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ASSESSMENTOF UNSATURATEDZONE RADIONUCLIDECONTAMINATION
IN THE 200 AREAS OF THE HANFORDSITE, WASHINGTON

John R. Brodeur and CurtisD. Wittreich
WestinghouseHanfordCo.

P.O. Box 1970, Richland,WA 99352

ABSTRACT

The 200 East and 200 West Areas at the Departmentof Energy'sHanford
site in southeasternWashington,containchemicaland nuclear fuel processing
facilitiesthat disposedof large volumesof chemicaland radionuclide
effluentsto the ground via various structuressuch as ponds, cribs and
ditches. A geophysicallogginginvestigationwas implementedin 1992 to
assessthe nature and extent of contaminationbeneath select liquiddisposal
sites in the 200 Areas.

The boreholegeophysicalloggingwas accomplishedwith a recently
developedspectralgamma-raylogging systemcalled the RadionuclideLogging
System (RLS). This systemhas a high-resolution,intrinsicgermaniumdetector
mounted in a downhole probe and is calibratedand operated specificallyfor
use in a boreholeenvironment. It providesa means to develop in-situ,
gamma-emittingradioelementconcentrationprofiles. Approximately50
boreholeswere logged in this study.

The RLS log data provided informationabout the migrationand deposition
patternsof specificradionuclidesin the unsaturatedzone and their impacts
on the groundwater. Approximately10 radionuclidespecieswere detected and
quantified. Resultsof the field investigationare being used to refine site
specificconceptualmodels, supportHanfordSite remediationdecisionsand
focus future characterizationactivities.

INTRODUCTION

A limited field investigationwas conductedto assess the nature and
extentof radionuclidesreleased into the unsaturatedzone sedimentsin the

200 Areas of the HanfordSite. The HanfordSite, operated by the U.S.
Departmentof Energy (DOE) occupies about 1,450 kmz oT the southeasternpart
of WashingtonState. The 200 Areas includingthe 200 West and East Areas
which are locatednear the center of the HanfordSite (FigureI).
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FigureI. Locationof the 200 EastandWest Areas,HanfordSite.
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Operationsin the 200 West and East Areas were primarilyrelatedto
chemicaland nuclearfuel processing. The 200 Areas contain close to 300
liquid effluentwaste sites, a number of which received effluentcontaining
radionuclides. Typically,low level liquidwastes were allowedto infiltrate
into the ground throughponds, cribs and ditches. However, some high level
liquidwaste had been disposed of in certaincribs and trenches. The 200
Areas was estimatedto have discharged6.33 x 1011L of liquid waste to the
soil column between1943 and 1980 (Zimmermanet al., 1986) A limitednumber
of liquideffluentsites are still in use today, howeverthey are operated
under strict environmentalcontrolsand effluentscontainonly trace
concentrationsof radionuclides.

A number of relativelyimmobileradionuclideswere retainedwithin the
sedimentin the unsaturatedzone, and as a result,the unsaturatedzone is
consideredto be a significantcontaminantsource. The purpose of this
investigationwas to assess the nature and extentof gamma emitting
radionuclidesin the unsaturatedzone in the 200 Areas using an intrinsic
germanium,spectralgamma-rayloggingsystem. The primary objectiveof the
investigationwas to develop radioelementspecificconcentrationprofilesfor
high priorityliquideffluentwaste sites using existingboreholesand to
assess if radionuclideshad reachedgroundwater. The project was considered
to be a screeninglevel effort.

I

SITE GEOHYDROLOGY

The 200 East and West Area liquid effluentsites are situatedin the
Hanfordformationwhich comprisesthe vadose zone through most of the area.
The Hanfordformationis a productof cataclysmicflooding in the Pleistocene
from glaciallake Missoula. It is comprisedof 150 to 350 feet of
unconsolidatedglaciofluvialsedimentsconsistingof pebble to boulder size
gravels,fine- to coarse-grainedsand, and silt and therefore is divided into
three facies;graveldominated,sand dominatedand silt dominated.

Beneaththe Hanfordformationat 200 West Area, the discontinuousearly
"Palouse"soil and the Plio-Pleistoceneunit occur. These strata are composed
of carbonate-cementedsilt or sand, or a calcic silty paleosol. They can be
importantto the migrationof radionuclidesin the subsurfacebecausethese
units act as impermeablebarriers and can create localizedperchedwater
zones.

The late Mioceneto Pliocene RingoldFormationoccupyingthe lower
vadose zone and unconfinedaquiferis up to 600 feet thick but pinchesout in
the 200 East area. The Ringold consistsof fluvialgravel, fluvialsand,
overbank deposits,lacustrinedepositsand alluvialsand deposits. It is
consolidatedrelativeto the Hanfordformation. The Columbia River Basalt
Group occurs beneaththe Ringold Formationand forms the bottom of the
unconfinedgroundwater. Additionalinformationon the geology of the Hanford
Site can be found DOE-RL (1992,1993).
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METHODOLOGY

Becauseof the large number liquid effluentwaste sites, a selection
processwas developedto identifyhigh priority siteswhich have a high
probabilityof significantcontamination. A majorityof the liquid effluent
sites have unsaturatedzone monitoringboreholeshistoricallyused for gross
gamma-raylogging,and/or groundwatermonitoringwells. A extensivelibrary
of grossgamma-raylogs, waste disposalrecordsand groundwaterdata were used
to identifysites that had receivedand/or contain in the subsurface,
significantinventoriesof radionuclides. For example,waste sites with gross
gamma-raylogs that showed elevatedgross activitythroughoutthe unsaturated
zone and into the groundwater were preferentially selected for spectral
gamma-ray logging.

The investigation was limited to one borehole per waste site or waste
site group. Only those boreholes which were had evidence of contamination
(frem gross gamma-ray logs),and optimally configured for passive gamma-ray
logging were selected. Boreholes that had grout or bentonite seals behind the
casingwere often rejectedfor loggingbecausethe seals attenuatedthe gamma
radiationin an unquantifiedmannerwhich would result in inaccurate
concentrationprofiles. As a resultof the site and borehole selection
process,thirty eight waste sites were identifiedfor spectralgamma-ray
loggingof forty seven boreholes.

Equipment

The spectralgamma-rayloggingsystem, referredto as the Radionuclide
LoggingSystem (RLS),was adaptedfrom standardlaboratorydetectionequipment
to operatein a downhole environment. The primarycomponentof the system is
an 18% efficiency,high-purityintrinsicgermaniumdetectormounted in a
downholeprobe along with the associatedelectronicsand a liquid nitrogen
dewar. The entire downhole assemblyis water tight,allowing it to be used
below the groundwatertable.

The surfaceelectronicsequipmentconsistsof a suite of standard
laboratoryrack mounted spectroscopyamplifiersand multi-channelanalyzers
interfacedto a personalcomputer. The probe depth is computercontrolledby
utilizinga servo-controlledhydraulicwinch system and associateddepth
indicatingequipment. This allowscompletelyautomatedmovement of the probe
and very accurateprobe depth positioning. The loggingsystem is mounted in a
cabin on a 2-ton loggingtruck.

Data Acquisition,Reductionand Interpretation

Gamma-rayspectrawere recordedabout every 0.5 feet in the borehole. A
samplespectrumis shown in Figure 2. Each energy peak representsthe gamma
radiationfrom an individualradioisotopeand the area under the peak provides
a count rate which is used to calculatethe in-situradioelement
concentration. The difficultyin detectingor quantifyingthe isotopes



depended on the concentrationof the isotopein the subsurface,it's specific
activityand the photon energy emittedduring decay. The higher the
concentration,the higher the specificactivityand the higher the photon
energy,the easier it was to quantify.

Custom data reductionsoftwarewas preparedfor reducing the individual
spectrato radioelementconcentrations. This softwarecalculatedthe
individualphoton peak intensitiesin the spectrum,identifiedthe parent
man-made or naturalradionuclidesource,appliedthe calibrationconversionto
the radioelementconcentrationand correctedthe data for any borehole
environmentfactors. Finally,the data were outputto a file in a format that
allowedit to be plottedwith the data from spectrarecordedat other depths
in the borehole. The data were graphicallypresentedas spectralgamma-ray
log plots of radioelementconcentrationversus depth as shown in Figure 3.
Informationon the calibrationand calculationof radioelementconcentration
is providedin Brodeuret al. (1991).

- The left plot in Figure 3 shows the total numberof gamma-rayphotons
detected in the entire spectrumversusdepth, similarto a commongross
gamma-raylog. To the right of the total gamma plot are individualplots for
man-maderadionuclidesidentifiedin the borehole. Plots similarto Figure3
were preparedfor all boreholesloggedunder the investigation.

Spectralgamma-raylog plots were reviewedto determinethe locationand
depositionpatternsof specificradionuclides. The radionuclidesand the
depositionpatternwere correlatedwith the releaserecordsto see if the
major constituentsreleasedwere detected and to see if the deposition
patternsobservedcould be explainedby the type or quantityof effluent
released. For boreholesthat penetratedto groundwater,a determinationas
made as to whether or not the radionuclideshad reachedand impacted
groundwater.

RESULTS .i

Man-made isotopesdetectedor measured with the spectralgamma-ray
systeminclude60 Co, 125 Sb, 154 Eu, 152 Eu, 137 Cs, 238 U, 235 U, 241 Am,
233 Pa (237 Np), 238 Pu, 90 Sr. Cesium, cobalt,europium,antimony and
protactiniumwere rather easy to measuredown to a few picocuriesper gram.
Processed238 U was quantifiedby the decay of the seconddaughter nuclide,
234 Pa which emits a 1001 keV gamma-rayphoton. This was shown to be
processeduraniumas opposedto naturallyoccurring238 U because it was not
in secularequilibriumwith it's eighth and ninth daughter nuclides.

241 Am, 235 U and 238 Pu were more difficultto quantifybecause they
emit low energygamma-rayswhich are significantlyattenuatedby the steel
casingsof boreholes. 90 Sr does not emit a gamma-ray,but when found in very
high concentrations,it is detectedby a bremsstrahlungradiationspectrum.
Becausethe systemwas operated in a screeningmode, the low concentrationsof
naturallyoccurringK, U and Th were not quantified.
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Radionuclidereleaseinventorydid not always agreewith the
radionuclidesdetectedduring the logginginvestigation. In some cases,
specificisotopeswere detectedwhen operationalrecordsshowed no evidence of
the release. In otherscases, recordswould indicatea relativelylarge
releaseof a particularradionuclide,howevernone was detected. In the later
case, it is possible that the radionuclideswere not interceptedby the
monitoringborehole. Geologicfeaturesmay be presentwhich could create
preferentialmigrationpathways away from a particularmonitoringborehole.

Radionuclide Migration

Figure3 illustratestypicalradionuclidemigrationpatterns found at
the waste sites. Chemicalcesium was generallyfound in a zone of very high
concentrationjust beneaththe liquideffluentstructureand quicklydecreased
in concentrationwith depth. It does not tend to migratevery far. The
exceptionto this is where cesium laden acidiceffluentwas released. The low
pH effluentincreasedthe mobility of cesium in the unsaturatedzone. Figure
4 showsa radioelementconcentrationprofilefor a crib where effluentwith pH
as low as 2 was released.

Cobalt, antimony and europium have higher mobilities in the unsaturated
zone sediments than cesium and are often found further from the release point.
Uranium was the most mobile radionuclide detected in the study, especially
when the effluent was even slightly acidic. Uranium was not found in any
locally high concentration zone, indicating that it probably traveled
vertically down with the moisture front.

Historicalgross gamma-raylogs were used to assess if there had been
any appreciablemigrationof the unsaturatedzone raaionuclides. Although
therewas no way to quantifythe rate of migration,it was shown that at most
waste sites studiedthere had not been any significantmovement of the
radionuclidesobservedin the investigation.

GroundwaterContaminationSources

Radionuclideconcentrationprofilesindicatedthat a significantportion
of gamma-emittingradionuclidesreleasedat the waste sites were retained in
the unsaturatedzone sediments. Six waste siteswere identifiedas probable
sourcesof groundwatercontamination. When contaminantswere detected below
the watertable, concentrationswere severalordersof magnitudeless than
those in the unsaturatedzone. This is likelythe resultof an increasein
the mobilityof the radionuclideafter reachingthe groundwater,and the
resultingdilution. However, it was apparentthat the thick unsaturatedzone
retardedthe migrationof many gamma-emittingradionuclidesand retained a
largemass of contaminantshigh up in the unsaturatedzone.
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SUMMARY

This investigationutilizeda spectralgamma-rayloggingsystem to
providegamma-ray-emittingradionuclidesconcentrationprofilesof the
subsurfaceat thirty eight radioactiveliquidwaste effluentdischargesites.
From these profiles,it was possibleat many of the sites to assess if the
site had contributedto the groundwatercontamination. During the course of
individualsite assessments,observationswere made about the characteristic
behaviorof the various radionuclidesin the unsaturatedzone and a better
understandingwas obtainedof the role played by the effluentchemistry
(primarilypH) in the final depositionof the radionuclides. Data also
indicatedthe potentialfor individualradionuclidesto migrate.

The RLS was shown to be a cost-effectivetool to provideinitial site
characterizationdata on gamma-rayemittingradionuclidesin the subsurface.
The data will be used to refine conceptualmodels of the saturatedand
uns_urated zones, and focus futureremedial activitiesin the 200 Areas.
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