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T__RITIUMCONCENTRATIONSIN THE.COLUMBIARIVER AT RICHLAND

R. L. Dirkes
PacificNorthwestLaboratory(a)

P.O. Box gg9
Richland,WA 99352

ABSTRACT

The concentrationsof tritium in the ColumbiaRiver, which are
measurableusing specialanalyticaltechniques,have been decreasing
during recentyears. Tritium levels are significantlygreater at the
Richland Pumphousedownstreamof the HanfordSite than upstream at Priest
Rapids Dam. Tritium is known to enter the river along the HanfordSite as
direct effluentdischarges,which have been virtuallyeliminated,and
throughthe seepageof groundwater contaminatedas a result of past
operations. The seepageof contaminatedgroundwater has continued,
expandingover time to encompassa larger portionof the Hanford shoreline
nearer to the downstreamColumbiaRiver monitoringstation.

Cross-sectionalsamplingof the riverwas conductedto determinethe
distributionof tritiumacrossthe river and evaluatethe relationship
betweenaveragetritiumconcentrationsin the river and those measuredby
the downstream river samplingsystem. Under certainflow conditions,
tritiumconcentrationswere highestnear the Benton County shoreline,
decreasingwith distanceacross the river. Likewise,average tritium
concentrationsobservedin the water samplingsystemwere elevatedwhen
comparedwith averageriver concentrations. UnderstandingtI_e
representativenessof the data is imperativein accuratelycharacterizing
the river environmentand evaluatingpotentialimpactsattributableto
Hanfordoperations.

INTRODUCTION

The HanfordSite, establishedin 1943_ is located in southeastern
WashingtonState, occupyingan area of approximately560 squaremiles.
The Site lies approximately170 miles southeastof Seattle,Washington;
125 miles southwestof Spokane,Washington;and 200 miles northeastof
Portland,Oregon (FigureI). The ColumbiaRiver, which originatesin the
mountainsof easternBritishColumbia,Canada,flows through the northern
edge of the Hanford Site and forms part of the Site's eastern boundary.
The flow of the ColumbiaRiver is regulatedby 11 dams within the United
States, sevcn upstreamand four downstreamof the Site. Priest Rapids is
the nearest dam upstreamof the Site, and McNary is the nearestdam

(a) PacificNorthwestLaboratoryis operatedby BattelleMemorial
Institutefor the U.S. Departmentof Energy under Contract
DE-AC-6-76RLO-1830.
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downstream. The HanfordReach of the ColumbiaRiver extends from Priest
Rapids Dam to the head of Lake Wallula (createdby McNary Dam) near
Richland. This stretchof the ColumbiaRiver is the last above Bonneville
Dam within the United States that remainsunimpounded.

Columbia River dischargesfluctuatesignificantlyas a result of the
relativelysmall storagecapacitiesand operationalpracticesof the
upstreamdams. Flows throughthe Reach are dictatedprimarilyby
operationsat Priest RapidsDam. Annual averageflows at Priest Rapids
Dam over the last 68 years have averagednearly 120,000cubic feet per
second (cfs) (McGavocket al. 1987). Daily averageflows range from
36,000 cfs to 450,000cfs. Monthlymean flows typicallypeak from April
throughJune and are lowest from SeptemberthroughOctober. As a result
of the fluctuationsin discharges,the depth of the river varies
significantlyover time. Fluctuationsof greaterthan 5 vertical feet are o
not uncommon along the Reach.

The primaryuses of the ColumbiaRiver includethe productionof
hydroelectricpower and extensiveirrigationof nearbyfarmland. Several
communitieslocatedon the ColumbiaRiver rely on the river as their
source of drinkingwater• Water from the ColumbiaRiver along the Hanford
Reach is also used as a sourceof drinkingwater by severalonsite
facilitiesand for industrialuses. In addition,the Columbia is used
extensivelyfor recreationalactivitiessuch as fishing,hunting, boating,
sailboarding,and swimming.

The state of Washingtonhas designatedthe ColumbiaRiver along this
stretchas Class A, Excellent(WDOE 1982). Water qualitycriteria have
been establishedand water use guidelinesprovided for this class
designation. As such, the water is to be suitablefor essentiallyall
uses, includingraw drinkingwater, recreation,and wildlife habitat.

Sourcesof radionuclidesenteringthe river,which have changed
significantlyover the years, incl,ude primarilyworldwidefallout from
atmospherictestingof nuclearweaponsand dischargesfrom the eight
singlepass coolingproductionreactors,both of which have been
discontinuedfor some time. Most recently,the dischargeof ground water,
contaminatedas a resultof past operatingpractices,into the river along
the Hanford shorelinecontributesto the currentconcentrationsof
radionuclidesin the river downstreamof Hanford.

GROUND-WATERMONITORINGAT HANFORD

The Ground-Water Protection and Monitoring Project, operated by the
Pacific Northwest Laboratory (PNL) for the U.S. Department of Energy
(DOE), is responsible for monitoring the ground water beneath the Hanford
Site. Monitoring is performed via a network of sampling wells located
throughout the Site. Monitoring data have shown several contaminants to
be present in the ground water beneath waste disposal sites. The data
also indicate that several of these contaminants are mobile in the ground
water system and travel at various rates through the unconfined aquifer,
eventually to discharge to the Columbia River.
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Tritium and nitrate are the primaryconstituentsused in determining
the e×_nt of the contaminatedgroundwater onsite since they are present
in easily measurablequantitiesand they move throughthe ground water
virtuallyunimpeded. Figure 2 shows tritiumconcentrationsin the
unconfinedaquiferresultingfrom 200 Area operationsduring the years
1980 through1990, illustratingthe migrationof contaminantsaway from
waste disposalareas towardsthe ColumbiaRiver. This figure also defines
the extent of the contaminatedground-waterdischargeinto the Columbia
River, which has expandedover time in a southerndirection. Currently,
the plume encompassesa larger portionof the Hanfordshoreline,nearer
the routineriver water samplinglocationat the RichlandPumphouse.

Contaminantsare known to enter the river via the dischargeof
contaminatedground water along the HanfordReach (Dirkes1990; McCormack
and Carlile1984; Rokkan 1988). Specialstudiesconductedduring the past
ten years have confirmedthe dischargeof the contaminated200 Area
ground-waterplume into the river and the expansionof the plume towards
the 300 Area, nearer to the RichlandPumphouseColumbia River water
samplinglocation (Dirkes1990;McCormackand Carlile 1984). Radionuclide
concentrationsfound during these specialstudieswere indicativeof those
observed in groundwater near the seep samplingsites.

COLUMBIA RIVER MONITORING

The SurfaceEnvironmentalSurveillanceProject (SESP),also
conductedby PNL for the DOE, is responsiblef_r monitoringSite surface
waters, includingthe ColumbiaRiver and the riverbankspringsentering
the river along the Hanford Reach. Resultsof environmentalsurveillance
activitieswere reportedin quarterlystatusreports from 1946 through
1957. Since 1957, resultsof the monitoringprograms have been documented
in annual HanfordSite EnvironmentalReports,the latest of which was
issued in 1992 (Woodruff,Hanf and Lundgren1992).

ColumbiaRiver monitoringhas been performedat Hanfordsince 1945,
shortly after the start-upof the originalplutoniumproductionreactors.
Samples have been collectedroutinelyfrom severallocationsover the
years includingstationsupstreamof the Site, along the Hanford Reach,
and downstreamof the Site. The primaryemphasisof the Columbia River
monitoringprogramhas been the evaluationof the potentialradiationdose
to those personsliving near to and using the river. Concern as to how
representativeriver samplinglocationswere with respectto the overall
river were expressedvery early in the monitoringeffort. In additionto
the routinesamplelocations,cross-sectionalsamplingat numerous
transect locationswas conductedduringthe years of peak liquid effluent
dischargesto observethe channelingof reactoreffluentwithin the river,
to better understandthe dispersioncharacteristicsof the river, and
accuratelyinterpretdata obtainedfrom singlepoint monitoringstations
located on the river (Soldat1962).

Numerousstudieshave investigatedthe mixing characteristicsof the
river and the dispersionof contaminantsenteringthe river along the
Hanford Reach (Backman1962; Haney 1957; Honstead 1954; Honstead 1957;
Honstead et al. 1951; Norton 1957; Sonnichsen,Jr. et al. 1970). Soldat
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(1962)publishedthe data relatingto dispersionstudiesand measurements
of radioactivitymade on the ColumbiaRiver in the vicinity of the Hanford
Site from 1946 throughearly 1961. Resultsof these studies indicated
that contaminantplumesenteringthe river along the shorelinetend to
remain near the shore for severalmiles downstreamof the dischargepoint.
Backman (1962)concludedthat effluentdischargedfrom the 300 Area was
nearly completelymixed by the time it reachedthe Pasco water treatment
pumpingstation,approximately16 miles downstream. Contaminants
dischargedin the 300 Areas were not expectedto be completelymixed 5
miles downstreamat the City of Richlandwater intake (Richland
Pumphouse). Based on the above studies,it is apparentthat the
contaminantsenteringthe river via the 200 Area ground-waterplume ne_r
the 300 Area are not likely to be completelymixed at the Richland
Pumphouse,locatedapproximately6 miles downstreamof the most southerly
dischargepoint of the contaminated200 Area ground water.

TRITIUM IN COLUMBIARIVER WATER

Tritiumconcentrationsin the river have been steadilydecreasing
over the years as a result of the terminationof atmospherictestingof
nuclearweapons and the shutdownof the productionreactorsalong the
river. Annual averagetritiumconcentrationsranged from approximately
2200 pCi/L to less than 840 pCi/L duringthe years 1966 to 1970. From
1971 to 1980 annual averagescontinuedto decrease,ranging from less than
1100 pCi/L to less than 265 pCi/L. "Less than" values are reportedduring
this time period becausesome of the sampleswere below the analytical
detectionlevel. The decrease in tritiumconcentrationshas continued
during the 1980s with the 1989 annual averagetritiumconcentrationat
Priest Rapids Dam, upstreamof Hanford,being 63 ± 5 pCi/L.

As the concentrationsof tritiumcontinuedto decrease,improvements
in standardana3yticalmethodswere made_ loweringthe detectionlevels.
Detectionleve_sdroppedfrom 1000 pCi/L during the 1960s to approximately
300 pCi/L by 1980. Evenwith the improvementsin analyticaltechniques,
the standardmethodsused for tritiumanalysisbecame inadequateas the
tritiumconcentrationscontinuedto decrease. Consequently,the
contractualdetectionlevel for tritium in ColumbiaRiver water samples
was establishedat 50 pCi/L in 1981. The increasedsensitivityin the
analyticalmethod allowedfor the identificationof a statistical
differencebetweenthe tritiumconcentrationsat Priest Rapids Dam and the
RichlandPumphouse,upstreamand downstreamof the HanfordSite. Further
investigationinto the distributionof tritiumwithin the river and the
representativenessof the routine samplinglocationsrevealedthat
additionalimprovementin the sensitivityof the analyticalmethod was
desired. Subsequently,the contr,ctualdetectionlevel was reducedto 10
pCi/L during 1991.

Figure 3 illustratesthe decreasein annualaverageconcentrations
of tritium in ColumbiaRiver water at PriestRapids Dam and the Richland
Pumphouseduring 1982 through 1990. This downwardtrend, evidentboth
upstream and downstreamof Hanford,is not consistentat both locations.
The differencesbetweentritiumconcentrationsobservedat the Richland

Pumphouseand PriestRapids Dam have been variable,apparentlyincreasing
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slightly in recentyears. This could be a result of lower river flows
during recent years resultingin less dilutionor may reflect a non-
uniformdistributionof tritiumacrossthe river as a result of the
location of ground-waterdischargesrelativeto the sample location.

A special _tudywas conductedduring 1987 and 1988 to determinethe
distributionof tritiumwithin the Columbia River at Richland,Washington.
The investigationwas also designedto evaluatethe relationshipbetween
the averagetritiumconcentrationsin the river water at Richland and in
water collectedfrom the monitoringsystem locatedat the city of Richland
drinkingwater intake (RichlandPumphouse). This study supplementedthe
routinemonitoringprogramand fulfilledrecommendationsprovided in
applicable monitoringguidance(DOE 1991).

A number of factorsplayed a part in the selectionof tritium for
the purposes of this investigation.Tritium is a major constituentin the
ground water enteringthe river along the HanfordReach as a result of
past operationsand is known to be a primary constituentin the ground-
water plume nearingthe routineriver samplinglocation. There is a
reported differencein the tritiumconcentrationsobserved at Priest
Rapids Dam and the RichlandPumphouse,indicatinga contributiondue to
Hanford. Analyticaltechniques,using specialprocedures,are sensitive
enough to detect tritiumat the levels presentin the river, allowing
meaningfulcomparisonsof the data from the river and the routine sampling
system. The costs associatedwith tritiumanalysisare not prohibitive.
Finally,significantpublic and politicalinterestand concern in the
source,quantity,and impactof tritiumenteringthe river has been
expressed.

Figure 4 presentsthe tritiumconcentrationsobservedduring each of
the 1987 Richland Ferry Landingcross-sections. Apparent in these figures
is the relativelylarge uncertainty,approximately30%, associatedwith
each of the results. The variabilityin the tritiumconcentrationsand
the uncertaintiesassociatedwith the individualresultsmake it difficult
to draw any meaningfulconclusionsrelativeto the distributionof tritium
across the river. Tritiumconcentrationswere highly variable during the
August 27, 1987 cross-section,with no apparentgradientpresent. There
appears to be a slightdeclinein tritiumconcentrationsas you proceed
across the river from west to east during the August 31 cross-section,
although the tritiumconcentrationslevel off after"the first
approximately100 to 200 yards of the cross-section. The resultsof the
September10, 1987 traversewere similarto those observedduring the
August 27, 1987 sampling,highlyvariable tritiumconcentrationsacross
the river with no readilyapparentgradient.

Several stationswere identifiedduring the August 27, 1987 traverse
from which water sampleswere collectedfrom multipledepths. At these
stationssampleswere collectedfrom depths 0.2, 0.6 and 0.8 times the
river depth, measuredfrom the water surface (Figure5). There is no
consistentrelationshipapparentbetweentritiumconcentrationsand depth.
The insensitivityof the analyticalmethod used in 1987 precludes
conclusivediscussionrelativeto the verticaldistributionof tritium in
the Columbia River at the RichlandPumphouse. The uncertainties
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: associatedwith the sample resultsoverlapin all cases as is evident inI
the figure. In addition,the cross-sectionsample results indicatethat

I the influenceof the ground-watercontaminantsenteringthe river are
limitedto near-shoresamples,within approximately100 to 200 yards of
the shoreline. Only one of the stationssampledat multipledepths falls
within this region of the river. Furtherstudy of the vertical
distributionof tritiumwithin the zone of influenceof the ground-water
may be warranted. However,the low tritiumconcentrationspresentat any
stationwithin the river at the RichlandPumphouseminimize the benefit of
furtherstudy.

The 1988 Richland Pumphousecross-sectiontritiumconcentrationsare
displayedin Figure6. Improvementsin the sensitivityof the analytical
method reducedthe uncertaintiesassociatedwith each sampleresult and
allowed for meaningfulinterpretationsof the data. Tritium
concentrationsacross the river remainedrelativelyconstantduring the
June 23, 1988 (high flow) samplingtraverse. Similarly,with the
exceptionof the near shore sample,tritiumconcentrationswere stable
during near-averageflow conditionson August 5, 1988. The data clearly
indicatea concentrationgradientas you proceedacross the river from the
west bank to the east bank under low flow (September29, 1988) conditions.
The elevatedtritiumconcentrationsappearto remainwithin approximately

= 100 yards of the shoreline,consistentwith past shorelinedischarge
dispersionstudiesand the findingsof the 1987 samplingactivities.
Tritiumconcentrationsat stationsfurtherfrom the shoreline(greater
than 100 yards) approachtypicalbackground(upstream)concentrations.

i

The averagetritiumconcentrationsin ColumbiaRiver water as
measured along cross-sectionsnear the RichlandPumphouseand with the
RichlandPumphousemonitoringsystemduring 1987 and 1988 are shown in
Figure 7. The averagetritiumconcentrationsmeasuredusing the routine
monitoringsystem were consistentlyhigherthan the averageriver tritium
concentrationmeasuredalong the cross-section. The differencein the
averageswas determinedto be statisticallysignificant(t-test,0.05).
lt is apparentthat samplingresultsobtainedusing the routinemonitoring
systemoverestimateshe averageradionuclideconcentrationsin Columbia
River water at the RichlandPumphouse. Dose estimates,based on the
measured contaminantconcentrationsat the RichlandPumphouse,are
thereforeconservativeand overestimatethe actual potentialdose, due to
tritiumand associatedshorelinedischargecontaminants,receivedby the
public as a result of living near and using the ColumbiaRiver.

CONCLUSIONS

The concentrations of tritium in Columbia River water, which are
well below drinking water standards, have been decreasing during recent
years. Tritium levels are significantly greater at the routine river
monitoring station located at the Richland Pumphouse, downstream of the
Hanford Site, than upstream at Priest Rapids Dam. In addition, the
difference between concentrations observed at Priest Rapids Dam and the
Richland Pumphousehas been increasing over the past few years.



Tritium is known to have enteredthe river along the Hanford Reach
as direct effluentdischarges,which have been virtuallyeliminatedduring
recent years, and throughthe seepageof ground water contaminatedas a
result of past operations. The seepageof contaminatedground water has
continued,expandingover time and encompassinga larger portionof the
Hanford shorelinenearer to the RichlandPumphouseriver monitoring
location.

Samplingwas conductedalong cross-sectionslocated at or near the
Richland Pumphousemonitoringstationto determinethe distributionof
tritium across the river and evaluatethe relationshipbetweenaverage
tritium concentrationsin the river and in the routine river sampling
system. Under certainriver flow conditions,tritiumconcentrationswere
highestnear the Benton County shorelineon the Hanford side of the river,
decreasingwith distanceacross the river. Tritium concentrationsin
samplescollectedfrom the routinemonitoringsystem at the Richland
Pumphousewere consistentlyelevatedwhen comparedwith average river
concentrationsas determinedthroughcross-sectionalsampling. As
expected,impactswere greatestduringlow river flow conditions.

Understandingthe representativenessof the data is imperativein
accuratelycharacterizingthe river environmentand evaluatingpotential
impactsattributableto Hanfordoperations. This study confirmsthat
samplingat the RichlandPumphouse,the nearestpoint of water withdrawal
for a public drinkingwater supplydownstreamof Hanford, providesan
upper estimateof the potentialdose receivedby the public throughthis
pathway. The resultsalso verify the conservativenature of impact
assessmentsbased on the river monitoringdata, which tend to overestimate
some radionuclideconcentrationsas a resultof the proximityof the
contaminantsourcewith the samplinglocation.
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