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EXECUTIVESUMMARY

The I05-N and I09-N Facilitiesdischarged effluent to the 1325-N Liquid

Waste Disposal Facility (1325-NLWDF) located east of the IO0-N Area perimeter

fence. This report satisfiesone of the requirementsof the Hanford Federal

Facility Agreement and Consent Order (Tri-PartyAgreement) Milestone M-17-OOB

as agreed by the U.S. Department of Energy, the Washington State Department of

Ecology, and the U.S. EnvironmentalProtectionAgency.I Tri-Party Agreement

MilestoneM-17-OOB includes a requirementto assess impacts to groundwater

from disposal of the I05-N Reactor and I09-N Heat Exchanger Buildingseffluent

to the 1325-N LWDF. In addition, the 1325-N LWDF is a Resource Conservation

and Recovery Act of 19762treatment, storage, and disposal facility covered

by the ClosurePost-Closure Plan for the 1301-N and 1325-N Liquid Waste

3
Disposal Facilities.

There is groundwatercontamination,primarily strontium-90,tritium, and

sulfate, in the unconfined aquifer beneath the IO0-N Area. The contaminant

plumes are a result of past-practicereactor and disposal operations in the

IEcology,EPA, and DOE, 1991, Hanford Federal Facility Agreement and
ConsentOrder, Second amendment, 2 vols, 89-10, Rev. 2, Washington State
Department of Ecology, U.S. EnvironmentalProtectionAgency, and
U.S. Department of Energy, Olympia, Washington.

2ResourceConservationand Recovery Act of 1976, 42 USC 6901, et seq.

3Diediker, L. A., and J. A. Hall, 1987, ClosurePost-Closure Plan for the
1301-N and 1325-N Liquid Waste Disposal Facilities,UNI-3533, UNC Nuclear
Industries,Inc., Richland,Washington.
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IO0-N Area currently being investigatedas part of the IO0-NR-I and

IO0-NR-2Operable Units.4'5

One-dimensionalor unit-gradientflow and transportcalculationssuggest

that strontium-gOreached the water table during the operational period of use

for the 1325-N LWDF. Continuingmigration of strontium-gOinto the aquifer

may be occurring due to natural recharge and water table fluctuations. The

estimated magnitude of additionalcontaminant input to the aquifer caused by

hypotheticalslug releases of spent emergency water to the crib is about the

same order of magnitude as the annual contaminantinput to the aquifer caused

by natural recharge. The localized concentrationscaused by both types of

input exceed the Washington State Water Quality Standard of 8 pCi/L and are

potentiallysignificant. Thus some mitigating measures for controllingthe

natural infiltrationaround the crib (e.g., restorationof natural vegetation

around the crib or installationof an interim infiltrationbarrier) should be

investigatedas part of ongoing remediationefforts. Furthermore,emergency

water should not be discharged to the crib.

4DOE-RL, 1991a,RCRA Facility InvestigationCorrectiveMeasures Study
Work Plan for the IO0-NR-I Operable Unit, Hanford Site, Richland, Washington,
DOE/RL-91-46,U.S. Department of Energy, Richland Operations Office,
Richland,Washington.

SDOE-RL, 1991b, RCRA Facility InvestigationCorrectiveMeasures Study
Work Plan for the IO0-NR-2 Operable Unit, Hanford Site, Richland, Washington,
DOE/RL-90-22,U.S. Departmentof Energy, Richland Operations Office,
Richland, Washington.
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GROUNDWATERIMPACTASSESSMENTREPORTFORTHE
. 1325-N LIQUID WASTEDISPOSALFACILITY

1.0 INTRODUCTION

Groundwaterimpactassessmentsare requiredfor a numberof liquid
effluentreceivingsitesin accordancewith the HanfordFederalFacility
Agreementand ConsentOrder (Tri-PartyAgreement)MilestonesM-17-OOAand
M-17-OOB,as agreedby the U.S. Departmentof Energy(DOE),the Washington
StateDepartmentof Ecology(Ecology),and the U.S. EnvironmentalProtection

° Agency(EPA)(Ecologyet al. 1991). This reportassessesthe impactsto
groundwaterfromthe disposalof past and presenteffluentfrom various
IO0-NArea facilitiesto the 1325-NLiquidWasteDisposalFacility
(1325-NLWDF).

1.1 BACKGROUND

In response to public commentson the original Tri-Party Agreement and at
the request of the signatories on the Tri-Party Agreement, the DOE,Richland
Operations Office (RL) conducted a study to assess the impact of liquid
effluents discharged t_ the ground at the Hanford Site (WHC1990a, 1990b).
The EPAand Ecology expressed several concerns regarding uncertainties in the
evaluations madeby RL. Foremost amongthese concerns were the lack of site-
specific data, the need to consider interactions with adjacent liquid
discharge facilities, and the need for. more rigorous models of contaminant
transport. As a result of these concerns, the RL, Ecology, and EPA (the three
parties) created a series of Tri-Party Agreementmilestones, including
M-17-OOA,M-17-OOB,M-17-13, and M-17-13A, which pertain to groundwater impact
assessments.

Tri-Party Agreement Milestones M-17-OOAandM-17-OOBrequire impact
assessmentsfor Phase I and II waste streams. Phase I and II waste streams
are defined in Stordeur and Flyckt (1988). The 1325-N LWDFwas defined as a
Phase I waste stream. Tri-Party Agreement Milestone M-17-13 required the
development of a methodology for assessing the impact of liquid effluent
discharge on groundwater, which resulted in the documentA Methodology for
AssessingImpactsto GroundwaterfronDisposalof LiquidEffluentto the Soil
at the HanfordSite (Tyler1991). T:,irtydays afterregulatoryapprovalof
the methodologydocument,as requiredby Tri-PartyAgreementMilestone
M-17-13A,a schedulefor performingassessmentsat 13 receivingsiteswas

- completed.A draftResourceConservationand RecoveryAct of 1976 (RCRA)
closure/post-closureplan has been preparedfor the 1325-NLWDF (Diedikerand
Hall 1987)and is scheduledto be resubmittedin June 1994 (Tri-Party

. AgreementMilestoneM-20-31). Initialcharacterizationof this site is
presentlyin progress.

1.2 METHODOLOGY

The methodologydocumentby Tyler (1991)was followedin preparingthe
groundwaterimpactassessmentfor the 1325-NLWDF. Includedin that document
is the categorizationof each of the 13 receivingsitesinto I of 3 levels,

I
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basedon the amountof effortneededto performthe assessment.A levelI
receivingsite groundwaterimpactassessmentrelieson availableinformation..
A groundwaterimpactassessmentof a level2 receivingsitemay require
nonintrusivefieldwork to verifythe extentof existingcontamination.
A level3 site may requireintrusivefieldwork. If it is discoveredthat
existinginformationis inadequatethroughthe courseof performinga levelI
impactassessment,the assessmentmay be raisedto a level2 or 3.

The methodologydocumentoutlinesseveraltasksto be conductedas part
of the groundwaterimpactassessmentfor levelI receivingsites:

• Prepareand presenta plan describinghow the groundwaterimpact
assessmentwill be conducted

• Characterizethe liquideffluentstream

• Evaluatethe site-specifichydrogeology

• Developa siteconceptual_odel

• Assessthe hydrologicimpactof the liquideffluentstream

• Assessthe contaminantimpactof the liquideffluentstream

• Evaluatethe adequacyof the existingmonitoringwell network

• Preparea writtenreportof the results.

The tasksrequiredfor level2 and 3 receivingsitesincludethose
outlinedabove (withminordifferences)and includefieldwork-related
activitiesas follows:

• Organizeand plan facility-specificassessment(sameas levelI
tasks)

• Characterizeeffluentusingexistingdata (sameas levelI tasks)

• Developa preliminarysite conceptualmodel--aidsin identification
of informationnecessaryto refinethe conceptualmodeland support
assessmenttechniquesthatmay havemare rigorousdata requirements

• Identifyadditionalinformationneedsand plan data collection--may
includecollectionof fielddata and laboratoryanalyses(water
chemistrysampling,shallowsoil samples,remotesensing,
geophysicalsurveys,waterlevelmeasurements,and physicaland
chemicalanalysesof archivedsoil samples) '

• Level3 data collectionmay also includeboreholedrillingand
sampling,monitoringwell construction(RCRAstandard),aquifer
testing,and more extensivedata collectionfor activitieslistedin
the previousbullet

• Collectfielddata

• Analyzeand interpretdata to refineconceptualmodel

2
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• Assessgroundwaterimpactsand identifyadditionalinformationneeds

• Preparea writtenreportof the results.

In the methodologyreport(TylerIggl),the 1325-NLWDFwas categorized
as a levelI receivingsitebecauseof the substantialdecreasesin allowable
dischargein accordancewith the Tri-PartyAgreementflo_ restrictions
(TylerIggl). An administrativepolicyto ceasedischarges,exceptfor
emergencyfire flow,was implementedin April1991. New monitoringwellswere
installedat this site to characterizethe groundwaterin supportof RCRA
closure/post-closureactivities(Hartman1992). In addition,this site is
part of the IO0-NR-2GroundwaterOperableUnit and the IO0-NR-ISource

" OperableUnit,whichare controlledby the RCRA FacilityInvestigation/
CorrectiveMeasuresStudyWork Plans(DOE-RLIggla,Igglb). This impact
assessmentincorporateddata collectedunderthe RCRA FacilityInvestigation/

" CorrectiveMeasuresStudyWork Plans.

Severalkey assumptionsinherentto all groundwaterimpactassessments
a_e explainedin the methodologydocument(Tyler1991)and warrantsummarizing_
here. For this impactassessment,the followingassumptionsare relevant.

• The expectedlevelof impactfrom the use of the receivingsite
determineshow well the chemistry,geology,and hydrologyneed to be
understood.

• Modelingsophisticationis tailoredto availableinformationand the
, expectedlevelof impactto the receivingsite.

• New site-specificgeologic,hydrologic,and groundwaterdata
obtainedthroughdrillingrequire1.5 to 2 yearsto acquire.

• Data collectionand modelingactivitiesare integratedwith other
Tri-PartyAgreementmilestones.

• Existingdata are treatedas fullyvalidated.
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2.0 IO0-NAREA FACILITIESDESCRIPTION

2.1 LOCATION

The HanfordSite is a 1,450-km2 {a60-mi2) tractof land locatedin
Benton,Franklin,and GrantCountiesin the south-centralportionof
WashingtonState. The IO0-NArea is locatedalongthe southshoreof the
ColumbiaRiverin the northernpart of the HanfordSite,approximately74 km
(46mi) northof the city of Richland(FigureI). The 1325-NLWDF is located
approximately18 m (60 ft) aboveand 732 m (2,400ft) east of the Columbia
Riverand outsidethe IO0-NArea perimeterfence(Figure2).

m

2.2 HISTORY
4

In 1943 the HanfordSite was chosenas a locationfor the Manhattan
Projectto produceplutoniumfor use in nuclearweapons. The IO0-NArea at
Hanfordwas used from 1963to 1987for a dual-purpose,plutoniumproduction
and steamgenerationreactorand relatedoperationalsupportfacilities
(Diedikerand Hall 1987). In November1989,the reactorwas put intodry
layupstatus. Duringoperations,chemicaland radioactivewasteswere
releasedintothe area soil,air, and groundwater.The 1325-NLWDFwas
constructedin IgB3to replacethe 1301-NLiquidWasteDisposalFacility
(1301-NLWDF). Fhe two facilitiesoperatedsimultaneouslyfrom 1983to 1985.
The 1301-NLWDFwas retiredfrom use in 1985 and the 1325-NLWDF continued
operationuntilApril1991,when activedischargesto the facilityceased.
Effluentdischargeto the pipingsystemhas beencontrolledby administrative
means.

2.3 FACILITIES

2.3.1 1325-N LWDF

The 1325-NLWDF is a crib and trenchfacility(Figure3). The crib is
73 by 76 by 5 m (240b_ 250 by 15 ft) and consistsof a drainfieldpipe
systemcoveredwith precast,prestressedconcretepanels(Figure4). The
coveris 3 m (10 ft) belowgroundsurfaceand 1.5 m (5 ft) abovethe
percolationsurface(see Figure3, inset). The trenchis 914 by 17 by 2 m
(3,000by 55 by 7 ft) and ties intethe crib at its northernand eastern
corners(effluentfrom each cornercombinesin a commonweir box) (see

- Figures3 and 4). The 1325-NLWDF beganoperationin 1983 as a crib thatwas
constructedto replacethe 1301-NLWDF. In 1985,the extenslontrenchwas
addedto the facilityto increaseits operationalcapacity(DOE-RL1991a)and

. the 1301-NLWDFwas shut down. The facilityreceivedeffluentuntil
April1991,when all dischargeswere stoppedthroughthe use of administrative
controls.
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Figure I. Location of the IO0-N Area on the Hanford Site.
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2.3.2 1301-N LWDF

The 1301-NLWDF also is a crib and trenchfacility(seeFigure2) that is
constructedwithinthe boundariesof the IO0-NArea perimeterfence. The crib
is 88 by 38 by 4 m (290by 125 by 12 ft),and is filledwith a 1-m (3-ft)
layerof boulders. Precastconcretecoverpanelswere placedaver the trench
in 1982to minimizeboth intrusionby wildlifeand airbornecontaminationfrom
the facility(DOE-RL1991a). The zig-zagextensiontrenchis 4B8 by 15 by 4 m
(1,600by 50 by 12 ft). The trenchwas addedto the crib in 1965because
wastewatervolumeexceededthe capacityof the crib. The 1301-NLWDF began
operationin 1965and was used untilSeptember1985 (DOE-RL1991a).

R

2.3.3 1324-N/NA Surface Impoundment/Percolation Pond

2.3.3.1 1324-NA Percolation Pond (1324-NA Pond). The 1324-NA Pond is a large
unlinedpercolationpond locatedapproximately914 m (3,000ft) from the
i05-NBuilding(seeFigure2). The pondwas placedin servicein August1977,
and was used to treatcorrosiveregenerationeffluentfrom the
163-NDemineralizationPl_.tand filterbackwashwaterfrom the 183-NFiltered
WaterPlant. The corrosiveeffluentwas treatedin the pond by alternating
the additionof acidiccationcolumnregenerationeffluentand alkalineanion
columnregenerationeffluent,',lhichneutralizedthe solutlons. The pond also
was to make use of the naturalbufferingcapacityand calcareousnatureof the
soilunderlyingthe pond to neutralizethe waste (DOE-RL1991a). However,no
analyticaldata existto verifythe exactbufferingcapacityof the IO0-Nsoil
column.

In _he springof 1983,the 1324-NAPondwas enlargedfrom a bottomarea

of 855 m" (9,200ft_) with a volumeof appr.ozximately4,_42,480L
(1,200,000gal) to a bottomarea of 2,694m (29,000ft')with a volumeof
11,356,200 L (3.000,000 gal). The filterbackwashwas routed to the Backwash
Lake disposal site at this time (see Figure 2). Use of the 1324-NAPondto
treatdangerouswasteswas discontinuedin May 1986,when the 1324-NSurface
Impoundmentwas put into serviceto treatthe corrosiveeffluents
(DOE-RL1991a).

This facilitywas used from 1986to 1988,when it was replacedby an
elementaryneutralizationunit locatedat the 163-NDemineralizationPlant.
From 1986 untilpresent,the pond has receivedthe neutralizedregeneration
effluentfrom the elementaryneutralizationunit (DOE-RL]991a).

2.3.3.2 1324-N Surface Impoundment(1324-N). The 1324-N Facility is a
double-linedpond with leachatecollectionand leak detectionsystems,located
914 m (3,000ft) southeastof the I05-NBuilding. The impoundmentis
approximately43 by 23 m (140by 75 ft) at gradeand slopesto 24 by 5 m
(80 by 15 ft) belowgrade(5 m [15 ft]) and is designedto hold 1,605,001L
(424,000gal) (UNC 1987). The 1324-NFacilitywas used to treatand
neutralizecorrosivewastesbeforetheywere dischargedto the 1324-NAPond
(UNC 1987). The 1324-NSurfaceImpoundmentwas constructedin 1986 and used
until1988. No leakshave been detectedfrom this site.

I0
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2.3.4 105-N Reactor

The I05-NReactorBuildinghouseda graphite-moderated,lightwater-
cooled,horizontal-pressuretube nuclearreactor. The reactorcoolant
circulatingpumpswere single-stage,horizontalcentrifugalpumpswith high-
pressurewater injectionsealsto preventreactorcoolantloss (WHC IgBga).
The reactorwas designedto operatein two modes: (I) productionof special
nuclearmaterialonly,and (2) productionof specialnuclearmaterialand
byproductsteam (whichwas used by the HanfordGeneratingPlantto produce
electricity).When the reactorwas producingspecialnuclearmaterialonly,
steamfrom the secondaryside of 10 steamgeneratorswas routedthrough
16 riverwater-cooleddump condensers.Condensatefrom thesecondenserswas

• routedback intothe steamgeneratorsfor regeneration.Underdual-purpose
operation,the steamwas suppliedto the HanfordGeneratingPlantto produce
860 MW of electricalpower(WHC IgBga).

2.3.5 109-N Heat Exchanger

The portion of the reactor coolant system within the 105-N Building
consistsof 16 parallellinesthat conductedcoolingwaterfrom an inletwater
manifoldin the I09-NHeat Exchangerbuildingto the reactor. Each of these
16 linesendedin a verticalheaderto which54 to 66 individualpressuretube
header-to-inletnozzleconnectorswere attached. Similaroutletrisersand
parallellinesconductedthe coolantfrom the pressuretube outlet
nozzle-to-headerconnectorsto an outletwatermanifold(WHCIg8ga).

In the IOg-NBuilding,whichis immediatelyadjacentto the
I05-NBuilding,the reactorcool_.atsystemconsistedof six cellsin parallel,
each containingtwo steamgeneratorsalso in parallel,a circulatingpump and
associatedvalves,and instrumentation.Pipingand steamgeneratorsin each
of the six cellscouldbe isolatedfrom the main headerpipingby meansof
isolationvalves(WHCIgsga).

11
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3.0 1325-N LWDFEFFLUENTCHARACTERISTICS

3.1 SOURCES

The source of effluent to the 1325-N LWDFwas the 105-N and
109-N Facilities. The waste streams changedover time, because of the

L shutdownof some of the operationsin the IO0-NArea. Therewere fivemajor
wastestreamsfromthesefacilitiesroutedto the 1325-NLWDF:

• Reactorcoolantsystembleedoff

• • Spentfuel storagebasincoolingwateroverflow

• Reactorperipherycoolingsystemsbleedoff

• Reactorprimarycoolantloopdecontaminationrinsesolution

• Buildingdrainscontainingradioactivewastesgeneratedfrom reactor
supportfacilities.

TableI is a listingof the variouseffluentstreamsourcesand typesfor the
1325-NLWDF.

3.2 SYSTEHCONFIGURATIONANDOPERATION

The 1325-NLWDF receivedeffluentfrom the facilitieslistedin Table2;
the facilities'physicallayoutis shownin Figure5. The facilities
describedaboveare connectedby undergroundpiping. The N Reactoreffluent
dischargedto the 1325-NLWDFthroughthe g1.4-cm-(36-in.-)diameterlow-
pressureflushline (FL[LP])(FigureG). Effluentsources(Figure7),
includingvariousfloordrainsand the fuel basinoverflowweirs,drainedinto
the lift stationpumpwell on the west side of the I05-NFacility. From the
lift station,the wastewaterwas pumpedto the 1325-NLWDF throughthe
91.4-cm-(36-in.-)diameterFL(LP). The emergencydump tank dischargedinto
the 91.4-cm-(3G-in.-)diameterFL(LP),just northof the lift station,via
the 7G.2-cm-(30-in.-)diameteroverflowdrain(Figure8) (WHC 1990c).

Contaminatedwastewaterexitedthe east end of the I09-NFacilityvia the
15.2-cm-(G-in.-)diameterradioactivedrain (RDR)and was routedto the
1310-NFacility(Figure9). This linewas designedto carrynuclearsump pump
dischargeand liquidwastefromcell decontaminationin the

- IO9-NFacility. Currentlythe line carriesintermittentflowsof water
collectedfrom shop areasand air conditioningunitswithinthe facility
(WHC1990c).

.

The 25.4-cm-(10-in.-)diameterRDR routeswastewaterfrom the west end
of the IOg-NFacility(seeFigure8), aroundthe west end of the
I05-NFacility,and throughthe 1909-NValvePit. Just east of the
190g-NValvePit, the 25.4-cm-(10-in.-)diameterRDR increasesto 30.5 cm
(12 in.) in diameterand runs alongsidethe 91.4-cm-(36-in.-)diameterFL(LP)
untilit reachesthe 1301-NWeir Box. The streamcarriedby the 30.5-cm-
(12-in.-)diameterRDR can be divertedto the 1310-NFacilityat the

13



Table 1. Past and Present Effluent Stream Sources and Amounts Dischargedto the |325-N Liquid Waste
Disposal Facilit$ (ad, Lpted and modified from Diediker and Hall [1987]). (2 sheets}

ReLease Amounts

Waste stream origin period Effluent/frequency Frequency Peak reactor Present Limit
operations

Reactor coolant system bteedoff 1983- • Demineratized water treated Continuous 757 L/min Less than or equal
1990 with ammonium hydroxide and (200 gat/min) to 8 L/min

hydrazine bLeedoff and (2 gat/min)
Leakage avera9e¢l over the

calendar month;
Spent fuel storage basin cooling 1983- • FiLtered water with chlorine Contingency, Varied not to exceed
water overflow 19(21 adclecl as an atgicide overflow 6.8 miLLion L

Reactor periphery cooling systems Bteedoff and (1.8 miLLion gat)
bLeedoff spiLLage, aLL total to

June 1995, aLLSOUrCeS
• Graphite and shield cooling 1983- • DemineraLized water treated Continuous, all sources

1990 with ammonium hydroxide and sources
hydrazine

• Reactor control rod cooling 1983- • Demineralized water treated

1990 with ammoniumhydroxide and =E:-1-
hydrazine c-_

I

_-_ - Reactor secondary coolant loop 1983- • Demineratized water treated "0
"_ 1990 with morphotine and hydrazine mo

crt
, ,,, "--4

Reactor primary coolant Loop 1983- • TURCOa (70_ phosphoric acid), Once every 2 to Decon solution: cxt
decontamination rinse solution 1987 diethytthiourea, and 4 years (1) 73_,493 L

demineraLized water (21,000 gaL)
TURCO,a (2) 136 to
181 kg (300 to
400 tb) diethyt-
thiourea; diluted
to 8 wt%phosphoric
acid using
demineratized water



Table 1. Past and Present Effluent Stream Sources and Amounts Dischargedto the 1325-N Liquid Waste
Disposal Facility (ad_Lpted and modified from Diediker and Hall [1987]). (2 sheets)

ReLease Amounts

Waste stream origin period EffLuent/frequency Frequency Peak reactor Present Limit
. operations ..

BuiLding drains containing
radioactive wastes generated from
reactor support facilities

• Laboratory wastes 1983- • Chemical analyses • Batch mode, • 9,854 L/yr • N/A
1986 varied (2,600 gat/yr)

• AuxiLiary power battery 1983- • Waste from nickeL-cadmium and • Unknoim, only • 302 to 379 L/yr = N/A
{ockers 1987 Lead-acetate batteries suspected source (80 to

120 gat/yr)

• Hydrazine mixing and injecting 1983- • Hydrazine • Unknown, only • 158 kg/yr • N/A
area ......... 1986 suspectecl source (350 [b/yr)

aTURCO is a trademark of Turco Pr_<iucts, Incorporated.
N/A = not avaiLabLe.
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Table 2. Facilities that Drain to the 1325-N Liquid
+. Waste Disposal Facility (WHC 1990c). ..

FaciLity Facility description Connection to the 1325-N LWDF
(cm in diameter [in. in diameter])

105-N Reactor Facility .... 91.4 cm (36 in. _ FL(LP)

109-N Heat Exchanger Building 25.4 cm (10 in.)_ RDR 30.5 cm (12-in.)

1301-N Liquid Waste Disposal Facilit Y and Weir Box 91.4 cm (36 in.) FL(LP) ,
i

1304-N Emergency Du_ Tank 91.4 ca (36 in.); Overflow to 91.4 cm
(.3,6 in_ FL(LP)

1310-N Radioactive Chemicat Waste Treatment Facility 30.5 cm (12 in.)_ RDR 61 cm (24 in_) ......

1315-N Reactor Effluent Diversion System Valve House 91.4 cm (36 in.) FL(LP)

1316-N Valve House 91.4 cm (36 in.) FL(Lp)

=E:
1316-NA Valve Vault Building 91.4 cm (36 in.) FL(LP) -r-

1316-NB Magnetic Flow Meter Vault 91.4 cm (36 in.) FL(LP) =, ,,, rT1

CTt 1316-NC Turbine Ftow Meter Vautt 91.& cm _ _n.) FL{LP) I, , .... (_

(_rt
1322-N Waste Treatment Pilot PLant and Valve Pit 91.4 cm (36 in.) FL(LP); RDR 30.5 cm (12 in.) --a

,, ,

1322-NA Effluent Water Pilot Ptaqt 91.4 cm (36 in.) FL(LP); RDR 30.5 cm _12 in.)

1322-N _ Crib Effluent Iodine Monitoring Facility 91.4 cm (36 in.) FL(LP)_ RDR 30.5 cm (1 z in.)

1322-NC Crib San_Dte Pun_) Pit 91.4 cm (36 in.) FL(LP); RDR 30_5 .cm (12 in.)

1327-N Valve House 91.4 cm (36 in.) FL(LP)

177_3-N Materials Receiving, Inspection, and Storage 10.2 cm (4 in.) cold drain
Building

1909-N Waste Disposal Valve Pit 25.4 cm (!0 in.); RDR 30.5 cm (12 in.)

FL(LP) = tow-pressure flush line.
RDR = radioactive drain.

• f • I
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Figure 5. Layout of the IO0-N Area (WHC 1990c).
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Figure 6. Route of N Reactor Effluent to the 1325-N Liquid
Waste Disposal Facility via the 91.4-cm- (36-in.-)

Diameter Low-PressureFlush Line (WHC 1990c).
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Figure7. Schematicof N ReactorEffluentDischargedto
• the 1325-NLiquidWasteDisposalFacility(WHC 1990c).

V-4 Leakage Ouon<:h
Raw Water System
(Columbia River)

V-5 Leakage Quench

Fuel Storage Basin

. Filtered Water 117N Hydraulic
System Coolers

Well Car Drain
and Flush

Bottom Layer
Insulation Cooling

,r

Well Car Drain

Cask Flush i
Flowmator used for -' -- ; _-t_) Sampling or
Effluon, Study_ 12.1n. I+-- -- _', I

Monitoring Location I'.++=_,,_ \_ _ +..-[;.I l_margancyI I

® F,owma.aur,no ___
Location n

LiftSample Point for __L--L_ e,.L'!_t. I
Effluent Study 36-In. -_

FL(LP)

H9309026.2

19



"(o06613HM) sa_:_L_:)e:l
%uaoe_'pvpue 6u_pL_n8._o%:)eal_N-_OIaq:_

mo,,t.,.tse%not eB._eqos_o:_uenLj.r3 '8 ean6_..I

cJL90-d:l-3H_



WHC-EP-0675

Figureg. EffluentDischargeRoutesto the
• 1314-NLiquidWasteRailcarLoadoutStation

DuringVariousDecontamination
Activities(WHCIg90c).

-- .....

........I[]_C_[_] F-_327N

4-In. Drain _1:1 1316NB 1316NA
1314N/_ ............. ., .... J--I J 1322N

,; _"n_Pumphouse

#..," .,.,,.""_,...,__

_'_/" _ . ._._:" _.. ': 1310N
I ," II _ '",

,/ ! Ili' L.,,_J [::] ! 6.in. RDR

! i ='" i
/ 1YUYNI __J ..... I
/ r-_... _-.__F-- 105N I

t 0 _[_'{_LlftStatlon, , _ i
,_) 1304N I ...... "_1 10"in. RDR t....... "

/-E°' I !•, 10gN

[ _ _ ......... Underground Piping
6

/
Note: Not to ScaleNot All Structures Shown

Hg30g02_7

21



I WHC-EP-0675
i

1322-NFacility. This optionwas used duringa majorplantdecontamination
(seeFigure9). Thls radioactivedraincurrentlycarriesa small,continuous
flow from cell sumpsin the IOg-NFacility(WHC 1990c).

The I0.2-cm-(4-1n.-)diameterchemicalwastelinedischargedfrom the
1310-NFacilityto the 1314-NLoadoutFacility. This provideda meansof
disposingof liquidwastesgeneratedduringdecontaminationactivities,whic;1
were more concentratedor corrosivethan the usualN Reactoreffluent
dischargedto 1325-NLWDF (WHC ig90c).

3.3 DISCHARGEVOLUMEANDFLOWREGIME

Duringpeak reactoroperationsthe flow rate out to the 1325-NLWDF
rangedfrom 3,785to 6,057L/min(1000to 1,600gal/min)and couldincreaseto
7,570L/min(2,000gal/min)duringspecificoperations.SinceApril 1991,
therehas been no dischargeto the facility. Thereare no plansto resume
dischargeto the facilityon a regularbasisand all dischargesto the
facilityare requiredto be terminatedby June 1995 (in accordancewith
Tri-PartyAgrQementMilestoneM-17-15A).However,the facilitymay need to be
used on an emergencybasisbeforethat time,for dischargeof fire protection
water. If there Is furtherdischargeto the facility,the followinglimits
are in effectin accordancewith Tri-PartyAgreementMilestoneM-II-IBA:

• Flow rate must be less than or equalto 7.6 L/min(2 gal/min)
averagedover the calendarmonth

• Maximumdischargeamountallowedto the facilityfromthe present
time untilJune 1995 is 6,813,741L (1,800,000g_l).

The maximumamountof effluentthat couldbe dischargedin an averagemonth
wouldbe:

30 days x 1,440min/day- 43,200minutes (I)

(43,200minutesx 7.6 L/min- 328,320L)
43,200minutesx 2 gal/min- 86,400gal, (2)

Thus,the maximumamountthat couldbe dischargedin a givenmonth is
328,320L (86,400gal).

3.4 EFFLUENTCONSTITUENTS

3.4.1 Quanttttes

The totaleffluentdischargedto the 1325-NLWDF from January1983to
April 1991 is 7,305,844,743L (1,930,000,000gal). Table I explainsthese
numbersin more detail.

22
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3.4.2 Loading Rates

The informationin this sectionwas adaptedfrom the ClosurePost-Closure
Plan for the 1301-Nand 1325-NLiquidWasteDisposalFacilities(Diedikerand
Hall 1987)and the LiquidEffluentStudyFinalProjectReport(WHC 1990a).
This sectioncontainsactualand potentialwastesourcesfor the 1325-NLWDF
treatment,storage,and disposalunit as well as radiologicaland chemical
loadingestimates(Table3).

3.4.2.1 Estimateof NondangerousWaste. This sectionis summarizedfrom
Diedikerand Hall (1987). The majorportionof the effluentdischargedto the

. 1325-NLWDF (from1983 to April1991)has come from the I05-N/109-NFacili-
ties. The five identifiedwastestreamsthat emanatefromthesefacilities
were sampledat the pointof dischargeintothe 1325-NLWDF (Table4). The
resultsindicatedthat the effluentdid not exhibitany of the characteristics

• of a dangerouswaste. None of the resultsmet the criteriato be deslgnated
dangerouswastes,as listedin WashingtonAdministrativeCode
(WAC)173-303-090.

3.4.2.2 Estimate of Potential DangerousWaste. This sectionis summarized
fromDiedikerand Hall (1987)and addressesthe potentialfor dangerouswastes
to have beendischargedto the 1325-NLWDF. The followingpotentially
dangerouswasteconstituentswere identifiedusingprocessknowledgeand
historicalinformation:(I) ammpniumhydroxide,(2)hydrazine,(3)chlorine,
(4)morpholine,(5)TURCO4512-A"(70_phosphoricacid),(6) chemical
laboratorywastes,and (7) nickel-cadmiumand lead-acetatebatteries.The
estimatedmaximumpotentialvolumeof dangerouswastesreceivedby the
1325-NLWDF is givenin TableI. Eachof theseconstituentswill be discussed
in the followingsectionsas partof the wastestreamthatproducesit.

3.4.2.2.1 ReactorPrimaryCoolantSystem. The reactorprimarycoolant
systemwas suppliedby demineralizedwaterwith chemicalsaddedfor water
qualitycontrol. The chemicalsthatwere introducedintothe primarycoolant
systemwere ammoniumhydroxideand hydrazine.Ammoniumhydroxidewas used for
pH controland was injectedat a concentrationof approximately40 partsper
million(ppm)to maintaina pH of 10.2to 10.4. Hydrazinewas introducedfor
oxygencontrolat a concentrationof 0.04 ppm. Normaloperationof the
reactorprimarycoolantsystemresultedin approximately757 L/min
(200gai/min)of bleedoffand leakagethatwas dischargedto the 1325-NLWDF.
Concentrationof chemicalsused in maintainingthe waterqualityof the
primarycoolantsystemwas very low at the pointof dischargeto the
1325-NLWDF. Theirinfluencewas nondetectableand the wastestreamdid not
exhibitany of the characteristicsof a dangerouswastebecauseof thesep

chemicals.

3.4.2.2.2 FuelStorageBasinCoollngWater. The spentfuel storagewas
" suppliedby filteredwatertreatedwith chlorine(as an algicide).A trace

amountof residualchlorinewas maintainedto ensurecompletetreatment.The
overflowdid not containhazardouschemicalconstituentsand thereforehad no
impacton the dangerouswastedesignationof wastesdischargedto the

ITURCO4512-Ais a trademarkof TurcoProducts,Incorporated.
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Table 3. Radtonucltde and Chemical Loading,
N Reactor EFFluent (VIHC1990a).
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2-butonone 1:-72 1[08 8.Sl 1-01 Ptutontum-239/2/,O" 3.62 E.11 1.79 E'03
IIIIHi ! I __ I ,I i NI __ , I,,IH I i " I

",,tTt,t,a ..... 1;07t:08 s._os:01 ,_t_m-totac 1.78f-13 a.81_-06
_hYdroxy tet_ __

l_rlitl " 3.05 i-08 - 1'51 i+00 iuth_tum.106" ..... 4.63l.lo .... 2.29 E'02"
Im,,[ -- ... III!1 -- IIII J .... I i --!11 - I -- IIIII _ i .-- _ .... II!1111 jl _ iii

leEK (-hex¢_nl) 1.01 E-Oil 5.00 1-01 Itr¢_ttmm-90" 8.40 1-08 4.16 E+O0
-- _ _ -- -- .......... __ II _ II • I ...... iiiii i ........... ii in __ ii

ioium't_ 5.M 1'09 2.51 E-O1 Uramlum-U4' 1.34 E-12 6.63 E-O5
i ........ ii ii .... Ill -- iiiii El __

Trt©hiorlthn 4.85 l;_ _'40 1-01 Uraniunl-2._l' 1.51 E-13 7.47 i-_
..... . ...... n ..... |111111...... n i _ ir •._ _ n .... - __ __

Unkno_ 4.70 E-08 2.33 E.O0 Urllt-u_-23_ 9.12 1-13 4.Sl E-OS
-- _ ...... _ -- __

llot_: (1) Data ¢ott,¢tad from Octob, r 1989 through March 1990.
(2) FL_ rate la the averet, of ralea from the N Rt_n¢_o_EffJuen_..$tream'joec_ft¢
(_¢ (WNC 1990c, A_ 3).

_tlt_t ¢_tratl, are average vital from the statistics tn the
lff___t Itrim-!llflfl© I._rt (wttC 1990c, Addendum3).

or_afltrlill iltl Oirthllt ¢_t|lIJilfltl Ire reported it curtli per llttl'. Loading units of
theae _tliitltuentl ire relmritcl is curtel per month.

MIlK • ethyl li_tyt kat_.
PAN - potycycilc ironttl¢ hydrc_irt:_n.
TOX m totl| orQmntc hmtog_.
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Table4. 1325-NLiquidWasteDisposalFacility
Anal/sis(Diedlkerand Hall 1987). (2 sheets)

IIIIIJ [ [ 11111 I I II [ IIIII i[iii -- i _ II [ iii ........

..................
PllrMilter (lOLl .......... ' ....................

1 2 3 Average
r[i ii i1,111 iii j iiii i ± iiiiiii ii ii iiiiiiri i i i iiiiiiiii i iiiii

(stlndl_ units) 6.58 6.56 6.97 6.70....

i IIII II [ ill I II I J IIIIII _ imrl i i [ --

C_ t IV! ty 1_1/_1 148 155 190 164
III IIIII I III jJliJill[i J I III IIIII J ! I I IIIIlfil __ III ii ii

Wercury10:001 _1 LD LD LD LD..... ] -- i,[1111 i I I ! iii II i ii I iii IIIEIII III II II Ir

,vtn tw 11..op) "|t 9 ot LD LD LO LD
........ I I lu II lul I I i i I 1

Enhlnced th|ourei LD LD LD LD
10.2 Pro)

[111 III rlllrl IHII I , I I I I ' Ill

Toc11_) 0.001_ O.oozo0 O.OOZO_ 0.0019T
I I IIIII I IIII I IIIrl[lll , III1[ & IIII r __ I,IIIII IIIII I Ill ,,,I I ,I , I I I ,

Cyin|de 10,01 p_l) LD LD LD LD
I I II iiiiii-- II rll ,, , ! , ,,, ,,,,,,,,,,i,iii . i i i iiiii __

. illr|iJl (0.006 _II) 0,0_0 O,02T 0,02_' 0.028
-- . , ..............

u " i

CIdmtlin (0,002 Plm) LD LD LD LD
Ul ii III iii I I I r II __ i I ;

Chrondtln i0.01 Pin) LD LD LD LD
i llu ii iiiii II .lllU i ®,-m _ j

Leld 10.1_ ppll) LD LD LD LD
......... ill ii i. , . ,,, , ,,.,,... , ,,,,,,, ,,, ........ i i _ L i i __

SiLver 10,01 ppm) LD LD LD LD
J Jill [ ii Ii]llJ JJlllll j Jl III j jllll j iiiiiii ill i jllllll

llodlial (0.1 _) 1.831 1.819 1.781 1.810
...... illlll ii [IJllll|lJJ Jl ii I I _ Iiii iii iii i i iiiii iiii I I Hill I I

Nickel 10,01 Plm) LD LD LD LD
" Illlllll II II Illlll,ll ,ill II I I rll ' £ I i1,,,, I --

(o.0!, L. Lo Lo
J Jllll j J Ill iiii I, III iiii i J ii

Vlmaidtum (0.00_ ppln) LO LD LD LD
_-- I ...... ilJll , i i ill . L i , ,,, ,, i __

Antimony (0.1 Pin) LD LD LD LD
I !,lu Ul I, ill i __

ALuminum10,1§ ppm) LD LD LD LD
i I iiiii [ i ilU i i lUlr,r ,,lit lUl __

Nlulginell,e (O'OOJ j:l[Dgl) LD LD LD LD

POtililUi (0.1 p_l) 0.667' 0.608 0.606 0.620
I i J Illllll II III ii I ......... iiI II __

Iron (O.OS ppm) 0.081 O.OT7 0.050 0.069
- i i II . II|llll . III ,, , i ii1,,,l, , , , u,

Beryllium (0.005 ppm) LD LD LD LD
..... I / HI I I .. .e I I,,IH. I I III I

OmtUnl (0.3 pin) LD LD LD LD
I I I u i i.ill . " ' ' ' _" ' , i ,, , __

Strontlti 10._ Pill) LD LD LD LD
__ , _ ,i ,I ii u .,u

Zinc 10.005 1{3_1 LD LD LD LD
HI , .................

CIL©tu_ (0.05 p_l) 16.400 13.970 141050 i4.140
ii i.|l.i iI i,. _ iira I I i u u. __ ,r.

Nitrate (0.5 pl_) LD LD LD LD
,, , ,11 i i IUII I Ill II ,, --

(o.sp)
..............................ride (O.S Pt:nl) LD LD LD LD

I ilnll -_- ,', , , ,, i i _-. c,o,i
Pho,p_,_,(,.,_p_) .... Lo L_ LO LO

, u , ul ,i ,, ___ u, i .i i u

Phosphorus pes_:| cIdes LD LD LD LD --
10.005 ppm)

_ ,\ i
,,,,, -- uu , , , ,, __

LO L, L,
I0.001 plm)
,1|,, i ,,I , L , i, i , ,,,,!1, i i i iii --

Enhlnced ABN t tit LD LD LD LD

cl_., _,u(_ pp,,) LO L. LO L.
,, u _ -- ..... u, , i, , --LO L, LO C,

/- ii _1ill ii1_ ii [ iI i __ |llal _ .__

Anlnonlumton 10.0_ pl:lm) LD LD LD LD
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Table4. 1325-NLiquidWasteDisposalFacility
Analysis(Diedikerand Hall 1987). (2 sheets)

,I I " i fl I i] iii iiiiiii ii i u ....... iiii LUIIIIIIIlII

Sample
Pmrlmmter (HIll) .... ........................

1 2 3 Average
..... i u fllll j iiii i, iii ii ii iiii iiiii i i flail,

13.,,,i -- o.o o.oo o.o16
" B I --- IL I llllll I IIlll IIIII . i i,,, ,,,,ii,iill[ll llllii i

leLenlum (O.OOS ppa) LD LD LD LD
...... II I I I IIllIll I I II_l I I ]l I I I IIII I I II III IlllIll I

Thatlltm (0.01 ppm) LD LD LD LD
'' '"' '"' '" '"' '" --. , , ,, ,, ,, , , , u .....

ABN I Kid-bile miutraLs.
LD I LIII thlrl cletect_te.
NOLI minima detection ttmtt.
NPN• met probable number.
TOC • total organic carbon.
Note: DIll obtained from samples taken August 1985.

1325-NLWDF. SinceDecember1985,the spentfuel storagebasinwas supplied
by deminera]izedwaterthat does not containchlorine.

3.4.2.2.3 ReactorPeripheryCoolingSystems. Reactorperipherycooling
systemsthat dischargebleedoffwastesto the 1325-NLWDF includethe
following:

• Graphiteand shieldcoolingsystem--supplied_bydemineralizedwater
with chemicalsaddedfor waterqualitycontrol. Ammoniumhydroxide
was injectedat a concentrationof approximately40 ppm to maintain
a pH of 10.0 to 10.2. Hydrazinewas injectedfor oxygencontrolat
a concentrationof 0.04 ppm.

• Reactorcontrolrod coolingsystem--recirculatingsystemsuppliedby
demineralizedwaterwith chemicalsaddedfor waterqualitycontrol.
Ammoniumhydroxidewas injectedat a concentrationof approximately
40 ppm to maintaina pH of 7.0. Hydrazinewas addedfor oxygen
controlat a concentrationof 0.15 ppm.

• Reactorsecondarycoolantloop--suppliedby demineralizedwaterwith
chemicalsaddedfor waterqualitycontrol. Morpholinewas injected
at a concentrationof approximately4 ppm to maintaina pH of 8.5 to
9.2. Hydrazinewas injectedfor oxygencontrolat a concentration
of no greaterthan I ppm.

As with otherreactorcoolingsystems,bleedoffand spillagefrom the
peripherycoolingsystemsresultedin smallcontinuousdischargesto the
1325-NLWDF. Samplingconductedon the 1325-NLWDF influent(seeTable4)
indicatesthat the flow from thesestreamsdid not changethe dangerouswaste
designationof wastesdischargedto the 1325-NLWDF.

3.4.2.2.4 Reactor Primary Coolant Loop Decontamination. A decontamina-
tion of the reactorprimarycoolantloopwas performedonce every2 to
4 years,as necessary.The decontaminationsolutionis made up of 79,494L
(21,000gall of TURCO4512-A(70%phosphoricacid)and 136 to 181 kg (300 to
400 Ib) of diethylthiourea.This solutionwas dilutedto an 8 wt% phosphoric
acid solutionas it enteredthe reactorcoolantloop.
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The decontaminationsolution a_i concentraterinse were disposed of
through a system separate from the 1325-N LWDF, using a radioactivewaste
tank. After the pH of the rinsate had been verified between 6.0 and g.O, the
final rinse solution, containing approximately378,541L (100,000 gal) of
demineralizedwater, was discharged to the 1325-N LWDF.

Wastes received at the 1325-N LWDF from the reactor decontaminationwere
extremely dilute (approximatelyone ten-thousandthof the original
concentrationof the decontaminatedwastes). The calculated amount of
phosphoric acid solution that was released to the 1325-N LWDF is 5.7 L
(1.5 gal) per decontamination. The calculated amount of diethylthiourea
released per decontaminationwas 2.3 g (0.08 oz). The decontaminationrinse
solution was not designated as a dangerouswaste because the concentrationsof
the component chemicals were extremely low when the rinsate was diverted to
the 1325-N LWDF.

3.4.2.2.5 Building Drains. The radioactivedrain system was a network
of floor drains that collectedradioactivewater from throughout the 10g-N and
I05-N Facilities. Pump leakage and system bleedoff from the reactor primary
and periphery cooling systemswere transportedto the 1325-N Facility via this
system. Other contributingstreams to this drain system were generated by
laboratories,decontaminationactivities,and other routine functions at the
N Reactor. Of the wastes discarded to the radioactive drain system, three
have exhibited characteristicsof a dangerouswaste.

Leaks and spills from the auxiliary power b_ttery lockers have
contributed303 to 454 L/yr (80 to 120 gal/yr) of waste from nickel-cadmium
and lead-acetatebatteries. It is estimated that approximately40% of the
spilled material was from the nickel-cadmiumbatteriesand 60% was from the
lead-acetatebatteries.

Spills of hydrazine from the hydrazine mixing and injectionfacilities
are believed to have entered the radioactivedrain system. Spills in this
area were very small in volume and, in the case of the mixed solution,were
extremely dilute. It is estimated that a maximum of 159 kg/yr (350 Ib/yr) of
hydrazine were spilled in this manner. The mixing area was curbed and
isolated from the building drain in September 1986, thereby allowing spills to
be contained, cleaned up, and disposed of in accordancewith WAC 173-303
regulations.

Chemical analyses were performed in the laboratoriesto determine the
amount of hydrazine, ammonia, chloride, and fluoride in the reactor coolant
loop water. Waste characterizationindicatedthat the solution discarded from

" these analyses (approximately9,842 L/yr [2,600 gal/yr]) contained
constituentsthat exhibiteddangerous waste characteristics in accordancewith
WAC 173-303-090. Historicallythese solutionswere discarded to the
radioactivedrain system,which discharges to the 1325-N LWDF. Since
December 1986, all of these solutionswere contained and disposed of in
accordance with WAC 173-303 regulations.

Each of these wastes, at their point of introductioninto the radioactive
drain system, contain contaminantsthat are designated dangerous wastes in
accordance with WAC 173-303-090. However, sampling conducted on the
1325-N LWDF influent (see Table 4) did not identify any dangerous waste
characteristicsat the point of discharge of the waste stream into the
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1325-NLWDF. The dangerouswastesthatwere beingdischargedto the
1325-NLWDFwere controlledby the followingmeans:

• Collectedand disposedof in accordancewith the "DangerousWaste
Regulations"(WAC 173-303)

• Controlledthroughimprovedsecondarycontainment

• Controlledthroughthe applicationof administrativecontrolsto
preventthe dischargeof dangerouswasteto the 1325-NLWDF.

3.4.3 Operational Factors

The N Reactoreffluentconsistedprimarilyof coolingwaterand
decontaminationflushwaterused at variouspointswithinthe system.
Radioactivecontaminationof the wastewatercontributorsoccurredduring
reactoroperations.Sourcesof theseradioactiveconstituentsincluded
activationproductsproducedin the primarycoolantsystemand fission
productsthat resultfromoccasionalfuel claddingfailures. Chemical
contaminationcouldoccurif corrosionproductsand residualsremainin the
systemfollowingreactordecontaminationactivities.

3.5 CONSTITUENTSOF INTERESTANDKEYPARARETERS

The sampleanalyticaldata indicatethat effluentdischargescontain
numerousradionuclidesin concentrationswhich,in most cases,greatlyexceed
the WAC 173-200WashingtonStateWaterQualityStandards(WWQS)concentration
limits. Note that disposalto the crib beganin 1983 but the old radiological
data set includedsome samplestakenbefore1983. Whileconcentrationsof
theseconstituentshavedecreasedsincethe N Reactorwas placedin dry layup,
concentrationsof some radioactiveconstituentsremainhigh as a resultof
residualcontaminationremainingin the system. The loadingdata indicte
that tritium,strontium-g0,and cesium-137are the principalradionucliOes
dischargedin excessof I Ci/month(seeTable3).

The key constituentsof interestidentifiedin the LiquidEffluentStudy
FinalProjectPlan (WHC1990a)are the long half-liferadionuclides:tritium,
cobalt-60,strontium-gO,cesium-134,cesium-137,plutonium-238,plutonium-239,
and americium-241.Of theseparameters,only tritium,strontium-g0,
cobalt-60,and cesium-137have exceededthe WWQS or equivalentradionuclide
standardsin effluentsamples(WHC 1990a).
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4.0 CONCEPTUAL MODEL OF HYDROLOGIC RESPONSE

i AND CONTAMINANTMIGRATION

4.1 HYDROGEOLOGICFRAMEWORK

4.1.1 Regtonal and Hanford Site Geology

The Pasco Basin and the Hanford Site are underlain by pre-Miocene
sedimentary and crystalline rocks (Campbell 1989), Miocene-aged (17.5 to 6 Ma)
basalts of the Columbia River Basalt Group (CRBG) (Myers et al. 1979; Reidel
and Fecht 1981; DOE 1988; Tolan et al. 1989; Reidel et al. 1989, 1992) and
interbedded sediments of the Ellensburg Formation (Reidel and Fecht 1981;
DOE1988; Smith 1988), and a late-Miocene- to Holocene-aged (<8.5 Ma to

- present) suprabasalt sediment sequence (Myers et al. 1979; Tallman et al.
1981; DOE 1988; Smith et al. 1989; Lindsey 1991a, 1991b; Reidel et al. 1992).

4.1.1.1 Columbia River Basalt Group. The CRBG is an assemblage of
tholeiitic continental flood basalts that cover an area of more than

163,157 km_ (63,000mi2) in Washington, Oregon i]ndjIdaho and have anestimated volume of about 174,356 km_ (40,800m (DOE 1988; Reidel and
Hooper 1989; Tolan et al. 1989). The CRBG is divided, from oldest to
youngest, into five formations: Imnaha Basalt, Picture Gorge Basalt, Grande
Ronde Basalt, Wanapum Basalt, and Saddle Mountains Basalt (DOE 1988;
Tolan et al. 1989) (Figure 10). The Saddle Mountains Basalt (the uppermost
basalt at the Hanford Site) is divided into (from oldest to youngest) the
Umatilla, Wilbur Creek, Asotin, Esquatzel, Pomona, Elephant Mountain, and Ice
Harbor Members (Reidel and Fecht 1981).

4.1.1.2 E11ensbur9 Formation. The Ellensburg Formation consists of
volcaniclasticand siliciclasticdeposits that occur between CRBG basalt flows
(DOE 1988; Smith 1988). At the Hanford Site the three uppermost units of the
Ellensburg Formation are, from oldest to youngest, the Selah interbed, the
Rattlesnake Ridge interbed,and the Levy interbed. A detailed discussion of
the Ellensburg Formationat the Hanford Site is given in Reidel and
Fecht (1981). Smith (1988) and Smith et al. (1989) discuss the Ellensburg
Formation and correlative units throughout the region.

4.1.1.3 SuprabasaltSediments. Discussions of various aspects of suprabasalt
sediment geology are found in Myers et al. (1979);Tallman et al. (1979,
1981); PSPL (1982); Bjornstad (1984); Fecht et al. (1987);DOE (1988);
Baker et al. (1989); Smith et al. (1989);Delaney et al. (1991);

- Lindsey (1991a, 1992); Lindsey et al. (1991);and Reidel et al. (1992).
Delaney et al. (1991),Lindsey (1991a), and Reidel et al. (1992) provide the
most recent synopsis of suprabasaltsediment geology for the Hanford Site.

. The followingdiscussion is summarized from these recent reports.
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Figure 10. GeneralizedStratigraphyof the Pasco Basin
and SurroundingArea.
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The suprabasaltsedimentarysequence(Figure11) is up to 229 m (750ft)
thickat the HanfordSite. It is dominatedby the laterallyextensivelate-
Mioceneto PlioceneRingoldFormationand the PleistoceneHanfordformation.
Laterallydiscontinuousunits,referredto as the Plio-Pleistoceneunit,early
"Palouse"soil,and pre-Missoulagravels,separatethe Hanfordformationand
RingoldFormationlocally. Holocene-agedalluvialand eoliandepositscap the
suprabasaltsequence.

4.1.1.3.1 RingoldFormation. The RingoldFormationis up to 183 m
(600ft) thickwithinthe PascoBasin. The RingoldFormationpinchesout
againstbasaltridgesaroundthe edge of andwithinthe basin,and it consists
of semi-induratedclay,silt,fine-to coarse-grainedsand,and pebbleto
cobblegravel. Ringolddepositsare groupedinto five sedimentfacies
associations(fluvialgravel,fluvialsand,overbank-paleosol,lacustrine,
basalticalluvium)that are definedon the basisof lithology,petrology,

- stratification,and pedogenicalteration.The associationsare summarizedas
follows:

(I) Fluvialgravel--Consistsof clastand lessermatrix-supportedpebble
to cobblegravelwith a fine-to medium-grainedsandmatrix. Grain-
sizedistributionstend to be bimodalwith granulesand coarse-
grainedsandbeingrare. Crudeto well-definedstratificationand
low-angle,lenticularbeddinggeometriesgenerallydominate.

(2) Fluvialsand--Fine-to coarse-grainedquartzo-feldspathicsands
displayingwell-definedstratificationdominate. Finingupwards
packagesless than one to severalmetersthickare common.

(3) Overbank-paleosol--Laminatedto massivesiltysand,silt,and clay
displayingevidenceof pedogenicalterationdominates.

(4) Lacustrine--Characterizedby well-stratifiedclaywith interbedded
silt and siltysand.

(5) Basalticalluvium--Massiveto crudelystratified,weatheredto
unweathered,basalticpebbleto cobblegravel,commonlywith a mud-
rich matrixdominates.

The distributionof faciesassociationswithinthe RingoldFormation
formsthe basisfor stratigraphicsubdivision(Lindsey1991a,1991b). The
lowerhalf of the RingoldFormationis characterizedby fluvialgraveland
sand-dominatedintervalsdesignatedunitsA, B, C, D, and E (Figure12) that
interfingerwith fine-graineddepositstypicalof the overbank-paleosoland

- lacustrinefaciesassociations.The lowestof thesefine-grainedintervalsis
designatedthe lowermud unit (seeFigure12). Interstratifieddepositsof
the fluvialsandand overbank-paleosolfaciesassociationsand strata

- dominatedby the lacustrinefaciesassociationform the upperhalf of the
RingoldFormation(commonlyreferredto as the upperRingold).
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FigureII. GeneralizedStratigraphyof the Suprabasalt
Sedimentsin the Pasc0Basin.
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Figure 12. Generalized Stratigraphyof the Miocene-PlioceneRingold
Formation in the Pasco Basin. Figure Also Illustrates

the Distributionof Major Sediment Facies
in the Formation (Lindsey 1991a).
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Severallocalized,informalunitsseparatethe RingoldFormationfrom the
Hanfordformation.Theseunitsare the (I) Plio-Pleistoceneunit,
(2) pre-Missoulagravels,and (3) early"Palouse"soil (seeFigure12)
(Myerset al, 1979;Tallmanet al. 1979,1981;DOE 1988;Reidelet al. 1992).
The Plio-Pleistoceneunit and early"Palouse"soil consistof loess,pedogenic
CaCo_,and basalticsandsand gravels. Uncementedmixedlithologygravels
with a quartzo-feldspathicmatrixdominatethe pre-Missoulagravels,

4.1.1.3.2 HartfordFormation. The Hanfordformationconsistsof
uncementedgravel,sand,and silt depositedby Pleistocenecataclysmicflood
waters (Fechtet al. 1987;DOE IgB8;Bakeret al. 1989). The Hanford
formationis thickestin the vicinityof the 200 West and 200 EastAreaswhere
it can be up to I07m (350ft) thick. The Hanfordformationis dividedinto
threefacies(gravel,sand,and siltdominated)that are gradationalwith each
other. The faciesare summarizedas follows:

(I) Gravel-dominatedfacies--Generallyconsistsof cross-stratified,
coarse-grainedsand and granuleto bouldergravelthat containminor
intercalatedsilt-richhorizons. Thesegravelsgenerallyare
uncementedand matrixpoor,displayingan open-frameworktexture.

(2) Sand-dominatedfacies--Well-stratified,fine-to coarse-grainedsand
and granulegraveldominate. Silt contentis variable,but where it
is low an open-frameworktextureis common. Smallpebblesand ripup
clastsin additionto lenticular,pebble-gravelinterbedsand silty
interbedsmay be present.

(3) Silt-dominatedfacies--Interbeddedsilt and fine-to coarse-grained
sand formingwell-stratifiednormallygradedrhythmitesare
characteristic.

In additionto the threefacies,clasticdikesalso are commonlyfoundin
the Hanfordformationas well as locallyin othersedimentaryunitsin the
PascoBasin(Black197g). Theseclasticdikesare structuresthat generally
cross-cutbedding,althoughthey do locallyparallelbedding. The dikes
usuallyconsistof thin,alternatingverticalto subverticallayersof silt,
sand,and granules. Wherethe dikesintersectthe groundsurface,a feature
knownas "patternedground"can be observed.

4.1.1.4 HoloceneSurficialDeposits. Holocenesurficialdepositsconsistof
silt,sand,and gravelthat form a thin (4.9m [<16 ft]) veneeracrossmuch of
the HanfordSite. Thesesedimentswere depositedby a mix of eolianand
alluvialprocesses.

,P

4.1.1.5 StructuralGeology. The ColumbiaPlateauis dividedintothree
informalstructuralsubprovinces:BlueMountains,Palouse,and the Yakima
Fold Belt (Reidelet al. 1989;To]anand Reidel1989). Thesestructural
subprovincesare delineatedon the basisof theirstructuralfabric. The
HanfordSite is locatedin the easternYakimaFold Belt near its junctionwith
the Palousesubprovince.

The YakimaFold Belt consistsof a seriesof segmented,narrow,
asymmetric,and generallyeast-westtrendinganticlinesthat separatebroad,
low-amplitudestructuralbasins(Reidel1984,Reidelet al. 1989). The Pasco
Basin(wherethe HanfordSite is situated)is one of the largeststructural
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basinswithinthe YakimaFold Belt. The PascoBasinis boundedon the north
by the SaddleMountainsanticline,on the west by the Hog Ranch-NaneumRidge
anticline,and on the southby the RattlesnakeMountainanticline.The
Palouseslope,a west-dippingmonocline,boundsthe PascoBasinon the east.
The PascoBasinis dividedintothe Wahlukeand Cold Creeksynclinesby the
GableMountainanticline,the easternmostextensionof the UmtanumRidge

_ anticline.

4.1.2 IO0-N Area Geology

The lO0-N Area geology summarizedin this section is drawn primarily from
" work done by Hartman(1993)on the RCRA Programfor the IO0-NArea. Most of

the boreholesin the IO0-NArea penetrateless than the upper30 m (100ft) of
the stratigraphicsection. Fiveboreholesnear the IO0-NArea penetratethe

- entiresuprabasaltsedimentsequence(Figure13). One of theseboreholes,
699-86-60,was drilledusinga cable-toolrig; the driller'slog is complete
to the top of the CRBG. The otherfourdeep boreholeswere drilledby the
WashingtonPublicPowerSupplySystemand are documentedin WPPSS (1974).
Threeof the boreholes,699-84-59(calledBH-16in the WPPSSreport),
699-81-62(BH-17),and 699-86-64(BH-18)were coredthroughthe suprabasalt
sequenceand intothe AsotinMemberof the SaddleMountainsBasalt. The other
deep borehole,699-84-62A(BH-I),is a rotary-drilledholeto the top of
basalt.

Figure14 is a generalizedstratigraphiccolumnfor the IO0-NArea,which
showsthe unitsthat are presentin the area,approximateunit thicknesses,
and the locationof the watertable.

Figure15 showsthe line of crosssectionsdrawnwest-east(Figure16)
and north-south(Figure17) throughthe IO0-NArea. Thesecrosssectionshelp
to illustratethe stratigraphiclocationand arealdistributionof units
discussedin subsequentsections.

4.1.2.1 ColumbiaRiverBasaltGroup. The coredboreholesthat penetratethe
CRBGnear the I00-_Area encounteredthe followingmembersof the Saddle
MountainsBasalt: the ElephantMountainMember,the PomonaMember,the Wilbur
CreekMember,and the AsotinMember. The entirebasaltstratigraphyof the
area is interpretedfroma boreholeeast of the site and anotherborehole
northof the site in the SaddleMountains.ColumbiaRiverbasaltsare
estimatedto be more than3,658m (12,000ft) thickbeneaththe IO0-NArea
(Reideland Hooper1989).

- The IO0-NArea lies abovea buriedcourseof the ancestralClearwater-
SnakeRiver,that existedduringthe SaddleMountaintime (Reideland
Fecht1981). This channeldevelopedalongflowmarginsthatcontrolledthe

. riverchanneland the path of severalbasaltflowsas well.
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Figure 14. Gener'altzed Str'atJgr'aphtc ColumnFor the 100-N Ar'ea.
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Figurei5. Line of CrossSectionsDrawnWest-Eastand
North-SouthThroughthe IO0-Nand SurroundingArea.
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4.1.2.2 Ellensburg Formation. Very little is known about the nature of the
EllensburgFormation in the IO0-N Area. Three cored boreholes near the
IO0-N Area that penetrate the formation indicate the principal lithologiesare
sandstones,siltstones,and claystones,with minor conglomeratesthroughout
the section. The lithologiesprobably represent channel and overbank deposits
related to the ancestral Clearwater-SnakeRiver system. The uppermost unit of
the formation at the IO0-N Area is the RattlesnakeRidge interbed.

4.1.2.3 Suprabasalt Sediments.

4.1.2.3.1 Ringold Formation. The fluvial-lacustrineRingold Formation
was deposited in basins and generally east-west trending valleys by the

" ancestral Columbia River and its tributaries in response to development of the
Yakima Fold Belt. Although exposures of the Ringold Formation are limited to
the White Bluffs east of the IO0-N Area and to the Smyrna and Taunton Benches

- north of the Saddle Mountains, data on the formation are available from the
three cored boreholes and two rotary boreholes near the IO0-N Area
(see Figure 13).

The Ringold stratigraphyis best described in the IO0-N Area in terms of
facies type. At the IO0-N Area, the formation consists predominantlyof
interstratifiedclays, silts, sands, and paleosols. Thin gravels occur near
the top and bottom of the Ringold section.

A cross section through the 100 Areas (Figure 18), developed from the
three cored and two rotary boreholes,shows the distributionof sediment types
in the subsurface. The Ringold Formation is approximately137 m (450 ft)
thick at the IO0-N Area, but thins to 129 m (422 ft) across the Columbia River
to the west (at borehole 699-86-64). This may reflect erosion caused by the
Columbia River, perhaps before the Pleistocenecatastrophicflooding.

The contact between the Ringold Formation and the overlying Hanford
formation in the IO0-N Area is best distinguishedusing the compositional
differences in the sands and gravels of the two units. The Ringold Formation
is dominated by quartzo-feldspathicmaterials and the Hanford formation is
dominated by basaltic material. In the field, this is best recognized as a
color change; the Hanford formation is black or grey, and the Ringold
Formation is tan or brown.

4.1.2.3.2 Hanford Formation. The Hanford formation represents
proglacial flood deposits, primarilyfrom the late-Pleistocene. Alluvial
deposits include river deposits, landslides,and windblown loess and sand.

- In the IO0-N Area the Hanford Formationconsists of sands and gravels.
There appears to be a general coarseningdownward, but no detailed work has
been done in the area on this topic. The unit is approximately12 to 18 m
(40 to 60 ft) thick. The elevationof the Hanford-Ringoldcontact, and where
known the base of the uppermost aquifer, are given in Table 5.
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TableS. Elevationof GeologicUnitsat IO0-NArea
ResourceConservationand RecoveryAct of 1976

Sites(Hartman1993).
......

Elevationof Elevationof Elevationtop of
Site surface- m msl Hanford/Ringold fine-grainedunit -

contact- m msl m msl and (ftmsl)
(ftmsl) (ftmsl) [no. of wells]

i i i H i l

1301-N 137 to 140 120to 127 107 to 110
(4S0to 460) (394to 417) (350to 360 [4])

,,, ,,,,

- 1325-N 137 to 140 124to 126 107
(450to 460) (406to 415) (350 [I])

,,,,

" msl - mean sea level.

4.1.2.4 HoloceneSurficialDeposits. Holocenedepositsin the vicinityof
the IO0-NArea consistof ColumbiaRiveroverbanksedimentsand minoramounts
of eoliansilt and sand.

4.1.3 Reglonaland HanfordSite Hydrology

4.1.3.1 SurfaceWater. Surfacedrainageentersthe PascoBasinfrom several
otherbasins,which includethe YakimaRiverBasin,HorseHeavenBasin,
WallaWallaRiverBasin,Palouse/SnakeBasin,and Big Bend Basin(Figure19)
(DOE 1988). Withinthe PascoBasin,the ColumbiaRiveris joinedby major
tributariesincludingthe Yakima,Snake,and WallaWallaRivers. No perennial
streamsoriginatewithinthe PascoBasin. ColumbiaRiverinflowto the Pasco
Basinis recordedat the UnitedStatesGeologicalSurveygage belowPriest

RapidsDam, and outflowis recordedbelowMcNaryDa],_3 Averageaonualflow at
theserecordingstationsis approximately1.1x 10"m (_.7x 10"acre-ft)at
the UnitedStatesGeologicalSurveygage and 1.6 x 1011m_ (1.3x 10Q acre-ft)
at the McNaryDam gage (DOE 1988).

Totalestimatedprecipitationover the basinaveragesless than

15.8cm/yr !_.2 in /y_r).(M1e.alnannualrunofffromthe basinis estimatedto beless than 3 x 104m/yr x 109ft3/yr or approximately3% of the total
precipitation.The remainingprecipitationis assumedto be lost through
evapotranspirationwith a smallcomponent(perhapsless than I%) recharging
the groundwatersystem(DOE 1988).

Primarysurfacewaterfeaturesassociatedwith the HanfordSite are the
ColumbiaRiverand the YakimaRiver. West Lake,about40,470mz (10 acres)in
size and less than I m (3 ft) deep,is the onlynaturallake withinthe
HanfordSite (DOE1988). Wastewaterponds,cribs,and ditchesassociatedwith
nuclearfuel processingand wastedisposalactivitiesalso are presenton the
HanfordSite (Figure20).
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Figure 20. Location of Major Liquid Effluent Disposal Sites
on the Hanford Site.
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The ColumbiaRiverflowsthroughthe northernpart and alongthe eastern
borderof the HanfordSite. This sectionof river,the HanfordReach,extends
from PriestRapidsDam to the headwatersof LakeWallula(thereservoirbehind
McNaryDam). Flow alongthe HanfordReachis controlledby the PriestRapids
Dam. Severaldrainsand intakesalso are presentalongthe HanfordReach,
includingirrigationoutfallsfrom the ColumbiaBasinIrrigationProject,the
WashingtonPublicPowerSupplySystemNuclearProject2 intakes,and
HartfordSite intakesfor onsitewateruse.

Routinewaterqualitymonitoringof the ColumbiaRiveris conductedby
the DOE for both radiologicaland nonradiologicalparametersand has been
reportedby the PacificNorthwestLaboratorysince1973. Ecologyhas issueda
ClassA (excellent)qualitydesignationfor ColumbiaRiverwater alongthe
HanfordReachfrom GrandCouleeDam, throughthe PascoBasin,to McNaryDam.
This designationrequiresthat all industrialuses of thiswaterbe compatible
with otheruses,includingdrinking,wildlifehabitat,and recreation. In
general,the ColumbiaRiverwater is characterizedby a very low suspended
load,a low nutrientcontent,and an absenceof microbialcontaminants
(DOE1988).

Approximatelyone-thirdof the HanfordSite is drainedby the Yakima
Riversystem. ColdCreekand its tributary,Dry Creek,are ephemeralstreams
withinthe YakimaRiverdrainagesystem. Both streamsdrainareasalongthe
westernpart of the HanfordSite and crossthe southwesternpart of the
HanfordSite towardthe YakimaRiver. Surfaceflow,whichmay occurduring
springrunoffor afterheavier-than-normalprecipitation,infiltratesand
disappearsintothe surfacesediments.RattlesnakeSprings,locatedon the
westernpart of the HanfordSite,formsa smallsurfacestreamthat flowsfor
about2.9 km (1.8mi) beforeinfiltratingintothe ground.

4.1.3.2 Groundwater.Informationin this sectionis summarizedfrom
Delaneyet al. (1991). The hydrogeologyof the PascoBasinis characterized
by a multiaquifersystemthat consistsof four hydrogeologicunitsthat
correspondto the upperthreeformationsof the CRBG (GrandeRondeBasalt,
WanapumBasalt,and SaddleMountainsBasalt)and the suprabasaltsediments.
The basaltaquifersconsistof the tholeiiticfloodbasaltsof the CRBG and
relativelyminoramountsof intercalatedfluvialand volcaniclasticsediments
of Lhe EllensburgFormation.Confinedzonesin the basaltaquifersare
presentin the sedimentaryinterbedsand/orinterflowzonesthat occurbetween
densebasaltflows. The main water-bearingportionsof the interflowzones
are networksof interconnectingvesiclesand fracturesof the flow tops and
bottoms(DOE 1988). The suprabasaltsedimentor uppermostaquifersystem
consistsof fluvial,lacustrine,and glaciofluvialsediments. Regionally,
this aquiferis unconfinedand is containedlargelywithinthe Ringold
Formationand Hanfordformation.Table6 presentshydraulicparametersfor
variouswater-bearinggeologicunitsat the HanfordSite.

Localrechargeto the shallowbasaltaquifersresultsfrom infiltration
of precipitationand runoffalongthe marginsof the PascoBasinand in areas
of artificialrechargewherea downwardgradientfrom the unconfinedaquifer
systemto the uppermostconfinedbasaltaquifermay occur. Regionalrecharge
of the deep basaltaquifersis inferredto resultfrom interbasingroundwater
movementoriginatingnortheastand northwestof the PascoBasinin areaswhere
the Wanapumand GrandeRondeBasaltscrop out extensively(DOE 1988).
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Table 6. Hydraulic Parameters for Various Areas at the Hanford Site
(Delaneyet al. 1991).

Hydraulic
Transmissivity Effective

Location Interval tested conductivitym/d m2/d (ftZ/d) porosity Data source(ft/d)

100 Areas Rattlesnake (0 to ]00) -- <10% Gephart et
Ridge interbed al. (]979)

Hanford Site Saddle Mountain (10.2to 10-6) -- 5% Cushing
Basalt Flowtop (]989)

100 Areas Ringold (29 to ],297) (5,750 to -- Liikalaet
FormationUnit E 26,700) al. (]988)

200 Areas Rattlesnake -- (8 to 1,165) -- Graham et ai.
Ridge interbed (1984)

200 East Elephant -- (7.5 to 6,120) Graham et al.
Area Mountain (]984)

InterflowZone _-
I

.j_ Hanford Site .Selah interbed -- (3 x IO-s) -- Graham et al. rn
(1984) 0

C_

200 West Ringold (0.6 to 200) .... Last et a].
Area FormationUnit E (1989)

1100 Area Ringold (3 x 101 to 5) .... Lindberg and
FormationUnits Bond (1979)
C/B

,,,

1100 Area Ringold (8 x 10.4to .... Lindberg and
formation 1 X 10 -1 Bond (1979)
overbank
Deposits

300 Area Levey interbed (0.0] to ],000) .... DOE-RL
(1990)

300 Area Ringold (1.9 to 10,000) .... DOE-RL
Formation (1990)

300 Area Hanford (11,000to .... DOE-RL
formation 50,000) (1990)
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Groundwaterdischargefrom shallowbasaltaquifersis probablyto the
overlyingaquifersand to the ColumbiaRiver. The dischargearea(s)for the
deepergroundwatersystemis (are)uncertain,but flow is inferredto be
generallysoutheastward,with dischargeto the southof the HanfordSite
(DOE1988).

Erosional"windows"throughdensebasaltflow interiorsallowdirect
interconnectionbetweenthe uppermostaquifersystemand underlyingconfined
basaltaquifers. Grahamet al. (1984)reportedthat some contaminationwas
presentin the uppermostconfinedaquifer(RattlesnakeRidgeinterbed)south
and east of Gable Mountain Pond. Grahamet al. (1984) evaluated the
hydrologic relationships between the Rattlesnake Ridge interbed aquifer and
the unconfined aquifer in this area, and delineated a potential area of
interco_unication beneath the northeast portion of the 200 East Area.

The uppermostaquifersystemis regionallyunconfinedbeneaththe
HartfordSite and lles at depthsrangingfrom less than 0.3 m (I ft) below
groundsurfacenear West Lake and the Columbiaand YakimaRivers,to greater
than 107 m (350ft) in the centralportionof the Cold Creeksyncline.
Groundwaterin this aquifersystemoccurswithinthe glaciofluvialsandsand
gravelsof the Hartfordformationand the fluvial/lacustrinesedimentsof the
RingoldFormation.Ringoldsedimentsare dividedinto five lithofacies:
(i) fluvialgravel,(2) fluvialsand,(3)overbankdepositsconsistingof silt
and sand,(4) lacustrinedeposits,and (5)basalticdebrisflow gravel(see
Figure12).

The positionof the watertablein the southwesternPascoBasinis
generallywithinRingoldfluvialgravelsof unitE. In the northernand
easternPascoBasinthe watertablegenerallyis withinthe Hanfordformation.
Hydraulicconductivitiesfor the Hanfordformation(610to 3,048m/day
[2,000to 10,000ft/day])are much greaterthan thoseof the gravelfaciesof
the RingoldFormation(186to 930 m/day [610to 3,050ft/day])(Grahamet al.
1981). The main body of the unconfinedaquifergenerallyoccurswithinthe
RingoldFormation.

The baseof the uppermostaquifersystemis definedas the top of the
uppermostbasaltflow. However,fine-grainedoverbankand lacustrinedeposits
in the RingoldFormationlocallyformconfininglayersfor Ringoldfluvial
gravels(unitsA, B, D, C) underlyingunit E. The uppermostaquifersystemis
boundedlaterallyby anticlinalbasaltridgesand is approximately152 m
(SO0ft) thicknear the centerof the PascoBasin.

Sourcesof naturalrechargeto the uppermostaquifersystemare rainfall
and runofffrom the higherborderingelevations,water infiltratingfrom small
ephemeralstreams,and riverwateralonginfluentreachesof the Yakimaand
ColumbiaRivers. The movementof precipitationthroughthe unsaturated
(vadose)zone has been studiedat severallocationson the HanfordSite
(Gee 1987;Routsonand Johnson1990;Rockholdet al. 1990). Conclusionsfrom
thesestudiesvary. Gee (1987)and Routsonand Johnson(1990)concludedthat
little,if any,downwardpercolationof precipitationoccurson the 200 Area
Plateauwherethe sedimentsare layeredand vary in texture,and that all
moisturepenetratingthe soil is removedby evapotranspiration.Rockhold
et al. (1990)suggestedthat downwardwatermovementbelowthe root zone is
commonin the 300 Area,wheresoilsare coarsetextured.
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Artificial recharge of the uppermost aquifer system occurs from the
dtsposal of large volumesof wastewater on the Hanford Stte (principally in
the 200 Areas), and from large Irrigation projects surrounding the Hanford
Site. Ftgures 21 and 22 illustrate the groundwater table for the Hanford Stte
durtng the pertods of January 1944 and June 1989. Effluent disposal at the
Hartford Site altered these hydraulic gradients and flow directions. Before
operations at the Hanford Stte begantn 1944, the hydraulic gradtent in all
but the southwesternmostportion of the Hanford Site was approximately
1.5 m/l_ (5 ft/mt). Regtonal groundwater flow generally was toward the east-
northeast, although flow north of Gable Mountain was more to the north.
Groundwater flow north of Gable Mountatn nowtrends in a more northeasterly
direction resulting from moundingnear reactors and flow through Gable Gap.

" Flow south of Gable Mountatn ts redirected locally by the groundwater mounds
in the 200 Areas. There is also a componentof groundwater flow to the north
between Gable Mountatn and Gable Butte from the 200 Areas.

Wastewaters discharged on the Hanford Site have contaminated large areas
of the unconfined aquifer and a portion of the confined aqutfer (Rattlesnake
Ridge tnterbed). The primary contaminants that have reached the upper
confined aquifer and the uppermostaquifer system are tritium, iodine-129,
ruthentum-106, technetium-99, uranium, nitrate, and chromium (DOE1987). The
groundwater is routinely and extensively monitored to record the movementof
contaminants and to determine any impact from the Hanford Site to the public.
Groundwatermonitoring reports are produced annually (e.g., Serkowski and
Jordan 1989).

Temporaryreversal of groundwater flow entering the Columbia River may
occur during transient, high-river stages. This occurrence is knownas bank
storage. Newcomband Brown (1961) m_decorrelations between groundwater level
and river-stage Fluctuations along a 81-km (50-mi) reach of the Columbia River
adjaceDt to the Hanford Site. Newcomband Brown (1961) concluded that a
260-km" (lO0-mi z) area wlthtn the Hanford Site was affected by bank storage.
Duringa 45-dayrise in riverstage,it was estimatedthatwater infiltrated
at an averagerate of 111me/day(3,700acre-ft/day)versus30 m3/day
(1,000acre-ft/day)duringthe 165-dayrecessionperiod(timebetween
consecutivestorageevents). In subsequentyearsdam controlon the Columbia
Riverhas reducedthe magnitudeof bank storagefluctuationson the
groundwatersystem.

4.1.4 IO0-N Area Hydrology

The hydrologysummarizedin this entiresectionwas takenfrom the work
- of Hartman(1993)on the IO0-NRCRA sites.
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Figure21. HindcastWaterTableMap of the HanfordSite,
January1944 (ERDA1975).
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Figure 22. Hanford Site Water Table Map, June 1989 (Smith et al. 1989).
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Most of the wells in the IO0-NArea are relativelyshallow,so
informationregardinghydrologicconditionsat greaterdepthsis limited. The
currentconceptualizationof the IO0-NArea hydrostratigraphyis shownin
Figure23. it comprisesthe followingmajorhydrostratigraphicunits:

• Surfacewater
Vadosezone

• Unconfined aqutfer
• Rtngold confined aqutfer system
• Basalt and tnterbed aquifer system.

In the following discussion and in the rest of this document, IO0-N Area
well numbers,normallywrittenas 199-N-#,will be abbreviatedN-#.
Monitoringwell locationsare shownin Figure24.

4.1.4.1 SurfaceWater. The ColumbiaRiveris the only naturalsurfacewater
featureaffectingthe IO0-NArea. The riverstageis regulatedby the dams
upstream,and dailyfluctuationsof 2 m (6 ft) are common. The riverstage
usuallyfluctuates2 to 3 m (8 to 10 ft) throughthe year. Continuousriver
stagemeasurementsare availablefromthe IO0-NGagingStation.

The followingwastetreatmentand liquideffluentdisposalunitsin the
IO0-NArea have been sourcesof artificialgroundwaterrecharge(see
Figure13). As a result,moundsin the watertabledevelopedbeneaththese
disposalsitesand localgroundwaterflowpatternswere altered.

• 130i-NLWDF--Anunlinedcrib and trenchthatwas used for disposal
of coolingwater fromthe N Reactorfrom 1963to 1985. Discharge
ratewas approximately6,435L/min(1,700gal/mln).

• 1325-NLWDF--Replaced130]-NLWDF in 1985. Totalflow to the
1325-NLWDF duringnormalreactoroperationwas 3,407to 6,057L/min
(900to 1,600gal/min). Currentdischargerate is zero (since
April 1991).

• 1324-NAPercolationPond--Anunlinedpond that receivedwastesfrom
1977 to August1990. Dischargeratesaveragedapproximately
1,136L/min(300gal/min)when the pondwas receivingfilter
backwashwateras well as regenerationwastesand coolingwater.
The filterbackwashwas reroutedto anotherfacilityin 1983.

• BackwashLake--Disposalslte for nonregulatedwastefrom the
183-NFilteredWaterPlant. Has receivedeffluentsince1983.
Estimatedvolumeof dischargeaveraged1,135,620L/day
(300,000gal/day). Currentand expectedfuturedischargerate
averagesapproximately42 L/min(11 gal/mln).

• IO0-NArea SewageLagoon--Threeponds(aeration,stabilization,and
i,filtration)that are used to treatthe wastedischargedto the
IO0-NSanitarySewerSystem(Figure25). Wasteis also truckedin
from septictanksin the HanfordSite. Both trucked-inand plped-in
wastesare dischargeddirectlyinto the aerationpond (WHC 1993).
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Figure23. ConceptualDrawingof HydrogeologicUnitsin the IO0-NArea
(Hartman1993).
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Figure 25. IO0-N Area Sewage Lagoon (WHC 1993).
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Locally,groundwaterflowstowardthe ColumbiaRiver. However,during
timesof high riverstage,watermay flow from the riverintothe aquifer.
This reversedgradientoccasionallyextendsas far inlandas the 1301-NLWDF
(seeFigure13).

Groundwateralso entersthe ColumbiaRiverin the IO0-NArea via a series
of seeps,knowncollectivelyas "N Springs". They are locatedalongthe bank
of the river,adjacentto the 1301-NLWDF,and extendapproximately2.7 km
(1.7mi) downstream.Theseseeps,particularlythoselocatednearestthe
IO0-NArea,appearto be relatedto increasedgroundwaterlevelsresulting
fromeffluentdischargedto the ground. Now that effluentdischargeto the
groundvirtuallyhas ceased,thereare fewerseeps. The remainingseeps
dischargeat a lowerrate. When the riverstagedrops,returnflow from bank
storagealso contributesto the N Springsdischarges.Watersamplesfrom
N Springsare analyzedannually. Recentspringsamplingoccurredas part of
the 100 AreasComprehensiveEnvironmentalResponse,Compensation,and
LiabilityAct of 1980 (CERCLA)remedialinvestigations.The samplingfocused
on chemicalcontaminantsas well as radionuclides(DOE-RL1992c). It produced
new data for many chemicalindicatorsof HanfordSite contaminants,more
widespreadobservationsof chemicaland radionuclidedistributions,and an
additionaldata set fromwhichtrendinformationcan be derived. Locationsof
the seepageareassampledare shownin Figure26 (Petersonand Johnson1992).

4.1.4.2 VadoseZone. The vadosezone beneaththe IO0-NArea comprises
primarilyunconsolidatedsedimentsof the Hanfordformation. This highly
permeableunit is composedmainlyof cobbles,boulders,gravel,and coarse
sand. Drillingdata indicatethat isolatedlensesof siltysand and gravel
are also present. The vadosezone also includesthe top few feet (coupleof
meters)of the RingoldFormationin some partsof the area. Thesesediments
are similarto the Hanfordformation:sands,gravels,and cobbles,with
varyingfractionsof silt.

Perchedwaterwas notedduringdrillingof well N-35 at a depthof
approximately9 m (30 ft). Well N-35,locatedimmediatelyadjacentto the
1325-NLWDF crib,was installedaftereffluentdisposalto that unit had
begun.

The vadosezone in the IO0-NArea rangesin thicknessfrom0 to 21 m
(0 to 70 ft), goingfromthe riverin the west to the easternedge of the
area. The thicknessof the vadosezone beneaththe IO0-NArea RCRA sites is
18 to 21 m (60to 70 ft). Soilmoisturedata for the IO0-NArea are limited,
and rangefrom I to 3% for sedimentsnot moistenedby effluentdisposal
(Hartman1992).

a

4.1.4.3 UnconfinedAquifer. The unconfinedaquiferin the IO0-NArea is
approximately12 to 15 m (40 to 50 ft) thickand is situatedprimarilyin the
upperpart of the RingoldFormation. In some locations,overlyingportionsof
the Hanfordformationwere also saturatedwheregroundwatermoundswere
present. The base of the aquiferis believedto be a laterallycontinuous
clay-richunit containinga seriesof paleosols. Lithologiesin this unit are
believedto rangefrom clay and silt to sand. Most of the wells in the
IO0-NArea were completedin the upperportionof the unconfinedaquifer;
therefore,the thicknessof the clay-richunit is not knownpreciselyat all
locations. It is also not knownif this clay-richunit Fullyisolatesthe
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unconfinedaquiferfrom the underlyinghydrologicunits. Theremay be
hydrauliccommunicationbetweenwater-bearingunitsin the RingoldFormation
(Hartman1992a).

4.2 HYDROLOGICRESPONSESTO EFFLUENTDISPOSAL

Duringpeak reactoroperationseffluentflow to the 1325-NLWDF was
continuousat a rate of approximately3,785to 6,057L/min(1,000to
1,600gal/min)and couldincreaseto 7,570L/min (2,000gal/min)during
specificoperations.Sourcesfrom otherreactorsupportfacilitieswere more
intermittent(seeTableI). Over its periodof operation,the 1325-NLWDFhas
had a significanteffecton the watertablein its vicinity. Figures27, 28,
29, and 30 show changesin the watertablebetweenJune 1988 and January1993.
Over the yearstherehave beenmoundsundermany of the effluentdisposal
sites. In Figures27 through30, thereis evidenceof moundingfrom the
1324-N/NA,1325-NLWDF,and potentiallythe backwashlake. Figure31 showsa
conceptualizationof groundwaterflow in the IO0-NArea duringactive
dischargingof liquideffluents.The activedischargeunit shownin Figure27
is an area of groundwaterrecharge;moundingcreatesa verticalcomponentof
watermovementbeneaththe site. On a localscale,groundwaterflowsradially
outwardfromthe groundwatermound. However,the overalldirectionof flow in
the uppermostaquiferis towardthe ColumbiaRiver,whichis characteristicof
areaso_ groundwaterdischarge(Hartman1993).

The groundwaterappearsto be revertingback to a natural/preHanfordSite
flow regime. Severalfactorsillustratethis effect:

• Dischargeto the 1325-NLWDF has not occurredsinceApril 1991

• Rechargeto the unconfinedaquiferfrom 1989 to 1991was minimal
comparedto the effectsfromchangesin riverstage

• SinceJune 1989,waterlevelsbeneaththe IO0-NArea have dropped
over 6 m (20 ft) and the groundwatermoundbeneath1325-NLWDF
declinedand dissipated

• The groundwatergradienthas decreasedfrom0.01 in June of 1989to
0.001-0.002in Januaryof 1993.

4.3 GROUNDWATERQUALITY

In general,parametersof concernin the 100Areas are grossalpha,gross
beta,tritium,nitrate,and chromium. Plumemaps have been generatedfor all
of thesecontaminants(Hartmanand Peterson1992). Thesecontaminantsare
highlymobilein groundwaterand were presentin wasteliquidsand reactor
coolantreleasedin the 100 Areas. Thereis alsoevidenceof tritium
migratingfrom the 200 AreasnorthwardthroughGableGap and towardsthe
river. Severalwells in the GableGap area and northwardtowardsIO0-KArea
show elevatedconcentrationsof tritium(Hartmanand Peterson1992).
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Figure31. ConceptualDrawingof GroundwaterFlow in the Uppermost
Aquiferat the IO0-NArea (Hartman1993).
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Hartmanand Peterson(1992)presentinterpretationsof groundwater
chemistryfor the IO0-NArea basedon data collectedin 1990. At that time,
groundwaterbeneathmost of the IO0-NArea appearedto be contaminatedby
grossbeta and tritium. Grossalphawas belowthe detectionlimitin the
sampledwells. Nitratewas elevatedabovebackgroundin a few isolatedwells,
but belowthe drinkingwaterstandard. Chromiumwas less than or at the
detectionlimitin the sampledwells.

The RCRA GroundwaterMonitoringProgramsfor the 1301-NLWDF,the
1325-NLWDF,and the 1324-N/NAFacilitieshave identifiedthe primary
contaminantspresentin the groundwaterin the IO0-NArea. Monitoringdata
are reportedin the RCRA QuarterlyReports. Interpretationsof the data are
presentedin the RCRA AnnualReports. This reportrelieson the two most
recentannualreports(DOE-RL1992a,DOE-RL1993).

Hydrochemicalresultsfor the groundwatermonitoringwellsat the
IO0-NArea were comparedto Hanfordsitewidenaturalbackgroundthreshold
values(BTV)-95%confidenceinterval. This was to determineif the IO0-NArea
and the surroundingarea unconfinedaquiferdifferedin chemistryfrom the
sitewidebackgroundvaluesfor the unconfinedaquifer. The following
assumptionsapplyto the data set used in this analysis.

(I) Data includeRCRA,CERCLA,and OperationalProgramssamplingdata
that had beenenteredintothe HanfordEnvironmentalInformation
System(HEIS)databaseup to mid-August1993.

(2) All data are from samplescollectedin the 1990's.

(3) The data givenfor a year were averagedfor theyear and are rounded
to the nearestwholenumber.

(4) All data are for unfilteredsamples;exceptfor the metals,for
whichboth filteredand unfilteredresultswere examined.

The resultsof this comparisonare as follows:

• Groundwat@rOualltyParameter_;--pHvaluesare all withinthe 7 to 8
range,with the exceptionof well N-73. This particularwell
averagespH valuesnear 9. This well exceedsthe WWQS for pH (6.5
to 8.5). It is immediatelydowngradientof the 1324-N/NAFacility,
whichis probablythe causeof the elevatedpH values. Past-
practicedisposalactivities,such as the neutralizationof
regenerationsolutions,may have contributedexcessalkaline
solutionor metalhydroxideprecipitate(e.g.,CaOH2 ,,CaOH')to the
i_ediate area.

Specificconductanceconcentrationsrangefrom 165 to 1400/_mhos/cm.
Approximatelyhalf of the wellshave concentrationsabovethe site
BTV of 53g /_mhos/cm(Table7). Concentrationsthat are elevated
occurin wellsN-3, N-17,N-18,N-20,N-21,N-25,N-26,N-47,N-54,
N-55,N-56,N-57,N-5B,N-59,N-60,N-61,and N-73. Theseelevated
valuesmay be attributedto severalknowncontaminantsourcesin the
vicinityof the wells (seeFigure24). A plumemap for specific
conductanceis shownin Figure32.
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Table 7. Summaryof Provisional Hanford Site Groundwater Background
Valuesa (Johnson 1993). (3 sheets)
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'rable7. Summaryof ProvisionalHanfordSite GroundwaterBackground
Valuesa (Johnson1993). (3 sheets)
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Table7. Summaryof ProvisionalHanfordSite GroundwaterBackgroundi

! Values' (Johnson 1993). (3 sheets)
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Alkalinityconcentrationsin most of the area are belowthe BTV
(215ppm) for the siteunconfinedaquifer(seeTable7). Only one
well (N-17),has a concentrationthat exceedsthis (350ppm). This
well is locatedto the northof the I05-N/IOg-NFacility(see
Figure24). The causeof this high alkalinityvalue is unknown.

Totalorganiccarbonis belowthe site BTV for the unconfined
aquifer(1,610partsper billion[ppb])in all of the wells in the
IO0-NArea (seeTable9).

Turbidityvaluesin the majorityof the wellsare all near normal
values(<10nephelometricturbidityunit). Thereare a few wells

- with valuesbetween10 to 25 nephelometricturbidityunit (N-3,
N-16,N-26,and N-34). The firstthreewellsare near the reactor
and supportfacilities,and the last is downgradientof the

. 1325-NLWDF (seeFigure24). Threewellshave valuesthat range
from46 to 200 nephelometricturbidityunit (N-25,N-41,and N-64).
Thesewellsare locatedsouthwestof the I05-N/IOg-NFacilities,
northwestof the 1325-NLWDF trench,and southeastof the
1301-NLWDF crib,respectively.The causeof thesehigherturbidity
valuesis unknown.

• Cationconcentrations--Calciumconcentrationsrangedfrom 2,100to
130,000ppb. The site unconfinedaquiferBTV is 63,600ppb
(seeTable7). Lessthan halfof the wellsin the IO0-NArea have
valuesin excessof this BTV. Thereappearsto be littledifference
betweenthe unfilteredand filteredsampleresults. The majorityof
the wellswith elevatedconcentrationsare in the vicinityof the
I05-N/IO9-NFacilitiesand 1301-NLWDF (seeFigure24).

Sodiumconcentrationsrangedfrom 2,800to 220,000ppb in the
IO0-NArea. The site BTV is approximately33,500ppb for the
unconfinedaquifer(seeTable7). The resultsfor filteredand
unfilteredsamplesare very similar. The highestconcentrationsare
foundin wellsN-16 (175,00ppb),N-21 (180,000ppb),N-23
(15,000ppb),N-25 (220,000ppb),N-26 (108,500ppb),N-47
(135,000ppb),N-54 (40,000ppb),N-57 (73,000ppb),N-71
(41,500ppb),and N-73 (72,000ppb),downgradientof the
1324-N/NAFacility(seeFigure24). The elevatedsodiumis a result
of past-practicedisposalactivitiesat this facility. A plumemap
for sodiumis shownin Figure33.

Potassiumconcentrationsrangedfrom 960 to 8,000ppb. The BTV for
the unconfinedaquiferonsiteis approximately7,975ppb (see
Table7). Only one well (N-21)(8,000ppb) slightlyexceedsthis
value.

Ammoniumconcentrationsrangedfrom at or belowthe contractually
requiredquantificationlimit(CRQL)of 100 to 700 ppb. The site
BTV for the unconfinedaquiferis less than 120 ppb (seeTable7).
Only sevenwellsshowconcentrationsabove120 ppb. They are N-3
(700ppb),N-25 (250ppb),N-28 (400ppb),N-64 (300 ppb),N-69
(150ppb),N-70 (200ppb),and N-73 (150ppb). Thesewellsare
locatednear severalfacilities(see Figure24),makingit difficult
to draw specificconclusionsas to a possiblesource.
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'0• An_ n concentrations--Chlorideconcentrationsrangedfrom 1,200to
79,500ppb for wellsin the IO0-NArea. The BTV valuefor the site
unconfinedaquifer(seeTable7) rangesfrom 8,690to 28,500ppb '
(becauseof two populationsof chloride).Well N-16 has a
concentrationof 79,500ppb. Eightwellshave concentrations
greaterthan 10,000ppb: N-3 (16,000ppb),N-17 (17,000ppb),N-21
(14,500ppb),N-26 (14,500ppb),N-47 (11,400ppb),N-54
(13,000ppb),N-57 (16,000ppb),and N-64 (12,000ppb). Theseeight
wellsare downgradientof the 1324-N/NAFacility(seeFigure24).
The elevatedchloridein the unconfinedaquiferin IO0-NArea is a
resultof past-practicedisposalactivitiesat the
1324-N/NAFacility. None of the wellsexceedsthe WWQS for
chloride,whichis 250,000ppb. A plumemap for chlorideis shown
in Figure34.

. Fluorideconcentrationsrangedfrom at or belowthe CRQL of 100 to
1,300ppb. The siteBTV for the unconfinedaquiferis 775 ppb (see
Table7). Sevenwellsare higherthanthe site BTV: N-17
(1,300 ppb), N-21 (1,250 ppb), N-23 (1,000 ppb), N-25 (1,300 ppb),
N-26 (1,100 ppb), N-47 (1,100 ppb), and N-73 (1,150 ppb). These
wells are located near several potential sources (see Figure 24).

Nitrate concentrations ranged from 900 to 50,000 ppb in the
IO0-N Area. The site BTVfor the unconfined aquifer is
approximately 12,400 ppb (see Table 7). Nine wells have
concentrations in excess of this value: N-3 (20,000 ppb), N-16
(22,000 ppb), N-21 (21,000 ppb), N-26 (50,000 ppb), N-32
(31,500 ppb), N-54 (15,000 ppb), N-56 (16,500 ppb), N-64
(46,500ppb),and N-70 (13,400ppb). The WWQS for nitrateas
nitrogenis 10,000ppb. All but 11 of the wellssampledexceedthis
value. The majorityof the wellswith elevatedconcentrationsare
locatednear past-practicedisposalsites,but it is difficultto
determinethe sourceof the nitrate(see Figure24). A plumemap
for nitrateis shownin Figure35. Sewageeffluentdisposalto the
groundmay be a sourceof nitratecontamination.Another
possibilityis a chemicalused for decontaminationin the
IO0-NArea. Diethylthioureais mixedwith phosphoricacid for
decontaminationand containsaminegroups(CzHsNHCSNHC2Hs).Nitrate
concentrationsthatwere higherthan the surrounding600 Area
groundwaterswere notedby Hartmanand Peterson(1992)in their
papersummarizingthe hydrologyof the northernHanfordSite.

Nitriteconcentrationswere at or belowthe CRQL of 200 ppb for all
- but one well in the IO0-NArea. WellN-3 had a concentrationof

850 ppb.
o
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Sulfateconcentrationsrangedfrom 12,500to 550,000ppb. The site
BTV for sulfateis around90,500ppb (seeTable7). Of the 42 well
samples,33 have concentrationsover 50,000ppb. Fourteenof these
wellshave concentrationsin the siteBTV. There is a knownsulfate
plumein the IO0-NArea from past-practicedisposalactivities.The
1325-N/NAFacilityis the sourceof the sulfatein the IO0-NArea.
Eightof the high sulfateconcentrationwellsalso exceedthe WWQS
for sl_Ifate,which is 250,000ppb. Thesewellsare N-17
(350,(J00 ppb), N-21 (520,000 ppb), N-23 (400,000 ppb), N-25
(550,t_00 ppb), N-47 (440,000 ppb), N-54 (270,000 ppb), N-56
(255,000 ppb), and N-57 (300,000 ppb) (see Figure 24). A plume map
for sulfate is shownin Figure 36.

Phosphateconcentrations were at or below the CRQLof 400 ppb for
all but one well in the IO0-NArea. Well N-73 had a concentration
of 500 ppb.

Bromideconcentrationswere at or less than the CRQL of 500 ppb (see
Table7).

• MetalconcentrAtions--Aluminumconcentrationsrangedfrom 53 to
8,300ppb. All but two of the valueswere belowthe site BTV
(<200ppb) for the unconfinedaquifer(seeTable7). The two wells
that exceededthis valueare N-57 (8,300ppb) and N-64 (1,400ppb).
Thesewellsare locatedfairlycloseto each other,southof the
]301-NLWDF (seeFigure24). The sourceof elevatedaluminumvalues
is unknown.

Arsenicconcentrationsrangedfrom4 to 17 ppb. The site BTV for
the unconfinedaquiferis 10 ppb (seeTable7). Threewells
exceededthis value: N-34 (13 ppb),N-57 (17ppb),and N-73
(13 ppb). The wellsare not adjacentto each otherand thereis no
sourceof arsenicidentified(seeFigure24).

Bariumconcentrationsrangedfrom 17 to 225 ppb. The site BTV for
the unconfinedaquiferis 69 ppb (seeTable7). Six wellsexceed
this value: N-3 (71ppb),N-16 (170ppb),N-54 (70 ppb),N-56
(100ppb),N-57 (225ppb),and N-64 (123ppb). None of the wells
exceedthe WWQS of I,O00ppb. The wellsthat are elevatedin barium
are locatedsouthand east of the 1301-NLWDF (seeFigure24).

Boronconcentrationsare all well belowthe site BTV (<100ppb) (see
Table7).

Chromiumconcentrationsfor unfilteredsamplesrangedfrom at or
• belowthe CRQL of 20 to 140 ppb. The site BTV for the unconfined

aquiferis less than 30 ppb (seeTable7). Ten wellsexceedthe
site BTV: N-16 (65 ppb),N-26 (65 ppb),N-34 (31 ppb),N-57
(95ppb),N-64 (56ppb),N-69 (38ppb),N-71 (49 ppb),N-72
(34 ppb),N-73 (92ppb),and N-74 (140ppb) (seeFigure24).
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Filteredsampleswere all at or belowthe CRQL of 200 ppb. Six of
the wellslistedaboveexceedthe WWQS for chromium,which is
50 ppb. Thereare chromiumplumesin other100 Areas,but none is
identifiedin the IO0-NArea presently. Elevatedchromium
concentrationsin unfilteredsamplesfrom new wellsmay be
attributedto fragmentsof stainlesssteel,producedduring
installationof well casingsand screens.

Copperconcentrationsrangefrom at or belowthe CRQL of 20 to
80 ppb. The site BTV concentrationfor the unconfinedaquiferis
less than 30 ppb (seeTable7). Only one well exceedsthis value,
N-57 (80 ppb) (seeFigure24).

Ironconcentrationsrangedfrom at or belowthe CRQL of 20 to
45,020ppb. The site BTV concentrationfor the unconfinedaquifer
is 86 to 818 ppb (seeTable7). Nine wellsin the IO0-NArea exceed
this value: N-3 (3,665ppb),N-16 (9,500ppb),N-25 (6,750ppb),
N-26 (3,550ppb),N-34 (17,000ppb),N-41 (21,000ppb),N-57
(45,020ppb),N-62 (950ppb),and N-64 (7,433ppb). The wells
listedabove,and the followingwellsall exceedthe WWQS for iron,
which is 300 ppb: N-14 (375ppb),N-23 (550ppb),N-73 (560ppb),
and N-74 (433ppb) (seeFigure24). Filteredsampleswere all
reducedin concentrationcomparedto unfilteredsamples. Iron
concentrationscan be elevatedin unfilteredsamplesfrom new wells
becauseof the influenceof the stainlesssteelcasingand well
screen,or from ironprecipitatedon sedimentspulledin throughthe
well screen.

Leadconcentrationswere at or belowthe CRQL of 5 ppb, exceptfor
well N-57,whichhad a concentrationof 14 ppb (see Figure24).
This valuedoes not exceedthe WWQS of 50 ppb.

Magnesiumconcentrationsrangedfrom370 to 23,000ppb. The site
BTV for the unconfinedaquiferis 16,480ppb (seeTable7). Seven
of the wellshad valueswhichexceededthis BTV: N-21 (23,000ppb),
N-23 (17,000ppb),N-25 (22,000ppb),N-47 (20,000ppb),N-56
(19,000ppb),N-57 (20,000ppb),and N-64 (16,667ppb) (see
Figure24).

Manganeseconcentrationsrangedfrom at or belowthe CRQL of 10 to
295 ppb. The site BTV for the unconfinedaquiferis 25 to 164 ppb
(becauseof multiplepopulationsof backgroundmanganese)
(seeTable7). Fivewellsexceedthe rangesuppervalue: N-3
(177ppb),N-16 (295ppb),N-34 (180ppb),N-57 (290 ppb),and N-64
(170ppb) (see Figure24). The wellslistedabove,and the
followingwellsall exceedthe WWQS for manganese,which is
50 ppb: N-25 (105ppb),N-26 (70ppb),and N-41 (100ppb).
Concentrationsof filteredsampleswere lowerthan unfilteredsample
concentrations.

Nickelconcentrationsrangedfrom at or belowthe CRQL of 30 to
93 ppb. The site BTV for the unconfinedaquiferis less than 30 ppb
(seeTable 7). Fivewellsexceedthe BTV value: N-57 (55 ppb),
N-64 (93 ppb), N-71 (36 ppb), N-73 (42 ppb), and N-74 (59 ppb) (see
Figure 24). Only three of the wells listed above exceed the WWQS
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for nickel, which is 50 ppb. Filtered sampleswere all at or below
the CRQL. Nickel concentrations can be elevated in unfiltered
samples from newwells becauseof the influence of the stainless
steel casing and well screen.

Strontium (nonradtologtcal) concentrations ranged from 79 to
426 ppb. The site BTVfop the unconfined aquifer is 264 ppb (see
Table 7). Four wells exceed the BTVvalue: N-16 (317 ppb), N-21
(318 ppb), N-47 (283 ppb), and N-55 (426 ppb) (see Figure 24).
Filtered and unfiltered sampleswere in the samerange of
concentrations.

- Vanadiumconcentrationsrangedfrom 20 to 110 ppb. The site BTV for
the unconfinedaquiferis 15 ppb (seeTable7). All the wells
exceedthis value. Thereis no WWQS for vanadium. The filtered

. sampleswere withina similarrangeof concentrationsas the
unfilteredsamples,with the exceptionof well N-57 (seeFigure24).
This well had a concentrationof 110ppb unfilteredand 30 ppb
filtered. Most of the unfilteredsampleswere similarto this
elevatedunfilteredvalue. The causeof elevatedvanadium
concentrationsin the groundwaterat IO0-NArea is unknown.

The followingmetalswere equalor lessthan CRQLs: antimony
(200ppb),beryllium(3 ppb),cadmium(10 ppb),cobalt(20 ppb),
lithium(10ppb),molybdenum(40ppb),selenium(10 ppb),silver
(20 ppb),thallium(5 ppb),tin (100ppb),titanium(60 ppb).

Mercuryand uraniumwere not detectedin the groundwatersamples
analyzed.

• Orqanicconcentrations--Hydrazineconcentrationsall at or below
CRQL of 30 ppb.

All otherorganicsanalyzedwere at or less than the CRQL for each
constituent.

' e• Radionqcl]dconcentration@--Exceptfor tritiumand strontium-gO,
the radionuclidedata are at or belowthe limitof quantification
for the followingconstituents:antimony-125,cobalt-60,
ruthenium-t06,and cesium-137(Tables8, 9, 10, and 11,
respectively).

Strontium-gOconcentrationsrangefrom0 to 1,120pCi/L. The values
. abovebackgroundrangefrom 36 to 1,120pCi/Lin the following

wells: N-2 (92 ppb),N-3 (706ppb),N-14 (1,120ppb),N-17
(220ppb),N-27 (214ppb),N-28 (112ppb),N-29 (343ppb),N-34
(55 ppb),N-54 (317 ppb),N-56 (227ppb),and N-57 (36ppb). These

" wellsare locateddowngradientof the 1301-Nand 1325-NLWDFs(see
Figure24). Thereis a knownplumeof strontium-gOcontaminationin
the IO0-NAreas (Figure37). The elevatedconcentrationsof
strontium-gOresultfrompast-practicedisposaloperationsat the
1301-Nand the 1325-NLWDFs.
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Table8. Antimony-125Limitof Detection/Limitof QuantificationCalculated
from FieldBlanks.'

fll , iiiii,ii i llll ............ , ....... ,

Blank
Time Number B1ank standard LODb LOQb

of mean deviation (pCi/L) (pCi/L)
period blanks (pCi/L) (pCi/L)

0/02/9z ................................................
to 7 3.73 5.666 17.0 56.7

03/20/92
I I I IIIII I I II III III IIII I I III III ] I III II II

04/07/92
to 5 -4.57 5.526 16.6 55.3 .

06/11/92

07/02/92........................
to 7 3.93 7.194 21.6 71.9 •

09/11/92
I Ilpll iiiii I i I ._ Ill Illil I I

11/05/92
to 2 I0.O0 5.664 17.0 56.6

 1/10/92
III I I I I I |1111111 I I I III I IIII III I

01/02/92
to 21 2.42 6.218 18.7 62.2

11/10/92
i i i,.ll .... • i,i i i i i

02/25/93
to 5 5.66 14.433 43.3 144.3

05/11/93
...... i

........aThe fteld blanks arc QCsamples that are introduced into a _rocess to
monitorthe performanceof the system. The calculatedLOD/LOQ(usingfield
blanks)measurethe errorsin the entiremeasurementsystem.

"LODis 3 timesblankstandarddeviation. LOQ is 10 timesblank
standarddeviation.

LOD - limitof detection.
LOQ - limitof quantification.
QC - qualitycontrol.
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Table9. Cobalt-60Limitof Detection/Limitof Quantification
Calculatedfrom FieldBlanks.'

ii iiii i iii -- i -- ill,i .................... ,, ,,,,,,,,,, , ,, ,,, , i ....... j_

Blank
Number Blank standard LODb LOQb

Time of mean deviation (pCi/L) (pCi/L)
period blanks (pCi/L) (pCiZ,,L)i,ii1[i i i iiii iiiiiiiiii]1 ii rl i ii iiii i m i iii ull,i ii i i i

01/02/92 7 I.796 4.943 14.8 49.4
to

os/2o/92......................................................
04/07/92 5 O.060 3.840 11.5 38.4

to
o6/11/92 ..................................................

" 07/02/92 7 1.399 3.288 9.9 32.9
to

o9/11/g2 .............................
11/05/92 2 -5.730 3.521 10.6 35.2

to
1 ./lo/92llll _ll i i, ii IIH I ,I, ,Jl II IH

01/02/92 21 O.533 4. 079 12.2 40.8
to

,, ,1!/I0/92 ....................................
02/05/93 5 -1.614 4.515 13.5 45.2

to ,

05/11/9,3 ....

aThe field blanks are QCsamples that are introduced into a process to
monitor the performance of the system. The calculated LOD/LOQ(using field
blanks) measure the errors in the entire measurementsystem.

_LOD(limit of detection) is 3 times blank standard deviation. LOQ
(limit of quantification) is 10 times blank standard deviation,

LOD- limit of detection,
LOQ- limit of quantification.
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TableI0. Ruthenlum-106Limitof Detection/Limitof Quantification
Calculatedfrom FieldBlanks'

........ _ _ ..... .................................

Blank

Time Number Blank standard LODb LOQbof mean deviation
period blanks (pCI/L) (pCi/L) (pCi/L) (pCi/L)

............... iiii ii ii i rllllll i i i i m iiiii i _i ii iiii ii

",1/02/92
to 7 12.24 20.641 61.9 206.4

03/20/92
i,,,r,,, ,,11 i iii ii i, ii , i,i it, ii

04/07/92
to 5 2.10 36.288 108.9 362.9 -

06/11/92
rill II [I II Ir I I I I I I j Illl II11111111 Ill IIllll I II

07/02/92
to 7 -8.29 22.853 68.6 228.5 "

09/11/92

11/06/92
to 2 -20.30 8.202 24.6 82.0

11/10/92

01/02/92
to 21 -0.12 25.465 76.4 254.6

11/10/92
.... _ H,,,,,II, , ,i i i ,,H ,,,,, i H , , i,,,,, i

02/25/93
to 5 1.82 30.018 114.1 380.2

05/11/93

.... "The field blanks are QCsamples that are introduced into a }rocess to
monitor the performance of the system. The calculated LOD/LOQ(using field
blanks) measure the errors in the entire measurementsystem

bLODis 3 times blank standard deviation. L0Q is 10 ti'mes blank
standard deviation.

L0D- limit of detection.
LOQ- limitof quantification.
QC -quality control.
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Table II. Cesium-137Limitof Detection/Limitof Quantification
Calculatedfrom FieldBlanks.'

.......... Blank........................................
Number B1ank standard LODb LOQbTime of mean

deviation (pCi/L) (pCi/L)
period blanks (pCi/L) (pCi/L)

........ i .... r ii LL i/ i I rllfmfi

o:),/o2/92
to 7 -3.992 2.943 8.8 29.4

03/20/92
_ ......... r i i i u H i,iiiifl lUlll i i __

04/07/92
" to 5 -0.987 4.857 14.6 48.6

o6/11/gz iiii iii ; i ii i ill iiif ii, i i L

07/02/92
" to 7 1.149 3.382 10.1 33.8

09/11/92
i ii lUllllrUl i Ul ,llllllll iiiii _ i iiiiiiiiiii i

11/05/92
to 2 1.see 2.269 6.8 22.7

11/10/92
ii iiiiiiiii ,,,mlm,.,,,,, i,ii ii i j L ll_liii iii

oi/o2/92
to 21 -1.01 3.598 10.8 36.0

11/10/92
...... i ill, ill ,,i i i , ii T, ,,,,, i i i, i i i,, ,, , , , , _..-,_

02/2S/93
to 5 -1.43 1.7_8 5.2 17.3

05/11/93
......... _ ....

raThefieldbianksareQC samplesthat are introducedinto a processto
monitorthe )erformanceof the system. The calculatedLOD/LOQ(usingfield
blank.s)measurethe errorsin the entiremeasurementsystem.

"LOD is 3 timesblankstandarddeviation. LOQ is 10 timesblank
standarddeviation.

LOD = limitof detection.
LOQ = limitof quantification.
QC - qualitycontrol.
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Tritium concentrationsrange from 39 to 78,600 pCi/L. All but one
value is above 100 pCi/L. The wells locateddowngradientof the
1301-N and 1325-N LWDFs have the highest concentrationsof tritium
(see Figure 24). Varying concentrationsof tritium are detected in
all the wells. There is a known plume of tritium contaminationin
the IO0-N Areas (Figure38). The elevated concentrationsof tritium
are caused by past-practicedisposal operations at the 1301-N and
1325-N LWDFs.

4.4 SOIL COLUMN AND AQUIFER SEDIMENT CHEMICAL FACTORS

4.4.1 Soil Factors

The soil column or vadose zone beneaththe 1325-N LWDF is composed of
predominatelysands and gravels, with minor fine-grainedsediments (silts and
loess). Sediments in the IO0-N Area also contain 0.5 to 1.6% CaCo3
(Hartma_1992). During disposal to the 1325-N LWDF, the sample analytical
data indicatedthat effluent discharges containednumerous radionuclidesin
concentrationswhich, in most cases, greatly exceeded 1/25th of the derived
concentrationguides (Group A study guidelineconcentrations[WHC 1990ai).
While concentrationsof these constituentshave decreased since the N Reactor

was placed in dry layup, concentrationsof some radioactiveconstituents
remain high as a result of residual contaminationin the soil column. Tritium
and strontium-gOradionuclideshave travelledthrough the soil column to the
water table, and contaminatedplumes have resulted. Chemical contaminants
includechloride, sodium, calcium, strontium,nitrate, and sulfate. In
addition,there appearsto be elevated concentrationsof metals in the
groundwater,includingiron, magnesium,chromium, and vanadium.

To estimate contaminantmigrationrates, the wastewater discharged to the
crib is characterizedas neutral to basic (pH = 7.8) and is low in both
organic and inorganicconstituents. Under these conditions,most of the
cationic constituentstend to be immobile (e.g., calculatedmigration rates on
the order of I to 3 cm/day). Tritium and the anionicconstituents (iodine-131
and ruthenium-t06are treated as nonsorbing,for which a migration rate
equivalent to water is assumed (approximately360 cm/day [142 in./day]
(WHC 1990a).

4.4.2 Aquifer Sediment Factors

The water softener regenerant from the 1324-N/NAFacility may have an
effect on strontium-90mobility and transportbecause of competing ion
effects. This effect involves several competingdivalent cations, caused by
the presence of several alkali and alkali-earthmetals removed from river4

water in the water softener process_ and then discharged with the regenerant.
The most common competing ion is Ca_., but other divalent cationswill also
compete with strontium-90to a less degree (Cantrelland Serne 1993, see
Appendix A).
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4.5 SUMMARY OF CONCEPTUAL MODEL OF MOISTURE MOVEMENT AND
CONTAMINANTTRANSPORT

A conceptualmodel of the hypotheticalimpact of occasional slug releases
to the 1325-N Crib is summarizedas follows (Figure39):

(I) The principal contaminancsof concern are the long-lived
radionuclidesstrontium-g0and cesium-137,which were added to the
crib at the rate of approximatelyI Ci/month during the 5-year
period of use (1983 to 1988).

(2) The centroid of the strontium-g0and cesium-137 radionuclide
inventory (approximately60 Ci each, assuming no decay) reaches the
water table near the end of the operatingperiod.

(3) A (327,059-L[86,400-gai])slug release of I month's accumulationat
8 L/min (2 gal/min) is discharged as a random event. Contaminants
in the spent emergencywater are assumedto be insignificantin
comparison to the inventoryalready in the soil column beneath the
crib. The spent emergencywater is assumed to have a chemical
composition similarto river water (low salt content; slightly basic
pH; no surfactants,detergents,or complexants).

(4) The soil beneath the crib has been previouslywetted, so there is
very little additional holding capacity for retention of the
hypotheticalslug release. The slug release displaces 327,059 L
(86,400gal) of water from pore fluid in the soil column assumed to
be in equilibriumwith the adsorbed strontium-90and cesium-137.

(5) The displaced pore volume and associatedstrontium-90and cesium-137
enters the unconfined aquifer, undergoingdilution and dispersion as
it slowly migrates toward the river.

(6) The strontium-90migrates more rapidly than the cesium-137 because
• of interactionwith water softener regenerantchemicals from an

adjacent past-practicedisposal facility.

The contaminanttransportand r_lease scenario summarized above is
evaluated in the following sectior using previous transportmodel
calculations,results of laboratorysorption-desorptionstudies, and
calculationof theoreticalpore fluid radionuclideconcentrationsin the soil
column beneath the crib. This model of contaminantmigration through the
vadose zone is considered conservativebecause:

• A piston-likedisplacementof pore fluid is assumed

• The water table has dropped 6 m (20 ft) since breakthroughof the
strontium-90became apparent•
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5.0 IMPACT ASSESSMENT

As required by the methodologydocument (Tyler 1991), both hydraulic and
contaminant impactsare considered for each groundwater impact assessment.
Accordingly,hydraulic factors relevant to the current status of the disposal
facility are discussed first followed by contaminanttransport analysis.

5.1 HYDRAULICCONSIDERATIONS

The primary hydraulicconsiderationsfor evaluationof the conceptual
model includedischargevolume, moisture status of the soil column, and
possible effects of multiple batch releases as discussed in the following
sections.

5.1.1 Slug Discharge Volume

If there is an emergency,dischargeof associatedwater'is limited by
Tri-Party AgreementMilestone M-17-15A. Under these restrictions,the
discharge cannot exceed 327,059 L (86,400gal) for a given calendarmonth (see
Section 3.3).

5.1.2 Moisture Status of Soil Column

The 1325-N LWDF Crib was previouslywetted (saturatedflow). Wastewater
has also overflowedthe crib and into the first section of the trench. While

the prior "wetting"of the soil column reducesthe retentioncapacity for
subsequent batch releases,current conditionsmay have improved this
situation. The facility has not been used since April 1991, and before that
time, received greatly reduced amountsof effluent. For the last 27 months,
the soil column beneath the crib has been "dryingout" or dewatering because
of drainage and evaporation. In addition,the dramatic drop in the water
table under the IO0-N Area (over 6 m [20 ft]) and dissipation of the mound
under 1325-N since 1990, increasesthe thicknessof the unsaturatedzone
beneath the crib. This provides an additionalbuffer zone between the current
water table elevation and the contaminatedsedimentsabove the water table.

5.1.3 Response to Multiple Releases

. The infiltrationarea of the 1325-N Crib is 5,574 m2 (60,000 ftz);
discharging327,059 L (86,400gal) to the crib over a 30-day period would only
serve to rewet but not saturatethe soil column. If the discharges resume on
a consistent basis or more than one "emergency"occurs (multiplebatch

" discharges),then transport of pore Fluid and associated contaminantsdown to
the water table could occur. (The potentialmagnitude of the latter effect is
estimated in Section 5.2.2.)
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5.2 CONTAMINANTIMPACTS

Evaluation of potential impactsof slug releases on groundwater quality
in the vicinity of the crib requires'

• Predictionof the status of the radionuclideinventoryon the soil
column

• Calculationof the equilibriumpore fluid radionuclide
concentrations.

A one-dimensionalmodel is used to assess the depth of migration of
contaminantsin the soil column as described in Section 5.2.1. Pore fluid
concentrationsare estimated in Section 5.2.2.

5.2.1 One-DimensionalFlow and Transport
Analysis (AnalyticalMethods)

The same one-dimensionalanalyticalmethod described in the Liquid
Effluent Study Final Project Report (WHC IggOa)was employed to estimate the
rate of moisture and contaminantmovement through the soil column beneath the
crib during the operationalperiod (1983-1988). The method considers only
flow in the vertical direction and does not allow for lateral spreading. Thus
it is expected to providemigration rates that are faster than those that
occur under actual conditions.

The method is based on steady-stateflow conditions in the unsaturated
zone and assumes a unit hydraulicgradient. The basic equation for any layer
of sediments is

t = L x #/q (I)

where:

t - time of travel through layer, seconds
L = thicknessof layer, centimeters
0 : moisture content of sediment,related to hydraulicconductivity
q = Darcy velocity or moisture flux in layer, centimeters/seconds.

The total travel time, T, is determined as the summationof the travel
times for each of the "i" layers:

n

T = }] Li__ _i/q, (2)
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where n is the number of sediment layers. For transport calculation purposes,
the soil column beneath the crib is treated as a single layer of coarse sand
and gravel with a depth to water of approximately 20 m (66 ft) (Figure 40).

The relationship between hydraulic conductivity, K, and moisture content,
8, is described graphically in Figure 41. These curves were derived
empirically from laboratory tests on over 20 different Hanford Site sediment
types, and were used to establish 5 major sediment types, as noted in
Figure 41.

The one-dimensional flow analysis embodied in equation 2 was carried out
on a SymphonyI spreadsheet. The total travel time, T, obtained with
equation 2 is divided into the vadose zone thickness to provide an estimate of
the rate of moisture migration from the disposal facility to the groundwater.

- To obtain an estimate of the rate of contaminaat migration, the
retardation factor, Rf, for each of the contaminants identified was estimated
from the following approximation for Hanford Site soils"

Rf = i + 5Kd (3)

The Kd values were selected from Ames and Serne (1991). When the rate of
moisture migration is divided by the Rf for the contaminant of interest, the
result is an estimate of the contaminant migration rate. These computations
were also carried out using the Symphony spreadsheet method.

The effluent discharge rate, as described previously, is entered as
liters per month in the spreadsheet computational method. Effluent volumes
through 1987 listed in WHC-EP-0287, Vol. 3, were updated to include 1988 and
1989 (WHC1989b) for the Liquid Effluent Study Final P,'oject Report
(WHC1990a; the same average infiltration rate was also assumed for the time
period subsequent to 1989). The total volume (liters) was divided by the
corresponding operating period (months) to establish an average rate of inflow
(L/month). This effluent discharge rate was divided by the crib area to
obtain an estimate of the average infiltration rate.

More details and an illustrative example for application of the overall
computational approach are provided in WHC(1990a).

5.2.2 Results of Analytical Solution for OperationalPeriod

(The followingdiscussion summarizesthe results From the LiquTd Effluent
Study Final Project Report [WHC 1990a]).

ISymphony is a registered trademark of the Lotus Development Corporation.
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Figure 40. Lithology of Well 199-N-70 Near the 1325-N Crib.
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Figure 41. Hydraulic Conductivity Versus
Moisture Content (WHC 1990a).
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Based on general effluent characteristicsand correspondingsorption
parameters (Section 5.2.1) for the key constituentsidentified in Table 12,
the calculated migration rates in the vadose zone (Table 13), listed most
mobile to least mobile as follows:

• 153 cm/day (60 in./day) for tritium, antimony-124,antimony-125,and
iodine-131

• 2 cm/day (0.8 in./day) for ruthenium-t03and ruthenium-t06

• I cm/day (0.4 in./day) for plutonium-238,plutonium-239,zinc-65,
strontium-S9,strontium-gO,zirconium-gS,niobium-gS,molybdenum-gg,
and barium-140

• 0.6 cm/day (0.2 in./day) for iron, phosphorus-32,manganese-54,
cobalt-58, iron-59,cobalt-60,cesium-134,and cesium-137

• 0.2 cm/day (0.08 in./day) for lanthanum-140,cerium-141, and
cerium-144.

The most significantconstituentsbased on inventory,half-life, and relative
hazard potential are strontium-gOand cesium-137. Based on the migration
rates for these constituents(see Table 13) and above, breakthroughof
strontium-gOshould have occurred approximately2 years before shutdown of
N Reactorwhile cesium-137 (traveltime of 7 years) should still be retained
in the soil column. The presence of strontium-g0and the absence of
cesium-137 in groundwater in the immediatevicinity of the crib (Section4.3)
are consistentwith the correspondingmigration rate estimates noted above.

5.2.3 Sotl Column Pore Fluid Strontium-gOConcentrations

5.2.3.1 Single EmergencySlug Release. As suggested in Section 4.5,
displacementof residual water in the soil pore spaces that has been in
equilibriumwith adsorbed strontium-90is one potential pathway for
groundwatercontaminationfrom occasional emergencywater releases to the
crib. To estimate this concentrationwe make use of the definition of Kd:

Cs, pCi/g
Kd = (4)

CW, pCi/mL

where:

Cs = the equilibriumconcentrationof strontium-90in the solid phase
CW = the concentrationin the aqueous phase in a sediment-watermixture

from batch laboratorysorption tests.
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Key Detection/ Sample Detection/ Samp[e
constituents Detection limit a anatyses concentration Detection [irlit a anatyses concentration

(90% el) (90% Cl)

03/88 to 08/88, During cold standby 10/89 to 03/90, During cold standby --!

I'D
1976 to 1988. During reactor operation c 10/89 to 03/90. During cotd standby

P_
Tritium 1,000 206/NA 110,000 100 313 198,000 .

Manganese-54 10 231/NA 64,000 NA 3/3 604 b
r-T1
--h

Iron-59 10 86/NA 22,000 NA ND ND --h
--.I

Cobalt-60 10 236/NA 41,000 I 3/3 700 c-

Zinc-65 100 12/NA 2,500 NA ND ND

Strontium-89 100 121/NA 74,000 NA ND ND cJ_

Strontium-90 200 205/NA 33,000 0.1 212 176,000

Ruthenium-106 100 9/NA 310000 50 1/2 1,720
c/_ =EZ

Xodine-131 100 91/NA 160,000 NA ND ND _u -r
3 C'_

Cesium-134 10 96/NA 1,500 NA 2/2 167 _ I
tO _ rrl

_-

co Cesium-137 10 236/NA 42,000 I 3/3 47,000 _ i

(_
Lanthanum-140 10 I02/NA 910,000 0.001 ND ND _ --4

Ul
Ptutonium-239 0.1 206/NA 420 NA 3/3 66

_p

Americium-241 20 ND ND NA 3/3 70
:E2

Phosphorus-32 NA 136/NA 4,500 NA ND ND ::IZ

Cobalt-58 NA 16/NA 3,000 NA ND ND
_D

Zirconium-95 NA 79/NA 11,000 NA ND ND uPo

Niobium-95 NA 115/NA 23,000 NA ND ND v

1976 to 1988, During reactor operation c 10/89 to 03/90, During cord standby

Molybdenum-99 NA 73/NA 400,000 NA ND ND _o

Ruthenium-103 NA IO0/NA 39,000 NA ND ND

Antimony-124 NA 4/NA 1,600 NA ND ND CD
c+

Antin_ony-125 NA 8/NA 5,000 NA ND ND u_v

Barium-140 NA 99/NA 48,000 NA ND ND

Cerium-t41 NA 72/NA 15,000 NA ND NO



Key Detection/ Sample Detection/ Sampt_
constltuents Detection limita analyses concentration Detection limit a analyses concentration

(90% el) (90ZCl)

Cerium-144 NA 106/NA 39,000 NA ND NO --I
=u

Plutonium-238 NA 201/NA 64 NA 313 11 .__0"
, ,

Lead-210 NA ND ND NA 1/3 3

r_3
aunits: chemical = ppb

radionuclides = _i/L

_oncentrations below Group A study guidelines; values given for purposes of comparison, rnisposal of effluent to the 1325-N Crib began in 1983; thus, this data set includes some samples taken before 1983. -h
CI = confidence interval. -h

NA = not available, e-
ND = not detected.
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Table 13. InitialAnalyticalSolution Results
for the 1325-N LWDF (WHC 1990a).
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Assuming equilibriumconditions and that laboratory sorption or Kd data are
representativeof soil column conditions,pore fluid strontium-g0
concentration(pCi/mL) in the wetted portion of the soil column containing the
strontium-g0inventorycan be estimated be rearrangingequation 4 as follows"

CW, pCi/g
C,, pCi/mL = (5)

Kd

where:

C, = the adsorbed strontium-gOinventoryretained on the sediments in
the vadose zone beneath the crib

CW = tilepore fluid concentrationof strontium-90in equilibriumwith
the adsorbed strontium-g0on the sediments.

Ames and Serne (1991) indicate a conservativeestimate of 25 for a
strontium-g0Kd in Hanford Site soils (effluentwith low salt content,
slightly basic, no complexants,no organics). This is the same value used in

Table 13 t? estimate the R(. Next, an estimate of the strontium-gO
concentratlonin sedimentsbeneath the crib is needed to solve equation 5 for
pore fluid concentration. To make this estimate,the following assumptions
are used:

• Strontium-g0inventoryis uniformlydistributedwithin a volume of
sediment defined by the area of the crib

• Depth to the originalwater table was 15 m (50 ft)

• Porosity of 0.3 and a sediment density of 2 g/mL

• Crib contained a total inventoryof 60 Ci.

This implies that all of the strontium-g0added to the crib had been retained
and that it was just at the point of entering the water table when discharges
were curtailed. Combining these terms the estimated soil (adsorbed)
strontium-g0concentrationis"

60 Ci x 1012pCi/Ci
Cs, pCi/g = - 512 Ci/g

0.7 x 15 m x 5574 m2 x 1000 L/m3 x 2 g/mL x 1000 mL/L

A factor of 0.7 in the above calculationis used to account for the fact that
the volume of solids in a unit volume of soil is 70_ total or bulk volume.

Substitutingin equation 5 yields a pore fluid strontium-90concentration
of:

512 pCi/g
CW, pCi/mL -- = 20 pCi/mL or 20,000 pCi/L

25
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Assuming that a slug release of volume (V) of 327,059 L (86,400gal) displaces
an equal volume of residual fluid from the vadose zone beneaththe crib, the
Ci quantity of strontium-g0added to the aquifer from this single event is"

Quantity = v x cW - (327,059 L x 20,000 pCi/L)/(1x 1012pCi/Ci) --0.0065 Ci

This estimate suggests that on a relativecurie quantity basis (i.e., 0.01% of
the inventoryand less than I% of the ann_lalstrontium-g0previouslyentering
the river), the potential input of additionalstrontium-g0to the aquifer is
not very significant. However, concentrationsin groundwater in the vicinity
of the crib, even after significantdilution, would be well in excess of the
WWQS for this constituent (8 pCi/L). B? comparison,the highest existing
groundwaterconcentrationadjacent to the crib today is 343 pCi/L in well

• NL_29. Thus, while residual strontium-90concentrationsin groundwater near
the crib already exceed the WWQS because of past-practicedisposal operations,
the incrementaladdition caused by a hypotheticalslug release of
noncontaminatedwater in the future could result in much higher concentrations
but in a much smaller area than occurred during operations (see Figure 37,
Section 4.3).

ii

i 5.2.3.2 InfiltrationBecause of Precipitation. },tis also instructiveto
consider the potentialeffect of net drainage from precipitation. Assuming a
net infiltrationof 5 cm/yr (2 in./yr)distributedover an area the size of
the crib, the correspondingvolume is"

Volume = 0.05 m x 5570 m2 x 1000 L/m3 = 278,500 L (73,572gal).

This is nearly equivalent to the volume resulting from a single slug release
as calculated above. The actual volume of "natural"drainage passing through
the contaminatedsediments is diffic'_Itto determine because the covered area
would act as a shield. Drainage from the perimeterof the crib (area from
which vegetation is removed) would intersectan unknown portion of the
contaminatedsediments. Also, the course sands and gravels characteristicof
the backfill area around the crib may actLiallyresult in infiltrationrates
approachingthe average precipitationrate (about 16 cm/yr [6 in./yr]).

Regardlessof the uncertaintiesas noted above, natural infiltrationof
moisture through some fraction of contaminatedsedimentsbeneath the crib
probably occurs. This representsa continuing source of groundwater
contaminationthat on an annual basis may exceed the amount resulting from a
random discharge of spent emergencywater.

5.2.4 Mitigating Factors and AlternativeAssumptions

One mitigating factor for the impact of emergencywater disposal, as
previouslydiscussed, is that some restorationof water retentioncapacity of
the soil column has probably occurreddue to evaporationbecause intensiveuse
of the crib ceased 2 to 3 years ago. Thus the driving force for the slug
release scenariomay be less than that assumed for the calculation.
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In addition to the above, a less conservativeor more realisticKd value
would lower the estimatedpore fluid concentration. For example, laboratory
sorption studies using sediments from an upgradient location showed that the
strontium-90desorptionKd is a function of the Ca2. and Mg2+concentration
(moles/L)described by th_ following regressionequation (see Appendix A):

log Kd -, -0.89 log [Ca + Mg] - 1.06 (6)

Assuming the hypotheticalslug release of emergencywater has a chemical
compositionsimilar to river water (Mg --6 ppm and Ca = 23 ppm), the Kd for
strontium-g0in IO0-N Area sedimentswould be"

log Kd = -0.89 Iog[(0.25+ 0.6)* I0"]]- 1.06

Kd = 190

Pore fluid strontium-g0concentrationsusing the higher or less conservative
Ka from equation 6 in equation 5 would yield an equilibriumconcentrationof:

(512 pCi/g)/190 x 1,000 mL/L = 2,700 pCi/L

Thus, depending on the assumptionsused and the release scenario and variables
as discussed in previous sections,the pore fluid concentrationscould range
from about 2,000 to 20,000 pCi/L. Even at the lower end of this range, the
concentrationswould be significantlygreater that the WWQS of 8 pCi\L.

In view of the potentialmagnitude of the increase in local groundwater
strontium-g0concentrationsfrom a slug release, the decision to discharge any
additionalwater to this crib should be carefullyconsidered. In addition,
some interim action may be appropriateto minimize natural recharge around the
cribs. For example, interim restorationof the natural vegetation (Routson
and Johnson 1990) to enhance evapotranspiration,may help to reduce the
potential for continuing drainage of strontium-g0into the aquifer from this
crib.

5.3 EVALUATION OF MONITORING NETWORK ADEQUACY

Three RCRA facilities are located in the IO0-N Area: the 1301-N LWDF,
1325-N LWDF, and the 1324-N/NAFacilities (see Figure 24). Interim-status
groundwatermonitoring began at all three facilities in December 1987
(EPA 1989). The facilities are located close together and have interrelated
effects on the groundwaterhydrology and chemistryof the IO0-N Area
(DOE-RL Igg2b).

The 1301-N LWDF and 1324-N/NAFacilitieswere monitored under a
groundwaterquality assessmentprogram during 1991. The 1325-N LWDF was in a
detection program in 1991. The 1301-N and 1324-N/NAFacilitieswent into
assessment in the spring of 1989, because of elevated specific conductance in
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some downgradientwells. The groundwaterquality assessmentprogram yielded
no evidence that 1301-N or 1324-N/NAhave contributedhazardousconstituents
to the groundwater (Hartman1990). A new groundwatermonitoring plan for the
three IO0-N Area RCRA sites was issued in 1991 (Hartman 1991). No data were
availablefrom the 1991 monitoringwhen the annual report was written
(DOE-RL 1992b).

5.3.1 6roundwater Monitoring Well Placement

During 1992, the groundwater in the IO0-N Area was monitored quarterly
under the RCRA and CERCLA programs. The 1301-N and 1324-N/NAFacilitieswere
monitored under an assessmentprogram and the 1325-N Facility remained under a
detection program. Some new wells were added to the monitoring network to
replace ones that had gone dry becauseof the continueddrop in water table in

. the IO0-N Area. Tables 14, 15, and 16 list the monitoringwells used for the
RCRA and CERCLA programs for the IO0-N Area facilities. The tables give
informationon the following items"

• Age of the well

• Where it is screened

• Its position with the network (e.g., upgradient)

• Sampling frequency

• If water level measurementsare also taken

• What standards the wells are constructedto

• If the wells are used by programs other than RCRA (e.g., CERCLA
operable unit numbers).

The g_-oundwatermonitoringwell network for the entire IO0-N Area and
each of its component RCRA facilities (1301-Nand 1325-N LWDFs,
1324-N/NAFacilities) is adequate.

5.3.2 Reporting of Monitoring Data

All hydrochemicalmonitoring data are reported in the HEIS database,
which is publicly accessible. Monitoringresults for the wells in the
IO0-N Area, for the period January 1990 through August 1993, were summarized
and used to evaluate the groundwaterquality and chemistry in Section 4.3 in
the previous section.

w
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Table 14. Wells Used to Monitor GroundwaterChemistry and Water Levels for
the 1301-N Liquid Waste Disposal Facil ty (DOE-RL 1993).

......

Sampling Water WelI Other networks
Well Aquifer frequency lev_,Is standards

19'9-N-2_ Top of ' Q Y P'R'E ' -- '
unconfined

, i , , ,,,

199'N-3_ Top of Q Y PRE IO0-NR-2
unconfined

i ,i , , ...,, m,, ,,, ,.,,,,,,,.,,,,

199-N-1469 Top of Q Y PRE --
unconfined

199-N-17al Top of Q "Y....... PRE 1'324-N'/NAASMT;
unconfined IOu-NR-2

199-N-2181 Top of Q Y....... PRE 1324-N/NAASMT; "
unconfined IO0-NR-2

......199-N-47_ Top of ' Q --- PRE 1324-N/NA'AsMT
unconfined

,,,. ,, m,, , ,

199-N-5487 Top of Q Y RCRA 1324-N/NAASMT;
unconfined IO0-NR-2

.,, .,, ,,,,

199-N-558z Top of Q Y RCRA 1324-N/NAASMT
unconfined

, ,,

199-N-5687 Top of Q Y RCRA 1324"-N/NA ASMT
unconfined

, , ,, ,,,.,,

199-N-578T Top of Q Y RCRA 1324-N/NAASMT
U unconfined

,, ..,, ,,,,,

199-N-6687 Top of Q Y RCRA IO0-NR-2
U unconfined

, ,, ,,,, ,,.

199-N-67_B Top of Q Y RCRA IO0-NR-2
unconfined

,,, ,,,, . ,

199-N-69aa Bottom Q Y RCRA --
unconfined

, , ,

199-N-7592 Top of Qa Y(93) RCRA 100-NR-2-
unconfined

199-N-7692 Top of.... Qa Y(9'3) RCRA IO0-NR-2
unconfined

.........

"Quarterlysa_q_lng began the last quarter of 1992.
Note: Superscript following welt nunW_r denotes the year of installation.

Y = used to monitor water levels (year in parentheses means monitored beginning in that year).
PRE =wett was not constructed to RCRAstandards. t

Q : frequencyon a quarterlybasis.
RCRA = welt is in conI}tiancewith Resource Conservationand Recovery,Act of 1976 (RCRA standards).

U = upgradientwelt in san_ting network.
ASMT= assessment,
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6.0 SUMMARY AND CONCLUSIONS

One-dimensionalor unit gradient transport and flow calculationssuggest
that strontium-g0should have reachedthe water table during the operational
period of use for the 1325-N Crib. The occurrence of strontium-g0in
groundwater in the immediatevicinity of the crib is consistentwith the
predictedbreakthrough,supportingthe assumptionsand methods used for
estimating contaminantmigration rates through the soil column.

The continuingmigration of strontium-g0into the aquifermay be
occurringcaused by natural recharge. The estimatedmagnitude of additional

. strontium-g0input to the aquifer becauseof single hypotheticalslug releases
of spent emergencywater appearsto be about the same order of magnitude as
the annual input caused by natural recharge. The localizedconcentrations
because of both types of input exceed the WWQS of 8 pCi/L for strontium-90and
mitigating measures for controllingthe natural infiltrationaround the crib
(e.g., restorationof natural vegetation around the crib or installationof an
interim infiltrationbarrier) should be investigatedas part of ongoing
remediationefforts. Likewise,emergencywater disposal should not be
discharged to the crib.

Other groundwaterconstituentswith elevated concentrationsin the
IO0-N Area are nitrate, tritium, sulfate, sodium,and chloride. These
parametersare being investigatedby the RCRA Monitoring Program as part of
ongoing investigationswithin the IO0-N Area. Tritium contaminationis also
being addressedas part of a IO0-N Area ExpeditedResponse Action. The
groundwatermonitoringwell network for this site is adequate.
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SUMMARY

Introduction

Despite the fact that the flux of radionuclides and water into the 1301-N and 1325-N
disposal trenches has diminished significantly since the shutdown of the N Reactor, the observed
concentrations of 9oSr in the compliance well N-8t have shown a slight increase in 0oSr
concentration from March 1991 to May 1992. One explanation for the observed increase in b

9oSr concentrations is that the chemical composition of water flowing through contaminated
sediments has changed significantly and is now causing previously adsorbed 9oSr to desorb. Sr
adsorption is known to be quite sensitive to competing cations such as Ca2., Mg2+, Na +, K-,', and
H-,.. This study was initiated to gain a better understanding of the adsorption/desorptJon "
properties of strontium onto/from 100-N Area sediments and how changes in groundwater
chemistry can effect these properties.

Available Chemical Data

The available historical chemical data from the 100-N Area, which are useful from a
geochemical perspective, are sparse. The lack of historical major ion data, in particular, has
hampered a thorough geochemical analysis of the competitive adsorption/desorption reactions
that occur between 9oSr and major cations. Some interesting results, however, are available
for well N-3. For example, in Figure 1, 9oSr concentrations in Well N-3 are plotted as a
function of time along with Ca concentrations. The increase in 9oSr concentration appears to be
well correlated with an increase in Ca + Mg concentration. These results are consistent with
our hypothesis that ion-exchange of Ca and Mg for previously adsorbed Sr is responsible for the
increases in 9oSr observed in well N-8t. Other malor ion data from N-Area indicate that high
concentrations of ion-exchange regenerant solutions disposed in 1324-NINA were over 1
Molar in Na concentration. Disposal of these solutions lirectly into the vadose zone has resulted
in greatly elevated concentrations of sodium in the groundwater in the vicinity of the 1324-
N/NA disposal site. The elevated sodium concentrations in the groundwater causes desorption of
Ca from exchange sites, resulting in elevated Ca concentrations.

Eczuiltbrium BatGh $orpl;iqn Resqlt@

Kd values determined in the batch adsorption and desorption exl:)eriments are listed in Table 1.

The K(:Ivalues listed in the K_(ads) column were determined after three days of adsorption.

Values listed under K_(desl) were determined after 16 days of desorption. Both K_(ads) and
Kd(desl) values were calculated using a mass balance approach based upon the initi:d and final

concentration values of ssSr in solution. K_ values under the K_(des2) column were determined

directly by measuring the concentrations both in solution and in the sediment after the 16 clay
equilibration period. The quality of the K<Idata which were determined directly are clearly

much more reproducible. For example, the experiments 13 through 17 all have the same
initial calcium and magnesium concentrations and we would therefore expect the K_ results to be

very similar for all of these experiments. The K_(desl) results for these
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Figure 1. Sr.90 (pCL/L)and the sum of Ca and Mg (#mole_L) concentrations in well N-3 as
function of time.

experiments ranged from -11 to 46. This is a large difference. The K4(des2) results,however,
ranged from 10 to 14. The K,j(des2) results are plotted in Figure 3 as a function of the final
solution concentrationof Ca plus Mg. We can see that a very good linearcorrelation exists.
These resultssupportour hypothesisthat Sr is adsorbedto ion-exchangesites and that Ca and
Mg are effectivecompetitorsfor these sites. These resultsalso suggest that, with our
geochemical model, we shouldbe able to predictthe futureconcentrationsof 9oSr in
groundwater by combiningcurrent 9oSr anclmajor ion data from various IO0-N Area wells

" with modeling resultsof the future movement of the high salt content plume from the 1324
waste disposal pit Major ion concentrationsand pH values measuredat equilibrium for these
experiments are listed in Table 2.
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Table 1. Sr_BB..adsomtion and desorntiorl.. K_values (mL_g).

K_(ads) K_(des 1) K,_(das2)

1 96 111 -

2 18 25 50

3 50 85 102

4 19 40 43

5 10,5 145 220

6 24 45 62

7 42 82 122

8 21 42 39

9 57 1 14 157

1 0 25 50 47

1 1 2.7 -6.3 12

12 2.7 1.0 12

1 3 6.8 26 14

14 1.3 -I 1 !1

15 5.5 20 _1

16 11 46 13

17 10 42 _0

8 10 12 20

19 7 20 !7

20 8 20 13

21 10 24 15

22 8 5 24
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Table 2._eas_eQ total eoudibi'iumCaL_0_ _a, NO 2,and SG_. s_Iutionconcentrations

(mllllmoles/ltter) and mH for and Sr.85 aasort:tlon and desormttomexmeffr_emts.

1 0.182 0.018 0.032 0.000 0.000 7.38

2 0,724 0.016 0,020 1,274 0.000 7,32

" 3 0.195 0,185 0.005 0.339 O.JO0 7,45

4 0.773 0.185 0.022 1.597 0.000 7,33

5 0.137 0.012 0,783 0.000 0.323 7.22

6 0.724 0.016 0.783 1.290 0,375 7.24

7 0.160 0.152 0.783 0.339 0.375 7,18

8 0.873 0.177 0,105 1.903 0,312 7.03

9 0.145 0,078 0.391 0.161 0.187 7.34

10 0.724 0,095 0.396 1.419 0.187 7,08

1 1 3.27 0.012 3.96 6.725 2.020 6.90

t 2 3.27 1.73 3.96 9.661 1.853 7.01

13 3.29 0.864 0.022 8.015 0.000 7.16

t4 3.24 0,864 7 71_ 7.967 3.727 6.98

1 5 3.24 ,3.964 3,92 7.983 1.791 6.94

16 3.29 0.864 3.96 8,145 1.832 7.01

1 7 3.27 0,864 3,96 8,209 1.832 6.99

16 1.70 0.012 0.017 3.242 0.031 7.26

1 9 2.00 0.864 3.96 5.467 1.791 7.05

20 1,67 1.67 11.2 6.741 5.517 7,05

2 1 1.70 1.73 0.017 6.951 0.000 7.24

22 1.70 0.012 11,0 3,113 5,247 7.36
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Figure 3. Sr-85 t_ values as a function of the sum of the equilibrium calcium and magnesium
concentrations in solution for IO0-N Area sediment.

_netiCBatchl_,SorDttonResults

Several attempts have been made to determine reliable adso_tJon kinetics data which could be
usecl along with the equilibrium Kd results as a check on the column adsorption/desorptlon

modeling results which will be discussed later. In our first attempt to determine the kinetics of
strontium adsorption, the adsorption solutions had such a high calcium concentrations that
essentially no strontium adso_tion occurred, tn our second attempt, the initial calcium
conoen_ation was very low, However, calcium dissolved from the sediment during the
experiment, which caused the equilibnum K< ¢ochange dunng the course of the experiment. As

a result the usefulness of the data was compromised. Results from our last set of kinetics
experiments ate shown in Figure 2. Althougt_ we can see that equilibrium is reached in about
two weeks or less, _e uncertainty of the data is greater than desired.
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Figure 2. Natural logof the solutzon concentration of Sr-85 in the adsorption kinetics
experiments as a functionof time.

I,on-Exchanae as the Mechanism of Strontium Adsomtion ontoNanford Sediments

Interpretation of the Ke results in terms of an ion-exchange mechanism can be

explained as follows. The ¢termoclynamically rigorous mass action equilibrium expression for a
bi,"ary cation-exchange reaction, such as strontium or cesium adsorbing onto a calcium
saturated clay, is

aNb,.. b(MX) ,-.,a(NX) ,.bMa,. (I)

where a = valence of macro ion
9

N = trace component (e,g., strontium)
b = valence of trace ion

M = macro component in binary system (e.g., calcium)
X = solid adsorbent (IO0-N Area sediment)
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The equilibriumconstant,K, can be expressedas

K = ([NX]a[Ma.]b)/([MX]b[Nb.]a) (2)

where brackets, 0, indicate thermodynamic activities. If one assumes that the exchange
capacity, C, of the solid adsorbent is constant (equivalents per unit weight) and that N is
prese,,t at low (trace) concentration, then the concentration of the trace constituent adsorbed,
(NX), is much smaller than C, and the concentration of macro ions adsorbed on exchange sites,
(MX), is approximately equal to C,'a [i.e,, [MX] =, C/a] in terms of moles per unit of weight,
because C ==(NX)b ,. (MX)b. Then, by using the standard definition of the distribution
coefficient, Kd = (NX)/(Nb_.), where (Nb+) is the solution concentration of the trace constituent

at equilibrium with the solid, and by substituting the relationship that activity is equal to the
concentration times an activity coefficient, i.e., [A] = 7{A}.(A), one can rewrite equation 2 as

K = [(Kd)a(Ma.)b/(C/a)b]'F (3)

where [" is the ratio of the activity coefficients:

p = [Ta(NX}.io(Ma+}/[.fo{MX}Ta{Nb+}] (4)

For ideal ion exchange of a trace constituent where the exchange capacity, C is constant, the
ratio of activity coefficients for the adsorbed ions, _{NX}/_{MX}, is constant. Further, for
low ionic strength solutions the ratio "(o(Ma+}/ya(Nb+} is also constant, and thus F becomes
constant. Using these conditions/assumptions and a loganthmic transform of equation 3, the
dependence of Kd (the trace constituent distribution coefficient) on the macro ion concentration,

(M), reduces to -b/a, the ratio of tracer ion charge to the macro ion charge. For exchange ot
St2+ for Ca,?.,., -b/a is -1.0.

A linear regression of 'he data .n Figure ! gives the following equation

log K,_ =-0,c3901ogiCa ... Mg]-1.058 (5)

The slope -0.39 is close to the theoretical value of -1.0, which suggests that ion-exchange is
the dominant adsorplson mechanism for strontium; however, it is different from -1.0 by an
amount wnich suggests that another mechamsm may also be operative.

C_lu rrl,n,_xDerim,_nt _esult_

tn order :o verify the validity of the adsorption data discussed in the previous sec_ons of this
paper, three column experiments were conducted. Each expenment was run at a flow rate of
approximately 5 pore volumes per day. The first two column experiments (H1 and H2) were
conducted using a solution concentration of 0.00312 M Ca(NO3)2, 0.000823 M Mg(NQ3):z and

t

0.00156 M Na2SO,=. The third column !L3) was conducted using solution concentrations of

0.000624 M Ca(NC,]),.., 0.000165 M Mg(NO3) 2 and 0.000312 M Na2SO4. Each experiment

was imtiated by conducted by pumping 3pproximately one pore volume of Sr-85 spiked influent
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solution• Subsequently, unspiked solution was pumped thrcugh the column for the duration of
the experiment. The results of these experiments are plotted in Figures 4 to 6, as C/C= for Sr-
85 as a functionof pore volume of effluent. Alsoshownon these figures are model fits to the
data using two-site/two-regionmodel(Parker and van Genuchtan, 1984). In this model the
adsorptionterm is assumedto consistof two components,one governed by equilibrium
adsorptionand one by first-orderkinetic non-equilibriumadsorption. Modeling parameters
are listed in Table 3. R is the retardationfactor. D is the dispersioncoefficient. I] a_d c_are
dimensionlessvariables from which the first-order rate coefficient, cz, is determined.

J In the case of columns H1 and H2 the modeling was conducted by fixing the retardation factor to
values expected from the equilibrium Kdvalues determined in the batc_ ad.so_t:ion
experiments. The adsorption rate coefficients determined in this manner for columns H1 and

• H2 are very reproducible and are consistent with the results from the batch kinetic
experiments•

0,05 l l ' ! '-/

• Experimental Data t
t

t
0.04 J ,,...,,O_.. ------- Model Fit

/ ,,,row

.-. / \
m • ok

O 1 • \ \
0,02 - •

/ -
I / 1

0 ._ 111 ,

0 10 20 30 40 50 60

Pore Volumes

Figure 4, Exl;erimental Sr-85 aclsorption/desorption results and model fit for column H1.

A-9



WHC-EP-0675

0.05Z z l , _ _ I r

I • Experimental Data
; _ Model Fit

0.04-1 e " -
/...t i

0.03- •
_" _ • \

, / "\° F
- ieJ • m

t i ",
i i \

. /

001-i i
I

i • •
O" _ • •v _ i I

0 10 20 30 40 50 60 70

Pore Volumes

Figure 5. F..xDertmentaa Sr-85 acsomt;on/desomtion results anti model fit for column H2.

in the case of cotumn L1, the expected retardation factor was 292. When this value was fixed,
the model did not converge to a reasonal_le fit of the data. When the model was allowed to fit for
the retardation factor, the model converged to a reasonaDle fit but the fitting parameter results
were not reasonai:}le. The retardation factor was determined to be 2376 and czwas determined to

b_, 0.005 clays -I The retardation fac*.or cletermmed by the motel fit was eight times larger than
that expected from our baich adsori:ition exl_enments. In aclciticn the (z determined by the model
fit was smaller than that determined by Re fits of the H1 anci I.-12column data by a factor of 20.
The reason for the prot:ilems in fitting ',he L I data have not yet been resolved.

10
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Figure 6. ExDerimental Sr-85 adsorDtion/desorption results and model fit for column L1.

Table 3. Modeling parameters determined for column transport experiments.

C._lumn R O (cma/day) (] c_ (z (days "1)

H1 66.4 (held constant) 27.3 0.307 0.706 0.095

H2 67.0 (held constant) t0.4 0.379 0.662 0.100

" L1 2376 22.5 0.067 1.56 0.005

11
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