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Avenue,SuiteF,Seaside,California,Monday
throughFridayfrom9a.m.to5p.m.

SUMMARYOFSITEHISTORY,
CONTAMINATIONPROBLEMS,AND
SELECTEDREMEDY

SiteHistory

Sinceitsopeningin1917,FortOrdhasprimarily
servedasatrainingandstagingfacilityfor
infantrytroops.In19!31,FortOrdwasselected
forclosurein1993;themajorityofthesoldiers
werereassignedtootherArmyposts.

OU2 iscomprisedoftwolandfills.Bothwere
usedforresidentialandcommercialwaste
disposal.Thenorthlandfillwasusedfrom1956
to1966.Themainlandfillwasoperatedfrom
1960until1987andmayhavereceivedasmall
amountofchemicalwastealongwithhousehold
andcommercialrefuse.Themainlandfillfacility
stoppedacceptingwastefordisposalinMay1987
becauseoftheinitiationofinterimclosureofthe
facility.

ContaminationandHydrogeoIogic
Characteristics

Theresultsoftheremedialinvestigation(RI)at
theFortOrdLandfillsindicatethatlandfill
materialswereburiedinrelativelyuniformsand
dunedepositsinshallowtrenchesapproximately
30feetwidethatextendfromgroundsurfaceto
10to12feetbgs.Soilsamplescollectedbelow
tie landfillsdonotcontainchemicalsassociated
withthelandfills.Chemicalsassociatedwith
landfilledmaterials,however,havebeendetected
insoilvaporsamplesobtainedfromsoil
overlyingthelamlf-illsandingroundwater
collectedfrombeneaththelandfills.The
chemicalsarebelievedtohavemi~atedaway
fromthelandfilledmaterialsasvaporsoras
solutesinleachate.

Chemicalsarepresentintwogroundwater
aquifers:theshallowA-aquifer,andtheUpper
180-footaquifer.Thegroundwaterinthe
A-aquiferoccursatapproximately50to100feet
bgs;groundwaterintheUpper180-footaquifer
occursatapproximately100to300feetbgs.
ResultsoftheRIindicatethatthegreatest

numberofchemicalsandhighestconcentrations
weredetectedintheA-aquifer.

WaterintheA-aquiferflowstowardthewestand
the-PacificOcean.Duetoextensivelocaland
regionalpumpingofwaterfromtheUpper
180-footaquiferforagriculturalanddomestic
use,thenaturalflowtowardthewestisreversed,
andwaterintheUpper180-footaquiferflows
inland(eastward).Beneaththelandfill,theA-
andtheUpper180-footaquifersareseparatedby
animpermeablelayer,oraquiclude,knownas
theSalinasValleyAquiclude(SVA).Nearthe
pacificOcean,however,thetwoaquifersare
connectedbecausetheaquicludepinchesoutin
thisarea.Thus,chemicalsintheA-aquifercan
ormay(overmanyyears)migrateintotheUpper
180-footaquifer.

Trichloroethene(TCE)wasthemostimportant
chemicaldetected,intermsoffrequencyand
concentration,inwatersamplesobtainedfrom
theA-andUpper180-footaquifers.The
maximumconcentrationofTCEdetectedin
watersamplesobtainedduringgroumdwater
samplingoftheA-aquiferwas80partsper
billion,ThehighestTCEconcentrationdetected
intheUpper180-footaquiferwas50partsper
billion.Theallowablestateandfederaldrinking
waterstandard,theMCL,is5partsperbillion
forTCE.InadditiontoTCE,otherVOCShave
beendetectedingroundwaterbeneaththesite,
including:tetrachloroethene,benzene,
cis-1,2-dicldoroethene,anddichloromethane.

SelectedRemedy

TheRODforOU2wassignedonAugust23,
1994,andincludedthefollowingremediesfor
soilandgroundwater:

soil

Acoversystemforthelandfillswasselectedto
preventrainwaterfrompercolatingthroughthe
landfilledareasandintotheunderlyingdrinking
wateraquifers,tocontainandcollectandremove
methaneoffgas(ifnecessary),andtoprevent
exposureofsanitarywasteinthelandfillstothe
surroundingenvironment.Thecoversystem
specificationsaredrivenbyapplicableor
relevantandappropriaterequirements(ARARs)
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(i.e.,deedrestrictions)willbeplacedonthe
propertytoensurethattheintegrityoftie cover
systemismaintainedandwillpreventpotential
directexposuresofVOCStotheenvironmentor
peopleassociatedwithfutureuseofthesite.

Groundwater

Theselectedremedyincludesgroumdwater
extractionandtreatmentforanestimatedperiod
of30years,duringwhichtimethesystem’s
performancewillbecarefullymonitoredona
regularbasisandadjustedaswarrantedbythe
performancedatacollectedduringoperation.
Modificationsmayincludeanyorallofthe
following:

● Discontinuingpumpingatindividualwells
wherecleanupgoalshavebeenattained

● Alternatingpumpingwellstoeliminate
stagnationpoints

● Pulsepumpingtoallowaquiferequilibration
andtoallowadsorbedcontaminantsto
partitionintogroundwater;and

● Addingadditionalextractionwellsto
facilitateoracceleratecleanupofthe
contaminantplume.

Thepointsofcompliancefortheremediation
goalsareanymonitoringwellsscreenedinthe
A-andUpper180-footaquiferswithintheplume
area.RemedialDesign/RemedialAction
documentationwilldefineatwhatpointthe
remediationgoalswiUbeconsideredtohave
beenattained.Toensurethatremediationgoals
continuetobemaintained,theaquiferwillbe
monitoredinthevicinilyofwellswhere
pumpinghasceaseduntiltheArmy,EPA,and
theStateagreethatcleanupiscomplete.
Remediationgoalsforchemicalspresentin
contaminatedgroundwaterareeitherbasedon
ARARsoronvaluesdeterminedbyhumanhealth
riskassessment(RA).Theestimatedtotal
aggregateexcesscancerriskforallchemicalsat
theirrespectiverernediationgoalsis6x 10”.
Thiscumulativeriskiswithintheacceptable
range,andishealthprotective.

DESCRIPTIONANDBASISOF
SIGNIFICANTDIFFERENCES

CleanupstandardsfortheUpper180-footaquifer
needtobefinalizedbecausecleanupofthe
aquiferasdescribedintheRODwastobe
performedunderinterimactionwithprovisional
cleanupgoals.TheArmyconsideredwhether
thecurrentprovisionalgoalsshouldberetained
andfinalizedascleanupstandardsorwhethera
morestringentstandard,e.g.,backgroundlevels,
shouldbeset(seeTable1). TheArmyhas
determinedthatthecurrentprovisionalgoals
shouldbefinalizedforthefollowingreasons:

I. TheUpper180-footaquifercleanuplevel
shouldbeconsistentwiththeA-aquifer
cleanuplevelbecause:

● TheA-aquifersuppliestheUpper
180-footaquiferandthetwoaquifersand
plumesarebasicallycontinuous,as
shownbymorerecentdata,

● Fromariskassessmentexposure
perspective,thewaterwouldbeusedin
thesamewayforeitheraquifer,

“ IfcleanupgoalsfortheUpper180-foot
aquiferarelower(i.e.backgroundlevels)
thanthosefortheA-aquifer,extended
pumpingandoperationofthetreatment
systemfortheUpper180-footaquifer
wouldberequired,becauseitwouldbe
rechargedwithgroundwatercontaining
concentrationsofchemicalsabove
backgroundlevelsfromtheA-aquifer,

Z. Nosignificantreductioninriskwouldbe
achievediftheaquiferwasremediatedbelow
MCLS(i.e.,inanattempttoachieve
backgroundlevels)becauseMCLSarealready
healthprotective,

3. Hydrogeologicinformationobtainedsincethe
RODconfirmthattherearenoothersources
fortheplume(i.e.Sites2/12plume)andthat,
saltwaterintrusiondoesnotimpactthe
plumeandcanbeeffectivelycontrolled
duringremediation.
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EVALUATIONOFCHAPTER15,
SECTION2550.4,ANDRESOLUTION92-49
REGARDINGALTERNATIVECLEANUP
LEVELS

TheARARssetforthintheRODcontinueto
applytothesoilsandgroundwaterremediesat
OU2. Byfinalizingthecleanupstandardsfor
theUpper180-footaquifer,twoARARshave
beenconsidered:DischargesofWastetoLand,
Title23CCR,Div.3,Chapter15,section2550.4
andPoliciesandProceduresforInvestigationand
CleanupandAbatementofDischarges,
Resolution92-49.Bothallowforaquifercleanup
levelsrangingbetweenbackgroundandtheMCL
undercertainconditions.Baseduponthe
discussionpresentedintheESD,thefinal
cleanupstandardfortheUpper180footaquifer
satisfiestheseARARs.

UndertheapplicableprovisionsofChapter15,a
concentrationlimitforaconstituentofconcern
thatisgreaterthantheback~oundvaluemaybe
establishedifit istechnologicallyor
economicallyinfeasibletoachievethe
backgroundvalueandiftheconstituentwiLlnot
poseasubstantialpresentorpotentialhazardto
humanhealthortheenvironment.

Inestablishingaconcentrationlimitgreaterthan
backgroundforaconstituentofconcern,the
followingfactorsareconsidered:

●

●

●

●

●

●

●

Potentialadverseeffectsongroundwater
qualityandbeneficialuses,considering,

Thephysicalandchemicalcharacteristicsof
thewasteinthewastemanagementunit;

Thehydrogeologicalcharacteristicsofthe
facilityandsurroundingland

Thequantityofgroundwaterandthe
directionofgroundwaterflow

Theproximityandwithdrawalratesof
groundwaterusers

Thecurrentandpotentialfutureusesof
groundwaterinthearea

Theexistingqualityofgroumdwater,
includingothersourcesofcontaminationor

pollutionandtheircumulativeimpactonthe
groundwaterquality

~ Thepotentialforhealthriskscausedby
humanexposuretowasteconstituents

● Thepotentialdamagetowildlife,crops,
vegetation,andphysicalstructurescausedby
exposuretowasteconstituents

● Thepersistenceandpermanenceofthe
potentialadverseeffects:

StateWaterResourcesControlBoardResolution
92-49(92-49)containsrequirementsand
considerations(similartothosecitedin
Chapter15)regardingtheestablishmentof
cleanuplevelsgreaterthanbackground.
Resolution92-49requirescleanupinamanner
thatpromotesattainmentofeitherbackground
waterqualityorthebestwaterqualitythatis
reasonableconsideringalldemandsbeingmade
onthosewatersandthetotalvaluesinvolved,
beneficialanddetrimental,economicandsociaI,
tangibleandintangible.Anyalternativecleanup
levelmustbeconsistentwiththemaximum
benefittothepeopleofthestateandnot
unreasonablyaffectpresentandanticipated
beneficialuseofsuchwater.

SummaryofTechnicalEvaluationofFinal
Upper180.FootAquiferCleanupGoals

Atechnicalmemorandumthatevaluatesfinal
Upper180-footaquifercleanupstandardsis
presentedinAppendixAandissummarized
below.

Thedifferenceincleanuptimesthatwouldresult
fromapplyingtwodifferentcleanupgoals,
i.e.,(I)theprovisionalgoalsofMCLSand
risk-basedlevels,and(2)backgroundlevels,was
evaluated.ExistingOU2groundwatermodel
resultswereusedtoestimateassociated
pore-volumeflushtimestoremovecontaminated
groundwaterfromtheUpper180-footaquiferto
bothcleanupgoals.Basedonthemodelsand
inspectionofaquiferflowlines,contaminated
groundwaterfromtheUpper180-footaquifer
maytakeapproximately25yearstobecaptured
andrestoredtothecurrentprovisionalgoals.
Thisestimateisbasedonpredictedadvective
flowpathsonly,andduetolimitationsinherent
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inthemodel,doesnotaccountforchemical
retardation,degradation,hydrodynamic
dispersion,orchemicaldiffusion.

Anestimateofthetimerequiredtoachieve
backgroundcleanupgoalsintheUpper180-foot
Aquiferwasmoredifficulttoquantifyduetothe
limitationsinherentinthemodelandthelow
organiccontentofsaturatedsoilsrecently
measuredintheUpper180-footaquifer.In
addition,theA-aquiferwouldcontinuallybe
rechargingtheUpper180-footaquiferwith
concentrationsatorbelowMCLSandrisk-based
levelsforanindefiniteperiodoftime.Estimated
organiccarboncontentsfromanaquiferare
typicallyusedtocalculatedsolutetransport
retardation.Theestimatedaverageorganic
carboncontentfortheUpper180-footaquifer
(0.034percent)islowerthantheminimum
contentof0.16percentrecommendedfor
applicationoftheretardationestimation
technique.However,solutetransportretardation
maystillexistintheaquiferduetothephysical
andchemicaleffectsofmineralw.ufacesretarding
solutetransport.Todate,therearenotheoretical
modelsforcalculatingmineralsurface
retardation.

AnexampleofpotentialTCEresorptionduring
OU2 groundwaterremediationanditseffecton
cleanuptimesisillustratedintheAppendix.A
chemicalmassdistributioncoefficient(&)of
0.04ml/gestimatedforTCEfortheUpper
180-footaquiferresultsinanestimatethat
onepore-volumeflush(approximately25years)
wouldremovethecontaminatedgroundwater
fromthe180-footaquifertoprovisionalor
backgroundgoals.Thisresultisduetothefact
thatnoretardationofTCEinsaturatedsoilcould
bequantifiedusingthecurrentmodel.However,
itislikelythatsomeretardationwouldoccurin
theaquiferthatcannotbeaccountedforbythe
model.Inaddition,thereisaten-folddifference
inconcentrationsbetweenMCLSandbackground
(detection)levels;therefore,intuitively,itwould
takelongertoachievebackgroundlevels.

Forcomparisontotheabovescenariowhereno
retardationcanbeaccountedforinthemodel,an
assumptionthatretardationofcontaminants
occursintheaquiferata& valueof0.16n_d/g
(minimumnecessaryformodel)yieldsan
estimatethatremovaloftwopore-volumes

(approximatelysoyears)wouldberequiredto
achievebackgroundlevels.Inconclusion,ata
minimum,itisestimatedthatremovalof
oneporevolumefromtheUpper180-footaquifer
wouldberequiredtoachieveprovisionalgoals.
Atamaximum,ifsomeretardationoccurs,
severalporevolumes(2ormore)wouldhaveto
beremovedtoachievebackgroundlevels.

ComparisonofEconomicImpactof
CleanuptoProvisionalorBackground
Goals

Forthepurposesofthisdiscussion,theeconomic
impactofcleaninguptheUpper180-footaquifer
toprovisionalgoalsversusbackgroundlevelsis
assessedusingthefollowingcleanuptime
estimates:(1)25yearsforUpper180-foot
cleanuptoprovisionalgoals,and(2)25yearsfor
A-aquifercleanupplus25years(1additional
pore-volumeflush)forsubsequentcleanupofthe
Upper180-footaquifertobackgroundlevels,for
atotalof50years.Assumingthetreatment
systemwouldoperateat1,200gallonsperminute
(gPm),thetwodifferentcleanupscenarioswould
haveestinatedoperationandmaintenancecosts
asfollows:

(1)$1,225,000for25yearsofextractionand
lxeatmenttoreachprovisionalgoalsinthe
Upper180-footaquifer,or

(2)$2,450,000for50yearsofextractionand
tieatmentinanattempttoreachbackground
levels.

Cleanuptoprovisionalgoalswouldbehealth
protectiveandincompliancewithARARs.
Approximately$1,225,000ofadditional
expenditureswouldberequiredtoachieve
backgroundlevelsintheUpper180-footaquifer
andwouldnotresultinasignificantrisk
reduction.

CompliancewithARARs

Attainmentofthecleanupstandardwould
protectbeneficialusesofgroundwaterinthe
Upper180-footaquiferbecauseitwouldnotpose
asubstantialpresentorfuturerisktohuman
healthandtheenvironment.MCLSare
risk-basedlevelsandarealreadyprotectiveof
humanhealthandenvironmentalreceptorsare

.- D3948B-H
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notknowntobeincontactwithgroundwaterin
theUpper180-footaquifer.Inaddition,sampling
andmonitoringofchemicalconcentrationsin
bothaquiferswouldbeperformedaspartof
remediationactivities.Residualcontamination
wouldbeaddressedthroughpost-remediation
sampling:however,residualconcentrationsof
chemicalsbelowMCLSandrisk-basedlevels
wouldnotposesignificantdetrimentaleffectsto
futurebeneficialusesofgroundwater.

BeneficialusesofgroundwaterintheUpper
180-footaquifermayinfactbecompromisedin
thelongtermifpumpingofgroundwater
continuesoveralongperiodoftime(5oyears)in
anattempttoachievebackgroundlevels.
BecauseOU2groundwaterinthisaquiferisin
communicationwiththeMontereyBay,extended
pumpingatthesite,whencoupledwithother
demandsontheaquiferovertimefrom
agriculturalanddomesticuses,mayaddtothe
potentialforsaltwaterintrusionintotheaquifer.
Althoughtheextractionandtreatmentsystemfor
-OU2 isdesignedtominimizethepotentialfor
saltwaterintrusionbyreinfectingtreatedwaterat
OU2,theeffectsoffutureadditionaldemandson
regionalgroundwateroveraperiodofseveral
decadesmayresuhinpotentialadverseeffectsto
groundwaterquality.Otherportionsofthe
regionalaquifercouldbeaffectedbysaltwater
intrusionifdroughtconditionscontinueand
increasingdemandsaremadeontheaquifer.
Saltwaterintrusionwouldbedamagingto
beneficialusesofregionalagricuhmaland
domesticimportance.

ThehydrogeologiccharacteristicsoftheUpper
180-footaquiferindicatethatgroundwaterinthis
aquiferissuppliedbytheA-aquifer.Therefore,
cleanupgoalsfortheA-aquifershouldbeapplied
toandbeconsistentwithgoalsfortheUpper
180-footaquifer.Ifcleanupgoalsweredifferent
forthetwoaquifers,i.e.,MCLSandrisk-based
levelswouldbeappliedtotheA-aquiferand
backgroundlevelswouldbeappliedtotheUpper
180-footaquifer,theA-aquiferwouldrecharge

theUpper180-footaquiferwithconcentrations
belowMCLSbutabovebackgroundlevels.This
scenariowouldrequirethatbackgroundlevelsbe
achievedintheA-aquiferbeforetheycouldbe
achievedintheUpper180-footaquifer.Thisis
nottechnicallyoreconomicallyfeasibleforthe
A-aquiferbecausetheorganiccarboncontentin
thisaquiferthatretardsflushingofcontaminants
issignificantenoughtomakecleanupto
backgroundlevelsimpractical(seeAttachmentA
toAppendixA).Inaddition,health-protective
cleanuplevelshavealreadybeenestablishedfor
theA-aquiferabovebackgroundlevels.

Forthereasonsstatedabove,theArmyhas
determinedthattheMCLSandrisk-basedlevels
arethefinalcleanupstandardfortheUpper
180-footaquifer.

AFFIRMATIONOFSTATUTORY
DETERMINATIONS

Thisfinalremedysatisfiestherequirementsof
CERCLASection121.Consideringthenew
informationthathasbeendevelopedandthe
needtodetermineafinalcleanupstandardfor
theUpper180-footaquiferfortheselected
remedy,theArmy,U.S.EPA,andCal/EPA
believesthataconsistentfinalcleanupgoalof
MCLSandrisk-basedlevelsappliedtoboth
aquifersremainsprotectiveofhumanhealthand
theenvironment,complieswithfederalandstate
ARARsforthisremedialaction,andisabletobe
achievedinacosteffectivemanner.Inaddition,
thefinalcleanupstandardundertherevised
remedystillutilizepermanentsolutionsand
alternativetieatmenttechnologiestothe
maximumextentpracticableforthissite.

PUBLICPARTICIPATION

AnotificationtothepublicconcerningthisESD
willtakeplaceinAugust1995.The
administrativerecordisavailableforreviewby
thepublic.

,.+.
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TECHNICALMEMORANDUM:EVALUATIONOFFINALUPPER180-FOOTAQUIFER
CLEANUPGOALS

-.,

Thismemorandumpresentspotentialaquifer
restorationtimes[periodsofremediationsystem
operation)necessarytoachieveeachoftwo
differentsetsofgroundwaterrestorationgoals.
Thegroundwaterrestorationgoalsconsidered
were(1)thecurrentUpper180-footaquifer
provisionalgoalsand(2]aquiferchemical
backgroundconditions,consideredtobecurrent
analyticallaboratorymethoddetectionlimits.
TheUpper180-footaquiferprovisionalgoalsare
thesameastheA-aquiferfinalgoals.The
A-aquifergroundwatercleanuplevelswere
establishedintheOU2recordofdecision(ROD)
whichwassimedonAwust23,1994.Table1

-. .

.-..

—

liststheprov~sionalgoal;andtheanalytical
detectionlimitsrepresentativeofbackground
conditions.

Toevaluatepotentialcleanuptimesandthe
relativedifferencesbetweenprovisionaland
backgroundgoals,existingOU2groundwater
modelingresultswereused.TheFortOrdOU
three-dimensionalMODFLOW/PATH3Dmodel

2

(ELM,1995)wasusedtoestimategroundwater
flowpaths,traveltimes,andassociatedpore-
volumeflushtimes.Ananalyticalbatchflush
sorptionmodelpreviouslyemployedduringthe
evaluationoftheA-aquiferwasusedtoevaluate
potentialsolutesorption/resorptionduring
groundwaterremediation.Athree-dimensional
solutetransportmodelwasnotusedtoevaluate
cleanuptimesbecausethesolutetransport
modelingwillnotsignificantlyincreasethe
precisionofthetimeestimate.

AnalysisofFiushingTimesandSolute
Transport

Thetimesrequiredtoattaintheprovisionalgoals
andthebackgroundgoalswereapproximated
usingtheporevolumeflushtimes(thetime
requiredtoremovetheentirevolumeof
contaminatedgroundwater)estimatedwiththe
advectivegroundwaterflowmodel,andapplying
retardationfactorstoestimatesolute
concentrationsduringresorption.

Thesimulatedgroundwaterflowlinesandtravel
timesassociatedwiththeproposedOU2
groundwaterextractionsystemarepresentedin
theDraftDesignAnalysis,OU2Groundwater
Remedy(WA,1995).Plates1through3
(reproductionsofPlates16through18,
ML4,1995)displaythesimulatedaquiferflow
linesfortheetiactionandinjectionwellsin
boththeA-andUpper180-footaquifers,
respectively.Plate2indicatesthathydraulic
captureoftheVOCplumecurrentlyresidingin
theUpper180-footaquifermayoccurwithina
10-to15-yeartimeperiod.Additionally,
inspectionofPlate3,whichdepictscaptureby
180-footaquiferexhactionwellsofA-aquifer
groundwaterflowingofftheSalinasValley
Aquiclude(SVA),indicatesthatcontaminated
groundwaterfromaportionoftheA-aquifermay
takeaslongasapproximately25yearstobe
ultimatelycapturedintheUpper180-foot
aquifer.Basedonthisinformation,a
conservativeestimateofapproximately25years
isestimatedforUpper180-footaquifer
restorationtotheprovisionalgoals.This
estimateisbasedonpredictedadvectiveflow
pathsonly,anddoesnotaccountforchemical
retardation,degradation,hydrodynamic
dispersionorchemicaldiffusion.

SoiuteResorptionandRetardation

Chemicalretardationandresorptionduring
flushingandcleanupwasevaluatedusingsite
chemistrydataandtheoreticalsorptionmodels.
Sorptionandretardationaregenerally
representedusingachemicalmassdistribution
coefficient(~; whichinturncanbeestimated
byperformingbatchexperimentsinthe
laboratory,performingfieldexperiments,orusing
theoreticalapproximationsbasedonchemical
propertiesandaquifermatrixorganiccarbon
content.Becausebatchtestsorfieldexperiments
havenotbeenperformed,thetheoreticalmethod
wasusedwithsiteaquiferorganiccarbondata
collectedduringthesiteinvestigation.

D39488-H
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Theestimatedaverageorganiccarboncontentof
theUpper180-footaquiferis0.00034
(0.034percent)(FL!A,1994).Thisaquiferorganic
carboncontentislowerthantheminimum
contentof0.1percentrecommendedforthe
applicationofanaquiferorganiccarboncontent
basedretardationestimationtechnique(Olsen
andDavis,1990a,b).TheUpper180-footaquifer
organiccarboncontentisapproximatelylo-fold
lowerthanthatestimatedfortheA-aquifer(0.25).

Althoughtheorganiccarboncontentistoolowto
technicallyestimatesoluteretardationinthe
model,itdoesnotmeanthatsolutetransport
retardationdoesnotexist.Thephysicaland
chemicaleffectsofmineralsurfaces
(predominantlyclays)createssolutetransport
retardation.Whenaquiferorganiccarbon
contentishigh,it’ssorptivepotentialfororganic
chemicalspredominatesoverinorganicsorption.
Whenaquiferorganiccarbonislow(below
O.lYO),inorganicmineralsurfacesorptionismore
important.Unfortunately,todate,therehasnot
beenanytheoreticalmodelsdevelopedtoprovide
estimatesofsolutesorptioncausedbymineral
surfaces.

AnexampleoftherangeofpotentialTCE
resorptionduringOU2groundwaterremediation
anditseffectontimesrequiredtoreach
provisionalandbackgroundgoalsisillustrated
onPlate4. Thetheoreticalaquiferorganic
carbonsorptionmodelyieldsanOU2TCE& of
0.04ml/gwhichunderestimatestheactual&
(whichincludesorganicandinorganic
componentsseeabove).BecausethisTCE&
valueisbasedsolelyonanorganiccarbon
contentlowerthanthedefaultvalue,retardation
isassumedtobeinsignificantandthe& is
assumedtobeObythemodel.Therefore,the
modelresultsindicatethatonlyoneporevolume
flushisnecessalytoreducetheaverage180-foot
aquiferTCEconcentrationtobelowprovisional
andbackgroundconcentrationsimultaneously.
However,sincea 10-folddifferenceexists
betweenthesecleanuplevels,itseemslikelythat
cleanuptobackgroundwillrequireremovalof
morethanoneporevolumeofgroundwater.
Assumingthattheremovalofoneporevolumeof
groundwaterwilllowertheVOCplume
concentrationtotheprovisionalgoals,the
hypotheticaltime(i.e.,backgroundassuming
solutesorptiondoesaffectcleanuptime)required

toreachothercleanupgoalsispresentedon
Plate4. UsingaTCE& of0.16dg (whichis
theminimumthatisrecognizedbythemodel)
resultsinoneporevolumeflushrequiredto
achieveprovisionalgoals,andapproximatelyone
additionalporevolumeflushisrequiredto
achievebackgroundgoals.ATCEK~of0.18ml/g
(anincreaseofonly0.02)resultsinanestimated
8additionalyearsrequiredtoachieve
backgroundgoals.Thus,smallchanges
(incrementsof0.02)totheTCE& valuecould
haveasignificanteffectonthetimerequiredto
meetthetreatmentgoals.Thepreceding
analysesdisplaysthesignificantadditional
cleanuptimepotentiallyassociatedwiththe
attempttoachievebackgroundcleanupgoalsand
thepotentialeffectoncleanuptimeofsmall
changesinsolutesorptionandretardationinthe
OU2Upper180-footaquifer.

EffectofDifferenceBetweenA=Aquifer
FinalCleanupGoalsandUpper180=Foot
AquiferBackgroundGoals

TheA-aquiferfinalcleanupgoalsareequaltothe
provisionalgoalsfortheUpper180-footaquifer
andaregreaterthanthebackgroundgoals.This
relationshipallowsgroundwaterrechargingthe
Upper180-footaquiferfromtheA-aquiferto
containVOCsatconcentrationsslightlylower
thantheprovisionalgoalsbutgreaterthanthe
backgroundgoals.RechargingtheUpper
180-footaquiferwithA-aquifergroundwater
containingVOCconcentrationsabove
backgroundimpliesthattheA-aquifermustfirst
reachthebackgroundgoalsbeforetheycanbe
achievedintheUpper180-footaquifer.Final
cleanupgoalsfortheUpper180-footaquiferthat
arelowerthanthosefortheA-aquiferwillcreate
aconditionwheregroundwaterisconsidered
remediatedintheA-aquiferandatthesametime
wouldlikelyconstitutethesourceofVC)CStothe
Upper180-footaquifer.Theeffectofusing
backgroundgoalsfortheUpper180-footaquifer
insteadofthecurrentprovisionalgoals(A-aquifer
finalgoals)isthattheaquiferrestorationtime
couldbeextendedbythetimerequiredtoclean
uptheA-aquifertobackgroundwhichis
currentlyestimatedtobeapproximately47years.
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SummaryandConclusions

Large-scalegroundwaterremediationsystems
similartotheproposedOU2systemusually
operateformanyyears,andsystemoperationis
assessedovertimeusingperformancedata.
However,estimatesofcleanuptimesare
necessa~priortosystemoperationinorderto
evaluatelong-termrernediationgoals,feasibility,
andcost.

Thecleanuptimeestimateisapproximatedueto
thefollowingassumptions:(1)nosolutevelocity
retardationisassumed,(2)hydraulicconductivity
datausedasthebasisforgroumdwatervelocity
estimationmaynotaccuratelyrepresenttrue
conductivitiesandvelocities,(3)themassofVOC
presentwithintheFO-SVAandotherfine-
grainedand/orhigherorganiccarbonlayersin
communicationwiththeUpper1t30-footaquifer
isinsignificant,and(4)therearenolongerany
VOCsourcescontributingmasstoeitherofthe
aquifersystems.

Basedontheaboveanalyses,itislikelythetime
requkedtoachieveprovisionalgoalsinthe
Upper180-footaquiferisapproximately25years,
andthecleanuptimerequiredtoachieve
backgroundgoalscouldbesoyearsorlonger.
Becauseoftheuncertaintyincontaminant
resorptionandtheeffectsofrechargeofthe
Upper180-footaquiferfromA-aquiferwater
containingVOCsabovebackground,theactual
cleanuptimestoachievebackgroundcannotbe
accuratelypredicted;however,aquifercleanup
timewillbeperiodicallyevaluatedduringsystem
operation.Thepotentialcleanuptimedifference
betweenprovisionalandbackgroundgoalsmay
resultinsignificantadditionaloperatingcosts
(additional25yearsorlonger).
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