placement~ In general, though, the distance between the mine and power plant 
is the overriding factor which dictates the amount of handling and the types 
of transfer facilities required. 

Underground mine disposal is not presently well developed. Methods 
developed for backfilling certain materials (mine spoil or coal processing 
wastes) in active mines can presumably be modified for use with coal ash and 
FGD wastes. Hydraulic and pneumatic flushing of fly ash into inactive 
portions of active and abandoned mines bas been practiced • . 

6.1.7.5 Monitoring of Coal-Fired Utility Solid Waste Disposal Sites-
The monitoring of an FGC waste disposal site may consist of air, surface 

water, and groundwater 111onitoring. The typical minimum number of water 
monitoring points are: 

• Surface water 
ash pond discharge; 
sedimentation pond outlet; 
upstream surface flow; and 
downstream surface flow. 

• Groundwater 
upgradient at one point; and 
downgradient at three points. 

Surface and groundwater monitoring programs involve collecting samples from 
specific locations over a set period of time. In monitoring surface water, 
samples are taken directly from the .body of water by manual or automatic 
means. Groundwater monitoring is usually carried out by providing access to 
groundwater via monitoring wells. Such wells are installed by drilling 
contractors. Pumping equipment, either above ground or in the well, is · 
required to obtain samples. An alternate method of obtaining smnples is with 
bubble samplers. Such wells incorporate two tubes, one which is pressurized 
with gas during sampling, thereby causing the groundwater in the second tube 
to be moved to the surface, 

6-57 



- Doc. Ex. 8653 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

6.1.7.6 Reclamation of Coal-Fired Utility Solid Waste Disposal Sites--
It is difficult to specify the ultimate use of land on which utility 

l.l'aste disposal is planned or practiced. However, it is iml>ortant to 
recognize engineering constraints on post-closure land use. Post-closure 
land use tends to. be limitedby nature of the loads created or the sensitive 
nature of the structures or. facilities to be built on the site~ For example, 
placement of fill in a uniform iayerover the entire waste deposit is likely 
to be feasible, but imposition of concentrated loads (e~g., footings in a 
building) might cause bearing failure with rapid plunging of the loaded 
element into the wastes. Vibratory loads as from machinery foundations could 
have adverse effects on unfixated FGD wastes. The rate of application of 
load also is extremely important-~loads applied slowly may allow · 
consolidation of the wastes during loading, yielding higher strength than for 
material loaded rapidly. Rapid applicad.on of load increases shearing 
stTesses and may decrease shearing resistance if the st.::ucture of the wastes 
is disturbed. 

Reclamation of coal ash and FGD waste disposal sites generally consists 
of covering the disposal site with suitable soil and/or clay materials 
followed by revegetation. Erosi.on . control measures may also ~e taken~ 

Reclamation plans for coal ash and FGD waste disposal sites should be 
carefully formulated and account for a n1.1mber of factors, including: 

• federal and local effluent guidelines for sites generating 
point-source discharges (these standards are applicable even upon 
retirement of a si~e); 

• proposed site uses followin·g closure of the disposal site; 

• surrounding land use which may affect the viability of the proposed 
site uses following closure; 

• climatological effects which influence the selection of plant species 
for revegetation, planting schedules and erosion control sttucturei 

• local vegetation which may provide insights into the types of plants 
suitable for use in revegetation; 

• surrounding soil types which could be employed for cover material; 
. .. . .. . . 

• water erosion, both due to raindrops and surface runoff, and the 
ability of proposed vegetation cover to curail such effects; and 

• slope lengths and gradients which may induce or reduce erosion. 

The proposed post-closure uses for .a disposal site will, to some extent. 
determine the requirement of the reclamation program. • Not all sites are 
suitable for all possible post-closure uses, since the stability of the 
placement is critical to some end uses. 
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Three categories of soils can be used for disposal site reclamation. 
These include: 1) topsoil, 2) friable subsoil, .and 3) low permeability cover 
lining materials. Of primary ·concern in reclamation is determination of the 
required soil cover depth. In s01De cases, state regulations mandate a 
minimum cover depth e>f 0.6 m (2 ft). At sites where such regulations are not 
in effect, less soil. cover can be used. However, the quality of soil cover 
material will influence the depth requi;ed to support vegetation and, 
therefore, will influence the quantity required for reclamation. The cost of 
reclamation is highly dependent upon the. quantity of soil cover required. 

Typically, three layers of material are applied to the graded disposal 
site in the following sequence: 

• an impermeable layer to serve as a protective seal preventing 
recharge and leachate generation {if mandated by state/local 
regulation o.r deemed necessary by the utility); 

• an intermediate subsoil with good rooting characteristics; and 

• an upper topsoil zone with high biological activity and nutrient 
content. 

Most blade-type machinery may be used to spread soil cover. although care 
must be taken not to compact the upper two layers of soil to a density which 
results in poor root permeability. or low .soil oxygen content. The .lowest 
soil layer. which. if required. should be impervious, should be densified as 
much as possible to minimize permeability. These layers should. air dry 
following spreading but before compaction to prevent cnist formation which 
makes plant growth difficult. 

Plants for revegetation should be well adapted to site conditions; 
native species would. in most cases, be suitable. In cases where seeds for 
such plants are unavailable or prohibitively expensive, species which can 
inexpensively provide adeq\late surface coverage .and which are adaptable to 
site soil and climate conditions can be used. Such species must be readily 
available and capable of propagating. Finallyi plants employed for 
revegetation must be c~patible with post-closure land use. 

Following final soil cover placement, fertilizer, lime, o-r other soil 
additives may be applied to the site. Disk harrowing of the surface to a 
depth of 0.25 to 0.20 m (6 to 8 in) can be used to mix such additives. Seeds 
are planted in a uniform distribution by one of four common methods: 

• broadcast, 

• seed drill, 

e hydroseeding, and 

• aerial seeding. 
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Of these methods, hydroseeding is most commonly used. In this method, 
seed and, in some cases, fertilizer and mulch are sprayed on the surface as a 
slurry. Broadcast and aerial seeding are undesirable .methods of seed 
application, since· distribution •is generally non-uniform • . Seed .drill 
application. .cannot be used on many sloping areas~ but is a good method in 
terms of distrib\ltion and depth of the seed placement. Following seeding, 
mulching is · commonly required to protect the area from soil erosion and to 
provide a good environment for germination and plant development. Ray, 
straw, wood Chips, and . otheT artificial materials may be used as mulching 
materials. With hay or straw, stabilization methods to prevent loss of the 
mulching materials are required • . These methods include chemical binding of 
these materials together and crimping them to the surface to secure their 
position. 

Runoff flaw entering the reclaimed site sh ·•uld be limited. In some 
instances, a system of diversion ditches and waterways has been constructed 
to prevent erosion from runoff. Additionally, entrapment structures which 
limit the .amount of sediment leaving a site, such as settling ponds, check 
dams, vegetative buffers, and filters, may be used. · 

6.2 COSTS OF COAL-FIRED UTILITY SOLID WASTE HANDLING AND DISPOSAL 

6.2.1 Overview 

A variety of studies have . been undertaken to analyze the costs 
associated with handling and disposing solid wastes from coal-fired power 
generation. Generalized studies of FGC process technology have-recently · 
incorporated analyses of associated waste handling an.d disposal costs and a 
number of conceptual design and cost studies of these systems have been 
undertaken by government agencies and privafe organizations~ notably EPA and 
EPRI. Additionally, evaluations of site- or system-specific solid waste 
handling and disposal operations have been performed by a number of 
utilities, engineering firms and other consulting organizations. 

Unfortunately, the design and operating assumptions in these economic 
studies, as well as the battery limits for the disposal systems evaluated in 
the various studies, differ considerably. Costs are reported for a wide 
range of conditions: diffe.rent plant sizes; different coal types; various 
operating load factors and plant lifes; different degrees of waste 
processing; and different unit cost factors arid base years. Inaddition, 
cost.estimates in the literature often represent hypothetical piants for 
which the engineering designs and cost premises underlying the cost estimates 
aTe unknown;, Also, costs are generally presented in lump~£ ·un fom covering 
an entire waste handling and disposal facility, thereby eliminating any real 
use of that data when trying to estimate the cost of a generic waste handling 
and disposal system. 

Hence, direct comparisons and use of these cost estimates for 
projections are difficult, at best. Consequently, until now, no one data 
base existed that enabled one to estimate easily, quickly and accurately the 
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capital and operating costs of coal ash and/or FGD waste handling and 
disposal systems. This section provides a generic cost estimation methodology 
which can serve as the basis for developing these costs. 

6.2.2 Capital and Operating Cost Curve Development 

6.2.2.1 Background~ 
In recognition of the need for a quick, easy. and accurate method for 

preparing conceptual capital and operating cost estimates for the waste 
handling and disposal sys'tem of a p-roposed new coal-fired utility plant, a 
set of cost curves was developed as part of this project. · The use ·of 
conceptual cost estimating curves is especially desirable when more detailed 
cost estimates are not required. The set of cost curves presented here is 
structured in .such a way that one can estimate both the capital and annual 
modular . costs for the handling. processing~ storage, transport, and ultiinate 
disposal of any or all of the three major wastes (i.e~, fly ash, bottom ash, 
FGD waste) generaeed at coal-fired pati.Ter plants. In this way, for a given 
combination of utility plant size (i.e., electric power generating capacity) 
and waste type(s), one can utilize the cost curves to estimate (late-1982 
basis) the capital and operating costs for the entire waste handling and 
disposal system or for any of the individual corresponding process modules 
comprising that system. 

The cost curves presented here were developed with both the engineering 
cost dat.a .base developed for the six disposal sites evaluated during this 
project (see Section 5) and engineering cost data found in the literature. 

In evaluating the site-specific engineering/cost data for utilization in 
the development of the generic waste type process. module capital and annual 
cost curves, it became obvious that this cost data would require adjustment. 
This would put the cost data developed for these six sites and the cost data 
found in the literature on a common basis. In other words, .to the extent 
practicable, the cost data were adjusted to eliminate any effect caused by 
unusual site specific conditions. For example, in developing the generic 
capital .cost curve for the transport. of ash by sluice pipeline it was 
necessary to ensure that all data points (both from the open literature and 
our six site evaluation) were all on the same engineering design basis [i.e . , 
a plant to disposal pond distance of 1. 6 km (1.0 mile)}. This required 
adjusting the length of piping, numbe.r of valves, etc. and ultimately the 
capital cost associated with these elements for a number .of case study 
examples. 

The type of plant and/or disposal site-specific factors and conditions 
which had to be evaluated and adjusted to a common basis ranged from 
transport distances to site preparation activities. Some of the more 
important site-specific factors which required n()ting and/or adjustment 
before the corresponding cost data developed fromthe six site 
engineering/cost assessment could be used are summarized below: 
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• More complex piping was required at the Allen Plant for coal ash 
handling due to presence of five small units (totaling 1155 MW) in 
contrast to newer plants which would probably employ only two larger 
units (600 MW) to achieve the same generating capacity. 

• The pressure (pneumatic) conveying system used at the Dave Johnston 
Plant utilizes atypical, expensive Nuva Feeders to feed fly ash from 
ele.ctrostatic precipitator hoppers into pressurized conveying lines. 

• Coal ash haul trucks in use at the Dave Johnston Plant are 
off...:che-road type which are more costly to purchase. 

• Site preparation at the Dave Johnston Plant included excavating more 
soil than would be required for use in reclamation activities, as was 
not the case at other plants win landfill operations. · 

• Distance to transport coal ash and FGD wastes at the Elrama Plant 
(from plant to landfill) .is 19.2 km (J2.0 miles), while the common 
basis for most studies is L 6 km (LO mile). 

• No clearing or grubbing was nquired at the Elrama landfill, since 
this area was the site of an abandoned strip mine. · 

• FGD. waste handling/processing at the Elrama Plant included maximum 
dewatering using thickeners. vacuum filters and pug mills. 

e FGD waste handling/processing •at the Sherburne County Plant included 
less dewatering using thickeners. 

• Distance to transport coal ash and. FGD wastes at the Sherburne County 
Plant (from plant to ponds) is 0.4 km (0.25 mile), while the common 
basis used is 1.6 km (1.0 mile). 

• Coal ash and FGD waste disposal ponds at the Sherburne County site 
are .clay-lined. 

• Coal ash landfill (gravel pits) at the Powerton site are lined with 
Poz-0-Pac~. 

• Bottom ash handling/processing at the Powerton Plant includes 
dewatering bins. 

• Coal ash and FGD handling system at the Sherburne County s:'..te 
includes a supernatant recycle system. 

• The coal ash handling system at the Smith plant includes a 
supernatant recycle system. 

• Distance to transport coal ash at the Smith Plant (from plant to 
pond) is 0.4 km (0.25 mile), while the common basis used is 1.6 km 
(1.0 mile). 
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• The fly ash to bottom ash ratio for the Powerton Plant is 40/60, 
because cyclone-fired boilers are used. Pulverized coal-fired 
boilers generally result in a 80/20 fly ash to bottom nsh split. 

All these factors were evaluated and often resulted in adjustments being 
made, when practicable, to various process module capital and annual costs. 
Following the adjustments, both the unadjusted and adjusted data points were 
used to develop and then evaluate the generic curves and their band. 

Waste disposal cost data in the literature were compiled, evaluated, and 
adjusted, to the extent practicable, and updated to late-1982 dollars (to put 
them on the same basis as data developed for the six study sites). Table 6.4 
lists the sources of cost data that were utilized. While the cost data found 
in the literature were adjusted to put all data on a common basis, the data 
were obtained from many different studies, all of which used many different 
assumptions. Tak.en collectively, however, the various cost data can be and 
were used to determine the approximate, overall range of costs expected for 
the handling and disposal of utility wastes. This was accomplished by 
plotting the appropriate cost data and using a combination of engineering 
judgement and the mathematical method of least squar.es curve fitting to 
obtain the most appropriate curve with the best fit for the given data. 
These curves are presented as bands which incorporate the variations in costs 
due to system variations. In some cases, due to a paucity of cost data, it 
was not possible to define the exact limits of the .cost curve bands. In 
these cases a conservative approach was taken in which variations were. 
compared .to those of other systems and a conservative factor applied to the 
curve fit by the least squares method. 

This simplified method for determining utility waste disposal system 
costs is intended to provide conceptual cost estimates which have accuracy 
limits of plus 30 percent and minus 10 percent; these should never be 
substituted for more detailed estimates prepared from a site-specific 
engineering cost data base. At the level of accuracy for which conceptual 
estimates are intended to be used, effects due to such site-specific factors 
as geology, soil conditions, terrain, land availability, local labor rates, 
et.c., are not specifically adliressed. Consequently, it should be recognized 
that this simplified cost estimating procedure is a tool for planning 
purposes where the effects of such site-specific conditions have a less 
significant impact on the desired cost accuracy. 

The basic engineering design and economic premises for which these 
curves are applicable are summarized in Tables 6.5 and 6.6, respectively. 
From Table 6.5, it can be seen . that the cost curves presented are applicable 
for estimating the capital and operating cost (within the accuracy limits 
noted above) for the waste handling and disposal of fly ash, bottom ash 
and/or 'FGD waste from new coal-fired utility plants with generating 
capacities ranging from 200 to 3,000 MW. The boiler is assumed to be of the 
pulverized coal-£ ired (dry bo.ttom) type which produces a fly ash/bottom ash 
ratio of 80/20. The ash and sulfur contents of coal employed range from 12 
to 15 percent and 0.5 to 3.5 percent, respectively. Particulate removal is 
accomplished by £SPs, and -sulfur oxides removal is attained by conventional 
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TMIU; t,,J, 

t.UMMIIRY LISl' lNG 01' 1'1,C WAST!,; IHSl'OSAI. u11;rn1mtt1NG, ,.OS'I' S'l'UUlE.S UrJl, l/.1,.U IN lll'Vt;U>l'lNI: cos1· CURVl::S 

Reference 
-· _ Wa1,1te 'f,VE Evaluated ___ DJ 1,1puual _ (~• t lo~ Evaluated _ _!ro...: __ 

Coal Ash i. 
~ontractor Sponsor ~ l Aal~ FGO Wa.ite l'GI> Waate _ l'ond ~ll.~ !!LI!! 

____ ,,_ 

Arthur I). Utt le. lnc. £1'A I I I I 
Al'thUl' I). Little. Inc. t;l'A I ' s 
Aerospai;:e Corp. lil'A I I I 1,9 

Aerospace Corp. £PA I I I 50 

Aerospace Corp, EPA I I I 16 

l!nvironaental Research i.Pitl I I ,I 51 
6 Tech., lnc. 

ltnglneering Science DOE I I I I I .52 

CAI Consultants, Inc. EPRI ' I I 21 

Hlcba11l Baker Jr.• Inc. El'lll ' I I ' I .53 

Hichael Baker Jr.• Inc. £Pill I I I 11 

°' Michael Baker Jr., Inc. tPRI I ,I I .54 
I 

a- Tennellaee Valley Authority EPA I I I 55 ,i·· 

Tennesse11 Valley Authority EPA I I ' .56 

Tennessee Valley Authority EPA I .. ,/ 57 
T11nnm1see Valley Authority EPA I I ,/ .58 

Source: Arthur D. Little, Inc. 



- Doc. Ex. 8660 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

TABLE 6. 5 

SUMMARY OF BASIC ENGINEERING DESIGN PREMISES FOR GENERIC COST CURVES 
FCC WASTE HA...l>{DLING A.~ DISPOSAL 

ENGINEERING DESIGN PREMISES 

Power Plant 

New or Retrofit 
Plant Size (MW)a 
Boiler Type 
Heat Rate (M joules/kWh; Btu/kWh) 
Location 
Service Life (yr) 
Load Factor (Lifetime Average Percentage) 
Fly Ash/Bottom Ash Ratio 

Coal Properties 

Sulfur Content (Percent) 
Ash Content (Percent) 
Heating Value (M joules/kg; Btu/lb) 

Air Pollution Control 

Particulate Control 
Particulate Removal (Percent) 
Sulfur Oxides Control 

Alkali Stoichiometry 
so2 Removal (Percent) 

Disposal Site 

Type 
Design Life (yr) 
Terrain 
Groundwater Monitoring Wells (Number) 
Reclamation (Closure) 

Liner 
Distance from Plant (km; miles) 

aLarge plants employing multiple 500 MW units. 

Source: Arthur D. Little, Inc. estimates. 
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New 
?.00-3000 
Pulverized Coal-Fired Dry Bottom 
10-12; 9, 750-11, 400 
United States 
30 
70 
80/20 

0. 5..;3. 5 
12.0-15.0 
22.0-26.7; 9,500-12,000 

ESPs 
>99 
Conventional Lime Scrubber with 
or without Forced Oxidation 
1.1 
>70 

Pond/Landfill 
30 
Level 
6 
0.45 m cover soil; 0.15 m top 
soil; reseeding 
None 
1.6; 1.0 



- Doc. Ex. 8661 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

TABLE 6.6 

Su11MARY OF BASIC ECONOMIC PREMISES FOR GENERIC COST CURVES 

FGC WASTE HANDLING AND DISPOSAL 

Economic Premises 

Year of Capital and Annual Cost Estimates 

Capitalization of Site 
Construction (Percent) 

Capitalization of Site 
Reclamation (Percent) 

. .. a 
Capital Charge Factors 

• Process Equipment and Disposal Site 
• Mobile Equipment 
• Reclamation 

System Battery Limits 

' Land Cost ($/m-; $/acre) 

Late-1982 

100 

100 

0.147b 
0.280 
0.035 

Waste Handllng/Processing 
to Ultimate Disposal 

o. 79; 3200 

aThese capital charge factors were employed in the preparation of the 
first year annual costs for the six study sites and in the adjustments 
made to cost data found in the literature, when practicable. 

b . 
The capital charge factor for mobile equipment includes an allowance 
for interim replacement. 

Source: Arthur D, Little, Inc., estimates. 
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lime or lime/forced oxidation scrubbing. Disposal options include both 
ponding and landfilling. with a distance of 1.6 km (1 mile) between the plant 
and the cisposal site. The disposal site proper, whether a pond or landfill. 
will include a total of six groundwater monitoring wells. In addition. the 
waste placement/disposal module will include the cost for site reclamation, 
which will entail covering the pond(s) (naturally dewatered) and/or 
landfill(s) with 0.45 m (1.5 ft) of cover soil followed by 0.15 m (0.5 ft) of 
top soil with subsequent seeding and mulching. 

The most important economic premises (in Table 6.6) to note include the 
following: 

• Both capital and annual costs are reported in lete-1982 dollars. 

• Annual capital charges for process equipment and the disposal site 
were taken as 14.7 percent of the total capital investment, 

• Annual capital charges for mobile equipment were taken as 28.0 
percent of the total capital investment (wherever practicable). 

e Annual capital charges for reclamation were taken as 3.5 percent of 
the total capital investment. 

• Capital costs include 100 percent capitalization of site construction 
and site reclamation. 

• The system battery limits begin at in-plant waste handling and go up 
to and include the placement and ultim~te disposal of the waste. 

Factors for capital charges were determi.ned using the methods proposed 
by the Electric Power Research Institute (EPRI)(43). T.hese methods are 
discussed below. 

6.2.2.2 Process Equipment/Disposal Site--
Capital charges for the coal ash and FGD waste handling and disposal 

system (exclusive of mobile equipment and disposal site reclamation) were 
assumed to be 14.7% of the total capital investment on the basis of a 30-year 
operating life. The capital charge factor was calculated as follows: 

• Total Return (Weighted Cost of Capital) 

• Book Depreciation (Sinking Fund) 

e Allowance for Retirement Dispersion 

• Levelized Annual Income Tax 

e Levelized Annual Accelerated 
Depreciation Factor 

• Levelized Annual Investment Tax Credit 
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10.00% 

0.61% 

0.56% 

4.70% 

(2.47)% 

(0.77)% 
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• Property Taxes, Insurance, etc. 

LEVELIZED ANNUAL FIXED CHARGE RATE* 

6.2.2.3 Mobile Equipment-

2.00% 

14.63%+14.7% 

Mobile equipmen~ capital charges were calculated to be 28%, based on a 
10-year mobile equipment life. This took into account the need for interim 
replacement of mobile equipment within the 30-year operating life of the 
plant. 

The EPRl Technical Assessment Guide discusses interim replacements (pp. 
VII-2, VU~3 and VII-19, Reference 43). The approach outlined in the EPRI 
guide and that used in this study result in identical capital charges for 
mobile equipment, although the means of calculating these differs slightly. 

EPRI defines an equivalent capital cost as: 

EC '"'BPC + (F)(CR) 

where: 

EC • equivalent capital cost 

BPC ~ cost of plant that is not affected by interim 
replacement 

CR • cost of plant that requires interim replacement 

F • factor that puts all plant capitalization on a 
common time basis 

In this case capital charges are calculated as: 

CC = (X) (EC) 

where: 

CC = capital charges 

X = capital charge factor for total plant life 

(l) 

(2) 

Alternatively, a capital charge factor for interim replacements was defined 
separately from the factor for items that have lives equal to the plant life. 
This factor was defined as: 

XR • (X) (F) 

where: 

*Based on 30-year book life and 20-year tax life. Flow through 
accounting used. (See page V-9, Reference 43.) 
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XR • capital charge factor for items that require interim 
replacement 

In this case, capital charges were calculated as: 

CC • (X)(BPC) + (XR)(CR) (4) 

This equation is equivalent to equation (2) when the expression for EC is 
substituted: 

CC • (X)(EC) 

= (X) [BPC + (F)(CR)l 

• (X)(BPC) + (X)(F)(CR) 

• (X)(BPC) + (XR)(CR.) (5) 

Thus, the annual costs for mobile equipment used in this study are consistent 
with the EPRl Guide {43). 

Further, Fis defined as: 

F ,.. [CRF ( r .N) J rJCRR] 
CRF (r, LR1 l_FCRi> x 

where: 

1 r l 
n -1 

p ... 1 [~] p X LRI 

CRF = capital recovery factor at discount rate , r for 
life, N = plant life or LR• replacement life 

• 
FCR. • fixed charge rate for j, j m R or P 

J 

R • interim replacement 

P = plant 

1 a inflation rate 

r s discount rate 

(p.VII-9, Reference 43) 

In this case: 

F .. lo.1061 
~~ 1627 

I~ ,0.141 I 1 J 1.:2.2.) 10 + 
l \ 1.10 
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·(~)20 l 1.10 

(6) 

(7) 
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and 

XR = (0,147) (1,9) u 0.28 + 28% (8) 

6.2.2.4 Reclamation--
Capital charges for reclamation were estimated as the imnual annuity 

payment (assuming 10% earnings on investment) required to produce a fund 
sufficient to pay for reclamation costs inflated over the 30-year life of the 
disposal site. · The annual payment, estimated at 3.5% of the total capital 
cost for reclamation, was calculated as follows: 

F • P {l + i)N 

where: 

F • future cost of reclamation in year, N 

N • life of plant 

P .• present value of plant 

i • inflation rate 

In order to produce a fund of magnitude, F. at the end of the plant's 
servicer life an annuity paid annually is required: 

A = F ((1 + ~) N -lJ 

where: 

r = rate 

N • duration of payments 

Equations (9) and (10) can be combined to yield: 

A = p (l + :l.)N /~) 
\ (1 + r) -1 

(9) 

(10) 

(11) 

The capital charge factor, then, is the factor that when applied to the 
present value of reclamation yields an annual cost {Le., an annuity) that 
can be invested to yield .the desired fund at the end of the plant's service 
life. In this case the factor, Z, is: 

z • (
. r n ) 
(1 + r) -1 

(12) 

For our study~ 

z (l + 0.06)
30 (c1 0.10 3--) (13) • + 0.10) -1 

Z = 0.035 + 3.5% 
6-70 
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6.2.3 Capital and Annual Cost Curves 

Capital cost curves in late-1982 dollars, with a range of absolute 
accuracy of plus 30 percent and minus 10 percent, were developed. As 
previously noted~ the cost curves presented here are based on two primary 
data bases: (l) the engineering cost data .base developed for the six waste 
disposal sites evaluated during this project; and (2) engineering/cost data 
available in the open literature. · Of these two data bases, more · emphasis and 
a higher level of confidence was placed on the data resulting from the 
evaluation of the six waste disposal sites, since these estimates were based 
on detailed process.descriptions, process flow diagrams. material balances, 
equipment lists, and ee{uipment specifications • . Most engineering information 
was developed during site visits and. through contacts with plant personnel 
who provided engineering data, as explained in Section 4. 

The total fixed capital in'vestment includes direct capital investment 
for equipment, installation and service facilities; piping and insulation; 
transport lines; foundations and structures; site preparation and earthwork; 
roads; electrical and instrumentation; buildings and mobile equipment (trucks 
and earthmoving equipment). Materials, labor/fabrication and installation 
costs are also included. 

The total capital investment also includes indirect capital investment. 
Indirect capital investment is comprised of items such as contractor's 
overhead, contractor's profit. engineering design and supervision, 
architect/engineering fee, allowance ·for start-up. and contingency. The 
total capital investment consists of the total fixed investment plus 
allowances for start-up modifications and the cost of land, site monitoring 
and site reclamation activities. 

First year annual c·ost estimates in late-1982 dollars were developed on 
the basis of 6, 100 hours per year of operation at full load. First year 
annual costs include both direct and indirect costs. Direct costs are the 
cost for such items as: raw materials, utilities (i.e., process water, 
electric power, diesel fuel and chemicals). operating expenses (e.g.i 
operating and mobile equipment labor. supervision and maintenance materials 
and labor, etc.), and subcontracted items (e.g., pond dredging). Indirect 
costs include such items as payroll and plant overhead expenses and capital 
charges. 

Generic capital and annual cost curves were developed for the various 
waste types and process modules discussed in Section 6.1. Due to the wide 
number of system design variations available within any given module. it was, 
in some ·cases. appropriate to provide mo-re than one curve for certain waste 
type and module combinations. Even with such provisions, each curve 
presented represents the co.sts of a set ot system designs. Thus, a band of 
cost:s, rather than a single cost curve applies. The remainder of this 
section presents the generic cost curves and discusses the engineering 
premises for each of the curves and the effect of process variations on 
costs. 
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Capital cost curves (capital cost versus power plant size, MW) were 
developed for fly ash and bottom ash handling and disposal; similar curves 
(capital cost versus FGD waste generation, metric tons) were developed for 
the handling and disposal of FGD waste. Cost .curves for the handling and 
disposal ofFGD wastesw~re plotted with capital cost versus FGD waste 
generation rate .rather .than power plant size. · This is because FGD waste 
generadon rates vary widely for any given plant size; therefore, .the cosc of 
FGD waste handling and disposal is too dependent on the sulfur .content of 
coal used for any one plant size to have a meaningful cC>st relationship in 
terms of plant size. Similarly / annual c:oit curves (annual cost versus power 
plant: size, MW, .and annual cost versus ash generation, metric tons/year) were 
developed for fly ash and bottom ash waste handling and disposal; in 
addition, cost curves (annual cost versus FGD waste generation, metric 
tons/year) were developed for the handling and disposal of FGDwaste. For 
\.lie same reason a.s mentioned above, cost curves for the handling and disposal 
of FGD waste were not developed in terms of annual cost versus plant size, 
MW, 

For the purpose of developing ' generic cost curves, we identified three 
process design variations for fly ash handling and processing: 

• wet handling of fly ash without i:ecycle of supeniatant; 

• wet hanciling of fly ash incorporating supernatant recycle; and 

• dry fly ash handling. 

It was necessary to segregate the wet and dry fly ash handling options, 
since the design criteria and costs of these vary significantly and a single 
cost band could not account for the cost differences between these two 
options. Additionally, the use of supernatant recycle systems in conjunction 
with wet fly ash handling .also impacts design requirements and system costs. 
Thus, it was appropriate .to develop costs for these two options separately. 

Cost differences for fly ash handlirtg also arise within each .of the 
three options noted above. Considering wet 'fly ash handling, exclusive of 
recycle provisions, system design (and thereby cost) variations arise 
primarily as a result of differences in fly ash collection modes (i.e., wet 
collection by scrubbers versus dry collection by ESPsand baghouses). · In 
many wet collection systems. fly ash and FGD waste are collected 
simultaneously. In such systems the water processing (Le. de.watering) 
requirements are dictated primarily by the p'i:'esence of FGD wastes rather than 
by the fly ash itself; in many cases fly ash in these systems undergoes. 
significantly more processing than would typically be required. Costs for 
such processing is relatively expensive, both in terms of . capital and annual 
expenditures. This .cost assessment does not address fly ash dewatering, 
either by interim ponding or the employment of mechanical dewatering devices 
(e.g., thickeners), due to the paucity of available cost data for such 
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systems. It is important to note, however, that the use of interim ponds 
for dewatering fly ash is not widely practiced. Also, use of this practice 
is not expected to grow in the future. Additionally, fly ash is typically 
only dewatered via mechanical dewatering devices when collected 
simultaneously with FGD waste. At the present time, the simultaneous 
collection of fly ash and FGD waste (e.g., in the case of fly ash alkali 
scrubbing) is not a common practice and is not expected to grow significantly 
in the future. 

Wet handling systems for fly ash collected by scrubbers, exclusive of 
any dewatering provisions, are relatively less costlytllan those for dry 
wastes, since such systems do not require the slurrying equipment required 
for wet handling of dry wastes. In general, the cost of simpler wet fly ash 
handling systet11S (e.g.• handling of fly ash collected in scrubbers without 
dewatering) would be expected to fall in the lower ranges of the cost curve 
band., while more complex systems (e.g., vacuum pneumatic conveying of dry fly 
ash .to a slurrying device) would exhibit costs in the higher re~ions of the 
band. Figures 6.25 (capital costs), 6.26 and 6.27 (annual costs) provide 
generic cost curves for wet fly ash handling where no supernatant recycle is 
practiced. 

The discussion of costs for wet fly ash handling systems with 
supernatant recycle closely parallels that for similar systems which do not 
include recycle provisions. The only major difference between these two 
types of systems is the recycle system which is, itself, relatively simple in 
design and has few design alternatives. Thus, the discussion in the 
preceding paragraph details the major concerns with respect to the cost 
curves for fly ash handling systems which incorporate supernatant recycle; 
these curves are provided as Figures 6.28 (capital costs), 6.29 and 6.30 
(annual costs). 

Dry fly ash handling also has many process variations. The simplest and 
least costly systems are used for short conveying distances; vacuum systems 
are typically chosen for this service. For longer conveying distances, 
pressure pneumatic conveying is required. Such systems can be very costly 
due to the expense associated with equipment required to feed fly ash from 
the ESP or mechanical collector hopper discharge to the conveying line, as 
well as the costs associated with the large amount of piping required for 
long conveying distances • .. In some cases, vacuum/pressure combination systems 
are .used to ovei:-c:o~e the operating difficulty associated with feeding ash 
from the hoppers. In general, costs are related to conveying distances, with 
costs in the lower portion of the capital and annual cost curve bands 
relating to shorter conveying distance. The generic capital cost curve is 
presented as Figure 6.31, while annual costs are shown in Figures 6.32 and 
6.33. 

Bottom Ash Handling and Processing -- Two sets of capital and annual 
cost curves which pertain to two handling and processing options are provided 
for bottom ash. In one option [Figures 6.34 (capital costs), 6.35 and 6.36 
(annual costs)] wet handling of bottom ash Without supernatant recycle is 
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considered. while the other option [represented in Figures 6.37 (capital 
costs), 6.38 and 6.39 (annual costs)J refers to wet bottom ash handling 
systems which incorporate supernatant ncycle provisions. In both cases, 
cost variations are dictated by the use or absence of bottom ash dewatering. 
The use of interim ponds for dewatering was not considered in preparing the 
bottom ash handling and processing cost curves, due to a paucity of available 
interim pond cost data . (see Fly Ash Handling and Processing). Thus, for 
bottom ash handling and processing, the only dewatering alternative 
considered with respect to the development of cost curves was the use of 
hydrobins (i.e., dewatering bins). Bottom ash handling and processing costs 
for systems incorporating hydrobins will typically fall in the higher ranges 
of .the. cost band than those for simple wet handling systems which are used in 
conjunction with sluice pipeline transport systems. 

FGD Waste Handling and PTocessing - Capital and annual costs ... eveloped 
for FGD waste handling arid processing are presented in Figures 6.40 and 6.41, 
respectively. Costs forFGDwaste handling and processing varies according 
to the degree of processing employed, which ranges from no processing to 
dewatering and finally to dewatering with stabilization or Chemical fixation. 
The lower ranges of the capital and annuai cost curve bands correspond to 
costs for FGD waste haitdling with limited or. no processing~ ·. The tipper region 
of the band relates to extensive processing (i.e., primary and secondary 
dewatering of the waste followed by chemical fixation). The intermediate 
cost curve regions generally pertain to systems which incorporate only 
dewatertng for FGD waste processing. In this case, as with fly and bottom 
ash wastes, the cost of interim ponding was not considered in developing the 
cost curves. To date, the use of interim ponds for the purpose of dewatering 
FGD wastes is very limited; in addition, it is not anticipated to grow in the 
future. 

Fly Ash Storage - Fly ash storage capital costs are dominated by the 
cost of the storage structure (i.e., the cost of the silo, bin, etc). The 
major cost variables with respect to storage structures are: (1) the size 
and number of structur.es required and (2) the material of construction. The 
cost curves provided for fly ash storage are based on the premise that the 
number of storage vessels and vessel sizes are optimized with respect to 
cost. Fly ash storage in structures constructed of relatively lower cost 
materials, such as ca.rbou steel, would be expected to have relatively lower 
costs (and, hence, wculdfall in the lower ranges of the cost curve band) 
than those constructed of more costly materials. such as rul:>ber.:.:lined steel. 
The choice of materials of constructionar~ site specific, depending on the 
chemical properties of ~he ash tobe stored. The cost curves for fly ash 
storage are presented in Figures 6.42 (capital costs), 6.43 and .6.44 (annual 
co~ts}. ·· 

Raw Materials .Handling and Storage -- The capital and annual cost curves 
for the raw materials handling and storage module are provided in Figures 
6.45 and 6.46, respectively. The upper ranges of the cost curves pertain to 
raw materials handling and storage associated with CS! or Dravo chemical 
fixation processes where multiple additives, and therefore multiple storage 
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systems, (potentially with some C01l'IID.On elements) are required. For FGD waste 
stabilization processes (i.e., fly ash blending) where only one additive is 
used, the lower ranges of the cost curves apply. 

Coal Ash and FGD Waste Transport -- Two types of transport options are 
available for coal-fired utility solid wastes, wet and dry systems. For this 
reason, two sets of capital and annual cost curves were developed for each of 
the three coal-fired utility waste types (fly ash. bottom ash and FGD waste). 
For each waste type, capital and.annual cost curves were developed for wet 
transport by pipelines; a second set of curves pertaining to truck transport 
of dry wastes was also developed. 

The transport modules for each of the three waste types show little 
variat~on with respect to design parameters that affect costs. Thus, the 
following discussion pertains to all three types of coal-fired utility solid 
wastes. 

Capital and annual costs for pipeline transport vary according to the 
following parameters: 

o transport distance; 

• pipeline material of construction; and 

e terrain. 

The cost curves presented for pipeline transport of fly ash (Figure 6.47 
for capital costs and Figures 6.48 and 6.49 for annual costs), bottom ash 
(Figure 6.50 for capital costs and Figures 6.51 and 6.52 for annual costs) 
and FGD wastes (Figures 6.53 and 6.54 for capital and annual costs, 
respectively) do not consider variability of transport distance. A transport 
distance of 1.6 km (1 mile) was assumed for the purposes of this study. Of 
course, for different transport distances, costs will vary. At present, 
correction factors to account for such differences have not been developed 
(see Section 6.3) due to insufficient data. 

Pipeline materials of construction vary according to the erosive and 
corrosive nature of the media transported. The selection of pipe materials 
is highly site-specific because of the wide range of waste characteristics. 
w:l,th respect to the capital and annual cost curves, pipelines constructed of 
lower c:ost materials (e.g., carbon steel) will exhibit c:osts in the lower 
regions of the cost band. The costs for pipelines constructed of more 
expensive materials (e.g., butyl rubber-lined steel, nickel/chrome alloy, 
fiberglass, etc.) will fall in the upper range of the cost curve band. 

The effect of terrain on costs was not· considered in this study; the 
terrain considered was assumed to be reasonably level. 

Truck transpo-rt capital and operating cost curves were prepared for fly 
ash (Figure 6.55 for capital costs and Figures 6.56 and 6.57 for annual 
costs), bottom ash (Figure 6.58 for capital costs and Figures 6.59 and 6.60 
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for annual costs) and FGD wastes (Figures 6.61 and 6.62 for capital and 
annual costs, respectively). Variations in these costs arise as a result of 
transport distance and transport vehicle type. For the purpose of 
constructing these cost curves, a transport distance of 1.6 km (1 mile) was 
assumed. 

The effect of varying transport distance on truck transport costs was 
not determined (see Section 6.3). In general; increased transport distances 
require additional vehicles with . accompanying purchase and operating cost 
increases. Such cost .increases, however~ •would not be directly proportional 
to the amount of additional capacity required. · 

Coal-fired utility wastes can be transported in on-highway or 
off,;..the-road trucks. Off-the-road truck transport would result in higher 
capital but potentially lower annual costs. The curves are based on the use 
of. on-highway trocks. 

Coal Ash and FGD Waste Placement and Disposal -- There is very little 
difference among the three types of wastes with respect to disposal 
practices • . In fact~ codisposal of wastes is common practice. Thus, the 
following discussion of disposal capital . and operating costs pertains to all 
of the . three wastes under consideration. . . . 

Two types of disposal were considered with respect to .capital and annual 
costs, ponding and landfilling. Mine disposal was not evaluated due to a 
paucity of data; ocean disposal, which is not currently practiced 
commercially, was similarly not considered. 

Pond disposal costs for fly ash are provided in Figures 6.63 (capital 
costs), 6.64 and 6.65 (annual costs). Similar graphs are provided for bottom 
ash ponding, Figures .6.66 (capital costs), 6.67 and ~.68 (annual costs), as 
well as for pond disposal of FGD wastes, Figures 6.6.9 and 6.70 (capital and 
annual costs, respectively). Cost curves for landfill disposal are presented 
in Figures 6.71 (capital costs), 6.72 and 6. 73 (annual costs) for fly ash; in 
Figures 6.74 (capital costs). 6.75 and 6.76 (annual costs) for bottom ash; 
and in Figures 6.77 and 6.78 (capital and annual costs, respectively) for FGD 
wastes. 

Disposal site capital costs are primarily attributed to site 
preparation, excavation, and containment structure construction. With ponds. 
the costs of dikecoristruction {for diked ponds) or excavation (for incised 
ponds) contribute significantly to overall capital costs. Sites which can be 
converted to pone'-: with minimal construction activities (e.g~, valleys. 
abandoned pits, etc.) will have lower capital and annual costs than those 
which require significant earthwork. In th~ case of landfills, sites 
requiring minimal excavation to be suitable impoundment areas will have 
relatively lower costs than those requiring excessive earthwork. Thus, in 
disposal operations, the higher ranges of the capital cost curves reflect 
sites which require significant earthwork, while the lower cost band ranges 
pertain to disposal facilities where little earthwork vas undertaken. 

6-112 
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Another issue with respect to landfill disposal is posed by operating 
requirements. In some case~. wastes are dumped with moderate or minimal 
compaction, while in other cases, significant effort is expended to place the 
waste in a specific manner. For example, the wastes from CS! chemical 
fixation processes are routinely compacted and graded at the landfill site. 
Thus, landfill annual costs are highly dependent upon placement requirements 
as well as on the capital charges contribution. In cases where the landfill 
requires significant construction and placement of the .waste involves 
compaction, the annual costs will fall in the upper ranges of the cost band. 
Where no significant capital charges or compaction requirements are involved, 
annual costs will be much lower. 

The most significant annual cost for pond disposal is for capital 
charges. Thus, pond configurations which give rise to high capital costs 
(i.e., those. which require significant site preparation and earthwork) would 
be likely to have high annual costs. 

All disposal cost curves pertain to sites which do not ha.ve natural 
(i.e.• clay) or synthetic liners. Liner costs are highly site specific 
depending on: 

• the liner material employed; 

• the availability of a good source of liner material within a 
reasonable proximity, in the case of natural liuers; 

• the desired thickness of the liner; and 

e the area to be lined. 

Due to this site-specificity, and the fact that a very large numbeT of 
design options exist for disposal site liners, it was not possible to develop 
generic cost curves which adequately included all such site conditions end 
options. Instead, some .general insights into liner costs and factors 
influencing variations in such·costs are presented below • . 

A variety of lining materials are available for disposal operations. 
Clays, polymericmembranes, . admixtures, chemical sealants, and other 
materials have been used. (A more detailed discussion of linet" . 
characteristics is pr·esented in Section 6. L 6. 2) The 1n0st common liners for 
utility waste disposal applications include clays, polymeric materials and 
stabilized utility wastes. This study considers only those three liner 
types. 

Clay Liner materials include a variety of clay · so.ils. However, the most 
well-known clay liner material is bentonite. The most important cost 
consideration with respect to clav liners is the availability of .the liner 
material; transportation is a major cost element if the clay must be 
imported. Compacted indigenous clays are ].ow-cost liner options. 
Permeability can vary, depending on the nature of the clay and degree of 
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compaction. Thus, proper installation is essential to optimum performance. 
Imported bentonite is higher · in cost than native soil liners, although the 
use of this liner may, in some cases, be more economical than polymeric liner 
options. Of course, this is a site-specific !.ssue relating to the cost of 
transporting the .bentonite from its source to the disposal site. The 
installed cost (1982 dollars) of clay liners ranges from $5.10 to $18.00/m9 

($3.90 t<> $13~80/yd3 ) (59). ~suming a liner thickness of 0.46 m (18 in), 
this corresponds to a cost range of $2.30 to $8.;20/ma ($9,400 to 
$33,000/acre). Transportation of imported clays; .if l!iucbis necessary, can 
influence .cost trends significantly • .. Assuming a bentonite source in Wyoming, 
transportation costs to the West Coast, East Coast and the Sout.h could be in 
the ranges .of $55 t:o 65/metric ton ($50 to 65/ton), $130 to 140/metric ton 
($120 to 130/ton) and $105 to llO/metric .ton ($95 to 100/ton) for ea.ch 
destination, respectively (60). The cited costs were adjusted . to la.te-1982 
dollars. Th.:i clay liner .costs <presented here are for placement of the liner 
only and do not include site preparation costs (e.g., clearing; grubbing, 
cutting, filling, etc.) which are attributed to disposal site construction. 
Thelinercosts are presented in late-1982 dollars. and include the total 
incnmental capital investment for liner placement. Items such as 
engineering and contractor's overhead and fees, as well as contingency, are 
included. · 

Stabilized utility waste materials have been used as liner materials. 
One material,Poz-0-Tece. is a mixtut'e of fly ash, FGD·waste and lime; a 
second material which is a mixture of only coal ash (fly ash and slag) and 
lime is currently denoted Pozzolanic Aggregate Mixture {PAM), although it was 
previously . re_ferred to as Poz-o-Pac~. 

The fixated waste may be an attractive liner for new disposal sites at 
existing utility plants, since the majority of the liner material is 
available captively as an undesired by-product. For new plants, it ~may be 
necessary to import the liner materials, at least during the initial phases 
of plant construction. 

Based on discussions with a supplier of Poz-0-Pace liners, a fully 
installed cost of $15.70/m3 ($l2.00/yd3 ) was estimated {M. Nowicki, American 
Fly Ash Company, personal communication, September 24, 1982). For 
hypothetical sites with 0~ 9 m (3 ft) and L 5 m (5 ft) liner thicknesses. this 
corresponds to a cost:of $14.40/m2 ($58,000/acre) and $24.00/m2 

($97,000/a.creh respectively. The costs cited here were estimated with the 
underlying assumption that all required materials are locally available. 

Polymeric membranes have been increasingly applied as waste disposal 
site liner materials. Two types of polymeric membranes are in use, exposable 
(i.e., membranes which are resistant to exposure to the elements without 

·being covered) and unexposable {i,e.,membranes which do not retain their 
integrity if left expose.d). Of the four common polymeric membrane liner 
materials, three fall into the exposable category (i.e., hypalon, 
chlorinated polyethylene, and high density polyethylene), while one, 
polyvinyl chloride (PVC) is an unexposable material. The installed costs 
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(late-1982 dollars) for the listed ty-pes of exposable 111embrane liners range 
from $9.40 to $24.50/m2 ($38,000 to $99,000/acre), and those for unexposable 
membranes range from $12.80 to $26.70/m2 ($52,000 to $108,000/acre) (60). 
The above costs include soil sterilization, subgrade preparation, underliner 
materials and installation, liner materials and installation, contractor's 
profit and overhead. engineering fees/overhead and contingency. The ranges 
provided reflect differences in the cost of varying materials. diffuences in 
cost related to liner thickness, and a contribution for minimal site specific 
requirements. The cost of site preparation (e.g., clearing, grubbing, 
filling and compaction) is not included, .. since these have been attributed to 
disposal site construction. As such, the costs presented are incremental 
costs for liner placement only. 

The costs associated with site monitor:l.ng and reclamation are included 
in the waste placement and disposal module costs. Site monitoring capital 
costs, based on the assumption that six groundwater ·mo1litoring wells are 
installed for any one disposal site, would typically range in the vicinity of 
$15,000 to 20,000. As one would expect, site monitoring costs contribute 
very little to the overall waste placement and disposal module capital costs. 
The same holds true for the annual .cost associated with site monitoring 
(sampling and analysis activities, which generally fall in the. range of 
$8,500 to 12,000/year ~e r the first year (assuming four sampling trips per 
year). In contrast. site reclamation costs are highly site-specific, 
depending on the surface area to be reclaimed, the availability of top soil, 
and the need for dewatering of the waste in the case of ponding operations. 
Site reclamation activities covered by the waste placement and disposal 
module costs in this project consist of covering the disposal site with 0.45 
t11 (1.5 ft) of cover soil along with 0.15 m (6 in) of top soil (not available 
on site), followed by seeding. The capital cost for such reclamation would 
typically be on the order of $1. 50 to 2. 20/m2 ($~000 to 9000/ acre). 

Related Environmental Systems (Air Pollution Control) -- As noted in 
Section 6.1.2, in developing engineering and cost data on solid waste 
handling and disposal .systems at utilities, it is difficult to divorce 
oneself.entirely from other aspects of a plant's environmental control 
system. One such example is the air pollution controisystem, which consists 
of particulate control, and in some cases sulfur oxides control. Using broad 
capital and annual cost estimates for both the air pollution control and the 
waste handling and disposal sytems~ one can better understand the cost 
contributions of each to the total environmental control system cost. 

The cost of air pollution control systems sheds some light on the cost 
of coal-fired utility waste disposal by allowina for the assessment of 
integrated environmental .control systems. However, detailed capital and 
operating cost estimates for air pollution .c:otltrol were not developed in this 
project. The focus was rather on developing broad unit cost data of 
particular usefulness for preliminary evaluation of waste disposal options. 

Presently, ~o types of air pollution control systems are used by 
coal-fired utilities, sulfur dioxide control systems and particulate control 
systems. A variety of options are available with respect to each type of air 
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pollution control system. The cost data in this study are limited to include 
only those systems most commonly employed by utilities. Thus, with respect 
to sulfur dioxide control, conventional . lime and limestone scrubbing systems 
are considered. Electrostatic precipitation is considered with regard to 
pat."t:iculate control. 

The cost of sulfur dioxide emissions control is affected by a number of 
variables, including, but not limited to: 

• Plant size - FGD systems are modular in nature. One would expect 
costs per module to decrease as more identical modules are used. 
Hence. FGI> costs per unit electric power generating capacity are 
expected to increase with decreasing plant size.. In other words, 
economies of scale can be realized with FGD systems. 

• Coal sulfur content~ For specific sulfur oxides emission control 
requirements, the use of coal with relatively lower .sulfur contents 
would result in the need for relatively lower .sulfur oxides scrubbing 
capacities. Lower capacities, likewise, are lower in cost. 

• Reagent consumption and availability - There are certain trade-offs 
between reagent availability and stoichiometric requirements. 
Row~ver, in sollle cases the less efficient reagent may be the least 
costly. particularly when .a more efficient reagent is not available 
locaiiy at an ·economical •price~ 

In light of these variables. a review of the literature indicates that 
capital costs (in late-1982 dollars) for newFGD installations, typically 
lime or limestone based, would range from $90 to 170/kW (61-63}. For . 
retrofit applications, the capital costs for . similar FGD systems could be up 
to 30 percent higher. Operating costs for these same systems would range 
from $35 to 65/kW per year. It must be noted, hovever, that a wide 
variability exists among the .reported costs in the literature. This is 
primarily because the capital and operating .costs found in the literature, as 
presented hei-e, are attempting to represent a range of plant sizes (200 to 
2000 MW), coal sulfur contents, and reagent consumption and availability. In 
addition, the wide variability in reported costs from different sources stems 
from plant specific conditions, including: 

• design requirements .for meeting various emission standards; 

• battery limits included in . the engieering/cost estimate; and 

e degree of design redundancy in the FGD system itself. 

The capital cost range noted above for these FGD systems covers direct 
and indirect capital costs. Direct capital costs include purchased equipment 
costs and installation costs (materials and labor) for system battery limits 
including the following major process areas: raw material handling and 
storage; feed preparation; flue gas treatment; and flue gas reheat. Waste 
handling, processing and disposal are not included in these estimates. 
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However, indirect capital costs such as field supervision, construction and 
field expense, and engineering and contingency are included. The annual 
operating costs sk-. larly include both direct and indirect annual costs. 
Direct annual costs are for such items as operating labor, materials (e.g., 
lime or limestone), supe'l"Vision, maintenance (materials and labor) and 
utilities (e.g., power and water). Indirect costs would include such 
elements as overhead expenses (i.e., payroll and plant overhead), general and 
administration costs, taxes, insurance, and capital charges. 

As with FGD systems, the cost of particulate control by electrostatic 
precipitation is affected by a number of variables, including: 

• electrical resistivity of the fly ash; 

• temperature of the flue gas; and 

• flue gas com-position. 

Electrical resistivity of fly ash significantly influences its 
colle.ction by ESPs. In general. fly ash with high resistivity is more 
difficult to collect (and hence. for similar ESPs exhibits lower collection 
efficiencies) than that with low resistivity. Flue gas temperature has 
significant influence on resistivity; higher temperatures tend to decrease 
resistivity, thereby increasing collection efficiency. This is the major 
design premise behind hot ..... side . ESPs. Although collection efficiency and 
costs are reduced as a result of decreases in fly ash resistivity, equipment 
must be sized considerably larger to handle the increased volume (due to 
thermal expansion) of gas; the cost of ·such requirements must be taken into 
consideration. As noted .in .Section 6.1. fly .ash resistivity is dependent 
upon coal sulfur content; in a similar manner~ costs can be related to this 
parameter. 

Flue gas composition can also affect collection efficiency and hence 
costs for electrostatic precipitation. Here too, the presence of certain 
species tends to influence resistivity. In general, fly ash resistivity is 
decreased with increasing coal alkali content, thereby increasing collection 
efficiency and costs. 

Given these variables, a review of · the literatu.re indicates that capital 
costs (in late-1982 dollars) for new electrostatic precipitator installations 
(both cold and hot-side type) would range frO'lll $30 to 36/kW (64-66). Annual 
costs for these same systems would range from $9 to 12/kW per year. Again, 
wide variability exists among .the repo-rted costs in .the literature •. This is 
primarily because the capital and operating costs found in the literature, as 
presented here, attempt to represent a range of plant sizes (200 to 2000 MW), 
coal sulfur contents, and flue gas compositions. 

The capital cost range noted previously for electrostatic precipitator 
systems consists of direct and indirect capital costs.. Direct capital costs 
include purchased equipment and installation (materials and labor) costs for 
system battery limits including the basic collector, fans and associated 
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ductwork. Indirect costs cover such items as field supervisiont construction 
and field expense aad e,ngineering and contingency. The annual costs 
similarly include both direct and indirect costs. Direct operating costs are 
for items such as operating labor, supervision, maintenance (materials and 
labor) and required utilities (e.g., powe:r). Indirect cosu include such 
elements as overhead expenses (i.e., payroll and plant overhead), general and 
administrative costs, taxes, insurance, and capital charges. 

The generic costs presented in Figures 6.25 through 6.78 generally agree 
with . the cost estimates developed for the six study sites. · Notable 
differences occur when the design premises for a specific site differ from 
the design premises that pertain to the generic estimates. Tables 6.7 and 
6.8 provide theinodular site-specific cost estimates (capital and first year 
annual costs. respectively) for each of the six study sites. as well as the 
generic cost estimates that apply to each site. The analysis of these cost 
data follows: 

• Plant Allen - The generic cost estimates for Plant Allen were on the 
same order as the site-specific estimates, with the exception of 
costs for the wa·ste · transportation module. This is . because 
basalt-lined cast iron and .polybutylene slurry piping are used at 
Plant Allen, and these materials are more expensive than more common 
piping materials. 

• Elrama Plant - The site-specific cost estimate for the processing and 
handling module was higher than the generic estimates; this is 
because the Elrama Plant utilizes interim pond dewatering for bottom 
ash, and the generic costs do no.t include this option. Since interim 
ponding is more expensive than 0th.er bottom ash processing options, 
the difference among the generic and site-specific costs is expected. 
The costs of the waste transport system at Elrama follow a similar 
trend; this is because the·site-specific cost estimate is based on a 
transport distance of 19 km (12 miles), while the generic cost is 
based on a shorter distance L 6 km (1.0 mile). 

o Dave Johnston Plant - The Dave Johnston site-specific cost estimates 
do not agree well with the generic cost estimates. This is because 
this plant incorporates some expensive options. The fly ash handling 
system at the Dave Johnston Plant utilizes atypical, expensive Nuva 
Feeders to transfer ash from the electrostatic precipitator ·hoppers 
to the conveying lines. The fly ash fs transported via off-the-road 
trucks that · are more expensive .than the more typical ori~the-road 
trucks • .\dditionally, significant landfill excavation is undertaken 
at this .plant. ·Most plants limited excavation to the quantity of 
fill needed for reclamation, while additional excavation was required 
at this plant. 

• Sherburne County and Smith Plants - In general, the site-specific and 
generic costs agreed well for both these plants. Since in both 
cases, the distance between the plant and disposal area (0.4 km, 0.25 
mile) is shorter than that used in the generic cost assessment (1.6 
km, 1.0 mile), the waste transportation module costs differ. 
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TABLE 6.7 

COMPARISON OF SITE SPECIFTC AND GENERIC CAPITAL COST ESTIMATES 

CAPITAL COST (thousand$) 
Riiw Hater la ls Waste Process f.ng Uaste Waste 

lland l lng and Storage and tlandllng Sturn~ Tran!;52ort 

Al ten Site Specific Cost EstlMate NA 5,204 NA 10,850 

Generic Cost Estimnte NA 3,300-6,000 NA b 4,800-8,900 

Elrama Site Specific Cost Estimate 697 18,820 2,982 4,813 

Generic Cnst Estimate 500-900 10,300-19,lOOC 2,200-4,100 500-900b 

Dave Site Speclflc Cost Estfaiate NA 6,912 2,512 689 
Johnston 

770·1400b 140·260b r.eneric Cost Estimate NA 1,800-3,400 

Sherburne Slte Specific Cost Estl111ate NA 21,003 NA 2,603 
County 

5,600-10,400b Generic Cost Estimate NA 12,100-22,500 NA 

Powerton Site Specific Cost Estimate NA 9.856 6,027 1,004 

Generic Cost Estimate NA 6,600-11,900 l,l00-6,200 66't-l2l6 

Smith Site Specific Cost Estimate NA 2,849 NA 2,442 

Cenerlc Cost Estimate NA 1,700-),200 NA 1,800-l,lOO 

:only adjustments to generic costs are noted. Adjustments were made as noted on page 6-54. 
See text for dlsc:usston of differences among site speciflc and generic cost estimates. 

~Excludes cost of-lriterfm bottom _ashdewatedng pond. 
Includes the cost of a 0.45 m (1.5 ft) thlck clay liner. 

elncludes the cost of a l m (lO ft) thick POZ·O-PA~ llner. 

Source: Arthur D. Llttle, Inc. estimates. 

Wast~ Placement 
and llis~ sal £~nts3 

__ 

25,149 

17,500-32,400 Adjustment -
coal ash 
content 

7,122 

4 ~ 700- 7,400 Adjustment· 
coal ash 
conl~nt 

4,596 

b 1,500-2,800 

38,406d 

25,329·49,615d 

80,07Se 

65, 700-122,000e Adjustment -
Fly Ash/ 
BottOIII Ash 
Ratio 

10,528 

6,300-ll ,700 Adjustment -
Fly Ash/ 
BottOII Ash 
Ratlo 
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TABU.: b.6 

COMI'AKISON 01:· SJTE SPECIFIC ANO GENERIC FIR.S1' YEAR. ANNUAL COST ESTIMATES 

CAPITAL COST (thousand .$) 
Raw Materials Waste Process i ng Waste 

Handlin~ a11d S1.oras.e and Handling Storas;e 

Allen Site Specific Cost Estimate NA 2;103.7 NA 

Generic Cost Estimate NA 1.100-2,100 NA 

Elrama Site Specific Cost Estimate 1,647.2 6,326.3 689,7 

Generic Cost Estimate 1,100-2,100 2,500-5,000b 4SO'"l,100 

Dave Site Specific Cost.Estimate NA 1,863.0 579.2 
Johnston 

'J00-700b Generic Coat Estimate NA lt00-900 

Sherburne Site Specific Coat Estimate NA 5,237.2 NA 
County 

Generic Cost Estimate NA 2,905-5,769 NA 

Powerton Site Specific Coat Estimate NA ; 2,750.4 1,328.9 

Generic Cost Estimate NA 2,400-5,100 700-),500 

Smith Site Specific Coat Estimate NA 1,028.2 NA 

Generic Coat Estimate NA soo~1,ooo NA 

a . . . . . 
bOnly atljustments to generic coats ·are noted. Adjust111ents were 111ade as noted on page 6-54. 
LSec text for discussion of differences among s .ite specific and generic cost estimates. 
dlncludes capital charges for a 0.4S m· (1.5 ft) thick clay liner. · 

Includes capital. charges for a 3 Di (10 ft) thick POZ-0-PAOB> liner. 

Source : Arthur D. Li t tle . Inc. estimates. 

·· Waste · 
Trana2ort 

2,607.1 

1,400-2,700 

2,723.6 

600-l,400b 

374.l 

200-soo 

643.6 

l,500-2,900b 

1,257.l 

800-1,600 

420. 8 

500-l,200b 

Waste Placement 
and D1&l1osa l C011unents8 

4,236.7 

2,600-5,200 Adjustment -
coal ash 
content 

1,666.6 

1, 500- 1,000 Adjustment -
CIJlll ash 
content 

1,000.1 

700-1,400 

6,929.7c 

3,600-8,000C 

d 15,777.9 · 

10,100-20,600d Adjustment -
Fly Ash/ 
Bottom Ash 
Rtii:io 

1,594.7 

1,200-2,300 Adjustment -
Fly Ash/ 
Bottom Ash 
Ratio 
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• Powerton Plant - The generic and site-specific cost estimates for the 
Powerton Plant agreed with each other. 

The site-specific and generic cost estimates are thus fairly similar. 

6.2.4 Capital and Operating Cost Estimation Methodology 

As previously noted, it is not always necessary to prepare detailed cost 
estimates where conceptual estimates will suffice. This section explains a 
simplified method for quickly estimating capital and first year annual costs 
of .both total utility solid waste .handling and disposal systems as well as 
the individual process modules defined here. This method is intended to 
provide a conceptual cost estimate (with accuracy of plus 30 percent minus 10 
percent) for preliminary planning purposes only, and should not be 
substituted for more detailed estimates prepared from detailed engineering or 
piping and .instrumentation diagrams and site-specific information (e.g.• type 
of terrain, soil conditions, etc.). 

Methodology -- The method .of estimating waste handling and disposal 
systemcosts ·for a set of specific waste types involves first determining 
both cbe capital and annual cost for each and every pr.ocesa module employed 
in the handling/processing and ultimate disposal of the various .waste types 
(i.e., fly ash, bottom ash and/or FGD waste) generated at the proposed 
utility plant. This is accomplished with the aid of the appropriate capital 
and annual cost curves (Figures 6.25 through 6.78). After the costs of each 
and every individual process module have been estimated for each and every 
waste type of concern. one then simply adds all of the module costs to arrive 
at a total waste handling and disposal system cost for the particular plant 
under consideration. The following example illustrates the use of the cost: 
curves. 

Landfill Example: The hypothetical task consists of determining the 
total capital ccst, first year annual cost. and cos~ per ton of dry waste 
(including fly ash, bottom ash and FGD waste) for a new 500 MW plant 
employing fixation of the FGD waste and landfilling of the fixated waste and 
dewatered bottom ash. 

Step 1: Estimate or determina the basic engineering design premises. 

• Plant size - 500 MW 

e Plant life - 30 years 

• Plant load factor - 70 percent 

• Heat rate - 10.8 M joules/kWh (10.250 Btu/kWh) 

8 % Sin coal - 2.0 percent 

• % Ash in coal - 18.0 percent 
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• Coal heating value - 24.4 M joules/kg (10,500 Btu/lb) 

e Waste quantities generated (dry) 

fly ash: 195.000 metric tons/year (215,000 tons/yr). 
collected dry 

bottom ash: 50,000 metric tons/year (55,000 tons/yr), 
dewatered in bins, with supernatant recycle 

FGD waste: 122,000 metric tons/year (135,000 tons/yr) 

• Distance to disposal site - 1.6 km (1 mile) 

• Land availability - 100 percent 

• Liner type - no liner 

Step 2: Compare the above given or calculated engineering design 
premises for . the newly proposed plant with those on. which the cost curves 
were based (summarized in Table6.5). Note .any differences that exist . 
between the engineering design Premises for the proposed plant and those for 
which the cost · curves are deetiaed applicable. 

% s in coal 
% Ash in coal 

Proposed . Plant 

2~0 
18.0 

Cost Curves 

0~5 - 3.5 
12.0 - 15.0 

Proceed ahead to Step 3, with the Understanding that the cost estimates 
determined from the curves will be somewhat less accurate for this proposed 
plant because it has a somewhat higher ash content than that .on which the 
cost curves are based. (The sulfur content falls within .the range for which 
capital ·and annual costs for process modules associated with FGD waste were 
developed.) One way , to reconcile the difference in engineering design 
premises is to determine a correction factor for this difference in coal ash 
content .and apply this factor to the costs determined from the c:ost curves. 
Unfortunately. at this time data are insufficient to determine such 
correction factors for eai:h individual process module for which cost curves 
exist. However, correction factors which can be applied to the overall cost 
of a waste disposal system are available in the open literature (17). These 
correction factors exist for the following parameters: percent sulfur in 
coa1 ; percent ash in coal; distance to disposal site; percent of optimum land 
available; and synthetic liriercost. These factors can be determined from 
graphs available in Reference 17. 

Step 3: Determine the appropriate correction factor for the difference 
between the coal ash content pertaining to the desired system and the range 
specified for the cost curves. This factor can be applied to the capital 
cost estimate for the entire waste handling and disposal system only rather 
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than for the individual process modules. The correction factor is 1.09. No 
correction factor is required for the annual cost since these system costs 
~ere estimated on the basis of the waste quantity which takes into account 
the ash content differences. 

Step 4: Determine base capital and operating costs for all of the 
appropriate waste type/process module combinations (summarized in Table 6.9) 
from the appropriate cost curves. 

For all modules. the higher range of the cost curves were taken to 
determine conservative. estimates of both the capital and first-year annual 
costs (see Table 6.10), since the module options selected for the example in 
question are complex in nature and typically are represented by the upper 
regions of the cost curve bands. 

Step .5: Calculate corrected capital and annual costs for the overall 
waste handling disposal system. 

Total Corrected Capital Cost • Base Cost x Correction Factor(s) 
= ($31,550.000)(1.09) 

Total Corrected First-Year 

Annual Cost 

Unit Cost 

6.3 Data Gaps 

• $34,400,000 

• Base Cost x Correction Factor(s) 
• ($10,600,000) (1.0) 
a $10,600,000/yr 

= Total Correct First Year Annual Cost 
+ Total Annual Waste Generation 

• $10,600,000/yr + 367,000 dry metric 
tons/yr 

a $29/dry metric ton 

Data gaps related to the economics of coal-fired utility solid wastes 
(i.e., coal ash and FGD wastes) disposal include both cost information ..2!£ 
se, as well as waste properties and disposal requirements that directly 
impact disposal costs. The most important of these (which may be addressed 
by government and/or industry initiatives) include the following: 

• A general lack of uniformity exists in basic cost assumptions made in 
engineering cost studies to date. This makes attempts to compare and 
use such disposal cost estimates from different sources a difficult 
task, at best. 

e A general lack of reliable cost information (capital and operating 
costs) exists from commercial operation of most types of FGC waste 
handling and disposal practices. 
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TABLE 6.9 

SUMMARY OF 'REQUIRED MODULES FOR WHICH COSTS ARE 
ESTIMATED FOR THE LANDFILL EXAMPLE 

WASTE TYPE/PROCESS UODULE FIGURE NO. 

Capital Cost Annual 

• Dry Fly Ash Handling and Processing 

• Fly Ash Storage 

• Fly Ash Transpor1: 

- dry trucking 

• Fly Ash Placement and Disposal 

- land.fill 

• Bottom Ash Handling and Processing 

- wet ~ith recycle 

• BottomAsh Transport 

- dry trucking 

• Bottom Ash Placement and Disposal 

- landfill. 

• Raw Materials Handling and Storage 

• FGD Waste Handling and Processing 

• FGD Waste Transport 

- dry trucking 

• FGD Waste Placement and Disposal 

- landfill 

Source: Arthur D. Little, Inc. 
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6.31 6.33 

6.42 6.44 

6.55 6.57 

6.71 6.73 

6.37 6.39 

6.58 6.60 

6.74 6.76 

6.45 6.46 

6.40 6.41 

6.6J. 6.62 

6. 77 6.78 

Cost 
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TI\III.I'. 6. 10 

S1ll1NA1lY OF CAl'l'rAI , MIil 01'1-:Ri\"l'INI: ( "llSl'!; FOR Fllll\TF.ll Fl:ll Wi\S11-'/IJ\N1Wiu. F.XAH1•u: 

WAS1"E TYl't./l'ROCt:SS HOl)UJ,E 

• l'ly AHh ll11ncll1ng/l'roc:csslng ( dry) 

e, l'ly Ash Storage (dry, allol 

,. Raw Hat .. dals llandlln11/Stora~e (fly n:,h I, lfme) 

• FG11 Wnate llilndllng/l'roc:elialng (thld,cnli,r, rtltrntton & mlxlnR) 

o •·ty Ash Transport (dry, trm::klng) 

• FU> tlaate Tranar,orr (dry, trud.Jng) 

,. Ply Ash l'lai:einent and nJaposnl (lamlflll) 

• F(;n Wa ste rlace•ent and DfapoHI (landfHJ} 

,. Bottom Ash ffnndJtng/Proceastng (dewater, with recycle) 

• Bottom Ash Transport (dry, trucking) • 

" llottoa Ash Placeinent and Dlapoaal (landfill) 

TOTAi,; 

Source: Arthur ll, Little, Inc., estimates. 

t',lp It n I c·n"t 
O~OC)ll! 

$ 1,700 

J, 900 

840 

14,200 

JOO 

100 

1 10(• 

1,lOC 

1,800 

150 

1.000 

$30,)90 

Onernt t ng t:r,,.t 
(_$11J'l0fl'enr) 

$ 790 

l,050 

2 ,0011 

),120 

510 

520 

l,650 

770 

750 

210 

_!5~ . 

$11.760 
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• Insufficient modular division (by process area) of waste disposal 
system capital and operating costs currently available in the open 
literature. 

• Available capital and operating cost data o.n mine disposal (open pit 
and vee-notch) of FGC wastes is lacking, especially for plants with 
nameplate generating capacities greater than 500 MW. 

• No definitive engineering or cost data are available (from conceptual 
studies or ·from actual operating systems) on the handling and 
dispe>sal of FGC wastes from dry sorbent flue gas desulfurization 
systems~ 

• Existing physical and engineering properties data on some waste types 
are not adequate as a basis for developing design requirements needed 
to prepare reliable estimates of cost-effective disposal systems. 
Examples include: the .disposal of untreated gypsum in .dry 
impoundments; the optimum amount of ash and lime required for 
fixation of some sulfite-rich FGD wastes; and the potential use of 
some fixated wastes as liners for dry impoundmencs of FGC wastes. 

• Engineering and cost data (from conceptual studies or from actual 
operating systems} for the waste handling and disposal of FGD wastes 
(treated and untreated) in ponds and landfills for all power plant 
sizes, especially those greater than 500 MW, are insufficient. 

• Cost data are lacking coricerning the use of interim ponds as a unit 
processing operation for dewatering coal ash or FGD waste prior to 
ultimate landfill disposal. 

• A.ctual cost data are lacking regarding the installation of liners 
(clay, synthetic, etc.J for disposal ponds at various plant sizes. 

To summarize, the most important data gap, which is a coD1onthread 
throughout all of the . data gaps, is the. lack of detailed engineering/cost 
breakdown among the existing data (which are limited to begin with) for the 
disposal of FGC wastes. Consequently; it is very difficult to compare 
estimated costs with real costs (if they are .documented) for a given disposal 
system or to compare either estimated or real costs for one system with those 
for another. · With only limited cost breakdowns. it is difficult to make 
comparisons because of uncertainty about what is or is not included within 
each cost category that is reported. Without such comparisons, it is 
difficult to recogn"'ze which factors •are ·most significant in •. introducing 
variations in costs. The result is that certain cost curves, presented here, 
were based on a limited quantity of data points with less tha.n desired 
quality. This cost curves presented in Section 6.2 cover a band and, 
additionally, have an accuracy level of plus 30 percent, minus 10 percent. 
Another limitation of the cost curves (due to the lack of modularized cost 
data) is their limited applicability to plants and disposal sites with the 
same basic range of engineering design premises as those which the curves 
were based. In other words, for systems with variations from the base case 
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engineering desi gn premises, one would require correction factors which could 
be applied to the cost curves presented herein. Unfortunately, however, at 
this time there are insufficient data to detennine such corrections for each 
individual process module for which cost curves exist. Corrections would be 
necessary for such case variations as: percentage ash or sulfur in coal, 
coal heating value, boiler type, FGD system type, transportation distance, 
and liner costs. 
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SECTION 7.0 

ENVIRONMENTAL ASSESSMENT OF COAL ASH AND FGD WASTE DISPOSAL 

7.1 MATRIX OF DISPOSAL PRACTICES 

The environmental impact of any solid waste disposal practice is 
determined by the interaction of three factors: waste type, disposal method, 
and environmental setting~ In assessing present and future practices of coal 
ash and FGD waste disposal, one may identify four basic waste types, three 
principal disposal methods, and five types of environmental settings of major 
importance. . 

7.1.1 Waste ·Types 

As explained in Section 3.3, the four major types of coal ash and FGD 
wastes are: fly ash or fly ash admixed with other materials, non-fly ash 
materials, chemically treated FGD wastes, and dry FGD wastes. The chemical 
and physical characteristics of each waste type were discussed in Section 3.4. 

7.1.2 Disposal Methods 

Currently, all FGC waste disposal options involve some form of land 
disposal: pond disposal, interim ponding followed by landfill disposal, and 
landfill disposal •. (Utilization of these waste products is another waste 
management option. FGC waste utilization is not addressed in this section 
because it is not as widely practiced as the other options.) 

Section· 6.1. 7 discusses these disposal methods in more detail. They are 
considered separately for environmental assessment purposes because each 
involves basically different water management practices, with corresponding 
implications for the ·amounts and rates of leachate generation and movement at 
disposal sites. 

7.1.3 Environmental Settings 

Three basic environmental settings for solid waste disposal were 
initially identified for this assessment, based on major differences in 
climate and geohydrology. These were: 

8 coastal areas, where surf.ace water and groundwater are directly 
influenced by the ebb and flow of tides; 
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• arid areas, characteristic of most of the western U.S., where net 
evaporation significantly exceeds precipitation; and 

• interior areas, characteristic of non-coastal portions of the eastern 
U.S., where precipitation and evaporation tend tobe more balanced 
than in the west, and where pennanent surface water bodies are so 
abundant that they are close to many waste disposal sites. 

Evaluations during this project suggested that two additional types of 
settings would be useful because of their fundamentally different background 
water. quality characteristics. These are: 

• arid areas, highly mineralized, and 

• interior areas subject to acid mine drainage. 

Both these areas and the coastal setting area tend to have water quality 
characteristics that~ in effect. mask the effects of coal ash and FGD waste 
leachates.• This is because background waters tend to already have high 
concentrations .of certain species that are usually considered contaminants in 
leachates. More information on all settings and their implications for 
enviromnental · effects is presented in Section 7. 2. 

7 .1. 4 . Matrix Combinations 

Table 7.1 is a matrix of waste types. disposal methods, and environmental 
settings. For each setting, the table indicates which combinations of ·waste 
type and disposal method apply. For example, pond disposal methods are not 
applicable to dry FGD wastes, eliminating ten combinations fr01!l further 
consideration. Also, pond disposal of chemically treated FGD wastes is 
generally not suitable in arid western settings where water availability is a 
constraint, and in coastal settings where natural valleys that can be 
converted to impoundments by the disposal practice are lacking. 

Table 7.1 also shows disposal/waste/setting combinations for which 
field-scale and other information is available. Sources other than this 
project included the Utilities Solid Waste. Activity Group (USWAG), EPRI; and 
DOE • . As indicated. some information is available for most of the combinations 
that are practiced today or likely in the future. For example, full-scale 
field studies have been conducted in each category of environmental settings 
except an arid western locatiOn . that is not highly mineralized. . Full-scale 
field studies have been also beencarried ·out for each .major type of disposal 
practice. The information from t1'~se field studies and the extensive data 
from laboratory and o.ther studies . collectively provide a reasonable technical 
basis for projecting the environmental implications of the other matrix 
combinations. The environmental implications of the various combinations and 
their importance in decision~making are discussed in Section 7.3 and in 
Appendix H. 
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TABLE 7.1 

SUMMARY OF INFORMATION AVAll..ABl,E FOR <'.OHBINATIONS OF WASTE TYPES, DISPOSAi, HETIIODS, AND ),:NVIRONHtm'AL SF.TTlNGS 

COASTAL SEn'lNC' 

ARJD WESTERN SETTING -
Not Highly Mineralized 

ARID WE&'TERN SETI'TNG -
Highly Hinerallzed 

Ptx 
Ash 

p 

p 

Ponding Intert• Pondinp /Landfilling 
Fly Non- Fly rocess.t>d Dry 
ARha Ash . . FGD FGD 

Non-Fly Processed Dry 
Ash. FGD FGD 

p NA 

p NA 

p NA 

NA . X/PD 
Chlstaan 
Cr. 
(IJSWAG) 

NA p 

NA p 

p r NA 

p p NA 

p I' NA 

p 

X 

X 
Dave 
Johnston 
Hllton 
Young 
(DOE/EPA) 

INTERIOR SETTING -
Not Highly Acidic X 

Allen, 
Sherburne 
County, 
Hlchigan City 
(USWAG), 
Wallingford 
(USWAG) 

p X NA X/Pd p p NA X 

INTERIOR SETTING -
lltghly Acidic · 
(mine drainage) p p 

Bruce Bailly 
Hans field (USWAC) 

p NA p 

Notes: a. Includes co•disposal of fly ash with other wastes. 
b. Includes FGDwastes without fly ash and bottom ash. 

p p NA 

Powerton, 
Zuellinger 
(USWAG), 
Hunts Brook 
(USWAG) 
Dunkirk 
(DOE) 

p 

c. Plants for whlch data and infonutlon are obtained are l tsted ln their appTOprlate positions. 
d. Either the interim pond of landfill aspect of operation studies at fleld scale• but not both, 
e. Laboratory data only. 

Kt>y: X .. Data available fr(lffl full-scale field studies. 
P • Dato available from laboratory and/or limited-scale field studies for projection purposes. 

NA = Matrix comblnalion not uppl icable due to lack of present and future practices. 

Land fj 11 ln~ 
n-Pl yroc~ssed Dry 
Ash FGI> F<.:I> 

p 

p 

p 

p 

p 

r 

e p I' 

I! 
V p 

X Pe 
Conesvllle 
(EPRl/USWAG) 

X 
Elrama 
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7.2 ENVIRONMENTAL SE!TUfGS 

7.2.1 Overview 

In any solid waste disposal situation, features of the environmental 
setting can influence the impact of the disposal practice. Such features are 
climate, geohydrology, surface water hydrology, and background water quality. 
Different combinations of these typify each environmental setting ·considered 
in this assessment. The environmental settings and their major features are: 

• Coastal, typified by influence of tides on groundwater and surface 
water movement and quality, generally heavy precipitation, and local 
prevalenceof highly pervious soils. This setting prevails along the 
U.S. Atlantic and Gulf Coasts. 

• Arid (not highly mineralized), characterized by little rainfall, high 
net evaporation, relative absence of aquifers, and various soil types. 
This setting occurs at isolated locations in the western U.S., much of. 
which . is .. highly mineralized. 

• Arid {highly mineralized), with the s~me climatic and hydrologic 
features as the previous setting. Other features include alkaline 
soils, and background water that is relatively high in dissolved 
chemical species. This setting prevails at many locations in the 
West. 

e Interior. (typical), distinguished by: modest rainfall with little 
difference in net precipitation/evaporation; numerous permanent 
surface water bodies of varying sizes at most locations, high-quality 
drinking water supplies in near-surface aquifers; and various soil 
types. This setting occurs over much of the eastern half of the U.S. 

• Interior (acid mine drainage), typified by: same climatic and · 
hydrologic features as the previous setting; water quality and water 
uses limited by high concentrations of chemical species in mine 
drainage. This setting is found in the central Appalachian Mountain 
Region, and at other more scattered locations in the eastern half of 
the U.S. 

The rest of this section discusses the features of these various settings in 
more detail, with emphasis on the environmental effects of coal ash and FGD 
waste disposal. 

7.2.2 Climate and Geohydrology 

7.2.Z.l Coastal Environments--
Coastal environments are characterized by low-lying .topography, marshes 

and coastal .streams. and nearby salt water bodies with tidal fluctuation of 
water levels. Waste disposal facilities in coastal environments often act as 
local groundwater recharge areas~ with groundwater and leachate moving in all 
directions away from the facility. Groundwater and leachate eventually 
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discharge to the salt water body or to nearby marshes and streams which drain 
to the salt water body. Leachate flowing through the fresh water aquifer 
toward the open salt water body is forced upward along the salt water-fresh 
water interface to discharge at or near the edge of the salt water body. 

Rates of leachate movement may be influenced by tidal fluctuations of the 
nearby salt water body, which change the base levels for groundwater flow and 
hydraulic gradients away from. the waste disposal facility. However, these 
fluctuations are short-term, and mean-tide conditions will approximate the 
long-tenn average leachate movement from. the site. 

Coastal environments usually experience year-round precipitation and thus 
year-round leachate movement. But, especially in the Gulf Coast and 
southeastern Atlantic Coastal Plain, these settings are characterized by 
intermittent, irregular storm events where substantial precipitation may occur 
in short·periods of time. During such storms, leachate movement may increase 
due to greater runoff·and infiltration in landfills, rising water levels and 
increased driving forces in ponds, and possible filling of ponds and 
overtopping of confinement dikes. The storm events and increased leachate 
movement are short-lived and usually recur once in several years. Th~ 
probability of a storm occuring at any coastal location can be determined by 
analyzing historical climatologic data. 

7.2.2.2 Arid Western Environments--
In arid environments, potential evapotranspirationexceeds precipitation. 

Most water losses from a landfillor pond will be to the atmosphere. This may 
minimize or eliminate percolation or seepage of leachate to groundwater. 
Precipitation does happen as intense. intermittent events, during which 
groundwater recharge and leachate movement may occur. But such events may 
happen only once every several years. 

Depth to groundwater and thickness of unsaturated zones are large for 
waste disposal facilities in upland areas and moderate to small for facilities 
located on terrace deposiu or in alluvial valleys. Directions of groundwater 
flow are structurally controlled and are towards discharge areas such as 
streams, where water is lost by runoff, or towards playa lakes, where water is 
lost by evaporation. Most of the groundwater movement is within alluvial fan 
complexes, stream terraces, and alluvial valleys. 

7.2.2.3 Interior Environments--
Interior environments are usually characterized by humid climates where 

precipitation slightly exceeds evapotranspiration. Thus, percolation from 
landfills and seepage from ponds are likely. Although the environment 
experiences wet and dry periods, precipitation levels tend to be fairly 
constant, and leachate movement can occur throughout the year. In interior 
environments characterized by winter ground freezing, water may not infiltrate 
into a landfill. This will cause a seasonal decrease in percolation. Pond 
freezing similarly reduces losses to direct evaporation. Depth to groundwater 
and thickness of the unsaturated zone in interior environments are related to 
topographic and geologic conditions. Both deep and shallow water table 
conditions may be present. The direction of groundwater flow in surficial 
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deposits may be controlled by topography. with groundwater flowing 
approximately .perpendicular to topographic contours. Groundwater will flow to 
discharge areas such as rivers and streams. 

7.2.3 Surface Water Hydrology 

Most coal-fired power plants in the U.S. are located close to permanent 
surface water bodies (see Appendix A). .This means that many disposal areas 
for coal ash and FGDwastes are also situated whe-re they may influence or be 
influenced by a surface water body. These influences can affect leachate 
generation. leachate movement, and · admixing. Surface water hydrology · 
charactedst:lcs and their environmental implications for the major settings 
are summarized below. 

C ' ' ' 

7.2.3.1 Surface 'Water Hydrology - Coastal Settings--
Coastal settings for utiU.ty waste disposal represent only those areas 

subject to tidal influence. Three major types of surface water bodies exist 
in. direct proximity to dispoisal sites on the U.S .. East and Gulf Coasts: . 
estuarine bays, estuarine rivers, ·and tidal creeks. 

. . the enuarine bays and rivers are usually large water bodies with regular 
(diurnal), significant, horizontal flow$ during all seasons. As such, they 
represent an excellent ultimate mixing. dilution, and dispersion medium for 
most dissolved species in coal ash and FGD waste leachates. Tidal .creeks are 
also subject to diurnal water exchanges, but their flow volumes are much less 
than those of . the estuar:Lne bays and rivers • ..• Results of several field . studies 
of coal ish landfill leachate dilution in small freshwater streams suggest 
that flows in even small tidal creeks could have major mixing and dilution 
impacts on landfill leachates. (See the Powertoti site results for this 
project in Section 5.2 and also References 13 and 67.) 

7.2.3.2 Surface Water Hydrology - Arid Settings-.;,. 
In arid settings, the physical hydrologic characteristics of surface 

waters in bot.h highly udneralizec and less mineralized water bodies are 
similar. Permanent. natural~ surface water bodies are often not present close 
to disposal sites. Small, flashy temporary streams with seasonal (snow-melt) 
an<i event-related .flood flows are common~ but are of only isolatedimportance 
in leachate admixing. A few western disposal sites are located in the · 
alluvial floodplains of the larger permanent rivers. This circumstance can 
contribute to local water table elevations that affect leachate g~neration and 
movement and provide significant ultimate leachate admixing, dispersion, and 
dilution. 

7.2.3.3 Surface Water Hydrology - Interior Settings--
Silllilar physical hydrologic conditions occur in both the surface waters 

of the central Appalachian region (where acid mine drainage is most common) 
and in the other non-tidal · interior settings .of the ·Eastem· u.s. In the 
vicinity of any given interior coal ash or FGD waste disposal site, one or 
more permanent surface water bodies of varying size are likely. These range ­
from veey small streams to large lakes and rivers~ Field studies in this and 
other projects strongly suggest that flows in even small, permanent streams 
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(0.3 to 30 m3 /s [10 to 100 ft 3 /s) can have a very significant dilution impact 
upon admixing with coal ash landfill leachates (see Section 5 and References 
13 and 67). Comparable data for small streams are not available for pcud 
leachates, but a major dilution potential is again likely. 

7.2.4 Water Quality 

Typical water quality conditions vary considerably from one environmental 
setting to another. In three categories {coastal, arid-highly mineralized, 
and interior-acid mine drainage), many of the major dissolved species 
concentrations in background waters can be comparable to those in coal ash and 
FGD waste leachate. The conditions in each setting are discussed below. 

7.2.4.1 Water Quality - Coastal Settings--
In background waters of Atlantic and Gulf Coast estuarine settings, 

concentratio.ns of most major species and some important minor species 
(i.e., boron) are elevated to levels comparable to those in coal ash and FGD 
waste leachates. For example, concentrations in bays and rivers of 
intermediate salinity where coastal disposal sites are located are generally 
in the same range as that measured at the estuarine (Smith) site studied in 
this project: 

Cl-l · - 35000 to 15000 mg/l 
SO -z - 700 to 2500 m.g/1 
B 4 - l to 3mg/l 

However. background water concentrations of various trace metals, 
including As and Se. are typically quite low compared to the upper end of the 
range reported for coal ash and FGD waste leachates. For example, As and Se 
background ranges at the estuarine (Smith) site in this project were: 

As - 0. 6 to 1.2 µg/1 
Se - less than 0.1 to less than 0.3 ~g/1 

(See Section 5.2 for more information on results from the Smith site.) 

Typical water quality conditions in bays and estuaries are also often 
reflected in near-surface coastal aquifers subject to saline intrusion. This 
int~sion ca~1cause violation of secondary drinking water standards (i.e., 
SO · · and Cl >250 mg/1) and so constrains the .use of these aquifers for 
dr!nking water. Thus, typical water quality conditions in the coastal setting 
imply that the incremental water quality impacts of the major dissolved 
species in coal ash and FGD waste le&chates may be of little or no concern. 
For this reason, an assessment of potential adverse effects may have to focus 
instead on trace metals, such as As and Se, and on non-drinking water 
standards (i.e .. those established to protect aquatic life). 

7.2.4.2 Water Quality - Arid Setting, Not Highly Mineralized--
The arid and generally.alkaline nature of much of the western. U.S. makes 

much of the surface and groundwater quality of the area "highly-mineralized," 
as discussed below. But even in these highly-mineralized settings, s~rface 
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water and groundwater quality is relatively free from elevated concentrations 
of dissolved species. For example, the results of this project for the 
Johnston site, which is generally highly-mineralized, also showed some quite 
low concentrations of dissolved species at isolated sampling locations: 

so4-z - 38 to 144 mg/1 

Cl- 2 to 8 mg/1 

B 0.01 to 0.06 mg/1 

Such levels are well below applicable secondary drinking water standards 
(see Section 7.2.4.1) aud other potential constraints on use (i.e., Bin water 
for agricultural use: 0.750mg/l). Trace metal concentrations in these 
background waters are also tYl)ically below drinking water standards. Ranges 
at the Johnston site were: 

As - less than 0.5 µg/1 (standard• 50 µg/1) 
Se - 1.3 to 5.7 i,.g/1 (standard • 10. µg/l) 

(See Section 5.2 for more results on the Johnston site.) 

The surface and groundwater quality of arid western settings that are not 
highly mineralized can usually support a full range of uses, including. 
drinking water. Thus, the potential for incre1Dental. impacts by both major and 
trace dissolved species in coal ash and FGD waste leachates should be 
considered. 

7.2.4~3 Water Quality - Arid Setting, Highly Mineralized--
Like the coastal settings discussed above, concentrations of at least 

some major dissolved species in the background surface and groundwaters of 
highly-mineralized arid western settings are often higher than secondary 
drinking ·water standards. Such background waters have been studied as part of 
t:his and other projects (see results ori the Johnston site in Section 5.2 and 
also Reference 68) • Measured ranges include: · · 

so - 2 -
B 4 

600 to 1300 ing/1 (standard= 250 mg/1) 
O. 7 to 5.1 mg/1 (criterion = • 750 mg/1) 

Also like the coastal setting, concentrations of major trace metals tend 
to be below applicable drinking water standards. Measured ranges of As and Se 
in background groundwaters from the same two projects (see Reference 68 and 
Section 5.2) were: 

As LO to 8.1 µg/l (standard • 50 i,.g/1) 
Se less than 0.8 to 2.5 pg/1 (standard= 10 µg/1) 

Because .of high levels of major species, water in arid, highly 
mineralized settings may not be suitable for drinking water. This places 
primary focus on potential trace metal impacts for other than drinking water 
uses (i.e., aquatic life, agriculture). 
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7.2.4.4 Water Quality - Interior Settings (Typical)~ 
As in the not highly mineralized arid setting, background surface water 

and groundwater in interior settings free from major contamination generally 
have both major and trace species concentrations that allow the full range of 
water uses, including drinking water. For example, concentrations of selected 
species in backgrou-nd surface and groundwater samples from the typical 
interior settings sampled in this project (Powertori., Allen and Sherburne 
County) were: 

so - 2 -
B 4 

0.5 to 84 mg/1 (standard a 250 mg/1) 
less than 0.005 to 0.63 mg/1 (criterion• .750 mg/1) 

Ranges of selected trace metals (As, Se) in background waters at the same 
sites were: 

As less·than 0.2 to 0.6. \.lg/1 (standard • SO ug/1) 
Se - less than 0.3 \.lg/1 (standard• 10 1,1g/l) 

(See Section 5.2 for further results from the Powerton, Allen and Sherburne 
County sites.) 

Because these waters have low background concentrations and can support a 
full range of uses, the initial focus for assessing impacts on water quality 
in interior settings is on both the major and trace dissolved species in coal 
ash and FGD waste leachates. 

7.2.4.5 Water Quality - Interior Setting (Acid Mine Drainage).;.-
The poor quality of waters affected by acid mine drainage causes more 

potential use constraints than those experienced by other settings. Water 
bodies so affected are limited in their ability to support recreational 
fisheries as well as drinking water needs. For example, the ranges of 
selected species concentrations measured in groundwater believed to be· 
affected only .by acid mine drainage at the representative site (Elrama) were: 

SO - 2 - 85 to 1900 mg/1 (standard •250 mg/1) 
B 4 0.015 to 0.407 mg/1 (criterion a • 750 mg/1) 
pH 4.5 to 6.1 (standard • 6.5 - 9.5) 

Rangt:s of the two important trace metals in the same groundwaters were: 

As 0.4 to 8.6 1,1g/l (standard• 50 µg/1) 
Se less than 0.3 µg/1 (standard• 10 µg/1) 

(See Section 5.2 for more information on the Elrama site.) 

J.s in other settings where background wa·ter shows elevated concentrations 
of species important in coal ash and FGD waste leachates, .the implication for 
assessments here is that drinking water uses may already be precluded and that 
only the limited number of species affecting other uses should be considered. 
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7.3 MECHANISMS OF ENVIRONMENTAL EFFRCTS 

7.3.1 Overview 

The environmental (water quality) factors discussed in Section 7.2 were 
assessed for each comb.ination of waste type, disposal method. and environmental 
setting, as shown in Ta.ble 7. L Results are documented .in Appendix R. The 
environmental findings at each of the six field sites were presented in 
Section 5.2. Results from both efforts .are .summarized below in .terms of their 
implications for environmental(wat:er quality) assessment and decision-making 
for prospective coal .ash or FGDwaste disposal practices. 

Sections 7.3.3 through 7.3.8 summarize the effects and decision-making 
implications of six categories of the potential combinations shown in Table 
7.1. These categories were selected bec .. use each shows fairly unique 
environmental effects and decision-making implications. The categories are: 

1. Coastal set ting, various waste .types and disposal methods; 

2. Arid setting - highiymineralized, various waste types and disposal 
methods; 

3. Arid setting - not highly mineralized, pond disposal; 

4. Arid setting - not highly mineralized, landfill disposal; 

5. Interior setting .. typical, various waste types and disposal methods; and 

6. Interior setting .. acid mine drainage, various waste types and disposal 
methods. 

In three categories (1, 2 and 6), typical background water quality 
requires less emphasis on the impact of major dissolved species· (i.e., 
sulfate) on wate.r quality. Initial focus instead should be on the less 
frequently problematic trace metals in the waste leachate. InCategory 2, 
potentially adverse effects aremitigated ·by ·the likely lack of physical 
proximity between the disposal site and usable receiving waters, and by the 
general minimization of leachate generation and movement in arid settings. 
Categories 3 and 4 share some of these advantages, although greater water 
movement generally accompanies the pond versus landfill disposal method. 
Firially, in Category 5~ few 7 if any, potential assessment considerations can 
be ruled out a priori, and the decision process can regularlf require in-depth 
analysis of each major mechanism of environmental (water quality) effects -
leachate generation, movement, admixing, and attenuation. 

7.3.2 Implications of ·Waste Tzye 

Despite the differences in chemical and physical properties of coal ash 
and FGD wastes (see Section 3.4), there are also some basic similarities that 
result in common major effects and decision-making implications. 
Specifically. all four major waste categories (fly ash. bottom ash/FGD waste, 
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chemically treated FGD wastes, and dry FGD wastes) share three 
characteristics: 

• Despite variations in physical properties such as permeability, all 
these wastes are expected to release measurable leachates into the 
adjacent environment within a few years of placement by any prevalent 
unlined disposal method • . (The quantity of measurable leachate release 
can vary significantly from one site to another.) 

• Leachate from each waste type is expected to exceed Secondary Drinking 
Water Standards for at least one major dissolved. species (sulfate). 
Fewer wastes have concentrations of multiple species in excess of 
these standards. For example, excess levels of chloride tend to be 
restricted to FGD wastes. 

• Leachates sampled under actual or simulated field conditions from each 
waste type are highly variable in trace metal concentrations, but a 
minority of cases have exhibited concentrations in excess of the 
Primary Drinking Water Standards. 

7.3.2.l Fly Ash Wastes--
Fly ash wastes, including separately disposed fly ash and fly ash 

co-disposed with bottom ash or FGD waste, have been studied at field scale in 
each major environmental setting, as placed by several major disposal methods. 
The ability of these wastes to release measurable leachate into the adjacent 
environment has been documented tinder at least the following circumstances: 

• pond disposal of fly ash and bottom ash, coastal setting (Smith site 
studied during this project; see Section 5.2); 

• land.fill disposal of fly ash following interim ponding, coastal 
setting (Chisman Creek site results reported in Reference 13); 

• pond disposal of fly ash and bottom ash, interior settings (Allen site 
studied during this project. as described in Section 5.2; and 
Wallingford site results reported in Reference 13); 

• pond disposal of fly ash and FGD waste, interior setting (Sherburne 
County site studied during this project; see Section 5.2); 

• interim pond disposal of fly ash, interior setting (Bailly site 
results reported in Reference 13); 

• landfill disposal of fly ash and bottom ash, western setting (Johnston 
site studied during this project; see Section 5.2); 

• landfill disposal of fly ash and FGD waste, western setting (Reference 
5); 
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• landfill disposal of fly ash and bottom ash. interior setting 
(Powerton site studied during this project. as described in Section 
5.2; and Zuellinger and Hunts Brook sites described in Reference 13). 

Given this wide range of conditions, lt is reasonable to anticipate that these 
wastes will release measurable leachate into adjacent surroundings in the 
absence of addidonal physical barriers (i.e., site liners). 

In this project, sulfate concentrations in the in-situ samples of fly ash 
waste interstitial liquids exceeded the secondary drinking water standard of 
250 mg/1 at all sites where fly ash wastes were disposed of (Smith, Johnston, 
Powerton, Allen and Sherburne County). Concentrations measured ranged from 
320 to 1780 mg/1 (SecondaryDdnking Water Standard• 250 mg/1). · At three 
sites (Smith~ Johnston and Sherburne County}, ·sulfate concentrations greater 
than 1000 mg/l we.re measured in .;he in-situ, interstitial waste liquors. 
Other major dissolved species in fly ash waste leachatesmay be expect:ed to 
exceed Secondary Drinking Yater Standards in a m.iriorityof cases. Such 
species includes chloride (especially whereco-disposal withFGDwastes is 
involved----see Sherbur'!le County site results for this project and also 
References 2 and 3) •and manganese (67). ·. The Water Quality Criterion for boron 
of .750 mg/1, fs based on certain crop sensitivities to levels in irrigation 
water (6), is regularly exceeded by fly ash waste interstitial waters, as 
demonstrated at all five .fly ash waste sites in this 1>roject. 

Trace metal species that receive primary emphasis in assessments of coal 
ash and FGDwaste leachates include arsenic and selenium, because of their 
potential to exceed applicable National Interim Primary Drinking 'Water 
Standards (50 ~g/1 for As and lOµg/1 for Se) (2,3}. Results of this project 
support previous indications that fly ash waste leachates contain 
concentrations of these species that exceed the Standards in a minority of 
cases • . At the four fly ash waste :sites where Se .analyses ofwaste 
interstitial waters were performed (Powerton, Smith, Allen and Sherburne 
County), the range of measured values was less than 0.1 to 6.6 1,1g/l, all below 
the 10 ug/1 Standard. although at one site (Sherburne County), pond 
supernatant contained "'250 µg/lof Se. Arsenic values measured in the same 
waste interstitial waters were .below the 50 ~g/1 Standard at three of the four 
sites, ranging from 0.7 toll l,lg/1, · but exceeded the Standard at the fourth 
site (Al.len), ranging from 1550 to 2425 1,1g/L 

7.3.2.2 Non-Fly Ash W'astes (Bottom Ash, FGD Wastes)--
Disposal of bottom ash and/or FGD waste separately from fly ash is fairly 

unconim.on, and data from full-scale studies on leachate generation and chemical 
quality are lacking. The .effects of these wastes must be estimated base'1 on 
available laboratory and pilot scale field work. 

Data indicate that the in-situ permeability of bottom ash alone is 
generally greater than or equal to that of fly ash (2,3). This means that 
bottom ash disposal areas will physically release leachate to the adjacent 
environment if additional physical barriers, such as liners or leachate 
collection systems, are not present. However, leachates from bottom ash 
usually do not have trace elements of concern iri such concentration as do fly 
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ash leachates. Unstabilized FGD wastes also release leachate, based on 
limited data comparing them to stabilized FGD wastes which release leachate in 
field applications (2,3,5; Conesville site results reported in Reference 1~ 
and Elrama site results in this project). 

Like fly ash. bottom ash liquors at field-scale have been shown in at 
least one case {Sherburne County site) co · contain sulfate and boron levels 
that exceed the Secondary Drinkins Water Standards and water quality criteria. 
The separate bottom ash disposal c.rea characterized at Sherburne County showed 
sulfate leveis of 2200 to 2300mg land borori at about 20 mg/1. Although this 
data base is .. small, more extensive laboratory and limited fielci-scale studies 
of unstabiliz.ed FGD wastes indicate that the same species, in addition to · 
chloride, would likely exceed the secondary drinking water standards and water 
quality criteria in full-scale applications (2,3,6,15). 

Data suggest that As and Se concentrations in ash-free, unstabilized FGD 
waste and bottom ash liquor may exceed the Interim Primary Drinking Water 
Standards, but in an even smaller minority of cases, (and perhaps not at all 
for bottom ash) (2,3,15,16,69,70), Water leaching of Se concentrations higher 
than 10 ~g/1 .from. ash-free FGD wastes has been docUlllented in at least two 
laboratory studies of wastes produced by different scrubbing techniques 
(15, 16, 70). 

7.3.2.3 Chemically Treated FGD Wastes--
Results of this project at the Elrama site and from other limited 

field-scale studies (15,16,69) indicate that chemical treated wastes generally 
have similar leaching potential as those in the preceding two categories. The 
chemically treated FGD waste landfill studied at the Elrama site showed 
leachate release to the adjacent environment, as did other treated FGD wastes 
in limited field-scale pond disposal studies (2,15). Sulfate concentrations in 
the in-situ waste interstitial waters at .Elrama ranged from 700 to 2020 mg/1, 
and some chloride values exceeded the 250 mg/1 secondary drinking water 
standard, generally by about a factor of two. Similar results (with higher 
chloridelevels)were ·repo'l'ted for the limited field-scale studies . {15 .. 16,69). 
Se levels at Elrama were less than 4 1,1g/l, but As levels measured in the 
in-situ waste site interstitial waters ranged from 5.9 to 266 µg/1; the upper 
end of this range is roughly five times the Interim Primary Drinking Water 
Standard. As and/or Se values greater than limits set by standards have also 
been reported . £or some treated FGI> wastes. but the numb.er of wastes tested 
seems too small to determine whe:her such concentrations could .be expected in 
most field situations (15, 16,68,69, 70). 

7.3.2.4 Dry FGD Wastes-­
Characterization data 

laboratory-scale studies. 
similar characteristics as 

on dry FGD wastes are available only from 
These data suggest that such wastes should have 
the other types of wastes discussed above (3~70). 

In work sponsored by EPRI, laboratory permeability values for fourteen_ 4 different dry scru~~ing wastes produced at nine plants ranged . from l. 6 x 10 
cm/sec to 2.7 x 10 cm/sec, a range comparable to that for the other coal ash 
and FGD wastes shown to allow leachate release at full field scale (2,18). 
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Sulfate concentrations in water extracts of dry FGD wastes have been 
reported to range from 1100 to 4200 mg/l, placing these leachates in excess of 
the Secondary Drinking Yater Standard (2). 

One EPRI study reported that the Interim Primary Dt'inking Water Standard 
for As was exceeded in neutral extracts .of wastes at two of the nine plants 
studied and for Se at four of the nine (18). Comparable standards for Cr and 
Ba were also exceeded (70). Tbese very preliminary results again indicate 
that, in a minority of cases, selected trace metals may be leached in 
concentrations of potential concern. . 

7.3.3 Implications of Disposal in Coastal Settings - Various Waste Types and 
Disposal Methods 

7.3.3.1 Practices in thi::iCategory-
As described in Section 7.2,the coastal setting includes those portions 

of the U.S. East and Gulf C:oasts subject to the regular (diurnal) influences 
of tidal action on surface waters and near_:surface aquifers. (Other non~tidal 
portions of the traditionally defined "coastal plain" are considered in this 
study as part of the interior setting.) · 

Of the possible combinations of waste types, disposal methods and 
environmental sett.ings shown in Table 7 .l, eight waste/disposal method 
combinations are applicable to the ~oastal . setting and have similar 
decision,making implications. These combinations are (13): 

e Fly ash waste~ pond disposal - By far the predominant practice at U.S. 
East and Gulf Coast plants, and expected to remain important in .the · · 
future. 

e Bottom ash or ash-free FGD waste. pond disposal - Unlikely to prevail 
in the future. 

• Fly ash waste, interim pond-landfill disposal - Not common, and 
unlikely to become so. 

• Fly ash waste; landfill disposal - An uncommon practice that is 
expected to become more prevalent as additional coastal plants convert 
to coal for their primary fuel source. · 

• Bottom ash or ash-free FGD waste, landfill disposal - Not commonly 
applied and unlikely to become more prevalent. 

• Chemically treated FGD waste, landfill disposal - Not now practiced 
but may be in .the future. 

• Chemically treated FCD waste, interim pond/landfill disposal - Not 
applied at full scale in the coastal setting and unlikely to prevail 
in the future. 
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• Dry FGD waste, landfill disposal In the early stages of 
commercialization; may be applie, in the future. 

7.3.3.2 Status of Documentation--
Field studies of full-scale coal ash or FGD waste disposal in the coastal 

setting have been reported for at least three sites. During this project, a 
combined fly ash/bottom ash disposal pond in th• Florida panhandle was 
evaluated at the Smith site. R.esults are summarized in Section 5.2.6. More 
limited studies of final land disposal of interim-ponded fly ash in coastal 
Virginia were reported recently by USWAG (13). At a site in coastal Maryland, 
initial investigation by the State led to a planned program of more detailed 
field studies (71). · 

7.3.3.3 Summary of Environmental I=plications--
The various coal ash and FGD wastes should have the following generic 

enviromnental implications when disposed of by any of the major methods in a 
tidally-influenced coastal setting: · · 

• Leachate quality should have concentrations of major species (i.e .• 
sulfate, boron) comparable to those .. of tidally-influenced background 
surface waters and neat-surface aquifers. Thi.s was apparent and 
expected in the circumstances encountered at the Smith site in this 
project, where estuarine water is used as a regular or periodic waste 
transport medium. 

• In some case$, concentrations of certain trace metals. (i.e., As, Se) 
in the leachate may be higher enough than that of the background 
waters to be of potential conc~rn (see Sections 7.2 and 7.3.2 above). 
For example, results for the coastal Virginia site showed disposal­
related elevat:ed levels of Se and V · (13), and vegetation analyses at 
the coastal site in Maryland prompted concern over As and Se levels 
(71). . 

• The prevalence of heavy precipitation and pervious soils in the 
coastal. setting can promote rapid leachate generation and movement. 
Off-site leachate migration was observed at both of the pond and 
landfill coastal coal ash disposal sites that have been studied (see 
Reference 13 and results for Smith site in Section 5.6.5 of this 
report). 

e Opportunities for extensive admixing with tidally-influenced surface. 
waters and near-surface aquifers can eliminate or reduce substantially 
the possibility of adverse impacts from major dissolved leachate 
species. As noted in Section 7.2, concentr,tions of major dissolved 
species in coastal settings are generally such that surface water and 
near-surface aquifers are not available as untreated drinking water 
supplies. Secondary Drinking Weter Standards often have little or no 
applicability, and the relevant criteria may be limited to those 
designed to protect aquatic life in surface waters. Major dissolved 
species in coal ash and FGD waste leachates are generally of little 
concern with respect to the marine aquatic life criteria, and would be 
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of essentially no concern in a situation where admixing with 
tidally-influenced surface waters prevailed (6). 

• Chemical attenuation of trace metals can be expected in some but not 
all of the. prevalent situations. Among the many soil types · found in 
coastal settings are coarse sands of relatively low organic · content 
and exchange capacity and~ by implication; less anticipated ability to 
attenuate trace metals (see Appendix A). Yet this setting also 
includes wetland and other areas where organically e11dched soils and 
some silts and clays prevail. These latter soils should be able to 
attenuate significantly trace metals • . While field-scale data are 
sparse, significant soil attenuation of at least one trace metal 
species (V) was observed at a Virginia coastal coal ash disposal site, 
(see Chisman Creek results reported inlleference •l3) and some of the 
soils at .;he coastal {Smith) site in this project had significant, 
though pH~depeudent, attenuation capacity (see Section 5.2.6 and 
Appendix F). 

Thus, opportunities for adverse effects of various disposal methods for 
coal ash or FGD waste in the coastal setting seem restricted to those few 
cases where elevated ieachate concentrations · of one or more trace metals 
(i.e •• As or Se) may prevail, and specifically to . the even more unlikely 
situation where a relative absence of both ·physical admixing and .chemical 
attenuation. of the elevated leachate metals concentrations could cause 
concentrations in ari ambient surface water body to reach threshold levels 
harmful to resident aquatic life~ If the latter circumstance were expected, 
mitigation could be achieved by selecting an alternative disposal site, or by 
placing an appropriately impermeable and/or chemically attenuative soil as a 
site liner. 

7.3.4 Implications of Disposal in Arid, Highly-Mineralized Settings -
Various Waste Types and Disposal Methods 

7.3.4.l Practices in this Category-
M described in Section 7.2, the arid; highly-mineralized setting is 

typical of•many locations in the western U.S. This setting is distinguished 
from other arid settings by high concentrations of dissolved minerals in 
surface waters and near-surface aquifers. generally in excess of one or more 
secondary drinking water standards. 

Of the possible combinations of waste types, disposal methods and 
environmental settings shown in Table 7.1, nine waste/disposal method 
combinations are applicable to thearid,.highly-mineralized setting and have 
similar ded.sion-maki.ng implications. These combinations (1) are: . 

• Fly ash waste. pond disposal - A fairly common practice that is 
expected to become less prevalent as users turn to dry disposal. 

• Fly ash waste, interim pond-landfill disposal - An uncommon method 
that is likely to remain so. especially as dry disposal becomes more 
widely used. 
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• 

• Fly ash waste, landfill disposal - An important practice that should 
become even more popular, since it is the major applicable combination 
in the West. 

• Bottom ash or ash-free FGD waste, pond disposal - A combination that 
is practiced but not expected to prevail in the future. 

• Bottom ash or ash-free FGD waste, interim pond-landfill disposal - A 
fairly uncommon practice that is unlikely in the future. 

• Bottom ash or ash-free FGD waste, landfill disposal - A relatively 
uncommon practice, expected to remain so because of the likelihood of 
co-disposal with fly ash. 

• Dry FGD waste, landfill disposal - ln the early stages of 
commercialization in the West and likely to become more prevalent. 

• Chemically treated FGD waste, landfill disposal - Does not occur now 
but may be practiced at a few locations in future. 

• Chemically treated FGD waste, interim pond-landfill disposal - Not 
practiced presently and unlikely in the future. 

7.3.4.2 Status of Documentation--
Field studies of full-scale coal ash or FGD waste disposal in arid, 

highly-mineralized settings have been reported for at least two sites. As 
part of this project, a combined fly ash/bottom ash landfill in a Wyoming 
alluvial floodplain was evaluated in detail, and results are summarized in 
Section 5.2.3 (Dave Johnston site). A research/demonstfation (and later 
full-scale) operation involving disposal of fly ash and fly ash-scrubbed FGD 
waste by landfill in a North Dakota surface mine has also been evaluated (5). 
Measured background water quality conditions in both these areas generally 
fell into the category of "highly-mineralized," as described in Section 7.2. 

7.3.4.3 Summary of Environmental Implications--
The various coal ash and FGD wastes, should have the following generic 

environmental implications when disposed of by any of the major methods in an 
arid, highly-mineralized setting: 

• Both background waters and leachate are likely to have concentrations 
of major dissolved species (i.e •• sulfate) well above limits set by 
Secondary Drinking Water Standards. This was apparent at both field 
study sites. At the Johnston site studied during this project, major 
species concentrations were extremely similar in waste and background 
waters. At the other site,. the highly alkaline FGD wastes produced 
some leachates with measurably ·higher concentrations of certain major 
species than the high background levels (68~5). 

• In some cases, leachate concentrations of certain trace metals (i.e., 
As, Se) may be higher enough than those of the background waters to 
approach or exceed applicable standards and thresholds. For example, 
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at the North Dakota site, alkaline fly ash-related leachate 
concentrations of As and Se in groundwater were significantly higher 
than the concentrations in the highly mineralized background waters, 
and above limits set by the Interim Primary Drinking Water Standards 
(68,5). 

• Minimal precipitation, high net evaporation, and the general absence 
of significant near-surface groundwater generally reduce opportunities 
for leachate generation and movement. In many arid settings, 
receiving waters are so removed that waste leaching is confined to the 
unsaturated zone near the waste deposit. Exceptions do occur, as at 
the western (Johnston) site. studied in this project. In this case, 
the waste was depos:lteci by excavation in an alluvial floodplain, and 
this caused . contact between the waste and locally high groundwater. 
BU: even at this unusual type of western site, the generally arid 
setting . minimizes and . restricts leachate generation. ·anci .· movement t .o 
the immedfate vicinity of the waste deposit, especially when dry 
disposal methods are practiced~ · · · · · 

. . . 

• Even lf disposal conditions allowleachate to contact re~eiving 
waters,its adm.ixing with the highly-mineralized background water 
would result in few, if any, incremental effects from major dissolved 
leachate species, such as sulfate. However, the highly mineralized 
receiving waters are often of limited importance as untreated drinking 
water supplies~ On the other hand, they may continue to be valued for 
agricultural purposes . and for support of aquatic life. The latter are 
uses for which the typical reported concentrations of leachate major 
species would have few, if any, negative implications upon admixing 
(6). 

• Chemical attenuation of· trace metals can be expected in some, but not 
all of the prevalent situations. The.highly mineralized arid setting 
has a broad range of .soils with varied physical and chemical 
attenuat:Lve capacities (see Section 7.2). At one field site, .waste 
alkalinity together with a lack of attenuation may have contributed to 
the elevatedAs levels measured at some near-downgradient sampling 
locations (68). Some of the . soils at the arid~ hlghly mineralized 
Johnston site studied in this project showed minimal attenuation 
capacity for most trace metals of interest. · 

In summary, the adver~e effects of coal ash or FGD waste disposal by 
various methods in arid high-mineralized settings should be minimal and 
restricted to those cases where wastes with elevated levels of one ot more 
trace metals (i.e., As) are placed so close to useful receiving waters that 
elevated . receiving water concentrations develop in spite of .the aridity of the 
setting. If such conditions were expected, the problem could be avoided by 
choosing a better..:sftuated alternative disposal · sites (which ·should •be 
available even within a very small geographic area). In ~he unlikely event 
that no alternative site was feasible, the effects could be mitigated by 
placing an appropriately impermeable and/or chemically attenuative soil as a 
site liner. 
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7.3.5 Implications of Pond Disposal in Arid, Not 
Highly-Mineralized Settings - Various Waste Types 

7.3.5.1 Practices in this Category--
As. described in Section 7.2, the arid, not highly-mineralized setting 

includes many isolated locations in the western U.S. It is distinguished from 
the highly-mineralized areas by the prevalence of superior water quality, 
adequate to support a broader spectrum of uses, including· use as a potable 
water supply without further treatment. 

Of the combinations of waste types, disposal methods and environmental 
settings shown in '!able 7.1, five ponding and interim pond-landfill disposal 
methods can be practiced in the arid, not highly-mineralized setting and have 
simiiar decision-making implications. These combinations (13) are: 

• Fly ash waste, pond disposal - Common practice at present but expected 
to become less prevalent as dry disposal gains acceptance. 

• Fly ash waste, interim pond-landfill disposal - Uncommon and expected 
to remain so. especially as ·dry disposal becomes more prevalent. 

• Bottom ash or ash•free FGD waste, pond disposal~ An existing practice 
that is unlikely to become prevalent in the future. 

• Bottom ash or ash-free FGD waste, inted.111 pond-landfill disposal -
Uncommon. and unlikely for the future. 

• Chemically treated FGD waste, interim pond-landfill disposal - A 
combination that, while possible, does not occur and is unlikely in 
the future. 

7.3.5~2 Status of Documentation--
Applicable data from full-scale field studies are not available. U~eful 

data can be obtained from other studies of full-scale practices in arid 
settings (5,68), as well as results from the Johnston site in this project. 
This infoniad.on; along with the extensive literature on laboratory and 
limited field-scale investigations of coal ash and FGD waste di~posal (2,3), 
provides a basis for projecting the likely environmental implications for this 
setting. 

7.3.5.3 Summary of Environmental Implications--
The various coal ash and FGD wastes should have the following generic 

environmental implications when disposed of by ponding (including interim 
ponding) in an arid, not highly-mineralized setting: 

• Leachate concentrations .of certain major chemical species (i.e., 
sulfate) can be 'higher enough than those of background waters to be of 
potential concern with respect to Secondary Drinking Water Standards. 
(See Sections 7.2 and 7.3.2.) 
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• In a few cases, leachate may have sufficiently higher concentrations 
of certain trace metals (i.e., As, Se) than those of the background 
waters to be problematic (see Sections 7.2 and 7.3.2). 

• Pond head can p:romote leachate generation and movement. However, the 
c.omb.ination of minimal precipitation, high net evaporation. and the 
general absence of significant near~surface groundwater generally 
reduce th4! extent of leachate plume movement. Based on results of 
full-scale pond studies in the less arid areas of the eastern U.S. 
(see summaries for the Smith, Allen, and Sherburne County sites in 
Section 5), ·measurable leachate wili likely remain within the 
immediate vicinity (i.e •• a few hundred meters max1111WD) of typical 
western disposal ponds during their operating lifetimes. 

• Chemical attenuation of trace metals can be expected in some, but not 
all, of the prevalent situations (see Section 7.3.4.3). 

The adverse .effects of coal ash or FGD wasce disposal by ponding or 
interim pond•landfili methods in arid, not highly-mineralized settings would 
occur only if elevated concentrations of major .and (less likely) trace metal 
species could reach an immediately adjacent drinking water supply or small, 
usable surface water body. Stieb conditions are unlikeiy, but if they were 
expected, the problem c.ould be avoided by selecting an alternative disposal 
site or using an impemeable and/or chemically attenuative soil as a site 
liner. 

7.3.6 Environmental Implications of Landfill Disposal in Arid, Not Highly 
Mineralized Settings- Various Waste Types 

7~3.6.l Practices in this Category--
Landfill disposal in an arid, not highly mineralized setting is placed in 

a separate category than pond disposal because of the differences in water 
movement associated·with each practice. Since a landfill disposal site 
experiences less water movement thana 'waste pond, the environmental effects 
of landfilling are generally more acceptable, as explained below. 

Four types of waste are suitable for landfill disposal i.n the arid, not 
highly mineralized setting: 

• Fly ash waste - A prevalent practice that is expected to become even 
more popular. 

• Bottom ash or ash-free FGD waste - Fairly uncommon and lik.ly to 
remain so since these wastes are usually co-disposed with fly ash. 

• Dry FGD wastes - In the early stages .of commercialization in the West 
and expected to become more prevalent. 

• Chemically treated FGD waste - Not now practiced but may be in the 
future. 
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7.3.6.2 Status of Documentation--
Data from full-scale studies of landfill disposal in this setting are not 

available, although useful inforr:iation can be obtained from other 
investigations of full-scale practices in .arid settings (5,68), as well as 
results from the Johnston site in this project. This information, along with 
the extensive literature on smaller-scale studies of coal ash and FGD waste 
disposal . (2,3), provides a basis for projecting the likely environmental 
implications for this setting. 

7.3.6.3 Summary of Environmental Implications--
The environmental implications of disposal practices in this setting are 

similar to those described in Section 7.3.5.3, with one major difference. In 
the case of landfill disposal, the combination of dry disposal methods, 
minimal precipitation, high net f.Vaporation, and the absence of significant~ 
near-surface groundwater makes opportunities for leachate generation and 
movement even more unlikely. 

7.3.7 Environmental Implications of Disposal in Typical Interior Settings -
Various Waste Types ·and Disposal Methods 

7.3.7.1 Practices in this Category-
The range of typical interior settings includes meet of the eastern half 

of the U.S., excluding only those areas subject to tidal influence (coastal) 
and acid mine drainage. Ten of the waste/disposal method combinations listed 
in Table 7.1 apply to this setting and have essentially similar 
decision.;.making implications~ . These are: . . . 

• Fly ash waste, pond disposal - The most dominant practice in the 
eastern U.S. and expected to remain important, although many new 
facilities will use dry disposal. · 

• Fly ash waste, interim pond-landfill disposal - A common practice that 
will become less prevalent as users turn to simpler practices. 

a Fly ash waste, landfill disposal - A frequent practice that should 
become even more important. 

• Bottom ash or ash-free FGD wastes, pond disposal - A fairly popular 
practice for bottom ash that is also .used for FGD wastes. · It will 
remain important for bottom ash, but may decline for FGD wastes in 
favor of fly ash co-disposal methods. 

• Bottom ash or ash-free FGD wastes, interim pond-landfill disposal - A 
prevalent practice for bottom ash, but rare for FGD wastes; expected 
to be less common in the future. 

• Bottom ash or ash-free FGD wastes, landfill disposal - Uncommon and 
unlikely to become more important because of the greater likelihood of 
co-disposal with fly ash. · 
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• Chemically treated FGD waste, pond disposal - Practiced at only two 
sites and likely to remain fairly rare. 

• Chemically treated FGD waste, interim pond-landfill disposal - Not 
practiced at present; feasible, but unlikely for the future. 

• Chemically treated FGD waste, landfill disposal - Recently initiated 
at several interior sites and likely to become much more prevalent. 

o Dry FGDwaste, landfill disposal - In the early stages of commercial 
application and expected to become more important. 

7.3.7.2 . Status of Documentation--
.. A substantial data base is available for this setting. Field studies of 

full-scale coal ash or FGD .. waste disposal in typical interior settings have 
been reported for at least eleven sites: 

• Combined fly ash and bottom ash ponding in North Carolina, studied at 
the Allen site as part of this project. 

• Combined fly ash and FC;D waste ponding, and separate bottom .ash 
ponding, in central Minnesota, studied at the Sherburne County site as 
part· of this project. · 

• Combined fly ash and bottom ash landfill in west-central Illinois, 
studied at the Powerton site as part of this project. 

• Coal ash ponding in the Ind.i .ana Lake Plain and in Connecticut 
(Michigan City site, Wallingford site results, respectively. reported 
in Reference 13). 

e Ponding of chemically treated FGD waste on the Pennsylvania/West 
Virginia border (72). 

• Ponding of interim pond-landfill disposal of coal ash in the Indiana 
Lake Plain (Bailly site results reported in Reference 13). 

• Landfill disposal of coal ash in Pennsylvania, northern New York and 
Connecticut (Zuellinger site, Chisman Creek site, and Dunkirk site 
results, respectively, reported in Reference 13) • . 

• Landfill disposal of chemically treated FGD wastes in Ohio (Conesville 
site results reported in Reference 13), 

7.3.7.3 Summary of Environmental Implications--
· The various coal ash and FGD wastes will likely have the following 

generic environmental implications when disposed of by any of the major 
methods in typical interior settings: 

• Leachate concentrations of certain major chemical species (i.e., 
sulfate) will be higher enough than background levels to approach or 
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exceed Secondary Drinking Water Standards (see Sections 7.2 and 
7.3.2). The Secondary Dritlking Water Standard for sulfate was 
exceeded in waste interstitial waters at all three typical interior 
sites in this project (Powerton, Allen, and Sherburne County), and 
major dissolved species were of concern at other sites (72; Zuellinger 
site and Bunts Brook site results reported in Reference 13). 

• In some cases, leachate concentrations of certain trace metals (i.e., 
As, Se) in groundwater may be problematic (see Sections 7 .2 and 
7.3.2). Waste interstitial waters had As or Se concentrations in 
excess of the Interim Primary Drinking Water Standards at two of the 
three typical interior study sites in this program. Downgradient 
wells did not show similar concentrations (see trace metal attenuation 
discussion below). In other inte1ior site field studies, trace metal 
concentrations in waste water violaud Primary Drinking .Water 
Standards at 3 ·of 5 sites (Chisman Creek, Wallingford; Bailly, 
Zuellinger and Hunts Brook sites; see Reference 13). At one site, 
selenium bioaccumulation in a combined treatment pond was reported to 
be responsible for changes in a fish population (73). 

• The typic~l range of interior climatic and hyclrogeologic conditions 
can result in enough leachate generation and movement from unlined 
disposal sites to have a measurable effect on downgradient groundwater 
quality. Unlined pond and landfill sites in typical interior settings 
in this project (Powerton and . Allen sites) . contributecl measurable . 
leacbates to downgradient groundwater. This same phenomenon was 
observed in most other studies of interior sites, regardless of the 
method of disposal (Wallingford, Bailly, Hunts Brook and Zuellinger 
site. results reported in Reference 13). At Sherburne County, the 
lined pond site in this project. leachate movement was significantly 
restricted, at least for the short term • . 

• Admixing of leachates with even small surface water bodies can have a 
major dilution .effect that mitigates potential leachate impacts on 
surface water and groundwater quality. Results from this project 
indicate that adjacent small streams can achieve an almost instant, 
order-of-magnitude reduction in landfill leachate concentrations of 
~jor dissolved species (see Powerton site results in Section 5.2.S). 
Other interior site .studies confirm this finding (see, for example, 
Runts Brook site results reported in Reference. 13). 

e Field data are incomplete as to how much effective dilution may be 
achieved in surface waters with the larger leachate flows that may 
result .downgradient of interior pond disposal areas~ For instance, 
the large impoundments required for pond disposal of FGD wastes (with 
their high levels of major dissolved species such as Cl-) would have 
more significant drainage effects on water quality in a small, 
adjacent surface water body than the other disposal methods would. 

• Significant chemical attenuation of trace metals in soils can be a 
mitigating factor in some, but not all prevalent soil types. 
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Background soils with high clay, iron and manganese contents at one of 
the three typical interior sites studied in this project appeared to 
have substantially attenuated. As in ash pond leachate (see Allen site 
results~Section 5.2.1). At another site (Powerton), such As 
attenuation .was not apparent in at least one downgradient location. 
Selenium attenuadonwas possible in the liner at the third typical 
interior site (Sherburne County), but the sandy, inorganic background 
soUs showed little attenuation potential. In two other field studies 
at Sites in . the Indiana Lake Plain, chemical attenuation of trace 
metals in soils was reported (see results for 'Bailly and Michigan City 
sites in Reference 13). · 

Adverse .effects of coal ash or FGDwaste disposal by various methods in 
typical interior settings seem limited to situations where unlined sites are 
developed so close to useful water supplies that .elevated leachate . 
concentradons of major and/or minor species can reach tne water supply 
without being diluted by an intervening surface water body. Ina .few cases. 
leachates fr0111. a large disposalpond or fr0111. a site with unusually high trace 
metal concentratlons and non-attenuative soils also may be .of concern for a 
small. adjoining surface water body • . If such conditions were expected, the 
problem could be alleviated by choosing an alternative disposalsite, placing 
an impermeable and/or chemically attenuative soil as a site liner, or by 
managing the site water to prevent contaminated .leachate from reaching the 
receiving waters. · 

7.3.8 Summary of Effects I mplications of Disposal in Interior Settings 
Affected by Acid-Mine Drainage ; Various Waste Types and Disposal 
Methods 

7. 3. 8.1 Practices in this Category-
The interior setting affected by acid mine drainage is most frequently 

encountered in the Central AppalachianMountains coal-mining region of the 
Eastern U.S. - in such states as Pennsylvania, West Virginia, Ohio and 
Kentucky~ In some locations •. many years of surface and subsurface mining have 
significantly affected background water quality in the smaller surface water 
bodi.es and in mine-associated groundwaters. In other respects (i.e., climate 
and gec,hydrology), these areas are similar to the typical interior setting 
discussed in Section 7.3.7. 

Of the possible combinations of waste types, disposal methods and 
environmental settings shown in Table 7.1, the same waste/disposal 
combinations applicable to typical interior settings (Section 7.3.7) may also 
occur in this setting. (The prevalence of these combinations in Central 
Appalachia is essentially the same as that described in Section 7.3.7.1). 

7.3.8.2 Status of Documentation--
A full.;,.scale stabilized FGD waste landfill in an interiot acid mine 

drainage setting in western Pennsylvania was studied as part of this project 
(see Elrama site results in Section 5.2.2). At least two of the "typical" 
interior sites studied by others are near documented or suspected mining 

... ~ ' ,-~ ... 
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activity (72; Conesville site results reported in Reference 13), but these 
investigations have not identified any acid drainage that may prevail. 

Results from the many field studies of the generic effects of interior 
cliJ!late and geohydrology on coal ash and FGD waste disposal (see Section 
7.3.7.2) can be combined with the findings of this project, which concerned, 
in addition to these issues, the unique chemistry of. interaction between a 
highly alkaline, stabilized FGD waste and its acid mine drainage setting. 
This information provides an adequate basis for a discussion of the 
environmental implications. 

7.3.8.3 Summary of Environmental Implications-
The various coal ash and FGD wastes are likely to have certain generic 

environmental implications when disposed of by any of the major methods in 
interior acid mine drainage settings: 

• Leachate concentrations of major dissolved species. such as sulfate. 
have little, if any, potential to degrade significantly receiving 
waters that are already affected by acid mine drainage. As discussed 
in Section 7.2, the background water quality in areas subject to. acid 
mine drainage is so poor that the Secondary Drinking Water Standards 
are chronically exceeded, and surface water bodies .are unable to 
support the full range of aquatic life uses. An important issue to 
consider is whether the slight addition of leachate contaminants may 
preempt longer term uses. Results from this project indicate that 
such preemptions are unlikely~ 

• In some cases, certain trace metals in coal ash or FGD waste leachate 
(i.e., As, Se) may be of concern. At Elrama, the acid mine drainage 
site studied in this project, As concentrations at one leachate 
collection point immediately below the waste deposit were 3 to 5 times 
higher than the Interim Primary Drinking Water Standard of 50 ~g/1. 
The highly acidic nature of the background mine drainage could, at 
some sitest promote leaching of some of the otl:.erwise less available 
trace metal £;actions of coal ash or FGD waste (i.e., Cu, Zn), 
especially from fly ash .... But relevant field-scale data are lacking. 
It is also possible that leachate from some of the more 
highly-alkaline ash or FGD wastes can locally reduce (by attenuation) 
the availability of trace elements that would otherwise remain 
relatively free in the llline drainage. This may occur at Elrama, 
although the site has not been operated long enough to be certain. 

• As in the typical interior setting, the climatic and hydrogeologic 
conditions in regions experiencing .acid mine drainage can cause 
leachate generation and movement fromunlined disposal sites, with a 
measurable effect on downgradient groundwater quality. These effects 
can be measured by following some of the more environmentally 
innocuous tracer species, such as Ca. But the likelihood of incre­
mental degradation in these waters is far less than in the typical 
interior settings, where receiving water bodies are more likely to 
support a full range of actual and potential uses. 
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• As in typical interior settings, admixing of leachates with even small 
surface water bodies can have a major dilution effect that mitigates 
potential leachate impacts on surface water and groundwater quality. 
This is even more true in acid mine drainage settings, where 
background and leachate concentrations of most major species are 
similar. · · 

• Significant chemical attenuation of trace metals in soils can be a 
mitigating factor be in some, but not all of the prevalent 
circumstances. The acidity of the ilLine draina.ge and the wide pH range 
of various coal ash and FGD waste leachates may also combine to create 
locally unusual metals . attenuation {or release) ·phenomena. . 
Field-scale ciocumentation is lacking on attenuation phenomena. At the 
Elrama site studied ·1n: this project. the soil attenuation capacity for 
trace metals was ~n the high to intermediate range (Appendix F). 

Adverse effects of coal ash or FGDwaste disposal by various methods in 
interior acid mine drainage settings Vi.th contaminated backgrounds appear to 
be limited to those cases where leachates from a disposal area with extremely 
high~ leachable trace metal levels could reach and remain undiluted in a small 
'-i'ater bo,dy used for such purposes as drinking or fishing, in spite of the 
prevalent acid mine drainage. • If these unlikely conditions were expected, a 
variety of mitigative measures could be taken (see Section 7.3.7.3). 

7.4 DATAGAPS 

For many of the important combinations of waste types, disposal methods 
and environmental settings described in Section 7.3, the existing information 
base provides a solid foundation for estimating the overall potential for 
adverse effects on water quality and for disposal-related decision-making. 
But in some areas, significant data gap~ exist, as described below. 

7.4.l in Waste Leachates. 

Although much information has been developed in this area (see 
Section 3.4), an analytical framework, is lacking for accurately anticipating 
leachate trace metal concentrations based on coal types, air pollution control 
systems, and disposal methods. The data base remains fairly incomplete for 
trace metal speciation in leachates, for wastes i,roduced by dry sorbent FGD 
systems, and for coal ashes collected .by bag filters that retain a .greater 
percentage of the trace-metal-enriched fine particles .than other particulate 
control systems. Since leachate trace metal composition is an impo.rtant 
decisi".n point, this is a high priority area for research. EPRI is 
investigating this area now. 

i.4.2 Soil Attenuation of Leachate Constituents 

Data developed during this project confirm the basic premise that several 
major factors, including pH, soil organ~c content, soil particle size, and ion 
exchange tendencies, combine to make prospective soil attenuation of leachate 
trace metals a highlyvariable. site-specific phenomenon. Soil attenuation 
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can significantly reduce the potential for adverse effects at a disposal site 
(see the results for the Allen site in Section 5.2.1), and a more complete 
data base would be valuable for projecting impacts. Such attenuation issues 
are being addressed in studies sponsored by EPR.I. 

7.4.3 Effects of Various Artificial Liners on Long-Term Leachate 
·· Movement and Composition . 

Some of the artificial liners (made of material imported from off-site) 
studied in this project (i.e., soils at Sherburne County) can greatly reduce 
the rate of leachate release from a disposal area (see Section 5.2.4). This 
ability to retain water can be readily predicted. But it is difficult to 
project the impact of such liners on subsequent long-term leachate movement 
and admixing in adjoining unsaturated zones. Chemically attenuative soils can 
be used as liner materials, and these may serve as a practical mitigative 
measure in certain settings. The development of a regioul data base 
correlating the relative .abilities of potential liner.111aterials to retard 
water movement and attenuate selected trace metals would be of obvious value. 

7.4.4 Pond Versus Landfill Disposal ln Arid Settings 

Field studies in arid settings have focused on landfill disposal 
operations. Although landfill disposal will likely be the dominant practice 
for new operations in the western U.S., pond disposal will also persist. A 
better field-scale data base is needed to clarify how. the maintenance. of 
hydraulic head by ponding affects leachate movemen:t and the site enviroument. 
This information would be especially valuable in arid, non-highly mineralized 
settings, where waste leachate quality differs significantly from that of the 
receiving water bodies. • 

7.4.5 Impacts of Abnormal Events 

The existing field-scale data base largely describes cumulative effects 
observed at various study sites. As such. it reflects normal operations 
versus abnormal events (storms, earthquakes, material/equipment failure, 
etc.). For sooe circumstances, the data suggest that abnormal events can have 
proportionately much greater short-term impacts on groundwater quality than 
the nonnal disposal operation (see Section 5.2.4). In certain combinations of 
waste. disposal method and setting, the likelihood of abno.rmal events may 
warrant inclusion in the disposal-related decision-making process. For 
example, the potential for major storm events could be an important design 
consideration in .a coastal ponding operation. 

7. 4. 6 Ef fee ts of Acid Mine Drainage and Waste Alkalinity on Trace Metal 
Release 

Results of this project show hew acid mine drainage conditions can 
interact with a highly-alkaline, processed FGD waste. The disposal of less 
alkaline (and even slightly acidic) coal ashes in acid mine drainage 
situations may possibly increase the release of trace metals in leachate. Very 
high waste alkalinity may mobilize some trace metals in some other disposal 
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settings (68). Further field-scale data on such phenomena would greatly aid 
the waste disposal decision-making process. 

7.4.7 Admixing of Pond Leachates with Small Surface Water Bodies 

Field-scale data strongly suggest th.at even very small permanent surface 
water bodies can cause major mitigative dilution impacts upon admixing with 
leac:hates from coal ash or FGDwaste landfills. But data are lacking as to 
how such interaction would occur with the significantly greater leachate 
volumes generated by pond disposal operations, especially those involving very 
large water volumes and relatively high concentiat:Lons of dissolved major 
species(i.e., FGD waste ponds). Field scale studies to clarify this area 
would be practical at existing disposal sites. Daca from such studies would 
be valuable in waste disposal decision-making, where location relative to a 
surface water body .is often: a majorcorisideration. 
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8.1 INTRODUCTION 

SECTION 8.0 

DECISION METHODOLOGY 

This Section provides various tools to assist utility planners and 
permitting officials in evaluating waste management practices: 

• A decision methodology that outlines a procedure to help answer 
questions about coal ash and FGD waste disposal. 

• A list of information requirements for assessing the waste management 
potential alternatives, including recommended laboratory and field 
tests that may provide more detailed information on a specific site. 

• An information base on environmental effects and engineering costs 
associated with various waste management options. This gives some 
initial guidance on how to evaluate waste characteristics, disposal 
methods, and environmental settings and select the proper waste 
management alternative. 

These tools should serve as guidelines only. Ultimate environmental effects 
of coal ash and FGD waste disposal are highly site- and system-specific and 
cannot be generalized. table 8.1 shows the general environmental impact 
issues associated with various disposal options. Appropriate control 
technology can be applied on a site-specific basis to mitigate adverse 
impacts: The significance of many potential impacts may be better quantified 
by additional laboratory or field-scale work. 

8.2 WASTE MANAGEMENT ISSUES 

A state or local permitting official or a utility planner may face 
several waste management issues related to coal ash and FGD wastes. Typical 
examples are: 

$ Various waste management options for new coal-fired power plants. 

• Waste management options resulting from expansion of existing power 
plants or changes in disposal operations. A typical example would be 
adding an FGD system that will generate FGD waste. Another would be a 
change in the disposal site. One ash landfill might have been filled, 
and another tn'JSt be brought into operation. 
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• Waste management alternatives associated with power plant conversion 
to coal from some other form of fossil fuel. 

• The affects of continuing existing operations over the next few years. 

• Impact of abnormal events such as a hurricane or a flood on a waste 
disposal site. 

Each issue requires a different perspective and approach in the initial 
evaluation of alternatives. Some may involve making projections into the 
future from an existing data base. · But. whatever · the various issues, the 
overall environmental effects of coal ash and FGD waste disposal can be 
determined, given information on waste characteristics disposal methods 
(including engineering and cost considerations), and environmental sett:1.ngs. 
(Naturally, the more complete the data base . the more reliable the assessment 
will be.) This initial assessment will enable some preliminary alternatives 
to be identified. After additional refinement by laboratory and field tests. 
more suitable waste management options can be selected. 

8.3 DECISION METHODOLOGY 

This Section describes the generic decision methodology developed to help 
the decision maker arrive at proper waste management options. The steps 
involved in evaluating alternatives for coal ash and FGD waste disposal are 
briefly outlined in Figure 8.1. The sequence is: 

@ Ste p l - Gather Data and Information on Disposal Alternatives 

A starting point for evaluating the options is to develop a list of 
info.rmation requirements for the waste and the type of disposal that 
may be feasible. These information requirements are discussed in 
Section 8.4. At this stage in the decision-making process, the 
approach is to gather as much data as possible on the potential type 
.of wastes and the various types of disposal options. 

• Step 2 - Perform Preliminary Engineering Evaluation of Disposal 
Alternatives 

After the initial inf.onnation .requirements have been met. a 
preliminary list of the potentially applicable disposal options should 
be developed. This list should be as complete as possible, based on 
an evaluation of the detailed data base provided by this report 
(Section 6) and the references cited. The data base includes waste 
characteristics and disposal methods and associated capital and annual 
costs. 

• Step 3 - Gather Data and Information on Environmental Settings 

This step involves defining the information requirements on the . 
site-specific environmental setting, including geology, hydrogeologic 
conditions, surface water information, climatic conditions, and other 
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STEP 7 
PERFORM LAB AND/OR 

FIELD STUDIES AND 
EXAMINE OTHER · 

SITE-SPECIFIC ISSUES -----------

STEP 8 
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disposal methods; 
descriptions of major 
disposal alternatives. 

Data base on waste 
characterization. dis­
posal methods, and costs 
associated with va.rious 
disposal options. 

Data and information 
base . on mechanisms and · 
effects of leac:hate gen­
eration, leachate move­
ment9 and leachate ad­
mixing and attenuation. 
Engineering and cost 
data on various combina­
tions of waste types and 
disposal modes. 

Data and information on 
effects mechanisms, 
physical and chemical 
characterization 
methods,. and methods 
for hydrogeologic 
evaluations. 

Same as for 
Steps 4 and 5. 

FIGURE S.l OVERALL DECISION-MAKING PROCESS 
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aspects of the environment. Section 8.4 describes the typical 
information requirements. Appendices to this report, together with 
the discussions in Section 5 and 6, provide the data base needed to 
compile this information. 

• Step 4 - Appl y Generalized Methodology for Assessing Environmental 
Effects 

Once information is available on waste characteristics, methods of 
disposal, and environmental settings, the next step is to evaluate the 
environm.e.ntal effects. This can be best undertaken by studying the 
processes leading to leachate generation, leachate movement, leachate 
admixing vith receiving water, and chemical attenuation by soils. 
Each of these four subjects is covered in detail in: Section 8.6. The 
engineering and cost information on various combinations of different 
waste types and disposal modes, • provided in Section 6 of this report 
and in the appendices, supplement the data base. This information 
allows both the environmental effects of each type of disposal and the 
associated conceptual costs to be evaluated. 

e Step S - Make Initial Selection of Disposal Alternatives 

From a compilation of the environmental effects of various 
alternatives and the engineering costs associated with each, the 
decision-maker can perform a comparative assessment to arrive at an 
initial list of alternatives that may require the additional scrutiny 
described below. 

e Step 6 - Examine Factors Specific to. the Utility or Relevant 
Permitting Offices 

Each utility may have some historical practice in terms of waste 
management. Similarly, there may be very specific policy requirements 
that the permitting offices have to f .ulfill. These specific items are 
not covered in detail in this report. But the list of references 
provided. cover the issues involved and provide an information base to 
assist the decision-maker. 

• Step 7 - Perform Lab and/or Field Studies and Examine Other 
Site-Specific Issues 

Once a preliminary list of disposal options is available, laboratory 
or field tests may be necessary to obtain additional information on 
waste characteristics (both physical · .and chemical) or on the 
environmental settings. More site-specific engineering cost 
evaluations may also· be in order. This report provides detailed 
information on physical and chemical characteri2ation methods (see 
Appendix C}, hydrogeologic evaluations (see Appendix B). and other 
procedures involved in determining environmental effects. Also, 
Section 6 provides engineering cost information for more site-specific 
disposal systems. 
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• Step 8 - Select Appropriate Disposal Methods and Sites 

From. the information developed under Step 7 and the assessment from 
Step . 5, the decision;,.maker can arrive at the most appropriate 
disposal-site and method for the specific situation. 

These decision-making steps will vary from one situation to another. In some 
cases, substantial laboratory data and field effort may be required; in 
others, Step 5 may provide a clear enough indication of the waste management 
options to address the issues involved. The references given in Sections 6, 
7, and 8 provide the additional inforniatiori required for more detailed 
evaluation. · · 

8.4 INFORMATION REQUIREMENTS 

The infc:srmation needed to consider environmental effects concerns waste 
type, disposal practice, and setting (see Figure 8.2). Specific requirements 
are listed in Tables 8.2 (waste type), 8.3 (environmental setting) and 4.11 
(disposal t!lethod, see Section 4.6). The information requirements shown in -
these. tables are quite complete. In many instances, all the information may 
not be available or may not be required. If necessary, data gaps should be 
filled. Laboratory or field .efforts to .obtain more specific data may be 
called for (see Appendixes B & C and References 2, 3, 17, 21, 60). 

8.5 ENGINEERING/COSTCONSIDERATIONS 

The ~ng:ineering data and cost estimation methodology provided in 
Section 6 of this report can be applied as described in Step 5 of the Decision 
Methodology to define and select appropriate .waste handling/disposal scenarios 
fot the new coal-fired power plant under consideration. Conceptual capital 
and annual cost estimates for the scenarios can then be selected. This 
process is described briefly below. See Section 6 for more detailed 
information. 

Once the preliminary engineering design .premises for the newly proposed 
plant have been established, they must be compared to those design premises on 
which the costs were based (see Table 6.5, Section 6).Any differences 
between the two must be noted so that appropriate correction factors can be 
determined • . A list of the. potentially applicable disposal options is then 
d·eveloped. This iist should be as complete as possible, based on an 
evaluation of the detailed engineering data base provided in Section 6.1 and 
the numerous .references cited. 

Variations among waste types and in the collection, handling, processing, 
storage~ transport and disposal of these wastes call for different approaches 
to waste management. Consequently, a matrix of waste types and waste 
management activities has been developed. For each type/waste management 
activity combination, one or more design option has been presented. The 
desired modular options can be combined to develop a preliminary engineering 
specification which is then used in determining a conceptual cost estimate for 
the desired integrated waste management system. An engineering description of 
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FEATURES 
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IN-SITU TRANSFORMATIONS 

Leachate formation (Quality + amount) 
Leachate movements (amount+ rate) 
Physical transport (amount, direction, rate) 
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' ENVIRONMENTAL EFFECTS 
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- Properties of 

Surrounding Soils 
- Geohydrology 
- .Surface Water 
- Abnormal Events 

FIGURE i.2 MAJOR FEATURES OF THE ENVIRONMENTAL EFFECTS PROCESS 
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TABLE 8.2 

POTENTIAL INFORMATION REQUIREMENTS ON WASTE TYPEa 

1. Power Plant Size and Location 

2. Waste Type: Fly Ash 
Bottom Ash 
FGD, Waste, etc. 

3. Volume: Annual Average 
Maximum in any Given Period 
Minimum in any Given Period 

4. Physical Properties: 

a. Coal Ash 

(1) Grain Properties 

Specific Gravity 
Grain Size 
Coefficient of Uniformity 
Atterburg Limits 

(2) Compaction Properties 

Bulk Dry Density 
Fiel_d Density 
Controlled Compacted Density 

(3) Permeability 

(4) Strength Parameters 

b. FGD Wastes 

{l) Grain Properties 

Specific Gravity 
Grain Size 

(2) Coefficient of Uniformity 

Atterburg Limits 

(continued) 

Average Maximum Minimum 
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TABLE 8.2 

(3) Compaction Properties 

Maximum Dry Density 
Optimum Moisture Content 
Compressibility 

(4) Permeability 

(5) Strength Parameters 

Angle of Internal Friction 
Effective Cohesion 

5. Chemical Properties 

a. Coal Ash Wastes, Liquors and Elutriates 

(1) Major Constituents 

Silicon Dioxide 
Aluminum Oxide 
Iron Oxide 

(2) 

Calcium Oxide 
Sodium Oxide 
Magnesium Oxide 

Minor Constituents 

Titanium Oxide 
Sulfur Oxide 
Potassium Oxide 
Phosphorous Pentoxide 

(3) Trace Constituents 

Arsenic 
Beryllium 
BoTon 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 

(continued) 
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b. 

TABLE 8.2 

(3) Trace Constituents (cont.) 

Selenium 

FGD 

(1) 

(2) 

Strontium 
Vanadium 
Zinc 

Wastes Liquors and Elutriates 

Major Constituents 

Calcium 
Chloride 
Magnesium 
Potassium 
Sodium 
Sulfate 
Fluoride 
Total Dissolved Solids 
pH 

Trace Constituents 

Antimony 
Arsenic 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Strontium 
Vanadium 
Ziric 

Average Maximum Minimum 

:-1ote: 8 List shown is comprehensive; all requirements may not be necessary in 
a given decision-making process. 

Source: Arthur D. Little, Inc. 
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TABLE 8.3 

TYPICAL INFORMATION REQUIREMENTS - ENVIRONMENTAL SETTINGa 

1. Power Plant and Location 

2. Geotechnical Baseline 

a. Foundation Conditions Including Cross Sections and Evaluations 

b. Disposal Site Design and Construction (engineering details) 

c. Disposal Site Distress 

3. Hydrogeologic Baseline 

a. Geologic Conditions 

Near-Region Geology 
Site Geology 
General Subsurface Profile 

b. Hydrogeologic Conditions 

Surface Water Regime 
Groundwater Regime 
Adjacent Water Usage 
Background Groundwater and Surface Water Quality 

c. Climatic Conditions 

Temperature 
Rainfall 
Evaporation 

4, Other Information 

a. Area Studies 

b. Site Studies 

Land use and zoning information 
Other, as appropriate (e.g., critical habitat) 

Note: 8t.ist shown is comprehensive; all requirements may not be necessary in 
a given decision-making process. 

Source: Arthur D. Little, Inc. 
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the modules is presented in Sect.ion 6.1.2 to assist in determining which waste 
handling/disposal system might be best for the specific application. 

After the waste handling and disposal alternatives have been selected, 
the generic cost estimation methodology provided in Section 6 •. 2. can be used as 
a basis for developing conceptual cost estimates for these alternatives. A 
set of cost curves is provided as · an easy arid accurate method for developing 
capital and annual cost estimates for the waste handling and disposal system 
of a proposed new coal-fired utility plant. These cost curves are structured 
to .allow estimates of both the capital arid annular modular .costs for the 
handling, processing, storage, tralispon and ultimate disposal o.f any or all 
of the three major wastes (i.e., fly ash, bottom ash, FGD waste) generated at 
coal.:..fired power plants. In this way, for a given combination of utility 
plant size (i.e •• electric generating capacity) and waste types, the cost 
curves can be used to estimate the capital an~ annual operating costs (on a 
late-1982 basis) for the entire waste handling and disposal system or for any 
of the individual corresponding process modules comprising that system. Once 
base capital and annual costs for all of the appropriate waste type/process 
module combinations have been determined, corrected capital and annual costs 
(when required) can . be calculated. 

8.6 MECHANISMS OF ENVIRONMENTAL EFFECTS 

8.6.1 Effects in Decision .. Making 

Figure 8.3 shows the type of decision logic that can be used to evaluate 
the main mechanisms of environmental effects discus$ed in the rest of 
Section 8.6 • . The first decision point is to determine whether the potential 
disposal site locations are known. lf so, a fairly straightforward series of 
preliminary evaluations may allow the full range of disposal options to be 
cor.sidered without further major concern over environmental (water quality) 
effects. This series of evaluations would include: 

1. Prelimina ry assessment of leachate formation, movement and admixing. 
Available information can be used to make a " first-cut 11 water balance 
analysis. This will give relatively gross estimates of potential 
leachate contributions to downgradient receiving water. If the 
preferred disposal method is known, it should be used for the • 
estimate. If not, a llworst case" analysis should be taken, assuming 
the candidate method that allows the greatest'amount of relatively 
unconfined water movement (i.e., dbposal in an unlined pond). In the 
same manner, leachate and background vater quality should be estimated 
based on the best available data. Where uncertaint!' is involved, the 
worst reasonably expected leachate quality and the best (least 
contaminated) reasonably expected background water quality should be 
assumed. · 

2. Initial j udgement of the potential for adverse water quality effects. 
At this point it may be clear that the disposal operation will be 
acceptable. The site may be physically removed enough that .dilution 
or attenuation by the soil can mitigate the potential for significant 
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adverse effects. Alternatively, the background water quality may be 
so poor (i.e., unfit for human consumption) that the leachate would 
not have significant incremental adverse 4!ffects on downgradient water 
quality. Such conditions might be anticipated in some of the settings 
described in Section 7.3, especially where arid, coastal or acid mine 
drainage conditions exist. · 

If concern or uncertainty remains after these initial considerations, or 
if the prospective disposal sites are unknown, more detailed analysis is 
required: 

3. Characterization of potentially problematic amounts and concentrations 
of chemical species in the waste leachate. De~ending on how lllUCh 

information is available, this st:ep may involve several of the methods 
to characterize leachate .foIT11£;ion (described in Section 8.6.2). 
Subsequent decisions will depend on which species are of · primary 
concern - · the unattenuated, major dissolved species present in all 
types of c:oal ash or FGD waste leachates, or the less frequently 
problematic trace metal species. Leach.ate cha,::acterization may 
indicate that, after admixing with background waters, the potential 
for adverse effects is eliminated. 

4. Development of site geohydrologic information and evaluation of 
leachate movement and admixing. Metllods for evaluating leachate 
movement and admixing are discussed in Sections 8.6.2 and 8.6.3. 
These evaluations will indicate whether unacceptable downgradient 
concentrations of one or 1DOre leachate species are likely. If a 
reactive species or trace metals-related problem is indicated, the 
potential for soil attenuation should be assessed, as explained in 
Section 8.6.4. 

5. Consideration of mitigative measures if the problem still seems 
likely . Potentially mitigative practices (alternate disposal sites, 
water management practices, and site liners) are discussed in 
Section 6 • . Details on engineering/cost considerations are presented 
in Section 6. 2. 

8.6.2 Leachate Generation: Movement and Chemical Composition 

8.6.2.1 Leachate Movement-
Leachate movement is a .complicated phenomenon affected by waste disposal 

method, climatological conditions .and hydrogeology. The method of waste 
disposal may .be either landfill, where . the background water balance for the 
site is of primary concern, or ponding/ where hydraulic head conditions -in the 
pond and hydraulic conductivity of underlying materials are most important. 
Climatological conditions may range from arid, characterized by intense 
intermittent precipitation events and potential evapotranspiration (EVTS) 
exceeding precipitation~ to humid, typified by year-round precip.itation and 
potential EVTS less than precipitation. The regional hydrogeology of a waste 
disposal facility is defined by many parameters - the presence and 
stratigraphy of aquifers, depth to water table and thickness of the 
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unsaturated zone. vertical and horizontal hydraulic conductivities and 
gradients, directions and rates of groundwater movement, presence and 
hydraulic properties of bedrock, groundwater-surface water interactions, and 
man-made groundwater discharges such as wells. 

8.6.2.l.l Disposal Method--
Landfill - Determining leachau movement from a landfill involves 

estimating the quantity of water that infiltrates into and through the 
iandfill. Figure 8.4 shows the flow of water in a landfill disposal site. 
The four primary sources of water in a landfill are: 

• process water in the l&ndfilled waste, 

• percolation of direct precipitation. 

• percolation of runoff onto the landfill, and 

• groundwater movement through the landfill if it is below the water 
table. 

The extent of water in the waste depends on waste handling and disposal 
processes. This water is usually in small amounts - insufficient to saturate 
the waste. Percolation of direct precipitation and surface water is related 
to the physical properties of the landfill (permeability, waste moisture 
capacity) and local climatological conditions. The amount of percolation can 
be estimated by the equation: 

PERC • I - AST - AET 

where 
PERC = percolation 

I• infiltration 
AST• change in waste moisture stOTage 
AE'I • actual evapotranspiration 

(1) 

The amount of water which enters the landfill surface, or infiltration, is 
described by the equation: 

I• P + R - llo I 

where 
I • infiltration 
P • precipitation 
R • runoff onto landfill 
R! = runoff from landfill 

(2) 

This represents the maximum amount of water available to move through the 
landfill. 

Precipitation varies with location. Historical records of precipitation 
are available from various state and federal agencies, most notably the 
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FIGURE 8-4 WATER FLOW IN A LANDFILL DISPOSAL SITE. 
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National Oceanic and Atmospheric Administration (NOAA). Runoff onto the 
landfill is a function of topographic and dt'ainage conditions adjacent to the 
landfill. Runoff can be minimized by using diversion ditches around the site. 
The amount of infiltrating water is depleted by changes in soil moisture 
storage, direct evaporation to the atmosphere, and transpiration by plants. 
The remaining water moves through the surface layer~ percolates through the 
landfill. and will eventually emerge as leachate. 

An additional source of water in landfills is groundwater flow through 
the landfill, or underflow. This occurs if the base of the landfill is below 
the water table. In this case. the amount of leachate can be estimated by the 
equation: 

L • PERC + G 
u 

where 
• amount of leachate 
a percolation through landfill 

(3) 

L 
PERC 
G 

U . 
• groundwater underflow through landfill 

The amount of groundwater underflow can be estimated from water table 
conditions in the vicinity of the landfill. 

Ponds -- In a pond, standing water provides the driving force for moving 
leachate out of the pond and into adjacent materials. Since most of this 
movement is through the bott0111of .the pond, the predominant driving forces and 
dire.ction of movement vertical. The vertical movement of leachate can be 
impeded by underlying man-made or natural less permeable materials. 
Figure 8.5 shows the flow of water in a pond disposal site. 

The movement of leachate from a pond may be described· in terms of 
hydraulic potential or mass balance. The ·hydraulic potential ipproach is 
described by a form of Darcy's Law~ which considers the driving forces or 
hydraulic head in the pond, the hydraulic conductivity of waste and underlying 
materials, and the area of the pond: 

Q .. KiA (4) 

where 
Q a water movement through pond bottom, or seepage 
K • hydraulic conductivity of underlying material 
i • hydraulic gradient across underlying material 
A• area of pond bottom 

Equation 4 applies to ponds where the area of the'bottom is much greater than 
the area of the sides, and where most of the seepage occurs through the pond 
bottom. The controlling terms in the equation are Kand 1. K is the 
hydraulic conductivity of the underlying material. This may be a man-made 
liner or a natural soil or rock unit. If waste material has settled on the 
pond bottom, it is considered part of the effective underlying material. The 
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hydraulic gradient is a measure of the hydraulic head distribution across the 
underlying material and is given by the equation: 

i • fih/1 (5) 

where 
Ah• head difference across the material 
la length or thickness of material 

The head difference is equal to the difference between the hydraulic head at 
the bottom .of the pond (usually the water level in the pond) and the hydraulic 
head at the base of the underlying 111Sterial. This. may be equal to or less 
than one atmosphere if the underlying soil or rock is unsaturated, or greater 
than one atmosphere if it is saturated. 

The mass balance approach considers the balance of water inputs to and 
discharges from the pond: 

S • P + R + I - EV - D 

where 
s 
p 
R. 
I 

• • seepage from pond bottom 
a direct precipitation into pond 
• runoff into pond 
• other water inputs ·to pond (for 

line) . 
EV a direct evaporation froo pond 
D a other water discharges from the 

.spillway or discharge pipe) 

(6) 

example, from a discharge 

pond (for example, from a 

Precipitation into the pond may be determined from climatologic records, as 
may evaporation. More detailed information can be obtained from precipitation 
gauges arid evaporation pans established at the pond site itself. Other water 
inputs arid discharges can be determined from records of the pond operation. 

8. 6. 2.1. 2 H_ydrogeology -- Once leachate enters the surrounding 
environment from landfills or ponds, its movement is controlled by 
hydrogeological conditions in the vicinity. Since leachate will generally 
move with the groundwater, the dire.ction of its movement can be estimated by 
studying groundwater flow ·conditions. Three aspects of. site hydrogeology 
control leachate movement: depth of water table and thickness of the 
unsaturated zone; hydraulic conductivity anisotropies, and regional 
groundwater movement. 

Thickness of Unsaturated Zone· -- Unless the water table is at the ground 
surface, an unsaturated zone will exist above gToundwater. Deep water tables 
are characterized by thick unsaturated zones while shallow water tables are 
characterized by thin unsaturated zones. ·Construction of a pond or landfill 
will likely alter the geometry of the unsaturated zone unless a completely 
impermeable (synthetic) liner is placed under the site. Landfill construction 
may also affect the geometry of the unsaturated zone, as described below. 
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In a pond or landfill constructed above the water table, initial leachate 
movement will be vertically downward through the unsaturated zone (see 
Figure 8.6). If this movement is significant, the water .t .able will mound to 
increase local hydraulic gradients and cause more movement of groundwater away 
from the mound (Figure 8.6a). The mound will reach equilibrium when the 
hydraulic gradients are sufficient to move all the water supplied by the waste 
disposal facility. If the unsaturated zone is thick, mounding should not . 
raise the water table to the base of the pond or landfill. If. the unsaturated 
zone •1s thin, mounding may cause .direct contact between waste .and groundwater 
and. possibly . increase . rates of leachate generation. The amount of groundwater 
mout1ding ca11 be calculated with the governing differet1tial equ.ations. 

Under certain conditions, a wetting front may form beneath a . pond or 
landfill and eventually reach the water tabl11 (Figure 8.6b). This happens 
when the satur .. ted hydraulic conductivity ofunderlyi11g material is less than 
the percolation or seepage rate. ·1n this .case, water is supplied to the 
underlying material faster than it can move through it. The seepage or 
percolation. is "backed up,11 and a wetting front formed. The movement of a 
wetting front to the water table is halted by changes in hydraulic properties 
of underlying materials, and so would only be expected in very unifom 
deposiu. 

Hydraulic Conductivi9 Anisotropies -- Stratification of soils and 
sedimentary rock units and structural discontinuities in bedrock unHswill 
result in · anisotropy of hydraulic properties • . most notably hydraulic 
conductivity. In soils and sedimentary rocks~ the horizontal hydraulic 
conductivity (K,:.) is usually gr.eater .than the vertical hydraulic conductivity 
(Kv). In bedro2k. hydraulic conductivity .is largest in the directions of 
structural discontinuities such as joints, faults, and solution cavities. 

In a 
hydrau-lic 

I( -
V 

where 

stratified sequence of soil or rock, the equivalent vertical 
conductivity of the section is given by t~e equation: 

n d 
t di / Kiv (7) 

i•l 

K a equivalent vertical hydraulic conductivity 
dv .. total section thickness 
di • thickness of individual stratum 
Kiv. • vertical hydraulic conductivity of individual stratum 

Equation 8.7 shows that layers with low vertical hydraulic conductivities have 
the greatest effect on the equivalent hydraulic conductivity of the section. 
One or two layers with ver; low hydraulic conductivity may be enough to ma.ke 
the equivalent vertical hydraulic conductivity ver; low. 



- Doc. Ex. 8789 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

-- ........ 

WASTE PONO 

Leachate 
Saturated Zone 

(a) Thin unsaturated zone. 

Unsaturated Soil 
Re;ion 

Groundwater 
Level 

Ground 

f Surface 

WASTE SITE . . · -
>J$d%5/?&ffe>ffei>')W~: ~ T~~,M; 

. I . I 
I I Unsaturated Soil 

Leachcne ~ I Re9ion 
Wetting Front ...._ ______ ) 

• / Groundwater Leve! 

(b) Thick unsaturated zone. 

'FIGURE 8-6 LEACHATE MOVEMENT IN THE UNSATURATED SOIL REGION 

8-21 



- Doc. Ex. 8790 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 

Tbe equivalent horizontal hydraulic conductivity of a stratified sequence 
is given b7 the equation: 

n K. ::s 
-11 t 

Kihdi 
d 

(8) 

i=l 

where 

· ~ 

""equivalent horizontal hydraulic conductivity 
""total section thickness 
• thickness of individual stratum di 

Kih • horizontal hydraulic conductivity of individual stratum 

The greatest influence on equivalent horizontal hydraulic 
thus be :rom strata with high horizontal conductivities. 
with high horizontal hydraulic conduc:tivity may be enough 
equivalent horizontal hydraulic conductivity high. 

conductivity will 
One or two strata 
to make the 

Comparison of equations 7 and 8 indicates that~ is greater than Kv for 
all values of Kv. Ratios of~ to Kv may be on the order of ten, one hundred, 
or greater. 

In deep groundwater areas with large groundwater mounds benea'Ch the waste 
disposal facility, leachate movement . can be predominantly verticaL The rate 
of leachate movement controlled by the equivalent vertical hydraulic 
conductivities in 'Che underlying strata. A clay .liner may effectively retard 
leachate movement from the disposal faciHty. If . the water ta~l~ is shallow 
or the ·landfill or pond is constructed below the water table, · the predominant 
direction of leacha'te movement is horizontal and controlled by the equivalent 
horizontal hydraulic conductivity. A permeable stratum between layers of much 
less permeable materials willfacilitate horizontal movement of leachate. 

Regional Groundwater Movement-~ Groundwater generally flows from 
recharge areas to discharge areas. Recharge areas may consist of . ou.tcrops o~ 
subcrops of permeable bedrock units, permeable upland soil units and river 
valley alluvium in humid climates, and alluvial fans and terrace deposits in 
arid environments. Discharge areas may comprise springs, streams, rivers, 
ponds, lakes, bays, or pumping wells. 

Depending on the. rates of percolation and seepage, landfills and ponds 
may act as local recharge areas. Formation. of a ·groundwater mound indicates 
significant groundwater recharge. Waste disposal facilities .near streams, 
ponds, and lakes may be located in .areas of groundwater discharge, in which 
case leachate may have a short pathway to the discharge point. Ponds and 
landfills in low-lying coastal areas may be recharge areas or may be located 
in discharge areas, depending on local topographic and hydrogeologic 
conditions. 

Pumping wells act as groundwater discharge points which may enhance 
natural discharge or create new discharge. Groundwater in the area of 
influence of the well moves towards the well and, if the area intersects a 
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pond or landfill, leachate al.so may move towards the well. Pumping from a 
well may be sufficient to reverse local groundwater flow directions. 

8.6.2.1.3 Leachate Quantit y Decision-Making Process~ The leachate 
quantity decision-making process is shown in Figure 8.7. The goal is to 
estimste the quantity of leachate that may be produced over a certain period 
of .time. This in turn can be related to the flow or .leachate 
generation-per-unit .time. Since the decision methodology is different for a 
pOlld versus a landfill disposal scenario, it has two separate branches. In 
the case of a landfill, leachate generation is produced by infiltration of 
water (precipitation, runoff on the site, or even iuhndttent: disposal of 
liquid wastes) and contact of groUl'ldwater with the .waste. 

For the ponding dispocal scenario, leachate volume may be calculated by: 
(l) using a mass balance around the pond (influents vs nonleachate effluents) 
and determining the. leachate by difference and (2) using hydraulic 
conductivity .and other site specific parameters . to calculate the flow and thus 
quantity. The decision-making process in Figure 8.7 uses the mass balance 
approach and may require further calculations based on the second approach, 
depending on the available data and accuracy of desired result. 

8.6.2.2 Leachate Chemical Composition--
8.6.2.2.1 Overview -- Leachate chemical composition depends on the 

chemical and physical properties of the waste and how they interact: 

• displacement of interstitial liquor present in saturated waste; 

• mixing of influent water with displaced interstitial liquor (for 
unsaturated waste); 

• dissolution of readily available species in the waste; 

• dissolution of bulk matrix species and associated trapped components; 

• solubility and adsorption constraints on concentrations in the 
leachate; 

• concentrations determined by total availability of material from the 
waste; and 

• chemical speciation in wastes and leachates. 

8.6.2.2.2 Displacement of Interstitial Liquor -- The chemical 
composition of leachates from saturated wastes is best estimated from the 
makeup of the interstitial liquid phase. Wells placed in·the saturated waste 

' near the bottom of the disposal areas show the composition of water likely to 
exit the disposal area. This composition may not only represent the waste 
present at that particular depth but may also .reflect how the percolating 
liquid has contacted many layers of waste. Since vaste layers tend to be 
inhomogenous (i.e., particle size segregation in a pond). different leaching 
behaviors are expected for various strata. Concentrations in interstitial 
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