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Abstract

Fly ash from fossil-fuel power plants is commonly slurried and
pumped to disposal sites. The utility industry is interested in
finding out whetherany hazardousconstituentsmight leach from the
accumulatedfly ash and contaminateground and surface waters. To
evaluatethe significanceof this problem,a representativesite was
selectedfor modeling. FASTCHEM,a computercode developedfor the
ElectricPower ResearchInstitute,was utilizedfor the simulationof
the transportand fateof the fly-ashleachate.The chemicalevolution
of the leachatewas modeledas itmigratedalong streamtubesdefinedby
the flow model. The modelingpredictsthat most of the leachateseeps
throughthe dam confiningthe ashpond. With the exceptionof ferrous,
manganous, sulfate and small amounts of nickel ions, all other
dissolvedconstituentsare predictedto dischargeat environmentally
acceptableconcentrations.

Introduction

Coal burning power plants produce large quantities of fly ash.
This fly ash is usually disposed of in impoundments or landfills
adjacent, to the power plants, where it may leach and release hazardous
inorganlc constituents to underlying aquifers and to contiguous
streams. The impactof the hazardouswastereleaseson the environment
dependson the nature of the fly ash and other wastesfrom the plants,
aswell asthe sitegeologyandhydrology.

For technicaland regulatoryreasons,it is advantageousto use
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mathematical simulatorsto predict the behavior and transport of
leachates. The ElectricPower ResearchInstitutehas sponsoredthe
developmentof a proprietarysimulator,FASTCHEM. The code permits
two-dimensionalmodelingof steady-stategroundwaterflow throughthe
saturatedaad the vadose zones with simultaneouschemical reactions
between groundwaterand the soil. Precipitation,dissolution,ion
exchange,and adsorptionof dissolvedchemicalspeciesmay be modeled.

FASTCHEM's modular structure and overall organization are
shown infigureI. EFLOWimplementsthe Galerkinfinite-elementmethod
on two-dimensional domains using rectaagular 8rod/ortriaagular
elements. The flow in a vertical cross-sectionmay be saturatedor
unsaturated. EFLOW can accomodate specifiedhead _nd flux boundary
conditions,recharge,potential infiltration/evaporation,seepage,
and transpiration. The ETUBE module utilizes the hydraulic head
computed by EFLOW to construct streamtubes along pathlines.
Streamtubes consist of series of equal-vol_tme"bins" used for
geochemicalequilibriumcalculationsinEICM. Chemicalprocessesare
incorporatedthrough ECHEM and EICM. ECHEM is used to set up the
chemical conditions in the soils and the chemical compositionof
bounding influxesfrom groundwater,atmosphericprecipitation,and
leaching fly ash. EICM simulates reactive chemical transport of
aqueous solutionsthrough the sequence of bins in the streamtube,
keepingtrackovertimeofthe chemicalcomponentsinthe aqueousphase
andmonitoredspecies.
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FigureI. FASTCHEM'smodularstructure.
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This work summarizes the results of a study on a representative
site, located in the Southeastern United States. The fly-ash pond at
this site is constructed adjacent to an alluvium-filled stream
channel,and restspartlyon thisalluviumand on saprolite. Figure 2
depicts a vertical cross-sectionof the pond and the underlying
formationsapproximatelyalongthedirectionof flow.
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Figure2. Geologicalcross-section.

OverviewofGeohydrology

The fly-ashpond has been in operationfor about 16 years and
haa been the subjectof field studiesand monitoring. We have been
furnishedwith limitedsitedatadeterminedfrom thesefield studies.
IT_-sit_materialsare saprolite,alluvium,and a partiallyweathered
bedrock,all underlainby anunveatheredbedrock. A 5 toI0meterthick
ash layer has been formedin the pond. The hydraulicconductivities
used in modeling are shown in figure 2; the underlyingbedrock is
treatedas impermeable.

The subsurfaceflowin this verticalcross-sectionwas modeled
. using prescribed-head bom_dary conditions at the upgradient and

downdradient (river) boundaries, an impermeable base, and prescribed
head in the pond. Surface infiltration and evaporation were deemed
negligible outside of the leachate pond. Potential seepage surfaces
were specified along both saprolite faces and the observed seepage
surfaces were successfully modeled. About 96 percent of the outflow
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occursat seepagesurfacesat the downgradientface of the seproiite
dam. The finite-elementgrid consistsof 947 triangularelementsand
547 nodes. This relativelydense discretizationis needed to ensure
smoothpathlinetrackinginETUBE.

Representativepathlinesand travel times, obtained through
ETUBE, are shown in figure 3. Pathlines1 and 2 are forced to the
surface by the hydraulic barrier created by the leachate pond.
Pathline 3 exits the domain at the river. Pathlines 4 and 5 flow
throughthe saprolitedam exitingatthe seepagesurface.
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Figure 3. Representative pathlines.

Geochemistry

Limited informationis availableregardingthe mineralogical
composition of the partially weathered bedrock, saprolite, and
alluvium at the site. Soil samplesand the accumulatingash were
examinedfor claycontent,cationexchangecapacityand speciesonclay

' exchangesites,and the hydroxylaminehydrochlorideextractableironI
content. Groundwatersamplesfrom all three soilhorizonsand the ash

' pore water had been recovered and their chemical composition
' determined. These data were employed in ECHEMto set up realistic

initial geochemicalconditions for EICM. .

For illustrative purposes, we present a simulation of reactive
chemical transport processes along a representative streamtube. This
streamtube begins at the base of the ash (near streamtube 3 in figure
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3), passes through saprolite and alluvium, and discharges in the
adjacentriver. The streamtubehas a totallengthof about 360 meters.

• The simulationwas conductedover a period of six years. EICM plots
indicatethat a modifiedash pore water breaksthrough the end of the
selectedsteamtubeafteraboutfouryears.

The changing concentrationsof some of the aqueous chemical
componentsas theyemergefromthe streamtubeovertimeare illustrated
in figure 4. The components can be subdivided into two types:
conservativeand nonconservative. Conservativecomponentsare those
whose concentrationsare modified only by dispersion. In this
particular simulation,the conservativecomponents are Mn++, Fe+.,

Ni+.,Cu*.,CI',and COS'. The remainingcomponentsare all affectedto
some extentby adsorption,ion exchangeandprecipitation/dissolution

reactions. These includeH*, Na*,K.,Mg++,Ca**,Zn++,Fe++,and SO_'.
H., Ca.+, A1+++, and Si(OH)4 also participate in soil mineral
dissolutionreactions.Potassiumjarositeisthe onlymineralthathas
thepotentialto formfrom leachateinteractionswiththe soil.

The principalchemicalinteractionspredictedby EICM involve
ion exchangeon clays and adsorptionon hydratedferric oxide (HFO).
The distributionof specieson clays is illustratedin figure 5. The
dominantspeciesthroughoutthe streamtubeare CaX_,and MgX2. As the
pore water advancesthrough the soil, Ca++,K., Zn+.,and H+ displace
Mg+.and Na+. Only a small amountof Zn*+is adsorbed,the total Zn+*
contentin solutionremainingcloseto that inthe leachate. Chemical
reactions on HFO-sites are dominated by replacement of HFO-H by

HFO-H2SO_uponcontactwiththemigratingacidicleachate.

Conclusion

Th_ FASTCHEMsimulationspredictthat aboutninety six percent
of the discharge from the fly ash impoundmentoccurs through the
saprolitedam and adjacentpondbottomto emergeas seepageat the foot,
of the dam face. Only fourpercentof the dischargepasses throughthe
accumulatedash intogroundwater.Fe++,Mn++,and small concentrations
of Ni.+will leach from the accumulatingfly ash and dischargeto the
groundwaterandadjacentriver.
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Figure 4. Concentrations of some aqueous chemical components
as a function of time.
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Figure 5. Distribution of species ion-exchanged on clays, two years
after the ash leachate migrated into the soil.
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