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ThissectionincorporatesbyreferenceinformationfromtheFloraandFaunaBaselineStWyofFort
Oral,&lifornia;theSoilsBaselineStudyofFti Oral,Mihmq andtheOtherphmi=lAttributesBaseline
StudyofFortOral,GIifornia,whichareavailableatthepublicinfomnationreposhovestablishedatthe
SeasideBranchLibrary(U.S,Amy~rpsofEngineers,SacramentoDistrict1992a,1992d,and1992e).

4.3.1SoilandGeologicEcosystemRelationships

ThreeofthesoiltypesorgeologicfeaturesunderlyingFotiOrdareoflimit~extentandsupport
uniquebotanicalrelationships.RecentandrelicSIKIdunes,whichcoverroughlytwo-thirdsofthefacility
(Figure4.3-l),occurinonlylimitedareasofthe&liforniacoast.Oceano,Bap~, andArnoldsoilseries
develo~onthedunes(Figure4.3-2).The~nddunesoilsshowagenerallyincreasingelevation,age,and
soilpr~ledevelopmentgradientfromthecoasttotheinlandareas.Thelowfertilityandlowwater-holding
=pacityofthesoils,togetherwiththefoggycoastalclimate,providetheunusualconditionsthatrestrict
habtittoplantcommunitiesoflimitedrangeardsupportspecial-statusplantspecies(U.S.ArmyCorpsof
Engineers,SacramentoDistrict1992a).

Interspersedindepressionsbetweensomeofthedunesaresmall,Iocalizdvernalpoolwetlands
(refertoSection4.11,“Vegetation,Wildlife,andWetlandResources”,forafurtherdiscussionofwetfands).
Thewetlandsubstratemayber~ictIagmndeposits.TheseareasaremappedbytheMontereyCountysoil
suweyastheAntiochseriesorSantaYnezseriesinclusionwithintheArnoldmappingunit(Figure4.3-2)
(U-S.SoilConsewationSewice1978a).Basedona prelimina~reconnais~ncesuweyofthearea,this
mappingisincompleteanddoesnotfullydescribetheactualpeddogic(soil)andbotanicdivers”hy.

ThethirdsoilandgeologicfeatureoflimitedextentistheAmddseriesandXerotihentsoiltype
formedontheAromasformation.Thedistinctiver- coloroftheoxidizedironinthe=ndstoneformation
istheresultofapecfogenic(sokforming)processandmaybearelictpaleosol(i.e.,reexpos~fossilsoil).
SuchsoiltypesareveryrareandimportantforresearchinsoilformationprocessesthatexistundervarfoUs
dimticconditionsandlands~peages.Inaddition,theAromasformationsoilssupporta raremaritime
chaparralcommun”~(U.S.ArmyCorpsofEngineers,SacramentoDistrict1992a).

Ingeneral,thesoil/geologiclandscapeandcorrelationwithvegetationcommunitiesaremore
complexthanexistingmappingindicates.

4.3.2Erosion

4.3.2.1CoastalErosion
TheseverecoastalerosionatFortOral,filch hasben wcurringforatleastseveralthousand

y-rs, isa naturalprmessresultingfromthepostglacialX levelrise,wavepatternsandgeomorphic
structureofMontereyBay.Theerosionratehasacceleratedinthiscenturyfromabout1.5feetpery-r
upto7.0feetperyearin1983buwseofrducedsedimentsupply(from=ndminingalongthecoastand
sedimenttrappinginresewoirsintheSalinasRiverwatershed)andlossofvegetationonshorelinedunes.
ArubblerevetmenttopreseweStilwellHallwasrepairdin1983buthassincecontinuedtoermleonthe
southsideandslipintotheocean.Engineeringworkspropos~inthe1983U.S.ArmyCoastalEngineering
ResearchCenterReport(Smith1983)havenotbeenimplementedbemuseofthehighcost.Pillars
supportingstormdrainagepipesopeningtotheoceanareexposdamlarelikelytocollapse.Althoughthe
erosionratehasSIOWIXIinthelast6yearsfromalackoflargewinterstorms,erosionislikelytoresumeat
thepreviousaccelemtecfratewithsuitablestormconditions.
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Figure4.3-1
SurficialGeologyandFaultLinesofFortOrd
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Figure4.3-2
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4.3.2.2WindErosion

TheportionofFortOrdcomprisedofDunelandandtheOceano,BaYWO@andAmddsoilseries
(Figure4.3-2)issusceptibletowinderosionifvegetationisremov-andthesurfaceisdisturbd.Organic
matteraccumulationordevelopmentofsoilstructureinthesurfacehocizonsoftheOceano,Baywood,and
Amddsoilsretardswinderosionandlowerstheerosionhazardunlessthetopsoilisdisturbedorremoval.
Loose=nd,suchasintheOceano,Bawd, ardAmddsubsoils,hasawiti erosionpotentialofupto
310tonsperacrepery-r inown,unvegetatdareas,thehighestwfderosionpotentialofanysoil~
intheWindErosionEquationratingsystem.

WhierosionisacontinuingprobiematFortOrdparticularlyinar=sunderdevelopment,suchas
duringtheconstructionofFrttzscheArmyAirMd.SarKIblowsfromtheexposedsoilsurface,damaging
existingandreplantedvegetationandaccumulatinginareasfromwlichitmustberemoved.Winderosion
continuesuntilthesourceareasarestabil”wdandrevegetated.Removingtreesthatactaswirdbr=ks
increasesthewinderosionpotential.
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4.3.2.3WaterErosion

TworegionsofFortOrdarehighlysusceptibletowatererosion:theArnoldandXerotihentsoils
ontheAronusformationandtheSantaYnazandDiablosoilsonthePasoRoblesformation(Figures4.3-1,
4.3-2,and4.3-3).Therd sandstonelayerdistinguishingtheAromasformationis3-15feetthickand0-15
feetdeepbelowthesoilsurface.Thesandstonelayerisespeciallyevidentinridgetopedgeoutcrops,which
althoughsomewhatresistant,areslowlyerwling.Rillandgullyerosions~lcienttoprcducepalisadeor
badland-likefeaturesisanaturallyoccurringprocess.Althoughthesandstonelayerisweaklyconsdidatd,
itisrelativelyimpewioustowatercompar~withtheunconsolidatedsoil;waterdrainsrapidlythroughthe
soilprofileuntilitisimpedwibytheoxidizmIron-cementedsandstonelayer.ExcavationsorcutsInthis
profileproduceimmediatespringsabovethesandstonelayerwhereitisexpos~.Suchinducedsurface
runoffacceleratesthenaturalerosionprocess.Slowswhereerodedmaterialcollectsareadditionally
subjecttolandslides(Dupre1990).

ErosionontheAromasformationisexacerbatedbydisturbance,suchasroadcuts.Figure4.34
showserml~areasonthecutbankanddownslopeofa roadway.Problemsindrainagewerealso
encounteredintheconstructionofthenewammunitionsupplypoint.Aditchforanelectriclinepipe
comlultformaagullybreakoutwhereItwasex~wtedblowthesandstonelayer,andadrainagestmcture
conveyingrunoffpafilydownslopefromthericfgetopfacil”~inducederosioninspiteofriprapping.

ThePasoRotYesformationalsohasa highpotentialerosionhazard.TheSantaYnezsoilseries
meppingunitmayIncludeaninWation-impedinglayerofclayaccumulationasdescribedintheexisting
MontereyCountysoilsurveyormaybeunderlainbyunconsolidatedalluvialdepositsandweaklydcium
carbonate+ementedsandstone.TheD“Hblosoilserieshasadayparticle-sizeclassthroughouttheprofile
witha consequentlowinfiltrationandhighrunoffrate.Thisreadilyenxliblelandscapeactuallyforrmxla
morestable,roundedtopographyundernaturalconditions,heldinplacebyaneatlycontinuousgrasscover.
Incontmst,thesoilsoftheAromasfomationaremoresusceptibletoerosionundernaturalconditions
-use thenativechaparralvegetationcoverisnoncontinuous.

UnderdisturtwdconditionsonthePasoRoblesformation,suchasroadortoeslopecutsand
grazingpressures,especiallywhenconcentratedinstreamcfmnels,induc@erosionisevenmoreextensive
atwldramatictlwnontheAromasformation.Figure4.3-5showsthetypidpatternofextensivestream
channelgullyingthatcharacterizesnearlyeve~streamchannelonthePasoRoblesformationonFortOral.
Figure4.34showstheresultofstreamchannelgullyinginconjunctionwitharoadplacement(theoriginal
r~dwayisnowvirtuallyobliterated).Thisareaofseveresterosionhasadditionalcomplications.Thehillside
above,althoughs~minglyintact,islacedwithpipingorinternal,subsurfaceerosiontunnelsthatownto
thesurface,indiatingwidespreadslopeinstability.ThePasoRoblesformationishighlysusceptibleto
landslides,asindicatedbybothrecent(Figure4.3-7)andgeomorphimllyidentifiablepastlandslides(Dupre
1990).
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Figure4.3-3
.— WaterandCoastalErosionPotentialatFortOrd
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Erosiononcutbankanddownslopeofaroadway,
AromasformationonFortOral.

Figure4.3-5

Extensivestreamchannelgullying,PasoRobles
formationonFortOral.
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Figure4.3-6
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Resultofstreamchannelgullyinginconjunctionwitha
road,PasoRoblesformationonFontOral.

Figure4.3-7

-.
Existinglandslide,PasoRoblesformationonFortOral.
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ErosiononthePasoRobiesformationis ~usingconsideratedownstramsedimentation,
particularlyinToroCreek,wflchrunspartiallyonFonOcdoradjaoenttothesotiheastkmundaw.The
upstreamerosioncontributestoa~tentialfl~ing hazafdforexistingresidencesafongToroCr-k.

Historically,beginningwhenMontereywasthemp”tiof-IifomiaintheSpanishandMexi@n
pmids,heavymttiegrazingmayhave~usedrangeianddeteriorationandinitiitedthesevereerosionnow
evidentonthegraasiar’dsinthesoutheastquadrantofFortOral.inadditiin,@tiegrazinginthedddunes
areaaftertheestablishmentofFotiOrcimusdseverewinderosionproblemsuntilthegmzingwas
discontinued.AnongoingsheepgrazingprogmmnMyk@contributingtotheerosionproblem-use of
areasofovergrazingfromsheeppreferentialgrazinghabts.Anewgmzingenvironmentalassessmentis
behgpreparwi.Effonshavekn madetocontrol,oratiwd retard,theactiveareasoferosion.The
installationofdropinletsandplantingofwiiiowtreeshasslowedthedeepeningoftheiowerchannel
guiiying,buttheheadward,upsiopeguiiyadvanceoontinues.

Watererosionisnotasmuchofa problemonthesandysoiltypesidentifiedaboveasthesoil’s
susceptibiikytowinderosion,withthreeexceptionsthehighinfiltrationrateofthesandysoiismaybe
exceeckiifrunoflordtainagefromdevetopdareasisstilcientiyconcentrate,inwhich=SSerosionis
rapid;ar-s oftheAmddsoilseriesontheAromasformationaresusceptible;andthecoastaldunecliffs
aresubjecttowaveerosion,aswellasconcentratedrunoffordrainageerosion.

4.3.3Topography
ExtensiveareasofFortOrdhaveslopesinexcessof15-30%(Figure4.3+). Limitedareashave

slopesapproachingvetiicai.Atpresent,ve~iittiedevelopmenthasoccurredintheseareas.Aslope
gr~terthan15%isconsideredaseverelimitationonaimostaildevelopment(U.S.SoilConsewationSetice
1978a)duetothehazardoferosionandlandslides.

-,--

[
.

._

I
-—

I
.“. --

4.3.4Agriculture/Hofiiculture
BeforeFottOrdwasestablished,onlylimitedagriculturewaspracticedontheprope~.Tomatws

andothervegetablesweregrownontheaiiuvislflatsalongToroCreek;dfylancispringpeasweregrown
onthedunesatthenorthendofFoftOral;andhaymayhavebeengrownonthegrassyflatsamidstthe
sanddunes.MostofthesoiisonFotiOrdaregeneraiiyunsu’tibieandseverelyiimitsdforagriculture(U.S.
SoilConservationSetvice1978a).

AsmallportionofFortOral,iessthan50acresinthesegmentalongthenortheastboundarythat
extendsouttoardencompassestheSaiinasRiver,consistsofsoiissuitableforprimefarmiand.Extensive
areasofOceanosoils,andverylimitedareasofAntiochandArnoldsoiis,asmappedonFortOrdare
suitableassoilsofstatewide(farmland)importance(CaiifomiaDepartmentofConsewation1993).Theareas
mappedasAntiochsoilhaveahighvalueaswetiandsandrareplantandvdidlifehabitat.Extensiveacreage
inthesoutheastquadrantofFortOrdhasvaiueasgrazingiandandispresentlyusedforthatpurpose.No
agricultureiscurrentlypracticedonFottOral.

The~ndy,drought#lectedsoiisofFoctOrdiimitlandscapingandmakeiawnsdifficultard
expns”wetomaintain.

4.3.5 EngineeringUses

Differentsoiltypesmayhavevariouslimitationsassubstratesforengineeringorconstruction
pupses.inadditiontoimitationscausedbyerosion,slope,iandsiides,ahdsedimentation,somesoilson
FotiOrdhaveIim’Mtionsofiowstrength,shrink-swellpotential,exmvation~ving,andpiping(Figures4.3-9,
4.3-10,and4.3-11).
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-Figure4.3-8
-.,. SlopeMapatFortOrd
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Figure4.3-9
“SoilswithLowStrengthatFortOrd
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Figure4.3-10
SoilswithHighShrink-SwellPotentialatFotiOrd
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Figure43-11
SoilswithExcavationCavingandPipingPotentialatFortOrd
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TwosoilserieswithhighdaycontentsaremtedashavingsevereIimtitionsforlowstrength:
Diabloforbuildings,andbothDiabloandSantaYnezforroads,atrm~,andembankment=.The=meNO
soilserieshaveaseverelimitationofshrink-swefl~tentielforbuifdingsandroadsandstreets.Threepmty
aggregated=ndysoilseries,Baywod,Oceano,andAmdd,havewerelimitationsforshallowexmvation
tivingandforpipinginembankments.Severepipingwasobeewedinar=smppd astheSantaYnaz
soilseries.

AseverelimitationexistsforresewoirconstructiononOmano,Bayw~,andnon-Aromasformation
Amddsoilseries-use ofveryhighpermeabilityardseepageandpipingpotentialinearthendam
embankments.

4.3.6SeismicHazards

Severalinferredorconcealedearthquakefaults(i.e.,theRalizorGabilan,Chupines,OrdTerrace,
andSeas-defaults)eithercrossorareadjacenttoFortOrd(Figure4.3-1).Thefirsthaspossiblybeenactive
inthelast0.7millionyears,andthelatterthreehavepossibiybeenactiveintheiast1.6millionyears.None
showactMtyinthelast10,000years,butthepotential~nnotk ruledout(GlifomiaDivkionofMinesand
Geology1992).TheSanAndreasfault,historicallyactiveinthelast200years,iswithin25milesofFortOral.

ThePaloColorad~SanGregoriofault,14milessouthwestofFofiOral,andtheMontereyBayfault
zone,directlyoffshoreofFortOral,bothshowev”tienceofHolocenemovementandrecentearthquake
activity(Greene1989).TheMontereyBayfaultzoneextendsseawardoftheOrdTerrace,Seaside,and
Chupinestiults(Figure4.3-I).Themaximumcredibieearthquakemagnitudeisgreaterthan6 forthe
MontereyBayfaultzone,greaterthan7forthePaloColorad@SanGregoriofautt,andgreaterthan8forthe
SanAndreasfault(Greene1973,CaliforniaDepartmentofConservation1980),

The~tentialofearthquakedarnagefromgroundshakingismtieratetoveryhigh,withthehighest
potentialinthecoastaldunezone.OnlyminorearthquakedamagewassustainedatFofiOrdintheLorna
Prietaearthquakeof1989.CracksappearedintheconcretebetweenStilwellHallandthedunecliffs
becauseoftheunstableconditionofthecfiffs,ad a fewcracksoccurredintheSilasB,HaysAwry
CommunityHospitalbecauseofgroundshaking.

Approximately8,000buildingsexistonFortOral.MostbuildingsonFortOrdwerenotconstructed
tocomplywithcurrentIo@buildingcdesrelatingtoseismicsafetybecausemostwerebuiltMore
modemseismicsafetyprovisionswereincorporateintoCalifom”kbuildingcdesandDepartmentofthe
AmIytschnidmanuals.

Seismic=fetyprovisionsof~lifomiabuildingcdesfcwusonbuildingsthatreceiveconcentrated
publicuseorhousesensitiveuses,suchasschoolsamlhospitals.SchoolsonFortOrdareowndand
operatedbytheMontereyPeninsulaUnifiedSchoolDistrictonIati leasedfromthefedetalgovernment,and
arerequiredto~ incompliancewithcurrentbuildingcodesrelatingtoseismicsafety.TheSilasB.Hays
ArmyCommunityHospitaf,whichwascompletdin1971,wouldrequireextensivemdfimtionstocomply
withi-l ardstateseismicsafetybuildingculesrequirdofin-patienthealth=refacilities.TheArmyhas
conductdextensivestudiesofthemmffidionsthatwouldk requir~to bringthisbuildinginto
compliancewithcurrentregulationsamfhasestirnstdthecostofsuchmmlikationstobegreaterthan
$50million.Otherbuildings,suchastheaters,recr@ionalfacilities,andcommun”hycenters,weregenerally
constructbefore1973awlmayalsor~uiresubstantialmmfibtionstocomplywithcurrentseismic
regulations.

Otherearthquakehazardsofconcernincludeliquefactionandiandsfides.Hightoveryhigh
liquefactionpotentialexistsonrecentalluvialsedimentsalongToroCr*k. Thewmepotentialmayexist
inothersmall,Iodizedareasalongcreeks;n-r existingpondsandreservoirs;andinisoiatm,water-
retainingbasinsamidstthesanddunes.Iadsl”depotent”~lasanearthquakeeffectispresentinthe
landslide-proneareasdescribedabove,includingtheAromasformationandtheshorelinedunecliffs.
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Paststudieshaveindi~tedthattsunamisandseiches(GliforniaDtisionofMinesandGeology
IWO),largeselsmidlyinducdandpotentiallydestnmtiveopenoceanandbaywaves,areofrelatively
minorconcerninMonterey6ay(U.S.ArmyCOIPSofEngineers,SacramentoDistrict1992e)andwouldadd
onlya=m-t incr=stihazardofcoastalerosionatFortOral.

4.3.7ToxicContaminantandLiveOrdnance . .

Theknownsitesoftoxiccontaminationati liveordrancearefoundonthe=ndysoilsoftheDune
knds,amltheOceano,Baywoaf,andArnoldsoilseries.Thesesoilsarecharacteriiecfbytheirhigh
Prmeabil”qandinfiltrationrates,lowfertilityandwater-holding-pacity,andhighsusceptibihtytowind
erosiontfvegetationisremovedorthesurfaceIsotherwisedisturbed.Ar-s ofXerorthentsardAmdd
seriesunderlainbysandstonearealsohighlysusceptibletowatererosion.(Referto Section4.10,
“HazardousandToxicWasteSiteRemedistion=,forfurtherdiscussion.) I
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