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EXECUTIVESUMMARY

Thisreportpresentstheresultsof theBasewideHydrogeologicCharacterization

performedatFortOral,California.ThisinvestigationwasconductedbyHarding

LawsonAssociates(HLA)onbehalfof theU.S.ArmyCorpsof Engineers(COE),

SacramentoDistrict,whichhasbeenretainedbytheArmytoconducttheremedial

investigation/feasibilitystudy(RI/FS)atFortOral.

Thepurposeof thisinvestigationwastocharacterizethehydrogeologicconditions

atandin theimmediatevicinityof FortOral.A primaryfocusof theBasewide

HydrogeologicCharacterizationwastounderstandtheaquifersystemsatFortOrdin

supportof thespecificRI/FSsiteinvestigations

evaluatethepotentialfor contaminanttransport

METHODOFINVESTIGATION

beingconductedconcurrently,andto

intoandwithinthegroundwatersystem.

HLAcompiledavailableliterature,welllogs,andgroundwaterdatafrom

previousstudiesandongoinggroundwatermonitoringactivitiesbyFortOrdandother

localcommunities.Tosupplementthesedata,HLAperformedadditionalbasewide

investigations,including:(1) drillingfourpilotboringsandinstallingwellclusters,

(2) drillinga deepaquiferwell(to500feet);(3) obtainingrepresentativesoiland

groundwatersamplesfor laboratoryanalysis;(4)monitoringwaterlevelsin selectedon-

andoffbasewells;and(5) geophysicallyloggingthepilotboringsandconductinga

seismicreflectionsurvey.Thedatafromtheseactivitieswerethenevaluatedto

characterizethephysicalconditionsof theaquifersystems,pathwaysbetweenaquifers,

regionalflowgradients,andgroundwaterchemistry,andtoidentifydatagapspertinent

totheongoingRI/FSprogram.
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FINDINGS

GroundwaterResources

Groundwateris theprincipalsourceof watersupplyfor FortOrdandits

neighboringcommunities.FortOrdisunderlainbytwogroundwaterbasins,theSalinas

basinin thenorthernpartof thebaseandtheSeasidebasinin thesouthernbasearea.

TheSalinasbasinislargeandincludestheMainandEastGarrisonareas,Fritzsche

ArmyAirfield(FAAF),andthecityof Marina.Thisbasinextendswellbeyondthe

baseboundaries.TheSeasidebasiniscomparativelysmallandincludestheFortOrd

ImpactArea,Seaside,andSandCity.

Thecityof MarinaandFortOrdcurrentlyobtainwaterfromwellslocatednear

theeastboundaryof Marinaandin theEastGarrison,respectively.Seasideandthe

communitiesimmediatelysouthof thebaseobtaingroundwaterfromSeasidebasinwells

locatedimmediatelywestof theFortOrdImpactArea.

Seawaterintrusionhasaffectedwellsin thecityof MarinaandatFortOrdfor

severaldecades.Theeastwardmovementof seawaterintotheaquifersof theSalinas

basinhasapparentlyresultedfromoverpumpingof groundwater.Inresponseto

seawaterintrusion,FortOrdhasrelocateditswellseastwardtotheircurrentlocationin

thevicinityof theEastGarrison.Thecityof Marina,ontheotherhand,couldonly

moveitswellsasfareastastheMarina/FortOrdboundary.Consequently,Marina

drilleddeeperwellstopenetrateaquifersbelowthezonesof seawaterintrusion.

SalinasBasin

IntheSalinasbasinportionof FortOral,threeaquifersareof primary

importancetothisinvestigation:

● TheshallowA-aquifer
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● The 180-footaquifer

● The400-footaquifer,whichunderliesthe180-footaquifer.

The 180-footand400-footaquifernamesatFortOrdarederivedfromtheaquifer

namesin commonusagein theSalinasValley.TheA-aquiferisunderlainand

separatedfromthe180-footaquiferbytheFortOrd-SalinasValleyAquitard

(FO-SVA).TheFO-SVAisprobablyequivalenttotheSalinasValleyAquitard(SVA)

of theSalinasValleyproper;however,thenatureof therelationshipbetweenthe

FO-SVAandtheSVAisuncertainin theeastportionof FortOrdduetoapparent

elevationdifferencesbetweenthesetwoaquitards.

Twootheraquifersarealsopresent,the900-footandAromas-PasoRobles

aquifers.Becausetheseareof lessimportancetotheRI/FSinvestigations,theyarenot

describedin detailin thisreport.

TheA-aquiferisnotusedfor watersupply.However,duetoitsproximityto

thegroundsurfaceandpermeablenature,itisvulnerabletocontaminationtransported

byinfiltratingsurfacerecharge.Groundwaterin theA-aquiferisunconfinedand

perchedatopamajoraquitard,theFO-SVA.Flowdirectioniscontrolledtoalarge

degreebytheconfigurationof thisaquitard.Flowdivergestowardthenorthwestand

northeastalonga north-southgroundwaterdivideapproximatelycoincidentwiththe

easternedgeof theOperableUnit2 (OU2;MainGarrison)landfill.Frombeneaththe

landfill,groundwaterflowswestwarduntilit reachesthewestedgeof theaquitard,

whereitappearstocascadeintothe180-footaquifer.Groundwaterflowingeastfrom

thegroundwaterdividelikelyseepsoutthebluffsthatformtheeasternbaseboundary,

withsomegroundwaterprobablyenteringthe180-footaquiferin thevicinityof the

EastGarrison.
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Thedistributionof contaminantsin theA-aquifergenerallyreflectsthe

groundwaterflowpatterns.A trichloroethene(TCE)plumeassociatedwiththeOU2

landfillisconsistentwiththeflowin theA-aquifer.Thisplumecontainsmaximum

TCE

edge

flow

concentrationsof approximately70microgramsperliter(pg/1).At thewestern

of theFO-SVA,theplumeapparentlyentersthe180-footaquiferandreverses

directiontowardtheeast.

.—

-.

The 180-footaquiferisa majorsourceof watersupplytobothFortOrdand

agriculturein theSalinasValley.Thisaquiferhastwoprincipalwaterqualityissues:

seawaterintrusionandthepotentialfor chemicalcontamination.Theresultsof this

investigationindicatethatgroundwaterflowin the180-footaquiferis eastwardfrom

MontereyBaytowardthegeneralvicinityof theFortOrdsupplywellsneartheEast

Garrison.SeawateratFortOrdisbelievedtohaveintrudedeastwardfromMonterey

Baytoslightlybeyondtheeasternlimitsof Marina.Betweenthislocationandthe

FortOrdsupplywells,gradientscontinueeastwardwithwater-levelelevationsbelowsea

level,indicatinga continuingpotentialfor eastwardmovementof seawater.The

short-termeffectsof seawaterintrusionatFortOrdcouldincludecontinued

degradationof waterqualityin the180-footand400-footaquifersinthe

Marina-MainGarrisonarea.Howeverc+me~tinformationonseawaterintrusiontrends

a= u-nc-+aim-dwete~-ge~e~-lack-e#isnotcurrentbecausefewrelevantwaterquality

datahavebeencollectedsinceGTCperformedt+ei-r~seawaterintrusionstudyin 1986.

Long-termit isuncertainif pumpingattheFortOrdsupplywellsissufficientto

induceseawaterintrusionfromthedirectionof Marina.It isconsideredmorelikelythat

theFortOrdsupplywellswouldbe affectedbyseawaterintrusionintothe180-foot

and400-footaquifersof theSalinasValleyProper. Northof FortOrdin theSalinas
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Valley,seawaterhasintrudedtowithinapproximately2.8milesof theFortOrdsupply

wellFO-30.

TCEplumeshavebeenidentifiedin twolocationsaffectingthe180-foot

aquifer.A TCEplumeisassociatedwiththeOU2landfill.Thisplumeappearstohave

enteredthe180-footaquiferfromtheA-aquifernearthewesternedgeof the

FO-SVAand/orthroughrecentlydestroyedFortOrdsupplywells.Theplumehas

apparentlymovedeastwardconsistentwiththeeastwardflowdirectionin the180-foot

aquifer.A secondTCEplumehasbeenidentifiedin the180-footaquifernearRI/FS

Site12. ThisplumehasTCEconcentrationsupto230#g/l andappearstohavemoved

westtowardMontereyBayconsistentwithlocalgradientsin thatarea.

The400-footaquiferprovidessignificantquantitiesof watertoMarinaand

FortOral.Thisaquiferisalsoamajorsourceof drinkingandirrigationwaterin the

SalinasValley.Theaquiferistypicallyconfined,butislocallyhydraulicallyconnected

totheoverlying180-footaquifer.Datafromthe400-footaquiferaresparse;

consequently,thehydrauliccontinuityandflowdirectionsareonlydescribedlocally

wherewellspenetratetheaquifer.

The400-footaquiferisaffectedbybothseawaterintrusionandlowlevelsof

organiccontaminants.Likethe180-footaquifer,pumpinghasresultedinseawater

intrusionintothe400-footaquiferin theareaof MarinaandthenorthernSalinas

Valley.Lowlevelsof TCEand1,1-dichloroethene(DCE)(1.0and1.2pg/1,

respectively)havebeendetectedin the400-footaquiferin thevicinityof the0U2

landfill.Beneaththelandfill,thereappearstobe littlehydraulicseparationbetweenthe

180-footand400-footaquifers.Flowpatternsinthe400-footaquifer

defined;however,onthebasisof historicalmovementof seawaterand

arepoorly

waterlevels
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obtainedfor thisinvestigation,flowisbelievedtObe in a generaleastwarddirection

fromtheMainGarrisonareatowardtheFortOrdpumpingcentersandsouthwardalong

theaxisof theSalinasValley.

BasinBoundary

Seismicreflectionsurveysobtainedaspartof thisinvestigationandprevious

wellslogsindicatea bedrockhighseparatestheSalinasandSeasidegroundwaterbasins.

Southof theMainGarrison,thebedrockhighiscomposedof theMontereyFormation

andisbelievedtoprovidehydraulicseparationbetweenthetwobasins.Basedona

singlewell(Huffman),thebedrockhighisprojectedeastward.

SeasideBasin

Threeaquifersarerecognizedin theSeasidebasin:

● Uppermostaquifer

● PasoRoblesaquifer

● SantaMargaritaaquifer.

TheUppermostaquiferisnotusedfor watersupply,buttheothertwoaquifers

aremajorwater-supplysources.BoththePasoRoblesandSantaMargaritaformations

areconsideredtocontainseveralwater-bearingzones.

Thisinvestigationfocusedprincipallyontheupperwater-bearingzonesof the

Seasidebasinbecausethesewereconsideredtobe mostvulnerabletocontaminationfrom

surfacesources.ThesezonesincludedtheunconfinedUppermostaquiferandthe

shallowwater-bearingzonesof thePasoRoblesFormation.Unfortunately,muchof the

SeasidebasinwithinFortOrdisin theImpactArea,anareaof veryrestrictedaccess.
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Similartopreviousinvestigations,accesswaslimitedtoareasimmediatelyadjacentto

thebaseboundariesandoffbase.

TheUppermostaquiferissimilarin naturetotheA-aquiferof theSalinasbasin

andconsistsof sandy,permeablesoils.GroundwaterwithintheUppermostaquiferis

unconfinedandperched,generallyflowingfromeasttowest.Thedegreeof hydraulic

communicationbetweentheUppermostandtheunderlyingPasoRoblesaquifersis

consideredrelativelylowbecausetheupperPasoRoblesFormationispoorlysorted,with

g-wnt+mconsiderablefine-grainedcomponent.Further,in muchof thewestern

portionof theSeasidebasin,anextensiveclay(theSeasideclay)appearstoseparatethe

UppermostandPasoRoblesaquifers.

PathwaysfromtheUppermostaquiferintothePasoRoblesaquifermayexist

wheresandystratain thePasoRoblesarein contactwiththeUppermostaquifer.These

pathwaysareonlyrecognizedconceptuallyandtheirdelineationwouldrequire

site-specificstudies.

ThePasoRoblesFormationisgeologicallyolderthantheUppermostaquiferand

thesediments(andaquiferzones)in thisformationarebelievedtobe deformedby

faultingandfolding.Thisdeformationprimarilyaffectsthedeeperportionsof the

formationandthefaultsareconsideredtoactassignificantbarrierstogroundwaterflow

wheretheyarepresent.Groundwaterin thisaquiferis typicallyconfinedandflowis

influencedtoalargedegreebypumpingfromsupplywells.

Thedeepestaquiferin theSeasidebasinistheSantaMargaritaformation.

Groundwaterin thisaquiferis confinedandgroundwaterflowisstronglyinfluencedby

pumping.Asin thePasoRoblesaquifer,thisaquiferisdeformedbyfoldingand

faultingwithfaultsformingbarrierstogroundwaterflow.
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Significantseawaterintrusionorgroundwatercontaminationhasnotbeen

identifiedin theSeasidebasinaquifers.

RECOMMENDATIONS

Onthebasisof thisinvestigation,thefollowingactivitiesarerecommended:

● Evaluatethehydrogecdogicconditionsbetweenthe0U2 landfilland
Sites2 and12to:

0 VerifytheconceptualflowmodelbetweentheA- and180-foot
aquifer

0 Evaluatethedistributionof contaminantsin thispotentialaquifer
pathway

o Verifyandmonitora groundwatermoundin thevicinityof
Site12.

● EvaluateupgradientcontaminationaffectingtheOU1-FAAFFireDrill
Area.

● Updatethestatusof inactivesupplywellsasverticalconduitsbetween
aquifersbasedonfindingsfromrecenthydrogeologicandcontaminant
sourceinvestigations.

● Performa groundwaterchemistryandwaterlevelmonitoringprogram.

● Developa quantitativegroundwatermodelto:

0 Allowsimulationof proposedgroundwaterextractionsystems

o Assessthepotentialimpactof groundwaterreinfectionand
extractiononcontaminantdistribution,seawaterintrusion,and
regionalgroundwaterflow

o Evaluatetheimpactof groundwaterextractionontheoverall
waterbudgetfor theaquifersystem.
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1.0 INTRODUCTION

FortOral,a U.S.Armybasein MontereyCounty,California,wasaddedtothe

NationalPrioritiesList(NPL)of hazardouswastesitesonFebruary21, 1990(55Federal

Register6154). In July1990,representativesfromFortOrdandtheU.S.Army(Army)

signeda FederalFacilitiesAgreement(FFA)withtheU.S.EnvironmentalProtection

Agency,RegionIX (EPA),theCaliforniaDepartmentof HealthServices(DHS),andthe

CaliforniaRegionalWaterQualityControlBoard,CentralCoastRegion(RWQCB).

Underthisagreement,theArmyisrequiredtoperforma remedialinvestigation/

feasibilitystudy(RI/FS)atFortOral.TheArmyCorpsof Engineers,Sacramento

District(COE),isconductingtheRI/FS.

Thisreport,preparedbyHardingLawsonAssociates(HLA)onbehalfof the

COE,presentstheresultsof theBasewideHydrogeologicCharacterization,whichispart

of thecurrentinvestigationprogramfor theFortOrdRI/FS. The purposeof the

BasewideHydrogeologicCharacterizationistoevaluatethehydrogeologicconditionsin

thevicinityof thebasein ordertounderstandthehydrogeologicframeworkof

FortOral.Tofulfillthispurpose,thefollowingconditionswerecharacterized(1) the

geologicunitsthatcomprisethegroundwateraquifersandaquitardsatFortOral,(2) the

groundwaterflowconditions,includingratesanddirectionsof subsurfaceflowin and

betweentheidentifiedaquiferunits,(3) theexistinggroundwaterextractionfromthe

groundwaterbasinsatFortOral,and(4) organicandinorganicgroundwaterchemistry,

Thisinformationwillbe usedin theRI/FStounderstandhydrogeologicconditions

affectingthespecificsites,andtoassessthepotentialfor contaminantmovementinto

andthroughthegroundwatersystem.
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ThisdocumentwaspreparedbyHLAatthedirectionof theCOEfor thesole

useof theCOEandthesignatoriesof theFFA,includingtheArmy,EPA,DTSC

(formerly,theToxicSubstancesControlProgramof theDHS),andRWQCB,theonly

intendedbeneficiariesof thiswork.NootherpartyshouldrelyorJtheinformation

containedhereinwithoutpriorwrittenconsentof theCOEandArmy. Thisreportand

theinterpretations,conclusions,andrecommendationscontainedwithinarebasedon

informationpresentedin otherdocumentsthatarecitedin thetextandlistedin the

references.Therefore,thisreportissubjecttothelimitationsandqualifications

presentedin thereferenceddocuments.

Section2.0of thisreportdiscussesgeneralsiteconditions.Section3.0presents

methodsusedtoconductthestudy,andSections4.0through7.0discusstheresultsand

drawconclusionsonthebasisof theseresults.Section8.0listsdatagapsandproposesa

workplantofillthedatagaps.A listof documentsusedtopreparethisreportis

providedin Section9.0.
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2.0 GENERALSITECONDITIONS

2.1 FortOrdLocationandHistory

FortOrdislocatedadjacenttoMontereyBayin northwesternMontereyCounty,

California,approximately80 milessouthof SanFrancisco(Plate1). Thebasecomprises

approximately28,000acresadjacenttothecitiesof Seaside,SandCity,Monterey,and

DelReyOakstothesouthandMarinatothenorth.TheSouthernPacificRailroadand

Highway1 passthroughthewesternportionof FortOral,separatingthecoastlinefrom

theremainderof thebase.TheLagunaSecaRecreationAreaandToroRegionalPark

borderFortOrdtothesouthandsoutheast,respectively.Landuseeastof FortOrdis

primarilyagricultural.

Sinceitsopeningin 1917,FortOrdhasservedprimarilyasa trainingandstaging

facilityfor infantrytroops.Nopermanentimprovementsweremadeuntilthelate

1930s,whenadministrativebuildings,barracks,messhalls,tentpads,anda sewage

treatmentplantwereconstructed.From1947to 1975,FortOrdwasa basictraining

center.Before1947andafter1975,the7thInfantryDivision(Light)occupied

FortOral.

ThethreemajordevelopedareaswithinFortOrdaretheMainGarrison,

FritzscheArmyAirfield(FAAF),andtheEastGarrison(Plate1). Theremaining

approximately20,000acresof undevelopedpropertyareusedfor trainingactivities.The

MainGarrisoncontainscommercial,residential,andlightindustrialfacilities.Itwas

constructedbetween1940andthe1960s,startingin thenorthwestcornerof thebaseand

expandingsouthwardandeastward.Duringthe1940sand1950s,therewasa small

airfieldin thecentralportionof theMainGarrison.Thisairfieldwasdecommissioned

whenFAAFwascompleted,andtheairfieldfacilitieswereredevelopedasmotorpools

orfor otheroperations.FAAF,whichservesasthegeneralairfieldfor FortOral,isin
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thenorthern

incorporated

350acreson

portionof thebase,adjacenttothecityof Marina.FAAFwas

intoFortOrdin 1960andexpandedin 1961. TheEastGarrisonoccupies

thenortheastedgeof thebaseandconsistsof militaryandindustrial

supportareas,recreationalfacilities,

2.2 ClimateandTopography

andrecreationalopenspace.

TheclimateatFortOrdischaracterizedasMediterraneanandistypicallycool

andmoist.Coastalfog iscommon,particularlyduringthesummermonths.

Temperaturesaremild,typicallyrangingfrom40 to70 degreesFahrenheit.

Temperaturesoccasionallyreachashighas100degreesandfreezingtemperaturesare

infrequent.

Theaverageannualrainfallisapproximately14incheswithprecipitation

occurringalmostentirelybetweenthemonthsof NovemberandApril. Althoughwind

directionisvariable,prevailingwindsarefromthewestandnorthwest.

ElevationsatFortOrdrangefromapproximately900feetabovemeansealevel

(MSL)nearImpossibleRidgetosealevelatthebeach.Thepredominanttopographyof

theareareflectsa morphologytypicalof thedunesanddepositsthatunderliethe

westernandnorthernportionsof thebase. Intheseareas,thegroundsurfaceslopes

gentlywestandnorthwest,drainingtowardMontereyBay. Runoffisminimaldueto

thehighrateof surfacewaterinfiltrationintothepermeabledunesand;consequently,

well-developednaturaldrainagesareabsentthroughoutmuchof thisarea.Typicalof

dunetopography,closeddrainagedepressionsarecommon.

Thetopographyinthesoutheasternthirdof thebaseisnotablydifferentfrom

therestof thebase. Thisareahasrelativelywell-defined,eastward-flowingdrainages

withinnarrow,moderatetosteeplyslopingcanyons.RunoffisintotheSalinasValley.
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2.3 WaterResources

Watersupplyandwaterqualityaresignificantenvironmentalissuesfor Monterey

Countyanditscities.TheMontereyPeninsulaWaterManagementDistrict(MPWMD)

hastheauthoritytomanagewaterresourcesfor allMontereyPeninsulacitiesand

portionsof MontereyCountysurroundingthepeninsula.TheCalifornia-American

WaterCompany(Cal-Am)istheprimarysupplierof potablewatertothegreater

MontereyPeninsula,includingSeaside,SandCity,andDelReyOaks.TheMPWMD

deriveswaterfromthreedistinctdrainagebasins:theCarmelValleybasin,theCanyon

delReybasin,andthelowerportionof theSeasidebasin.GroundWatersuppliesfor

FortOrdandthecityof Marinaarefromaquifersin theSalinasbasin;Seasideobtains

waterfromtheSeasidebasinaquifers.

2.4 Hydrogeology

2.4.1 RegionalGeology

FortOrdiswithintheCoastRangesGeomorphicProvince.Thisregionconsists

of northwest-trendingmountainranges,broadbasins,andelongatevalleysgenerally

parallelingthemajorgeologicstructures.Majornorthwest-trendingfaultsof theactive

SanAndreasfaultsystemhavebrokentheregionintoa seriesof tectonicblocks.

FortOrdiswestof theSanAndreasfaultwithintheSalinianblock,a regionunderlain

largelybygraniticandmetamorphicbasementrocks.TheKingCityfault,partof the

SanAndreassystem,isamajorstructuralfeatureof thenorthernSalinasValleyandhas

beeninterpretedtoprojectnorthwesterlythroughornearthenortheastboundaryof

FortOral.

IntheCoastRanges,older,consolidatedrocksarecharacteristicallyexposedin

themountains,buriedbeneathgeologicallyyounger,unconsolidatedalluvialfanand
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fluvialsedimentsin thevalleyandlowlandareas.In thecoastallowlands,theseyounger

sedimentscommonlyinterfingerwithmarinedeposits.

FortOrdandtheadjacentareasareunderlainfromdepthtothegroundsurface

byoneormoreof thefollowingunits:Mesozoicgraniticandmetamorphicrocks;

Miocenemarinesedimentaryrocksof theMontereyFormation;upperMiocenetolower

Pliocenemarinesandstoneof theSantaMargaritaFormation;Plio-Pleistocenealluvial

fan,lake,andfluvialdepositsof thePasoRoblesFormation;andthePleistoceneeolian

andfluvialsandsof theAromasSand.Locallytheseunitsareoverlainandobscuredby

geologicallyyoungersediments,includingthePleistocene-toHolocene-ageValleyfill

deposits,consistingof poorlyconsolidatedgravel,sand,silt,andclay(includingthe

SalinasValleyAquiclude[SVA]);PleistoceneandRecentdunesands;beachsand;and

alluvium.

FortOrdissituatedatthetransitionbetweenthemountainsof theSantaLucia

RangeandtheSierrade laSalinastothesouthandsoutheast,respectively,andthe

lowlandsof theSalinasRiverValleytothenorth.Basementrocksandconsolidated

sedimentaryrocksareexposedthroughoutthehighlands;however,withdecreasing

elevation,theseolder,consolidatedrocksbecomeburiedbeneathanincreasingthickness

of younger,unconsolidatedsediments.Thegeologyof FortOrdgenerallyreflectsthis

transitionalconditionwiththeconsolidatedrockof theMontereyandSantaMargarita

formationsexposedatthegroundsurfacenearthesouthernbaseboundaryandbecoming

buriedundera northward-thickeningsequenceof PoorlyconsolidatedPliocene,

Pleistocene,andHolocenedeposits.

Sincethemid-Pleistocene,significantsea-levelchangeshavestronglyinfluenced

thedepositionalanderosionalcyclesof theCaliforniacoastalvalleys.In thecoastal

-—
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portionsof thenorthernSalinasValley,includingFortOral,Pleistocene-agesandsand

gravelsrepresentalluviumdepositedwhensealevelwasbelowitspresentlevel.

Extensiveclaysoverlyingthesecoarse-grainedsedimentsrepresentestuarineconditions

duringa latePleistoceneinterglacialhighsea-levelstandasdiscussedbyTinsley(1975).

Olderdunesandsubsequentlycoveredtheseestuarineclays.Thepresentelevationof

theestuarineclaysabovesealevelindicatessomelocaltectonicuplifthasoccurredsince

theirdepositionduringthePleistocene.

2.4.2 FortOrdGroundwaterBasins

Recentstudiesof FortOrdhydrogeologyconcludedthatthebasestraddlestwo

distincthydrogeologicbasins,theSalinasandSeasidebasins(GTC,1984;SGD,1987a).

FortOrdincludesthesouthwesternedgeof theSalinasbasinandtheeasternportionof

thesmallerSeasidebasineastof thecityof Seaside.AsshownonPlates2 and3, the

Salinasbasinunderliesthenorthandsoutheasternportionsof thebase;theSeasidebasin

underliesthesouthandsouthwestareasof FortOral.

2.4.2.1 SalinasBasin

TheSalinasbasinisrelativelylargeandextendswellbeyondtheboundariesof

FortOral.Thisgroundwaterbasiniscomposedof severalareasreferredtoastheArroyo

SecoCone,ForebayArea,EastSide,andPressureArea,asshownonPlate2

(DWR,1949).TheEastSideandArroyoSecoConehavelittledirecteffectonthe

hydrogeologicconditionsatFortOrdandconsequentlywillnotbe discussedin this

report.FortOrdoverliesthesouthwestcornerof thePressureArea,a portionof the

basincharacterizedashavinga seriesof confinedaquifers.Aquiferswithinthe

SalinasValleyportionof thePressureAreahaveconventionallybeennamedaccordingto

theirdepthbelowthegroundsurfacein theSalinasValley.Theseaquifersincludethe
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180-foot,400-foot,and900-footaquifers.A laterallyextensiveconfiningclay

traditionallynamedtheSVAoverliesmuchof thePressureAreawithintheSalinas

Valley.h thisarea,theSVAisatornearthegroundsurface,andisgenerallythought

toprecludedirectrechargeof theunderlyingaquifersbytheSalinasRiver. Inflows

fromtheForebayAreaaquifers,wheretheSVAisabsentandtheSalinasRivermore

directlyrechargestheunderlyingaquifers,arebelievedtorechargethePressureArea.

AtFortOral,theSalinasbasiniscomposedof relativelyflat-lyingtogently

dipping,poorlyconsolidatedsediments.Althoughrelativelysimplestructurally,the

sedimentsarestratigraphicallycomplex,reflectinga varietyof depositionalenvironments

includingeolian.estuarine,fluvial,alluvialfan,andbeachdeposits.Theaquiferand

aquitardconditionsvarysomewhatfromthosein theSalinasValley.Mostnotably,the

A-aquiferispresentatFortOrdandabsentin theSalinasValley,andthedepthstothe

180-foot,400-footand900-footaquifersaregreateratFortOrdthanin the

SalinasValleyduetoFortOral’ssomewhathighergroundsurfaceelevation.

TheA-aquiferistheshallowestaquiferintheSalinasbasinportionof FortOral.

Itiscomposedpredominantlyof olderdunesandandisrechargeddirectlyfromrainfall

andsurfacewaterinfiltration.An extensivefine-grainedsequence(FortOrd-Salinas

ValleyAquiclude[FO-SVA]),generallyconsideredtobe relatedtotheSVAof the

SalinasValley,isbeneaththeA-aquifer.Theelevationof theFO-SVAtopranges

fromapproximately100to-30 feetMSL. In thisreport,theFO-SVAisdistinguished

fromtheSVAwithintheSalinasValleytofacilitatethediscussionandcomparisonof

theseunits.The 180-footaquiferispresentbeneaththeFO-SVA;however,the

180-footaquiferalsoextendsbeyondtheFO-SVAlaterallimits.Deeperaquifers

includethe400-footand900-footaquifers.Continuitybetweenthesedeeperaquifers

-—
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onbaseandthoseoffbaseintheSalinasValleyhasnotbeenwellestablishedbecauseonly

limiteddeepboringdataareavailablefromFortOral.However,theseaquifernamesare

usedin thisreporttomaintainconsistencywithhistoricalnamingconventions.

AtFortOral,theet+er+vise-ee~thwmuslaterallyextensiveFO-SVApinchesout

neartheMainGarrisonandalongthesouthernSalinasbasinboundary,asdothegravels

of the180-footaquifer.BeyondtheFO-SVA,thedistinctionbetweentheA- and

180-footaquifersbecomeslesswelldefinedandthesetwoaquifersareconsideredto

behaveasa single,combinedaquifer.

Thehillsin thesoutheastportionof FortOrdareconsideredtobe withinthe

Salinasgroundwaterbasin;however,thegeologyof thatareadifferssignificantlyfrom

thegeologyof theMainGarrison,FAAF,andEastGarrisonareas.Theaquifersin the

southeastbaseareaareconsideredtocorrelatedirectlytothegeologicformations,the

AromasSandandthePasoRoblesFormation.

2.4.2.2 SeasideBasin

ThecomparativelysmallSeasidebasinunderliesthesouthandsouthwestportions

of FortOrdandextendsbeyondthesouthernandwesternboundariesof thebase. The

Seasidebasinhasbeendividedintoa NorthernandSouthernbasin,eachof whichhas

beenfurthersubdividedintoanumberof subbasins,includingtheLagunaSeca,Coastal,

FortOral,andNorthernInlandsubbasins.ThesesubbasinsareshownonPlate3. In the

cityof Seasidearea,thebasinandsubbasinboundariesaredefinedbynorthwest-

trendingfaults.Elsewhere,subbasinboundariesareuncertainandconsequentlyarenot

presentedonPlate3. FortOrdoverliestheNorthernInlandandFortOrdsubbasins

withintheNorthernSeasidebasinand,toa lesserextent,theLagunaSecasubbasin,a

partof theSouthernSeasidebasin.
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TheSeasidebasinisstructurallycomplexandincludesseveralrecognizedfaults

andfolds. Thesubdivisionof thebasinintosubbasinsisbasedlargelyonthepresence

of thesestructuresandtheirpotentialroleasbarrierstogroundwaterflow.

TheaquiferswithintheSeasidebasin,fromgroundsurface,arereferredtoas

theUppermost,PasoRobles,andSantaMargaritaaquifers.

2.4.2.3 BasinBoundaries

TheboundarybetweentheSalinasandSeasidebasinsisnotwelldefined.A

east-west-trending“bedrockhigh,”asdefinedbythepresenceof theMonterey

Formationdescribedin severalwater-welllogs,isbelievedtoextendfromthevicinity

of WelchandGrantEwingridgeseastwardtoatleastCampHuffmanasshownon

Plate3. Basedoninterpretationsof groundwaterflowbyMuir(1982),thebasin

boundarythenextendssouthwardfromCampHuffmantowardLagunaSeca,

approximatelyparalleltoWildcatRidge. Thelocationof thisportionof theboundaryis

interpretiveandremainsunconfirmedbysubsurfacedata.Groundwaterresource

investigationsin theLagunaSecaareasuggesta possiblebasinboundaryorgroundwater

divideextendingfromapproximatelyLagunaSecanortheastwardcoincidentwithan

anticlinalfold(SGD,1988b). Theapproximatelocationof thebasinboundaryis

depictedonPlate3.

2.4.2.4 WellDestructionProgram

In 1989,10inactiveFortOrdwater-supplywellsweredestroyedtoeliminate

suspectedconduitsbetweentheA-aquiferandthe180-footaquiferin thevicinityof

theFortOrdlandfills,(designatedOperableUnit2 [OU2]).Thesewellsincluded

FO-11,FO-14,FO-16,FO-17,FO-18,FO-19,FO-21,FO-22,FO-23,and

FO-25. FO-24wasnotdestroyedaspartof thisprogram;it isretainedbytheArmy

.. . :;r~t-~nal
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for emergencywatersupply.Plate5 showsthewelllocations,Theinactivewellswere

destroyedbyperforatingthecasin~andiniectingthewellandannuluswithRrout.The

detailsof theprogramarepresentedin theDestructionPlanandDestructionRecord

reports(HL,4,1989a,h).
..
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3.0 METHODSOFINVESTIGATION

Thissectiondescribesthemethodsusedtoinvestigatethebasewidehydrogeologic

conditionsatFortOral.Datafor thisinvestigationwereobtainedfromfoursources:

literatureandwelllogsfrompreviousinvestigations,onbaseandoffbasewatersupply

facilities,wellsandboringsinstalledaspartof thesite-specificRI/FSinvestigations

shown

3.1

onPlate4, andwellsandboringinstalledaspartof thisbasewideinvestigation.

LiteratureReview

HLAconducteda literaturereviewof existinginformationpertinenttobasewide

hydrogeologicalconditions.Theliteraturewasreviewedtoforma conceptual

understandingof thebaseandvicinitywithrespecttogeology,hydrology,groundwater

chemistry,andhydraulicparameters.Literatureusedtopreparethisreportislistedin

Section+0~.

Welllogsfor onbaseandoffbasewells(bothactiveandinactive)wereobtained

froma varietyof sources,includingtheCOE,CaliforniaDepartmentof Water

Resources,MarinaCountyWaterDistrict,MPWMD,MontereyCountyWaterResources

Agency,CaliforniaWaterServiceCompany,Cal-Am,variousconsultantreports,private

landowners,andmunicipalities(Seaside,Marina,SandCity).Boringsandwellsusedfor

thisinvestigationarelistedin Table1;wellandboringlocationsareshownonPlate5.

Thelogswereevaluatedfor a varietyof data,includingIithologicandgeophysical

information,wellconstructiondetails,specificcapacityproductiontestdata,andwater

levels.Together,thesewelllogswereusedtodevelopgeologiccrosssections,andto

scopeandimplementgroundwatersamplingandwater-levelsurveyingprograms.

Chemicaldatawerealsoobtainedfromsomeof thesesources,andfromthe

MontereyCountyHealthDepartment,tofurtherassistin thedevelopmentof the

.—-
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groundwatersamplingprogram.Availablepumpingtestdataandhistoricalproduction

rateswerecompiledtoprovidehydraulicparametersandhistoricgroundwaterusage.

3.2 PilotBoringandMonitoringWellInstallation

Pilotboringsweredrilledandmonitoringwellswereinstalledaspartof the

basewideinvestigation.Thepilotboringsweredrilledtoprovidelithologicdataand

informationaboutthecharacteristicsof theunderlyingaquifersandtoidentify

appropriatescreenintervalsfor themonitoringwells.Monitoringwellswereinstalledas

twoorthreewellclustersnearthepilotboringstomonitorgroundwaterchemistryin

variousaquifers.Eachcompletedmonitoringwellwashorizontallyandvertically

surveyedtoprovidecontrolfor water-levelmeasurementsandwelllocations.The

surveyingprogramincludedwellsinstalledfor thebasewideprogram,andthewellsand

piezometersinstalledaspartof theRI/FSsite-specificinvestigations.

3.2.1 PilotBorinm

FourpilotboringswerecompletedfromJanuary18throughFebruary19, 1992.

BoringPB-BW-01wascompletedatFAAFin thenortheastcornerof theintersection

of ReservationandBlancoroads(Plate5). Thisboringwasdrilledfor thewellcluster

thatincludesMW-BW-01-A,MW-BW-02-180,andMW-BW-03-400.Borings

PB-BW-02,PB-BW-03,andPB-BW-04weredrilledin thesouthwestportionof the

baseadjacenttothecityof Seasideeasternboundary(Plate5). Monitoringwells

installedin associationwiththeseboringsareshownonPlate5.

ThepilotboringsweredrilledbyWaterDevelopmentCorporation(WDC),

Woodland,California,usinga mudrotaryrigequippedwitha 6 1/4-inch-diameterdrill

bit. Soilsampleswerecollectedevery20 feetoratsignificantlithologicchangesusinga

94-millimeterwirelinesamplingsystemorsplitbarrelsamplerlinedwith

DraftFhal
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2 1/2-inch-diameterstainlesssteeltubes.Soilsamplesandboreholecuttingswere

classifiedin thefieldaccordingtoASTMD 2844-90presentedasPlateAl in

AppendixA. Eachpilotboringwasgeophysicallyloggedasdescribedin Section3.3.2.

Pilotboringlithologicandgeophysicallogsarepresentedin AppendixA.

3.2.2 MonitoringWellInstallation

Tengroundwatermonitoringwellswereinstalledaspartof theBasewide

HydrogeologicCharacterization.ThewellswereinstalledfromFebruary15toApril21,

1992;theirlocationsareshownonPlate5. Wellclusterlocationswereselectedto

monitorgroundwaterqualityin thevicinityof theactiveFortOrdandSeasidemunicipal

water-supplywells.Thelocationswerealsoselectedinvestigatedatagapsrelatedto

stratigraphyandaquifercharacteristicsin thoseareas.Soilsamplesobtainedduringwell

drillingweresubmittedfor laboratoryanalysistoprovidebackgroundsoilchemistrydata

for theBasewideBackgroundSoilInvestigation.Drillingandwellconstructionwere

performedbyWDC.Lithologiclogsandwellcompletiondetailsfor thesewellsare

presentedin AppendixA.

Soilsamplesfor classificationandchemicalanalysiswerecollectedat

approximately10-footintervalsfromtheunsaturatedzoneabovefirstgroundwater

usinga drivesamplerlinedwith2 1/2-inch-diameterstainlesssteeltubes.Detailsof

thesoilsamplingintervals,chemicalanalyses,datavalidation,andchainof custodyare

presentedin theDraftFinalBasewideBackgroundSoilInvestigationreport,dated

March15, 1993.

3.2.3 WellSurveying

Uponcompletionof basewideandsite-specificwellinstallationsfor theRI/FS

program,eachof thenewonbasewellsandpiezometernestswerehorizontallyand

-.
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verticallysurveyed.Thirty-twowellsonbaseweresurveyed,including&-e10installed—

specificallyfor theBasewideHydrogeologicCharacterization.Twenty-eightoffbase

monitoringandsupplywellswerealsosurveyedin thecitiesof MarinaandSeaside,and

theSalinasValleytoprovidereferencedatafor wellsselectedaswater-leveland

groundwatermonitoringstations.

SurveyingwasperformedbyLand

surfaceandtop-of-casingelevationswere

DataServices,Monterey,California.Ground

surveyedtothe1925NationalGeodetic

SurveyDatumandhorizontalcoordinateswerelocatedusingthe1927CaliforniaState

PlaneCoordinateSystem,ZoneIV. Wellsweresurveyedtowithin~ 0.01footvertically

andt 1.0feethorizontally.A summaryof thesurveydataispresentedinTable1.

3.3 GeophysicalSurveys

3.3.1 ReflectionSurvey

A seismicreflectionsurveywasperformedatFortOrdtoevaluatestratigraphic

andstructuralconditionsaffectingtheupperaquifermaterials.In particular,the

projectedlocationsof thesuspectedGabilanFaultandbasinboundarywereevaluated

seismiclineD, asshownonPlates3 and6. Approximately9,000linearfeetof 12-fold

common-depth-point(CDP)datawerecollectedinfoursurveylinesatFortOral.The

locationsof thesesurveysareshownonPlate3 andwhereappropriateonPlates6 and7.

A detaileddiscussionof thesurveyresultsandproceduresis

3.3.2 DownholeGeophysicalLogging

EachpilotboringwasloggedbyHLAin bothdigital

spontaneouspotential,singlepointresistance,shortandlong

presentedin AppendixB.

andanalogformatusing

normalresistivity,natural

gamma,andcalipergeophysicaltools.Afterloggingwascompleted,eachboreholewas

groutedtothegroundsurfaceusingcernent/bentonitegrout.TheIithologiclogsand
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correspondinggeophysicallogsfor pilotboringsPB-BW-01throughPB-BW-04are

presentedin AppendixA.

3.4 GeologicInterpretation

Thegeologyof theSalinasandSeasidegroundwaterbasinsin FortOrdand

vicinitywasevaluatedtoprovideageologicframeworkfromwhichtointerpretthe

hydrogeologicsystems.Thepurposeof thisevaluationwastoidentifyapproximate

locationsof groundwaterpathwaysbetweenvariousaquifers.Thisevaluationisbased

largelyoninterpretationof boringandwelldata.Thegreatestemphasiswasplacedon

theshallowaquifersin eachof thetwogroundwaterbasinsduetotheirimportancewith

regardtocontaminanttransport.

Fromthewellandboringlogs,workingcrosssectionswereconstructedata

verticalscaleof 1-inchequals50 feetanda horizontalscaleof 1-inchequals250feet

(5:1verticalexaggeration).Lithologicdatafromtheboringandwelllogs,downhole

geophysicallogs,wellscreenintervals,waterlevels,andseismicreflectionsurveyresults

werecompiledandprojectedontothecrosssections.Asadditionalsubsurface

informationbecameavailablefromtheongoingRI/FSsiteinvestigations,pertinentdata

fromthosewellsandboringswereaddedtothecrosssections.Interpretationof the

stratigraphyandhydrogeologywasthenperformed.Itshouldbe notedthatthegeologic

interpretationsshownonthecrosssectionsareintendedtorepresentconditionsatthe

crosssectionlinebasedontheperpendicularprojectionof well/boringdataontothe

linesfromsourceslocatedoff theline. Inthecaseof theSeasidebasin,relatively

detailedinterpretationsof thegeologicstructureandstratigraphyhadbeenmadeduring

a previousstudy(SGD,1990~).Consequently,newdataattainedaspartof this

investigationservedprimarilytomodifythepreviousinterpretations,whereappropriate.
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TheworkingcrosssectionswerethensimplifiedandreducedaspresentedonPlates6

and7.

Oncethebasicstratigraphicframeworkwasestablishedonthecrosssections,

additionallithologicdatafromwelllogsthroughoutthebasewereplottedin planview

tomaptheupperandlowercontactsof theFO-SVA.Contoursof thetopand

thicknessof theFO-SVAareshownonPlates8 and9.

3.5 GroundwaterMonitoring

Thebasewidegroundwatermonitoringprogramconsistedof fourwater-level

measurementeventsandtwogroundwatersamplingevents.Aninitialgroundwater

samplingeventatthevariousRI/FSsitewellswasperformedpriortothebasewide

program.Thesedataarealsoincludedin thebasewidegroundwaterchemistryanalysis.

3.5.1 Water-LevelMonitoring

Thewater-levelsurveyswereperformedtoprovidegroundwatergradient

informationfor aquifersin theSalinasandSeasidebasins.In additiontotheRI/FSsite

wells,thesesurveysincludedselectedonbaseandoffbasesupplyandmonitoringwells.

Thefollowingcriteriawereusedtoselectwellsfor water-levelmonitoring

. .

● Wellscompletedin eachaquiferprovideappropriatearealcoverage.

● Eachwellisconstructedin a singleaquifersuchthatitsconstruction
isolatesit fromotheraquifers.

● Wellsareaccessiblefor periodicmonitoring.

Thewellsselectedfulfilledatleasttwoof theaboverequirements.Duetothe

limitednumberof monitoringpointsinsomeareassuchasthecityof Seaside,wells

screenedinmorethanoneaquiferorwithincompleteconstructioninformationwere

~;~~af-inal
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incorporatedin thewater-levelmonitoringprogram;thesewellsareconsideredto

provideonlyapproximateinformationaboutregionalwater-levelconditions.

Waterlevelsin theSalinasbasinweremeasuredin wellscompletedin theA-,

180-foot,and400-footaquifersduringeachof themonitoringevents.Onlythree

wells(supplywellsMarina10, 11,and12)arescreenedbelowthe400-footaquifer.

Becausethesewellsoperatecontinuously,accuratewater-levelmeasurementscouldnot

be obtained.Waterlevelsin theSeasidebasinweremeasuredin wellscompletedin the

Uppermost,PasoRobles,andSantaMargaritaaquifers.Themajorityof theSeaside

basinunderlyingFortOrdislocatedin theFortOrdImpactArea(Site39),anareaof

restrictedaccesscontainingonlya fewwells.Consequently,mostof thewellsthatwere

monitoredin theSeasidebasinarelocatedwithinthecityof SeasidebeyondFortOral’s

boundaries.

Thewater-levelsurveyswerecompletedfromJanuary7 through9, February25

through27, May20 through21, andJuly7 through9, 1992;thenumberof wells

surveyedfor eachroundwere109,126,152,and179wells,respectively.Additional

water-levelmeasurementswerecollectedonSeptember1, 1992,atFortOrdsupply

wellsFO-29,FO-31,andFO-32. Waterlevelsweremeasuredusinggraduatedsteel

tapesorelectronicwater-levelsoundersaccordingtoproceduresdescribedin the

SamplingandAnalysisPlan(SAP;HLA,1991h).Cal-Amprovidedwaterlevelsfrom

theirwellsatHLA’srequestfor timeperiodsconcurrentwiththeba.sewidemonitoring

events.

Detailsof thefourwater-levelmonitoringeventsaresummarizedinTable2.

TheJuly1992dataarethemostcomprehensiveandareconsideredtypicalof theother
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rounds.Therefore,theJulydataareusedin thisreportasa basisfor describingthe

generalbasewidehydraulicconditions.

3.5.2 GroundwaterSampling

Thegroundwatersamplingprogramconsistedof threewell-samplingevents

conductedbetweenMarchandJune1992. ThefirstsamplingeventincludedorIlywells

fromtheRI/FSsite-specificinvestigations.Thesecondandthirdeventsincluded

RI/FSandsitecharacterizationwellsandthewellsselectedfor thebasewideprogramas

describedbelow.Thegroundwatersamplingproceduresandqualityassurance/quality

control(QA/QC)guidelinesfollowedin eachsamplingeventaredescribedin theSAP

(HL4,1991b). Copiesof thechainof custodyformscompletedfor thegroundwater

samplesarepresentedin AppendixD.

of the

Wellswereselectedfor inclusionintothebasewidesamplingprogramonthebasis

followingcriteria

● Wellscovera broadarealdistributionbothonthebaseandaroundthe
perimeterof thebase.

● Wellsaredistributedin variousaquiferssufficienttoidentifyareal
changesin thegroundwaterchemistryof eachaquiferandtocharacterize
chemicaldifferencesbetweenaquifersata specificlocation.

● Eachwellisconstructedin a singleaquifersuchthatitsconstruction
isolatesit fromotheraquifers.

● Wellsareaccessiblefor periodicmonitoring.

Fifty-sevenwellswerechosenfor thebasewidesamplingprogramonthebasisof

thesecriteria.Thewellsincludednewonbasemonitoringwellsinstalledaspartof the

basewideinvestigation,existingonbasemonitoringwellsnotincludedin thecurrent

RI/FSsite-specificinvestigations,onbaseandoffbasegroundwaterproductionwells,

andoffbasemonitoringwells.TwelveadditionalwellsfromtheexistingFAAFOU1
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monitoringprogramwereak~sdeetecl~~+a+mp%gincludedin thesecondroundof the

threebasewidesamplingeventstodevelopOU1 gmundwaterchemistrydatacomparable

totherestof thebasewidedata.Table3 liststhe69 wellsbygroundwaterbasin,

aquifer,andwelltype. Theyaredescribedbelowbygroundwaterbasin.

Sixty-sevenwellsweresampledfor thebasewideprogramduringthesecond

samplingevent;twowells,PlumasM-2andPlumasTest90, werenotsampledduring

thiseventduetoaece-pmblermdifficulty coordinatingg accessamongthepropertyand

wellowners.Fifty-sevenwellsweresampledduringthethirdsamplingevent:OU1

wellswerenotsampled.Allgroundwatersamplescollectedfor thebasewide

investigationwereanalyzedfor benzene,toluene,ethylbenzene,andxylenes(BTEX);

totalpetroleumhydrocarbonsasgasoline(TPHg);EPATestMethod8240compounds

(VOCS);andprioritypollutantmetals(PPM).Sixty-threesamplesin thesecondevent

and6 samplesin thethirdeventwereanalyzedfor theanionsbromide,chloride,

fluoride.nitrate,nitrite,orthophosphate,sulfate,andbicarbonatealkalinity,thecations

calcium,iron,magnesium,potassium,andsodium,andtotaldissolvedsolids(TDS).

Selectedwellsinthefiringranges(MW-BW-04-AthroughMW-BW-09-180)were

alsosampledandanalyzedfor explosivecompounds.Analysisfor semivolatileorganic

compounds(SOCS)byMethod8270wasperformedatsiteswhereitwasconsidered

appropriate.

3.5.2.1 SalinasBasinWells

Thirty-ninewellsintheSalinasbasinweresampledaspartof theBasewide

HydrogeologicCharacterization,including

● Twenty-fourmonitoringwellsconstructedaspartof previous
environmentalinvestigationsatFortOrd(MW-BandMW-OU-1 series)
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● Threenestedmonitoringwellsconstructedaspartof thebasewide
investigation(MW-BW-01-A, MW-BW-02-180,and
MW-BW’-O3-4OO)

● OneinactiveFortOrdwater-supplywell(FO-24)

● Fivecityof Marinawells,locatedonthewesternedgeof FortOrdand
FAAF(Marina02 [180-footaquifer];Marina09 [400-footaquifer];and
Marina10,Marina11,andMarina12[900-footaquifer])

● ThreeCaliforniaWaterServiceactivewater-supplywells,onthe
southeasternedgeof FortOrd(CalWater33, 39, and40 [400-foot
aquifer])

● Threeactiveirrigationwellsin theSalinasValleyeastandnorthof
FortOrd(WilRanch,GraingerFarms,andPanzieraRanch[400-foot
aquifer]).

ThefiveMarinawellsareactivewater-supplywellsoperatedbytheMarina

CountyWaterDistrict.Marina02 isusedprimarilyfor irrigationpurposesbecauseof

waterqualityconcernsrelatedtohistoricalseawaterintrusion.Marina09 ispartof the

citywatersupply.Marina10, 11,and12representtheonlydatapointsfor the

900-footaquiferin thebasewideinvestigation.

3.5.2.2 SeasideBasinWells

Thirtywellsin theSeasidebasinweresampled,including:

● Sixmonitoringwellsconstructedaspartof previousenvironmental
investigationsatFortOrd(MW-Bseries).

● Sixmonitoringwellsinstalledaspartof thebasewideinvestigation
(MW-BW-04throughMW-BW-09),consistingof threemonitoringwell
pairsadjacenttothecityof Seaside/FortOrdboundary.Thesewellsare
screenedin thefirstandsecondaquifers-wa~” *Rg-zO@tl@
UppermostandPasoRoblesaquifers)tomonitorpossiblecontamination
of theseuppermostaquifers.

● OneactiveFortOrdirrigationwell(MW-B-32-180).

9 Seventeenoffbasemonitoringorwater-supplywells.ThePCA,
MontereySandCompany,Plumas,andRyanRanchwellsareeachpartof
a wellpairornestedwellgroupandwereselectedtohelpidentify
chemicaldifferencesbetweentheaquifersatspecificlocations.
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ThePCAandMontereySandCompanymonitoringwellswereoriginallyinstalled

tomonitortheeffectof groundwaterwithdrawalsatPCAandtheMontereySand

Company,respectively.ThewellsareownedbytheMPWMDandareincludedin their

water-levelmonitoringprogram.

ThePlumaswells,M-02,03, andTest90, monitorthePasoRoblesandSanta

Margaritaaquifersin theSouthernSeasidebasin.PlumasM-2isa monitoringwell

screenedin theunconfinedportionof thePasoRoblesaquifer.Plumas03 isanactive

groundwater-supplywelloperatedbyCal-Amandscreenedin thePasoRoblesaquifer

bothaboveandbelowa confiningclay.PlumasTest90 isa monitoringwellscreened

theSantaMargaritaaquiferandwasoriginallyinstalledtodeterminetheeffectof

groundwaterwithdrawalfromthePasoRoblesonthedeeperSantaMargaritaaquifer.

n

Allof thePlumaswellsarelocatedonCal-Ampropertyin thecityof Seaside.Plumas

M-2andTest90 arepartof awater-levelmonitoringprogramrunbyMPWMD.

ThesixRyanRanchwellsconsistof threewellpairslocatedonthesouthern

borderof FortOral.RyanRanch02, 07, and10areactivewater-supplywellsscreened

in theSantaMargaritaaquiferandoperatedbyCal-Am.RyanRanchM2S,M7S,and

M8Saremonitoringwellsscreenedin thePasoRoblesaquifer.Thesewellswere

originallyinstalledtostudytheeffectof groundwaterwithdrawalfromtheSanta

MargaritaaquiferontheoverlyingPasoRoblesaquifer.

TheLuzernandSeaside01 wellsareactivewater-supplywellslocatedin the

northernSeasidebasin.TheLuzernwellisoperatedbyCal-Amandisscreenedin the

PasoRoblesaquifer.Seaside01 isoperatedbythecityof Seasideandisscreenedin the

SantaMargaritaaquifer.
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3.6 DataValidation

Themonitoringwells

intoonbase(BWMWON)and

sampledaspartof thebasewide

offbase(BWMWOF)wells.The

investigationweredivided

analyticaldatafromthese

wellsweresubjectedtodatavalidation.Thedatavalidationresultsarepresentedin

AppendixE; proceduresaredescribedin detailinPart2 of theDraftSite

Characterization,Site34- FritzscheArmyAirfieldFuelingFacilityreport,dated

June2, 1992. Theresultsof thedatavalidationeffortsfor thesitewellsaredescribed

in theindividualRI/FSsiteinvestigationreports.Analyticaldatafor the0U2 wells

reportedbyDamesandMoorehavenotbeenvalidatedbyHLA.

Duringthecourseof thedetailedvalidation,someVOC,semivolatileorganic

compound(SOC)andpesticide/polychlorinatedbiphenyl(PCB)resultsandsome

berylliumresultswererejectedduetononcompliancewithQCcriteria.Qualifierswere

addedtosomedatabyHLA. Theremainingdataaregenerallyconsideredvalidand

technicallyusable.Intermittentlaboratorycontaminationbymethylethylketone

(MEK),methylenechloride,acetone,andbis(2-ethylhexyl)phthalatewasobservedin the

laboratoryblanks.Asaresult,positivedetectionsof thesechemicalsin theaffected

sampleswerequalifiedbyHLAand/orthelaboratorytoindicatethatthesedetections

wereattributabletolaboratorycontamination.
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4.0 SALINASBASIN

4.1. Geolo~v

ThissectiondescribestheSalinasbasinstratigraphy,geologicstructure,related

offshoregeology,andhydrostratigraphy.

4.1.1 Stratigraphy

Theprincipalgeologicunitsof theSalinasbasinatFortOrdaredescribedin this

sectionandaresummarizedin Table4. Thehydrogeologicmap(Plate3) andgeologic

crosssectionsA-A’,B-B’,andC-C’(Plate6) shouldbe referredtowhenreadingthis

section.Detailedlithologicdescriptionsarepresentedonthewellandboringlogs

presentedin AppendixA. Duetothelimitedoccurrenceof recentandolderalluviumat

FortOral,theseunitsarenotdiscussedherein;however,theyaredescribedbrieflyin

Table4.

4.1.1.1 BeachSand(Cls)

Beachsandisrestrictedtothecoastlineandconsistsof well-sorted,fine- to

coarse-grainedsandcomposedlargelyof quartzandfeldspar.Localizedconcentrations

of sandcomposedlargelyof heavymineralconstituentsandroundedgravelsoccur

sporadicallyasa resultof segregationbywaveaction.Steepbluffsbordermuchof the

landwardportionof thebeachandatleastaportionof thebeachsandisderivedfrom

erosionof thedunesformingthebluffs.

4.1.1.2 RecentDuneSand(Qd)

Activeandrecentlyactivedunesparallelthebeachandextendseveralhundred

feetinland.Thedunesarecomposedof typicallyloose,well-sorted,fine- to

medium-grainedquartzosesand.Althoughthedunesandappearssimilartothebeach

sand,it”isgenerallyfiner-grained.Paleosols,representingformergroundsurfaces,exist

withinthedunes.Thesepaleosolsindicatethatoneormorecyclesof dunedeposition
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haveoccurredwithinterveningperiodsof soildevelopment.Thepaleosolsin thedunes

borderingthebeachindicateolderdunesand(Qod)is locallypresentbeneaththerecent

dunesand.

4.1.1.3 OlderDuneSand(Qod)

ThisPleistocene-agesandblanketsmostof thenorthernandwesternportionsof

FortOrdandisthemostwidespreaddepositpresentatthegroundsurface.Subsurface

dataindicatethatthesandisupto250feetthick.Thissandispredominantlyfine- to

medium-grained,wi-tl+arI+bwdanee&+viththin~entlytomoderatelydippinglaminae

(crossbedding).Quartzandfeldsparareabundant.Seismicreflectorswithinthesand

andtheoccasionaloccurrenceof brown,siltystratain boringsindicatethepresenceof

paleosolsburiedwithintheQod.

4.1.1.4 ValleyFillDeposits{QVf)

Asusedin thisreport,thisPleistocene-ageunitisconsideredtoincludetwo

distinctdepositionalsequences:anestuarineclay(FO-SVA)underlyingtheQod,anda

sandandgravelfluvialsequencebeneaththeFO-SVA.Fromthebasalgravelstothe

fine-grainedFO-SVA,theQvfconsistsof afiningupwarddepositionalsequence

reflectinganepisodeof marinetransgression.

TheFO-SVAislimitedtothenorthernportionof thebaseandrangesupto

approximately100feetthick(Plate9). Itapparentlypinchesoutandisabsentwestof

theMainGarrisonandin thesoutheastbasearea(Plate3). TheFO-SVAiscomposed

of blue-gray,plasticclaywithabundantshells,thinbedsof fine-grainedsand,and

occasional,verythinlayersof peat.Thissequenceisinterpretedtohavebeendeposited

in anestuarineand/orlagoonalenvironment.AgedatesobtainedfromCarbon14dating

of fossilsin theSVA(fromtheSalinasValley)rangefrom16,000to6,000yearsbefore
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present(Timsley,1975). Thesedatesmayprovideanapproximateagefor theFO-SVA;

however,thecorrelationbetweentheSVAandtheFO-SVAhasnotbeenconclusively

established.Previousstudies(GTC,1984)showtheFO-SVAcontinuouswiththeSVA

northof FortOrdanddonotdistinguishbetweenthesedeposits.However,the

FO-SVA,atleastin thevicinityof theEastGarrison,isata higherelevationthanthe

SVAbeneaththeSalinasValley(crosssectionB-B’). Thereasonfor thiselevation

differenceisuncertain,butitsuggeststhateitheragedifferencesexistbetweenthe

FO-SVAandtheSVA,ordifferentialtectonicdisplacementhasoccurredbetweenthem.

TheValleyfilldepositsarepresentbeneaththeFO-SVA.Thissandandgravel

sequenceextendsacrossmuchof thenorthernbaseareaandsomewhatbeyondthelimits

of theFO-SVAasshownoncrosssectionsA-A’,B-B’,andC-C’(Plate6). These

depositsrangefromapproximately100to300feetthick. Thesandyportionof theunit

iscommonlypresentimmediatelybelowtheFO-SVA,andthegraveldepositsoccur

beneaththesand.Numerousthinclaysarepresentthroughout.Sandyclayandclayey

gravelseparatethesandyportionfromthegraveldepositsin thevicinityof theFortOrd

supplywells.Theabundanceof roundedgravel,toseveralinchesin diameter,suggest

thesandandgravelsequenceisof fluvialorigin,possiblyrepresentingriverdeposits

duringa Pleistocene-agelowsealevelstand.

Thegravelisapparentlycontinuouswiththe180-footaquiferof theSalinas

Valley(seeB-B’[Plate6] andBoringPBatBuilding550A[AppendixA]). However,

thegravelisabsentin boringsdrilledsouthwestof theEastGarrison(wellsTest3

and4). AsshownonC-C’,Plate6, theAromasSandandPasoRoblesFormation,

ratherthanValleyfilldeposits,arepresentin thesubsurfaceatwellsTest3 and4. A

similarconditionexistsfurtherwest,nearthewestendof GrantEwingRidge. As
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shownoncrosssectionA-A’,thegravelappearstopinchoutagainstthebedrockhigh

whichformsthebasinboundary.

Westof theFO-SVAin thevicinityof theMainGarrisonandHighway1 a

significantfacieschangeoccurs.InadditiontotheFO-SVApinchingout,thefluvial

gravelsandsandsunderlyingtheFO-SVAappeartoextendonlya shortdistancewest

beyondtheFO-SVA.Thesubsurfacegeologyin thisareaisnotwelldefineddueto

relativelyfewdeepborings.However,a relativelycontinuoussandyclayandclayey

sandaquitardwasencounteredin wellsandboringsinstalledaspartof theRI/FSSite12

investigationandin wellsFO-10andFO-11.

4.1.1.5 AromasSand{Qar)

TheAromasSandisa Pleistocene-agedepositcomposedof eoliansandand

flood-plaindeposits.Theunitisrecognizedin thenorthsideof theSalinasValleyin

theMossLanding-Prunedalearea.Althoughdefinitivecorrelationislacking,previous

studiesindicatethatthesandsequencepresentonthesouthwestsideof theSalinas

Valley,in andadjacenttoFortOral,isalsotheAromasSand(DWR,1969);in thisreport,

theconclusionsof thepreviousstudiesareassumedtobe correct.

TheAromasSandisexposedthroughouttheridgeandhilltopareasof the

southeastportionof FortOrdandappearstoprotrudesporadicallyabovetheQodnorth

andwestof thatarea,apparentlyrepresentingerosionalhighswheretheQodwaseither

notdepositedorwassubsequentlyeroded.CementedbedswithintheQarare

erosion-resistantandcontributetotheformationof prominentridgesin theotherwise

erodiblesands.Theseridgestypicallyhaveabruptandsteepsouth-facingslopesand

gentlenorthward-facingdipslopes.Inmuchof thesoutheastportionof thebase,the

Qarcanbe observedtodipgentlytowardthenortheast.
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TheQarispredominantlya sequenceof fine- tocoarse-grained,friablequartz

andfeldsparsand.Cross-beddinganda uniformgrainsizeexposedin anabandoned

borrowareanearElliotHillindicateeoliandeposition.A roadcutinthehillsnearthe

easternbaseboundaryexposestheQarcontactwiththeunderlyingPasoRobles

Formation.Thiscontactcontainsabundantangulargraniticclastssuggestingrelatively

high-energyalluvialoralluvialfandeposition.Atthesamelocation,theuppermost

PasoRoblesFormationisoxidizedtoa red-browncolor,indicatingthatanunconformity

exists,atleastlocally,betweenthetwounits.

In boringsbeneaththeMainGarrisonLandfill(OU2),a sandsequenceupto

250feet in thicknesswasencountered(Plate6). Thepositionof thissandbeneaththe

Qvfsuggeststhatthesandmaybe equivalenttotheQar,butthiscorrelationis

uncertain.Boringdatasuggestthatthesandisboundedlaterallybya sequenceof

interbeddedclaysandsands(possiblythePasoRoblesFormation),asdepictedonPlate6.

4.1.1.6 PasoRoblesFormation(QTpr)

ThePasoRoblesFormationisof latePliocene.toearlyPleistoceneage. Itis

exposedin thesoutheasthillsof thebaseandnearLagunaSeca. Thisformationis

commonlyexposedatlowerelevationsin drainageswheretheoverlyingAromasSandhas

beenremovedbystreamerosion.Roadcutexposuresof theQTprtypicallydisplay

lenticularbedsof sand,gravel,silt,andclay. Whereexposed,thesedepositsare

uncementedandexhibitlimitedlateralcontinuity,suggestingpoorlysortedalluvialfan

and/orbraidedstreamdeposition.Marinedepositsencounteredin wellsdrilledin the

westernpartof thecityof Seasideareconsideredpartof thePasoRoblesFormation

(Muir,1982),butmaybelongtoPliocene-agemarinesedimentsincludin~thePancho

-.
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RicoFormationand/orthePurisirnaFormation(Clark,1973andEPA,1993.Comment1

AppendixG).

DirectcorrelationbetweenQTprsurfaceexposuresandsubsurfaceboringdatais

difficult.However,theproximityof theQTpratthegroundsurfaceneartheEast

Garrisonsuggeststhattheclayandsandsequenceencounteredin Test3 and4 below

about60 feetMSLisQTpr.Thegeneralsimilaritybetweenthesand-claysequencein

Test3 and4 andgeologicmaterialsencounteredin thedeeperwellsof theMain

GarrisonareasuggestthePasoRoblesFormationmayformportionsof the400-foot

aquiferbeneaththeMainGarrison.Additionally,theirregularnatureof thesubsurface

contactandthezoneof red-brownoxidationbetweentheQTprandtheoverlying

AromasSandin theMainGarrisonarearesembletheAromasSand-PasoRobles

Formationcontactexposedin aroadcutin thesoutheastportionof thebase.

4.1.1.7 MontereyFormation(Tin)

TheMiocene-ageMontereyFormationdoesnotcropoutin theSalinasbasin

portionof FortOral.WelllogsfromtheGigling,FO-04(Huffman),and

MW-B-26-180wellsatthesouthernboundaryof thebasinincludelithologic

descriptionstypicalof theshale,mudstone,andsandstonefoundwithintheMonterey

Formation.Thepresenceof theMontereyFormationin theGiglingwellat

approximatelysealevelelevationindicatesthattheMontereyFormationformsthe

southernlimitof theQar,QTpr,andthelowerportionof theQvfdepositsof theSalinas

basin.Fromthisrelativelyhighelevation,theTmprobablyslopesdownwardtothe

northbelowthewater-supplywellsin theMainGarrisonandMarinaareaswiththe

possibleexceptionof wellMarina10,whichappearstopenetratetheTmin itslower

portion.WelllogsfromthedeeperFortOrdandMarinasupplywellsindicatethatthe

..
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MontereyFormation,if presentin theMainGarrisonarea,issufficientlydeeptonot

affecttheaquifersof concernin thoseareas.

4.1.2 GeologicStructure

TheKingCityfaultisconsidereda majorstructuralfeatureof theNorthern

SalinasValley(Tinsley,1975)andhasbeenlocatedusinggravitysurveysalongthewest

sideof theSalinasValley.Gravitydatasuggestthatthefaultformsthe

Sierrade laSalinasmountainfrontsouthof FortOrd(Sieck,1964);however,thefault’s

gravitydefinitionbecomesvaguenearFortOrdsoitslocationin theFortOrdvicinityis

uncertain.Theapproximatelocationof theKingCityfault,aslocatedbythe

U.S.GeologicalSurvey(USGS),isshownonPlate3 (Bmven,1969).

PreviousstudieshavesuggestedthattheGabilanfault(relatedtotheKingCity

fault)crosseswest-northwestthroughtheMainGarrisonforminga significant

groundwaterbarrier(DWR,1969;GTC,1984).A numberof previousstudieshave

suggestedthattheGabilanfaultrepresentsthenorthernextensionof theKingCityfault.

Thisconclusionwasbasedonwelllogs,whichsuggestedanapparentnortheast-

downwarddisplacementof theQTpr(DWR,J969).Further,theapparentdiscontinuity

of theQvfgravelstrata(180-footaquifer)fromnorthtosouthatHennekenRanch

suggestedpossibleevidencefor thefault(GTC,1984).

TwoconditionsindicatethatfaultoffsetspotentiallyrelatedtotheGabilanfault

havenotaffectedlatePleistoceneoryoungersedimentsin theSalinasbasinportionof

FortOral.GentlydippingandapparentlyundisruptedAromasSandisexposedin the

hillsof southeastFortOral,andtheValleyfilldepositsappeartobe continuousin the

subsurfacethroughouttheMainGarrison-Marinaarea.Displacementof thePasoRobles

Formationismoredifficulttoassessduetothegeneralabsenceof recognizedmarker
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strataandadequatesubsurfacedata.However,theapparentverticaloffsetof thePaso

RoblesFormationbetweenwellsTest2 and3, previouslysuggestedaspossibleevidence

forfaultoffset,couldalsobe explainedastheresultof fluvialerosionanddowncutting

duringa Pleistocenelowsealevelstand.Pleistocene-agefluvialdowncuttingcouldhave

formeda blufforslopealongtheformerSalinasValleymargin,followedbysediment

infillingduringdepositionof theValleyfilldeposits.Thisdepositionwouldhavethen

buriedthisformervalleyslope,leavinganapparent“offset”in thesubsurface.This

blufforslopeisportrayedoncrosssectionC-C’,Plate6.

Exceptfor a broadregionalwarping,thenorthernSalinasValleyisbelievedto

haveremainedrelativelyundisruptedtectonicallysinceatleastthelatePleistocene

(Tinsley,1975). Onthebasisof marineterraceelevationsin thenorthernSalinasValley,

approximately100feetof verticalwarpingisestimatedtohaveoccurredsincethelate

PleistocenebetweenElkhornSloughandSantaCruz(locatedapproximately8.5and

23 milesnorthandnorthwestof FortOral,respectively).Thiswarpingisprobably

continuing(Tinsley,1975). Consistentwiththisinterpretation,theFO-SVAandValley

filldepositgravelsappeartobe tiltedslightlydownwardtowardthenorth.

4.1.3 OffshoreGeology

Offshoreprojectionof therelativelyflat-lyingolderdunesandandValleyfill

depositsindicatesthattheseunitswouldoutcropfromnearthebeachoutto

approximately5 milesoffshoreonthefloorof MontereyBay. TheAromasSandand

PasoRoblesFormationarebelievedtooccuratornearthesurfacein thegentlydipping

seafloorwestof FortOrdandin thesteepsouthwallof theMontereyCanyonnorthwest

of FortOral.Seafloorexposuresof thesedepositsrangefromnearthebeachwestof the

MainGatetoapproximately7 milesoffshoreof Marina(Green,1977).Nearshore
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outcropsof theseunitsareconsideredtoprovidepotentialpathwaysfor seawaterinto

theaquifersatrelativelyshortdistancesfromFortOrdandMarinaproductionwells.

4.1.4 Hydrostrati~raphy

Fouraquifersarerecognizedin theSalinasbasinportionof FortOral.They

includetheA-, 180-foot,400-foot,and900-footaquifers.In additiontothese

aquifers,thesoutheasternportionsof thebaseappeartoincludeaquifersassociatedwith

theAromasSandandPasoRoblesFormation;possibleaquifersin thatareaaredescribed

bytheirformationalnames.Westof theFO-SVA,theconventionalSalinasValley

nomenclatureisnotdirectlyapplicableduetoa facieschange(seeSection4.1.1.4). The

geologyandhydrogeologyof thatareaarenotyetwellunderstood;in thisreport,the

A- and180-footaquifersareconsidereda combinedaquiferandarediscussedaspart

of the180-footaquifer.

4.1.4.1 A-Aquifer

TheA-aquiferiscomposedpredominantlyof fine- tomedium-grained,well-

sortedsandswithinthePleistocene-ageolderdunesand(Qod).Thisaquiferisperched

andunconfinedabovetheFO-SVAthroughoutmuchof theMainGarrison,East

Garrison,andFAAFareas.Inthisreport,theA-aquiferisconsideredtobe

approximatelycoincidentwiththearealextentof theFO-SVA,whichformsa major

aquitardbetweentheA- and180-footaquifers.Thedepthtothewatertablein the

A-aquifervariesdependingonthegroundsurfacetopographyanddepthtothe

FO-SVA;it typicallyoccursfromapproximately100to150feetbgsin theMain

Garrison-ReservationRoadarea. Thesaturatedthicknessof theA-aquiferistypically

approximately20 feet. RechargetotheA-aquiferis primarilytheresultof infiltration

of precipitationandlandscapeirrigation.TheA-aquiferdischargestothe180-foot
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aquiferwheretheFO-SVAisabsentandtothesurfaceasseepagefromthebluffs

alongtheeasternbaseboundary.

4.1.4.2 lSO-FootAquifer

The 180-footaquiferistypicallyconfinedandunderliestheA-aquifer.The

aquiferisunconfinedinareaswheretheFO-SVAisabsentandwherelocalized

unconfinedconditionsexistbeneaththeFO-SVAnearSite10andin thevicinityof the

FortOrdpumpingcenter.Thisaquiferiscomposedof twodistinctsequences,anupper

sandthatincludessomegravel,anda lower,predominantlygravelsequencethatincludes

somesandandnumerousthinclaylenses.Thesetwosequencesareseparatedlocallyby

fine-graineddeposits.Thesandunitrangesfromapproximately30 to120feetthick

andappearstopinchouttowardthesouth(A-A’,Plate6). Thesandalsoappearsto

thinsubstantiallybeneaththeSalinasValley(seecrosssectionB-B’,Plate6, eastend).

Thegravellyunitvariesfromapproximately60 to170feetthick.Itdoesnotappearto

extendsouthof the“bedrockhig~ basinboundarynorsignificantlywestof the

FO-SVApinchout.Althoughthesetwoaquifersubunitsappeartobe hydraulically

connected,lenticularclaybedsarecommonneartheircontact,particularlynearFO-29

asshownoncrosssectionsB-B’andC-C’(Plate6).

Westof theFO-SVApinchoutin theMainGarrisonarea,a facieschange

appearstoaffectthe180-footaquifer.Inthisarea,theFO-SVAisabsentandthe

180-footgravelsdiminish.Theaquiferconditionswestof thefacieschangearenot

wellcharacterized.A sandyclayencounteredatSites2 and12appearstodefinetwo

distinctaquifersin thatarea.However,untilthespecificconditionsarefurther

exploredatSites2 and12,aquiferswestof theFO-SVAarediscussedwiththe

180-footaquifer.
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The 180-footaquiferis rechargedbysubsurfaceflowfromtheSalinasValley

andMontereyBayandfromtheA-aquifer.TheAromasSandandPasoRobles

Formationprobablyalsorechargethe180-footaquiferfromtheareasoutheastof the

MainGarrison.Groundwatergradientsindicatemuchof the180-footaquifer

dischargesattheFortOrdpumpingcenters.SomedischargetoMontereyBaymayalso

be occurringneartheMainGarrison.PumpingbyMarinafromthe400-footaquifer

mayalsoinducedischargefromthe180-footaquiferintothe400-footaquifer.

4.1.4.3 400-FootAquifer

The400-footaquiferunderliesthe180-footaquifer.WithinFortOral,the

400-footaquiferappearstobe composedof twodifferentgeologicunits,includinga

150-to250-footthick,fine- tomediurn-grainedsand(possiblyequivalenttothe

AromasSand)neartheOU2landfill,andasequenceof interbeddedsandandclay

withinthePasoRoblesFormationneartheFortOrdsupplywells.Theupperportionof

the400-footaquiferisdifficulttodistinguishlocallyfromthelowerportionof the

180-footaquifer.WellMW-BW-03-400appearstobe screenedrwimarilyin the

t-r+m$+tie~-beweedowerportionof the180-footaquifer.Asa consequence,datafrom

thiswell~ +Mluwwed-byareconsideredtorepresentconditionsin the180-foot

aquifer.

Waterlevelsin the“Aromas”portionof the400-footaquifer(near

MW-0U2-06-400)areapproximatelyequivalenttothoseof the180-footaquifer.

Waterlevelsin the“PasoRobles”portionof the400-footaquifer(nearFO-29)are

difficulttocomparetothoseof theoverlying180-footaquiferduetopumpingeffects

fromtheFortOrdsupplywells.
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SubsurfaceflowfromtheSalinasValleyandMontereyBaycontributemuchof

therechargetothe400-footaquifer.SubsurfaceflowfromthePasoRoblesFormation

fromthesoutheasternbaseareaintothe400-footaquiferbeneaththeMainGarrison

andtheFortOrdsupplywellsmayalsocontributetorecharge.In addition,poor

hydraulicseparationbetweenthe400-footandoverlying180-footaquiferindicatesthe

180-footaquiferpotentiallyprovidessomerechargetothe400-footaquifer.

4.1.4.4 900-FootAquifer

The900-footaquiferispenetratedbyseveralof theMarinasupplywellsata

depthof approximately1,000feet. Availablegeologicandgroundwaterinformationis

generallyinsufficienttocharacterizethisaquifer;however,descriptionsfromdrillers’

logsanddownholegeophysicallogssuggestthisconfinedaquiferisa gentlydipping,

approximately100-foot-thickzoneof beddedsandandgravelwithina predominantly

clayeysequence.Thepresenceof shellsin wellMarina10suggeststhattheaquiferis

withinmarinesedimentspossiblyassociatedwiththePasoRoblesFormationorPliocene

depositssuchasthePanchoRicoorPurisimaFormations.

4.1.4.5 Aquifersof theSoutheastBaseArea

In thesoutheastbasearea,southof theValleyfilldepositcontact(Plate3) the

typicalaquifersequencerecognizedin theSalinasValleyandin theMainGarrisonarea

of FortOrdisnotpresent.Inthisportionof thebase,theaquifersaredescribedby

theirgeologicnames,suchastheAromasSandandPasoRoblesFormation,asshownat

thesoutheastendof crosssectionC-C’(Plate6).

4.2 Hydrogeolorw

Groundwaterflowwithinandbetweeneachof theSalinasbtiinaquiferunitsis

influencedbyseveralfactors,includingthethicknessandgeometryof theaquiferand
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aquitard/aquicludeunits,thespatialvariabilityof theaquiferpermeabilities,and

locationsandmagnitudesof groundwaterrechargeanddischarge.Thissectiondescribes

thegroundwaterflow,includinggroundwater/surfacewaterinteraction,andhydraulic

parameterdatacollectedasa partof thebasewidefieldprogram.Historicalgroundwater

datafromwellswithinandadjacenttotheSalinasbasinarealsopresented.

4.2.1 PresentGroundwaterFlowConditions

GroundwaterelevationdataobtainedduringJanuary,February,May,and

July1992(Table2) wereplottedandcontouredtoassesstheratesanddirectionsof

groundwaterflowin andbetweentheA-, 180-foot,and400-footaquifers.

Comparisonof thesedataindicatedthegroundwaterelevationsandflowpatternsduring

thefourmonthlymonitoringperiodsdidnotchangesignificantly.Therefore,

water-levelmapsfor eachaquiferarepresentedonlyfor July1992,a representative

period.Plates10through13presentcontourmapsof theJuly1992groundwater

elevationdatafor theA-, 180-foot,and400-footaquifers.September1992

groundwaterelevationsmeasuredattheFortOrdwatersupplyWellsFO-29,FO-31,

andFO-32wereusedtoapproximatetheJuly1992conditionsin constructingthe

contourmaps. No900-footaquiferwellsweremeasuredduringJuly1992.

4.2.1.1 A-Aquifer

TheA-aquiferconsistsof saturatedolderdunesandin whichgroundwateris

unconfinedandperchedovertheFO-SVA.Comparisonof Plate8 withthe

groundwatercontours(Plate10)indicatesthatflowin theA-aquifergenerallyconforms

totheconfigurationof thetopsurfaceof theFO-SVA.TCEplumedistribution(see

Section4.4.2.1) indicatesthatcontaminantdistributionisconsistentwithflowdirection,
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andthatplumemovementmaybe influencedbylocalvariationsin groundwaterflow

relatedtotheFO-SVAsurfaceconfiguration.

Thewater-leveldatafor theA-aquifer(Plate10)indicatethatin the0U2

landfill-MainGarrisonarea,theprimaryhydraulicgradientdirectioniswestto

northwest.Thereisanapparentnorth-southgroundwaterdividecoincidentwiththe

eastedgeof the0U2 landfill(Plate10),wheregroundwaterflowappearstodivergeto

eitherthenorthwestornortheast.Thehydraulicgradientin theA-aquifersteepens

nearthewesternlimitof theFO-SVA.Thisincreasedgradientillustratesthat

groundwaterisacceleratingor“cascading”off theedgeof theFO-SVAandintothe

180-footaquifer.ThehydraulicgradientduringJuly1992wasapproximately0.06ft/ft

tothewestbetweenwellMW-0U2-04-AandtheFO-SVApinchout.Elsewherethe

hydraulicgradientsin theA-aquiferareapproximatelyanorderof magnitudelessthan

neartheFO-SVApinchout.

BetweentheEastGarrisonandFAAF,groundwaterin theA-aquiferflowsto

thenortheast.However,water-leveldatain thisareaarelimitedtofewwidelyspaced

wells.Localizedareasof seepagearepresentin thebluffsborderingtheSalinasValley.

BluffseepageindicatesthatsurfacedischargefromtheA-aquiferisoccurring.The

FO-SVApinchoutin theEastGarrisonarea(shownoncrosssectionB-B’[Plate6])

indicatesa potentialfor flowfromtheA-aquifertoenterthe180-footaquiferalong

theedgeof theFO-SVAin thatarea.

TheFO-SVAisabsentin thewesternMainGarrisonandMainGateareas.In

theseareas,theA- and180-footaquifersareconsideredtobehaveasa combined

aquiferandarediscussedin thisreportaspartof the180-footaquifer.
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Thesaturatedthicknessof theA-aquiferispresentedonPlate11. Thesaturated

thicknessof theunconfinedA-aquiferduringJuly1992rangeduptoapproximately

50 feet,witha typicalsaturatedthicknessof approximately20 feet. Comparisonof

Plate11toPlate8 suggeststhattheareasof greatestsaturatedthicknessareassociated

withlowareasin theFO-SVA.

4.2.1.2 180-FootAquifer

Asdescribedin Section4.1, the180-footaquiferbeneaththeFO-SVAis

composedof sandsandgravelsoccasionallyinterbeddedwithsiltsandclays.Sand

predominatesin theupperportionof theaquifer,gravelin thelowerportion.Asshown

onPlate12,theprimaryflowdirectioniseastward,towardtheFortOrdwater-supply

wells,witha slightgroundwatermoundin theunconfinedportionof theaquifer

betweenHighway1 andtheMainGarrison.Waterlevelsin the180-footaquifer

rangedfromseveralfeetabovesealevelwestof theMainGarrisonto30 feetbelowsea

levelnearsupplywellFO-31. Thehorizontalcomponentof thehydraulicgradient

variesfromapproximately0.006ft/ft in theMainGarrisonareato0.0006ft/ft southeast

of Marina.

WellsMW-30-01-A,MW-32-01-A,MW-32-02-A,andMW-32-03-A

appeartobe screenedin theAromasSand/PasoRoblesaquifers;consequently,water

levelsin thesewellsarenotusedtocorrelatetheA- or 180-footaquifers.The

180-footaquifergroundwaterlevelsincludethosemeasuredduringSeptember1, 1992,

in activeFortOrdwater-supplywellsFO-29andFO-31,andin inactive

water-supplywellFO-32. WellFO-29isscreenedin boththe180-footand

400-footaquifersandFO-32appearstoincludeasmallportionof the400-foot

aquifer.Groundwaterelevationsin wellsFO-29andFO-32cannotbe considered
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representativesolelyof eitherthe180-or400-footaquifer;rather,theyareconsidered

a combinedwaterlevel.

Asdiscussedin Section4.3,historicalgroundwaterproductionfrom180-foot

aquiferwellsinMarinahasresultedinseawaterintrusionandsubsequentabandonment

of theMarinaproductionwellsin the180-footaquifer.Groundwaterelevationsin

WellsMW-B-13-180andMW-0U2-07-180duringJuly1992wereslightlyhigher

thanthoserecordedin 1983whenproductionwasoccurring(GTC,1984). More

significant,thegradientappearstohavereversedfromthenorthwestin 1983tothe

southeastcurrently.

In areaswheretheFO-SVAisabsent,suchasnearthecoastlineandin thearea

of theEastGarrison,theuppermostA- and180-footaquifersareconsideredtoactas

a combinedunconfinedaquifer.Westof theFO-SVApinchout,a sandyclaywas

encounteredduringinstallationof PiezometersPZ-02-O1-180-U,-M, -L and

PZ-12-01-180-U,-M, -L, suggestinga degreeof separationbetweenshallowand

deepergroundwaterin the180-footaquiferatthesites.Water-levelinformationfrom

Site12piezometers(PZ-12-01-180-U,-M, and-L) indicates= a significant

de-wa~d-w4kA-g*e~+ <&l?<4/~head differenceexistsacrosstheclayeysandmi+

in4hi+a+ea,-wgges-t%g.tigests thati-t-eerwtia%s-thesandyclayactsasan

aquitardwithinthe180-footaquifer,impedingtheverticalmovementof groundwater

flow. However,for thesepreliminaryevaluationsitwasassumedthatwaterlevelswest

of theFO-SVApinchoutrepresenta combined,unconfinedaquifer.Waterlevelsfrom

thisareaindicatea subduedgroundwatermoundcenterednearSite12asshownon

Plate12. Thesourceof themoundisuncertainbutistentativelyattributedtoirrigation
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attheMainGarrison.ThisinterpretationindicatesdivergentflowwestfromSite12

(Plate12)andeastwardbeneaththeFO-SVA.

NeartheMainGateandthebasinboundary,theFO-SVAisalsoabsent,andthe

180-footaquiferisconsideredtobe a combined,unconfinedaquifer.Groundwater

flowin the180-footaquiferis towardthenorthorno-r+hwes$northeastin thisarea,

awayfromthebedrockhighthatispresumedtoformtheSalinas-Seasidebasin

boundary.Thehydraulicgradientin thisareaduringJuly1992wasapproximately

0.0015ft/ft.

The 180-footaquiferislocallyunconfinedbeneaththeFO-SVA.Comparison

of waterlevelswiththebottomof theFO-SVA,asshownoncrosssectionsA-A’and

B-B’(Plate6), indicatethatthe180-footaquiferislocallyunconfinednearthe

southernbasinboundary,nearSite10,andeastof the0U2 landfill.

Thesaturatedthicknessof the180-footaquiferisconsideredequaltothe

thicknessof saturatedsandandgravelcomprisingthe180-footaquiferfromthetopof

the400-footaquifertothebaseof theFO-SVA.Thesaturatedthicknessof the

180-footaquiferduringJuly1992rangedfromapproximately100to300feet.

4.2.1.3 400-FootAquifer

Groundwatercontoursfor the400-footaquiferarebasedonrelativelyfewwells

asshownonPlate13. Thehorizontalcomponentof thehydraulicgradientbetween

wellMW-0U2-09-400andtheFortOrdsupplywellswasapproximately0.002ft/ft

towardtheeasttonortheastduringJuly1992.

Thedegreeof hydrauliccontinuitybetweenthevariousportionsof the400-foot

aquiferisuncertain.Thepotentialthatthe400-footaquiferincludesboththeAromas

SandandPasoRoblesFormationmakescomparisonof waterlevelsbetweenthese
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portionsof the400-footaquifersomewhattenuous.Further,duetoanabsenceof

markerbedswithinthePasoRobles,itisdifficulttoascertainthedegreeof hydraulic

continuitywithinthePasoRoblesportionsof the400-footaquifer.

4.2.1.4 VerticalFlow

Plate14showsthedifferencesinhydraulicheadduringJuly1992betweenthe

A- andthe180-footaquifers.Ofnotearethedownwardgradientsassociatedwiththe

perchedA-aquifer.Themaximumdifferencein hydraulicheadbetweentheA- and

180-footaquifersduringJuly1992wasapproximately100feetin theareasoutheastof

the0U2 landfill.In thisarea,the180-footaquiferislocallyunconfined,andthe

A-aquiferhasa thinsaturatedthickness.Thedifferencein hydraulicheadgenerally

lessenstothenorthwheretheFO-SVAapproachessealevelelevatioxi,andeastand

west,neartheFO-SVApinchout.Thesedatasupporttheconceptthatdivergent

regionalA-aquiferflowoccursabovetheFO-SVA,withA-aquifergroundwater

descendingoff theFO-SVAandrechargingthe180-footaquifer.

Plate15presentsthedifferencesinhydraulicheadduringJuly1992betweenthe

180-and400-footaquifers.In”areaswhereverylittleif anyaquitardmaterial

separatesthe180-and400-footaquiferssuchasnearthe0U2 landfill,onlyvery

minorheaddifferencesweremeasured.However,in theareaof theFortOrdsupply

wells,wherethereishydraulicseparationbetweenthe180-and400-footaquifersand

pumpingisoccurringfromtheseaquifers,therearemea-surabledownwardgradients

fromthe1SO-tothe400-footaquifer.Further,thepresenceof claybedsin the

180-footaquifernearthepumpingwellscouldcontributetodownwardvertical

gradientswithinthe180-footaquifer.
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Nohistorical900-footaquiferhydraulicheadinformationwasavailableto

estimateverticalgradientsbetweenthe400-and900-footaquifers.However,the

relativelythickclaybedsseparatingtheseaquiferssuggesthydrauliccommunication

betweenthemisverylow.

4.2.1.5 Groundwater/SurfaceWaterInteractions

4.2.1.5.1 TidalInfluence

Asa partof thesite-specificinvestigationatSites2 and12,a studywas

performedtodeterminetheinfluenceof tidalfluctuationsongroundwaterflow. The

studywasperformedbetween2:00p.m.onDecember20 and4:00p.m.onDecember23,

1991. GroundwaterelevationdatawerecollectedcontinuouslyfromthreeSite2 wells

(MW-02-01-180,MW-02-02-180,andMW-02-03-180)andtwoSite12wells

(MW-12-01-180andMW-12-02-180).Thesefivewellsmonitortheunconfined

portionof theuppermostaquifer,andarelocatedapproximately1,500,800, 1,000,

2,900,and3,000feetfromtheMontereyBayshoreline,respectively(Plate5).

Plate16showsthetidalrecordin MontereyBayduringthestudyperiodandthe

water-levelfluctuationsin thefivewells.Sixtidalcyclesoccurredoverthestudy

period,witha maximumtidalfluctuationin MontereyBayof approximately8 feet.

Thelargesttidaleffectwasobservedin wellMW-02-02-180,located

approximately800feet fromtheMontereyBayshoreline,wherea maximumtidal

changeof approximately0.50footwasobserved(Plate16). A phaselagof

approximately6 hours(thetimedifferencebetweentidalhighsobservedin thebayand

thewell)wasobserved.InwellMW-02-03-180,locatedapproximately1,000feet

fromthebay,a tidalchangeof approximately0.25foot,witha phaselagof

approximately8 hours,wasobservedduringthestudyperiod.In well
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MW-02-01-180,approximately1,500feetfromthebay,a minimaltidalchangeof

approximately0.05footwasobserved.Site12WellsMW-12-01-180and

MW-12-02-180didnotshowsignificanttidalfluctuations.Thesedatasuggestthat,in

theSalinasbasin,thegroundwaterlevelsadjacenttothecoast(westof Highway1) in

theunconfinedaquiferareaffectedbytidalfluctuations,butthetidalfluctuations

diminishtoaninsignificantlevelwithinSite12(eastof Highway1).

Thetidalstudyresultswerealsousedtodeterminea netgroundwaterflow

directionin theareaof Sites2 and12. Theaverage(arithmeticmean)groundwater

elevationsmeasuredin thefivewellsoverthe3-daystudyperiodwere4.02,4.17,3.83,

3.98,and3.90for wellsMW-02-01-180,MW-02-02-180,MW-02-03-180,

MW-12-01-180andMW-12-02-180,respectively.Analysesof thesetime-averaged

groundwaterelevationsindicatesthenetorresultantflowdirectionatSite2 wastoward

thesouth,whilethenetorresultantflowdirectionatSite12wastotheeast._

flowdirectionsareinconsistentwiththeregionalwest-southwestflowsatSites2 and

12. Thedirectionof thetidalflowsisbasedonsmallheaddifferencesduringperiodsof

hightidalfluctuation.Groundwaterflowdirectionsunderextremetidalconditionsare

notconsideredtorepresentregionalconditions.

4.2.1.5.2 SalinasRiverInteractions

Analysisof limitedgroundwaterelevationdataneartheSalinasRiverandreview

of publishedwaterlevelsfromtheaquifersbeneaththeSalinasValleyindicatethatthe

SalinasRiverisnotgainingwaterfromtheaquifersystem.Sinceriverstageelevations

areabovesealevel,andheadlevelsin the180-footaquiferarecommonlybelowsea

level,thepotentialfor flowfromtherivertothe180-footaquifergroundwateraquifer

exists.However,rechargefromtheSalinasRivertoallaquifersexcepttheshallow
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alluvialsedimentsof theSalinasValleyisprobablyminorduetothepresenceof the

SVAthroughoutthevalleyarea.

4.2.2 HydraulicParameters

Aquifertestdatawereobtainedaspartof thisinvestigationfroma varietyof

sourcesincludingunpublishedconsultantreports,waterpurveyors,andregulatory

agencies.Thetestresultsfromtheliteratureweretabulatedandarepresentedin

Tables5, 6, and7. Aquiferparameterswereestimatedfromtheresultsof threetest

types:slugtests,specificcapacityorsingle-welltests,andconstant-ratepumpingtests.

Foreachreportedtest,thewellconstructionrecordwasreviewed,andthe

aquifertestswerecategorizedintounreliableandreliableaquifertestdata.Thetwo

criteriausedtoevaluatethereliabilityy of thetestswere(1)whetherornotwell

constructiondetailswereavailable,and(2) whetherthewellwascompletedwitha single

ormultiplescreenedintervals.Aquifertestdataweredeemedunreliableif theywere

fromawellwithoutdocumentedconstructiondetailsand/orfroma wellwithmultiple

screenedintervalscompletedin twoormoredistinctaquifers.However,aquifertestsof

wellscompletedin boththe180-and400-footaquiferswerejudgedreliablewhere

therewasnoconfininglayerbetweentheaquiferunits.Testresultsjudgedunreliable

arepresentedin thetablesfor thesakeof completenessbutarenotincludedin the

calculationof meanhydraulicparameters.

4.2.2.1 AquiferTestDescriptions

A totalof 42 slugtests,30 specificcapacitytests,and4 constant-ratepumping

testswerejudgedreliablefor theSalinasbasin;theresultsarepresentedin Tables5, 6,

and7, respectively.Table8 summarizesthe

calculatedfromthereliabledatafor eachof

rangesandaverage

thetests,presented

hydraulicconductivities

bybasinandaquifer.
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Transmissivityvalueswerecalculatedfor thespecificcapacityandconstant-rate

pumpingtestsperformed.Toaccountfor partialaquiferpenetrationof somewells,and

asameansof normalizingtransrnissivitydatafor thevariableaquiferthicknesses,

hydraulicconductivitieswerecalculatedfromthetransmissivitydatabydividingthe

transmissivitybythelengthof saturatedwellscreenfor eachwell.Hydraulic

conductivityvalueswerenotcalculatedfor anytestresultsthatwerejudgedunreliable.

Hydraulicconductivityvalueswerecalculateddirectlyduringtheanalysisof theslugtest

data.Itshouldbe notedthatwelltests,althoughconsideredareliablemethodtoassess

aquiferparameters,provideaveragevaluesof thevariousstratapenetratedbythewell.

Actualparametersfor discretestratawithina testintervalcanvaryconsiderablyfrom

thecompositevalueobtainedfor theentiretestinterval.
—.

4.2.2.1.1 SlugTests

Slugtests,generallyperformedon

adding(slug-in)orremoving(slug-out)a

low-yieldwells,areperformedbyeither

knownvolumetoa wellandthenmonitoring

-.

“—

-.

theresponseof theaquifertotheinducedwater-levelchange.Thesedatacanbe

toassessthetransrnissivity(T) andhydraulicconductivity(K) butnotthestorage

used

coefficient(S)of anaquiferin thevicinityof thewell.Aquiferpropertiesdetermined

fromslugtestsaregenerallyconsideredaccuratetowithinanorderof magnitude.

Table5 liststheslugtestresults.

4.2.2.1.2 ProductionTests

Whereasslugtestsprovidetransmissivityandhydraulicconductivityvalues

representativeof a relativelysmallvolumeof aquifermaterialin theimmediatevicinity

of a well,productiontestsyieldtransmissivityandhydraulicconductivityvalues

representativeof a considerablylargervolumeof theaquifer.Inpreviousstudies,two
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typesof productiontestshavebeenperformedonSalinasbasinwells,specific-capacity

testsandconstant-ratetests.

Specificcapacity,orsingle-wellproductiontests,involvepumpinga wellata

knownflowrateandmonitoringthewater-leveldrawdownin thepumpingwell.

Specificcapacityisdefinedastheflowratedividedbythedrawdownin thewell,andis

typicallyreportedin unitsof gallonsperminuteperfootof drawdown(gpm/ft).T and

K valuesestimatedfromspecificcapacitytestsaregenerallyconsideredmore

representativethanslugtests;however,headlossesacrossthegravelpackandwell

screencanresultin underestimationof trueaquiferpermeabilities.Themajorityof the

availableaquiferproductiontestdatain the

tests.

Forthisreport,transmissivityvalues

databyusingamethodoutlinedbyDriscoll

Salinasbasinarefromspecificcapacity

werecalculatedfromthespecificcapacity

(1986). Forconfinedaquifers,thespecific

capacityvaluesin gpm/ftareconvertedtotransmissivityin gallonsperday(gpd)/ftby

multiplyingby2,000. Forunconfinedaquifers,thespecificcapacityvaluesin gpm/ft

aremultipliedby 1,500toyieldtransmissivityin gpd/ft(Driscoll,1986).Table6 lists

thespecificcapacitytestresults.

Constant-ratepumpingtestsgenerallyprovidethebestestimateof anaquifer’s

hydraulicproperties,duetotheuseof observationwellsfor analysis.Observationwells

allowobservationof theaquiferbehaviorwithouttheeffectsof welllossencountered

duringspecificcapacity

storativitydatacanalso

pumpingtests.

tests.Inadditiontotransrnissivityandhydraulicconductivity,

be obtained.Table7 liststheresultsof theconstantrate

l)rd:-inal
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Theunitsusedin thisanalysisweregpm/ftfor specificcapacity,gpd/ftfor

transmissivity,gallonsperdaypersquarefoot(gpd/ft2)for hydraulicconductivity,and

dimensionlessfor storativityorstoragecoefficient.

Thefollowingsectionsdiscusstheparametersestimatedfor thevariousaquifers

ascalculatedfromslugtests,specificcapacitytests,andconstant-rateaquifertests

performedonwellsin theSalinasbasin.Thetestresultsaresummarizedin Table8.

4.2.2.2 A-AquiferParameters

Hydraulicconductivitycalculatedfrom13slugtestsrangedfrom29to

711gpd/ft2witha meanof 305gpd/ft2.Twoconstant-ratetestsperformedin the

A-aquifer(WellsMW-OU1-07-AandMW-0U2-05-A)resultedin hydraulic

conductivitiesof 20 and307gpd/ftz.Themeanhydraulicconductivityfromthe

combinedtesttypeswas286gpd/ft2(38.2feet/day).

Storagecoefficientscalculatedfromthetwoconstant-ratetestswere0.24and

0.0082for WellsMW-OUl-07-AandMW-0U2-05-A,respectively.The0.24value

fromwellMW-OU1-07-Aisbasedondrawciownin a dischargingwellandis

thereforeconsideredlessreliablethanthe0.0082valuefromwellMW-0U2-05-A.

Thestoragecoefficientof 0.0082is lowfor anunconfinedaquiferandsuggeststhatthe

A-aquifermaybehaveasa semi-confinedaquiferin thevicinityof well

MW-0U2-05-A.

4.2.2.3 1$0-FootAquiferParameters

Hydraulicconductivitieswerecalculatedfrom29slugtestsand22 specific

capacitytests.Thehydraulicconductivitiescalculatedfromtheslugtestsrangedfrom

0.3to2,326gpd/ft2withameanvalueof 291gpd/ft2.Hydraulicconductivities
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calculatedfromspecjficcapacitytestsrangedfrom225to4,660gpd/ft2.Thecombined

m,eanhydraulicconductivitywas673gpd/ft2(90feet/day).

4.2.2.4 Combined180-/4OO-FootAquiferParameters

Threespecificcapacitytestswereperformedonwellscompletedin boththe

180-and400-footaquifers(Table8). Specificcapacitytestsfor wellscompletedin

bothof theseaquifersareconsideredtoprovideonlygeneralaquiferpermeability

information.Themeanhydraulicconductivityfor thethreetestsis924gpd/ft2.

4.2.2.5 400-FootAauiferParameters

A singleconstant-ratepumpingtestwasavailabletocalculateparametersfor the

400-footaquifer.TestresultsfromwellMarina09 produceda hydraulicconductivity

of 105gpd/ft2anda storagecoefficientof 0.0042.

4.2.2.6 900-FootAquiferParameters

Hydraulicconductivitiesin the900-footaquiferwerecalculatedfromfour

specificcapacitytestsandoneconstant-ratetest. Thespecificcapacitytestresultsare

listedin Table7 andtheconstant-ratetestispresentedin Hydrocomp(1985).

Hydraulicconductivitiesbasedonthefivetestsrangedfrom26 to270gpd/ft2witha

meanvalueof 79 gpd/ft2.Thestoragecoefficientcalculatedfromthesingle

constant-ratetestwas0.00155.

4.2.2.7 SpatialTrendsinPe~@Ii4vHydraulicConductivity

Thearealdistributionsof hydraulicconductivitiesfor A-, 180-,and400-foot

aquifersareillustratedin Plates17through19. IntheA-aquifer,hydraulic

conductivitiesappeartobe significantlyhigherin the0U2 landfillandMainGarrison

areasthanin theFAAFandEastGarrisonareas.
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Hydraulicconductivitiesin the180-footaquiferappeartobe higherin the

northernMainGarrisonnearthecityof Marinasoutheasternboundarythanin the

southernMainGarrisonarea.

The400-footaquiferdataareconsideredinsufficienttodevelopconclusions

aboutthespatialdistributionof pemeabilityhydraulicconductivity.

4.3 GroundwaterProduction

Thissectiondiscusseshistoricalandcurrentgroundwaterproductionin portions

of theSalinasbasinin andadjacenttoFortOral,aswellaswater-leveltrendsresulting

fromthisproduction.GroundwateriscurrentlyproducedfromwellsatFortOral,in the

cityof Marina,andin theSalinasValley.

Threegroupsof waterusersorpurveyorswereidentifiedwithinandimmediately

adjacenttotheSalinasbasinportionof FortOral;theseincludeFortOral,theMarina

CountyWaterDistrict,andprivate,domesticandirrigationwellownersin theSalinas

Valley.Thelocationsof onbaseproductionwellsandselectedwellsimmediately

adjacenttothebaseareshownonPlate5. Annualproductiontotalsfor 1980through

1991for theFortOrdandtheMarinaCountyWaterDistrictwellsaresummarizedin

Table9. Foreachactivewell,1991productiondataarepresentedin Table10.

Additionalinformationfor eachof thewaterusersisprovidedbelow.

A relativelylonghistoricalrecordof groundwaterelevationdataisavailablefor

wellsin theSalinasValley.Thehistoricalrecorddatestothe1910s,whengroundwater

productionwasfirstdocumentedin theSalinasValley/Castrovillearea,andthe1940sin

theFortOrdarea. Inaddition,mapsof groundwaterelevationsin the180-and

400-footaquifershavebeendevelopedfor thefollowingperiods:1944(DPW,1946a,b);

1961(Todd,1961);1968(GTC,1984);1972(DIVR,1973);1976,1979,and1983
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(GTC,1984;Leedshill-Herkenhoff, 1985);and1984(GTC,1984;MCWRA,1993).

Typically,thegroundwatermapsdevelopedovertheyearsshowgroundwaterelevations

in the180-footaquifer,andreflecttheeffectsof productionwellsatFortOral,the

MarinaCountyWaterDistrict,andthenumerousagricultural,industrial,andprivate

wellsin theSalinasValley.DPW(1946a,b) presentedthefirstdiscussionof

overproductionandtheresultingdrawdownandseawaterintrusionin theCastroville

area.In theFortOrdarea,overproduction,excessivedrawdown,andseawaterintrusion

werefirstobservedin the1960s(GTC,1984). Theseconditionshaveapparently

persistedtothepresent.

4.3.1 FortOrdWells

4.3.1.1 HistoricalGroundwaterProduction

A detaileddiscussionof thehistoryof groundwaterproductionatFortOrd

through1984ispresentedin GTC(1984),andissummarizedhere. Earlygroundwater

productionatFortOral,althoughpoorlydocumented,apparentlybeganin the1920sor

1930s.Fivewells(WellsFO-01,FO-04,andFO-05;alsoknownasGigling,Huffman,

andBarley,respectively)andEG-02andEG-03wereputintousein the1930s.

Elevenadditionalwells(FO-06,FO-07A,FO-07B,FO-08,FO-09,FO-10,FO-11,

FO-12,FO-14,FO-16,andFO-17),locatedin theMainGarrisonarea,weredrilled

in the1940s.Around1950,productionceasedin wellsFO-06throughFO-10andin

FO-12becauseof sandingproblems.By1951,thewatersupplyatFortOrdwas

obtainedsolelyfromwellsFO-11,FO-14,FO-16,andFO-17,centeredaroundthe

MainGarrisonarea.Duetoincreasingwaterdemand,fiveadditionalwells(FO-18,

FO-19,FO-21,FO-22,andFO-23)wereinstalledjustsouthof Marinain 1952. In

the1960s,wellsFO-24throughFO-28,Beach,andAirfieldwereinstalledeastof
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Marina.In 1984,wellsFO-29throughFO-32wereinstalledin theEastGarrisonarea.

Thehistoricalsequenceof wellinstallationandwelllocationwaslargelyrelatedto

seawaterintrusion.Theearlyproductionwasfromwellsin theMainGarrisonarea,but

asseawaterintrusionadvancedinland,wellswerelocatedfurthereast.

Table9 presentstheannualproductiondatafrom1980to 1991for FortOrd

water-supplywells.GroundwaterproductionatFortOrdbetween1985and1991was

relativelyconstant,rangingfrom1,522to1,853milliongallons.Themaximumrecorded

annualgroundwaterproductionatFortOrdoccurredin 1984.

4.3.1.2 CurrentGroundwaterProduction

FortOrdcurrentlyproduceswaterfromonlythreewater-supplywells(FO-29

throughFO-31), locatedin theEastGarrisonarea(Plate5). WellsFO-29andFO-30

arecompletedin the180-and400-footaquifers;wellFO-31iscompletedin the

180-footaquifer.Table10presentsthetotal1991annualproductionfor eachof the

currentwatersupplywells.

4.3.2 MarinaCountyWaterDistrictWells

TheMarinaCountyWaterDistrictcurrentlyoperatesfourproductionwells:

Marina09, 10, 11,and12(Plate5). Marina09, 10,and11arelocatedalongtheeastern

edgeof Marina,whileMarina12islocatedatthenorthernedgeof Marina(Plate5).

Marina09 iscompletedin the400-footaquifer,andMarina10, 11,and12arescreened

in the900-footaquifer.AdditionalwellshavebeenhistoricallyoperatedbytheMarina

CountyWaterDistrict,butwereabandonedduetowaterqualityproblemsrelatedto

seawaterintrusion.Mostof thesewellswerecompletedin the180-footaquifer.

—
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Table9 presentsthetotalannualproductionfromMarinaCountyWaterDistrict

supplywellsfrom1987to 1991;priorproductionrecordswerenotavailable.Table10

presentsthetotal1991productionfor eachof thewells.

4.3.3 Private,Domestic,andAgriculturalWells

Significantvolumesof groundwaterareproducedfromprivate,domestic,and

agriculturalwellsin theSalinasValley.Groundwaterproductionfromtheseprivate

wellsis regulatedbytheMontereyCountyWaterResourcesAgency.However,specific

dataregardingthesewellswerenotobtainedfor thisstudy.

4.3.4 Water-LevelTrends

Historically,waterlevelsin the180-footaquiferhaverespondedtopumping.

Water-levelcontourmapsbyGTC(1984)from1970through1983portraya

groundwatertroughalignedapproximatelywiththeeasternboundaryof Marinanearthe

pumpingwells.Thebaseof thetroughwasatapproximately-20 feetMSL.

Since1984,pumpingfromthe180-footaquiferhasshiftedfromtheMarina

areatotheFortOrdsupplywellsin theEastGarrison.Asa result,theformertrough

hasdisappearedand180-footaquiferwaterlevelsnearMarinahaverecoveredslightly

from-20 feetMSLtoapproximately-14 feetMSL. AlthoughwaterlevelsatMarina

appeartohaverecoveredsomewhat,theyhavedeclinedeastof Marina.Nowthereisan

eastwardgradientfromMarinatowardthecurrentpumpingcentersneartheEast

Garrison(Plate12).

Historicalwater-leveldatafromthe400-footaquiferarelimited;consequently,

definitivetrendsaredifficulttoassess.A 1984water-levelcontourmapbyGTC

indicateswaterlevelsaslowm -70 feetMSLin MarinaandtheMainGarrisonareas

withgradientstowardthewest.Currently,400-footaquiferwaterlevelsareat-14
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MSLnearMarinawithaneastward

FortOrdsupplywells(Plate13).

4.4 GroundwaterGeochemistry

gradienttoapproximately-30 feetMSLnearthe

Thissectionpresentsthegroundwaterchemicaldatacollectedfor theSalinas

basinduringtheFortOrdbasewidesiteinvestigations.Analyticalresultsarepresented

in Section4.4.1,siteactivitiespotentiallyaffectingthegroundwaterchemistryare

discussedin Section4.4.2,andwellsrepresentingnon-affected(background)conditions

arepresentedin Section4.4.3.

4.4.1 SalinasBasinGroundwaterChemistryResults

Thissectionpresentstheresultsof thegroundwaterchemicalanalysisfor organic

compounds,prioritypollutantmetals,andgeneralinorganicparametersfor theA-,

180-,400-,and900-footaquifers.Completeanalyticalresultsobtainedduringthe

basewideinvestigationareprovidedin AppendixC. Completeanalyticalresultsobtained

during

36 can

4.4.1.1

during

theinvestigationsof sites1, 2, 10, 12, 14, 16, 17, 18,20, 22, 23, 24, 30, 32, and

be foundin thesiteinvestigationreports,whicharecurrentlyin preparation.

OrganicCompounds

Theorganiccompoundsdetectedin groundwatersamplesin theSalinasbasin

thebasewideandsite-specificinvestigationsarepresentedin Tables11

through14. TheorganiccompoundsdetectedduringtheDamesandMooreJune1992

samplingroundatOU2arepresentedin AppendixF andaresummarizedin Table15.

Part“a”of eachtablesummarizestheresults.Thefollowingchemicalshavebeen

detectedin groundwaterin theSalinasbasin:bromodichloromethane(BDCM),

bromoform,carbondisulfide,carbontetrachloride,chlorobenzene,chloroform,

dibromochloromethane(DBCM),1,2-dichlorobenzene(DCB),1,4-DCB,
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1,1-dichloroethene(DCE),cis-andtrans-1,2-DCE,1,1-dichloroethane(DCA),

1,2-DCA,1,2-dichloropropane(DCP),tetrachloroethene(PCE),1,1,1-trichloroethane

(TCA),trichloroethene(TCE),trichlorofluoromethane(TCF),benzene,toluene,xylenes,

vinylchloride,andseveraltentativelyidentifiedcompounds(TICS).

Laboratorycontaminationbymethylenechloride,acetone,and

bis(2-ethylhexyl)phthalatewasobservedinlaboratoryblanksandenvironmentalsamples.

Therefore,thesechemicalsarenotincludedin theaboveresults.A detaileddiscussion

of laboratorycontaminationisin AppendixE.

4.4.1.2 PriorityPollutantMetals

Theprioritypollutantmetalsdetectedin groundwatersamplesin theSalinasbasin

arepresentedin Tables16through19. Part“a”of eachtablesummarizestheresults.

Thefollowingmetalsweredetected:antimony,arsenic,beryllium,cadmium,chromium,

copper,lead,mercury,nickel,selenium,silver,thallium,andzinc.

Theseresultswerecomparedtofederalmaximumcontaminantlevels(MCLS)

(EPA,1992h).Antimony,cadmium,chromium,nickel,andthalliumexceededMCLSin

somesamples(Table20). However,mostof thesemetalsweredetectedonlyoncein a

givenwellduringmultiplesamplingandanalysisrounds,resultingin a lowdegreeof

confidenceregardingthepresenceandconcentrationof thesemetalsin groundwater.

Antimonywasdetectedin threeA-aquiferwells,five 180-footaquiferwells,

one400-footaquiferwell,andone900-footaquiferwellbyEPATestMethod6010.

TheEPAMethod6010detectionlimitfor antimonyin groundwaterisestimatedtobe

32micrograms~erliter(pg/l;EPA,1986c),whichisabovetheproposedfederalMCLof

6 pg/1.,Therefore,wheneverantimonyisdetectedbythismethod,theMCLisexceeded.

Therangeof detectedvaluesfor antimonywas26.4to46.9pg/1,andthedetected
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occurrenceof antimonywasnotconfirmedduringmultiplesamplingandanalysisrounds

atanyof thewells.Antimonywasdetectedduringthelastsamplingroundatthe

WilRanchandMarina10wells;itspresenceshouldbe evaluatedwithadditional

samplingandanalysis.

Cadmiumwasdetectedin oneA-aquiferwellandfive 180-footaquiferwellsat

concentrationsrangingfrom2.9to 12.1pg/1. ThefederalMCLis 5 pg/1. Thedetected

occurrenceof cadmiumnotbeenconfirmedduringmultiplesamplingandanalysis

roundsatanyof thewellsexceptMW-14-02-A. Cadmiumwasdetectedin thiswell

duringthreesamplingroundsandexceededtheMCLwitha concentrationof 5.9pg/1

duringoneround.CadmiumwasdetectedatconcentrationsexceedingtheMCLduring

thelastsamplingroundatwellsMW-02-07-I80 andMW-I4-03-180andthe

presenceof cadmiumexceedingtheMCLattheselocationsshouldbe confirmedby

additionalsamplingandanalysis.

ChromiumwasdetectedonceabovethefederalMCLof 50 pg/1in the180-foot

aquiferwellMW-02-03-180at343#g/l; thiswasin thelastof threesamplingand

analysisrounds.Therelativelyhighmetalsconcentrationsobservedin thethird

samplingeventcomparedtothetwopreviouseventsatthiswellmaybe reIatedto

seawaterintrusion.

Thalliumwasdetectedinthree180-footaquiferwellsrangingfrom2 to9 pg/l;

thefederalMCLis2 #g/l. Thepresenceof thalliumhasnotbeenconfirmedduring

multiplesamplingandanalysisrounds.Thalliumwasdetectedduringthelastof three

samplingroundsatwellsMW-24-02-180andMW-30-01-180andthefirstof three

roundsatMW-02-02-180;additionalsamplingandanalysisshouldbe conductedto

assessitspresencein thesewells.

..,
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NickelwasdetectedatconcentrationsexceedingthefederalMCLof 100pg/1in

fourA-aquiferwellsandtwelve180-footaquiferwells.Inspectionof well

constructiondetailsfor allthesewellsindicatedthattheywereconstructedof stainless

steelwellscreensin combinationwitheitherPVCorsteelcasing.Nickelwasdetected

in 26 of the30 wellsconstructedfromstainlesssteelandonlytwicein wellsconstructed

of PVC. Nickelisa commonconstituentof stainlesssteel,andstainlesssteelwell

screenshavebeendocumentedasa sourceof nickelin groundwatersamples

(Hewitt,1992;Para’eretal.,1990).Therefore,thepresenceof nickelwasnotconsidered

torepresentgroundwatercontamination.

4.4.1.3 GeneralInorRanicParameters

Thedetectedinorganicparameterresultsfromgroundwaterin theSalinasbasin

fromtheA-, 180-,400-,and900-footaquifersarepresentedin Tables21

through24. Part“a”of eachtablesummarizestheresults.Theinorganicparameters

reviewedduringthisinvestigationincludemajorcationandanionconcentrations,TDS,

andPH. Thisinformationwasusedtoaidininterpretingaquiferrelationshipsandflow

conditions,andtoclassifythechemicalnatureof thegroundwater.

ThepertinentresultsaregraphicallypresentedontrilinearPiperdiagrams

(Plates20 through23)andStiffdiagrams(Plates24 through26). A Piperdiagram

permitsthemajoranionandcationcompositionof a watersampletobe plottedasa

singlepointonthediagram.Allof thewatersamplesfromanaquiferarepostedona

singlePiperdiagramfromwhichchemicalgroupingsandtrendscanbe discerned

visualIy.A thoroughdescriptionof thetechniquesusedfor creatingandinterpreting

Piperdiagramscanbe foundinthehydrogeologicliterature(FreezeandCherry,1979;
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DavisandDeWeist,1967)A Stiffdiagramallowsvisualinspectionof themajorion

chemistryresultsfromwellsin relationshiptotheirlocationandtoeachother.

Duringthepreparationof thediagrams,a chargebalanceerror(relativepercent

difference)betweenthepositiveionsandthenegativeionswascalculatedfor each

sampletoevaluatetheaccuracyof theanalyticaldata.If thechargebalanceerror

betweenpositiveandnegativeionsexceeded15percent,theresultsfor asamplewere

consideredunreliableandwerenotused. Missingoranomalousalkalinitydatawerethe

mostcommonreasonsfor chargeimbalances.Cationdataweregenerallynotavailable

for theOU2wells,precludingthepostingof anyOU2dataoneithertheStifforPiper

diagrams.

InadditiontothePiperandStiffdiagrams,TDSandchlorideisoconcentration

mapsweregeneratedasshownonPlates27 through32. Chlorideconcentrationcanbe a

usefulindicatorof seawaterintrusion.

4.4.1.3.1 A-Aquifer

Groundwaterin theA-aquiferunderlyingFortOrdcanbe characterizedasa

sodium-chloride-typewateronthebasisof thePiperdiagram(Plate20;Davisand

DeWeist,1967).Thegeneralshapeof theStiffdiagrams(Plate24)alsoindicatesthatthe

A-aquifergroundwaterunderlyingtheFAAFissimilartothatoccurringin the

southernportionof theA-aquifer(southandupgradientof the0U2 landfillarea),~

similarproportionsof cationsandanions.However,theStiffdiagramsin theFAAF

areaarenarrowerthanthosefromthesouthernportionof theA-aquifer,reflectingthe

lowerTDSconcentrationsobservedin FAAFarea(Plate27). TherelativelylowTDS

observedin theFAAFA-aquiferwellssuggeststhatthesourceof groundwaterin this

areaisslightlydifferentthanthatof theMainGarrisonArea. Thelower
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FAAFA-aquiferTDScouldbe duetomineralogicaldifferencesbetweentheolderdune

sandscomprisingtheaquifersin thetwoareas,ortheresultof differentgroundwater

residencetimesand/ortravelpathswithintheA-aquifer.

4.4.1.3.2 180-FootAquifer

Theinorganicgroundwaterchemistryin theunconfinedportionof the180-foot

aquiferwestof theFO-SVAandin thevicinityof Sites10and20 isverysimilarto

thatof theA-aquifer(Plates21 and25). Thissimilaritysuggeststhatthegroundwater

in thesetwoareascamefromeitherthesameorsimilarsources.Bothareasare

rechargedfromprecipitationinfiltratingthroughrelativelyhomogeneousnear-surface

geologicmaterials.The 180-footaquiferwestof theFO-SVAreceivesrecharge

surficialinfiltrationandfromtheA-aquifersystem.

TheareaonPlate2521designatedbytheslantedlinesrepresents—

literature-reportedwaterqualityfor the180-footaquiferin theSalinasValley

from

(DKT,1989).ItisapparentfromthePiperdiagramthatthewaterqualityof the

180-footaquiferbeneathFortOrdisdistinctfromthewaterqualityof the180-foot

aquiferin theSalinasValley.Thewatersamplesfromthe180-footaquiferbeneath

FortOrdcontaina largerproportionof sodiumandchloridethanthoserepresentativeof

the180-footaquiferbeneaththeSalinasValley.ThesimilaritybetweentheA- and

the180-footaquiferbeneathFortOrdandthedissimilaritybetweenthe180-footin

theSalinasValleywiththatof the180-footbeneathFortOrdsupportsthe

interpretationthatwaterfromtheA-aquifercontributestorechargeof the180-foot

.-.

aquiferbeneathFortOral.Thisisconsideredtobe a resultof thediscontinuous

presenceof theFO-SVAbeneathFortOral,whichprovideslocalizedpathwaysfrom

A-aquiferintothe180-footaquifer.

the
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4.4.1.3.3400-FootAquifer

Theinorganicgroundwaterchemistryin the400-footaquiferbeneath

isdistinctlydifferentthanthatof theoverlyingA- and180-footaquifers

FortOrd

(Plates24-26). Thedominantanionandcationin the400-footaquifergroundwater

arebicarbonateandcalcium,respectively.Exceptionstothisgeneralizationarewell

Marina09, whichhaschlorideasthedominantanion,andwellsCalWater39 and

MW-BW-03-400~whichisscreenedpredominantlyin thegravelsof the180-foot

~ whichhavesodiumaSthedominantcation Theelevatedchloridecontent

observedin wellMarina09 appearstobe duetoseawaterintrusion.

Thewaterqualityfor t%-FortOrdwatersupplywellsFO-17,FO-19,FWX$--

FO-28,FO-30,FO-31,andFO-32isplottedonPlates21 and22 using1985data

providedbytheArmy(FortOral,1992b).Withtheexceptionof FO-31,whichis

screenedin thelowerportionof the180-footaquifer,theseFortOrdwellsarescreened

in boththe180-andthe400-footaquifersandappeartobe morerelatedtothewater

chemistryof the400-footaquiferthantothe180-footaquifer.Thewaterqualityof

the400-footaquiferFortOrdwatersupplywellsisverysimilartothatfromtheSalinas

Valley(GraingerFarm,PanzieraRanch,WilRanch,CalWater33, andCalWater40).

Thisrelationshipsuggeststhatthe400-footaquifercontributesmuchof thewatertothe

FortOrdwellsscreenedin boththe180-and400-footaquifers.Alternatively,water

qualityin thegravelsof the180-footaquiferandthe400-footaquifermaybe similar

in thevicinityof theFortOrdsupplywells.FO-31isscreenedin thegravelsof the

180-footaquiferanditswaterqualityissimilartoFOwellsscreenedin boththe

180-footand400-footaquifers.
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4.4.2 AreasWhereSiteActivitiesAffectGroundwaterChemistry

Sitesin theSalinasbasinwherethegroundwaterqualityhasbeenaffectedby

activitiesatFortOrdincludethefollowing:

● MainGarrisonLandfill(OU2);organiccompoundplume

● Sites2 and12- MainGarrisonSewageTreatmentPlant,LowerMeadow,
DOLAutomotiveYard,andCannibalizationYard;organiccompound
plume

● FAAF(OUI); organiccompoundplume

● Sites30 and32 - DriverTrainingAreaandEastGarrisonSewage
TreatmentPlant;elevatedTDS

● A smallnumberof otherisolatedpointswhereorganiccompoundshave
beendetected.

● Sites1 and2; seawaterintrusion.

4.4.2.1MainGarrisonLandfill

Onthebasisofavailabledataforthesitesinvestigated,theMainGarrison

LandfillappearstohavehadthegreatestimpactongroundwaterqualityatFortOral.A

plumeassociatedwiththelandfillappearstoaffecttheA- and180-footaquifers,and

possiblyextendsintothe400-aquifer.Organiccompoundsin groundwaterassociated

withthelandfillinclude1,1-DCA,1,2-DCE,TCA,TCE,P(2E,TCF,DBCM,BDCM,

1,4-DCB,1,2-DCB,1,2-DCP,vinylchloride,chloroform,carbontetrachloride,

xylenes,andtoluene.Ofthedetectedchemicals,TCEwasboththemostcommonly

detectedanddetectedatthehighestconcentrationsrelativetoMCLS.TCE

concentrationsobservedduringthisstudyrangedfrom1.2to73.0pg/1,commonly

exceedingthefederalmaximumcontaminantIevelof 5 pg/I.

Comparisonof Plate10describinggroundwaterflowintheA-aquiferto

Plate27 describingtheTDSdistributionin theA-aquiferindicatesthatanareaof

relativelyhighTDSappearstohaveoriginatedfromthelandfillarea.Plates33 and34
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showisoconcentrationplotsof TCEin theA- and180-footaquifers.TheTCEplume

occurspredominantlywestof thelandfill,generallycoincidentwiththeareaof

relativelyhighTDSconcentrationandconsistentwiththegroundwatergradientin the

A-aquifer(Plate10). TheTCEplumeappearstoreachtheedgeof theFO-SVAwhere

waterfromtheA-aquiferentersthe180-footaquifer.TheTCEenteringthe180-foot

aquiferfromtheA-aquiferappearstohavebeendrawneastundertheFO-SVAin the

generaldirectionof theFortOrdsupplywells(FO-29,FO-30,andFO-31). This

eastwardmovementisconsistentwiththegroundwatergradientin thisportionof the

180-footaquifer(Plate12). Verticalleakageof organiccompoundsfromtheA- tothe

180-footaquifermayhavealsooccurredasa resultof thenowdestroyedFortOrd

supplywellsFO-11,FO-14,FO-16,FO-17,FO-18,FO-19,FO-21,FO-22,

FO-23,andFO-25(HLA,1989a,h). InadequatewellsealsbetweentheA- and

180-footaquiferarebelievedtohaveprovideda pathwaydownwardfromtheA- into

the180-footaquifer.

Thedetectedconcentrationsof 1,2-DCEandTCEin the400-footaquiferat

wellMW-0U2-07-400maybe associatedwiththelandfillplume.Nosignificant

groundwaterflowbarrierexistsbetweenthe180-and400-footaquifersin theareaof

the180-footaquiferTCEplume(Plate6). Further,thecityof Marinaactivesupply

wellMarina09 isscreenedin the400-footaquiferin theareaadjacenttotheplume.

Pumpingof Marina09 haspotentiallycontributedtoflowandcontaminanttransportin

the400-footaquifer.

4.4.2.2

which,

Sites2 and12

Sites2 and12displaythesecondlargestrecognizedorganiccontaminantplume,

similarto0U2, isbestdefinedbytheprincipalcontaminantTCE(Plate34).
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Water-levelmapsandchemicaldatasuggestthatthisplumeextendspredominantlyto

thewest.Theplumemayalsoextendtotheeastduetoa possiblegroundwatermound

inthe180-footaquiferbeneathSite12(Plate12). However,considerableuncertainy

existswithregardtotheplumegeometryduetothelimitedinformationin thearea

betweentheOU2landfillplumeandtheSites2 and12plume.

OrganiccompoundsassociatedwiththeSites2 and12plumeinclude1,1-DCE,

1,2-DCA,1,2-DCE,1,1,1-TCA,TCE,PCE,benzene,andchloroform.TCEwasthe

mostcommonlydetected,atconcentrationsrangingfrom0.49to230pg/1.

Elevatedconcentrationsof prioritypollutantmetalswereobservedin

MW-02-07-180. However,thesemetalconcentrationsarelikelyduetocation

exchangereactionstakingplacebetweentheaquifermaterialsandseawaterandarenot

consideredindicativeof contamination.Thecationexchangereactionsaredrivenbythe

highionicstrengthof theintrudingseawater.

OrganiccompoundsincludingTCEhavebeendetectedin wellsMW-02-02-180

andMW-02-03-180;MW-02-07-180hasshownnodetectableorganiccompounds.

Seawaterintrusionhasapparentlyoccurredbelowtheorganiccompoundplumepresent

in theupperportionof the180-footaquifer.Organiccompoundsaboveandwestof a

wellshowingseawaterintrusionareconsistentwiththeexpectationthatseawaterwould

be deeperduetoitsgreaterdensity.

4.4.2.3 FAAFFireDrillArea(OU1)

TheFAAFFireDrillArea(OU1) displaysanorganiccompoundplumein the

A-aquifer(Plate33). OrganiccompoundsassociatedwithOU1 consistof carbon

disulfide,1,1-DCA,1,2-DCE,1,1,1-TCA,TCE,xylenes,andthetentatively
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identifiedcompoundsnaphthaleneandunknownalkanes.TCEwasthemostcommonly

detectedatconcentrationsrangingfrom4.5to41.0pg/1.

GroundwaterflowatOU1isstronglyinfluencedbya groundwaterremediation

systemthatextractscontaminatedgroundwaterfromtheA-aquifer,removestheorganic

contaminants,andthenirrigatesanunlinedsoiltreatmentareathatrechargesthe

A-aquifer.

At OU1, theorganiccompoundsTCE,TCA,PCE,benzene,andtoluenehave

beendetectedin A-aquiferwellsupgradientof theidentifiedsourceandtreatmentarea

(wellsMW-OU1-01-A andMW-OU1-02-A)(HL4,1993a).Thedetectionof TCE

atwellMW-OU1-01-A representsthehighestandmostconsistentorganiccompound

concentrationobservedin anupgradientwell. ThemaximumTCEconcentration

observedatMW-OU1-01-A is 17pg/1(12/04/90). Detectableconcentrationsof TCE

havebeenobservedin 22 of the24 samplingeventsthathaveoccurredat

MW-OUI-01-A sinceAugust1988. Thesourceof organiccontaminationin the

A-aquiferupgradientof FAAFFireDrillArearemainsunidentifiedandwarrants

furtherinvestigation.

Nowellsarepresent

wellMW-B-13-180,located

in the180-footaquiferbelowOUI;however,

approximately2,000feetsouthof OU1,containedcarbon

tetrachlorideata concentrationof 9.8pg/1. Thepresenceandsourceof organic

contaminationin the180-footaquiferin thisgeneralareaisuncertain.

4.4.2.4 Sites30 and32

WaterqualitybelowSites30 and32, theDriverTrainingAreaandEastGarrison

Sewage“TreatmentPlant,appearstoreflectgroundwatercontaminationfromtreatment

planteffluent.ElevatedTDS,nitrate,andchlorideconcentrationsanduniqueStiffand
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Piperdiagramchemicalsignaturesfor wellsMW-30-01-180,MW-32-01-A,

MW-32-02-A,MW-32-03-A(Table22, Plates21 and25)supportthisconclusion.

Groundwaterinformationin thisareaislimitedtothreewellsbeneathSite32

(incorrectlyidentifiedasA-aquiferwells)andonewelltothesouthbeneathSite30, all

of whichmonitorthe180-footaquifer.

TheTDSconcentrationof 933mg/1atwellMW-30-01-180isthesecond

highestobservedduringthisstudyandisfarabovewhatwouldbe expectedin thisarea.

Site30 isbeinginvestigatedfor potentialcontaminationrelatedtoa gasolinefueling

station,buta fuelingstationisnotconsideredalikelysourcefor thehighTDS

conditionsobserved.Thegroundwatergradientappearstobe in asoutheasterndirection

fromSite32 towardSite30, suggestingthatthehighTDSobservedatSite30 couldbe

relatedtotheSite32. MonitoringwellMW-30-O1-180shouldbe resampledand

analyzedfor constituentsconsistentwithSite32.

4.4.2.5 OtherSitesof GroundwaterContamination

Organiccompoundshavealsobeendetectedin thefollowinglocations:

9 Sites17and18

● A-aquiferwellMW-36-01-A

● 180-footaquiferwellsMW-10-O3-180,Marina02, and
MW-B-13-180

● 400-footaquiferwellsMW-0U2-07-400,MW-0U2-06-400,and
WilRanch.

Site17wellsMW-17-01-180andMW-17-02-180displayanapparent

organiccompoundgroundwaterplumewhichincludeschloroform,carbontetrachloride,

DBCM,bromoform,andPCE. Thechemicalresultsfromthesetwowellsare

inconsisten~chloroform,carbontetrachloride,andPCEweredetectedin onlyoneof the
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threesamplingroundsfor thesetwowells(Table12). Onlybromoformand13BCMwere

detectedconsistentlyin allthreesamplingroundsfromMW-17-01-180.Additional

samplingandanalysisshouldbe conductedatthesewellsusingEPATestMethods8010

and8020toverifytheexistenceof theorganiccompoundsatthislocation.

AtSite18,TCEhasbeenfoundconsistentlyin wellMW-18-03-180

(Table12). It isnotknownwhetherthepresenceof thiscompoundin Site18wellsis

relatedtoorganiccompoundplume(s)associatedwithothersitesin thevicinityoris

associatedwithSite18activities.

Theorganiccompoundsobservedin theotherwellslistedaboveappearto

representuniqueandisolatedlow-leveloccurrences.Thepresenceof thesecompounds

shouldbe confirmedwithadditionalsamplingandanalyses.

4.4.2.6 SeawaterIntrusion

Seawaterintrusionintoboththe180-and400-footaquifershasoccurred

historicallyin theSalinasbasin.Seawaterintrusionissignificantbecauseit affects

potabilityandwatertreatabilityduringrernediation.Itwilllikelybe animportant

considerationwhenevaluatinggroundwaterextractionasa remedialalternative.

Seawaterintrusionoccurswhengroundwaterlevelsin areasadjacenttoa

water

seawaterbody(e.g.,MontereyBay)aredroppedbelowsealevel,creatinga gradient

inland.Thecontrastingdensityof seawater(pp=l.025)tothatof typicaldilute

groundwater(pp=l.00)affectsandcontrolstheshapeof theintrudingmassof seawater.

Duetothegreaterdensity,intrudingseawatermovesmorerapidlyatthebaseof the

zoneof intrusionandtheintrudingseawaterbodytakestheshapeof a wedge.The

actualinterfacebetweentheseawaterandfreshwaterisgradationalandnotsharpdueto

mechanicalandchemicaldispersion.
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4.4.2.6.1HistoricalSeawaterIntrusion

180-FootAquifer

Seawaterintrusioninto180-footaquiferin thenorthernSalinasValleywasfirst

observedintheearly1930s(DPW,1946a,b)andconsistedof intrusionintothe180-foot

aquifer.SeawaterintrusionintotheSalinasbasinappearstobe closelyrelatedto

groundwaterwithdrawalthatloweredthegroundwaterlevelstobelowsealevel. The

historicalrelationshipbetweendepressedwaterlevelsin theSalinasbasinandseawater

intrusionhasbeenwelldocumented(DPW,1946a,1946b,1958.1963;DWR1970,1973,

1975;Leedshili-Herkenhoff, 1985:andGTC,1984).Plate35 showsseawaterintrusion,

asdefinedbythechloride500mg/1isoconcentrationline,steadilymigratinginlandup

theSalinasValley.

SeawaterintrusionintotheSalinasbasinintheMarina/MainGarrisonareawas

firstobservedin the1960s(GTC,1984). Plate35 portraysthemigrationof seawater

intrusionfrom1966through1983in theMarinaarea. Seawaterintrusionintothisarea

hasbeencloselyrelatedtogroundwaterwithdrawalsbythecityof MarinaandFortOral.

Deterioratingwaterqualityforcedthecityof Marinatodiscontinuepumpingallof its

180-footaquiferwellsby 1978(GTC,1984)andinstallwater-supplywellsintothe

deeper400-footand900-footaquifers.Inresponsetoseawaterintrusion,FortOrd

discontinuedpumpingin the180-footaquiferbeneaththeMainGarrisonareaand

installeda newwellfield(FO-29,FO-30,FO-31,andFO-32)neartheEastGarrison.

400-FootAquifer

Seawaterintrusionintothe400-footaquiferhasbeenslowerandlessextensive

thanin theoverlying180-footaquifer.

wasfirstrecognizednearCastrovillein

showstheinlandmigrationof seawater

Seawaterintrusionintothe400-footaquifer

1959(Leedshill-Herkenhoff, 1985).Plate36

intrusionuptheaxisof theSalinasValley.
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4.4.2.6.2 CurrentConditions

Thecurrentextentof seawaterintrusionin theSalinasbasinaquifersatFortOrd

wasassessedfromchlorideconcentrationdata(Plates30-32)andwaterleveldata

(Plates12and13).

Chlorideconcentrationsin theA-aquiferrangefrom10to259mg/1anddonot

indicateseawaterintrusionintotheA-aquifer.Allof thewater-leveldatafromthe

A-aquiferareabovemeansealevel,indicatingthepotentialfor seawaterintrusiondoes

notexist.

Theseawaterintrusioneffectsin the180-footaquiferbeneaththeMain

Garrisonareaappeartohavedecreasedby 1992(Plate35). Thisissupportedby

historicalchlorideconcentrationsatWellFO-24,whichhavedecreasedfroma highof

550mg/1in 1981(GTC,1984)to93.5mg/1measuredduringthisinvestigation.The

apparentchangein theseawaterintrusiontrendin thisareaislikelyduetothecessation

of groundwaterwithdrawalbythecityof MarinaandFortOrdin thisarea.

Seawater

MW-02-02-180,

areindicatedby

intrusionappearstobe affectingtheSite2 wellsMW-02-07-180,

andMW-02-03-180. Seawaterintrusioneffectsatthesethreewells

theelevatedchlorideconcentrationsandthepatternof increasing

chlorideconcentrationswithincreasingdepthof thewellscreen.

WellsMW-02-02-180,MW-02-03-180andMW-02-07-180areadjacenttothe

coastlineatSite2. Ofthesethreewells,MW-02-07-180isdeepest,screenedbetween

-49 and-69 feetmeansealevel(MSL),followed

MSL),andMW-02-02-180(16to-24 feetMSL).

byMW-02-03-180(17to-24.5feet

Waterqualityin thedeepestwell

displaystheeffectof seawaterintrusionwithelevatedTDSof 24,000mg/1.

WellsMW-02-02-180andMW-02-03-180displayedmuchlowerbutstillelevated

TDSconcentrationsof 794and833mg/1,respectively.Stiffdiagrams(Plate25) indicate
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dilutedseawateratMW-02-07-180andsuggestdilutedseawaterisaffecting

WellsMW-02-02-180andMW-02-03-180.

Thecurrentconditionof seawaterintrusionin the400-footaquiferbeneaththe

cityof Marina/FortOrdMainGarrisonareaisdefinedbythewaterqualityof thewater

supplywellMarina09. Thelocationof thechloride500mg/1isoconcentrationlineis

constrainedbywellMarina09 andliestothewestof thiswell.

Chlorideconcentrationsin the400-footaquiferrangefrom16to243rng/1.The

wellsMarina09 andMW-0U2-07-400appeartobe slightlyaffectedbyseawater

intrusionbasedonthesechlorideconcentrationsandwaterlevels.

4.4.3 BackgroundGroundwaterChemistry

Table25 isalistof wellsfromtheA-, 180-foot,400-foot,and900-foot

aquifersconsideredtorepresentbackgroundgroundwaterchemicalconditionsat

FortOral.Tables26 through29 listthemaximum,minimum,andfrequencyof

detectionof thegeneralinorganicandtheprioritypollutantmetalsobservedin these

wells.

Wellswereconsideredtorepresentbackgroundconditionsif theywerefree of

organiccontaminants,locatedhydraulicallyupgradientfromsiteactivities,anddisplayed

inorganicchemistryapparentlyunaffectedbysiteactivities.Wellswithapparent

seawaterintrusionoreffectsfromstainlesssteelwellscreenswereexcluded.
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5.0 SEASIDEBASIN

TheSeasidebasinunderliesthecities of SeasideandSandCityandthesouthern

partof FortOrd(Plate3). Thebasincomprisesanareaof approximately24 square

milesboundedbythePacificOceantothewest,theChupinesFaulttothesouth,and,

onthebasisof limitedgeologicandhydrologicdata,byanelevatedsubsurfaceridgeof

theMontereyFormationtothenorth.Theeasternbasinboundaryisuncertainbutis

assumedtobe theelevatedareanearImpossibleCanyon(Plate3), asoriginally

postulatedbyMuir(1982). TheSeasidebasinwassubdividedintoSouthernand

NorthernSeasidebasins(Muir,1982). TheNorthernbasinhasbeenfurthersubdivided

intotheNorthernInland,Coastal,andFortOrdsubbasins.TheSouthernSeasidebasin,

whichissouthof theSeasidefault,includestheLagunaSecasubbasinlocatedalongthe

southernbaseboundary(SGD,1990f). In thewesternportionsof theSeasidebasin,the

variousbasinsandsubbasinsaredefinedbytheChupines,Seaside,andOrdTerrace

faults(Plate3). Theeasternextentof thesubbasinisundeterminedduetoa lackof

datafromtheFortOrdImpactArea(Site39).

5.1 Geology

ThissectiondescribestheSeasidebasinstratigraphy,geologicstructure,related

offshoregeology,andhydrostratigraphy.

5.1.1 Stratigraphy

A relativeabundanceof previouswelllogdataisavailablefor thewestern

portionsof theSeasidebasin.Asaresult,thegeologicunitstherearemorefully

understoodthanin theNorthernInlandandFortOrdsubbasins.Theprincipalgeologic

unitswithintheSeasidebasinatFortOrdarelistedin Table30 andaredescribed

below.Duetothelimitedoccurrenceof recentandolderalluvium,theseunitsarenot
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describedherein;however,theyaredescribedbrieflyinTable30. Lithologic

descriptionsthatarecommontotheSalinasbasinarenotrepeatedherebutcanbe found

in Section4.1.1.

5.1.1.1 BeachSand(Qs)

Beachsandof theSeasidebasinissimilarin locationandlithologytothatof the

Salinasbasin(Section4.1.1.1).

5.1.1.2 RecentDuneSand(Qd)

Recentdunesandof theSeasidebasinissimilarin locationandlithologytothat

of theSalinasbasin(Section4.1.1.2).

5.1.1.3 OlderDuneSand(Qod)

Olderdunesandcoversmuchof thewesternandcentralportionof theSeaside

basinwithdepthsranginguptoapproximately250feet. IntheSite39 ImpactArea

(Plate4), theolderdunesandlapsunconformablyontotheAromasSand,whilein the

westernportionof thebasin,theQodappearstooverliethePasoRoblesFormation.

PreviousinvestigatorshaveportrayedtheuppermostdepositswithinthewesternSeaside

basinasanundifferentiatedaccumulationof boththeQarandQodunconformably

overlyingthePasoRoblesFormation(SGD,1990~).ThedistinctionbetweentheQarand

Qodissubtle;theuppermostportionof thisundifferentiatedsandsequenceiscommonly

fine-grainedsiltysand,becomingcoarse-tomedium-grainedsandatdepthnearthe

contactwiththePasoRoblesFormation.Thecoarse-grainedsedimentsindicatefluvial

ormarinedepositionratherthaneolian.Despitesomefluvialormarinecontributions,

thesandoverlyingthePasoRobIesFormationin thewesternSeasidebasinisincludedin

theQodasshownoncrosssectionF-F, Plate7. TheQodisquartz-andfeldspar-rich,

similartotheQodof theSalinasbasin.
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5.1.1.4 AromasSand(Qar)

Surfaceexposuresof theAromasSandaremappedat thehjgherelevationsofthe

easternSeasidebasinasshownonPlate3 (Bowen,1969,Clarketal.,1974,and

Dibblee,1973).AccordingtoMuir(1982),theQarmayrangeupto300feetthick;this

isshownoncrosssectionF-F’(Plate7). OutcropsofQarbecomeisolatedandscattered

towardthewestandthisunitultimatelybecomesburiedbeneathQodin thewestern

ImpactAreaandthecityofSeaside.RefertothediscussionoftheAromasSandin

Section4.1.1.5foradditionalinformationaboutthisunit.

5.1.1.5PasoRoblesFormation(QTpr)

OutcropsofthePasoRoblesFormationintheeasternSeasidebasinhavea

similarcompositiontothosedescribedin theSalinasbasin,i.e.,a sequenceoflenticular

bedsofgravel,sand,clay,andsilt.

Previousinterpretations,basedonwelllogsfromtheSeasidearea,indicatethe

lowersectionofthePasoRoblesFormationinthewesternSeasideareahasconsiderable

lateralcontinuity(Muir,1982;SGD,1990_f).Wellandgeophysicallogsfromthisarea

indicatethepresenceofseveralwidespreadclaysandsands,andofshellsindicatinga

marineorigin(Muir,1982)orcontactwithPliocene-agemarinesedimentssuchasthe

PanchoRicoand/orPurisimaFormations.Thiscontrastswiththepoorlysortedand

relativelydiscontinuousnatureoftheformationinitsuppersection.Lackofwellor

boringdatafrombeneaththeFortOrdImpactAreaprecludesa reliableinterpretationof

thegeologyin thatarea.Thisabsenceofsubsurfacedataisevidentontheeastern

portionofcrosssectionF-F’(Plate7).

BoringlogsfromtheCoastalsubbasinandwesternportionoftheFortC)rd

subbasinindicatea clayispresentneartheolderdunesand-PasoRoblescontact.The

extentof thisclay,referredtoastheSeasideclayin thisreport,isshownapproximately
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onPlate3andoncrosssectionsD-D’andF-F’(Plate7). Althoughitsextentand

naturearenotwellestablished,thegentlewestwardslopeandstratigraphicposition

betweenthePasoRoblesandolderdunesandsuggestthisclaymaybePleistocene-age

shallowmarinesediments(mud)depositedoverthePasoRoblesFormation.

LithologicandgeophysicallogsforPB-BW-02,-03,-04,and

MW-BW-09-180suggestthata similarIithologicsequenceispresentintheupper

portionsoftheseboringlocations(seeE-E’,Plate7). Thiscorrelationacrossthe

projectedlocationoftheSeasidefaultindicatesthatdisplacementsin theupperQTpr

sedimentsarerelativelyminor,orthattheSeasidefaultdoesnotextendupwardintothis

sequence.

5.1.1.6SantaMargaritaFormation(Tsm)

TheMiocene-ageSantaMargaritaFormation,ofmarineorigin,iscomposedof

whiteorblue-gray,well-sorted,fine-tocoarse-grained,quartzosesandandfriable

sandstonewithlittleclaycontentandhighporosity.Unconformablyunderlyingthe

PasoRoblesFormationintheSeasidebasin,theSantaMargaritaFormationisreportedto

interfingerwiththeshaleanddiatomaceousmembersoftheMontereyFormationa few

mileseastof thetypesection,nearthecityofMonterey(Bmven,1965).Unlikethe

PasoRoblesandMontereyformations,theSantaMargaritais

theSeasidebasin.It apparentlythinsoutinthewesternpart

basinbeneaththecityofSeaside,asshownonPlate39. The

notcontinuousthroughout

oftheSouthernSeaside

absenceofTsminthe

subsurfaceatopareaswherethe

MSLmayindicatethattheTsm

depositedat thoselocations.

MontereyFormationisaboveapproximately100feet

wasremovedbypasterosionorthattheTsmwasnever

.—
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TheSantaMargaritaFormationwasnotencounteredinwellsdrilledduringthis

investigation;consequently,littleinformationcanbeaddedtotheunderstandingofthis

unit’shydrogeologicrole.

5.1.1.7MontereyFormation{Tin)

IntheSeasidebasin,theMiocene-ageMontereyFormationiscomposedprimarily

offi-ne-gra+ed*hale,rnudstone,anddiatomaceousshalewithlesseramountsof

sandstoneinterbeds.Thisnon-water-bearingunitisassumedtoformthebaseofthe

Seasidebasinwater-bearingzones.ThefollowingwellspenetratetheMonterey

Formationin theSeasidebasin:Gigling,FO-04(Huffman),MW-B-26-180,Paralta,

MPWMD#O1(D),MontereySandCo.-D,andtheSeaside03. Therearenosurface

outcropsinthebasin,althoughtheformationisexposedadjacenttotheChupinesfault.

5,1.2

several

GeologicStructure

UnliketheSalinasbasin,theSeaside

northwest-trendingfaultsandfolds.

basinisstructurallycomplexandcontains

Thecontinuityofthesestructuresintothe

FortOrdImpactAreaisuncertainduetotheabsenceofadequatesubsurface

stratigraphicandstructuralinformation.Basedonwelllogs,thesestructuresdkplaee

deformboththeTmandTsm,However,TJhedegreeofdeformationwithinthe

PasoRoblesFormationisnotaswelldefinedasintheTmandTsm.Effectsoffaults

ongroundwaterflowareconsideredlikelytodecreaseintheupperportionsoftheQTpr

duetominorif anyfaultoffsetproiectingintotheupperQTpr.Thedegreeoffolding

in theupperportionsofthePasoRoblesFormationisuncertain,butalsoconsideredto

beminor.However.folding,followedbyerosionpriortodepositionoftheolderdune

sand,couldhaveresultedinsandybedswithinthePasoRoblesFormationbeingPlaced

incontactwiththeUppermostaquifer,therebyProvidingPotentialpathwaysfromthe
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UppermostaquiferintothePasoRoblesFormation.Structuraldatasupportin~folding

in thePasoRoblesFormationisprovidedin thecitedreferencess~ecificallyMuir

(1982).SGD(1990)andGreene(1977).Deformationin theQarisminor,apparently

consistingofa slightnorthwardtilting.

TheChupinesfault,theonlySeasidebasinfaultevidentat thegroundsurface,

formsthesouthernboundaryof thebasin,juxtaposingupliftedMontereyFormationon

thesouthagainsttheSantaMargaritaFormation,PasoRoblesFormation,andQuaternary

depositsonthenorth.

TheSeasidefault,togetherwithitseastwardprojectionasananticlinalfold,

definestheboundarybetweentheNorthernandSouthernSeasidesubbasins.

InterpretationsofseismicrecordsbyGreene(1977)indicatetheSeasidefault

offshoreintoMontereyBay.Basedonwellcontrolof theMontereybedrock

continues

surface,

SGD(1987a)locatedthefaultapproximatelyasdepictedonPlate3. SGDhasalso

interpretedwelldataasbeingindicativeofa bedrockhighsituatedalongthe

northeasternportionofthisfault.

RelativedisplacementbytheSeasidefaultisthoughtbyseveralauthorstobe

downwardtothesouth(Clarketal.,1974:Muir,1982;SGD,1990f), althoughThorup

(1977)andGTC(1984)offera contraryinterpretation.StratigraphyatPB-BW-04,

locatedsouthofthefault,issimilartothatatMW-BW-09-180,PB-BW-03,and

PB-BW-02,northofthefault.AsdiscussedinSection5.1.1.5,thisindicatesthatthe

upperportionsofthePasoRoblesFormationareoffsetonlyslightly,if at all,bythis

fault.NorthoftheSeasidefault,andsouth-southeastofwellMPWMD#01(D),a pilot

boringinstalledbyHLA(PB-BW-04)failedtoreacheithertheTmorTsm.The

—

absenceoftheseunitsindicatesthatthebedrockriseseeninMPWMD#01doesnot
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continueasfarsouthasthefault.Rather,bedrockmaydescendnearthefault(seecross

sectionE-E’;Plate7). Analternativeexplanationisthatthisboringwasactually

locatedsouthofthefault,andthefaultlocationissomewhatnorthofthelocation

presentedbySGD(1990f).

DisplacementoftheOrdTerracefaultisconsideredtobeofa south-up,

north-downsense.OnthebasisofCal-Am’sLuzernwellandOrdVillageWell1,

whichpenetratetheTm,SGD(1990f)locatedtheOrdTerracefaultapproximatelyas

depictedonPlate3. TheyconcludedthatthisfaultoffsetstheTsmandTmbutnotthe

QTpr.HydrothermalwaterattributedtoeithertheSeasideorOrdTerracefaultby

Geoconsultants(1985)wasalsousedbySGDasa basistoapproximatethelocationof

thisfault.

5.1.3 OffshoreGeology

Aseriesofnorthwest-trendingfaultshavebeenmappedoffshorefromthe

Seasidebasin(Greene,1977).TheOrdTerraceandSeasidefaultsappeartoproject

offshore.Basedonthatinterpretation,theonshoregeologicunitswouldalsoproject

somedistanceoffshore.Offshoreprojectionoftheonshoregeologicconditionswould

placeoutcropsofPasoRoblesFormationa considerabledistanceoffshoreandtherefore

thepointofentrybyseawaterintothatunitwouldbea considerabledistancefromthe

currentgroundwaterproductionareas.Incontrast,theolderdunesand(andtherefore

theUppermostaquifer)isrelativelyflat-lyingandisprobablyincontactwithseawater

inthebeachareas.Consequently,seawaterintrusionintoaquiferswithinthedunesand

couldoccurrapidlyinresponsetopumpingineithertheUppermostaquiferorupper

portionsofthePasoRoblesFormation.
,-

DraftFinal
C26463-H
June10,1994

75of 113



. .

.-

___

.-.

.—

Unfortunately,littledefinitivegeologicdataareavailableoffshoreandoutcrop

locationsofthevariouswater-producingunitsarehighlyinterpretive.Asa result,the

relationshipbetweencurrentgroundwaterextractionandseawaterintrusionisnotwell

established.

5.1.4 HydrostratigraphY

TheSeasidebasinhasthreedistinctwater-bearingunits:theUppermost,

PasoRobles,andSantaMargaritaaquifers.

TheUppermostaquifercomprisesthesaturatedportionsoftheolderdunesand

andAromasSand.Thisaquiferiscomposedpredominantlyoffine-tomedium-grained

sand,locallycoarse-grainedin itslowersections,withoccasionalsiltbeds.The

preponderanceofwell-sortedsandinthisaquiferindicatesrelativelyhighverticaland

horizontalpermeabilitiesexceptwherelimitedbysiltbeds.RechargetotheUppermost

aquiferisprimarilytheresultofinfiltratingprecipitationandsurfacewater.Seawater

intrusionintoshallowwellsnearthebeachindicateseawaterrechargestheaquiferlocally

inresponsetopumping.

Exceptfora fewshallowwellsnearthebeach,thisaquiferisnotusedfor

groundwatersupply.Theaquiferisunconfinedandis typicallyperchedoverthefiner-

grainedPasoRoblesFormation(QTpr)and/orSeasideclay.WheretheQTprissandy

andincontactwiththeUppermostaquifer,hydrauliccommunicationcouldoccur.The

UppermostaquiferappearstobehydraulicallyconnectedtothePasoRoblesaquifer

immediatelysouthoftheSeaside/Salinasbasinboundary(bedrockhigh).Waterlevelsin

wellsMW-B-26-180andMW-B-28-180,screenedintheUppermostaquifer,are

similartowellsMW-B-29-180andMW-B-27-180,screenedin thePasoRobles

aquifer.

..
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TheaquifersofthePasoRoblesFormationarebelowtheUppermostaquifer.

Thisunitconsistsofseveralsignificant,confinedwater-producingzonesatdepth,and

numeroussmallconfinedzonesindiscontinuous,lenticularstratain itsuppersections.

Asdiscussedabove,wheregranularmaterialsareincontactwiththeUppermostaquifer,

unconfinedconditionsmayoccurlocally.

If it werecontinuous,theSeasideclaywouldforma potentiallysignificant

verticalbarriertoflowbetweentheUppermostandPasoRoblesaquifersinlarge

portionsoftheFortOrdandCoastalsubbasins,asshownonPlate3. However,the

continuityofthisclayisinterpretedfromonlyscatteredwelldataanditsroleasan

aquitardisuncertain.Thepresenceoffine-grainedsedimentsandthelenticularnature

ofstratain theupperportionsofthePasoRoblesaquiferindicaterelativelylowvertical

permeabilities.

Thedegreeofoffsetin thePasoRoblesFormationt+bytheSeasideandOrd

Terracefaultsisuncertain.However,previousinvestigations(SGD,1990f)indicatethat

thesefaultsformsignificantbarrierstoflow,at leastin thelowerportionsoftheunit.

ContinuityofmarkerbedsacrosstheOrdTerracefaultreportedbySGD(1990j),and

apparentcontinuityofa strataacrosstheSeasidefault,indicatethesefaultsdonotform

barrierstoflowin theupperportionsofthePasoRoblesFormation.

TheSantaMargaritaFormationformsthelowermostaquiferintheSeasidebasin.

Thisconfinedaquiferiscomposedpredominantlyofquartzosesandwitha

thoroughgoingclaydefininga loweranduppermember(SGD,1990f). Wellsare

typicallyscreenedinbothmembers,makinganevaluationoftheirhydraulicrelationship

unfeasible.,- -

... .
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TheSantaMargaritaaquiferisbelievedtobeabsentoverlocalizedareasofthe

basinasshownapproximatelyoncrosssectionE-E’(Plate7). BoththeSeasideandOrd

Terracefaultsarebelievedtooffsetthisaquiferandcreatebarrierstoflow.

RechargetothePasoRoblesandSantaMargaritaformationsisbelievedtobe

predominantlyfromsubsurfaceflow(SGD,1990f).Thecontribution,if any,of

rechargebyseawaterintrusionisunknownbecauseproductionwellshavehistorically

beenunimpactedbyseawater.Further,theoffshoregeologyandlocationofseawater

pathwaysintothesewater-bearingformationsisunknown.

5.2 Hydro~eology

Thissectiondescribesthegroundwaterflow,includinggroundwater/surface

waterinteraction,andhydraulicparameterdatafortheSeasidebasin.Informationwas

compiledfromseveralpreviousstudiesofgroundwaterconditions(Muir,1982;SGD,

1987a,1990f)anda limitedamountofadditionaldatawerecollectedduringthis

basewideinvestigation.

5.2.1 PresentGroundwaterFlowConditions

Severalnestedwellswereinstalledaspartof thisinvestigationtomonitor

groundwaterconditionsat selectedlocationsintheUppermostandPasoRoblesaquifers.

Groundwaterelevationdatafromtheseandotherexistingwellswereobtainedduring

January,February,May,andJuly1992andarelistedinTable2, Analysisofthesedata

indicatethatgroundwaterelevationsduringthefourmonthlymonitoringperiodsdidnot

changesignificantly.Consequently,water-levelmapsforthethreeaquifersare

presentedonlyforJuly1992,a representativeperiod.Plates37through39present

contourmapsoftheJuly1992groundwaterelevationdatafortheUppermost,

PasoRobles,andSantaMargaritaaquifers.
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Water-1evelelevationdatapresentedbySGD(1990f)indicatethatthe

groundwaterproductionintheSeasidearea(fromCal-AmandcityofSeasidewells)is

causinga depletioninbasinstorage.SGDestimatedtheoverallrateofdeclinetobe

severalfeetperyearfrom1960to 1990.

5.2.1.1UppermostAquifer

TheUppermostaquiferisunconfinedandperchedwithinolderdunesandand

includestheAromasSandintheeasternportionsofthebasin.Althoughthewellgroups

monitoredareata considerabledistancefromoneanother,thewaterlevelsindicatea

westwardflowapproximatelyparallelto topographyasshownonPlate37. Theoverall

hydraulicgradientisapproximately0.015ft/ft.

Becauseonlylimitedgroundwaterelevationdataareavailable,theeffectsofthe

faultsonshallowgroundwaterflowareuncertain.However,availablegeologic

informationindicatestherecognizedfaultsdonotoffsetthisunitandthereforearenot

consideredbarrierstogroundwaterflowintheUppermostaquifer.

5.2.1.2PasoRoblesAquifer

ThePasoRoblesaquiferconsistsofpoorlysorted,lenticularbedsofgravels,

sand,silt,andclayinitsuppersection,andlaterallycontinuousmarineclaysandsands

atdepth.Water-levelelevationdataforthePasoRoblesaquiferindicatethatthe

generalflowdirectionintheSouthernSeasidebasinisnorthandnorthwestasshownon

Plate38. Datadonotexistin theNorthernInlandsubbasin(ImpactArea);however,

datafromwellsalongtheFortOral-Seasideboundary(FortOrdandCoastalsubbasins)

suggesta poorlydefinednorthwardflowwithapparentinfluencefromtheOrd

Grove#2well(Plate

theCoastalsubbasin,

38).TheSeasidefault,separatingtheSouthernSeasidebasinfrom

isassumedtoforma barriertogroundwaterflowinthePaso
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Roblesaquifer,at leastin itsdeepersections.However,dataareconsideredinadequate

toverifythiseffect.

OverallhydraulicgradientsintheSouthernSeasidebasinarefairlyuniform.

FromRyanRanchtowardSeaside(Southernbasin)thegradientwasapproximately

0.007ft/ft towardthewestduringJuly1992.Furtherwest,in theeasternareaofthe

cityofSeaside,thehydraulicgradientwasapproximately0.009ft/ft towardthenorth.

IntheNorthernSeasidebasin,withinandnorthofthecityofSeaside,theflow

directionwasgenerallynorthwardwithapparentinfluencefromactivegroundwater

productionwellsinthecityofSeaside,asshownonPlate38. Hydraulicgradientsin

thisarearangedfromapproximately0.005to0.020ft/ft. Theanomalouslyhighwater

levelinWellMPWMD#Ol(S)isinterpretedasperchedwaterinthePasoRoblesatopan

elevatedareaofMontereyFormationbedrock.

IntheFortOrdsubbasin,northoftheOrdTerracefaultandthecityofSeaside,

groundwaterelevationdataforthePasoRoblesaquiferarelimitedtowellsPCA

East(Shallow),MW-B-27-180,andMW-B-29-180.Groundwaterelevation

differencesin thisareaareminor,buta slightmoundingisapparentbetweenwells

MW-B-27-180andMW-B-35-180.

5.2.1.3SantaMargaritaAauifer

TheSantaMargaritaaquiferiscomposedlargelyofsandwithoccasionalgravel

andinterbeddedwithsiltandclay.TheSantaMargaritaformation(Tsm)isapparently

absentnearareasofbedrockhighsintheMontereyFormationasshownonPlate39.

Additionally,theOrdTerrace,Seaside,andChupinesfaultsappeartooffsettheTsrn,

creatingbarrierstoflow.Consequently,thegroundwaterflowregimesintheTsmin

eachofthefault-boundedsubbasinsareconsideredtobegenerallyindependent.
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Water-1evelelevationdatafortheSantaMargaritaaquifersuggestthatthe

primaryflowdirectionin theSouthernSeasidebasinisfromeasttowest(Plate39).The

overallhydraulicgradientin theSouthernSeasidebasin(fromRyanRanchtowestern

Seaside)duringJuly1992wasapproximately0.006ft/ft. Steepergradientsnearthe

RyanRanchwellsareprobablyrelatedtoactivepumpingofthesewells.

InsufficientdatawereavailabletocontourtheCoastal,FortOrdorNorthern

Inlandsubbasins.WaterlevelsshownonPlate39aretypicallywithin10feetaboveor

belowMSLwiththeexceptionofactiveOrdGrove#2.

5.2.1.4VerticalFlow

Plate40presentscontoursofheaddifferencesbetweentheUppermostand

PasoRoblesaquifers.TheheaddifferencesduringJuly1992showa strongdownward

gradient;thisgradientappearsmostpronouncednearpumpingcentersinthePasoRobles

aquifer,(seePlate38).Themaximumdifferenceinhydraulicheadbetweenthetwo

aquifersduringJuly1992wasapproximately160feetinFortOrdneartheSeaside

boundary.

Thewater-leveldataindicatevariableslightdownwardandupwardgradients

betweenthePasoRoblesandSantaMargaritaaquifers.However,becauseof

dataavailable,hydraulicheaddifferencesbetweenthePasoRoblesandSanta

aquiferswerenotcomparedgraphically.

5.2.1.5TidalInfluence

thelimited

Margarita

Atidalinfluencestudywasperformedtodeterminetheeffectsoftidal

fluctuationsonshallowgroundwaterelevationsandflowintheSeasidebasin.Thisstudy

wasperformedovera periodof4 days(June11toJuly15,1992)atFortOrdSite1,the

OrdVillageSewageTreatmentPlant(Plate4). Groundwaterelevationdatawere

DraftFinal
C26463-H
June10,1994

81of 11s



,-

collectedcontinuouslyfromUppermostaquiferwellsMW-O1-02-180,

MW-01-01-180,andMW-01-03-180(Plate37).Thesethreewellsarelocated

approximately400,800,and1,000feet,respectively,fromtheMontereyBayshoreline

andeachisscreenedin theUppermostaquiferwithnosignificantclayorsiltinterbeds

confiningthemonitoredintervals.

Plate41showsthetidalrecordinMontereyBayduringthestudyperiodandthe

water-levelfluctuationsinthethreewells.Eighttidalcyclesoccurredoverthestudy

period,witha maximumtidalfluctuationinMontereyBayofapproximately7feet.

ThelargesttidaleffectwasobservedinwellMW-01-02-180,locatedclosestto

theMontereyBayshoreline,wherea tidalfluctuationofapproximately1.35feetwas

observed(Plate41).Aphaselagofapproximately3hours(thetimedifferencebetween

tidalhighsobservedinthebayandwell)wasobservedat thiswell.In

wellMW-01-01-180,a tidalchangeofapproximately0.28footwasobserved,witha

phaselagofapproximately8hours.InwellMW-01-03-180,a minimaltidalchange

ofapproximately0.22footwasobserved.Thesedataconfirmthatthe

groundwater-levelsincoastalareasoftheSeasidebasinareaffectedbytidal

fluctuationsandthatthiseffectdeterioratesrapidlywithincreasingdistancefromthe

coastline.

Thetidalstudyresultswerealsousedtodeterminea netgroundwaterflow

directionin theSite1area.Theaverage(arithmeticmean)groundwaterelevations

measuredinthethreewellsoverthe4-daystudyperiodwere2.81,2.75,and2.83feet

MSLforMW-01-01-180,MW-01-02-180,andMW-01-03-180,respectively.

Analysisofthesetime-averagedgroundwaterelevationsindicatesthenetorresultant

flowdirectionintheSite1areawastothesouthwest.

DraftF]nal
C26463-H
June10,1994

82of 113



.—

5.2.2 HydraulicParameters

Thissectionpresentstheresultsofspecificcapacitytestsandconstant-rate

dischargetestsperformedonwellsin theSeasidebasin.Theseresultswereobtained

fromtheliteratureandarenottheresultof testsperformedbyHLA.Additional

discussionofthetypesoftestsperformedandthecharacteristicsofthedifferenttestsis

presentedinSection4.2.2.1.

Atotalof 19ofthe26specificcapacitytestsand5ofthe8 constant-ratetests

werejudgedreliableforwellsin theSeasidebasin.Theresultsofallavailabletestsare

presentedinTables6and7,howeveronlyreliabletestsareusedincalculations.Table8

summarizestherangesandaveragehydraulicconductivitiesdeterminedforthereliable

tests,presentedbybasinandaquifer.Thesetestdatawereinsufficienttoevaluate

distributionortrendsintransmissivityinthebasin.

S.2.2.1UppermostAquifer

ThemeanhydraulicconductivityfortheUppermostaquiferbasedonthetwo

specificcapacitytestswas210gpd/ft2(Table8). Oneconstant-rateaquifertest

performedindunesandwasalsocitedintheliteraturefromtheMontereyCoastalbasin,

locatedsouthoftheSeasidebasin(SGD,1990d).Thattestyieldedanestimatedmean

hydraulicconductivityfordunesandof’940gpd/ftzwitha storagecoefficientof0.4.

5.2.2.2PasoRoblesAquifer

ThemeanhydraulicconductivitiesinthePasoRoblesaquifer,basedon

16specificcapacityand3constant-ratetestswere186and57gpd/ft2,respectively

(Table8). Storagecoefficientscalculatedfromtheconstant-ratetestsrangedfrom

0.0001to0.00075.ThemeanstoragecoefficientbasedonthePCAwelltestswas

0.00043,TheaveragehydraulicconductivityestimatedfromallthePasoRoblesaquifer
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testdatawas166gpd/ft2.Plate42showsthetestlocationsandcorrespondinghydraulic

conductivityvaluesforthePasoRoblesaquifer.

5.2.2.3SantaMargaritaAquifer

ThemeanhydraulicconductivitiesintheSantaMargaritaaquifer,basedonone

specificcapacityandtwoconstant-ratetests,are600and46gpd/ft2,respectively.The

averagehydraulicconductivityestimatedfromthesethreeSantaMargaritaaquifertests

is231gpd/ft3(Table8). Plate43showsthetestlocationsandcorrespondinghydraulic

conductivityvaluesfortheSantaMargaritaformation.

5.3 GroundwaterProduction

SeasidebasinsupplywellsareoperatedbyCal-Am,thecityofSeaside,andthe

CaliforniaWaterServiceCompany.Additionally,groundwaterisproducedfrom

numerousprivate,domestic,andirrigationwellswithintheSeasidebasin.Thelocations

oftheproductionwellsmonitoredaspartof thisinvestigationareshownonPlates38

and39. Annualproductiontotalsfor1980through1991fortheCal-Am,Seaside,and

CaliforniaWaterServicewellsaresummarizedinTable9. Foreachactivewell,1991

productiondataarepresentedinTable10. Additionalhistoricalproductiondatafor

SeasidebasinwellsarepresentedinSGD(1987aand1990f).

5.3.1 CaliforniaAmerica~WaterCompany(Cal-Am)Wells

Cal-Amhashistoricallyproducedwaterfrom11wellsintheNorthernSeaside

basinand9 intheSouthernSeasidebasin.Annualproductiontotalsfor1980through

1991aresummarizedinTable9. Themaximumannualproductionoccurredin 1984,

when1,085milliongallonswereproducedfromtheNorthernbasinand64million

gallonswereproducedfromtheSouthernbasin(Table9). Table10presentsthetotal

annualproductionfor 1991foreachoftheactiveCal-Amwells.
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5.3.2 CityofSeasideWells

ThreeSeasidebasinwellsareoperatedbythecityofSeaside(Seaside01,02,

and03).Annualproductiontotalsfor1980through1991aresummarizedinTable9.

Table10presentsthetotalannualproductionfor1991foreachoftheactiveSeaside

wells.

5.3.3 CaliforniaWaterServiceCompanyWells

CaliforniaWaterServiceCompanyoperatesfivesupplywellsin theToroPark

area,southeastofFortOral.Annualproductiontotalsfrom1988through1991are

summarizedinTable9 (previousrecordsarenotavailable).Table10presentsthetotal

annualproductionfor1991foreachoftheactivewells.

5.3.4 Private,DomesticandAgriculturalWells

Additionalgroundwaterisproducedfromprivate,domestic,andagricultural

wellsintheLagunaSecaandToroParkareasandintheSalinasValley.SGD(1990/)

reportedthatanactivewater-supplywellisoperatedat MissionMemorialParkin the

cityofSeaside,andFortOrdoperatesa water-supplywellat theFortOrdgolfcourse.

InactiveprivatewellsincludewellshistoricallyoperatedbytheMontereySand

Company,Lonestar(PCAwell),andCalabreseConstruction.

5.3.5 Water-LevelTrends

Historicalgroundwaterelevationdatahavebeenevaluatedtoassessgeneraltrends

inbasinstorage.Hydrographyforseveralproductionandmonitoringwellsinthe

SeasidebasinarepresentedinHydrogeologicUpdate,SeasideCoastalGroundwater

Basins(SGD,1990f). Thesehydrographyarefortheperiod1960through1990,and

generallyshowdecreasesingroundwaterelevationsoverthisperiod.SGDestimatedthe

overallrateofdeclineinwaterlevelstobeseveralfeetperyear,withtheexceptionof

theFortOrdsubbasin,add~e~a}+~=-~-be-p~where it hasbeenestimatedthat
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1,000acre-feetperyearmaybeavailableforwaterSUPPlY(SGD,1990f).Thisestimate

isbasedoncalculationofsubsurfaceflowtotheFortOrdsubbasinfromtheareaof

FortOral.

5.4 SeasideBasinGrotmdwaterGeochemistry

ThissectionpresentschemicaldatacollectedfortheSeasidebasinduringthe

FortOrdbasewideandsiteinvestigations.Analyticalresultsarepresentedin

Section5.4.1,siteactivitiespotentiallyimpactingthegroundwaterchemistryare

discussedinSection5.4.2,andwellsrepresentingnon-impacted(background)conditions

arepresentedinSection5.4.3.

5.4.1 SeasideBasinGroundwaterChemistryResults

Thissectionpresentstheresultsof thegroundwaterchemicalanalysisfororganic

compounds,prioritypollutantmetals,andgeneralinorganicparametersforthe

Uppermost,PasoRobles,andSantaMargaritaaquifers.Completeanalyticalresults

obtainedduringthebasewideinvestigationareprovidedinAppendixC.

5.4.1.1OrganicCompounds

Theorganiccompoundsdetectedingroundwatersamplesduringthebasewide

andsite-specificinvestigationsarepresentedinTables31through33fortheUppermost,

PasoRobles,andSantaMargaritaaquifers,respectively.Part“a”ofeachtable

summarizestheresults.Thefollowingchemicalsweredetected:benzene,toluene,

ethylbenzene,xylenes,carbondisulfide,carbontetrachloride,chloroform,1,2-DCA,

MEK,andTCE.

Laboratorycontaminationbymethylenechlorideandbis(2-ethylhexyl)phthalate

wasobservedinlaboratoryblanksandenvironmentalsamples.Therefore,these
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chemicalsarenotincludedintheaboveresults.Adetaileddiscussionoflaboratory

contaminationisinAppendixE.

5.4.1.2PriorityPollutantMetals

Theprioritypollutantmetalsdetectedingroundwatersamplesfromthe

Uppermost,PasoRobles,andSantaMargaritaaquifersarepresentedinTables34

through36. Part“a”ofeachtablesummarizestheresults.Thefollowingmetalswere

detected:antimony,arsenic,beryllium,cadmium,chromium,copper,lead,nickel,

selenium,thallium,andzinc.

Antimonywasdetectedin theUppermostaquiferwellMW-01-01-180andthe

SantaMargaritaaquiferwellSeaside01byEPATestMethod6010atconcentrations

abovetheMCL(Table37).AsmentionedinSection4.4.1.2,theEPAMethod6010

detectionlimitforantimonyingroundwaterisestimatedtobe32pg/1(EPA,1986c),

wellabovetheproposedfederalMCLof6 pg/1.Therefore,whenantimonyisdetected,

it exceedstheMCL.Antimonywasdetectedduringthesecondoftwosamplingevents

atwellSeaside01andthefirstof threesamplingeventsatWellMW-01-01-180.

5.4.1.3GeneralInorganicParameters

TheinorganicparameterresultsfromtheUppermost,PasoRobles,and

SantaMargaritaaquifersarepresentedinTables38through40. Part“a”ofeachtable

summarizestheresults.Theinorganicparametersreviewedduringthisinvestigation

includedmajorcationandanionconcentrations,TDS,andPH. Thepertinentresultsare

graphicallypresentedontrilinearPiperdiagrams(Plates44through46)andStiff

diagrams(Plates47through49).Section4.4.1.3providesdetailsontheuseofthese

diagrams.TDSvaluesarepostedonPlates50through52.
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5.4.1.3.1UppermostAquifer

ThePiperdiagramofsixuppermostaquiferwells(Plate44)suggeststhatthe

groundwaterinwellsMW-BW-04-A,MW-BW-06-A,andMW-BW-08-Aisfrom

a commonsourceandconsistsofa calcium-magnesium-sodiumand

chloride-bicarbonatetypewater.

TheStiffdiagrams(Plate47)indicatevariablegeneralinorganicchemistryinthe

Uppermostaquifer.Thisislikelyduetoseawaterintrusioneffectsnearthecoastline

andlocalizedchemicalvariabilityassociatedwithlandusesinthisrelativelyshallowand

highlypermeableaquifer.TheTDSconcentrationsin theUppermostaquiferwells

rangedfrom203to2,180mg/1,witha generalincreasetowardthecoastline(Table38

andPlate50).

5.4.1.3.2PasoRoblesAquifer

ThePiperdiagramofthe15PasoRobleswells(Plate45)suggeststhatthe

groundwaterinthisaquiferispredominantlyofa calcium-sodiumand

chloride-bicarbonatetype.

TheStiffdiagrams(Plate48)indicateconsiderablevariabilityinthegeneral

inorganicchemistry.Sodiumisthedominantcationandchlorideis thedominantanion.

TheTDSconcentrationsrangedfrom190to 1,050mg/1andgenerallyincreasedinland

(Table39andPlate51).

5.4.1.3.3 SantaMargaritaAquifer

ThePiperdiagramofthe10SantaMargaritawells(Plate46)indicatesthat

groundwaterispredominantlyofa calcium-sodiumandchloride-bicarbonatetype.

TheStiffdiagrams(Plate49)indicatethatthegeneralinorganicchemistryinthe

SantaMargaritaaquiferisrelativelyconsistent.Sodiumisthedominantcationwhile

chlorideandbicarbonatearepresentinsimilaramountsasthedominantanions.The
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TDSconcentrationsrangedfrom377to883mg/1withthehighestconcentrationsinthe

.-

southernSeasidebasin(Table40andPlate52).

5.4.2 ActivitiesAffectiugGroundwaterChemistrv

TheonlyFortOrdactivitycurrentlysuspectedaspotentiallyaffectingthe

groundwaterchemistryin thisbasinistheOrdVillageSewageTreatmentPlant(Site

However,fewsiteinvestigationshavebeenconductedintheSeasidebasinbeneath

1).

FortOral,inpartbecauselargeportionsoftheImpactAreaarerestrictedduetomilitary

operations.Themajorityofthegroundwatersamplesanalyzedwereobtainedfrom

existinggroundwatersupplywellsandwater-levelmonitoringwellsoutsideofFortOral.

5.4.2.1Site1 - OrdVillageSewageTreatmentPlant

Site1isadjacenttothecoastlineandgroundwaterqualityinformationbeneath

Site1islimitedtothreewellscompletedin theUppermostaquifer.Atidalstudy

conductedonthethreewellsindicatesthattheunconfinedUppermostaquiferisaffected

bytidalfluctuations(Plate41)andsuggeststhatthereisdirecthydrauliccommunication

betweentheUppermostaquiferandseawaterinMontereyBay.Thegreatesttidal

influencewasobservednearestthebayanddecreasedinland.

Thegeneralinorganicparameterresultsalsoindicatethatthewellsarevariably

affectedbyseawaterintrusion.TheStiffdiagramsforwellMW-O1-02-180clearly

displayelevatedsodiumandchloridechemistryassociatedwithseawaterintrusion.Stiff

diagramsforwellsMW-O1-01-180andMW-O1-03-180suggestseawaterintrusion

effectswithelevatedchlorideconcentrations.Theelevatedcalciumconcentrations

observedinwellsMW-01-01-180andMW-01-03-180arelikelytheresultof

sodiumionsinseawaterexchanging

materialof theUppermostaquifer,

forthecalciumionsavailablefromIithologic
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5.4.2.2UnconfirmedContamination

Organiccompoundsweredetectedat lowconcentrationsinseveralof theSeaside

basinwellsnotrelatedtoSite1. Inthesewells,thedetectedoccurrenceswereeither

unconfirmed(i.e.,seeninonlyoneofmultiplesamplingevents)orobservedata well

thatwassampledonlyonce.Organiccompoundsweredetectedin 11ofthe32wells

sampledintheSeasidebasin;thesewellsarelistedinTable41withthedetectedorganic

compound(s).Nineofthesewellsweresampledtwice,butonlydisplayeddetected

organiccompoundsduringoneofthesamplingrounds.ThePlumasTest90and

PlumasM-02wellswereonlysampledonce.

Allof thewellsdisplayingunconfirmedorganiccontaminationshouldbe

resampledandanalyzedtoconfirmorrefutethepresenceororganiccompoundsinthese

wells.Wellsdisplayingunconfirmedorganiccontaminationthathavebeensampledonce

shouldberesampledat leasttwomoretimestogeneratea minimumofthreesetsof

resultsfromwhichtodrawconclusions.Thewellconstructiondetails,wellaccess,and

pertinenthistoricalinformationaboutthewellshouldbecollectedtoevaluatethe

appropriatenessoftheuseofthewellasanorganiccompoundmonitoringwell.

5.4.3 BackgroundGroundwaterChemistry

Table42listswellsfromtheUppermost,PasoRobles,andSantaMargarita

aquifersconsideredtorepresentbackgroundchemicalconditionsatFortOral.Tables43

through45describethemaximum,minimum,anddetectionfrequencyofthegeneral

inorganicandtheprioritypollutantmetalsobservedinthewellsrepresentativeof

backgroundconditionsfortheUppermost,PasoRobles,andSantaMargaritaaquifers,

respectively.

Wellswereconsideredtorepresentbackgroundconditionsif theywerefreeof

organiccontaminants,locatedhydraulicallyupgradientfromsiteactivities,anddisplayed

I&~\_~nal
June10,1994

90of 113



inorganicchemistryapparentlyunaffectedbysiteactivities.Wellswithapparent

seawaterintrusionoreffectsfromstainlesssteelscreenswereexcluded.
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6.0 BASININTERCONNECTION

6.1 Geology

AsdescribedinSections4.1and5.1,thedeeperaquifermaterialsof theSeaside

andSalinasbasinsappeartobelargelyseparatedbythebedrock(MontereyFormation)

highlocatedbetweentheMainGarrisonandthecityofSeaside.Characterizationofthe

geometryandextentofthisbedrockhighislimitedbytherelativelyfewdatapointsin

thearea.IntheFO-04,Gigling,andMW-13-26-180wells,thecontactbetweenthe

MontereyFormationandoverlyingunconsolidatedaquifermaterialsappearstooccurat

approximately75,-10andOfeetaboveMSL,respectively.Thesedatasuggestthe

bedrockhighslopestowardthewestandhasa relativelyflatsurfacebetweenthe

GiglingandMW-B-26-180wells.

6.2 Hydrogeology

Basedonextrapolationofwater-levelelevationsinwellsonthenorthandsouth

sidesofthebedrockhigh,thesaturatedthicknessofaquifermaterialsoverlyingthe

bedrockin thevicinityoftheGiglingwellisrelativelythin,asshownoncross

sectionsA-A’,D-D’,andE-E’{Plates6 and7). OrJtheSalinasbasinsideofthe

bedrockhigh,intheareaofwellsMW-B-22-180th-reugh-M%B-29-M~I---

MW-B-23-180,andMW-B-25-180(Plate12),groundwaterflowin the180-foot

aquiferinJuly1992wastothenorthornw?h-westnortheast,awayfromtheGiglingwell

area.Onthesouthern(Seasidebasin)sideofthebedrockhigh,flowdirectionsare

variable(Plates37and38).However,theelevationsofgroundwaterinboththe

UppermostandPasoRoblesaquiferthatareatapproximatelythesameelevationasthe

bedrockhighindicatethatthesaturatedthicknessofmaterialpresentatopthebedrock

,—

highissmall.Therefore,it appearsthattheinterconnectionoftheSalinasandSeaside
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groundwaterbasinsinthisareaisminorandrestrictedtoonlya fewfeetofsaturated

aquifermatmialontopoftheMontereyFormation.Inthedeeperaquifers,flow

betweenthetwobasinsappearstobeblockedbythebedrockhighin theareaswhere

dataareavailable.

ExceptforwellFO-04(Huffrnan),nohydrologicinformationisavailableeastof

theGiglingwell;thenatureoftheSalinas/Seasidebasinboundaryin thisareaisnotwell

understood.However,onthebasisofregionalgroundwaterelevationsandavailablewell

loginformation,it islikelythattheMontereyFormationexistsabovethewatertableat

leastasfareastasFO-04,creatinga barriertogroundwaterflowbetweenthetwo

basins.
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7.0 CONCLUSIONS

Thissectionpresentsthecurrentunderstandingofthehydrogeologicframework

oftheSalinasandSeasidebasinsbasedontheinformationpresentedherein.

7.1 SalinasBasin

7.1.1 A-Aquifer

Olderdunesandblanketsmuchofthebase;thishighlypermeablesandis

directlyrechargedbyprecipitation,surfacedrainage,andothersourcesofsurface

infiltration.Asa result,theunsaturatedportionofthisgeologicunitandtheA-aquifer

areconsideredhighlysusceptibletocontaminationresultingfromsurfaceactivities.

Withintheolderdunesandareoccasionalsiltstrata.Thesefine-grainedstratamay

inhibitverticalunsaturatedandsaturatedflowandencouragelateralflow.

GroundwaterintheA-aquiferisnotuseddirectlyforwatersupply.However,

thisaquiferdischargesintotheunderlying180-footaquifer,a principalsourceof

drinkingandirrigationwater,creatinga potentialcontaminantsourcetothe180-foot

aquifer.Extensivefine-grainedsediments(predominantlyclayoftheFO-SVA)form

aneffectivehydraulicseparationbetweentheA- and180-footaquifersthrewghout–

pe~tiew+acrosslargeareasofFortOral.Asa consequence,flowfromtheA- intothe

180-footaquiferappearstobelargelyrestrictedtotheedgesoftheFO-SVA,

particularlyin theMainGarrisonarea.Theperchedandunconfinedgroundwaterof the

A-aquiferisbelievedtocascadeofftheedgeoftheFO-SVAintothe180-foot

aquifersystem.

PathwaysbetweentheA-aquiferandthe180-footaquifermayalsooccurat

wellsconstructedwithoutanadequatesealbetweenthetwoaquifers.TenFortord

wellsneartheOU2landfillweredestroyedin 1989aspartoftheArmy’sprogramto
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mitigatethesepotentialcontaminantpathways.Oldwellsarepresentinotherareasof

thebaseandthesewellsshouldbeevaluatedwithregardtorecentlyidentifiedsourcesof

contamination.

ThesaturatedthicknessoftheA-aquiferisrelativelythinandflowin the

aquiferis largelycontrolledbytheconfigurationofthetopoftheFO-SVA.

Groundwatermovementinthisaquiferisrelativelyrapid,withhydraulicconductivities

estimatedtoaverage286gpd/ft2.SeepagefromthebluffsnorthandeastofFAAF

suggestsomeoftheflowfromtheA-aquiferexitsassurfaceflowintotheSalinas

Valley.IntheMainGarrison,flowdischargesintothe180-footaquifer.

PlumesoforganiccontaminantsandanomalouslyhighTDSconcentrationshave

beendetectedat severallocationsin theA-aquifer.MostnotablearetheTCEplume

associatedwiththeMainGarrisonLandfill(OU2),theorganiccontaminantplumeat the

FAAFBurnPit(OUl), theTCEplumeatSites2 and12,andelevatedTDSnearthe

formerEastGarrisonSewageTreatmentPlant(Site32).

7.1.2 180-FootAquifer

Asmentionedabove,the180-footaquiferisa majorcontributortotheFortOrd

watersupply.Thisaquiferislargelyconfined;however,it appearstobelocally

unconfinedinthevicinityoftheFortOrdpumpingcentersandnearthesouthernbasin

boundary.The180-footaquiferiscomposedlargelyoffluvialsandandgravelandhas

relativelyhightransrnissivities.Hydraulicconductivitiesaveraged291and673gpd/ft2

forslugandspecificcapacitytests,respectively.

Priortoheavygroundwateruse,flowisthoughttohavebeentowardthewest

andnorthwest.HistoricalpumpingatMarinaandFort

reversedtheflowdirectiontowardtheeastandcreated

Ordbefore1984apparently

a groundwatertroughnear
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Marina.Since1984,pumpingfromthe180-footaquiferhasshiftedtotheEast

Garrison,resultinginaneastwardgradientbetweenMarinaandtheEastGarrisonwith

waterlevelsremainingbelowsealevel.

ThegeologyandhydrogeologywestoftheFO-SVAinthevicinityofthe

MainGarrisonandHighway1arenotwellunderstood.Aclayeysand,apparently

unrelatedtotheFO-SVA,hasbeententativelyidentifiedinthevicinityofSites2 and

12andthisclayeyunitappearstoprovidea degreeofhydraulicseparationbetweenan

upperunconfinedanda deeperconfinedaquiferat thosesites.However,intheabsence

ofsufficientdatatointerprettheseaquifersystems,thesetwoidentifiedaquifersare

tentativelyincludedin the180-footaquiferdesignation.Similaruncertaintiesregarding

aquiferconditionsexistinotherareaswheretheFO-SVAisabsent,suchasalongthe

southernedgeoftheSalinasbasinboundarynearSite10.

Beachsandandnearshoreoutcropsappeartobehydraulicallyconnected

MontereyBay,providinga seawaterconduittothe180-footaquifer.Eastward

gradientsandwaterlevelsbelowsealevelin the180-footaquiferbetweenthe

MainGarrisonandtheEastGarrisonpumpingcenterssuggestseawaterisstatic

potentiallymoveseastward.

to

or

Organiccontaminantplumeshaveapparentlyenteredthe180-footaquiferfrom

oneormoreofthefollowingsources:(1)theA-aquifernearthewestedgeofthe

FO-SVA,(2)poorlysealedFortOrdsupplywells,and/or(3)sourceslocatedwestofthe

FO-SVA.WestoftheMainGarrisonLandfill(OU2),a TCEplumeappearstohave

moveddownfromtheA-aquiferintothe180-footaquiferandmayhavemoved

eastwardtowardtheFortOrdpumpingcenters.

--
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Siteswithcontaminatedsoilandgroundwaterarepresentinareaswherethe

FO-SVAisabsent.MostnotableareSites2 and12nearHighway1,wherea TCE

plumehasbeenidentified.Thegroundwaterplumeconfigurationandgentlywestward

groundwatergradientsuggestwestwardmovement.Lowlevelsofcarbontetrachloride

havebeendetectedat WellMW-B-13-180,locatedsouthofOUI.

7.1.3 400-FootAquifer

The400-footaquifersuppliesgroundwatertoFortOrdandlimitedamountsto

MarinafromwellMarina09. Thisaquiferappearstoincludetwodistinctgeologicunits

atFortOral,interpretedin thisreporttobetheAromasSandandthePasoRobles

Formation.BeneaththeOU2landfill,the400-footaquiferisindirecthydraulic

communicationwiththe180-footaquifer;thenearbyMarina09supplywellisscreened

inthissameaquifer.NeartheFortOrdsupplywells,the400-footaquifercomprises

aninterbeddedclayandsandsequence.Theclayinterbedsappeartoprovidea degree

ofhydraulicseparationbetweenthe400-footandoverlying180-footaquifer.

ThehydraulicconductivitycalculatedfromanaquifertestatMarina09was

105gpd/ftz.Averagehydraulicconductivitiesfromtestsconductedinboththe180-

and400-footaquifersaveraged924gpd/ft2.

Flowinthe400-footaquifer,similartothatof the180-footaquifer,was

historicallywestwardbutnowappearstobeeastwardasa resultofpumping.Near

OU2,verylittleheaddifferenceexistsbetweenthe400-footand180-footaquifers.

WaterlevelsbetweentheMainGarrisonandEastGarrisonpumpingcentersare

currentlybelowsealevel.

The400-footaquifercanberechargedfromthe180-footaquiferinareas

wherelittlehydraulicseparationispresent,asdiscussedabove,andinthesoutheast
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portionofthebasewheretheAromasSandandPasoRoblesFormationareupliftedand

exposedat thegroundsurface.Historically,the400-footaquiferhasbeenaffectedby

seawaterintrusionbeneaththecityofMarina.Consequently,seawaterrechargeintothis

aquiferisprobablyoccurringinthevicinityofthecoastlineand/orfroma relatively

shortdistanceoffshore.Comparisonofwaterlevelsin theSalinasValleywiththoseat

FortOrdindicatethe400-footaquiferatFortOrdmayalsoreceivegroundwaterflow

frombeneaththeSalinasValley.

LowlevelsofTCEhavebeenreportedin the400-footaquiferneartheOU2

landfillandatMarina09(GTC,1984).

7.1.4 900-FootAquifer

The900-footaquiferispenetratedbywater-supplywellsMarina10,11,and12

inthecityofMarina.Thesewellsappeartoproducegroundwaterfromsandandgravel

withinthePasoRoblesFormation.Noseawaterintrusionororganiccontaminationhas

beenobservedin thisaquifer.Therelativelygreatdepthofthe900-footaquiferand

presenceofthickclaysbetweenit andthe400-footaquiferindicatethatvertical

pathwaysintotheaquiferareprobablylimitedandthepotentialforcontaminant

migrationintothe900-footaquiferfromtheshalloweraquifersisconsideredtobelow.

Hydraulicconductivitiescalculatedfromfiveconstant-ratetestsaveraged79gpd/ft2.

7.1.5 AromasSand-PasoRoblesAquifer

TheAromasSandandPasoRoblesFormationoutcropthroughoutthehills

locatedin thesoutheastportionofFortOral.Afewscatteredwellsinthatareahave

producedlimitedquantitiesofwaterfromthePasoRoblesFormation.Bothofthese

geologicunits,althoughpartiallyobscuredbydepositsofolderdunesandandsoil,

DraftFinal
C26463-H
June10,1994

98of 113



—,.

. ..

-.

.-

.—

-.

.-

appear

deeper

7.1.6

todipgentlynorthwardbeneaththeEastGarrison

aquifersoftheSaIinasbasin(400-and900-foot).

GabilanFault

area,possiblyformingthe

TheGabilanfaultwashistoricallyconsidereda potentiallysignificantbarrierto

groundwaterflow.ThefaulthasbeenprojectedtocrossnorthwesterlythroughFortOrd

inthevicinityofthecityofMarina.Explorationperformedaspartof thisinvestigation

foundnoevidenceoffaultoffsetin the180-footorA-aquifersnearMarinaorthe

MainGarrison.Onthebasisofliteratureandfieldworkperformedforthis

investigation,it isconcludedthattheGabilanfault,if present,doesnotoffsetthese

shalloweraquifers.Availabledataareconsideredinsufficienttoverifythepresenceof

thisfaultineitherthe400-footor900-footaquifers.

7.2 SeasideBasin

TheunderstandingofhydrogeologicframeworkoftheSeasidebasinwasnot

changedsubstantiallyasa resultof thisinvestigation.ThesouthernpartofFortOrd

overliestheFortOrdandNorthernInlandsubbasins.However,hydrogeologicdataare

sparseinthesetwoareas,in largepartduetoverylimitedaccessintotheImpactArea.

PathwaysbetweentheSeasidebasinaquifersarepoorlydefined.Thegeologic

structureofthebasiniscomplexandtheblanketofolderdunesandobscuresit. Of

greatestconcernisthepotentialforcontaminanttransportfromtheUppermostaquifer

intothedeeperPasoRoblesandSantaMargaritaaquifers,whichprovidewatersupplies

forthecityofSeasideandneighboringcommunities.Transportofcontaminated

groundwaterwouldbeexpectedtoberelativelyrapidintheUppermostaquiferdueto

itspermeablenature,butthisaquiferisnota sourceofwatersupply.Verticalpathways

intothedeeper,water-producingaquifersofthePasoRoblesFormationarebelievedto
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berelativelylimitedduetothepresenceoftheSeasideclayandfine-grainedsediments

withinthePasoRoblesFormation.However,wheresandystratawithinthePasoRobles

areincontactwiththoseoftheUppermostaquifer,pathwaysintothePasoRobles

Formationmayexist,If thesecontactsaretheresultoffoldinginthePasoRobles

Formation,bringinglowerbedsofthePasoRoblesFormationincontactwiththe

Uppermostaquifer,thentransportintodeeperportionsofthePasoRoblesaquifercould

result.

Groundwatersamplingandlaboratorytestingwereperformedfora numberof

wellslocatedoutsidetheFortOrdboundaries.Severalof thesesampleshaddetectable

levelsoforganiccontaminants.However,mostoftheanalyticalresultsareconsidered

preliminarypendingadditionalconfirmationsampling.Samplingofselectedoffsitewells”

isproposedaspartof theworkplanpresentedinSection948.3.—

TheSeasidebasinisrelativelyunaffectedbyseawaterintrusion.However,at

wellMW-O1-02-180,elevatedchloridelevelsandtidalfluctuationswereobserved,

indicatingseawateraffectstheUppermostaquiferlocally.
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8.0 DATAGAPSANDWORKPLAN

Sections8.1and8.2presentdatagapsidentifiedduringtheBasewide

HydrogeologicCharacterization.Section8.3presentsa workplantofillthesegaps.

8.1 SalinasBasin

8.1.1 0U2Landfill- Sites2 and12Area

TheBasewideHydrogeologicCharacterizationhasidentifiedanareabetweenthe

0U2landfillandSites2 and12asa potentialpathwaybetweentheA- and180-foot

aquifers.Thesignificanceofthispotentialpathwaywarrantsfurtherinvestigationofthe

hydrogeologicconditionsintheareaimmediatelywestoftheFO-SVApinchout.

Datagapspertainingtotheareabetween0U2andSites2 and12areasfollows:

(a) TheconfigurationoftheFO-SVA,thereversalofgroundwaterflow
alongthewesternedgeoftheFO-SVA,andtheroleof theseconditions
intransportingcontaminantsfromtheA- tothe180-footaquiferare
onlygenerallyunderstood.SpecificconditionsbetweenOU2andSites2
and12havenotbeenverified.

(b) Thedistributionoftheorganiccontaminantsareonlygenerallydefined.
PatternsofcontaminantmovementovertimebetweenSite12andthe
0U2landfillareuncertain.

(c) AgroundwatermoundwasobservedintheSite12vicinitybuttheareal
extent.sourceofrecharge,andtemporalpersistenceofthisfeatureare
notwelldefined.The&o-undisco&ideredtohavea potentially
significantimpactoncontaminanttransportandseawaterintrusion
unconfinedaquiferwestof theFO-SVA.

8.1.2 OU1- FAAFFireDrillArea

Organiccontaminants,apparentlyunrelatedtoOU1,havebeendetectedin

in the

samplesfromtwoupgradientwellsatOU1. Theupgradientsource,location,andextent

ofcontaminationhavenotyetbeendeterminedandremaina datagap.

..-
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S.1.3 AquiferConduits

-.

.—.

OngoingRI/FSinvestigationshaveidentifiedadditionalsourcesofcontamination.

Existinginactivesupplywellsmaybeadjacenttoordowngradientofsomeofthese

sources,andhavea potentialtoactasverticalconduitsbetweenaquifers.

thesewellswithregardtothecurrentunderstandingofthehydrogeology

contaminantsourcesisa datagap.

8.1.4 GroundwaterChemistryandWater-LevelConditions

Thestatusof

and

---

Severaldatagapsexistpertainingtogroundwaterchemistryandgroundwater
-.

—.

---

..—

,...

.—

-.

flowpatterns.

(a)

(b)

(c)

Theseinclude:

Thesourcesofsporadicoccurrencesoforganiccontaminationdetectedat
severalonbaseandoffbasewellsareunknown.

Temporalvariationsingroundwaterflowandgroundwaterchemistryare
notwellcharacterized.

Groundwaterat theOU2landfillhasnotbeenanalyzedforpriority
pollutantmetals.

Observationofgroundwaterresponsetoartificialsourcesofrechargeand

precipitationislimitedtorelativelyshorttimeperiods.Water-levelmonitoringshould

beperformedonanongoingbasistoevaluatethelonger-termandseasonalpatternsof

groundwaterresponsetorecharge.Thisinformationwillfacilitateassessingthebehavior

ofcontaminanttransportandperformanceofgroundwaterremediationsystems.

8.1.5 Grour.idwaterRemediation

Adetailedunderstandingoftheaquifersystems,withparticularregardtothe

impactofextractiveremediationsystemsonseawaterintrusion,changesingroundwater

extractionandrechargerates,contaminanttransport,andtheoverallwaterbudget,is

neededpriortoconceptualdesignofgroundwaterrernediationsystemsatFortOral.

Groundwateris thesourceofwatersupplyatFortOrdandhistoricallyhasbeen
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degradedbyseawater

remediationatSites2

andplumebehavior.

intrusionasa resultofpumping.Inaddition,groundwater

and12and0U2hasthepotentialtoinfluenceseawaterintrusion

Therefore,thefollowingdatagapsshouldbefilledpriortoconceptualdesignof

groundwaterremediationsystems:

(a) Thehydrogeologicresponsetopossiblefuturegroundwaterextraction
(and/orrecharge)at 0U2andSites2 and12withregardtocontaminant
plumebehavior,seawaterintrusionintothe180-footaquifer,and
regionalgroundwaterflowpatternsisuncertain.

(b) Thesignificanceofgroundwaterextractionontheoverallwaterbudgetof
theaquifersystemisuncertain.

8.2 SeasideBasin

Significantgroundwatercontaminationhasnotbeenidentifiedinareasof

FortOrdoverlyingtheSeasidebasin,However,sporadicoccurrencesoforganic

contaminantsweredetectedata numberofon-andoffbasewells.Verificationofthese

contaminantshasnotbeenperformedandremainsa datagap.

Ongoinginvestigationiscontinuingat severalsitesintheSeasidebasin.If site

investigationsdeterminethatgroundwatercontaminationhasoccurred,hydrogeologic

,datagapswillbefilledaspartof thosesiteinvestigations.

8.3 WorkPlan

ThisworkplandescribesproposedactivitiesforPhase2 oftheFortOrd

BasewideHydrogeologicCharacterization.Theobjectivesof theworkplanareto:

● Filldatagapsrelatedtoareasofsuspectedgroundwatercontamination

● Verifyandrefinetheconceptualmodelofgroundwaterflow,particularly
inareaswherepotentialcontaminantpathwaysarepresent
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● Refinetheunderstandingofpresentandfuturesitehydrogeology,with
particularregardtogroundwatercontaminantfateandtransport,andto
evaluatethepotentialimpactsfromproposedgroundwaterremediation
systems.

Fivetasksareproposedtoaccomplishtheseobjectives:

● Task1- Evaluatethehydrogeologyin theareabetweenSites2 and12
andtheOU2landfill..

0 SubtaskA - Evaluatea potentialmigrationpathwaynearthe
westernedgeoftheFO-SVA.

o SubtaskB- Evaluatea groundwatermoundnearSite12.

...-

,..

.-

● Task2- EvaluatecontaminantsourcesupgradientfromOUl.

● Task3- ReviewinactiveFortOrdsupplywellsforpotential
contaminanttransport.

● Task4- Performa basewidequarterlymonitoringprogram.

● Task5 - Developa quantitativegroundwatermodel.

8.3.1 Task1

8.3.1.1SubtaskA

ApotentialpathwayforcontaminantmigrationfromtheA- tothe180-foot

aquiferhasbeenidentifiedat thewestedgeoftheFO-SVA,in theareabetweenSites2

and12andthe0U2landfill.Thefollowingactivitieswillbeperformedneartheedge

oftheFO-SVAtofilldatagap(a),Section8.1.1:

● Conducta geophysicalsurvey.Thissurveywillincludetwoseismic
reflectionlinestotallingapproximately4,000linearfeet. Thesurveywill
providereconnaissanceinformationaboutthesubsurfacehydrogeologic
featurespriortositingofboringandwells.

● Drilltwopilotboringstoverifyandprovidecontrolfortheseismic
surveys.Theseboringswillbedrilledtoverifythegeologicconditions
presentat theseismiclinelocations.Boringlocationswillbeselected
basedonfindingsfromtheseismicreflectionsurveys.Theywilllikelybe
locatedwheretheFO-SVAisinterpretedtobepresenttoconfirmthis
condition.Eachboringwillbeupto 150feetdeep.Upto
threeHydropunchsampleswillbetakenfromeachboringandanalyzed
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byEPATestMethod8010toscreenforcontaminantscharacteristicofthe
OU2plume.Thesedatawillbeusedtoverifyplumeconfigurationand
assistinselectingmonitoringwelllocations.TheHydropunchsamples
willbeusedtoevaluatetheverticaldistributionoforganiccontaminants.

● Drillandcontinuouslycoretwopilotboringsimmediatelywestofthe
FO-SVAtoevaluatethegeologicconditionspriortomonitoringwell
installation.Theseboringswillbeupto250feetdeep.Ateachboring,
uptothreeHydropunchsampleswillbeobtainedandanalyzedbyEPA
TestMethod8010.Adownholegeophysicalsurveywillbeperformedat
thecompletionofeachboring.Thesesurveyswillincludecaliper=
gamma,resistivity(point,16-inchand64-inchnormal)andSP.

● Installtwomonitoringwells.Thesewellswillbescreenedinthe
unconfinedaquifer.Waterlevelsandgroundwaterchemistrywillbe
monitoredateachwellaspartoftheBasewideQuarterlyMonitoring
Program(seeSection8.3.4).

8.3.1.2SubtaskB

Theapparentpresenceofa groundwatermoundwestoftheFO-SVAnear

Site12isa potentiallyimportantfeatureinfluencingcontaminantmigrationandseawater

intrusion.GroundwaterremediationatSites2 and12wouldpotentiallyaffectthis

mound.Tofilldatagap(c),Section8.1.1,thefollowingactivitiesareproposed:

● Drilla pilotboringupto200feetdeeptoevaluatetheaquifer
relationshipsandgeologicconditionspriortomonitoringwellinstallation.
ThreeHydropunchsampleswillbeobtainedandanalyzedbyEPATest
Method8010toevaluatethepresenceand/orverticaldistributionof
organiccontaminantsrelatedtothe0U2orSites2/12plumes.Upon
completionoftheboring,a downholegeophysicalsurveywillbe
performed.

● A 150-foot-deepmonitoringwellwillbeinstalledintheunconfined
aquiferbetweenSite12and0U2basedontheresultsofthepilotboring.
ThiswellwillbelocatedwestofthoseproposedinSubtaskAabovebut
eastofSite12. Water-levelandgroundwaterqualitymonitoringwillbe
performedaspartof theBasewideQuarterlyMonitoringProgram(see
Section8.3.4).

8.3.2 Task2

“TofilltheOU1upgradientcontaminantsourcedatagap(Section8.1.2),the

basewideprogramwillevaluatepotentialupgradientsourcesandidentifyappropriate

.
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upgradientHydropunchsamplinglocations.It isanticipatedthatthreeboringswillbe

drilled,withuptotwoHydropunchsamplesobtainedfromeach.Eachboringwillbe

approximately150feetdeep;oneoftheboringswillbegeophysicallylo~gedas

describedinSection8.3.1.1above.HydropunchsampleswillbeanalyzedbyEPATest

Method8010forcontaminantsdetectedatOU1wellsMW-OUI-01-Aand

MW-OUI-02-A.BasedonthefindingsfromtheHydropunchsamplingandanalysis,

uptotwomonitoringwellswillbeinstalledtomonitorwaterlevelsandgroundwater

chemistrytoa depthofupto 150feet. Waterlevelsandgroundwaterchemistrywillbe

monitoredaspartof theBasewideQuarterlyMonitoringProgram(seeSection8.3.4).

S.3.3 Task3

ToaddressthedatagappresentedinSection8.1.3,theGroundwaterWell

ManagementPlan(HLA,1990b)willbeupdated.Wellswillbeevaluatedandprioritized

basedonnewhydrogeoIogicandcontaminantsourcedatacollectedduringrecent

basewideandsitestudies.

8.3.4 Task4

ABasewideQuarterlyMonitoringProgramisproposedtofilldatagapsrelatedto

waterlevelsandgroundwaterchemistry,aspresentedinSections8.1.1,8.1.2,and8.1.4.

ThisprogramwillincludemonitoringandsamplingbasewideandRI/FSsitewellsto

establishtherelationshipbetweenprecipitationpatternsandgroundwaterfluctuations,to

observetemporalchangesingroundwaterchemistry,tomonitorwellsnearsuspected

contaminantsourcesforthepresenceofcontamination,andtomonitorwellspotentially

affectedbyseawaterintrusion.Detailsof thisprogramwillbepresentedaspartofa

separatescopeofwork;anoutlineoftheproposedactivitiesisasfollows:
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● Sampleselectedonbaseandoffbasewellstoverifypreviouslydetected
contamination.OnlywellsconstructedbyHLAorthosethathavebeen
appropriatelyconstructedwillbesampled.

● Samplewellswithinandadjacenttoidentifiedgroundwatercontamination
includingbothup-anddowngradientwells.Onlyanalytesdetectedin
previoussamplingeventsorpresentinnearbysourceswillbeevaluated.

● Performperiodicsamplingoffieldparametersandinorganicchemistry
froma selectednumberofwellstomonitorbaselinegroundwaterquality
andseawaterintrusionconditions.

● Measurewaterlevelsquarterlyatselectedwellstoevaluatetemporal
water-levelfluctuations.

8.3.5 Task5

TofillthedatagapsdiscussedinSection8.1.5,developmentofa quantitative

groundwatermodelisproposed.Thespecificobjectivesofthemodelingareasfollows:

● Modelthehydrogeologicsystemsinthevicinityof0U2andSites2 and
12toallowsimulationandtestingofproposedextractionsystems.The
simulatedgroundwaterextractionsystemswillincludeevaluatingthe
numberofwells,pumpingrates,estimatedchemicalmassremovalrates,
andestimatedcapturezones.

---

. ..

● Assessthefeasibilityofa groundwaterreinfectionsystemtorecharge
treatedgroundwater,includingthenumberandlocationofwells,
injectionrates,andestimatedheadbuildupinthevicinityofinjection
wells.Evaluatetheimpactofgroundwaterreinfectiononcontaminant
distributionandsaltwaterintrusion.

● Evaluatetheimpactofgroundwaterextractionat0U2andSites2 and12
ontheconfigurationofcontaminantplumesrelativetothecityofMarina
andFortOrdwater-supplywells.Evaluatetheimpactofgroundwater
extractionat0U2,Sites2 and12,thecityofMarina,andFortOrd
water-supplywellsonregionalgroundwaterflowpatternsandfuture
saltwaterintrusion.

.
● Evaluatetheimpactofgroundwaterextractionontheoverallwater

budgetfortheaquifersystem.

Toachievetheseobjectives,HLAproposestodevelopa three-dimensional

finite-differenceorfinite-elementflowandsolutetransportmodel,usinganexisting

public-domaingroundwatermodelcode.Anumberofwidelyusedandverified
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groundwatermodelsareavailableandapplicablefortheSalinasbasinatFortOral;an

evaluationofsite-specificissuesandmodelcapabilitieswillbeperformedpriorto

selectionanddevelopmentof themodel.
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