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Executive Summary

Models of the unconfined aquifer areimportant tools that are used to 1) identify and

quantify existing, emerging, or potential ground-waterquality problems, 2) predict changes in

ground-water flow and contaminant translx_ as waste-water discharge operations change, and 3)

assess the potential for contaminants to migrate f_3m the U. S. Depamnent of Energy's Hartford

• Site throughthe ground water. Formerly, most of the numerical models developed at the Hartford

Site were two-dimensional. However, contaminantconcentrations cannot be accurately predicted

with a two-dimensional model, which assumes a constant vertical distributionof contaminants in

the aquifer. Development of two- and three-dimensional models of ground-water flow based on

the Coupled Fluid, Energy, and Solute Transport(CFEST) code began in the mid-1980s. The

CFEST code was selected because of its ability to simulate both ground-waterflow and

contaminant transport. Physical processes that can be modeled by CFEST include aquifer

geometry, heterogeneity, boundary conditions, and initial conditions.

The CFEST ground-watermodeling libraryhas been integrated with the commercially

available geographic information system (GIS) ARCJINFO. The display and analysis capabilities

of a GIS are well suited to the size and diversity of databases being generated at the Hanford Site.

The ability to visually ingx_ large databases througha graphical analysis tool provides a stable

foundation for site assessments and ground-watermodeling studies.

Any ground-waterflow model being used by an ongoing project should be continually

updated and refined to reflect the most current knowledge of the system. The two-dimensional

ground-water flow model being used in suplx_ of the Ground-Water Surveillance Project has

recently been updated and enhanced. One majorenhancement was the extension of the model area

• to include North Richlan_ In addition, the model was converted to the Lamben metric coordinate

system and units were converted to meters to provide easier comparison of modeled results to

, measured values. This conversion, done in 1993, made the model more compatible with existing

Hanford basemaps as well as other Site activities.

A three-dimensional, multilayer ground-watermodel is being developed based on the three-

dimensional geohydmlogic conceptual model being developed for the Ground-Water Surveillance

Project. The transmissivity distribution andboundary conditions are taken from the currenttwo-

dimensional ground-watermodel. Future work will include re-evaluating the boundaryconditions
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of the model (in particular, the Columbia River elevations), surfacerecharge, and, potentially,

discharges from the underlying basalt formation to the unconfined aquifer unit.

To develop the three-dimensional, multilayer ground-watermodel, the current two-

dimensional model was converted to a single-layer, three-dimensional flow model'using the

underlying basalt formation as the base of the model The December 1979 water-tableelevation

and the most currenttop-of-basalt surface were used to define the single-layer, unconfined aquifer q

unit of the new three-dimensional model.

w

Hydraulic conductivities for the three-dimensional model were derived from the

transmissivity distribution of the two-dimensional model. All boundary conditions from the two-

dimensional model were retained in the three-dimensional, single-layer model. Steady-state flow

simulations (based on 1979 discharge conditions) showed good agreement between the predicted

wafer'tables of the two-dimensional model and the three-dimensional, single-layer model. Contour

maps of the predicted head at the top-of-basalt, representing the base of the model, were essentially

identical to the predicted results at the watertable. Travel path analyses also showed very good

agreement between the two- and three-dimensional _xtlts, with the only difference being that

several travel paths terminatedupon encountering a boundaryat the top or base of the model.

This reIx_ summarizes the existing two-dimensional model used by the Ground-Water

Surveillance Project for simulations at the Hanford Site and reports on the status of the new, three-

dimensional model being developed.
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1.0 Introduction

The Hanf0rd Site Ground-Water Surveillance Project, conducted by Pacific Northwest

Laboratory (PNL),(,) monitors the movement of contaminants in the ground water at the U.S.

Department of Energy's (DOE) Hanford Site in southcentml Washington State (Figure 1.1). Two

of the objectives of the _-Wamr Surveillance Project are to 1) identify and quantify existing,

• emerging, or potential ground-waterquality problems and 2) assess the potential for contaminants

to migrate from the Hanford Site through the ground water.

Models of the unconfined aquifer are important tools that have been used to supportthese

objectives. In the past, most of the numerical models developed at the Hartford Site have been

two-dimensional. This is an adequate representationfor estimating quantities of flow, but is not

adequate for predicting transportof contaminantplumes. Contaminant concentrations cannot be

accurately predicted with a two-dimensional model, which assumes a constant vertical distribution

of contaminants in the aquifer. This report summarizes the existing two-dimensional model used

by the Ground-Water Surveillance Project for simulations at the Hanford Site and reports on the

status of the three-dimensional model being developed based on the conceptual model described by

Thorne et al. (1993).

I.I History of Previous Modeling Efforts

Numerical ground-water flow and contaminant transportmodels have been used previously

in theGround-WaterSurveillance Project to simulate the impacts of Site operations on the rate and

direction of ground-water flow and contaminant movement in the unconfined aquifer. Models

were initially developed during the 1970s for use on the HartfordSite. A ground-water flow

model based on theVariable Thickness Transient (VT'D code (Kippet al. 1972) was developed

' and calibratedto existing data. The model was calibratedwith a transientinverse calibration

procedureinvolving an iterative routine (a streamtubeapproach)that used available field

measurements of transmissivity (Cearlock et al. 1975). The calibrated model was used to simulate

ground-waterflow and predict flow paths in the unconfmed aquifer.

ii

(a) Pacific Northwest Laboratoryis operated for the U.S. Department of Energy by Battelle
Memorial Institute.
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A contaminanttranslx_ modelbasedon theMulticomponentMassTransport(MMD code

(Ahlstromet al. 1977)was appliedto simulatemovementof theobservedtritiumplumein the

unconfinedaquiferbetweenHartford's200-EastArea and theColumbiaRiver. The MMTcode

predictscontaminant_ by advectionwitharandomcomponentdescribingdispersion.

TheHartfordPathlineCalculationalcode(Friedrichsetal.1977)wasdevelopedandapplied

topredictadvectivetranslx_ofcontaminantsalongselectedpathlinesintheunconfinedaquifer

thatwereInedictedwiththeVIT code.A latermodificationofthestreamtubeapproach,the

TRANSS code,wasdevelopedbySimmonsetal.(1986).TheV'ITandTRANSS codeswere

appliedaspartoftheHanfonlDefenseWasteEnvironmentalImpactStatement,andtheir

developmentandapplicationaredescribedbyDOE (1987).OtherapplicationsofVTF,MMT, and

TRANSS aredescribedby Freshleyand Graham(1988).

Work was initiated in the mid-1980s to develop two- and three-dimensionalmodelsof

ground-water flow based on the Coupled Fluid, Energy, and Solute Transport (CFEST) code

(Guptaet al. 1987). The CFEST code was selected becauseof its ability to simulate both ground-

water flow and contaminanttransport.The developmentand applicationof the CFEST code for

unconfinedaquifer studies aredescribed byEvans et al. (1988).

A steady-state inverse calibration methoddeveloped I_yNeuman (1980) and modifiedby

Jaeobson (1985) was appliedto calibrate the two-dimensionalground-waterflow model of the

unconfinedaquiferbasedon CFEST. Boththe inversecalibrationmethodand the CFESTcode are

basedon finiteelements,so theyarecompatible.All informationfor estimatesof aquiferhydraulic
properties(e.g., transmissivides),hydraulicheads, boundaryconditions, anddischarges to and

withdrawalsfrom the aquiferis includedin the inversecalibrationforthe ground-waterflow model

of theunconfinedaquifer. Initialeffortson the inversecalibrationaredescribedby Evanset al.

(1988) andthe finalcalibrationresultsaredescribedbyJacobsonandFreshley(1990).

4

1.2 Geologic Setting

The HartfordSite lies withinthePasco Basin (Figure 1.2), a structuraldepressionthathas

accumulateda relativelythick sequenceof fluvial,lacustrine,and glaciofluvialsediments. This

structuraldepressionandnearbyanticlinesand synclinesareformedin theunderlyingColumbia
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River BasaltGroup,a sequenceof flood basalts. The mostrecentbasaltflow underlyingmuchof

theHartfordSite is theElephantMountainMemberof the SaddleMountainsBasalt.

Overlyingthe basaltarethefluvialandlacustrinesedimentsof theRingoldFormation.The i

iJ

fluvialsequencesconsistof coarser-graineddepositsof migratingchannelsandthe finer-grained

overbankdepositsof theancestralColumbiaand/orSalmon-Clearwaterriversystems. Several

Uthologicunitspresentonly in thewesternportionof the PascoBasin arethePlio-Pleistoceneunit,
v

consistingofpaleosot/calcreteandsiclestreamsediments,andtheearly "Palouse"soil,an eolian

sandand silt deposit. The uppermostsedimentaryunitcoveringmuchof the HartfordSite is the

Hartfordformation,acomplex seriesof coarse-andfine-grainedlayersdepositedby cataclysmic

floodsduringthe lastice age. Forthemostpart,thef'me-grainedsedimentsarefoundnearthe

marginsof thebasin and in areasprotectedfromthemainfloodcurrentsthatdepositedthe coarse-

grainedsediments. CappingtheHartfordformationin m_y areasis a thinveneerof eolian sands
and/orrecentfluvial deposits.

As the post-basaltsedimentswerebeing deposited,thebasalt was continuingtodeform

structtm_y. The basincontinuedto subside,andtheridges continuedtorise. Thisprocessled to
the formationof sedimentaryunitsthat arethickestin thecenterof thebasin andbecome thinor,in

places,pinchoutat the anticlines. In a few places,Hanfordformationsedimentsdirectlyoverlie

the basaltwhere theRingoldFormationeitherwas never depositedor was erodedawayby
cataclysmicfloods.

1.3 Hydrologic Setting

An uppermost unconfinedaquiferanda sequenceof confined aquiferslie beneathmostof

the HartfordSite. Theunconfinedaquifer is generallylocatedin unconsolidatedto semi-

. consolidatedsedimentsoverlyingthe basaltbedrockandthe confinedaquifersaregenerally

brecciatedtops of basaltflows andsedimentaryinterbedslocatedwithinthe ColumbiaRiver

Basalt. In some areas,deeperpartsof thesuprabasaltsedimentsarelocallyconfinedby overlying

mudunits. However, becausetheentiresuprabasaltaquifersystemis interconnectedon a sitewide

scale, it has commonlybeenreferredto as the'_Ianfordunconfinedaquifer." Aquiferslocated

withinthe ColumbiaRiverBasalt arerefened to astheconfinedaquifersystem.

Groundwaterin both the confined andunconfinedaquifersystemsgenerallyflows toward
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the Columbia River, which acts as a drain for the ground-water flow system. In some places,

ground water within the confined aquifer system flows under the river, apparently toward areasof

higher vertical communication between the confined and unconfined aquifers (Spane 1987; DOE

1988). Ground water in the confined aquifers comes mainly from infiltration of precipitation and

streamflow within recharge areas along the periphery of the Pasco Basin (DOE 1988). With regard

to development of a conceptual model for the unconfined aquifer, the confined aquifer system is

"untmctantbecause there is a potential for significant ground-water leakage between the tw¢

systems, particularly in areasof increased vertical permeability such as the areanortheast of the

200-East Area (Graham et al. 1984).

The unconfined aquifer atHanford lies mainly within the Ringold and Hanford formations.

Because the sand and gravel facies of the Ringold Formation are generally more consolidated,

contain more silt, and are less well sorted, thi:yare about 10 to 100 times less permeable than the

sediments of the overlying Hanford formation (DOE 1988). Prior to waste-water disposal

operations at the HartfordSite, the uppermost aquifer was almost entirely within the Ringold

Formation and the water table extended into the Hanford formation at only a few locations near the

Columbia River (Newcomb et al. 1972). However, waste-water discharges have increased the

water-table elevation, causing it to riseinto the Hanford formation in the vicinity of the 200-East
Area and in a wider area near the Columbia River.

Cn'onndwater in the unconfined aquifer atHartfordgenerally flows from recharge areas in

the elevated region near the western boundaryof the HartfordSite toward the Columbia River on

the eastern and northernboundaries. The Yakima River borders the Hanford Site on the southwest

and is generally regarded as a source of recharge. The Columbia River is the primarydischarge

areafor the unconfined aquifer. Natural areal recharge from precipitation at the HartfordSite is

low (Figure 1.3), probably less than 1.25 cm/y (0.5 in./y) over most of the site, although a few

nonvegetated areas with coarse soils may reach 5 cm/y (0.2 in./y) of infiltration (Gee and I-Ieller

1985; Bauer andVaccam 1990). Since 1944, the artificial recharge fxom Hartfordwaste-water

disposal operations has been greaterthan the naturalrecharge. As of 1989, an estimated 444

billion gallons of liquid were discharged to the ground throughdisposal ponds, trenches, and cribs

(Freshley and Thorne 1992).
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Figure 1.1. HanfordSite Location Map
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Figure 1.2. Structu_ Features of the Pasco Basin
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Figure 1.3. An:a] Distribution of Recharge for the Hanford Site as Modeled by the U.$.

Ocologica] Survey(BauerandVaccaro1_;_0)
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2.0 Description of CFEST Code

The CFEST[CoupledFluid, Energy,andSoluteTransport(Gupmet al. 1987)]code was

originallydesignedto supportthe radioactivewasterepositoryinvestigationssponsoredbyDOE's
CivilianRadioactiveWute ManagementProgram.Ithas alsobeeneffectivelyusedbythe

chemicalwastemanagementcommunityfor conductingexposureassessments,evaluating
remediationalternatives,anddesigningextractionandcontrolsystemsfor aquifers.

The CFESTsoftwarelibrarywas extensivelytested andbroughtunderstrictsoftwareQuality

Assurance/QualityControlproceduresbytheOffice of NuclearWasteIsolation(ONWI). A super-

computm"version(CFEST-SC)was developedto runon all majorUnix workstations(Cole et al.
1988). The CFESToutputis now graphicoallydisplayedusingthe ARCJINFOgeographic

informationsystem ((]IS).

2.1 Physical Processes Modeled by CFEST

The CFF_Tcode solves partialdifferentialequationsforfluidpressure,temperature,and
soluteconcentrationfor multilayem_ confinedhydrologicsystemsusingthefinite-element

method. Optionsexist to solve theequationsfor pressure,temperature,and solute concentrationin

eitheranuncoupledor a coupledform. Fluidpropertiesof density andviscosity arcused to couple

the equationsfor simulationsreq_g variabledensitysolutions. Solutionof thesystemof

coupled equationsis basedonlineariz_'on, with thelatest iterationof knownpressure,

temperature,andsoluteconcentrationused tocomputefluidand aquiferpropertiesfor thenext
iteration.

Phreaticsolutionscan be computedfor theuncoupledequationsthroughan iterativetechnique

thatadjuststhe saturatedthicknessso thatthe calculatedheadis thetopof the system. Theuser

has the option to solve for any or allof the dependentvariables.Thecode is designedto simulate

transientor steady-statefluid flow coupledwithenergyand/orsolute transport.SinceHanford
simulationscurrendydo notconsiderdifferencesinfluid densityor viscosity, only the uncoupled

equation optionis used for HanfordSite simulations.
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2.2 Aquifer Geometry

In the Cartesian _te system, the code can be used for simulation in a horizontal plane,

a vertical plane, or a fully tluee-dimensional regime. An option also exists for the axisymmetric

analysis of a vertical cross section.

The CFEST finite-element formulation has the capabifityto model discontinuities, major

breaks in slope or thickness, and fault zones in individual hydrogeologic units. Surface-water

bodies (lake, river, seashore), recharge or pumping wells, and variations in major land uses may

be modeled using the appropriategrid (node locations).

2.3 Heterogeneity

The code models heterogeneity in aquifer permeability and porosity. Anisotropy (co-linear

with the Cartesian coordinates) is also accommodated. The variation in the hydraulic properties

may be described homogeneously within layers or heterogeneously on an elemental basis for

aquifers exhibiting a certain degree of geologic complexity.

2.4 Boundary Conditions

The code includes options for both constant and time-variant Dirichlet and Neumann

boundary conditions. The Dirichlet and Neumann boundaryconditions can be specified

individually for each dependent variable. For example, a given node may have a specified

concentration (Dirichlet) as well as a specified fluid flux (Neumann).

2.5 Initial Conditions

The user can _ the following initial conditions:

a) Hydraulic Head or Pressure -- Constant values for hydraulic head or pressure are

specified thnmghout the region for cases of constant and variable density.

2.2

ml



b) Temperatme-- Constanttemperature,temperatureas a functionof depth,or independent
nodalvalues of temperatmemaybe specifiedateach node.

c) Concentration- Constantor imtependentnodalvaluesof concentrationmaybe specified
ateach node.
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3.0 Geographic Information System/CFEST Link

A geographic information system (GIS) consists of tabulardatabases and geographic

databases (e.g., well locations or facilities maps) linked together with relational database software.

This enables the user tDeasily perform sophisticated spatial data analyses that might take hours or

days using conventional methods.

The Ground-WaterSurveillance Project uses a commercial GIS package, ARC/INFO, to

. support its database management and mapping nee&. The display and analysis capabilities of a

GIS are well suited to the size and diversity of databases being generated at the Hanford Site. The

ability to visually in_ large databases througha graphical analysis tool provides a stable

foundation for site assessments and ground-watermodeling studies. The GIS capability of color

coding data greatly aids in the visual recognition of data trends, particularly in the inspection of

large numbers of chemical and radiological measurements.

The ARCJINFO GIS has been integrated with the CFEST ground-water modeling libraryto

suppc_ the Ground-WaterSurveillance Project. This GIS/modeling capability arose from the need

for effective database management andgraphical tools to supportongoing environmental activities

conpled with the need for more effective graphical interfaces for the ground-watermodels. A

series of ARCJINI_ macro routines and FORTRAN utility progrmnshave been developed to

allow the ARCJINFO - CFEST interface to include the following capabilities:

• Extractchemistry or radiological data from theHanford Environmental Information System

database andinepare contour maps of the ground-waterplumes to be used as initial

conditions for the CFEST transportmodel

" • Develop planar and cross-sectional maps of the geohydrologic conceptual model by

interfacing surface generatioa algorithms with the geologic database

- • Develop finite-element grids and input hydrologic andchemical parametersto the CFEST

input files

• Produce report-qual;ty or cartographic-quality maps based on CFEST output.

Figure 3.1 depicts the information flow between the individual CFEST computational

modules andpost-processors, the FORTRAN utility programs, and the ARC_ANFOmacro routines

as applied to the two-dimensional modeling efforts. For example, an ARCANFO macro may be
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used to selectelementsthat_nt startingpointsforparticletravelanalyses. A FORTRAN

utilityprogramwill thengeneratea commandfile usedtoexecute theCFESTtravelpathmodule.
Another AR_ macrohasbeenwrittento createa triangularirregularnetworksurfacefrom

CFF.,SToutput,fromwhich contourmapscan be generated.In addition,severalothermacro

routineshavebeendevelopedto enhancetheoutputcapabilityandefficiencyof theGIS. These

includeroutinesthat allow 1)plottingof resultsover a consistentsetof Hanfordbasemaps and2)

creatingeitherblackand white or colorencapsulatedPostscriptfile formats. Additional

ARC3INt_ macrosfor gridgenerationand parameterassignmentwill be used in supportof the

three-dimensionalmodeldevelopment.
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4.0 Two-Dimensional Ground-Water Flow Model

The ctmvnt configuration of the two-dimensional ground-waterflow model is described

below. Recent enhancements include extending themodel to the south and converting the units

and the coordinate system. An example application of the model, consisting of pathline analyses

performed for two gonnd-water flow system scenarios, is presented below.

4,1 Model Description

Jacobsen and Fresldey (1990) used an inverse method to update the transmissivity field for

the Hanford Site originally generated by Ce_lock et al. (1975) for the V'IT code. This updated

distribution of transmissivity values was used as input for the CFEST code to model ground-water

flow and transportat the HartfordSite. Figure 4.1 shows the original finite-element grid generated

for the CFEST code. The grid, consisting of 966 nodes and 878 elements, was designed to

provide detail around waste disposal facilities and in areas where hydraulic conductivity changes

significantly over small distances. Jacobeon and Freshley (1990) describe the sources of data used

in the inverse calibration. December 1979 was determined to be the time most representative of

steady-state conditions. Several cases were run to determine how best to represent boundary

conditions in the vicinity of Cold Creekand to evaluate the effects of arealnaturalrecharge.

Jacobsen and Fresldey (1990) reported that the cases with a prescribed head boundarycondition in

the vicinity of Cold Creek (cases 3 and4) produced a better match to observed water levels than the

two cases with a constant flux boundary condition at Cold Creek (cases 1 and 2). Case 4 included

arealnaturalrecharge to the aquifer andproduced a slightly better fit to the observed water levels

(Figu_ 4.2) than case 3, which did not include areal recharge (Figure 4.3). However, all cases

- ignored any communication with the basalt aquifers.

. Transient simulations were run with CFEST based on the transmissivity distribution from the

results of case 4 for a 6-yearperiod from 1980 to 1985. The time step for these simulations is

I month. Therefore, datafor liquid waste discharges to the ground are requiredfor monthly

intervals. These data are taken from operating conwactor reports (e.g., Brown et al. 1990). In

addition to data describing effluent discharges, transientsimulations requirespecification of storage

"coefficientsfor theunconfined aquifer. There are relatively few measurembnts of storativity for the -

unconfined aquifer, therefore, a constant value of 0.I, taken from the VTT model, was assumed.
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Thisvaluewas dividedby the thicknessateachelementtoprovideCFESTwithstoragevalues in
unitsof 1/Lfor each element. Thercsulmwere comparedto meastncdvalues andarediscussedby

Jacobson andFreshley(1990).

Thetransmissivitydistributionfromcase 3 was usedfor projectsimulationsbecauseof

uncertaintyin theavailabilityof goodarealrechargedatafortransientsimulations.Plansexist for

evaluatingrechargeto the un_ed aquiferattheHanfordSite andinc_g the resultsinto
the model Severalmodificationsandadditionshavebeenmadeto the model basedon the case 3

transmissivityfieldto createthecurrenttwo-dimensionalmodel usedfor simulationsat the

HanfordSite. To investigateeffectsof HanfordoperationsneartheRichlandwell fieldandthe

3000 Area,anextension of the modelboundarywas necessary. Thefinite-elementgridwas

extendedsouthwardin 1991to include the 3000 and 1100areas (Figure4.4). The southern

boundaryof theextendedfinite-elementgridconsistsof the YakimaRiverand itsconfluencewith

the ColumbiaRiver. The gridresolutionin theextendedregion of themodel is fairlycoarse

becausetheavailableinformationon the hydrogeologyandon activitiesin thatareadid notwarrant

finerdiscretization.Prescribedheadboundaryconditionsalongthe YakimaandColumbiarivers

wine takenfiom the VIT model. Valuesfor hydraulicconductivity,aquifer thickness,_d specific

yieldwerealso takenfi'omthe VTTmodeL Theextendedregionfinite-elementgridcontains997

nodes and 904 elements. In addition,datafor waste disposalfacih'tydischargeswereupdatedto

include the periodthrough1990.

In 1993, the modelwas convened to theLambertmetriccoordinatesystemto makeit

compatiblewith otherHanfordSite activities. Units forthe modelwerealso convertedto meters,

allowingeasiercomparisonof modelresults to measuredvalues. A reviewof the model also

indicated thatsomeof theboundariesof theoriginalCF_T griddid notmatchtheupdated

ColumbiaRiverlocationmapsorcurrentintcq_retationsof basaltoutcropsabovethe watertable.

Hodclocationsweremovedto moreaccuratelyrepresentaquiferboundaries. Theadjustedfinite-

clementgridand boundaryconditionsareshownin Figure4.5. The hydraulicconductivityfield

(Figure4.6) is derivedf_m the aquiferthickness(Figure4.7) and the transmissivityfield (Figure

4.8) generatedby the inversecalibration(JacobsonandFreshley1990). Steady-stateand transient
simulationswereperfcxmedwith therevisedmodelandcomparedwithresults fromtheoriginal

model (Figures4.9 through4.12). Theoriginalmodelresults were calculatedin theoriginalunits

andconvertedtometricunitsjust beforecontouringto allow directcomparisonwith therevised

model The CFESTinputfiles for transientsimulationsas well as platesshowingthe numbering
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scheme for nodes and elements are provided in Appendixes A, B, and C [see Cole et al. (1988) for

inputfile intmptetation].

4.2 Model Application

. A pathline analysis was performed as partof the evaluation of the potential for the tritium

plume to migrate to the immediate vicinity of the City of Richland well field. A pathline analysis

. trackshypothetical waterparticles througha flow field generated by a ground-waterflow

simulation. Contaminant UamlXm calculations were not performed. Therefore, dispersion, which

would cause lateral spreading of the plume beyond particle pathlines, was not considered. Flow

pathswere calculated for particles on the southern boundary of the tritium plume based on two

scenarios for the future condition of the ground-waterflow system. The two simulations were

based on initial conditions that represented theDecember 1979 steatdy-stateflow field determined

from the results of the inverse calibration done by Jacobson andFreshley (1990). Transient flow

was simulated in monthly time steps beginning in December 1979 and proceeding throughthe end

of 1989 (a total of 10 years). One scenario assmned recharge at the Richland well field during the

lO-yearperiod, and the other assumed no recharge at the Richland well field during the lO-year

period. The two scenarios were assumed to bracketfuture behavior of the ground-water flow

regime near the Richland well field. For each scenario, particle trackinganalyses assumed that

December 1989 flow conditions remained constant. Various locations near the boundary of the

tritium plume were chosen as startingpoints for the trackingof water particles throughthe flow

system to predict the potential movement of the tritium plume. The particle paths were tracked until

they reached a model boundary.

The Yakima River recharges the unconfined aquiferin the southern portion of the model,

creating a hydraulic gradient from west to east This gradientcan be seen in Figure 4.13, which

• shows the contoured water table for the scenario assuming no recharge at the Richland well field.

Upon reaching the soutbem portion of the model, particles moving from the Site in a southeast

direction follow paths into the Columbia River. When recharge occurs at the Richland well field, a

ground-water mound forms, affecting the west-to-east gradient in the area surrounding the well

field (Figure 4.11). Figure 4.14 shows the results of theparticle tracking analyses for the

scenario that assumes no recharge at the Richland well field. In this case, particles originating

from locations representing the edge of theexisting tritium plume exit into the Columbia River at

4.3



locationssouthof the300 Areaandnorthof theRichlandwelt field. Thepanicle trackingresults

forthe scenariothatassumesrechargeoccurs attheRichlandwell areshowninFigure4.15. For

thisscenario,the particlesexit intothe ColumbiaRivereven farthernorth(nearthe southendof the
300 Area) becauseof localizedchangesin thegradientcausedbythe ground-watermoundrear the
Richlandwell field.
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5.0 Three.Dimensional Hydrogeologic Conceptual
Model

Before a numerical model can be built and used to simulate ground-waterflow and

contaminant transporton the Hanford Site, a conceptual model describing the flow system must be

, developed. The conceptual model describes the geometry of the flow system, defines hydraulic
_es throughout the model region, describes boundary conditions, and establishes initial

conditions for variables such as hydraulic head andcontaminant concentrations. For the three-

dimensional conceptual model, describing flow system geometry involves defining the orientation

and extent of hydrogeologic layers that make up the unconfined aquifer system. Constant

hydraulic properties may be defined for a particular layer, or a spatial distribution of properties may

be assigned to the layer. Both horizontal and vertical hydraulic conductivities must be def'med to

support the three-dimensional model because vertical flow is im_L Boundary conditions

include perimeter boundaries, which are usually defined as prescribed head or prescribed ground-

watea flux, and boundaries for the upper and lower surface of the aquifer. Because the model

describes an unconfined aquifer, the upper boundaryis not fixed. Definition of the upper

boundary also reflects input of wat_ from disposal facih'ties, irrigation,or natm_ recharge. The

lower boundary may be a no-flow boundaryor a prescribed flux boundary describing the leakage

of water to or from the underlying confined aquifer system.

The arealextent of the model is defined by physical boundaries, including the Columbia

River on the east and north, and basalt outcrops and the Yakima River on the west and south.

Because development of a three-dimensional conceptual model is a very large task, the work is

being done ovm'a period of several years. Work conducted during FY 1992 (Thome and

Chamness 1992) focused on defining the hydmgeologic structureof the unconfined aquifer in the

areaextending eastward from the 2(D.East Area to the Columbia River. Most of the contaminants

discharged to waste-water disposal facilities in the 2(X)-EastArea travel through the unconfined

aquifer in this area. During FY 1993, work on the conceptual model concentrated on extending the

definition of hydmgeologic layers to the west and south, assigning hydraulic properties to layers

within this region, defining the bottom surface of the unconfined aquifer system over the entire

site,andcollectingdata to better define the boundary corresponding to theYakima River on the

southwest edge of the site. This work is documented by Thorne et al. (1993).

5.1



6.0 Three-Dimensional Ground-Water Model

As discussed in Chapter4.0, thepreviousnumericalmodelsdeveloped attheHartfordSite

havebeentwo-dimensionaLThis is anadequaterepresentationfor estimatingquantitiesof flow,

butis notadequatefor predictingcontaminanttmuslz3rt.Inparticular,theverticaldistributionof

contaminantscannotbe accuratelysimulatedandpredictedwith a two-dimensionalmodel.
• Ftmhennme,a flnee-d/meusionalmodelwill allow simulationof verticalhydraulicgradients.

' 6.1 Modeling Approach

A three-dimensional,multilayergrouP-water modelis being developedbasedon thethree-

dimensionalgeohydmlogicconceptualmodeldescribedbyThorneet al. (1993). The

transmissivitydistributionandboundaryconditionsare takenfromthecurrenttwo-dimensional

ground-watermodel describedin.Chapter4.0. Futureworkwill includere-evaluatingthe

boundaryconditionsof themodel (inparticular,thewater-tableandriverelevations),surface
recharge,and, potentially,di_uu'ges f_m theunderlyingbasaltformationto the unconfined

aquiferunit. As dischargesto pondsandcribs attheHanfot_Site are_ therechargeto the

unconfinedaqtfiferunitfrompn_pitation andtheunderlyingbasaltsmaybe moreimportantand

could have a significanteffect onwater-tableelevadmm.Also, the geohydmlogicconceptual

mcdclwill be refinedasmoregeologic informationbecomesavailable,providingfor additional

refincmcntsto thetinct-dimensionalground-watermodel

6.2 Single-layer Flow Model

. As a firstst_ towarddevelopinga three-dimensional,multilayerground-watermodel,the

current_eusional model (Chapter4.0) was convertedto a three-dimensional,single-layer

flow model using the underlyingbasaltformation(describedin Chapter5.0) as thebaseof theo

modeL

TheDecember1979water-tableelevation(Figure4.9) andthe mostcurrenttop-of-basalt

unlace (Figure6.1) wereusedto define the single-layerunconfinedaquiferunitof the new three-
dimensionalmodeL Significantdifferencesexistedbetweenthecurrenttop-of-basaltsurfaceand
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the base of the two-dimensional model (t;igme 6.2), whichcorrespondedto eitherthetop-of-basalt

or otherimpermeablesu'am(e.g., lowcrRingoldunit).

Hydraulicconductivitiesforthetluee-dimensionalmodelwerederivedfromthe

U'msmissivitydiktdbufionof thetw_onal model bydividingthetransmissivityvalue by
thes_ thicknessof timunconfln_ unit. Thus,theu'ammissivitydistributionwas not

modifiedin the three-dimensional,single-layermodeL

All boundaryconditionsfromthetwo.dimensionalmodelwae retainedin thethree-

dimensional,single-layermodel, includingflux andheld-headboundaryconditionsbasedon

steady-stateflow conditionsrepresentingDecember1979. Theboundaryconditionswere setat
surfacenodesof thefinite-elementgrid.

Sw_ly-sta_ flow simulations(basedon 1979dischargeconditions)showed good

agreementImtweentheInedictedwatertablesof thetwo-dimensionalmodel(Figure6.3) andthe

tlnee-dimensional,single-laye_model (Figure6.4). Contourmapsof thepredictedheadatthetop-

of-basalt(Figme 6.5), representingthebaseof themodel, wereessentiallyidenticalto the
resultsatthe watertable. Travelpathanalyses(Figures6.3 and 6.4) also showed good

agreementbetweenthetwo- andthree-dimensionalresults,with the onlydifferencebeing that

severaltravelpathsterminateduponencounlefinga boundaryat the topor baseof themodel.
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Appendix A

CFE$_? input File Describing Finite.Element Grid Information and

Materl_ Properties for the Two-Dimensional Hanford Regional Flow
Model

Note: Becauseof the size, thisis includedon an IBMformatteddiskin WordPerfect5.1 andas
anASCIIfile.
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Appendix B

CFEST Input File Describing Flux and Time Step Information for the

Two-Dimensional Hantord Regional Flow Model

No_e: Because of the size, this is includedonanIBMformaueddisk in WordPerfect5.1 andas
anASCIIfile.
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Appendix C

Plates Showing Node and Element Numbering Schemes for the CFEST

Input Files Used in the Two-Dimensional Hanford Regional Flow
Model
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