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1.0 INTRODUCTION

The United States and the formerSovietUnion (now the Commonwealthof
IndependentStates)have set up the Joint CoordinatingCo,wnitteeon Civilian
NuclearReactorSafety (JCCCNRS)to enhancesafe operationof civiliannuclear
reactors. The agreementcontainsSection7.1, "EnvironmentalTransport,"and
Section7.2, "HealthImpacts." Activitiesunder these sectionsare managedby
the U.S. Departmentof Energy. U.S. Coordinatorsof Programs7.1, "Environ-
mental Transport,"and 7.2, "HealthImpacts,"are Lynn R. Anspaugh at Lawrence
LivermoreNationalLaboratory(LLNL),Livermore,CalifG,rnia and Marvin Goldman
at the Universityof California,Davis, California. Program7.I consistsof

i the following:

7.1.A. Research on AtmosphericDispersionModeling
(U.S. Coordinator,P. H. Gudikson at LLNL)

7.1.B. Wind-drivenRespensionof Toxic Aerosols
(U.S. Coordinator,L. R. Anspaush at LLNL)

7.1.C. External Exposureand Dose from DepositedRadionuclides
(U.S. Coordinator,H. L. Beck at the NationalInstituteof
Health)

7.1.D. Transferof RadionuclidesthroughTerrestrialFood Chains and
ResultingDose to Man
(U.S. Coordinator,F. O. Hoffman, formerlyat Oak Ridge
National Laboratory)

7.1.E. Long-TermDose for the Contaminationof AquaticFood Chains
(U.S. Coordinator,W. Templetonat PacificNorthwest
Laboratory)
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7.1.F. Modelingthe Behaviorof Radionuclidesin Soil-AquaticSystems
IncludingRivers and Reservoirs
(U.S.Coordinator,Y. Onishiat PacificNorthwestLaboratory)

7.1.G. Intercalibrationof Methodsfor MeasuringRadioactive
Contaminantsin the Environment
(U.S.Coordinator,H. L. Beck at the National Instituteof
Health)

Main objectivesof the above seven programsunder JCCCNRSare to test
and improve methodologies,mathematicalmodels,technologies,and techniques
needed to better understandand to more accuratelyforecastradionuclide
behavior in the environmentfollowingnuclearpower plant accidents. These
programs currentlyfocus on problemsfrom the ChernobylNuclearPower Plant
accident. This paper describesthe activitiesof Program7.1.F.

Z.O OI_scR]_PTIONOF PROGRAM7.1.F

Program 7.1.F, "Modelingthe Behaviorof Radionuclidesin Soil-Aquatic
Systems IncludingRivers and Reservoirs,"deals with radionuclidetransport
and geochemistryin an aquaticenvironmentconsistingof surfacewater,
groundwater,and overlandflow.

The main joint researchwork under Program7.1.F consistsof the
following four areas:

I. Characterizationof radiochemistrythroughlaboratoryand field
experimentson

• adsorptionand desorption
• fuel particles.

2. Field data collectionto

• identifythe controllingtransportand geochemicalmechanisms
• conduct site characterization
• obtain necessarydata for mathematicalmodeling.

3. Overland flow, river/reservoir,and groundwaterradionuclidesimulations
to

• develop or modify mathematicalmodels
• test and validatemathematicalmodels.

¢. Environmentalremediationassessmentto

• evaluate soil and water remediationtechniques
• determinethe effectivenessof potentialremediationoptions.



3.0 CURRENTACTIVITIES

We are currentlyconductingthe followingthree joint studies: surface
water modeling of the PripyatRiver and its flood plain, site characterization
of the Iput River basin with the use of U.S. Landsatdata, and
watershed/groundwatermodelingof an Iput River catchment•

3.1 PRIPYATRIVER FLOOD PLAINMODELING

The ChernobylNuclearPower PlantoiSestimatedto have released approxi-mately 1.3 million curiesof 137Csand .24millioncuries of 9°Srduring the
11 days followingthe April 26, 1986 accident. Many of these _adionuclides
were depositedon the land surface,as shown in Figure I for =='Cs. The
Pripyat River flood pla,iA direct!,vacrossfrom the Chernobylplant received

significantamountsof '_'Cgs^ and ="Srdeposition(see Figure 2) and contributes
approximatelyhalf of all "Sr enteringthe PripyatRiver,which joins the
Dneiper River flowinginto the Black Sea (Voytscekhovitchet al. 1990).

During January throughMarch of 1991, an ice jam was formed in the
Pripyat River near a bridgejust downstreamof the Chernobylplant. This ice
jam caused the river water to backupupstreamand flow into the flood plain,
resultingin increased9°$rconcentrationsin the PripyatRiver from I to 10
pCi/( level to 200 pCi/(,which exceedthe currentlocal drinkingwater limit
of 100 pCi/_ for =USr. The Ukrainiangovernmentis currentlyconstructinga
dike along the river to preventfuturefloodingof this flood plain.

We are currentlyapplyingthe sedimentand contaminanttransportmodel,
FETRA (Onishi1981) with the compatiblehydrodynamicmodel, RMA-II (Nortqnand
King 1977) to the PripyatRiver and its flood plain to simulate°vSrand =_'Cs
migrationand accumulationduringthe flood period. The study area is
approximately10 km x 3 km with elevationvarying100 m above the Baltic Sea
Level (BSL) at the river bottomto 112 m BSL. The RMA-II/FETRAmodeling area
and computationalgrids are shown in Figure3.

FETRA is an unsteady,two-dimensional,finite-elementmodel designed to
simulate

• transport,deposition,and resuspensionof both cohesive and non-
cohesivesediments

• transportof dissolvedcontaminantwith sediment-contaminant
interactions

• transport,deposition,and resuspensionof particulatecontaminants

• erosion,deposition,and accumulationof sedimentand particulate
contaminantin the river bed.
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Fiqure 3. RMA-II and FETRA ComputationGrids of the PripyatRiver and
Flood Plain

The objectivesof this model applicationare to

• compare the model resultswith field data to test the applicability
of FETRA to a nuclearplant accidenthaving such complexitiesas
adsorption/desorption,the presenceof fuel particles,and flooding

• benchmarkFETRAwith other models,such as the COASTOXmodel
(Zhoveznyalket al. 1992)

• evaluatethe effectivenessof the dike under constructionto reduce
radionuclideconcentrationsin the PripyatRiver.

3.2 LANDSATDATA AND RADIOI,.OGICAI,ANALYSIS

The Geological InformationSystem (GIS),combinedwith remotesensing
data supportedby ground truth information,is a very useful tool to obtain
accurate site characterizationover a large area. Under this studywe are
currentlyanalyzingU.S. Landsatdata taken on June 12, 1987over an
approximatAly170-km x 170-km area of the Iput River basin in combinationwith
measured _'Cs distribution(see Figure I). The IputRiver basin is just
north of Gomel.

The Iput River is a tributaryof the Sozh River,which in turn flows
into the Dneiper River• The Iput River Basin receivedthe highestconcentra-
tions of 137Csand 9°Srin Russia resultingFrom the Chernobylaccident. The
study objectivesare to

• correlateradionuclideconcentrationsand terrestrialbiomassto
evaluatepotentialradiationimpactson plants
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• visualizeand evaluatecompositepatternsof radionuclide
distributionsto assessradionuclidemigrationon the land surface
to receivingwater bodies.

Potentialradiationimpactson plantswere investigatedby correlating
the 137Csconcentrationsto plant biomassas estimatedusing the red and
infra-redbands of the Landsatimage (Estes1983). Figure ¢ shows the results
of this very preliminarywork in a scatterdiagramof the biomassversus 1_ZCs
concentrations. The plot showsthat there are a lack of data points in high
137Cswith low biomass(lowerright side of the figure). This suggeststhat
futurework might first concentrateon investigatingthe possibilitythat
plants alreadyunder distressfor other reasons (i.e.,having low biomassto
start with) were particularlysusceptibleto damageby radiation. For
instance,if a land use map were generated,it would be useful, not only for
other studiesand remediationwork, but for removing"noise"from the analysis

. of the effect of radiationon biomass(e.g.,perhapsit is just chance that
the high-levelradiationzones occur on low biomassurban areas). Further
work to improvethe registrationbetweenbiomassdata and the radiationmap is
being planned. In particular,therewere severalanomaliesidentifiedin the
radiationmap that have to be resolvedwith the authorsof the map. The
analysiscould also be significantlyimprovedand tested by includingLandsat
images from other dates. In particular,these imagescould be used to both
test theories (e.g.,examinethe correlationof biomassand radiationbefore
and after the accident)and look for other possiblechangesover time. In
addition,this exploratorywork suggestedseveralspecificstatistical
proceduresto refine and test the theorieson the effectsof radiationon
biomass.

3.3 WATeRSHED/GROUNDWATERMODELINGOF IPUT RIVER CATCHMENT

The principalsourceof radionuclidesenteringthe aquaticecosystemis
the adjacentterrestrialecosystem. Radionuclidesmay be transportedfrom the
terrestrialecosystemwith sedimentsduring periodswhen precipitation,
streamflow,and/or snowmeltresultin saturationof the soil or result in
exceedingthe infiltrationcapacityof the soil surface. The constant
redistributionof moisturein the terrestrialecosystemby the processesof
evapotranspiration,infiltration,and saturatedsubsurfaceflow requiresa
dynamic analysisto assessthe likehoodof a specificarea reachingthe condi-
tions requiredto transportradionuclidesin the hydrosphere.

A PNL-developed,spatiallydistributed,physicallybased watershed
hydrologicmodel is being appliedto a small Iput River catchment
(approximately10 km x 10 km) to map the areas of greatest potentialfor
mobilizingterrestrialradionuclidesinto the surfacewater aquaticecosystem.
This integratedhydrology-vegetationmodel simulatingsoil/vegetationwater
balanceconsistsof the followingfour submodels:
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Fiqure 4. CorrelationbetweenPlant Biomass and 137CS Concentratons
in the Iput River Basin

• two-layercanopy submodelfor evapotranspiration
• an energy-balancesubmodelfor snow accumulationand melt
• a two-layerunsaturatedsoil submodel
• a saturatedsubsurfaceflow submodel.

The model requiresdata on elevation,soils, vegetation,and climate.
Elevationdata are used to model topographiccontrolson incomingshortwave
radiation,precipitation,air temperature,and downslopewater movement. The
vegetation (groundcover) informationwill be providedvia the interpretation
of the Landsatimagingas discussedpreviously.

4.0 NEXTJOINT STUDY

Simulation of the transport and accumulation of 137Csand 9°Sr in the
Dneiper River/Reservoir system from the Kiev Reservoir to the Black Sea will
be planned. Wewill use an unsteady, one-dimensional (branching), sediment-
contaminant transport model, TODAM(Onishi et al. 1982) to cover the study
duration of April 1986 to December 1991.
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- We also plan to conduct similarLandsatdata analysesaround the
ChernobylSite to visualizecompositepatternsof radionuclidedistribution/
migrationI_atternsand to correlateplant biomass and radionuclideconcentra-
tions of 137Csand 9°Sr.

Some radionuclidesoriginallydepositedon the land surface,as well as
Chernobylaccidentdebris,dead trees, and other radioactively-contaminated
materialsburied near the land surface,are leaching intogroundwatersystems
in the Chernobyl/Kievarea. Thus, we are also consideringinvestigatingthe
regionalgroundwaterflow with a quasi three-dimensional,analytic-element-
method model incorporatinga varietyof boundaryconditions,such as streams,
reservoirs, and drains.
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