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Summary

Radionuclide concentrations in the Columbia River were well below applicable water quality stand-
ards in all cases during 1980 through 1989. The potentialdose to the public throughthis pathwayis of
little or no consequencewith respect to health effectSor applicablestandards.

Withthe eliminationof direct discharges of radiologicalcontaminantsto the river, the only radio-
nuclides found in the river thatwere consistently influencedby Hartford(ground-waterseepage) were

" tritiumand iodine-129. Strontium-90 and uranium,also attributableto Hanfordoperations, were
present in localized areas within the river nearground,waterdischarge points; however, these contami-
nants are quickly dispersedwithin the river to concentrationssimilar to background.
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Introduction

The Surface Environmental Surveillance Project (SESP) is conductedby the Pacific Northwest
Laboratory(PNL) for the U.S. Departmentof Energy (DOE) at the HanfordSite in southeastern
WashingtonState. The ColumbiaRiver monitoringprogram,conductedas part of the SESP, provides
a historical recordof contaminantconcentrationsin the river attributableto naturalcauses, worldwide
fallout, and operationsconductedat the Hanford Site. In additionto ongoing monitoring, special
studies are conductedperiodically to enhancethe understandingof the transportand fate of contami-

" nantsin the river. Special studies are also conductedto provideinformationrelative to specific areas
of interestor concern.

" The ColumbiaRiver monitoringprogramincludes sampling of river water, river sediment, river-
banksprings entering the river, and various types of aquaticbiota found in or along the river. These
samples are analyzed for radiologicalconstituents anda wide rangeof chemical parameters. This
reportdescribes the water sampling componentof the overall ColumbiaRiver monitoringprogram con-
ductedduringthe years 1980 through 1989 and summarizes the radiologicalresults generatedthrough
the programduringthis time period. Special studies performedthrough the SESP duringthe 1980s
that focused on radionuclidesin river water are also described briefly and results of these studies
includedas appropriate.

Results of the SESP ColumbiaRiver monitoringprogram are typically documentedon an annual
basis throughthe HanfordSite environmentalreports or as topical reports documentingspecial studies.
Neither of these avenues generally providesan evaluationof the contaminantlevels in the Columbia
River over time. This report, covering a decade of monitoringresults, provides informationabout
long-term trends in radioactivecontaminantconcentrations in the river and enhances the evaluationof
potential impactsattributableto Hanfordoperationsby providingstatistical analyses of largerdata sets.

The report provides backgroundinformation aboutthe hydrological characteristicsof the
Columbia River, past Hartfordoperations includingreleases to the ColumbiaRiver, and a brief history
of river monitoringactivities. The introductorymaterial is followed by a descriptionof the Columbia
River monitoringprogram during the 1980s andfinally discussionof the monitoringprogram results.
Data, which are discussed and displayed graphicallyin the text, are presentedin tabular form in the
appendix.



Background Information

This section provides background information on the Columbia River, Hanford Site, and surface-
watersurveillance at the Site.

Columbia River

The Columbia River, which originates in the mountainsof easternBritishColumbia, Canada,
flows throughthe northernportionof the HanfordSite and forms partof the Site's easternboundary

. (Figure 1). The HartfordReachof the ColumbiaRiver extends from Priest RapidsDam upstreamfrom
the Site to the head of the Lake Wallula (createdby McNary Dam) near Richland(downstream from
the Site). This stretchof the ColumbiaRiver is the last upstream from Bonneville Dam within the
UnitedStates thatremainsunimpounded.

Flows throughthe Reach fluctuatesignificantly and are dictated primarily by operatingconstraints
at Priest RapidsDam. Annualaverage flows at Priest RapidsDam over the last 68 years have aver-
aged approximately 120,000 cubic feet per second (cfs) (McGavocket al. 1987). Daily average flows
range from 36,000 cfs to 250,000 cfs. Monthly mean flows typically peak from April through June
and are lowest from SeptemberthroughOctober.

The WashingtonState Departmentof Ecology (WDOE) has designated the ColumbiaRiver along
this stretch as Class A, Excellent (WDOE 1992). Wateruse guidelines are provided and water quality
standardsestablished for this class designation. Class A watersare to be suitable for essentially all
uses, including raw drinkingwater, recreation, and wildlife habitat.

The primaryuses of the ColumbiaRiver along the HanfordReach includethe generationof
hydroelectric power and extensive irrigationof nearbyfarmland. Several communities located on the
ColumbiaRiver rely on the river as their source of drinkingwater. Waterfrom the Columbia River
along the HanfordReach is also used at the HanfordSite as a source of drinkingwaterby several on-
site facilities and for industrial uses. In addition, the Columbia is used extensively for recreational
activities such as fishing, hunting, boating, sailboarding, waterslding, and swimming.

Several state and federal wildlife refuges have been established along the ColumbiaRiver adjacent
to and downstream of the HanfordSite. The HanfordReach is the spawninggroundfor the second
largestnaturallyreproducingfall chinook salmon run in the continentalUnited States and also supports
a substantialsteelheadfishery (Dauble and Watson 1990).

Hanford Site

" The HanfordSite, established in 1943, occupies an areaof approximately560 square miles. The
Site lies approximately170 miles southeastof Seattle, Washington;125 miles southwest of Spokane,



Washington;and200 miles northeastof Pol_land, Oregon (Figure 1). The Hanford Site environmentis
described in detail in HartfordSite N_i0n_l EnvironmentalPQIi_ Act (NEPA) Chara¢l;erization
(Cushing 1988).

The HanfordSite was establishedto design, build, and operatenuclear reactorsand chemical
separationsfacilities for the productionof special nuclearmaterials. Past operationsat the Hanford
Site are discussed in detail in Final EnvironmentalStatement.Waste ManagementOperations.H_f0rd
Reservation.Richland. Washin_on (ERDA 1975).

Nine productionreactorshave operatedalong the banksof the Columbiasince the Site was estab-
lished. Eight of these reactorsused once-through-coolingsystems, which resulted in the release of
heated water, corrosion-inhibitingchemicals, and radionuclides,primarily activationproducts, directly
into the river. The ninth reactor,N Reactor,used a closed-loop-cooling system that resultedin a sig-
nificantamountof heat being discharged directly into the ColumbiaRiver butwith very little radio-
activityassociated with the effluent. With the shutdownof the once-through-coolingsystem reactors
from 1965 to 1971, direct discharges of contaminantsinto the ColumbiaRiver were virtuallyelimi-
nated, resulting in a tremendousdecrease in the amountof radioactivityreleased to the river
(Becker 1990, Cushing et al. 1981).

In addition to liquid discharges directly to the river, large volumes of wastewaterwere generated
and discharged to the ground as a resultof Hartfordoperations. The disposal of this liquid effluentto
the ground has had a considerableimpacton the unconfinedaquiferbeneath the Site. The movement
of ground water and the associated radiological and nonradiologicalcontaminantshave changed over
time as a result of the variationin both the volumes and compositionof the wastewater. In general,
the predominantflow patternof Hanfordground water is from the recharge areas in the west to the
discharge areas (primarily the ColumbiaRiver) in the east (Freshley and Graham 1988;
Woodruffet al. 1992). Contaminantsare known to be entering the river via riverbanksprings along
the HanfordReach (Dirkes 1990; DOE-RL 1992; Manley 1992; McCormackand Carlile 1984;
Peterson and Johnson 1992).

Surface-Water Surveillance

The ColumbiaRiver has been monitoredatthe HanfordSite since 1945, shortly afterthe startup
of the original plutoniumproductionreactors. Samples have been collected from several locations over
the years, including stations upstreamof the Site, along the HanfordReach, and downstreamof the
Site. Currently,the SESP is responsible for the routinemonitoringof Hanford Site surface waters,
including the Columbia River.

Originally, the primaryobjective of river surveillanceefforts was to detect reactor-created radio-
isotopes rather than to quantify the radionuclidesor perform dose assessments. Dose rates were
measured at several locations downstream of the reactoroutfalls; these measurementsindicatedthat
radiationlevels droppedrapidlyas the effluentswere dispersedwithin the river. Sampling of the
ColumbiaRiver began shortlyafter reactor startupto serve the need to not only detect butto measure
the quantity of radionuclidesin the river water andevaluate the resultantexposures.
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During the late 1940s and 1950s the ColumbiaRiver monitoringprogramexpanded significantly,
providinga large amount of data from many locations. Sample stationswere established upstreamof
the Site, along the Site, and extended downstreamas far as the Portland, Oregon/Vancouver,
Washingtonarea. In addition, numerousspecial studies were conductedduring the years of peak liquid
effluentdischarges to observe the channelingof reactoreffluentwithin the river. These studies were
conductedto better understandthe dispersioncharacteristicsof the river and to enhance the interpreta-
tion of data obtained from single-point monitoringstationslocated on the river (Baclanan 1962;
Haney 1957; Honstead 1954; Honstead 1957; Honsteadet al. 1951; Norton 1957; Soldat 1962;
Sonnichsenet al. 1970).

Sample analysis during the early years consisted primarily of total beta measurements. Analytical
capabilitieswere in their infancy duringthe early years of the HartfordSite andspecific radionuclide
analyseswere not yet available. Methods were constantly improvingthroughoutthe late 1940s and
early 1950s. With the introductionof gammaenergy spectroscopyin 1957, it became practicalto
obtainisotopic analyses of river watersamples on a routinebasis.

During the late 1950s, the Columbia River monitoringprogram was streamlinedto generate the
optimumamount and type of river water data to evaluate the potential radiationdoses received by the
public living near andusing the ColumbiaRiver. Routineriver water sampling indicatedthe burdenof
radioactivematerials added to the river as a resultof Hanfordoperations. In addition, the monitoring
program provided insighton seasonal changes and long-termtrends in the concentrationsof radio-
nuclides resulting, in part, from changes in operatingprocedures and practices. Continuousmonitoring
also provided a mechanismfor detectingand evaluating the effects of abnormalreleases.

The ColumbiaRiver monitoring program that was in place duringthe early 1960s served as the
predecessorof today's SESP river monitoringprogram. Sampling sites were selected to provide data
intended to meet specific needs. Upstream locations were establishedto determine backgroundradio-
nuclideconcentrationsfor use in assessing any contributionfrom Hanfordeffluents. The first down-
stream points of waterwithdrawalfor use as public drinkingwater supplieswere also established as
routine sample locations. Pointsfarther downstream such as Bonneville Dam and Vancouver served as
indicatorsof the amount of radioactivitybeing either discharged via the river into the PacificOcean or
takenup within the river environment. Sampling at these remote locations was discontinued as the
concentrations of radionuclidesdiminishedto undetectablelevels following the shutdownof the
reactors.

Ultimately, the Columbia River monitoringnetworkwas streamlined to a few locations that
providedthe op_.imumamount and type of informationto estimate potentialoffsite impacts. The
primarylocations were chosen to representbackgroundconditions upstreamof Site operations (Priest
RapidsDam) and to establish an upperestimate of the amountof radioactivityin the watersupply of
any populationusing ColumbiaRiver water by sampling at the first downstreampoint of withdrawal
(RichlandPumphouse). These locations continueto serve as the primarysampling locations on the
ColumbiaRiver for the SESP. Samples of ColumbiaRiver water were also collected.periodically at
other locations in conjunctionwith special studies conductedduring the 1980s.

Sampling methods and equipmenthave changedover the years, Grabsamples were normally col-
lected during the very early years. Composite sampling was used later in the programto providebetter
estimates of the average radionuclideconcentrations in the river at a given location over time. Special



continuoussamplingsystems (filter/resin)were putinto service to increase the sample size sufficiently
to detect specific radionuclidesat very low concentrationsandto discriminatebetween the dissolved
andparticulatefractions (Fix and Robertson 1976). In additionto improvementsin sample collection
methods, analytical procedureshave undergonenumerousupgradesto enhance the analytical sensitivi-
ties and detect low levels of radionuclidesin river water.

Results of environmentalsurveillance activities, includingColumbiaRiver monitoring, were
reportedin quarterlystatusreportsfrom 1946 through 1957. In 1958, the practiceof issuing annual
environmentalmonitoringreportswas initiated,providing improveddocumentationof the findingsof

. the river monitoringprogram (Andersen1959). The latest of these reports,H_mfQrdSit_
EnvironmentalReportfQr1992, was issued in 1993 (Woodruffet al. 1993).

. In additionto annualreports, topical reportsdocumentradiological monitoring results generated .
duringspecial studies (Dirkes 1990; Dirkes 1993; McCormackand Carlile 1984). The chemical water
quality of the Columbia River andbioenvironmentalstudies conductedon the river during the years of
Hartfordoperationshave also been well documented(Becker 1990; Becker and Gray 1992; Becker and
Neitzel 1992; Dirkes et al. 1993). Historical river monitoringactivities andresults, primarily for the
years duringand just after reactor operations, have been summarized recently as part of ongoing
studies outside of the SESP such as the HartfordEnvironmentalDose ReconstructionProject
(Waiterset al. 1992) and as part of ongoing investigationsconductedunder the Comprehensive
EnvironmentalResponse, Compensation,and Liability Act (Dirkes 1992).

The levels of radioactivematerialsin ColumbiaRiver water decreased dramaticallyfollowing the
shutdownof the last single-pass-cooling productionreactor during 1971 (Bramsonand Corley 1972).
Concentrationsdroppedto levels typically expectedas a resultof fallout from atmospherictesting of
nuclearweapons. Since then, radionuclideconcentrations in the ColumbiaRiver have remained
extremely low. Currently,most radionuclidesare not measurablewithout the use of special collection
and/or analytical techniques.



Columbia River Monitoring Program, 1980 Through 1989

This section discusses the objectives, rationaleandregulatoryrequirements,samplinglocations,
sample collection, sample analyses, quality control, special studies, and reportingof the Columbia
River monitoringprogram from 1980 through 1989.

Objectives

The objectives of the ColumbiaRiver monitoringprogram included:
s

• characterizecontaminantsin the su_ce-water environment

• assess impactsof Hanfordoperationson the water quality of the ColumbiaRiver

• determinecompliance statuswith respectto applicablewaterquality standards

• identifysignificantchanges in concentrationsof contaminants(radiological and chemical) in
surface water

• verify adequacyof effluentmonitoring and controls

• provide public reassurancethat risks associated with the use of the Columbia River are low and
being evaluated on a continuousbasis.

Rationale/Regulatory Requirements

Programmatic Rationale

The basis for the designof the ColumbiaRiver monitoring program during the 1980s was pro-
vided in A Guide For: EnvironmentalRadiological Surveillanceat U.S. Departmentof Energy
Installations(Corley et al. 1981). In addition, other environmentalmonitoringguides and references
were availableand considered in thedevelopmentof the ColumbiaRiver monitoringprogram at the
HanfordSite. Similarly, referencesand ffaidancespecific to water quality monitoring and water
samplecollection have been used in the developmentof sampling protocols.

Water Quality Standards

The state of Washingtonhas establ!shedwater quality standardsfor various classifications of its
surface waters. As discussed earlier, the HartfordReach of the Columbia River has beendesignated as

• Class A, Excellent. During the 1980s, water quality standardsfor the surface waters of the
state of Washington were containedin Chapter 173-201 of the Washington AdministrativeCode
(WDOE 1982). These standardsspecify that radioactivematerialsfor all classes of water shall in
no case exceed the U.S. EnvironmentalProtectionAgency (EPA) DrinkingWater Regulations



(40 CFR 141). As such, radionuclideconcentrationsin the ColumbiaRiver are compared to the EPA
drinkingwater standards (DWS) throughoutthe discussionof the ColumbiaRiver monitoringresults.

Sampling Locations

Columbia River water samples were collected during the 1980s at locations identified on
Figure 2. Samples were routinelycollected upstreamof Hartfordfacilities at Priest RapidsDam to
providebackgrounddata from locations unaffectedby Site operations._Sampleswere collected from
the 300 Area water intake and the RichlandPumphouse,downstream of the Hanford Site, to identify
any increase in contaminantconcentrations at these locations from Hanford operations. Both the
300 Area and the RichlandPumphousesampling locations are at intakesfor drinkingwater supply
systems. These locations providean upperestimate of the amountof radioactivematerialin the water
supply (drinkingor irrigation)of the potentiallyaffected populationgroup(s) downstreamof the
Hanford Site (DOE 1991).

PriestRapidsDam is located approximately8 km upstreamof the Site boundaryand20 km
upstream of the 100-B Area. The watersamplerat Priest RapidsDam is positioned approximately
midstreamwithin the dam and collects water from the reservoirbehindthe dam. Samples are also
collected from the Benton County shorelinenear the VernitaBridge for analysis of nonradiological
constituents.

The 300 Area water intake is located nearthe southernboundaryof the Site at the point of
withdrawalfor the 300 Area drinking and process water supply. This location is of historical
importancebecause it has been in use since the early days of Hanfordoperations. The sampling system
intake is located in the water supply system intake structureon the Benton County shoreline of the
river. Concentrationsof 3H, 1_I, and uraniumobserved here are influencedby ground-waterseepage
along the HanfordReach shoreline.

The RichlandPumphouse is the firstdownstream point of river waterwithdrawalfor a public
drinkingwater supply. The Richland Pumphouseis located approximately3 km downstreamof the
Site boundaryand about5 km downstream of the most downstream Hanford facility effluentdischarge.
The water sampling intake is located within the city of Richlanddrinkingwater supply intakeon the
BentonCounty shoreline, approximately9 m into the river. Historical environmentalmonitoring
reportsindicatethis to be the drinkingwater supply having the maximumradionuclideconcentrations
downstreamof the Hanford Site (Corley 1970, 1973; Corley and Woolridge 1969; Fisher and
Wilson 1970; Foster 1966; Foster and Wilson 1964, 1965; Honstead 1967).

During 1980, samples were collected from the 100-B Area waterintakeforebay. At the time, this
locationwas considered to be upstreamof any influencefrom Hanford operations. However, it was
determined thatthere was potential for seepage of contaminatedgroundwaterinto the river upstreamof
this samplinglocation, and the composite river sampling system was relocated to Priest RapidsDam,
consistent with the existing continuousfilter/resinsystem alreadyoperating at this location.

ColumbiaRiver water samples were also collected just upstreamof the old Hanford Townsite
during 1982. Sampling at this location was conducted in an effort to verify the source of 1_ observed
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in water samples from the 300 Area. Results from this location also confirmed that 3H was entering
the river at locations upstream of the old Hanford Townsite via the 100 Areas ground-water seepage, as
well as downstream via the 200 Area ground-water seepage.

In addition to the sampling systems identified above, river samples were collected on a limited
basis at other locations along the Hartford Roach as part of special studies focused on the riverbank
springs (Dirkes 1990; McCormack and Carlile 1984) and as part of the Drinking Water Monitoring
Project (DWMP). Locations typically sampled under the DWMP include the 100-B, 100-D, 100-K and
100-N Areas. The DWM sample results were reported in a series of annual reports published by
the HartfordEnvironmental Health Foundation, titled HanfordSani_ WaterOu_li_ Surveillance
for Calendar year (1981 - 1990) (Maas 1981, 1982, 1983, 1984, 1985; Seiners 1986, 1987, 1988,
1989; Thurman 1990)•

Q

Transect sampling at the Riehland Pumphouse location was conducted during 1987 and 1988 to
define the relationship between radionuclide concentrations in the sampling system and the average
river concentrations. The point of entry into the river of the contaminated ground-water plume from
the 200 Areas was nearing the downstream sampling locations during the 1980s, as documented by the
ground-water monitoring project (Evans et al. 1992). Therefore, an evaluation of the representa-
tiveness of these sampling locations was warranted. Samples along the transects were collected at
multiple depths and at several points (up to 20) across the river. Initial transect sampling was used to
identify those contaminants that were measurable in the river and that may have been influenced by the
contaminated ground-water plume. Past transect sampling near this location had indicated the distri-
bution of total beta activity to be slightly elevated near the Benton County shoreline (Soldat 1962).

Sample Collection

During the 1980s, the selection of samplingmethods and equipment was predicated on the
expectedcontaminantconcentration,the potentialfor fluctuationsin contaminantconcentrations, the
variability of the contaminantrelease into the receiving water, the physical and chemical characteristics
of the contaminantof interest, and the potentialfor significant environmentalor human impact. Three
types of water samples were routinely collected from the ColumbiaRiver for radiological analyses
duringthe 1980s. Grab samples were typically used when the water characteristics were relatively
stable; informationon minimum, maximum, and variability (time and spatial)was desired; or the
parameters to be analyzed were likely to change duringsample storage. Composite sampleswere used
to determineaverageconcentrationsover time at a single location and providecertainty thatcontami-
nants did not flow by the sampling location between sampling dates. Continuoussamples were also
used in determining averageconcentrations,providingthe very large volumes of waterneeded to detect
those contaminants present at extremely low concentrations.

Compositesampling systems were operated at Priest RapidsDam, the 300 Area water intake, and
the RichlandPumphousethroughout the 1980s. A composite sampling system was also used at the
100-B Area location during 1980. The composite samplers at Priest RapidsDam and the Richland
Pumphouseconsisted of timer-activatedunits that periodicallycollected water from a continuously
flowing substreamof ColumbiaRiver waterinto a 10-Lcontainer. The sampling sequence included a
pre- and post-subsampleair purge of the sampling line to avoidcross contaminationbetween the
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individualsamplealiquots. The cycle was repeatedthroughouta set sampling period, typically I week
at Priest RapidsDam and the Richland Pumphouse, such that approximately55 mL of water are col-
lected every hour. The 10-L sample containerwas changed every week, and the sample taken to the
laboratory,where waterfrom each location was compositedover a 4-week period, resulting in a total
sample size of approximately40 L. The system at the 300 Area was similar, except that sample ali-
quots were collected approximatelyevery 4 hours, and samples were collected monthly and composited
for quarterlyanalysis.

Continuoussampling systems were operatedat Priest RapidsDam and the 300 Area water intake
. throughout1980 through 1989. A continuoussystem was established at the Richland Pumphouse in

1987. The continuously flowingsystems were used to separateradionuclidesfrom the river water
before analysis. A large volume of waterwas requiredto allow the extremely low concentrationsof

• some radionuclidesto be detected. River waterwas pumped through the collection system at a rate of
approximately50 mL/min, resulting in a total samplevolume of about 1000 L duringeach 2-week
sampling period. Suspendedparticulatesgreaterthan 0.45/_m diameter were removedon a series of
filters, and soluble radionuclides,except 3H, were collected on a mixed-bed, ion-exchange resin
column. The filters and ion-exchange resin were changed every 2 weeks, composited by location on a
monthly basis, and analyzed for gamma-emittingradionuclides. The filters and resin from each loca-
tion were then compositedby mediaon a quarterlybasis for specific radionuclideanalyses.

Sample Analyses

Radionuclides of interestwere selected based on their importancein determiningwater quality,
verifying effluentcontrol and effluentmonitoringsystems, determining compliance with applicable
standards, and contributing to the potential exposure received by the public. ColumbiaRiver water
samples were analyzed for those constituents that, as determined by pathway analyses, representeda
significant fraction of the potential dose from the water pathway. In addition, contaminants of public
concern were included in the analytical scheme. In general, analyses included those contaminants
knownor suspectedto be present in the river water, in ground-waterseepage enteringthe river, or in
groundwater nearthe river. In those cases where constituents hadbeen documentedto be consistently
below measurablelevels, the analyses were removedfrom subsequentsampling plans.

Radiologicalanalyses on grab andcomposite watersamples collected from the ColumbiaRiver
during 1980 through 1989 includedtotal alpha, total beta, gamma scan, 3H, Sgsr, 9°Sr, and uranium.
Total alphaand total betameasurementsprovided a general indicationof the radioactivitypresent in
river water. Gammascans provided the ability to monitor for numerousspecific gamma-emitting
radionuclidesincluding_°Co,SSZn,95ZrNb, l°_Ru, 12-SSb,134Cs, 137Cs, _44CePr,_S4Eu,and _55Eu,as
well as others. The continuousfilter/resinsamples were analyzed primarily for _29I,Z3SPu,and 239,

. z4°pu. Gamma scans were also performed on the filtersand resins that were routinelycollected.

. Quality Control

The SESP was conducted as defined in project management plans (PMPs) that were reviewed,
revised, and approved on an annualbasis during 1980 through 1989.

13



A comprehensivequalityassuranceprogram,PNL-MA-70 Quality AssurancePlan No. EES-52,
Rev. 0, includingvarious qualitycontrol practices, was maintainedto ensure the quality of datacol-
lected through the SESP. The design basis and rationalefor the SESP anddetaileddescriptions of the
various monitoringactivities conductedunderthe SESP are documented in the HanfordSite
EnvironmentalMonitoringPlan, (DOE-RL 1991). The SESP is managedas documentedthrough
Proiect ManagementPlan. HanfordSite SurfaceEnvironmontalSurveillance,which is issued underthe
Office of Health and Environment. Trainingrequirementsthatare specificto the SESP are identified
and documentedthrough the SESP TrainingProgram. Sample collection and field measurement
proceduresare documented in PNL-MA-580 (Hanf and Dirkes 1992). Sampling stationlocations are
documented in the SESP Samvle Locations Manual. The SESP Projectand Data ManagementSystem
(PDMS) generatesthe environmentalmonitoringsampling schedule, manages the records on sample
and resultaccountability, and provides monitoringdata storage.

ColumbiaRiver water samples were collected by dedicated staff trainedto conductsampling
according to approvedand documentedprocedures. Samples were analyzed using documentedstan-
dard analytical procedures. Analytical dataquality was verifiedby a continuingprogram of internal
laboratoryquality control, participationin interlaboratorycross checks, replicatesampling and
analysis, submittalof blind standardsamples and blanks, and splittingsamples with other radio-
chemical laboratories.

SufficientColumbiaRiver monitoringdatawere obtainedto minimize reliance on a limited
amountof sampling results. New data collected were compared with both recent results and historical
datato ensure thatdeviations from previous conditionswere identifiedand promptlyevaluated. Samp-
ling results were also compared with anomalous data limits establishedwithin the computerized
databaseto screen incoming data.

Special Studies

Severalspecial studies were conductedunder the SESP during the 1980s that were designed to
addressspecific issues or provideenvironmentaldatafor a specific mediaor location. The data
generatedthrough these special studies bettercharacterizedthe levels and fate of contaminantsin the
environment,provideda better understandingof environmental monitoringdata, and allowed for a
more accurateinterpretationof that data. Special studiesperformedduring this time addressing
contaminantsin ColumbiaRiver water included:

• a 1982/1983 investigationof ground-waterseepage (contaminantsof concern were nitrate, 3H,
and uranium)into the river along the entire HanfordReach

* a 1982 river sampling activity just upstreamof the HanfordSite to determine the source of _29I
enteringthe river along the HanfordReach

• a 1987/1988 investigationof the distributionof 3H in the river at the Richland Pumphouse

14



• a 1988 study of the riverbanksprings, which focused on locations with known ground-watercon-
taminantsbutexpanded the list of contaminantsof concern to includean extensive list of radiolog-
ical and chemical constituents of potentialHanford origin.

Reporting

Results of the routineColumbiaRiver monitoringprogram are documentedin the annualHanford
Site environmentalreportsfor 1980 through 1989 as listed below:

* EnvironmentalSurveillance at Hanfordfor CY-1980 (Sula and Blumer 1981)

. " * EnvironmentalSurveillance at Hartfordfor CY-1981 (Sula et al. 1982)

• EnvironmentalSurveillance at Hartfordfor CY-1982 (Sula et al. 1983)

• EnvironmentalSurveillance at Hartfordfor CY-1983 (Price et al. 1984)

• EnvironmentalMonitoringat Hanfordfor 1984 (Price et al. 1985)

• EnvironmentalMonitoringat Hanfordfor 1985 (Price 1986)

• EnvironmentalMonitoringat Hanfordfor 1986 (PNL 1987)

• EnvironmentalMonitoringat Hanfordfor 1987 (Jaquishand Mitchell 1988)

• EnvironmentalMonitoringat Hanfordfor 1988 (Jaquishand Bryce 1989)

• EnvironmentalMonitoring at Hanfordfor 1989 (Jaquishs_d Bryce 1990)

In additionto annualreports, topical reportsdocumented,radiological monitoringresults genera-
ted duringspecial studies conductedduringthis time period (Dirkes 1990; Dirkes 1993; McCormack
and Carlile 1984). The chemical waterquality of the ColumbiaRiver and bioenvironmentalstudies
conductedon the river duringthe years of Hanfordoperationshave also been summarized outside of
the annualreports(Becker 1990; Becker and Gray 1992; Becker andNeitzel 1992; Dirkes et al. 1993).
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Results and Discussion

The Columbia River monitoringprogramconductedduring the years 1980 through 1989 by the
SESP is summarizedin Table 1. The table provides the sampling locations, sample type, and the years
the systems were operatedat these locations. The locations and sample types, as well as the analyses,
were described in detail earlierin this report.

The flowrateof the ColumbiaRiver throughthe HanfordReach was measuredat Priest Rapids
• Dam by the U.S. Geologic Survey duringthe 1980s. In general, flows throughoutthe period of inter-

est were typical. Daily averageflows ranged from 38,500 cfs to 285,000 cfs duringthe 10-year
period. Monthlymean flows peaked duringApril through lune and were lowest in Septemberor

" October. Annual average flowratesfor the years 1980 through 1989 are presented in Table 2. Annual
average flows during 1981, 1982, and 1983 were above the long-termaverageof 120,000 cfs, while
1980 and 1984 through 1989 annualaverageswere slightly lower than normal.

Resultsof the radiological analyses of Columbia River water samples collected at Priest Rapids
Dam, the 100-B Area, the old HanfordTownsite, the 300 Area, and the RichlandPumphouseduring
the years 1980 through1989 are summarized in Tables A. 1 throughA.8, Appendix, respectively.
Because of the magnitudeof data that exist relativeto radionuclideconcentrationsin the Columbia
River, Tables A. 1 throughA.8 containonly those radionuclidesthat were consistentlypresentat
concentrations greaterthan the analytical detectionlimit or that were commonly associated with
Hanfordoperations. Those radionuclidesthat were detectedin 50 % or greaterof the samples during
the years 1980 through 1989 were considered to be consistently present. All sample results generated
by the routineColumbiaRiver monitoringprogramduring these years are containedin the SESP data-
base (Projectand Data Management System).

Data summaries, Tables A.1 throughA.8, include the cor_tituentof concern, the numberof
samples collected during 1980 through1989, the numberof results _bove the2-sigma countingerror,
the maximumand minimum individualsample results (+ or - 2-sigma counting error) observed during
this time period, and the mean of all sample results (+ or- 2 standarderrorof the mean) obtained
during these years.

Radionuclideconcentrations throughoutthis time period were extremely low and below applicable
water quality standardsin all cases. Radionuclidesconsistently detected in river water during these
years were 3H, 9°Sr,1_I, _U, =qJ, naturaluranium (UN^T),and total uranium(UToT). In addition,
23sUand 239'24°pu,while not detected all of the time, were observed to be above the analytical detection
limit in 50% or more of the samples analyzed duringthe 10-year period. Tritium,g°Sr,and 129Iexisted
in worldwidefallout, as well as in effluents from Hanfordfacilities. Uranium and3Hoccur naturally
in the environment in additionto being present in Hanfordeffluents.

As discussed earlier, Priest RapidsDam and the RichlandPumphousewere the primaryColumbia
. River monitoring locations. Comparisonsbetween sampling results from the two locations determined

whether or not there was a statistically significant (pairedsample comparison, t-test of differences;
(Snedecor and Cochran 1980) increase in contaminantsatthe RichlandPumphouse, indicatinga contri-
bution attributableto Hanfordactivities. Table 3 compares the concentrationsof radionuclidesthat
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Table 1. SESP Columbia River Water MonitoringLocations, 1980 Through 1989

',, ' ,i ,=,n, L

Location SampleType Time of Operation

Priest Rapids Dam Composite 1981-1989
Continuous 1980-1989

100-B Area Composite 1980-1984

HanfordTownsite Composite 1982
Continuous 1982

300 Area Composite 1980-1989
Continuous 1980-1989

Richland Composite 1980-1989
Pumphouse Continuous 1987-1989

Grabs (Transects) 1987 and 1988
i i

Table 2. AnnualAverageColumbiaRiver Discharges at Priest RapidsDam, 1980 Through 1989

I H

I
Year Average Discharges

1980 103,000 cfs

1981 132,000 cfs

1982 140,000cfs
llll i

1983 131,000cfs

1984 112,000 cfs

1985 107,000 cfs
i,,ll, i

1986 108,000 cfs

1987 101,000 cfs

1988 100,000 cfs
,,, ,q .

1989 99,400 cfs
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Table 3. Comparisonof Selected Radionuclidesin ColumbiaRiver Waterat Priest RapidsDam,
the RichlandPumphouse, and the 300 Area, 1980 Through 1989

I I' I '11_ m ill i i i,i J, i i

AverageConcentration,pCi/L
Composite .... Significant

System Priest RapidsDam Richland Pumphouse Difference P-Value
i

Total Alpha 0.43 5:0.05 0.49 + 0.04 N 0.067

Total Beta 2.2 + 0.8 2.1 + 0.3 N 0.504

3H 110 + 10 170 5:14 Y <0.0001

9°St 0.14 5:0.01 0.16 5:0.02 N 0.0517

UN T̂ 0.34 5:0.03 0.46 5:0.04 Y 0.0001

234U 0.24 5:0.02 0.25 5:0.02 Y 0.023

23Su 0.19 5:0.01 0.21 5:0.02 N 0.105

U_ r 0.44 5:0.03 0.47 5:0.04 Y 0.034

Continuous
System Priest RapidsDam 300 Area

,i i

e°Co P 0.0013 5:0.0004 0.0049 5:0.0010 Y <0.0001

S 0.0034 5:0.0012 0.0083 5:0.0016 Y <0.0001

n9I S 0.000(X)9 5:0.(X)(RX)2 0.000079 5:0.000013 Y <0.0001

137Cs P 0.009 5:0.002 0.011 5:0.005 N 0.467

S 0.018 5:0.003 0.018 5:0.003 N 0.254

239/40pu P 0.00005 5:0.00002 0.00(09 5:0.00010 N 0.360

S 0.00012 5:0.00005 0.00010 5:0.00004 N 0.401
i i

P = Particulate.
S = Soluble.

iii i i ill i

were consistentlydetected in ColumbiaRiver water samplesor that were commonly thought to be asso-
ciatedwith Hanford operationsduring 1980 through 1989. Tritiumand uranium (Us^T, UTOr, and
234U)were found to be significantly higher in composite water samplescollected at the Richland

" Pumphousethan in those from Priest RapidsDam (5% significance level). Strontium-90,while not
significant at the 5 % level, shows a P-value of 0.0517 (less than 0.05 considered significant), indi-
cating that it was nearly significantlydifferent. Iodine-129 and e°Cowere found to be significantlyis

elevated in continuousfilter/resin samples collected at the 300 Area when compared to those collected
at Priest RapidsDam. Cesium-137 measuredusing the filter/resinsystem, on the other hand, was
determinedto be similarat the two locations.
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Resultsof ColumbiaRiver monitoringactivities are discussed and illustratedin the following
sections. Data presented in figureswithin the reportincludeerrorbars indicativeof 2 standarderrorof
the calc_datedmean. Discussions are presentedby radionuclide. Where appropriate,datagenerated
duringspecial studies are discussed along with dataresultingfrom the routineColumbia River
monitoringprogram.

Total Alpha and Total Beta

Total alphaand total beta measurementsare useful indicatorsof the amount of radioactivitypresent
in ColumbiaRiver water. Results of total alpha and total beta analyses generally are received from the
analytical laboratorybefore specific radiochemicalresults. As such, these analyses provide an early
indicationof changes in the levels of radioactivitypresent in river water. All annualaverage total
alpha and total betaconcentrations in ColumbiaRiver water at Priest RapidsDam, the 300 Area, and
the Richland Pumphouseduring 1980 through 1989 were approximately5 % or less of the applicable
water quality standards of 15 and 50 pCi/L, respectively.

Figure 3 illustrates the annualaverage total alphaconcentrationsmeasured at Priest Rapids Dam,
the 300 Area, and the Richland Pumphouseduring 1980 through 1989. These data are presentedin
tabular form in TableA.9. During this time period, 67% (189 out of 284) of the sampling results were
greaterthan the analytical detectionlimit. While alpha concentrationsappearedto be relatively stable
during the 1980s, the total alphaconcentrations were higher at the two downstreamlocations than at
Priest Rapids Dam. The 10-year averagetotal alphaconcentrationsmeasured at Priest Rapids Dam,
the 300 Area, and the Richland Pumphousewere 0.43 +/- 0.05 pCi/L, 0.58 +/- 0.07 pCi/L, and
0.49 +/- 0.04 pCi/L, respectively. The higher alphaconcentrations observed at the 300 Area reflect
the influenceof elevated uraniumconcentrationspresent in the ground waterbeneath the 300 Area (see
Uranium Section). Statisticalanalysis of the differencesbetween alphaconcentrations at Priest Rapids
Dam and the Richland Pumphouseverified that the concentrations at these two locations were not
significantlydifferent(see Table 3).

The annualaverage totalbeta concentrations at Priest Rapids Dam, the 300 Area, and the Richland
Pumphouseduring the years of interest are presented in Figure 4 (TableA. 10). Of the 284 beta
results, 108 (38%) were greater than the 2-sigma counting error. As in the case of total alpha, total
beta concentrationswere relatively stable over the lO-yearperiod of interest. The concentrations of
beta emitters at the three locations were similar throughoutthe 1980s, as is evident by the overlapping
uncertaintybars in Figure 4. Statisticalanalysis of the results from samples from Priest RapidsDam
and the Richland Pumphouseconfirmedthat there was no significantdifference in beta concentrations
in samples collected from these two locations.

Gamma Emitters

Gammascan analysis provided the ability to monitor for several specific gamma-emittingradio-
nuclides of interest, including;e°Co, e_Zn,_ZrNb, l°_Ru,nSSb, _4_CePr,lS2Eu,l_Eu, and lSSEu.
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Figure 3. Annual Average Total Alpha Concentrations in Columbia River Water at Priest Rapids
Dam, the 300 Area, and the Richland Pumphouse, 1980 Through 1989

In addition, other gamma-emitters present in measurable quantities were reported. Gamma scans were
performed on bulk water samples collected using the composite sampling systems described earlier and
on the filters and resin material collected using the continuous large-volume filter/resin sampling
system also described previously.

No gamma-emitting radionuclides were consistently identified in bulk water samples collected
using the composite sampling systems. Analytical detection levels were much lower on the filter/resin
samples as a result of the much larger sample volumes. With the increase in sensitivity, only 137Cs
(approximately 60%) and to a lesser extent e°Co (approximately 30%), were measured with some
degree of regularity in the filter/resin samples. All gamma-emitters detected during the 10-year period

. of interest were well below applicable water quality standards.

Cesium-137 was detected in approximately 60% of the filter/resin samples collected during the
. years 1980 through 1989. The percentage of positive measurements was similar at Priest Rapids Dam,

upstream of the Site, and in samples collected at the 300 Area and the Richland Pumphouse, both
downstream of the Site. Statistical analysis of the differences between samples collected upstream and

21



2 i i i ii i

Beta • Priest Rapids
DWS = 50 A 300 Area

10 - II Richland Pumphouse

m

4 ,

rj
2 I

0

-2 I I I I I I I I I
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

$9307O14.3

Figure 4. AnnualAverageTotal Beta Concentrationsin ColumbiaRiver Waterat Priest Rapids Dam,
the 300 Area, and the RichlandPumphouse,1980 Through 1989

downstream of the Site revealed no significantdifferences (Table 3). All reported"TCs concentrations
during the 1980s were less than 5 % of the applicable standardof 200 pCi/L.

As previouslynoted, e°Cowas only detectedin about30_ of the filter/resin samples collected
during the 1980s. However _°Cowas detectedmore frequentlyin samples collected at the 300 Area
and the Richland Pumphouse(approximately40_) than at Priest Rapids Dam (about 10%), indicatinga
potential influencedue to Hanford. Statisticalanalysis of the differencesbetween the concentrations
observedat Priest RapidsDam and the 300 Area/RichlandPumphouseverified the differenceto be
significant. All e°Comeasurementswere less than 10% of the water quality standard of 100 pCi/L
duringthe years 1980 through1989.

Tritium

During the 1980s, 3Hentered the ColumbiaRiver alongthe Hanford Reach through direct dis-
charges and the seepage of contaminatedgroundwater (Dirkes 1990; McCormackand Carlile 1984;
Rokkan 1988). Special studiesconductedduring the 1980s confirmedthe discharge of contaminated
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groundwaterinto the river at each of the 100 Areas, the 300 Area, and from the old Hanford Townsite
to the 300 Area from the 200 Area ground-water plume (Dirkes 1990; McCormack and Carlile 1984).

The analytical technique used to determine 3H concentrations in river water changed during the
latter part of 1980 to lower the detection limit and measure the low concentrations of 3H present in the
water. Contractually, the detection limit was reduced from 300 pCi/L to 50 pCi/L. The uncertainties
associated with the results are indicative of this change. Note that the uncertainties associated with the
300 Area sampling results _e greater than those associated with sampling results from the other two
locations. This is due to the fact that the less sensitive, and less expensive, analytical technique was
used at this location.i,

Annual average concentrations of 3H in Columbia River water at Priest Rapids Dam, the 300 Area,
• and the Richland Pumphouse during 1980 through 1989 are shown in Figure 5 (Table A.11). Tritium

concentrations _.xceeded the detection limit in 97 % (277 out of 287) of the samples analyzed. All of
the less-than-detectable results were at the 300 Area, indicative of a less sensitive analytical technique.
All 3H results during the 1980s were well below the applicable water quality standard of 20,000 pCi/L,
typically 5 % or less than the standard. Tritium concentrations were consistently higher at the 300 Area

i i ii
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lrgure S. Annual Average Tritium (3H) Concentrations in Columbia River Water at Priest Rapids
Dam, the 300 Area, and the Richland Pumphouse, 1980 Through 1989
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andthe Richland Pumphousethan at Priest RapidsDam throughout the 1980s. Statisticalanalysis of
the 3Hconcentrationsat Priest RapidsDam and the Richland Pumphouseconfirmedthat they were
significantly different, indicatingan influencefrom Hanford.

RoutineColumbiaRiver monitoringdataduringrecentyears have shown a general decrease in
3Hconcentrationsin ColumbiaRiver water. This observed decline is more rapid than would be
expectedsolely as a resultof radioactivedecay (12-year half-life). Studiesconductedfollowing the
U.S. Pacific nuclearweapons tests indicatedthat the effective residencetime of 3H deposited on the
North American continent is approximately5.7 years (NCRP 1979).

The downwardtrend in 3H levels, evident at the Priest Rapids Dam, 300 Area, and Richland
Pumphouselocations, was not consistent. The differencesbetween 3H concentrations observed at the
Richland Pumphouseand Priest Rapids Dam have varied, increasingslightly during the late 1980s
(Figure6). This differencecould have resultedfrom lower river flows duringthe late 1980s (i.e., less
dilution), a nonuniformdistr;_butionof 3H across the river as a resultof the location of ground-water
dischargesrelative to the san'piinglocation, or a combinationthereof. A special study conducted
duringthe summersof 1987 and 1988 concluded that, undermost flow conditions, a 3H concentration
gradientexisted across the ColumbiaRiver at the Richland Pumphouse(Dirkes 1993).
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Figure 6. Difference in Annual AverageTritium(3H) Concentrations in Columbia River Water
from Priest Rapids Dam and the Richland Pumphouse, 1980Through 1989
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Strontium

The primary source of 9°Sr entering the Columbia River and attributable to Hartfordoperations has
been the 100-N Area liquid waste disposal facilities, which are known to discharge to the river via
ground-water seepage. Routine effluent monitoring and special studies documented the presence of
elevated levels of 9°Sr in the N Springs flowing into the Columbia River (Dirkes 1990; McCormack
and Carlile 1984; Rokkan 1988).

Annual average concentrations of 9°Sr in Columbia River water at Priest Rapids Dam, the
, 300 Area, and the Richland Pumphouse during 1980 through 1989 are shown in Figure 7 (Table A. 12)

and indicate a slight decline during the latter part of the decade. The concentrations of 9°Sr in river
water exceeded the detection limit in 247 out of 253 water samples (98 %) submitted during the 1980s.

• All 9°Srresultsduringthese yearswere well below the applicablewaterqualitystandard of.8 pCi/L,
typically lessthan 12% of the standard. Strontium-90concentrationswere generally similar at Priest
Rapids Dam, the 300 Area, and the RichlandPumphousethroughoutthe 1980s. Statisticalanalysisof
the 9°Srconcentrationsat Priest RapidsDam and the Richland Pumphouseconfirmedthat they were not
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Figure 7. Annual AverageStrontium-90(9°Sr)Concentrationsin Columbia River Water at Priest
RapidsDam, the 300 Area, and the RichlandPumphouse,1980 Through 1989
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significantlydifferent (P-value greater than 0.005); however, the P-value given in Table 3 (0.0517)
indicatesthey very nearly were different(at the 5 %significancelevel) and likely indicativeof an
influenceattributableto Hartfordoperations.

Uranium

Uranium was present at elevated concentrations,relativeto river waterconcentrations, in the
groundwater beneaththe 300 Area andwas documentedto be enteringthe river throughriverbank
springsalong the shoreline (Dirkes 1990; JaquishandBryce 1989; McCormackandCarlile 1984).
Seepageof contaminatedground waterwas reportedjust upstreamof the 300 Area ColumbiaRiver
samplinglocation along the Hanfordshoreline. Elevateduraniumconcentrationsfrom naturaluranium
deposits, at levels similar to those in the 300 Area ground water, were also reportedin irrigationwater
returnsand seepage across the river from the Hanford Site (Dirkes 1990). •

The analytical techniqueused to measureuraniumin riverwater changed during the mid-1980s.
During the years 1980 through 1985, uraniumconcentrationsin river water were measuredas total
uranium(termed UN^T). In 1986, isotopic uraniumanalysis was initiated. This modificationprovided
the concentrations of the individualuraniumisotopes, 234U,235U,and 23SU. In addition, the total
uranium(labelled UT_r)concentrations, useful for comparison to previous years, couldbe determined
by summingthe individual isotopic concentrations.

Annual averageuraniumconcentrations during the 1980s are plotted in Figure 8, indicatingthe
levels in the river water to be relativelystable with time. Uranium, UN^Tand UTor, was consistently
detectedthroughout the 1980s (99%, 267 out of 270). While there was not a drinkingwaterstandard
for uranium duringthe 1980s, the concentrations of uraniummeasured in ColumbiaRiver water during
this decade were much less than a recentlyproposed standardof 30 pCi/L. Average uraniumconcen-
trations in ColumbiaRiver water were slightly higher at the 300 Area andRichlandPumphousethan at
PriestRapids Dam during 1980 through 1989. Statistical analysis of the differencesbetween uranium
concentrations at Priest RapidsDam and the Richland Pumphouserevealed the differenceto be signifi-
cant (5% significance level). Annual averageuraniumconcentrations measured at the 300 Area were
also consistently slightly greater than those at the Richland Pumphouse,as evident in Figure 8
(Table A.13). This differencereflectsthe proximity of the 300 Area sampling location with respect to
the seepage of ground water containingelevated levels of uranium, which would not be uniformly
dispersed across the river.

Radioiodine

Iodine-129, similar to 3H is associated with the contaminated200 Area ground-waterplume that
entered the ColumbiaRiver along the Hanford Reach duringthe 1980s (Dirkes 1990; McCormackand
Carlile 1984). Special studies conductedduring these years confirmed the discharge of groundwater
containingelevated concentrations of 1291into the river nearthe old HartfordTownsite (Dirkes 1990;
McCormackand Carlile 1984).
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Figure 8. AnnualAverage UraniumConcentrationsin ColumbiaRiver Waterat Priest Rapids
Dam, the 300 Are_, and the Richland Pumphouse, 1980Through 1989

Annualaverageconcentrations of 1_ in ColumbiaRiver water at Priest RapidsDam, the 300 Area,
and the Richland Pumphouseduring 1980 through 1989 are shown in Figure 9 (Table A. 14). Special
samplingand analytical techniqueswere used to detect the extremely low levels of 1_ present in the
riverwater. Using these techniques, _ was detectedin 98% (126 out of 128) of the samples
analyzed. All _I resultsreportedduring the 1980s were muchless than the applicablewater quality
standardof I pCi/L, typically less than one-tenth of 1% of the standard. Iodine-129 concentrations
were consistently higher at the 300 Area and the Richland Pumphouse(where n*Isampling was initia-
ted in 1987) than at Priest RapidsDam. Statisticalanalysis of the 1_Iconcentrationsat Priest Rapids
Dam and the 300 Area confirmedthatthey were significantlydifferent(Pffi<0.0001), indicating an
influencefrom Hanfordactivities. Similar statistical comparisons of data obtained from the 300 Area

• and Richland Pumphouseindicatedthat there was no significantdifference.

A slight increase in the concentrationsof t_l at the 300 Areaduring the 1980s is apparent in Figure
. 9. Annual averageriver dischargesduring the same time period have been decreasing (see Table 2),

which may account in partfor the observed increases in _I concentrationsbecauseof less dilutionof
the contaminants. However, the proximityof the 200 Area ground-waterplume (which was nearing
the 300 Area) to the sampling location most likely accounts for this increasing trend. As was
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Figure 9. AnnualAverage lodine-129 (.ngl) Concentrationsin ColumbiaRiver Waterat Priest
Rapids Dam, the 300 Area, and the Richland Pumphouse, 1980 Through 1989

shown with 3Hduring a special studyconductedduringthe late 1980s, 1291is not expected to be com-
pletely mixed across the river atthe RichlandPumphousesampling location (Dirkes 1993). The nearer
the plume gets to the sampling location, the more exaggeratedthe gradientbecomes, resultingin higher
concentrations of 1291alongthe Hartfordshoreline.

Plutonium

Plutoniumwas analyzed on the filters andresins collected using the continuoussampling system.
Sampleresults were availablefor both the particulateandsoluble fractions. The concentrationof
239,U°Puin river water exceeded the detectionlimit in 138 out of 192 analyses (72%) performed during
the 1980s. Of the 96 filters, 87 (91%) displayedpositive 239,24°puresults, while only 51 of 96 (53%)
resins were found to containmeasurableamounts. Plutonium-239,240 concentrationswere generally
similar at Priest Rapids Dam, the 300 Area, and RichlandPumphousethroughoutthe 1980s. Statistical
analysis of the concentrationsat Priest RapidsDam andthe 300 Area confirmedthat they were not sig-
nificantlydifferent(Pffi0.366 on filter samples; Pffi0.401 on theresins).
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Table A.I. Summaryof RadionuclideConcentrationsin Columbia River Waterat Priest Rapids Dam,
1980 Through 1989; Composite Sampling System

Concentration,pCi/L
Total# # Results

Constituent Samples > 2 Sig CE Maximum Minimum Average

Total Alpha 111....... 64 1.2+ 0.6 -0.1 + 0.2 0.4 4- 0.1
Total Beta 111 43 40.9 4- 6.1 -1.7 4- 4.9 2.2 4- 0.8
Gamma Scan

t

S°Co 111 21 1.8 4- 1.1 -1.8 4- 1.2 0.09 4"0.12
SSZn 111 19 14.3 4- 16.5 -6.6 4- 4.0 0.22 :t:0.37

' lOeRu 111 7 7.1 -4-5.0 -13.6 4- 15,1 -0.64 :t:0.83
137Cs 111 9 1.5 + 0.8 -1.5 4- 1.8 -0.06 + 0.09

_'*CePr 111 5 12.8 4- 7.8 -41.2 4- 164 -0.89 :!: 1.46

3H 116 116 325 4- 18 40 4- 11 111 4- 10
8_3r 104 23 0.3 4- 0.1 -0.3 4- 0.3 0.05 4- 0.02

g°Sr 104 102 0.46 4- 0.03 0.02 4- 0.03 0.14 + 0.01
_'IJ 52 52 0.40 4- 0.07 0.03 4- 0.01 0.24 4- 0.02
_U 52 17 0.04 4- 0.02 -0.007 4- 0.014 0.009 + 0.002

52 52 0.37 4- 0.06 0.02 + 0.01 0.19 + 0.01

U_.r/U.ro.r 114 113 0.67 4- 0.09 <-0.01 4- 0.02 0.39 + 0.02
i
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Table A.2. Summaryof RadionuclideConcentrationsin Columbia River Waterat Priest Rapids Dam, 1980
Through 1989; ContinuousSamplingSystem

Concentration,pCi/L
Total # # Results .....

Constituent Samples >2 Sig CE Maximum Minimum Average

e°Co P 231 20 0.014 ± 0.007 -0.008 + 0.013 0.0013 + 0.0003

S 231 22 0.11 + 0.02 -0.013 + 0.013 0.0034 ± 0.0012

LuC_ P 216 27 0.02 + 0.01 -0.008 + 0.007 0.0012 -!-0.0004

S 215 34 0.02 ± 0.01 -0.013 + 0.024 0.0028 + 0.0007

•> L_Cs P 231 146 0.08 + 0.01 -0.010 + 0.005 0.0089 + 0.0016
to

S 231 125 0.19 + 0.03 -0.012 + 0.012 0.018 ± 0,003

'°Sr S 11 11 0.26 + 0.02 1}.0056 + 0.0007 0.08 + 0.06

1_ S 57 55 0.000045 ± 0.000005 0.0000016 + 0.0000004 0.000(_ + 0.000002

2_q)u P 41 16 0.00002 + 0.00000 -0.000025 + 0.000009 0.000(0)01 + 0.000002

S 42 15 0.00046 -1-0.00008 -0.00017 + 0.00017 0.000022 + 0.000030

2_pu P 42 37 0.00034 + 0.00003 0.000_Y2 + 0.000007 O.O(K_5 ± 0.0(KXY20

S 42 21 0.0005 + 0.0012 -0.000054 + 0.000033 0.00012 + 0.00005

P = Particulate.
S = Soluble.



Table A.3. Summaryof RadionuclideConcentrationsin ColumbiaRiver Waterat the 100-B Area,
1980 Through 1984; Composite SamplingSystem

Concentration,pCi/L
Total# # Results

Constituent Samples > 2 Sig CE Maximum Minimum Average

Total Alpha 24 17 1.0 + 0.5 0.07 + 0.26 0.44 + 0.10
Total Beta 24 6 8.1 + 5.4 -0.07 + 4.6 3.1 + 1.0
GammaScan

Ib

mCo 23 2 1.4 + 1.9 -0.9 + 1.6 0.23 + 0.20

e2n 22 2 4.5 4. 7.1 -2.7 4. 2.9 -0.04 4- 0.64
" lOeRu 10 1 9.4 4- 5.4 -7.9 4- 9.2 -1.4 4- 3.2

l_C_.s 23 3 2.5 4. 3.6 -8.3 4. 1.0 0.26 4- 0.28
_**CePr 9 0 5.3:1:16.0 -15 4- 13 -3.2 ± 3.8
3H 24 15 417 4- 150 -240 :t: 414 190 4. 64
_'Sr 11 4 0.21 4- 0.19 -0.09 4. 0.14 0.09 4. 0.05
_eSr 15 14 0.40 4. 0.06 0.14 4- 0.26 0.24 4- 0.04

U.,T 18 18 0.63 4. 0.22 0.12 + 0.04 0.40 + 0.06
ii

l
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Table A.4. Summaryof Tritium('H) and Iodine-129 (1291)Concentratiomin ColumbiaRiver
Waterat the Old HanfordTowmite, 1982

i i i i , i

Concentration,pCi/L
Total # # Results

:_ Constituent Samples > 2 Sig CE Maximum Minimum Average
3H 18 18 332 + 20 108:1:16 178 + 37

nsl 12 11 0.000008 -I-0.000001 <0.000003 -I-0.00006 0.000005 + 0.000001
i



Table A.5. Summaryof RadionuclideConcentrationsin ColumbiaRiver Waterat the 300 Area,
1980 Through 1989; Composite SamplingSystem

i i ,, f .i I i ii ......................

Concentration,pCi/L
Total # # Results

Constituent Samples > 2 Sig CE Maximum Minimum Average

Total Alpha 51 43 1.4 + 1.0 0.2 + 0.3 0.6 + 0.1
Total Beta 51 18 6.3 + 5.2 -2.4 4. 5.3 2.1 + 0.5
GammaScan

IL

_°Co 41 9 9.3 4. 18.0 -1.1 4. 1.2 0.36 + 0.48
_Zn 41 2 1.5 4- 2.7 -4.3 4- 28.0 -0.45 + 0.45

' l°_Ru 28 2 6.4 4. 6.9 -8.3 4. 11.0 1.21 + 1.59
lSTCs 41 3 7.1 4- 15.0 -1.4 4- 2.7 0.24 + 0.41
_*_CePr 24 0 16.1 4. 31.3 -21.0 4. 15.9 -1.85 + 2.70

SH 43 33 1570 4. 293 -90 4. 419 246 4. 73
SgSr 31 9 0.25 4. 0.30 -0.26 4- 0.29 0.06 4- 0.04
9°Sr 43 43 0.75 4- 0.06 0.07 4- 0.04 0.21 4- 0.04
_U 16 16 0.444-0.07 0.214-0.05 0.304-0.03

_U 16 4 0.044-0.02 -0.0054-0.006, 0.0104-0.005

z3rtl 16 16 0.30 4- 0.05 0.16 4- 0.04 0.24 4- 0.02

UNAT/UTOT 30 30 0.774-0.09 0.374-0.13 0.53+ 0.04
- li|,i
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Table A.6. Summary of Radionuclide Concentrations in Columbia River Water at the
300 Area, 1980 Through 1989; Continuous Sampling System

Concentration, pCi/L
- Total # # Results

Constituent Samples > 2 Sig CE Maximum Minimum Average

_°Co P 241 112 0.060 ± 0.006 -0.003 + 0.007 0.0049 + 0o0010

S 240 100 0.120 ± 0.015 -0.007 + 0.012 0.0083 + 0.0016

I_*Cs P 224 37 0.01 ± 0.02 -0.007 + 0.005 0.0013 ± 0.0003

S 223 37 0.02 ± 0.01 -0.012 + 0.009 0.0030 + 0.0007

UnCs P 241 164 0.56 4- 0.01 -0.008 + 0.005 0.011 + 0.005

;_ S 241 146 0.15 + 0.04 -0.016 4- 0.009 0.018 4- 0.003

b_ 9°Sr S -10 9 0.26 4- 0.02 0.0019 4- 0.0015 0.06 4- 0.06

ngl S 59 59 0.00026 4- 0.00002 0.000(M75 4- 0._ 0.000079 4- 0.000013

23'pu P 42 15 0.00003 4- 0.00002 -0,00(M25 4- 0.000003 0.0000018 4- 0.000027

S 42 12 0.00009 4- 0.00006 -0.00033 4- 0.00002 -0.000015 4- 0.000024

_l_U P 42 39 0.0020 4- 0.0001 0.000002 4- 0.000011 0.00009 4- 0.00010

S 42 26 0.0005 4- 0.0001 -0.000015 4- 0.000037 0.00010 4- 0.00004

P = Particulate.
S = Soluble.
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Table A.7. Summaryof RadionuclideConcentrationsin ColumbiaRiver Water at the Richland
Pumphouse, 1980 Through 1989; Composite SamplingSystem

Concentration,pCi/L
Total # # Results

Constituent Samples > 2 Sig CE Maximum Minimum Average

Total Alpha 122 82 1.3 4- 1.1 -0.04 4- 0.23 0.5 4. 0.1
TotalBeta 122 47 107 4. 5.5 -2.5 + 5.1 2.1 4. 0.3
GammaScan

6°Co 122 19 3.7 4- 18.0 -4.8 5:8.5 0.14 4. 0.14
_Zn 122 16 23.5 4. 28.0 -9.9 4. 28.0 -0.01 4- 0.51

' t°6Ru 90 12 14.3 4- 7.2 -18.3 4- 47.3 -0.40 4- 1.11
mCs 122 18 2.4 4- 15.0 -1.9 4- 1.2 0.13 4- 0.10
l"CePr 89 2 37.8 4- 60.9 -11.2 4- 10.1 0.17 4- 1.23
SH 128 128 668 4. 22 39 5:12 170 + 14

_Sr 106 28 0.9 4. 0.3 -0.02 + 0.01 0.07 4- 0.03
_°Sr 106 102 1.00 4- 0.07 0.009 + 0.063 0.16 + 0.02
_U 52 52 0.45 4. 0.06 0.02 4- 0.01 0.25 5:0.02
z'sU 52 20 0.044.0.02 -0.0054.0.00 0.0104.0.003

m-tJ 52 52 0.364-0.05 0.034-0.01 0.21+ 0.03

Um,r/Uror 126 124 1.04 4. 0.37 0.01 + 0.02 0.46 4- 0.03
Jl III
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Table A.$. Summary of Radionuclide Concentrations in Columbia River Water at the Richland
Pumphouse, 1987 Through 1989; Continuous Sampling System

Concentration, pCi/L
Total # # Result

Constituent Samples >2 Sig CE Maximum Minimum Average

eoCo P 73 11 0.011 4. 0.002 -0.004 4- 0.005 0.0012 4- 0.0005

S 73 16 0.011 4- 0.007 .-0.009 4- 0.018 0.0021 4- 0.0008

134Cs P 57 0 0.003 4- 0.004 -0.010 4- 0.009 .-0.0005 4- 0.0005

S 56 1 0.012 4- 0.009 -0.007 4- 0.007 -0.0004 4- 0.0009

13_Cs P 73 33 0.006 4- 0.002 -0.008 4- 0.006 0.0010 4- 0.0006

S 73 18 0.013 4- 0.006 -0.02 4- 0.01 -0.00005 4- 0.0013

oo l_ S 12 12 0.00016 4- 0.000007 0.00005 4- 0.000004 0.00011 4- 0.00002

mPu P 12 3 0.00002 4- 0.00002 -0.000003 4- 0.000006 0.000007 4- 0.000005

S 12 0 0.00002 4- 0.00005 -0.00007 4- 0.00002 -0.000001 4- 0.000014

239/_u P 12 11 0.00013 4- 0.00006 0.000003 4- 0.000009 0.00004 4- 0.00002

S 12 4 0.00010 4- 0.00005 -0.000005 4- 0.000057 0.00004 4- 0.00002

P = Particulate.
S = Soluble.



Table A.9. AnnualAverageTotal AlphaConcentrationsin Columbia River Waterat Priest Rapids
Dam, the 300 Area, and the Richland Pumphouse, 1980 Through 1989

i

Concentration,pCi/L

Year Priest Rapids 300 Area RichlandPumphouse

1980 0.4 -l-0.i <') 0.5 + 0.1 0.5 + 0.1

1981 0.4 + 0.1 0.6 + 0.1 0.4 + 0.1

, 1982 0.4 + 0.2 0.5 + 0.1 0.4 + 0.1

1983 0.3 + 0.1 0.7 + 0.3 0.5 + 0.1

, 1984 0.5 + 0.1 0.4 + 0.2 0.6 + 0.1

1985 0.4 4- 0.2 0.8 + 0.3 0.6 + 0.2

1986 0.5 + 0.1 0.7 + 0.2 0.6 + 0.1

1987 0.4 + 0.1 0.6 + 0.2 0.5 + 0.2

1988 0.3 + 0.2 0.5 + 0.2 0.3 + 0.1

1989 0.7 + 0.2 1.0 + 0.3 0.6 + 0.2

(a) 100-B sample location.

Table A.10. AnnualAverage TotalBeta Concentrationsin ColumbiaRiver Waterat Priest Rapids
Dam, the 300 Area, and the Richland Pumphouse, 1980 Through 1989

...............

Concentration, pCi/L

Year Priest Rapids 300 Area Richland Pumphouse

1980 3.0 + 1.4¢') 3.3 + 0.9 2.6 + 1.6

1981 1.9 + 1.4 2.2 + 1.2 2.3 + 1.3

1982 3.1 + 1.2 3.4 4-2.9 3.2 4- 1.4

1983 6.1 4- 5.9c') 4.2 4- 1.8 3.7 4- 1.4

1984 1.8 4- 0.6 1.6 4- 1.0 2.2 + 0.5

1985 1.5 4- 0.3 1.I 4- 0.4 1.5 4- 0.4

1986 1.9 4- 0.4 1.6 4- 1.0 1.6 4- 0.4

1987 0.9 4- 0.4 2.1 4- 0.6 1.1 4- 0.4

1988 1.0 4- 0.4 1.0 4- 0.5 0.9 4- 0.3
Q

1989 1.5 4- 0.7 1.0 4- 1.5 1.3 4- 0.4

(a) 100-B sample location.
° (b) One high result.

,,,,,, , ,,,,,, ,,,, ,,,,,,, i
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Table A.11. AnnualAverageTritium (3H)Concentrationsin ColumbiaRiver Waterat Priest Rapids
Dam, the 300 Area, andthe Richland Pumphouse, 1980 Through 1989

Concentration,pCi/L .........

Year _iest Rapids 300 Area Richland Pumphouse
1980 266 + 77 °7 284 + 134 265 + 66
1981 167 + 31 330 + 133 199-t- 31
1982 159 4- 38 219 4- 216 216 4- 61

1983 103 4- 25 550 4- 684c') 135 4- 28
1984 127 4- 15 230 4- 134 169 4- 22
i985 112 4- 17 152 4- 103 152 4- 21

#

1986 98 4- 12 198 4- 45 149 4- 18

1987 73 4- 10 165 4- 31 128 4- 15
1988 70 4- 6 176 4- 58 132 + 10
1989 63 4. 5 161 4- 35 129 4- 18

(a) 100-B sample location. .....
(b) Influenc_ by a single elevatedresult.

I 'l Illll Illl Illll I

Table A.12. Annual Average Strontium-90(_°Sr)Concentrationsi_ Columbia River Water at Priest
Rapids Dam, the 300 Area, and the Richland Pumphouse, 1980 Through 1989

Concentration, pCi/L '

Year Priest Rapids 300 Area Richland Pumphouse

.... i980 0.24 4- 0.08¢'> 0.29 4- 0.12 0.20 4- 0.02

1981 0.15 4- 0.02 0.25 4- 0.03 0.23 4- 0.04

1982 0.18 4- 0.05 0.19 4- 0.05 0.17 4- 0.06

1983 0.18 4- 0.06 0.23 4- 0.03 0.29 4- 0.14

1984 0.14 4- 0.02 0.36 + 0.20 0.17 4- 0.04

1985 0.15 4- 0.02 0.21 4- 0.02 0.16 4- 0.03

1986 0.15 4- 0.01 0.16 4- 0.08 0.16 4- 0.02

1987 0.14 4- 0.01 0.13 4- 0.03 0.13 4- 0.02

1988 0.10 4- 0.02 0.12 4- 0.02 0.12 4- 0.02

1989 0.08 4- 0.01 0.09 4- 0.02 0.07 4- 0.01
it

(a) 100-B sample location.
ill,p L

t
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TableA.13.AnnualAverageUraniumConcentrationsinColumbiaRiverWateratPriestRapids
Dam, the300Area,andtheRichlandPumphouse,1980Through1989

,..m.

" Concentration,pCi/L

Year Priest Rapids 300 Area Richland Pumphouse

1980 0.40 + 0.06(') NAc') 0.54+ 0.'08

1981 0.37+ 0.I0 0.48+ 0.12 0.42+ 0.05

1982 0.36+ 0.07 0.57+ 0.15 0.38+ 0.06

1983 0.27 + 0.07 0.51 + 0.04 0.50 + 0.14

1984 0.33 + 0.04 HAc') 0.45 + 0.08

I 1985 0.38 + 0.10 0.51 + 0.01 0.48 + 0.07

1986 0.45 + 0.10 0.55 + 0.10 0.50 + 0.10

1987 0.46 + 0.03 0.56 + 0.05 0.51 + 0.08

1988 0.37 + 0.04 0.48 + 0.07 0.41 + 0.07

1989 0.46 + 0.03 0.57 + 0.16 0.44 + 0.03

(a)100-Bsamplelocation.
(I))NA -notanalyzed.
(c)UraniumanalysischangedfromU_T tOU-isotopic.

ii ii i i i iii.

Table A.14. Annual Average lodine-129 (1_I) Concentrations in ColumbiaRiver Waterat Priest
RapidsDam, the 300 Area, and the RichlandPumphouse, 1980 Through 1989

Concentration,pCi/L

Year PriestRapids 300Area RichlandPumphouse

1980 0.000006 + 0.000001 0.000050 + 0.000024 NS

1981 0.000006 + 0.000001 0.000050 + 0.000021 NS

1982 0.000006 :t:0.000002 0.000069 + 0.000034 NS

1983 0.000021 + 0.000010 0.000073 + 0.000026 NS

1984 0.000012 :t:0.000004 0.000077 + 0.000034 NS

1985 0.00(K_ -1-0.000005 0.000088 + 0.000043 NS

1986 0.000009 + 0.000001 0.00010 + 0.00004 NS

1987 0.000007 + 0.000004 0.00011 + 0.00002 0.00010 + 0.00002

t 1988 0.000017 + 0.000019 0.000091 :t::0.000028 0.00010 + 0.00003

1989 0.000005 + 0.000001 0.00017 + 0.00009 0.00012 + 0.00005

* ......NS- not sampled.
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