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AI)$TRACT

This studywas performedto evaluatethe potentialfor transportof lead

from the HanfordSite218-E-12BBurialGroundto the surroundingsurface-and

groundwater.Burialof metalcomponentscontainingnickelalloysteeland

leadat this locationmay eventuallyresultin releaseof leadto the

- subsurfaceenvironment,includinggroundwateraquifersthat may be usedfor

domesticand agriculturalpurposesin the futureand, ultimately,to the

. ColumbiaRiver.

The rate at whichlead is transportedto downgradientlocationsdepends

on a complexsetof factors,suchas climate,soiland groundwaterchemistry,

andthe geologicand hydrologicconfigurationof the subsurfaceregionbetween

the burialgroundand a potentialreceptorlocation.The geologicstructure

of the sedimentaryformationin thisareawas investigatedby usingavailable

publishedinformationand by observingthe wallsof the excavatedburial

trenchand drillingcorestakenin the region. Physical,hydraulic,and

geochemicalpropertiesof the sedimentarydepositswere determinedby

laboratoryanalysisof samplestakenfromthe trenchwallsand a limited

numberof samplesfromdrillingcores. Laboratorystudiesof the geochemical

environmentwere designedto evaluatethe solubilityof leadcompoundsin

Hanfordgroundwaterand theiradsorptionon subsurfacesoils.

The groundwatertransportanalysiswas conductedusinga one-dimensional

screeningmodelwith a relativelyconservativematrixof parametersobtained

fromthe hydrogeologicand geochemicalstudies. The predictedpeak

groundwaterconcentrationsfor a singlecomponentburiedat thislocation

rangedfrom 0.07to 7.6wg/L;thosefor an arrayof 120componentswere

between0.39 and 43 wg/L,dependingon assumptionsaboutclimateandother

transportparameters.The estimatedtransferof leadto the ColumbiaRiver

was less than I kg/yrin all cases,resultingin surface-waterconcentrations

thatwere below10 pg/L. The timesrequiredto reachthe peaklead

concentrationsin groundwaterand the riverrangedfrom0.24to 86 million

years-- well beyondthe timeperiodoverwhichthe site is expectedto retain

itscurrentgeologicaland hydrologicalconfiguration.
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EXECUTIVESUMMARy

An assessmentwas performedto evaluatereleaseand transportof lead

fromlargemetalcomponentscontainingnickelalloysteeland lead at the

HanfordSite 218-E-12BBurialGround. The potentialfor leadwithinthe

disposalunitsto entergroundwaterunderthe burialsitewas investigatedby

• examiningavailabledata on the site'sgeology,geochemistry,and geohydrology

to developa conceptualmodelfor releaseand transportof leadfrom the

. components. In addition, laboratory studies were performed to provide

information neededfor the model, but which was not available from existing

databases. Estimates of future concentrations of lead in groundwater and in

the Columbia River were developedbased on this information.

The geological strata underlying the burial ground form a sedimentary

deposit knownas the Hanford formation, a heterogeneousstructure that

contains layers ranging from fine-grained sand, clay, and silt to gravel and
boulders. Beneath the Hanford formation is an extensive, relatively

impermeablebasalt formation that constitutes the bottom of the unconfined

aquifer. Water is assumedto percolate downwardthrough the burial site and

the underlying layers of sedimentary deposits until it encounters the

unconfined aquifer approximately 61 m (200 ft) below the surface. After the

soil water reaches the unconfined aquifer, it is transported by groundwater

flow within the aquifer, which eventually discharges to the Columbia River.

The physical and hydraulic properties of soil determine the rate at

whichrainwateron the surfaceis transporteddownwardtowardthe unconfined

aquifer,and they"also influencethe ratesof competingrainwaterdisposition

processessuchas evaporation.The characteristicsof the Hanfordformation

beneaththe burialsitewere investigatedusinga numberof existing

resources,and by samplingsoilfrom the excavatedfacesof the burialpit.

Stratain the facesof the pit weremapped,and drillinglogsfrom boreholes
w

and wellsadjacentto the burialsitewere usedto map soil in the strata

betweenthe floorof the pit and the basaltformation.Soilsamplescollected

at the burialpit and a limitednumberof samplesfromboreholecuttingswere

testedto determinetheirphysicaland hydraulicproperties,includinggrain

sizedistribution,moisturecontent,porosity,permeability,and bulkdensity.
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The results of these tests were then used to predict the properties of similar

formations in the deeper strata, and ultimately the travel time required for
water to reach the unconfined aquifer.

The chemistry of soil andgroundwater also play an important role in
predicting transport of lead from the burial site. The release rate of lead

from the meta] componentsdependslargely uponthe oxidation rate of metallic
lead, on the dissolution of secondaryminerals such as lead carbonates in

water percolating through the soil, and on the total quantity of water

percolating through the soil surrounding the components. After dissolution,

transport of lead from the burial groundto the aquifer below is strongly
influenced by the abiltty of surrounding soil to adsorb and retain it. The

extent to which dissolved lead is adsorbedonto soil particles is a relatively

complexfunctton of the water and soil chemistry, and of the properties of the

lead species in solution. For this evaluation, sot1 samplesfrom the burial

site were analyzed to detemine their chemical and mineralogical make-up, and
the chemistry of groundwater tn the vicinity was available from data taken at
onsite monitoring wells.

The solubility of lead in Hanford soils and groundwater was predicted

using the MINTEOcomputercode along with laboratory analytical data for

groundwater chemistry at an onsite monitoring well. The modelpredictions

were then comparedwith the results of laboratory studies tn which the

solubility of lead in Hanford soil and groundwater systemswere determined

empirically. The results of empirical laboratory experiments, in which lead

solubility was determined to be approximately 236 /_g/L, was very close to the

predicted solubility of 287 #g/L from the computer model. Becausepossible

Interactions of lead with other metals in the componentswere of interest, the

solubility of ntckel was also predicted, using the HINTEQcode, to be 16.6

mg/L. For the transport modeling, it was conservatively assumedthat all

water leaching from the burtal ground dissolved lead and nickel compoundsup
to the saturation limit. Twosolubi!ity estimates for lead, 300 and 550 /_g/L,
were used in the transport modeling to represent a "best estimate" and a
"conservative" case.

Adsorptionof lead ontosoilfrom the burialsitewas beinginvestigated

usingtwo methodologies.In batchadsorptiontests,measuredquantitiesof
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soilwere placedintocontactwithlead solutionof knownconcentrationfor a

variablelengthof time,and the distributioncoefficientwas determinedfrom

the relativeamountsof leadremainingin solutionand adsorbedto the soilat

the end of the contactperiod. Adsorptionwas alsomeasuredin a dynamic

flow-throughcolumntestsystemto more accuratelysimulateactualconditions

at the burialsiteand to confirmthe resultsof batchtests. Basedon the

• resultsof batchexperiments,two valuesof the distributioncoefficientfor

lead,I0,000and 1200mL/g,were recommendedfor use in the transportmodeling

. to represent the "best estimate" and "conservative" cases, respectively.

Becausea substantial quantity of nickel is present in alloy steel

componentswithin the waste disposal units, the potential for nickel leaching

from the componentsto tie up adsorption sites in the soil and interfere with

adsorption of lead was investigated. This possibility was considered because

reduced adsorption of lead in the soil would result in accelerated transport

to downgradient groundwater locations. Iron and chromiumare also significant

constituents in the waste; however, these metals are not expected to influence

lead transport becauseneither is sufficiently soluble in a chemical form that

could competewith lead for soil adsorption sites. In order to determine the
extent of any interaction between lead and nickel in the Hanford soil and

groundwater system, additional batch adsorption experiments for lead were
conducted in the presence of dissolved nickel. The distribution coefficients

for lead resulting from these experiments were virtually identical to those

from experiments where nickel was not present, and lt was concluded that

nickel in the waste componentswould not be likely to affect lead transport in

this geologic system.

Transport modeling for this assessmentutilized data on soil properties,

predicted solubility, and estimates for adsorption of lead under the

geochemicalconditions at the burial site as described previously. The

calculations also included three source terms consisting of a single waste

disposal unit and arrays of 120 units having either "maximum"or "average"

mass. Modeling of water flow from the burial site through the vadosezone to

the unconfined aquifer included scenarios for three different recharge rates,

which were coupled to a groundwater flow model appropriate to each case. A

recharge rate of 0.1 cm/yr through the vadosezone was used to represent a
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situation in which the burial site is protected by an engineered barrier; a
recharge rate of 0.5 cm/yr was used to model an unprotected burial site under

arid climatic conditions such as those that currently exist; and a recharge
rate of 6.0 cm/yr was used to evaluate the potential effect of a more humid

climate on lead transport from an unprotected burial site in the future.

The concentration of lead in groundwater was evaluated at two

downgradientlocations,I00 m and 5000m fromthe burialsite,and the

quantityof leadenteringthe ColumbiaRiverannuallywas also estimatedfor

the "bestestimate"and "conservative"transportcases. Peak lead

concentrationsat the 5000-mdowngradientwell rangedfrom0.07 to 43 _g/l

(ppb),and thoseat the IO0-mwell were comparable.The maximumannual

releaseof lead to the ColumbiaRiverwas lessthan I kg, resultingin an

averageconcentrationof g.2 x lO"_mg/l in riverwater. The combinationof a

highrechargeratewith a full arraysourcetermand "conservative"transport

parametersproducedthe highestconcentrations,whereasthe O.I-cm/yrrecharge

rate,a singleunitsourceterm,and "bestestimate"transportparameters

resultedin the lowestconcentrations.Even forthe "conservative"case,lead

was not predictedto reachthe unconfinedaquiferuntil240,000yr after

disposal-- well beyondthe timeperiodoverwhichthe burialsite is expected

to retainits currentgeologicaland hydrologicalconfiguration.
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I•0 INTRODUCTION

This studywas performedat PacificNorthwestLaboratoryz to providean

initialestimateof leadreleasesto groundwaterassociatedwith the permanent

disposalof largecarbonsteelcomponentscontainingnickelalloysteeland

leadat the HanfordSite218-E-12BBurialGround• Previousanalysesfor

• shallowwastedisposalsitesat Hanford(U.S.Departmentof Energy[DOE]1987)

indicatedthatuse of groundwaterfroma downgradientwell to maintaina two-

. hectarefamilyfarm resultedin the maximumindividualexposureto

radionuclides•Intrusionscenarioswere notexplicitlyincludedin this

analysis becausethe probability of direct intrusion into a waste site, and

the resulting consequencesfor an affected individual, were generally lower

thanfor the familyfarmscenario. In addition,currentfederalregulations

for lead in the environment do not require evaluation of intruder scenarios,

nor do they specify standards for media other than air and drinking water;

hence, transport of lead to surface- andgroundwater was considered to be the

most significant benchmarkfor this analysis.

Estimatesof leadmigrationin groundwaterrequiredinformation

concerningthe geologicstructureunderlyingthe burialtrench,the

geochemicalpropertiesof the soil/groundwatersystem,and the physical-

hydraulicpropertiesof the site. This studywas dividedintothreetechnical

tasks as follows:

• characterization of the geologic structure and physical-hydraulic
properties of soil strata underlying the burtal site

• characterization of the geochemical system for release andmigration of
lead from the disposal site, including potential competitive effects of
nickel on soil adsorption of lead

• • modeling of water flow and lead migration in soils and groundwater to
determine future concentrations in surface- and groundwater at
downgradient locations.

I PacificNorthwestLaboratoryis operatedfor the U.S.Department
of Energyby BattelleMemorialInstituteunderContract
DE-ACO6-76RLO1830.
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Infomatton needed to perfom the assessment was obtained from existing

literature and databases where possible, and laboratory studies were conducted

to provide data that were not available from other sources. Methods used to

obtain necessary data and the results of the transport analysis are described

in the following sections.
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2.0 THE STRATIGRAPHY.GEOHYDROLOGICPROPI_RTIES,AND SUBSURFACI_FI,OW
CONCEPTUALMODELOF THE GEOHYDROLOGICSYSTEMUNDERLYINGTHE

218-E-12BBURIALGROUND

This sectionof the reportdescribesthe geologicand hydrologic

characteristicsof the 218-E-12BBurialGround,whichis locatedin the 200-

Eastarea of the HanfordSite (Figure2.1). The suprabasaltgeohydrologyin

" the vicinityof the burialgroundconsistsof unsaturatedand saturatedflow

withinthe unconsolidatedsedimentsof the Hanfordformation.In general,the

• Hanfordformationin the vicinityof the burialgroundis characterizedby a

relativelythick(upto 100m) unsaturatedzone and thin (0 to 10s of meters)

saturatedzone. The generalstratigraphjof the area is discussedin this

section,followedby a descriptionof an existingconceptualmodelfor the

movementof waterthroughthisgeohydrologicsystem. A more detailed

descriptionof the burialgroundgeologyis presentedin AppendixA.

2.1 STRATIGRAPHY

Threeprincipalstratigraphicunitsare presentbeneaththe 218-E-12B

BurialGround(fromoldestto youngest):I) the MioceneColumbiaRiver

basalt,interbeddedwith 2) sedimentarydepositsof the EllensburgFormation,

and 3) the glaciofluvialHanfordformation(Lastet al. 1989). The Hanford

formation(informalname)makesup the vadosezone and the unconfinedaquifer

directlybeneaththe 218-E-12BBurialGround. The Hanfordformationis the

principalpost-basaltsedimentaryunitbeneaththe burialground,whereit

averagesabout61 m in thickness(Figure2.2). The Hanfordformationwas

depositedduringperiodsof cataclysmicflooding,whichoccurred

intermittentlyduringthe last ice age (PleistoceneEpoch). The lastflood

eventtookplaceapproximately13,000yr ago (Mullineauxet al. 1978).

The Hanfordformationis dividedintothreesedimenttypes,principally

• on the basisof texture: I) graveldominated,2) sanddominated,and 3) silt

dominated(Figure2.2). Althoughallthreesedimenttypesare presentwithin

the 218-E-12BBurialGround,the gravel-dominatedsedimentspredominate.

Heterogeneityamongthesesedimenttypeswithinthe Hanfordformationoccurs

at sucha scalethat strataidentifiedin one boreholeoftencannotbe
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correlated to those in adjacent boreholes, partially as a result of the

complex history of flooding (Last et al. lg8g).

2.2 PHYSICALPROPERTIESOF THE HANFORDFORMATION

Representative data for physical properties of the Hanford formation

components are currently limited. Somelimitations of physical property data

include 1) a bias tn favor of the finer-grained sediments (e.g., sand, silt,

and clay) because representative samples of coarse-grained sediments are

difficult to collect and measure and 2) physical properties that may be

significantly altered during sampling (e.g., density increases and hydraulic

conductivity decreases due to compaction during coring). For these reasons,

in situ, field-tested measurements of physical properties are believed to be

more representative than those obtained in the laboratory, although in

practice they are difficult to obtain. Additionally, samples collected from

outcrops are more likely to reflect in sftu conditions than are borehole

samples. The geologic characteristics of the Hanford formation beneath the

burial site were determined from previous studies of these soils, as well as

from sampies taken for this study from the burial pit faces and nearby

boreholes. Where good field data were available in the literature, they were

used for this assessment. In the absence of such information, the study

employed data from laboratory analyses of collected samples. The physical and

hydraulic properties of Hanford sediments are summarized in Table 2.1.

The physical properties of the Hanford formation vary depending on

sediment type and depth below ground surface. Sediments at greater depth have

lower hydraulic conductivities and porosities, and higher densities because of

diagenetic effects such as compaction and recrystallization. Gravel-dominated

sediments tend to have higher saturated hydraulic conducttvittes and densities

(1.8 to 2.0 g/cm3), as well as lower total porosity (0.2 to 0.4) and moisture

(1 to 5 wtr) compared with fine-grained sediments. The gravel-dominated

sediments are usually more poorly sorted and display characteristic

large-scale foreset bedding, with dips up to 30 degrees from horizontal.

Haximumclast size ranges from pebbles to boulders greater than 1 m in

diameter. Gravel-dominated sediments often grade upward into sand- and silt-

dominated sediments. The sand-dominated sediments are intermediate in most
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properties betweengravel-dominated and silt-dominated sediments (Table 2.1),

and are bettersortedthanthe gravel-dominatedsediments.Structurally,the

sand-dominatedsedimentsdisplayplanar,subhorizontallaminationsranging

frommillimeters(mm)to centimeters(cm)in thickness.

Silt-dominatedsediments(predominantlysilt-to fine sand-sized

particles)have relativelylow saturatedhydraulicconductivities(0.15to

4.0Sm/day)and densities(1.4to 1.6g/cm3). Silt-dominatedsediments

composea relativelysmallproportionof the Hanfordformationwithinthe

218-E-IZBBurialGround. However,they are significantbecausethey tendto

concentrateand controlvadose-zonetransportof moistureas a resultof their

highermoistureretentioncapacity(upto 30 wt%). Two thin (a few feetor

less)silt-dominatedbeds are presentin the upper15 m (50ft) of the exposed

facesat the 218-E-12BBurialGround(Figure2.2). Additionalsiltbedsmay

be presentat depthsbelow15 m, but they are difficultto identifyfrom

drillinglogs becauseof theirlimitedthicknessand higherdensitiesthat

resultfrom compactionat thesedepths.

2.3 HYDROLOGY

Groundwaterin the vicinityof the 218-E-12BBurialGroundoccursunder

bothunconfinedand confinedconditions.The focusof thisreport,however,

is on the vadosezoneand unconfinedaquifer(Figure2.2). The unconfined

aquifer,whichis generally_ 3 m thickin the vicinityof the burialground,

occurswithinthe Hanfordformation.Pointmeasurementsof the saturated

thicknessof the unconfinedaquiferbeneaththe 218-E-12BBurialGroundrange

from_ 0.6 to 1.3 m. However,the unconfinedaquiferis thickerboth north

and southof the burialground. ColumbiaRiverbasaltformsa relatively

impermeableconfininglayerbeneaththe Hanfordformation.Aquifertests

withingravel-dominatedsedimentsof the Hanfordformationindicatedthat

saturatedhydraulicconductivitiesin theseHanfordsoilsrangedfrom25 to
i

27,500m/day(Table2.1). The highesthydraulicconductivityvaluesmeasured

at the HanfordSitewere associatedwithmatrix-depletedboulderygravels,

whicharegenerallynot presentbeneaththe 218-E-12BBurialGround. In

contrast,the saturatedhydraulicconductivityof basaltunderlyingthe
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unconfined aquifer is less than 1 m/day in the horizontal direction and 3 x

10"s m/day in the vertical direction (Lum et al. 1990).

To the south of the 200-West and 200-East Areas, the regional

groundwater flow is currently from west to east. The groundwater flow

direction in this area is controlled primarily by recharge from the Cold Creek

and Dry Creek drainages (located to the southwest of the Site), an artificial

recharge moundassociated with B Pon_, and the Columbia River. The B Pond

consists of a series of unlined, interconnected waste water disposal ponds

that receive effluent from the 200-East Area. Discharges to B Pond will be

discontinued as activities at the Hanford Site shift to emphasize cleanup.

Thus, the present conditions reflecting B Pond operation are not expected to

persist. Based on the December 1987 water table shown in Figure 2.3,

groundwater in the vicinity of the 218-E-12B Burial Ground is moving from B

Pondtoward the west, turning north through the gap between Gable Butte and

Gable Mountain. Although this general flow pattern would be expected to

persist over the near future, the exact level of the water table is subject to

short-term fluctuations caused by seasonal variations in precipitation and

changes in site operations (Woodruff and Hanf 1991).

For this assessment, two cases of regional groundwater flow in the

absence of B-Pond recharge have been simulated -- one showing present climate

conditions (0.5 cm/yr recharge) and another illustrating potentially more

humid climate conditions (5 cm/yr recharge). Water table contours for these

two cases are shown in Figures 2.4 and 2.5. A conceptual model describing the

unconfined aquifer beneath the 200-East Area under these conditions is

discussed in a subsequent section of this document.
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3.0 GEOCHEMISTRYOF LEAD IN SO]{L/GROUNOWATERSYSTEMSAT THE HANFORDSITE

This portionof the studyinvestigatedthe solubilityand adsorption

characteristicsof lead in Hanfordsedimentsthatexistat the burialsite.

Possiblecompetitiveeffectsof othermaterialsin the wastecomponentson

soil adsorptionof leadwerealso investigatedas partof the study. Thiswas

. consideredbecausethe presenceof othermetalscouldreduceadsorptionof

lead in the soilcolumnand tnerebyaccelerateitstransportto downgradient

. groundwaterlocations. Iron,chromium,and nickelare alsosignificant

constituentsin the waste,andof the threeonlynickelis sufficiently

solublein a chemicalformthat couldcompetewith leadfor soil adsorption

sites. Therefore,this investigationincludedexperimentsto determine

whethernickelmightinfluenceadsorptionof leadin Hanfordsediments.

Estimatesof the releaseof leadand nickelfromthewastecomponents,and

theirremovalby geochemicalprocessesas theymovewith soilwaterthrough

the subsurface,dependuponcorrosionratesin thewastecomponents,chemical

formof the releasedmetals,theirmobility,and theirprobableinteractions

with aqueousgeochemistryand sedimentmineralogybeneaththe site.

As partof this task,a literaturesearchandgeochemicalmodelingwere

performedto determinesolubilityconstraintsfor leadand nickelin Hanford

groundwaterand soilporewater. An empiricalsolubilityexperimentwas

conductedto verifythe accuracyof theMINTEQsolubilitycalculations.Batch

adsorptionstudieswere conductedto determinethedistributioncoefficients

(Rd)for lead on Hanfordsediments,as well as to investigatepotential

competitiveeffectsof nickelon leadadsorption.Flow-throughcolumn

experimentswere performedto confirmthe resultsof the batchexperiments.

• 3.1 METHODSFOR DE','ERMININGLEADANl)NICKELSOLUBILITY

Metalliclead and'nickelwill be presentin the burialgroundas solid

' leadmetaland nickelalloysteel. Groundwatertransportpredictionsrequire

knowledgeof the rateat whichsolidformsof the metalsleachintosolution

as well as their;soil adsorptionpropertiesas discussedin the following

sections. For thisanalysis,leachingof lead and nickelfrom the metalwaste

componentswas treatedas a thermodynamicsolubilityprocess. That is, it was
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assumedthat recharge water percolating through the burial ground contacts the

buried wastes and instantaneously oxidizes and dissolves enoughmetal to
achieve equilibrium with the lead and nickel compoundsthat would be

thermodynamically stable under these conditions. This approach ignored any

kinetic and masstransfer hindrances to dissolution that are likely to lov;er

the concentration of lead in leachate from the buried wastes, and, therefore,

providesa theoreticalupperboundforthe fluxof lead intogroundwater.

The solubilityof lead in Hanfordgroundwaterwas estimatedusingtwo

methodologies.The firstmethodutilizedsolubilitycalculationswiththe

MINTEQgeochemicalequilibriumcode (Felmyet al. 1984). The compositionof

groundwaterusedin thesecalculationswas determinedfor watertakenfrom

well 6-S3-25and is listedin Table3.1. Thiswell is locatedin the general

vicinityof the 200 Area,but is sufficientlyremotethat it is relatively

uncontaminatedby liquiddischargesfromoperatingfacilities.Basedon the

wellwateranalysisshownin Table3.1 and assumingequilibriumwith the solid

phasesof plausiblelead and nickelcompounds,the MINTEQcodewas usedto

calculateequilibriumsolutionconcentrationsfor thesecompounds.

In the secondmethod,lead solubilitywas determinedempiricallyby

equilibratingleadmetalwith Hanfordgroundwater.Afterthe equilibration

period,the solutionwas filtoredwith an AmiconCF 25 Centriflomembrane

filterconewith a nominal18-angstromporesize. The lead in thesesolutions

was analyzedby InductivelyCoupledPlasma-MassSpectroscopy(ICP-MS).Prior

to use the filterwas treatedby soakingovernightin deionizedwaterand then

passing5 mL of Hanfordgroundwaterthroughthe filter.

3.2 DESCRIPTIONOF ADSORPTIONI_XPERIMENTS

The followingsectionsdescribeproceduresusedto preparesoil samples

for laboratoryanalysesand to conductadsorptionstudies. Batchtestswere

performedto providedata for transportmodeling,and a flow-throughcolumn

testwas conductedto confirmthe resultsof batchtests.
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_I_J.L)__I.ChemicalCompositionof HanfordGroundwater(a)(Well6-S3-25)That
Was Inputto MINTEQComputerCode for Determinationof Solubility
for Leadand NickelCompounds

Chemistry SamoleUsed (4/90) Ranaein ComDosttl(m(1985-1990)
pH 8.14 7.82 - 8.47
Eh(my) 309 283 - 385
Cations (meq/L)(b) 5.29 4.9- 5.4
Anions (meq/L) 4.60 4.6 - 6.1

, Constituents:

A1 <0.03 <0.03 - 0.064
B 0.1 0.02 - 0.10
Ba 0.08 0.04 - 0.08
Ca 48.8 48.8- 58.8
Cd <0.004 <0.00_4
Cr <0.020 <0.02 - 0.034
Cu <0.C04 <0.004
Fe <0.005 <0.005 - 0.008
K 9.9 4.9 - 9.9
Li <0.004 <0.0041
Mg 14.6 13.Z- 14.6
Nn <0.002 <0.002 - 0.13
Na 32.1 23.8 - 32.1
P <0,1 <0.1
Pb <0.06 <0.06
Si 16.4 14.6- 16.4
Sr 0.25 0.23 - 0.25
Zn <0.02 <0.02 - 0.08
F" 0.5 <0.5 - 0.7
Cl- 27 21 - 27
NO_ <0.3 <0.3

NO_ <0.5 <0.5

PO_" <0.4 <3
SO_" 75 63 - 92

T-AIk (asCO)') 67.5 67.5 - 92.4
' TOC 1 0.3- 1.7

, (a) From: Serne, R. O., V. L. LeGore, C. W. Ltndenmeier, J. A. Cambell, and
J. L. Conca. 1991. Proaress on Task D PerformanceAssessmentSUPPOrtin
the Solid WasteTechnoloavSUDpOrtProject. Pacific Northwest
Laboratory, Richland, Washington.

(b) Oneequivalent (eq) equals the gram-atomicmassof a given catton dtvided
by 1ts tontc charge.
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3.2.1 PreDaration and Analysis of Hanford SedimentSamples

Approximately 45 kg of sediment representative of the most common
material in the pit wall strata were collected near the base of the burial

trench. This material weighed43.4 kg after air drying, and 29.2 kg of finer

soil remained after screening out the coarser (>2 mm)material. The 14.2 kg
of coarse gPavel wasdiscarded and the "fine" material was used in all further

!
characterization and laboratory studies to determine the geochemical fate of

lead. The "fines" included sand, silt, and clay, which were thoroughly mixed

prior to characterization and laboratory studies. The silt and clay size

fractions of the "fines" were characterized using X-ray diffraction (XRD) to

determine mineralogy. Analyses for calcium carbonate content, total cation

exchangecapacity, organic carbon, and particle size have also been completed.

3.2.2 Batch Adsorotion Test_

The primary metal of tnterest tn this study was lead. The distribution

coefficients (Rd) for lead were measuredboth in the absenceand presence of

nickel using batch adsorption tests, and the batch Rd values were corroborated
using flow-through columntests. The experimental details for performing both

batch and column adsorption tests are described in Relyea et al. (1980),
Relyea (1982), and Serne and Relyea (1983); a theoretical discussion of

adsorption mechanismsappears ln AppendixA. The specific experiments

performed for this study included batch adsorption tests using fines from

samplescollected at the burial trench, and a representative Hanford
groundwater (from we116-$3-25) spiked with lead at initial concentrations

ranging from 3.0 x 10"e H (6.2 pg/L) to 1.0 x 10"s H (207 pg/L). The potential

competitive effects of nickel on adsorption of lead were studied by varying
the lead concentrations in the presence of an initial nickel concentration of

5.0 x 10"sH (2.9 mg/L). The solution-to-solid ratio used tn the batch tests

was approximately 30 mL:l g, with contact times of 7, 10, or 30 days.

Solution was separated from soil using both centrifugation and filtration
through O.22-/zmmembranes.

The methodologies described abovewere used to determine the bulk of the

Rd values in this study. In order to obtain Rd data at very high lead
concentrations in the sediment, another experimental methodologywas
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developed. Inthis case, a very large solution-to-solid ratio was used so

• that the sediment would adsorb a large amountof lead but the concentration of

lead in solution would remain relatively high. To accomplishthis, one gram

of sediment was placed in each of two chromatographycolumns, and ten liters

of a groundwater solution containing 207 ,g/L lead with radioactive tracer was
continuously rectrculated through the columnsand back to the solution

reservoirs at a flow rate of approximately 3 mL/minute. After one week, the

tracer radioactivity in the equilibrium solutton and sediment from each

• experiment was counteddirectly.

The lead Rd values were determined using two different analytical
techniques. Somebatch tests contained 2z°Pbtracer that was measuredusing

gammaray spectroscopy, whereas other tests contained only stable lead that
was measuredin solution using ICP-MS. Whenonly solution concentrations

could be measured(stable lead experiments), concentrations in the initial

solutton (tnfluent or pre-contact solution) and the final solution (effluent

separated at the end of the batch contact) were measured. The massdifference
betweenthe tnfluent and effluent was assumedto equal the amountadsorbed

onto the sediment. The Rd value was then calculated using the following
equation:

(Cinf - Cefr) V .. C Soil V

Rd m -- m --"" (3,,1)

Cefr W C Solution W

where Cln f mm leadconcentrationor traceractivityin Influentsolution
(g/mL"orcounts/mL)

Cefr mm leadconcentrationor traceractivityin effluentsolution
(g/mLor counts/mL)

• CsoiI mm leadconcentrationor traceractivityin the soil (g
solute/gsoilor countstracer/gsoil)

Csolution- lead concentrationor traceractivityin solution(g/mLor
counts/mL)

V - volumeof solutionused (mL)

W -weight of soil used (g).

Equation (3.1) was used to calculate Rd values for lead in the experiments
where only stable lead was present.
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In the experiments that contained 21°Pbplus stable lead, the sediment

containing adsorbedZl°Pbwas also countedto permit determination of Rd values
directly using Equation (3.2):

S
- -- (3.2)U

C

where S - activityof tracerper gram of soil

C m activityof tracerper mL of effluentsolution,
¢

as well as indirectlywith Equation(3.1). Ingeneral,the Rd values
calculatedusingEquation(3.2)wereconsideredmore accuratefor thesetests

becausethey are not affectedby adsorptionof traceronto the container
walls.

3.2.3 ColumnAdsorDtlonTests

A flow-throughcolumnexperimentwas performedto corroboratethe Rd
valuescalculatedfor leadusingthe batchadsorptionexperiments.In order

to obtaindata in a timelymanner,the flow-throughcolumntestwas conducted

at a relativelyrapidflowrate (approximatelyI0 porevolumes/day).The

residencetime for groundwaterin the columntestwas thereforeonly 2.4

hours,whichis extremelyshortcomparedwiththe predictedresidencetimesof

rechargewaterin the vadosezone sedimentsat Hanford(50 to 2150yr, see

Section4.2). Conditionsin the flow-throughcolumntest thus represent

extremesthatare likelyto over-predictleadmobilitybasedon adsorption

kineticsand colloidaltransportpotential.The extremelyshortresidence

time in the laboratorycolumntest couldpotentiallypreventsomesoil

adsorptionthatwouldnormallyoccurat lowerflowrates. The kineticenergy

impartedto the systemas a resultof the higherflowratemightalsopromote

colloidaltransport.Therefore,the columntest shouldrepresentworst-case

conditionsfor lead adsorption,in additionto providinga checkon whether

otherprocessesnot adequatelycoveredby batchadsorptiontests(e.g.,

multiplespeciation)are importantin thisgeochemicalsystem.

The columntestallowedfordirectdeterminationof the retardation

factor(Rf)fromthe numberof pore volumesof effluentrequiredto reacha

breakthroughratio,Ceff /Cinf, of 50%. A 24-mLsedimentcolumnwas contacted
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withHanfordgroundwaterthathad beenspikedwith stablelead at a

concentrationof approximately250/_g/L(nearthe predictedmaximumsolubility

of lead). Effluentsolutionswere analyzedusingthe samemethodsused in the

batchexperiments.Fromthe observedbreakthroughcurveand retardation

factor,the Rd valuescan be calculatedusingEquation(3.3)

, Rf- I + p,[(1- (3.3)

, where:Rf = the retardationfactorv,/vn (velocityof water+ velocityof
solute)

p,= particledensityof the soilmaterial(mass/unitvolume)

= porosity(dimensionless)

and Rd = distributioncoefficient(mL/g)

becauseRf is measuredand Psand _ areobtainedduringthe test set up.

3.3 RESULTSAND DISCUSSION

The followingsectionspresentresultsof the characterizationof

Hanfordsedimentsin the vicinityof the 218-E-12BBurialGround,the

laboratoryexperimentsto determinethe solubilityof lead and nickelin

Hanfordgroundwater,and the extentof adsorptionof leadon thesesediments

in the presenceand absenceof nickel.

3.3.1 SedimentCharacteriIation

The sedimentcharacterizationdatacollectedare shownin Tables3.2

through3.6. Table3.2 showsthe particlesizedistributionof the "fines"

usedin all lab testsand the in situsampletakenfromthe field. The

particlesizedistributionwas determinedby combiningdry sievingand a

, modifiedpipetmethod(usinga centrifuge)to separatesilt fromclay. The

dry sievingshowedthatmost of the materialwas betweenI and 2 mm in

, diameter.Texturallythe sedimentwouldbe considereda very coarsesand.

The particledensityof the finesusedin laboratorytestingwas 2.84g/cm3,

similarto most Hanfordsediments.The saturatedpastepH and saturation

extractcompositionare givenin Table3.3. Table3.4 showsthe percentof

amorphoushydrousoxide,calciumcarbonate,andtotalorganiccarbonin the
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TABLE3.2. Particle Size Distribution of Hanford Formation Sediments in the
Vicinity of the 218-E-12B Burial Ground

P_r¢_111;by Weiahl;

Fines Usedin /n Situ Composition of
SedimentTvoe/Size Adsorotion Studies VadoseZoneSediments

_IL Gravel (>2mm) 0.00 32.7 '

Sand (<2mmto >63pm) 99.55 67.0
t

Silt (<63/_mto >2/m) 0.39 0.26

Clay (<2/_m) 0.06 0.04

TABLE3.3. Saturation Past_epH and Composition of Soil from the 218-E-12BBurial Ground_aj

SaturationPaste oH 8.35

Composition

Concentration
Constituent (ua/adry soil)

PO_- < 0.07
Cl" 6.38

NO3- 0.97

SO_- 16.48

Total Alkalinity (as CO_') 14.52
Na+ 5.26

Mgz+ 1.97
Ca2* 8.10

t

Sr2* 0.04

Si 3.98

DissolvedOrganicCarbon 1.66

(a) From: Serne,R. J., V. L. LeGore,C. W. Lindenmeier,J. A. Cambell,and
J. L. Conca. 1991. Proqresson TaskD performanceAssessmentSuooort
in the SolidWasteTechnoloqvSuooortProject. PacificNorthwest
Laboratory,Richland,Washington.
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TABLE3.4. AmorphousOxide, Calcium Carbonate and Organic Carbon Content of
the "Fines" in Soil from the 218-E-12B Burial Ground

Oxide Percent b.y Wetqht

SiO2 0.41

AlzO3 0.26

Fe203 O.41

' MnO2 O.02 •

CaCO3 0.82

• - Total Organic Carbon S 0.01

TABLE 3.5. ExchangeableCations and Total Cation Exchange Capacity for Soil
from the 218-E-12BBurial Ground

Concentration
Cation (meo/IO0q)

Na+ 0.12 _+0.02

Caz+ 4.15 +_0.63

Mg2+ 0.87 + 0.03

Total Exchangeable Cations 5.14 _+0.6

Total Cation Exchange Capacity 5.27 + 1.2

TABL,..E3.6. Mineral Contentof the Clay Size Fractionof the "Fines"Used in
AdsorptionExperiments

.......Mineral percentby Weiqht

Illite 13

Talc Not Detected

" Horneblende I

Kaolinite 3

" Chlorite 2

Vermiculite 8

Smectite 38

Quartz 9

Plagioclase 26
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fines. Exchangeablecation results are given in Table 3.5, and the mineralogy
of the clay fraction of the sediment is shownin Table 3.6.

The exchangeablecation and total cation exchangecapacity analyses

suggest that coarse sand has an exchangecapacity of about 5 meq/lO0 g, a

value typical of Hanford sediments, especially sands. In fact, given the
rather coarse texture of the sediments, we would expect values as low as 3

I

meq/lO0 g. The clay size fraction contains crystallites of plagioclase

feldspar, quartz, and the clays smectite, illite, vermiculite, and kaolinite.

Smectite predominates in the layer silicates, as is generally found for
Hanford sediments.

3.3.2 Solubiljt,y of Lead andNickel

According to MINTEQcalculations, the solubility of Pb2+ in Hanford

groundwater was estimated to be 1.39 x 10"s H (287 /_g/L) in equilibrium with

cerusite (PbC03). The solubility of lead was determined empirically by

allowing lead wool to equilibrate with Hanford groundwater for three months.

The unfiltered equilibrated solution had a lead concentration of 482 #g/L.
The lead concentration in the first 5 mLof solution passing through the 18-
angstromfilter was 383 /_g/L. The lead concentration in the second5 mLof

solution passing through the filter was 236 /_g/L. It was assumedthat 236

#g/L was most representative of the actual equilibrium concentration of lead

in this solution, and that the higher values originally observedwere biased

by suspendedcolloidal particles. Analysis of the whitish precipitate by XRD
indicated that it was hydrocerussite rather than cerussite. This was later

confirmed by x-ray absorption spectroscopy (XAS).

These results indicate that either cerussite is not the most stable

phase in equilibrium with Hanford groundwater, as indicated by the MINTEQ
runs,or that the formationof cerussiteis kineticallyinhibited.The

resultsalsosuggestthatthe solubilityof hydrocerussitein the testsystem

ismuch lowerthan that indicatedby the MINTEQcalculations,whichpredicted

a solubilityof 510/_g/Lin Hanfordgroundwater.Becauseof the difficulties

in determiningthermodynamicsolubilityproductsfor sparinglysolublesolids

in geologicalsystems,it is not uncommonfor valuesmeasuredin a particular

systemto differfrompublisheddata. In thiscase,the differencebetween
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the observedand predictedsolubilitylimitswas abouta factorof 2, whichis

relativelygood agreement.

MINTEQcalculationsindicatedthatthe solubilityof nickelshouldbe

controlledby Ni(OH)2,and the solubilityof Ni_+was estimatedto be

2.8 x 10.4M (16.6rag/L).

3.3.3 BatchAdsorptionStudi_s
i

The firstsuiteof experimentswas conductedfor a 7- to 10-day

equilibrationperiod. Figure3.1 illustratesthe 7- to 10-dayRd valuesfor

leaddeterminedin the radioactivetracerexperimentsas a functionof the

finalequilibratedleadconcentrationin solution,both in the presenceand

absenceof an initialnickelconcentrationof 5 x I0"sM. This valuewas

chosento approximatethe solubilitylimitfor nickelin Hanfordgroundwater,

allowinga marginof safetyto preventpossibleprecipitationof nickel

compoundsin the test system. The valuesfor Rd rangedfrom13,000to 79,000

and the Rd increasedas the concentrationof lead in the equilibratedsolution

decreased.This trendwas consistentwith expectations,becausethe relative

adsorptionof lead shoulddecreaseas more adsorptionsiteson the soilare

occupied.The effectis alsoillustratedin Figure3.2,wherelead adsorption

dataare plottedas an adsorptionisothermfor the radiotracerexperiments.

Whenthe finalconcentrationsof lead in solutionareplottedagainstthosein

soil,the concentrationof lead in the soil increasesin a linearfashionwith

the concentrationin solution(i.e.,totaladsorptionincreases).As can be

seenfromboth Figures3.1 and3.2,the effectof nickelon lead adsorption

was negligiblecomparedwithexperimentalvariationin the data.

The 30-daybatchRd resultsare shownin Figure3.3 and are comparedwith

the 7- to 10-dayresults. Exceptfor two outliers,the 30-dayRd values

• appearto be slightlyhigher,but generallycomparableto thoseobtainedin

the 7- to 10-daystudies. Becauseinfiltrationratesin Hanfordsedimentsare

extremelylow,the 7- to 10-dayRd valuesshouldbe conservativeestimatesof
the truevalues.

Figure3.4 portraysRd resultsobtainedusingthe non-radioactivelead

method,as measuredby ICP-MS. Rd valuescalculatedfromtheseresultswere
substantiallylowerthanthoseestimatedin the radioactivetracer

3.11



1E5

A 0

0

A Pbonly

0 Pbplus5x10"s M Ni

lOOO I I
0.001 0.010 0.100 1.000

[Pb2+,soln.]final(ng/mL)

FIGURE3.1. Distribution Coefficients (Rd)" for Lead from Radiotracer
Experiments, 7- to lO-Day Equilibration Pertod

1E4

1000 -

| oo

100

0 Pbonly

A Pbplus5x10"5M Ni

10 I I
0.001 0.010 O.100 1.000

[Pb2+,soln.]final(rig/mL)

FIGURE3.;_. Lead Adsorption Isotherm from Radiotracer Experiments, 7- to 10-
Day Equilibration Period

3.12



lO6

O

0 00
l0s -

A m•0 0

v

" A
1_-

_k7<layresults(Pbplus5 x 10"s Ni)

• 7-dayresults(Pbonly)

O 30<layresults(Pbonly)
103 I I

0.001 0.01 0.1 1

[Pb2+,soln.]final(n0/mL)

FIGURE3.3. Distribution Coefficients (RA) for Lead from Radiotracer
Experiments, Comparison of V_lues for 7- to 30-day Tests

1E5 ....

O Pbonly

A Pbplus5 x 10"5M Ni

O
E 1E4-

A oA
A

1000 I I
0.001 0.010 0.100 1.000

[Pb2+,soln.]fina(no/mL)

FIGURE3.4. Distribution Coefficients (Rd)for Leadfrom ExperimentsWithout
RadioactiveTracer

3.13



experiments. This effect is better illustrated in Figure 3.5, which showsthe

equilibrium isotherm for lead determined by ICP-MSafter a 7-day equilibration
period. Note that the lead concentrations in sediment were very similar to

those shownin Figure 3.2 for the radiotracer experiments; however, the lead

concentrations in solution were generally muchhigher for the ICP-MSresults

than those determined using the radiotracer technique. These anomalous
results appeared to be related to a systematic error in the ICP-MSmethodfor

analysis of solutions where lead concentrations approach the detection limit.

For example, the lowest lead concentration reported tn Figure 3.5 was

0.15 _g/L. In comparison, lead concentrations averaging 0.21 _g/L were

reported for five solutions containing various amountsof nickel (measuredin
a separate nickel-only adsorption study), but to which no lead had been added.

As a result, lt appears that reported lead concentrations in the O.Z _g/L
range and lower should be considered suspect.
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FIGURt_3.5. Lead Adsorption Isotherm from ExperimentsWithout Radioactive
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The ICP-MSdetectionlimitfor lead in the analyticallaboratorywas

theoretic,_llyabout0.05_g/L for relativelypure solutions.However,the

detectionlimitin environmentalsampleswouldbe substantiallyhigherbecause

of the presenceof otherconstituentsthatcouldpotentiallyinterferewith

the analysis. Underthe conditionsof theseexperiments,the concentrations

of lead in the equilibratedsolutionsarereportedto be near or below0.2

_g/L (asshownin Figure3.1). Becausegammaspectroscopyanalysisof 21°Pb

allowsfor accurateestimatesof leadconcentrationat extremelylow levels,

. we considerthe lead Rd valuesdeterminedby the radiotracertechniqueto be

muchmore reliablethan thosedeterminedusingthe ICP-MSmethod.

As a resultof the strongadsorptionof leadonto Hanfordsediments,and

the factthat the initialleadconcentrationswere solubilitylimited,the

solutionconcentrationvaluesat equilibrium(illustratedin Figure3.1)were

relativelylow (0.005to 0.3_g/L). Baseduponthe experimentaldata,the

initialleadconcentrationin the vicinityof the burialsite is expectedto

be limitedby the solubilityof hydrocerussitePb3(CO3)(OH)2.Our
experimentaldeterminationof leadsolubilityin Hanfordgroundwaterwas 236

_g/L. BecauseRd valuesdependstronglyon the equilibriumleadconcentration

in solution(seeFigure3.1),it wouldbe desirableto obtainthe Rd valueat
an equilibriumconcentrationnearthe solubilitylimitof lead in Hanford

groundwater.For example,if thedata in Figures3.1 or 3.2 are extrapolated

to a leadconcentrationin solutionof 236_g/L,usingEquation(3.4),

Rd = 1.2 x 104,C "0'274 (3.4)

an Re value of 2.7 x 103mL/g is estimated. The parameter C in Equation (3.4)
is the lead concentration in #g/L (ppb). In order to get experimentally

determined Rd values at lead concentrations near the solubility limit, two
experiments were conducted in which onegram of sediment was equilibrated with

10 liters of a solution containing 207 pg/L lead for approximately 7 days.
Figure 3.6 contains the samedata as 3.1 with the addition of these two data

points. The actual results were Rd - 1670 at 187 #g/L lead and Rd = 1190 at
200 pg/L. These values are about 50%of those predicted from Equation (3.4),
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whichwas subsequentlyrevisedbasedon the data shownin Figure3.6. The new

parametersare includedin Equation(3.5).

Rd - 9550.C"°'33s (3.5)

Several batch adsorption experiments were conductedas a function of

addedcalcite. Figure 3.7 illustrates the results. The initial lead

concentration in these solutions was 207 pg/L and can be comparedwith the

data in Figure 3.1 having the highest final solution concentrations. The

addedcalcite does appear to cause someincrease in the observed Rd values.
The equilibration period does not appear to have a significant effect on the
results. It should be noted that the effect of addedcalcite in these

experiments is probably greatly exaggerated relative to the effect of natural

calcite il_ the sediment. This is becausethe calcite was addedas a powder

which will have a surface area muchgreater than that which occurs in natural
calcite.
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3.3.4 ColumnAdsorotton Study

A column adsorption experiment was conducted to conftn, the valtdtty of

the batch adsorption results tna flow-through system, the results of whtch

are shown |n Ftgure 3.8. The tnfluent concentration of Pbz+ was 1 x 10-6 M

(207 #g/L), and after 900 pore volumes of thts solutton had passed through the

co]umn, there was no evtdence that the ]ead had broken through. Thts conftrms

that adsorpt|on onto sot1 ts effectively removtng lead from solution. A

retardation factor (Rf) appropriate for the condit|ons used |n the column test

was calculated ustng Equatton (3.3) to be 8440, based on an Rd of 1600 mL/g, a

particle denstty of 2.84 g/mL, and a porostty of 0.35. The Rd value was
. estimated from Equation (3.5) for a solution concentration of 207 #g/L Pb.

This result Indicates that 50% breakthrough shou]d not occur until over 8000

pore volumes have passed through the column. Although tt was Impractical to

run the column for thts long (800 days at the experimental flow rate), the

results after 90 days indicate that no unforeseen mechanismsthat could

significantly accelerate lead transport are operative.
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3.4 DISCUSSIONAND RECOMMENDATIONSFORTRANSPORTMODELING

Geochemicalparameters,as determinedin theselaboratorystudies,were

recommendedas inputfor "bestestimate"and "conservative"casesin the lead

transportmodel. "Bestestimate"valueswere chosento representthe expected

geochemicalbehaviorof 'leadat the burialground,whereas"conservative"

valueswere intendedto reflectcredibleboundingconditions.The solubility

• limitfor lead in Hanfordgroundwaterwas determinedto be in the rangeof 236

to 300pg/L basedon the resultsof laboratorystudiesand a geochemical

' model,respectively.The solubilitylimitfor nickelwas 16.6mg/L basedon

the geochemicalmodel. The "conservative"valuesfor the transportanalysis

were chosento be roughly double the "best estimate" values.

The results of batch adsorption studies indicated that Rd values for lead
ranged from 1.5 x 103mL/g near the solubility limit of lead in Hanford

groundwater (236 pg/L) to 5.6 x 104mL/g for equilibrium solution

concentrations of lead near 0.005 pg/L (see also Appendix B.7). The Rd values
chosenfor modeling were lower than those actually observed in the experiments

in order to provide a measureof conservatism in the calculations and to

account for the presence of coarser materials in situ beneath the burial

ground. The adsorptionpropertiesof the coarsergravelscouldnot be

measureddirectlybecauseof physicallimitationsin the experimental

procedures;however,adsorptionis expectedto be substantiallylowerin these

materialsthanin the fine-grainedsoilsused for the batchadsorption

experiments.Basedon the resultsof solubilityand adsorptionexperiments,

the valuesin Table3.7 were recommendedas "bestestimate"and "conservative"

estimates for use in groundwater transport modeling.

I_J.[_}._Z.Solubility,DistributionCoefficient(R,),and RetardationFactor
(Rf) ValuesRecommendedforUse in TranSportModeling

' Solubility(mg/L) RH (mL/g) Rf

Transport Best Conser- Best Conser- Best Conser-
CasQ _ vative _]LtOiiLt_vative Estimate vative

Pb 0.3 0.55 10,000 1200 40,000 4000
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4.0 WATERFLOWAND TRANSPORTOF LEAD IN HANFORDSOILSAND GROUNDWATER

In orderto estimateratesof groundwaterflowand lead transportat the

218-E-IEBBurialGround,a conceptualmodelwas developedfor the unconfined

aquiferunderlyingthe HanfordSiteusingavailabledata on geohydrologic

propertiesandgeochemistry(asdescribedin previoussectionsof this

• report). This sectiondescribesa simulationtechniqueused to analyzethe

migrationof leadfromwastedisposedof at the 218-E-IZBBurialGroundand

, presentsthe resultsof the transportanalysis.

Metalcomponentsin shallowland burialswill be subjectedto

degradationby the naturalenvironment,primarilythroughchemicalweathering

and dissolutionby infiltratingwater. The resultingleachatewilldrain

downwardunderthe influenceof gravityuntilit entersthe aquifer,whereit

will dispersein the groundwaterand be transportedto the ColumbiaRiver.

The consequencesof leadmigrationwill ultimatelydependon the amountof

lead in the disposalarea,the rate at whichit is leachedfromthe buried

wastecomponents,and interactionsof lead in solutionwith the soiland water

chemistry.

The conceptualmodelforthe burialsitewas the basisfor estimated

ratesof groundwatermovementthroughthe vadosezone and the unconfined

aquifer,and for predictedratesof leadmigrationfromthe burialgroundto

downgradientlocationsand to the ColumbiaRiver. The CoupledFluid,Energy,

and Solute Transport (CFEST)code (Gupta et al. 1982; 1987) was used to

produce a two-dimensional model of the regional aquifer in order to obtain

parameters necessary for the lead transport analysis. The TRANSScode

(Simmonset al. 1986) was then employedto simulate mass flow and transport

through the vadosezone and the unconfined aquifer using a one-dimensional

streamtubeapproach.This approachis similarto that used in previously

publisheddocumentsforthe HanfordSite (DOE1987;1989). Simulationswere

" performedfor a singlecomponent,and for a 4 x 30 arrayof 120componentson

15-m (50-ft)centers.

Parametersof interestin this investigation,whichwere incorporated

intothe simulations,includedthe following:
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• lead inventories for "average-" or "maximum-"sized components(supplied
by the cltent)

• three recharge rates (humid climate, arid climate, and engineered
barrier)

• two lead solubilities("bestestimate"and "conservative")

• two leaddistributioncoefficients("bestestimate"and "conservative")
e

• threereceptorlocations(wellsat I00m and 5000m fromthe burial
site,and the ColumbiaRiver).

I

Severaldifferentcombinationsof theseparameterswere consideredin the

analysisto provideestimatesfor leadtransportin the "bestestimate"and
"conservative"cases.

Lead inventorieswere assumedto be 227,000and 455,000kg for the

"average"and "maximum"sizeindividualdisposalunits,respectively.

Groundwaterconcentrationswere estimatedfor receptorsusingwaterfroma

downgradientwell located100m or 5000m fromthe burialsite,and the total

annualfluxof lead at the ColumbiaRiverwas alsopredicted.A groundwater

well located100m downgradientof the burialgroundrepresentsthe presumed

boundaryof the disposalsitewhen institutionalcontrolis no longer

maintained(DOE1990a). The groundwaterwell located5000m downgradient

representsthe locationof the familyfarm scenariothat has been used in

previousenvironmentalimpactstatements(EISs)(DOE1987;1989).

Specificrechargeratesof 6.0,0.5, and 0.1 cm/yrthroughthe burial

groundwere modeledfor this analysis(Figure2.2). The O.5-cm/yrrecharge

rate,appliedto boththe burialgroundand the HanfordSite,was chosento

representthe presentrelativelyaridclimate. The potentialeffectof a more

humidclimateon leadtransportin the futurewas modeledusinga 6-cm/yr

rechargeratefor the burialgroundand a 5-cm/yrrechargerate for the

Hanfordregionalaquifermodel. The 6-cm/yrrechargeratewas selectedto

modelthe burialground(inparticular,the unsaturatedzone)in orderto be

consistentwith previousreports(DOE1990b;GolderAssociates,Inc. 1991)

thatare basedin part on waterflow and leadtransportat the 218-E-12B

BurialGround. Therefore,usingthe 6-cm/yrvaluefacilitatescomparisonof

theseresultswith previouslyreportedanalyses,and it is not substantially
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different from the 5-cm/yr value that was the basis of a previous site-wide

analysis characterizing the responseof the unconfined aquifer to a more humid

climate (DOE1987; Evanset al. 1988; 3acobsonand Freshley 1990). The

influenceof dryerand wetterclimateswith respectto the unconfinedaquifer

at Hanfordis describedin Section4.3.2. The O.1-cm/yrrechargerate

representsa conservativeestimateof the maximuminfiltrationthatwouldbe

, expectedthrougha multilayeredsoil/rockbarrierdesignedto control

infiltrationoverthe wastesite,as describedin a recentEIS for the Hanford

Site (DOE1987).A

4.10N_-pIMENSIONAL STREAMTUBEAPPROACH

A one-dimensional streamtube approachas implemented in the TRANSScode

was described by Simmonset al. (1986). A detailed discussion of the

streamtube approachand its application was presented in the EIS for disposal

of Hanford defense wastes (DOE1987), and a similar approachwas used for this

study. This approachassumestransport along a series of streamlines that

form a streamtube. Advection was assumedto be the dominant process for lead

movement,and transverse dispersion was assumedto be negligible. Advection

is definedas contaminanttransportin the downgradientdirectionat the

averagegroundwatervelocity,whereastransversedispersionis transport

perpendicularto the directionof the averagevelocitycausedby variationsin

velocityaboutthe average. Neglectingtransversedispersioninthe

streamtuberesultedin conservationof mass alongitsentirelengthfromthe

burialgroundto the river.

The streamtubeapproachof Simmonset al. (1986)is capableof

simulatingstreamtubesthat beginin the vadosezone and end at a river,as is

expectedto be the case for leadmigrationfromthe 218-E-1ZBBurialGround.

• Waterwas assumedto infiltrateverticallythroughburiedwasteand to

dissolvelead in the componentsen routeto the watertable. Duringtransport

withinthe unconfinedaquifer,leachateenteringthe watertablefromthe

disposalsitewas assumedto mix in the upper2.5 m of the aquifer. The

mixingdepthof 2.5 m assumedfor thisanalysiswas a departurefromthe 5-m

mixingdepthused in previousanalyses,and it was employedbecauseof the
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shallowdepthof the unconfinedaquiferin the vicinityof the 218-E-12B

BurialGround.

Leadwas transportedwithinthe streamtubein the unconfinedaquiferto

downgradientlocationsand ultimatelyto the regionalaquiferdischargearea

at the river. Someportionof the dissolvedleadmay chemicallyadsorbto the

sedimentsthat constitutethegeologicunitsthroughwhichthe streamtube
0

passes,and a linearadsorptionisothermwas incorporatedintothe modelto

simulatethis process. The followingsectionsdescribethe conceptualization

of the vadosezone and the unconfinedaquiferunderlyingthe 21B-E-12BBurial

Ground,and the ratesof watermovementthrougheach. The transportof lead

to downgradientlocationswas then estimatedfor severalcombinationsof key

inputparametersto the TRANSScomputercode.

Two-dimensionaland fullythree-dimensionalgroundwaterflowand

transportcodessuchas VAM3Dand PORFLO-3will likelybe adoptedin the near

futureat the HanfordSite as standardcodesfor assessingthe responseof the

environmentto disposalpracticesand remediationalternatives.In

particular,theseand otherdesignatedcodes,includingthe CFESTcode,will

be usedfor analysesthat supportthe Recordof Decisionfor cleanupactions.

The TRANSScodeappliedfor this studyis a lesssophisticatedtransportmodel

in termsof itsdimensionalconsiderations(it is one-dimensional)and process

complexity(itomitstransversedispersion).In general,this less

sophisticatedcodewouldbe expectedto overestimatethe groundwater

concentrationswhen comparedwith the resultsof two- or three-dimensional

groundwaterflow and transportcodes. However,a directcomparisonof the

resultsfrom single-and multi-dimensionalmodelshas not beenmade.

4.2 VADOSEZONEWATERFI,OW

Sedimentarydepositssituatedbetweenthe groundsurfaceand the water

tableconstitutethe vadosezone (Figure2.2). Withinthesedeposits,water

onlypartiallyfillsthe availableporespacebetweengrainsof silt,sand,

and gravel,and is generallyassumedto drainverticallydownwarduntilit

entersthe unconfinedaquiferor untilit contactsa low permeabilitylayerof

clayor rock. Significantamountsof waterthat infiltratethe surfacesoils

may be held at the surfaceand evaporateif the soilcoveris sufficiently
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fine-grained.Infiltratingwatermay alsobe transpiredif the surfaceis

coveredwith vegetation.Any remainingwateris assumedto constitute

rechargeto the underlyingaquifer. Fine-grainedsedimentstend to holdwater

at the soilsurfacewherethe forcesfor evapotranspirationare greatest;

coarse-grainedsedimentspermitthe waterto drainto a depthwherethese

forcesare less effectiveor nonexistent.The averageprecipitationat

, Hanford is currently 16.1 cm/yr. In response to the relatively arid climate

interacting with spatially varying soils and temporally varying vegetation,

, recharge to the unconfined aquifer is variable at the Hanford Site. It ranges

from over 10 cm/yr in bare sands and gravels to near zero (non-measurable)

amountsin silt-loam soils. As mentionedpreviously, the local aquifer

recharge rate of 0.1 cm/yr (at the burial ground) represents the effect of a

multilayered protective barrier of the type being considered for other waste

forms (e.g., grouted low-level waste and single-shell tanks) at Hanford. The

0.5-cm/yr local recharge rate represents the present relatively arid climate,

whereas the 6-cm/yr local recharge rate (with a regional 5-cm/yr rate)

represents a potentially Bore humidclimate that may exist in the future.

Stratigraphic control for the geohydrology in the vicinity of the burial

site ,as obtained from two boreholes (299-E34-7 and 299-W35-1) located

immediately adjacent to the burial ground excavation (Figure 2.2). Sediments

below the 218-E-12B Burial Groundare composedprimarily of gravel-dominated
sediments mixed with variable amountsof sandand silt. Gravels are

predominantly in the pebble-to-cobble size range, but boulders are

occasionally present. The vadosezone is approximately 61 m (200 ft) thick in

the vicinity of the 218-E-12B Burial Ground, of which approximately 15 m (50

ft) has been excavated for disposal of the meta] components. The thickness of

the vadosezone is similar for all simulations becausethe unconfined aquifer

• beneath the burial ground is less than 3-m thick in the vicinity of the burial

ground, even in the presence of artificial recharge from current site

- operations(seeSection2.3). The resultingdistancefrom the baseof the

disposalareato the bottomof the vadosezone is approximately46 m {150ft).

Thisanalysisdid not accountfor the presenceof backfillaroundthe metal

components;all waterand leachateflowthroughthe 46-m thicknessof vadose

zonewas assumedto beginat the bottomlevelof the pit. Therefore,the time
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requiredfor, and distributionof,waterflowthroughthe upper15 m of the

soilprofilehavenot been evaluatedas part of thisanalysis.

The physicalpropertiesof sedimentsamplescollectedfromthe facesof

the 218-E-12BBurialGroundpitwere analyzedin the laboratory;the results

are summarizedin Table2.1. Samplescouldonlybe analyzedfrom those

portionsof the geologicprofilewithoutlargecobblesor boulders;therefore,

analyticaldataare biasedin favorof the finer-grainedsediments.

Heasurementsof saturatedhydraulicconductivityfor thesesamples(i.e.,

sand:and silt-dominated)rangedfromapproximately0.3 to 30 m/day (I to I00

ft/day). The soilsampledescriptionsand saturatedhydraulicconductivity

datawere used to matchthe significantgeologicunitsin the vadosezoneto

moisture-retentiondatameasuredpreviouslyfor samplesfromthe Hanford

formationin the vicinityof the burialground{BjornstadIggo). Becauseof

the largerpebbles,cobbles,and bouldersin many horizons,the measured

sampleswere assumedto be representativeof the lowestconductivitysamples

in the geologicsection.

Hoisture-retentionand saturatedhydraulic-conductivitydata fromwell

2gg-E33-30at the 42.4-to 42.7-m(13g-to 140-ft)depthintervalwere assumed

to representthe Hanfordformationin the area (BjornstadIggo). Thiswell is

locatedin the 200-EArea,approximately2 _west of the 218-E-12BBurial

Ground. Samplesfromthis locationhad the highestmeasuredsaturated

hydraulicconductivityof any of the samples,appPoximately95 m/day.

However,lt is expectedthatthereare stratawithinthe vadosezonewith

conductivitiesaboveand belowthisvalue. The valueof g5 m/dayis withinan

orderof magnitudeof a saturatedhydraulicconductivity(25m/day)obtained

froman aquifertestwithinthe saturatedzoneat well 2gg-E34-7(Borghese

et al. IggO),immediatelyadjacentto the burialground(seeFigure2.2). lt
¢

is importantto notethatthe vadosezoneconsistsof a sequenceof unitsthat

containa rangeof hydraulicproperties.The 2gg-E33-30samplewas assumedto

be representativeof the overallprofile. The validityof this interpretation

is limitedby our inabilityto measurethe physicalandhydraulicproperties

of the coarser-grainedunits,whichwouldbe expectedto havethe highest

values. The highesthydraulicconductivityvaluesmeasuredat the Hanford

Site,hundredsto thousandsof metersper day (Lastet al. Ig8g),are probably
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associatedwithmatrix-depletedboulderygravels,whichare generallynot

presentbeneaththe 218-E-12BBurialGround.

Watertraveltimesthroughthe vadosezonewere calculatedusing

characteristiccurvesdevelopedfor Hanfordsediments,assumingthatunit

gradientconditionsprevailbeneaththe burialground. Soilmoisture

characteristiccurvesdescribethe relationshipsbetweenwatercontent,water

4 potential,and unsaturatedhydraulicconductivity.The unsaturatedhydraulic

conductivityvalueswere calculatedfromthe measuredsaturatedhydraulic

L conductivity(95m/day)and the watercontentversuswaterpotentialdata for

well 299-E33-30usingthemethodof van Genuchten{1978;1985). The resulting

characteristiccurves,plottedin Figure4.1, indicatethat increasingwater

contentresultsin increasingunsaturatedhydraulicconductivityvaluesup to

the limitingvalueof saturatedhydraulicconductivity.For unitgradient

conditionsin the unsaturatedzone,thisrechargefluxwas assumedto equal

the unsaturatedhydraulicconductivity.The curveswere used to determinethe

watercontentthatresultsfromthe unsaturatedhydraulicconductivity

correspondingto the assumedrechargeratesof 0.1,0.5, and 6.0 cm/yr. The

watercontentwas then usedto calculatethe pore-watervelocitythroughthe

46-m-thickvadosezone beneaththe 218-E-12BBurialGround. Table4.1 shows

the watercontent,pore-watervelocity,and vadosezone traveltime for

selectedfluxesthroughthe 46-m-thickvadosezonebasedon 2gg-E33-30well

data (Bjornstad1990). The estimatedgroundwatertraveltimesare 50 yr for

the 6-cm/yrrechargecase,475 yr for the O.5-cm/yrrechargecase,and 2,146

yr for the O.l-cm/yrcase.

TABLE4.1. VolumetricWaterContent,Pore-WaterVelocity,andWaterTravel
Time for ThreeRechargeRatesThroughthe BurialGround

I

RecharcleRate (cm/vr)

0.1 0.5 6.0

Volumetric Water Content 0.0467 0.0519 0.0659

Pore-Water Velocity (cm/yr) 2.13 9.63 91.05

WaterTravelTime (yr) 2146 475 50
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4.3 GROUNDWATER FLOW MODELING

The CFESTcode (Gupta et al. 1982; 1987) was applied to mode]

groundwater flow in the unconfined aquifer and to generate streamlines and

travel times that were used in the transport simulations. The CFESTcode is

being considered for acceptance as a Hanford Site standard for constructing

models of the unconfined aquifer. Evans et al. (1988) describe selection of

the CFESTcode for application to the unconfined aquifer at the Hanford Site.

Development and calibration of the CFESTmode] is described by Evans et al.

(1988) and Oacobson and Freshley (1990). The conceptual mode] of the aquifer

on which the CFESTmode] relies is based on information available in the early

to mid-1980s. At that time, the top of the basalt formation in the vicinity
of the 218-E-12B Burial Ground was believed to lie above the water table.

Consequent]y, lt was assumed that the Hanford formation was not saturated

beneath the burial ground.
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Today,as a resultof this and otherrecentstudies,the basaltis known

to exhiblta saddle-typetopography,with a troughrunningnorthwestto

southeastunderlyingthe ZI8-E-IZBBurialGround(seeFigure2.3). In

addition,the waterlevelin this partof the unconfinedaquiferhas risen

duringthe past I0 yr becauseof increaseddischargesto B Pond,whichis

locatedsoutheastof the burialground. Whenthe liquiddischargesto B Pond

• are discontinued during decommissioningof facilities in the 200-East Area,

the water tables wil1 drop and the basalt formation beneath the burial ground

, may lie abovethe water table. In the conceptual model of groundwater flow

beneath the burial ground lt was assumedthat infiltrating water and leachate
passing through the vadosezone would flow laterally across the basalt surface

and enter the unconfined aquifer at the nearest location to the south of the
discharge point.

4.3.1 GroundwaterTr_vel Times

This section summarizesthe groundwater travel times that were

calculated using the CFESTmodel. Groundwaterflow in the unconfined aquifer

was modeledto determine particle (i.e., water and lead) travel times to a
well 100 m from the site, a well 5000 m from the site, and the Columbia River.

Steady-state flow ftelds were simulated for site-wide recharge rates of 0.5

and 5.0 cm/yr (see AppendixA), which were intended to represent the range of
long-term climatic conditions expected at the Hanford Site (Jacobsonand
Freshley 1990). Rechargeconditions at specific locations on the Hanford Site

may varysignificantlyfromthesesite-wideaveragesdependingon land use and

vegetationcover. A rechargerate of 6 cm/yrwas usedto represent

infiltrationthroughthe ZI8-E-IZ-Bburialgroundundermaximumrecharge

conditionsin the absenceof a protectivebarrier. As notedpreviously,this

is not substantiallydifferentfromthe site-widerechargerate of 5 cm/yr,

and providesconsistencywith studiesalreadycompleted(GolderAssociates,

Inc.1991). Installationswith engineeredinfiltrationbarriersat Hanford

wouldbe expectedto exhibitthe lowestlong-termrechargerates. Travel

timesto downgradientlocationswere determinedusingan effectiveporosityof

0.1 to calculatethe pore-watervelocityin groundwaterfor each specific

dischargerateto the unconfinedaquifer. The effectiveporosityvalueof 0.1

(10%)was determinedin a previousstudyof aquifercharacteristics
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(Bierschenk 1959) and has been used for most subsequent model applications

involving the unconfined aquifer at the Hanford Site (e.g., DOE1987).

Streamlines from the burial ground to the river were generated using the

CFESTaquifer model for each site-wide rect_rge rate considered in this

analysis. Because the 1980s conceptual model uf the aquifer predicted that

Hanford formation sediments beneath the burial ground would be unsaturated,
4

streamlines in the transport mode] could not begin directly below the burial

ground. As a result, tt was assumedthat the difference in hydraulic

conductivity between the sedimentary formation and the underlying basalt would

cause water infiltrating downward through the vadose zone to flow across the

top of the basalt until lt reaches the unconfined aquifer. The basalt

formation beneath the burial ground slopes toward the south. Therefore,

several locations to the south of the burial ground were selected for the

transport model as probable points where infiltrating water could enter the

unconfined aquifer.

Water table contours for the site-wide 5.0-cm/yr recharge case indicate

that the water table would be higher than for present-day conditions. This

would cause a groundwater divide to develop in the low-gradient area south of

Gable Mountain. The streamlines originating in the 200-East Area show that

the groundwater flow direction would be generally northward toward the river

through the gap between Gable Butte and Gable Mountain (Figure 4.2). Travel-

time values for three locations along each streamline for a 5.0 cm/yr recharge

rate are provided in Table 4.2. Groundwater travel times in the unconfined

aquifer to the lO0-m well range from 0.12 to 0.96 yr; times to the 5000-m well

range from 1.8 to 3.3 yr; and times to the river range from 24 to 35 yr.

Groundwater flow in the site-wide 0.5-cm/yr case would be primarily from

west to east across the entire HanfordSite, with streamlinesintersectingthe

river at points along the site's eastern boundary (Figure4.3). The lower

water table would also cause more of the basalt to be unsaturated. In the

CFEST model, the bottom of the unconfinedaquifer is defined in some areas by

the bedrock or basalt,whereas in other areas it is defined by a thick layer

of low-permeabilityclay known as the RingoldFormation. In comparisonwith

the Hanford formationsediments,the permeabilityof basalt or Ringoldclay is

several orders of magnitude lower. In the O.5-cm/yrsite-widerechargecase,
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_. Travel Times Along Individual Streamlines in the Unconfined
Aquifer for the 5,0-cm/yr Site-Wide RechargeCase

GroundwaterTravelTime to DownoradlentLocation(Yr)

Streamline No. lO0-m Well 5000-mWell Columbia River

• 1 O.63 1.82 34.4
2 0.95 1.98 24.5
3 0.12 2.43 35.4

• 4 0.25 3.30 32.0
5 0.14 2.73 25.8
6 0.96 2.06 24.3

Average: O.51 2.39 29.4

most of the basalt and Ringold clays beneath the 200-East Area lie above the

water table. Under these conditions, water infiltrating through the burial
groundwas assumedto flow south along the interface between the Hanford

formation sediments and the low permeability underlying formation until it

reaches the aquifer and enters a streamtube flowing toward the east or

southeast (Figure 4.3). The streamlines (and travel times) are modeled

beginning at points near the southern boundaryof the 200-East Area.

Table 4.3 showstravel time values for three locations along each streamline

basedon the CFESTaquifer model for a site-wide recharge rate of 0.5 cm/yr.

Groundwatertravel times in the unconfined aquifer to the lO0-m well range

from 0.42 to 0.86 yr; times to the 5000-mwell range from 33.4 to 105.0 yr;

and times to the river range from 164 to 230 yr.

Aquifer simulations for the two site-wide recharge rates predicted

markedly different groundwater flow patterns. Thts occurs because the site-

. wide recharge rate determines the hydraulic gradients within the unconfined

aquifer and the level of the water table with respect to the basalt or Ringold

, clay that underlies the aquifer. This especially affects the estimated travel

times to a water supply well at 5000 m and to the ColumbiaRiver. At the

higher recharge rate, bedrock beneath the burial site is saturated, and

groundwater is ultimately predicted to flow northward through the gap between
Gable Butte and Gable Mountain. The travel time for water to reach a lO0-m
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_l)_J.[__J._. Travel Times Along Individual Stremltnes in the Unconfined
• Aquifer for the 0.5 cm/yr Site-Wide RechargeCase

GroundwaterTravelTime to OownaradientLocation(Yr)

StreamliQe No. lO0-m Well 5000-mWell Columbia River

1 0.57 67.0 180 _ ,
2 0.66 81.4 180
3 0.86 105.0 196
4 0.52 55.9 182
5 0.52 46.7 189
6 0.42 33.4 230
7 0.52 37.3 229
8 O.48 44.0 164

Average: 0.57 58.8 194

water supply well in this case is between 0.12 and 0.g6 yr. However, the

groundwater flow rate increases at distant points because it is subject to

higher hydraulic gradients and hydraulic conducttvtties as it reaches the

5000-mwell anddischarges to the ColumbiaRiver. At the lower recharge rate,

bedrock beneath the burial ground is exposedand nearby groundwater is

predicted to flow toward the east or southeast. Groundwatertravel to the

lO0-mwell takes between0.42 and 0.86 yr; however, the flow rate at

downgradtent locations becomesmuchslower as the hydraulic gradient

decreases. Average travel times to the lO0-mwell predicted by the unconfined

aquifer mdel for both recharge rates are virtually Identical, at 0.51 and

0.57 yr for the high- and low-recharge cases respectively.

4.3.2 GroundwaterVelocttv

The results of the two-dimensional groundwater flow model provide

crtttcal input to the one-dimensional TRAHSStransport model calculations,

becausethe estimated groundwater travel times are used to predict the

groundwater (i.e., pore-water) veloctty at the lO0-mwell, the 5000-mwell,

and the river. The groundwater velocity is critical to the transport
calculation becausett defines the volumeof water available for dilution of

the lead leachtng from the burtal ground. Therefore, the resulting lead
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concentration in groundwaterwill be inversely proportional to the calculated

groundwater velocity; that is, a higher groundwater velocity will result in

lower lead concentrations in groundwater, and a lower groundwater velocity

will result in higher lead concentrations in groundwater.

Becausethe one-dimensional TRANSScode could not accommodatethe

var|able groundwater velocities predicted by the CFESTmodel at different
J

distances from the burial ground, Jt was necessary to choose a single value to

represent the groundwater velocity at all locations in order to achieve a

• fully consistent model. Average velocities for the 0.5- and 5.0-cm/yr

recharge rates at the lO0-mwell were simtlar, at 175 and 197 m/yr,

respectively. These values were also within the range predicted for the 5000-

m we11,whichwas 115m/yr for a rechargerateof 0.5 cm/yrand 2073m/yr for

the 5.0-cm/yrcase. Thus,the averagevelocityat the 100-mweil,or 186

m/yr,was usedas inputfor the TRANSScode in all cases. This valuewas

consistent with the existing CFESTmodelof the Hanford Site, and it would be

unltkely to overestimate the average flow rate at the 5000-mwell (and thus

underestimatethe predictedleadconcentration),particularlyfor the high

rechargecase.

4.3.3 Limitationsof the CFESTGroundwaterFlowModel

The regionalHanfordSiteCFESTmodelgenerallyreproducesthe behavior

of the unconfinedaquiferat Hanfordundercurrentconditions,particularly

for areaswherethe saturatedsedimentsare thicker. However,the CFESTmodel

doesnot have sufficientresolutionto accuratelypredictlocal-scalebehavior

of the aquiferimmediatelybeneaththe 218-E-12BBurialGround. Three

conditionsof the unconfinedaquiferare describedin this document: the

currentstateof the aquifer(includingrechargefrom siteoperations),its

• state under an enduring low site-wide recharge rate (0.5 cm/yr) in the absence

of artificialrecharge,and its stateunderan enduringhigh site-wide

, rechargerate (5 cm/yr). In the vicinityof the burialground,groundwater

currentlyflowswest fromB Pond,turningnorththroughthe gap betweenGable

Butteand GableMountain(seeFigure2.3). An evaluationof the regional

geologyfor this studyindicatedthatrelativelyhighhydraulicheadsmeasured

northof the burialgroundcouldresultfromgroundwaterrechargingthe

unconfinedaquiferfromthe Rattlesnakeinterbed(seeAppendixA, FigureA.5
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and section A.2.3.2). Basedon hydraulic head measurements,the flow in this

area north of the burial ground appears to be toward the southeast rather than

the northwest. The high-recharge model simulation exhibits a stmtlar flow

through the gap betweenGable Butte and Gable Mountain.

The low-recharge simulation predicts desaturation of basalt beneath the

burial ground, in which case infiltrating water would be diverted along the
t

contact to the south. Newcombeet al. (1972) documentedthe unconfined

aquifer prior to the advent of significant artificial recharge resulting from
Hanford operations, indicating that the pre-Hanford groundwater flow in the

vicinity of the 200 Areas was generally from west to east, from the Yakima

Rtdge-UmtanumRidge highland toward the ColumbiaRiver. Streamlines drawn in

the vicinity of the 200 Areas form a streamtube with this general

characteristic (Bjornstad 1990). A similar flow field might be expected to

return with the decommissioningof artificial recharge sources at Hanford,

such as B Pondand U Pond. Therefore, it is difficult to predict the exact
direction of groundwater flow beneath the burtal ground for any of the

hypothetical aquifer conditions evaluated in thts study, based on the present
version of the CFESTmodel.

4.4 LEADTRANSPORT

Lead transport was estimated with the TRANSScode according to the

general methodo]ogydescribed in Section 4.1. Rechargerates of 0.1 and0.5

cm/yr, and a higher rate of 6 cm/yr as discussed by Golder Associates, Inc.

(1991), were used for the analysis. These recharge rates were intended solely

to represent flow through soil beneath the burial ground. The recharge rates
of 5 cm/yr and 0.5 cm/yr used for the groundwaterflow modeling in Section 4.3

represent a range of values for the Hanford Site as a whole based on a likely

range for future climatic cycles, native vegetation, and humanimpact on soil
surfaces across the Hanford Site.

a

Basedon a 15-by-lS-m (50-by-SO-ft) storage area for each meta]

component,the 0.1 cm/yr recharge rate results in 232 L/yr of water that is

assumedto pass through the buried waste and fully disso]ve any lead up to the

solubility limit. The O.5-cm/yr recharge rate results in 1161L/yr of water,

and the 6.0-cm/yr recharge rate results in 13,935 L/yr of water that are
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available to dtssolve metal up to the solubility limtt for each metal

component. Consequently, at the htgher recharge rate there ts a greater

volume of water available to dissolve lead from the wastes, and a greater

quanttty of lead ts released to the subsurface soil and water.

Transport simulations in the unconfined aquifer requtre information on

the aqutfer dimensions tn the area of Interest. Previous analyses of shallow-

land dtsposal ustng the methods employed tn this study (DOE 1987; 1989) have

evaluated locations on the Hanford Site that were overlying the unconfined

• aquifer, rather than the basalt formation that rises above the water table

beneath the 218-E-12B Surtal Ground (Figure 2.3). These studies assumeda 5-m

thickness for the contaminated aquifer, which corresponded to the assumeduse

of a 5-m screened tnterval in a downgradient water supply well. Because of

the thin saturated thickness of the aquifer in the vicinity of the burial

ground, a shallower screened tnterval and aquifer thickness of 2.5 m was more

appropriate for thts analysts. A review of available field data (Section 2.3)

estimated the saturated thickness near the burial ground at between 0.6 and

1.3 m. Therefore, tt may be unreasonable to assume the existence ot: 5 m o1:

saturated aqutfer thickness at a distance of 100 m. For consistency, a 2.5-m
screened tnterval was also used at the 5000-m well.

Both "best estimate" (0.3 mg/L) and "conservative" (0.55 mg/L)

solubility ltmtts were recommendedfor lead in Hanford groundwater, as

described tn Section 3.5 of thts report. These solubilities, together with

the assumed recharge rates and lead inventory estimates, determine the total

release ttme for lead from the waste components. Hultiplying the solubility

by the annual water flux past each componentyields the annual flux of lead

tnto the soil colum for each component (Table 4.4). The total annual

quantity of lead released from the burial ground was estimated by multiplying

the annual release per component by the number of components in the disposal

array. Total release times for lead from both average and heavy units

represent the times required to completely dissolve lead in the components,

and these values range from 2.3 x 107 to 6.5 x 10s yr (Table 4.5).

Consequently, extremely long release times are predicted from lead components

in the burial ground.
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__,____. Annual Fl.ux of Lead tnto the Soil ColumnBeneath the 218-E-12B
Burial Ground

Lead Releasedto Soil
(Gramsoer Componentoer Year)

RecharoeRate (cre/vr) O.1 O.5 (_,0

Solubility
Best Esttmate 0.070 0.348 4.181

Conservattve O.128 O.639 7.664

_LI_L..4.._. Total Estimated Release Times (tn Years) for Lead from Components
Disposedat the 218-E-12B Burial Ground

RechargeRate (cm/yr)

ComoonentMass Solubility 0.1 Q,5 6.0

Average Best Esttmate 3.3E+09 6.5E+08 5.4E+07
Conservative 1.8E+09 3.6E+08 2.3E+07

Maximum Best Estimate 6.5E+09 1.3E+09 1.1E+08
Conservative 3.6E+09 7.1E+08 5.9E+07

After the metal is in solution, TRANSSmodelsmasstransport in the

streamtube as described in Section 4.1 of this report. The streamtube width

was basedon the diagonal length through the waste disposal area (21.6 m for a

single componentand 461 m for 120 components),and the streamtube height in

the aquifer was basedon a 2.S-m mixing depth. During transport, a portion of

the dissolved lead was assumedto adsorb to soil in the geologic units

underlying the burial site according to the distribution coefficient (Rd)
described in Section 3.3.3 of this report. This process would retard or delay

the rate at which the lead would otherwise flow through the vadosezone and

aquifer in comparisonwith the groundwater travel times. Groundwater
concentrations were calculated at wells located 100 m and 5000 m from the

burial site, and the total annual flux wascalculated for discharges to the
ColumbtaRiver.
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4.5 LEAD CONCENTRATIONS

The resultsof the transportmodelingfor leadmigrationappearin

Table4.6,whichshowsleadconcentrations(inmg/L and ppb)at the

downgradientwell locationsand leaddischargesto the river(ing/yr)for

each sourceterm at threedifferentrechargerates. The "bestestimate"and

"conservative"transportcasesincorporatedthe geochemicalparameters
J

discussedin Section3.4 and listedin Table3.7. For a singlemaximum

componentsource,at the lowerrechargeratesof 0.1 and 0.5 cm/yr,

concentrationsat the 100-mand 5000-mwellsrangedfrom7 x I0-sto 6.4 x 10.4

mg/L,and dischargeto the ColumbiaRiverrangedfrom0.07 to 0.64 mg/yr. The

maximumconcentrationsand dischargeratespeakedat timeson the orderof

hundredsof thousandsto millionsof yearsand remainedconstantfor millions

of yearsthereafter(Table4.7).

The valuesreportedin Table4.7 representthe timerequiredfor leadto

travelthroughthe vadosezoneto the unconfinedaquiferplus traveltime in

the aquiferto an indicateddowngradientlocation.Transportthroughthe

vadosezoneto the unconfinedaquiferis theproductof the groundwatertravel

time (seesection4.2) and the leadretardationfactorsreportedin Table3.7.

Vadosezone traveltimesrangedfrom8.6 x 107yr in the "bestestimate"case

at 0.1 cm/yrrechargeto 2.4 x I0s yr in the "conservative"case at 6 cm/yr

recharge.As indicatedbY the correspondingvaluesin Table4.7,the travel

timefromthe pointat whichleadenteredthe aquiferto the 100-mwellwas a

relativelyinsignificantfractionof the totaltransporttime.

The peakconcentrationin groundwaterfor a singlecomponentwas

estimatedto be 0.0076mg/L in the 6-cm/yrrechargecase. The peak

concentrationis establishedafterapproximately242,000yr and remains

constantfor severalmillionyearsthereafter(Figure4.4). The samepeak

concentrationof 0.0076mg/Lwas predictedat the 5000-mweil,althoughit

, does not occuruntil340,000yr afterburial. A maximumlead fluxof 7.7 g/yr

to the ColumbiaRiverwas estimatedbeginningat about740,000yr for the

"conservative"case and6-cm/yrrecharge.Undertheseconditionsthe lead

concentrationin riverwaterwouldbe 7.7 x 10"11mg/L,basedon an annual

averageflow rateof I x 1014L/yr. The maximumfluxis approximatelyequal

to the annualamountof leadassumedto leachfromthe component(7.7g/yr in
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TABLE4.6. Peak Lead Concentration in DowngradientGroundwaterWells or Maxtmum
Flux of Lead to the Columbia River as a Function of Release
Conditions from the 218-E-12B Burial Ground

i

DowngradientGroundwaterConcentration,
mg/L or (ppb) ......

Source Term
Transport ......

Case'°" Single Multiple Componentsin a
Receptor Recharge Parameter Component 4-x-30 ArrayLocation Rate Estimates

MaxMassPb MaxMassPb AvgMassPb
(4.5 x 105 kg) (5.5 x 107 kg) (2.7 x 107 kg)

Bl III III II

Best 7.0E-05 3.9E-04 3.9E-04
0.1 Estimate (0.07) (0.39) (0.39)
cm/yr Conservative 1.3E-04 7.2E-04 7.2E-04

(0.13) (0.72) (0.72)

lO0-m Best 3.5E-04 2.0E-03 2.0E-03

Well cm/yrO"5 Estimate (0.3S) (2.0) (2.0)
Conservative 6.4E-04 3.6E-03 3.6E-03

(0.64) (3.6) (3.6)

6.0 Conservative 7.6E-03 4.3E-02 4.3E-02
cm/_r (7.6) (43.) (43.)

Best 7.0E-05 3.9E-04 3.9E-04
0.1 Estimate (0.07) {0.39) (0.39)
cm/yr

Conservative 1.3E-04 7.2E-04 7.2E-04
(0.13) (0.72) (0.72)

5000-m Best 3.5E-04 2.0E-03 2.0E-03
0.5 Estimate (0.3S) (2.0) (2.0)

Well cm/yr Conservative 6.4E-04 3.6E-03 3.6E-03
ii (0.64) (3.6) (3.6)

6.0 Conservative 7.6E-03 4.3E-02 4.3E-02
cm/_r (7.6) (43.) i ,I, (43.)

J RlveriFlux (9/yr)
0.I BestEst. 7.0E-02 8.4E+00 8.4E+00
cm/yr Conservative 1.3E-01 1.5E+01 1.5E+01

0.5 BestEst. 3.5E-01 4.2E+01 4.2E+01
River cm/yr

Conservative 6.4E-01 7.7E+01 7.7E+01
i

6.0 Conservative 7.7E+00 g.2E+02 g.2E+02
cm/yr

(a) "Best estimate"and "conservative"transportcases includethe correspondinggeochemicalpara_ters
llsted in Table 3.B.
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TABLE4.7. Time of Peak Lead Concentration in Downgradient GroundwaterWells or
MaximumFlux of Lead to the Columbia River as a Function of Release
Conditions from the Z18-E-lZB Burial Ground

ml

Time to ReachPeak Well Concentration
or MaximumFlux to the Columbia River

(millions of _ears)
Source Term

TransRort .....
. casetaJ Single Multtple Componentsin a

Receptor Recharge Parameter Component 4-x-30 ArrayLocation Rate Estimates

.5 x (5.5 x 1 (2.7 x 10"
kg) kg) kg)

0.1 Best 85.8 85.8 85.8
cm/yr Estimate

IO0-m Conservative I0.3 IO.3 IO.3

Well 0.5 Best Est. 19.0 19.0 19.0
cm/yr Conservative 2.2 Z.2 2.Z

6 Conservative 0.24 0.24 0.24
cm/yr

O.I Best Est. 85.9 85.9 85.9
cm/yr

Conservative 10.4 10.4 10.4

5000-m O.5 BestEst. 20.0 20.0 20.0
WelI cm/yr Conservative 2.4 2.4 2.4

i

6 Conservative 0.34 0.34 0.34
cm/yr i

0.1 Best Est. 86.2 86.2 86.2

cm/yr Conservative 10.8 10.8 10.8

O.5 Best Est. 23.0 23.0 23.0
River cm/yr Conservative 2.8 2.8 2.8

ii i i

6 Conservative O.74 O.74 O.74
cm/yr

lr

(a) "Best esti_te" and "conservative"transportcases includethe correspondinggeochemicalparan_ters
llsted in Table 3.6.
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Table 4.4) indicating that mass balance was maintained in the simulations

after equilibrium conditions were established.

For the component arrays, groundwater concentratlons and releases to the

river were calculated for 120 components having either an average or a maximum

total mass of lead (Table 4.6). Lower lead concentratlons at downgradien¢

wells were predicted for the lower recharge rates because a smaller volume of

water would contact the waste components annually. Concentratlons in

groundwater ranged from 3.9 x 10-4 to 3.6 x 10-3 mg/L for both array sources.

Discharges to the Columbia River for the lower recharge cases ranged from 8.4

to 77 g/yr. Plots of concentrationversus time at the 100-m well for the

maximum inventoryarray are shown in Figures4.5 and 4.6 for the 0.1- and 0.5-

cm/yr recharge cases, respectively.

As l_iththe single component,the highestconcentrationsand discharges

for component arrayswere predicted in the 6-cm/yr rechargecase. Peak

concentrationsat the wells were approximately0.043 mg/L for the maximum

array and average array sources (Figures4.7 and 4.B). Peak dischargesto the
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Columbia River were approximately 920 g/yr for both sources. Again, this is

approximately equal to the quantity of lead leached from the componentarrays
annually. Peak groundwater concentrations occurred at the sametimes as for

the single-componentsource terms. Note the relatively longer times required

to reach the peak concentrations (2 million to 86 million yr) in the lower
recharge cases comparedwith the 6-cm/yr case.

' Predicted groundwaterconcentrations for the arrays containing "average"
and "maximum"size componentswere similar in this analysis becauseof the

assumptionthat release of lead from the waste always occurs at the solubility

limit of lead in water for the total amountof water passing through the
burial array as recharge. The size of the individual components,therefore,

had no effect on the annual quantity of saturated lead solution leaching from
the burial ground. The difference betweenthe two sources would be that lead

in the average massarray would be depleted in a shorter time than lead in the
maximummassarray.

4.6 PlSCUSSION

The resultsof thisanalysisare basedon a relativelysimplified

theoreticalmodel,and on availableinformationaboutthe physicaland

chemicalenvironn_gntsurroundingthe burialground. Thereare areasof

uncertainty,bothin the modelitselfand in the parametersusedby the model

to producequantitativeestimatesof leadconcentrationsin ground-and

surfacewatersdowngradientfromthe burialsite. An attempthas beenmade as

partof this studyto determineaccuratevaluesfor parametersthat are

criticalto the analysis(leadsolubilityand adsorptioncoefficients,for

example).However,thereare elementsless amenableto laboratoryor field

analysisthat influencethe resultsobtainedfromthe model.

One elementof uncertaintyin the transportcalculationsis the nature

• of the futurehydrologicalenvironment,particularlythe directionin which

groundwaterin the unconfinedaquiferwill flowin the absenceof artificial

rechargefromthe 200 Areas. Thisuncertaintyis reflectedin the transport

modelby the cross-sectionalareausedto representthe streamtube.The

streamtubeapproachis a simplifiedrepresentationof the watercolumnthat

wouldtransportdissolvedleadfromthe burialgroundto the river. The model
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used for thts analysts dtd not constder lateral dispersion of lead wJthtn the

streamtube; therefore, tts wtdth and depth were assumedto be constant along

the enttre length. The streamtube dtmens|ons assumed for the transport model

directly affected the est|mated lead concentrations in groundwater because, at

a given recharge rate, they determined the volume of water tnto which the lead

was ultimately diluted. In this model, the depth of the streamtube was set at

a constant 2.5 m, and the wtdth was taken to be the longest dimension of the

burial ground perpendicular to the predicted direction of groundwater flow.

Potential widths of the streamtube for the 120-component array ranged from 61

m along the narrow axis of the burial ground to 461 m along the diagonal.

For all simulations, the diagonal dimension of the 4-by-30 array (461 m)
was used for the streamtube wtdth, which ts consistent with the results of the

CFESTmodel (discussed in section 4.3) and the current regtonal hydrology

(discussed in section 2.3), which predicts groundwater flow to be generally

north or south and roughly perpendicular to the d|agonal of the burial ground

(Figure 2.3). However, the limitations of the CFESTmodel, described in

Section 4.3.3, imply that groundwater could flow in alternative directions

under some future conditions. Although tt ts less probable than the north or

south direction predicted by the model, flow in an alternative direction would

result in a higher estimated groundwater concentration for lead because the

corresponding width of the streamtube tn the transport model would be reduced.

A smaller streamtube would decrease the quantity of water tn whtch leachate

from the burial ground would be diluted; therefore, lead concentrations in the

groundwater would tncrease in proportion to the reduction tn streamtube width.

The values in Table 4.6 can be used to determine the predicted lead

concentration for any future groundwater flow direction by multiplying them by

the ratio of the burial ground diagonal length (461 m) to the dimension

perpendicular to the assumedflow direction. The maximumesttmate obtained by

this procedure would be for a flow direction from west to east along the

length of the burial ground. In this case, the Table 4.6 values would be

multiplied by the ratto of the burtal ground diagonal length (461 m) to 1ts

width (61 m) or a factor of 7.6. The ratio corresponding to any other assumed

groundwater flow direction would be smaller. However, the estimated travel

times to downgradient locations, the quantity of lead leached from the burtal
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ground, and the estimated maxtmummassof lead entering the Columbia River
annually would be independentof the configuration of the streamtube.

Another major source of uncertainty tn thts analysts ts the very long

time span required for transport of lead to the groundwater and to

downgradient locations, becausethe future geologic and hydrologic environment

in the victnity of the burial ground may be substantially different from its

• present configuration. DOE(1987) reports on studies by Craig 2 and Craig and

Hanson(1985) that describe the potential for ice-age flooding that could

• affect the Hanford Stte as a result of climatic changeover approximately the

next 50,000 yr. Thosestudies documentedevidence concerning the effects of
flooding due to the catastrophic release of Ice-Impoundedwater from Lake

Hissoula. During the floods, Jt was estimated that as muchas 2000 km3 of

water flowed through the PascoBasin over a period of a few weeks. A

relatively weak tce age that is predicted in about 15,000 yr would not likely

generate flooding of this volume; therefore, DOE(1987) does not consider
glacial flooding as a potential release mechanismfor hazardouswastes buried

at the Hanford Site during the next 10,000 yr. However, those studies

predicted a recurrence interval of 40,000 to 50,000 yr for major flooding

events of this magnitude, which ts substantially shorter than the time

required for lead to reach the water table tn this analysis.

The possible fate of buried wastes was also examinedby the studies.

The first waveof a major glacial flood could scour the existing sedimentary
deposits to a considerable depth; however, the sedimentswould likely be

redeposited tn the PascoBasin. The flood waters could potentially scour out

the metal components,the soil column, and portions of the aquifer as well.

Any lead in solution would also be diluted by a significant volumeof flood

water. With regard to disposal of radioactive wastes at Hanford, DOE(1987)
concluded that "...the radiological consequencesof a glactal flood would not

appear important tn contrast to the effects of the flood itself." Although
" lead is a nonradtological hazardouswaste, a similar conclusion would seem

reasonable for lead wastes in the event of such a flood. The residual impact

z Craig, R. G. 1983. "Analysis of Ice-Age Flooding from Lake
Hissoula." Unpublishedreport, Kent State University, Kent, Ohio.
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of ]ead in the waste componentswould be expected to be insignificant compared
wtth the effects of the f]ood ttse]f.

4.7 SOURCESOF CONSERVATISNIN THE GROUNDWATERANDTRANSPORTMODELS

This eva]uatton was conducted ustng a re]attve]y stmp]e screening mode]

to obtatn order-of-magnitude estimates for ]ead concentrations tn groundwater.

As a result, the ana]yses of groundwater f]ow and ]ead transport were

necessart]y stmp]tfted in severa] respects to make the stmu]atton posstb]e.

A]though the stmu]ated groundwater f]ow directions, as described tn secttons

4.3.3 and 4.6, dtd not produce the most conservative resu]t, the overa]]

eva]uation was conservative because of the nature of the mode] and the

.assumptions made regarding other parameters. The major sources of

conservatism tn the ana]ysts are described in the lo]lowing sections.

4.7.1 Inftltrattnq Water at the Solubility LtmJt of Leaa

All water Infiltrating the soil proftle associated wtth each metal

component (i.e., a 15-by-15-m area) was assumed to come Into contact with the

metal and reach equilibrium wtth the lead source. This results in solution

entering the vadose zone at the solubility limit of lead_ In reality, not all

infiltrating water would be expected to contact the components, and neither

would all water contacting the componentsbe exposed to lead or reach the

solubility 11mit for lead in solution. Although these assumptions simplified

the simulation, they resulted tn higher predicted release rates and

downgradient water concentrations than would actually be expected.

4.7.2 Hydraulic Impact of a Resource Conservation and Recovery Act Barrier

This analysis did not account for the effect of a Resource Conservation

and Recovery Act (RCRA) barrier that may be placed over the metal components !

in the burial ground, nor was water flow simulated tn the backfill material

that wou]d surround and over]ie the meta] components. An RCRAbarrier has a

destgn ]ife span of approxtmate]y 30 yr and wou]d act as an underground

umbre]]a to shte]d the waste from ]arge amounts of tnft]trattng water. Any

water shed by the RCRAbarrier wou]d be redirected to sot]s outside the waste

disposa] area, thus reducing the amount of tnft]tratton that cou]d contact the

waste form as ]ong as the barrier remains intact. The c]ay materta] used for
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the barrieris oftencharacterizedby itssaturatedhydraulicconductivity,

K,. The barrieris designedto divertinfiltratingwaterat rechargerates

thatexceedK,,and wouldbe expectedto transmitwaterat rechargerates

lowerthan,or equalto, K,.

Excludingthe hydraulicinfluenceof a RCRAbarrierin this analysisof

waterflow and leadtransportis expectedto overestimateboththe quantityof

• water contacting the waste and the concentration andmass flux of lead in the

water carried away from the burial site during the functional life of the

. barrier. Therefore, the modelsemployedin this analysis should be

conservativefor the earlypost-disposalperiod,particularlyat the 6-cm/yr

rechargerate,becausethe influenceof an RCRAbarrierwouldincreaseat the

higherinfiltrationrate. In reality,the processesthatwouldact to degrade

or alterthe performanceof the RCRAbarrieroccurover very longtime

periods,and the effectivelifeof the barrierin situcouldbe considerably

greaterthan its engineereddesignlife. Becausethe potentialinfluenceof

the barrieris difficultto predictoverthe time spanrequiredfor releaseof

lead fromthe components,the hydraulicinfluenceof an RCRA barrierwas not

consideredas partof this analysls.

4.7.3 RecharaeRatewith a ProtectiveBarrier

A protectivemultllayeredsoil/rockbarriersystemis alsobeingstudied

and designedfor use in shallow-landburialsitesat Hanford. This is a

differentdesignthan the RCRAclaycoverdiscussedin section4.7.2,and the

protectivebarriermay be installedeitherwith or withoutthe RCRA barrier

(whichhas a shorterdesignlife). The protectivebarriercouldvirtually

eliminatewaterinfiltration.In addition,itwas designedto minimizewind

and watererosionand to providea deterrentto animalor humanintrusionover

the longterm. Analysesconductedto datehave shownthat a barrier

constructedwith appropriatematerialsshouldnot permitanydeep rechargeat

doublethe ratesused in thesescenarios.However,the presentestimateof

rechargethroughthe barrier(i.e.,0.I cm/yr)was used for transportmodeling

becauseof threeissues: I) fieldmeasurementinstrumentsalwaysintroduce

measurementerror{thus,absolutezerorechargecannotbe measured);

2) computersimulationsof barrierperformancealwaysintroduceround-offand

truncationerror(thus,absolutezerorechargecannotbe basedsolelyon
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computersimulation); and 3) uncertainty in stochastic aspects of both the

climate and barrier performancegive rise to low-probability scenarios, such

as sequentially occurring high-precipitation years, which may cause water to

drain through the barrier system. This scenario was hypothesized to result in

5 cmof recharge over a lO0-yr period, which amountsto an average of 0.05
cm/yr of long-term recharge. This is the performanceobjective of the barrier

system; therefore, use of 0.1 cm/yr as the estimated recharge rate through the
protective barrier in the modelrepresents a conservative treatment of this

low-probabilityscenarioduringthe lifeof the barrier. The O.5-cm/yrand

5.O-cm/yrrechargeratesusedto representlong-termclimaticconditionsat

the burialsite in the absenceof an engineeredbarriermay alsobe considered

to representthe situationthatwouldoccurif a barrierwere present,but it

had degradedover time.

4.7.4 Omissionof Lateralor TransverseDisoersion

In reality,lateraldispersionwithinthe vadosezone couldresultin

lowerpeakconcentrationsof lead in solutioncomparedwith thosepredictedby

the one-dimensionalstreamtubemodelused for this analysis.Thiswould

decreasethe concentrationof lead in the groundwaterat somepointsin the

unconfinedaquiferand increaseit at otherlocations.Therefore,the long-

term releasescenariocouldresultin somevadosezonewaterreachingthe

watertableat a concentrationbelowthe solubilitylimit. This analysiswas

conservativein the assumptionthat all vadosezonewaterwill move vertically

downwardand not mix laterallywiththe adjacentcleanwater,eventually

reachingthe watertableat the maximumsolubilityconcentrationfor lead.

Lateraldispersionwithinthe unconfinedaquifercouldalsoresultin

lowerpeak concentrationsof lead at the 5000-mwell and in waterdischarging

to the ColumbiaRiver,althoughit wouldnot affectthe totalquantityof lead

enteringthe riverannually.Currently,the streamtubemodelembodiedin the

TRANSScodeneglectsall transverseor lateraldispersion.Estimatedlead

concentrationsat a 100-mwellwouldprobablynot be reducedsignificantlyby

usinga multidimensionaltransportand dispersionmodelof the unconfined

aquiferbecauseof the proximityof the well to thewastesite. However,

omissionof lateraldispersionprobablyresultedin conservativeestimatesfor

leadconcentrationsat themore distantpoints.
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4.7.5 Areal Extent of Basalt andRinaold FormationAbovethe Water Table

Several uncertainties exist in the current model of the unconfined

aquifer, making it difficult to estimate the areal extent of basalt and

Ringold Formation above the water table in the vicinity of the 218-E-12B

Burial Ground. The uncertainty in the mode]for the burial ground is due to

the limited information available on water levels and on the geometryof the

geologic units in the area, as well as the current lack of spatial resolution
in the groundwater flow mode].

t

Currently, the waste water disposal operation at B Pondhas a

significant influence on the water table in the vicinity of the Z18-E-12B

Burtal Ground. In this area of the site, the unconfined aquifer is located in
the lowest sequenceof the Hanford formation and is estimated to be less than

3-m thick. A comparisonof pre-Hanford water levels (Newcombeet al. 1972) to
current water levels (Evanset al. 1988) in the area would seemto indicate

that the presenceof groundwater tn the Hanford formation immediately below

the burial site is a result of liquid discharges to B Pond. Whenthe liquid

discharges to B Pondare discontinued as a result of decommissioningof 200-
East Area facilities, the water table will drop and the basalt formation
beneath the burial ground should again be abovethe water table. The bottom
of the Hanford formation is considered to be the base of the unconfined

aquifer in the immediate vicinity of the burial ground becausethe saturated

hydraulic conductivity of the underlying basalt is several orders of magnitude
lower than that of gravels in the Hanford formation. Therefore, the basalt is

assumedto be relatively impermeablecomparedwith the sedimentary strata

overlying it. The current mode]was established in the mid-lgSOs, and only

recently havedata near the burial ground been available to improve our
knowledgeof the interface betweenthese formations in the area.

The current modelof groundwater flow in the unconfined aquifer, which

is basedon the CFESTcode, is two-dimensional and does not incorporate

variations in the verttcal dimension. The model is also regional in scale and
does not contain sufficient resolution to represent local features in the

vicinity of the burial ground. It was designed to reproduce groundwater flow

and contaminant transport phenomenato the south and east of the separations
facilities located in the 200-East Area, and to the north of facilities
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located in the 200-WestArea. The principal inconsistency with newly

available data has been the model's prediction of a significant expanseof
basalt above the water table. Additional conservat|sm ts addedto the TRANSS

transport calculations becauseof the approachtaken to estimate the time

required for infiltrating water to movedownslopeoff the basalt surface and

drain into the unconfined aquifer. Wehave assumeda zero travel time for

water to traverse the relatively impermeablesurface of the bedrock and enter

the unconfined aquifer. This conservative approachto estimating a segmentof

the overall travel time from source to downgradJentlocations has been taken
becauseof uncertainty about the areal extent of basalt above the water table.

A related Issue ts the rate at whtch aquifer thickness increases as

groundwatermovesaway from the burial ground. The aquifer depth determines,

in part, the volumeof groundwater that dilutes the lead in recharge water

percolating through the vadosezone. Recent information indicates that the

saturated zone immediately beneath the burial ground is approximately 1 m

deep, whereas the depth is knownto exceed5 m at manydowngradient locations.

Becauseof the proximity of the lO0-m well to the burial ground, an average

aquifer (mixtng) depth of 2.5 m was assumedfor that location, and it was also
applied to the 5000-mwell for consistency. This approach, therefore, was

likely to produceconservative (i.e., high) estimates for the lead

concentrations in groundwater, particularly at the 5000-mwell location for

the 6-cm/yr recharge rate.

4.7.6 Estimate_ of the Distribution or Adsorption Coefficient

Adsorption of lead on soil as simulated for this analysis was

conservative for several reasons. The Rd values determined in this study were
found to be a function of the equilibrium solution concentration. As the

equilibrium solution concentrations of Pb increased, the Rd values decreased

according to Equation (3.5). The Rd value selected to mode]lead transport
for the "conservative" case was approximately half of that expected for lead

adsorption near the solubility limit of cerussite (which is theoretically the

highest concentration of lead possible for thts system). Basedon the massof

lead disposed and the available catton exchangesttes in the vadosezone and

aquifer sediments, solution lead concentrations near the solubility limit

should only exist near the source and through part of the vadosezone. As
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water percolates through the soil column and into the aquifer, adsorption on

sediments and dilution by groundwater would decrease the lead concentrations

at downgradient locations. For example, the appropriate Rd estimated from

Equation (3.5) for a solution saturated with cerussite (300 pg/L) would be

1400 mL/g, whereas 1200 mL/g was actually used in the "conservative" transport

case. For an equilibrium solution at 1 pg/L of lead, the appropriate Rd value

. would be 9550 mL/g. Consequently, Rd values would be expected to increase as
the distance from the source increases during the time when lead is actively

, dissolving from the components. However, lead transport was modeled for the

"conservative" case as if the lower Rd value (determined for a solutton
concentration of 300 #g/L) was appropriate at all locations. For the "best

estimate" case, an Rd value of 10,000 mL/g was used to represe.¢ an average
for the entire transport path, although it was substantially lower than the

maximumRd values observed in the batch adsorption studies.

4.8 SUMMARY

Estimates of lead migration from the burial ground and the conservative

assumptions inccrporated into the modeling are described in this section of

the report. A peak groundwater concentration of 0.043 mg/L and a peak annual

release of 920 g/yr to the Columbia River were estimated for 6.0-cm/yr

recharge in the "conservative" transport case. At the 0.5- or 0.1-cm/yr

recharge rates, the predicted maximumgroundwater concentrations and the

annual quantity of lead reaching the river were significantly lower. The peak

concentrations at all recharge rates were not predicted to occur for hundreds

of thousands to millions of years. The results of the lead transport analyses

indicated that a protective Infiltration barrier on the surface of the

218-E-12B Burial Ground could have a significant impact on the concentrations

" that are eventuallyobserved in groundwater,if it had a sufficientlylong

life span to reduce the infiltrationrate for extendedperiods of time.

However, it is unlikely that any engineeredbarrierwould provide protection

againstwater infiltrationover the millions of years that lead will be

leaching from the components. On this time scale,geologic events would be

expected to transformthe existing hydrogeologythrough tectonics,vulcanism,

deposition,erosion, and other mechanisms.
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