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PREFACE

The HanfordEnvironmentalDose Reconstruction(HEDR)Projectwas under-

taken in 1987 at the recommendationof the HanfordHealth Effects Review

(HHER) Panel. The HHER Panel had been formed to consider the potentialhealth

implicationsof historicreleasesof radioactivematerialsfrom the Hanford

Site.

The Centersfor Disease Control (CDC)provides fundingfor the project;

Battelle,PacificNorthwestLaboratories(BNW) performs the research. The

HEDR research is directed by an independentTechnicalSteeringPanel (TSP).

The 18-memberpanel consistsof experts in the various technicalfields of

importanceto project work and representativesof the states of Washington,

Oregon, and Idaho;Native American tribes;and the public.

This document is an updated versionof the previous versiondated April

1992. Changesfrom the April 1992 versionare shown in italics. The document

number for the April 1992 versionwas PNL-8083HEDR; the current (November

1992) version is numberedPNWD-2034HEDR. The report numberingsystem changed

from the "PNL" designator (when HEDR work was under contract to the U.S.

Department of Energy) to the "PNWD" designatorin June 1992 (when the work

came under contract to the Centers for DiseaseControl). AppendixD is a

record of the TSP comments and BNW responses. Commentnumbers from Appendix D

appear in leftmargin oppositetext changes.

The scope of this report is to I) describethe segmentsof the Columbia

River system and the adjacentcoastalareas that were involved in the trans-

port and distributionof radionuclidesreleased at Hanford; 2) review and

summarizeriver and coastal area monitoringdata (Hanfordand offsite sources)

providingradionuclideconcentrationsfor water, sediment,and biota;

3) review and summarizethe reports and studiespertainingto the release and

transportof radionuclidesin the Columbia River; and 4) calculatepreliminary

dose estimatesfor selectedlocationsand times to includefreshwaterand

marine food sources.

Because of the extent and complexityof the databaseand relatedinfor-

mation, an analysisof the material reviewedfor this study is beyond the
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scope of this report. While it is recognized that the data quality will vary

among the many sources and sampling techniques, the data analysis and data

quality evaluation will be carried out in later studies during FY 1993,
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ABSTRACT

As part of the Hanford EnvironmentalDose Reconstruction(HEDR) Project,

Battelle,PacificNorthwestLaboratoriesreviewed literatureand data on

radionuclideconcentrationsand distributionin the water, sediment,and biota

of the Columbia River and adjacentcoastalareas. Over 600 documentswere

reviewedincludingHanford reports,reportsby offsite agencies,journal

articles,and graduatetheses. Radionuclideconcentrationdata were used in

preliminaryestimatesof individualdose for the period 1964 through 1966.

This report summarizesthe literatureand database reviewsand the resultsof

the preliminarydose estimates.

Samplingof river water began in 1945. Riverbedsedimentswere first

sampledin 1948. Routine samplingwas confinedto the Hanford to Pasco

(Washington)reach of the ColumbiaRiver until 1950 when water sampleswere

collectedat BonnevilleDam. Routinesamplingof river biota in the Hanford

area began in 1950. From 1951 through1957, environmentalmonitoring by

Hanford cuntractorsincreasedsignificantlyin the Hanford area and down-

stream. Beginning in the early 1960s, the Hanfordmonitoringprogram was

graduallymodified to emphasizethe Hanford reach down to McNary Dam, although

some downstream locationscontinuedto be sampled (e.g.,Willapa Bay oysters).

The monitoringprogramwas modified as a result of experiencegained from

previousyears, new developments(radiationexposureguidelines),and the need

to obtain better monitoringdata for dose estimates.

Comprehensivemonitoringand studiesby offsiteagenciesbegan in 1960

and continuedinto the early 1980s. Much of the work was conductedbelow The

Dalles Dam out to the coastalareas of Washingtonand Oregon. The work of

these agenciesfocused on the uptake of radionuclidesby freshwaterand marine

biota and the distributionof reactoreffluent along the coastal areas. Other

work investigatedthe sorptionof radionuclidesby river sediments. Gross

beta measurementsfor water, sediment,and biota are the only availabledata

from offsitesources (andHanford) for 1945 through1957. Radiochemical

analysesare also availablefor radionuclidessuch as tritium,phosphorus-32,



strontium-89,and strontium-90. After 1957, gamma spectrummeasurementswere

used to determineactivitylevels of specificradionuclides.

For this report,preliminarydose estimateswere calculatedfor several

locationsfrom Richland,Washington,to Willapa Bay, Washington. Maximally

exposed individualswere those who consumedsignificantquantitiesof fish or

seafood. The importantradionuclideswere zinc-65, arsenic-76,and

phosphorus-32. The drinking-waterpathwaywas the most importantfor typical

individuals,who were assumedto have eaten much less fish or seafood. The

importantradionuclideswere arsenic-76,neptunium-239,and zinc-65.
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EXECUTIVESUMMARY

This literature review investigated the availability of radiological

data and information for the Columbia River and adjacent coastal areas (see

Plates I and 2 in pockets at the back of this report for locations mentioned

in this summary and in the report). A major objective was to locate data on

the concentrations of radionuclides in water, sediment, and biota for the

surface-water transport pathway. Because the database will be used to recon-

struct past radiation levels for the surface-water system, the size, geo-

graphic extent, and continuity (location and time) of the historical database

are of prime importance. The historical nature of the Hanford Environmental

Dose Reconstruction Project rules out supplementing the existing database

through new data collection; therefore, the use of mathematical methods will

be required to fill any serious gaps in the database. Mathematical approaches

that could be used to fill the gaps will be investigated during the follow-on

development work on the conceptual model.

Studies of reactor effluent by Hanford and offsite contractors provided

a significant amount of information on the directional movement of the reactor

effluent in the Columbia River and adjacent coastal areas. The results of

these studies identified some of the reasons for variability in radionuclide

concentrations in the water, sediment, and biota. They also provided infor-

mation on the uptake, release, and distribution of radionuclides by river and

coastal sediments.

During the literature review, data were selected for preliminary dose

estimates from several locations along the river. The locations extended from

Richland, Washington, downstream to Astoria, Oregon, and along the Washington

coast to Willapa Bay. The dose estimates considered untreated drinking water,

freshwater fish, and various seafoods.

MONITORINGLOCATIONSANDTIME PERIODS

sB.59.Bo From 1945 to 1950, monitoring of beta activity in water and sediment

(sediment sampling began in 1948) was conducted primarily in the vicinity of

the reactors and downstream of the 300 Area, which is just upstream of
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Richland. The only samplingconductedfartherdownstreamwas at Richlandand

Pasco. The Yakima River was sampledas an indicatorof backgroundradioac-

tivity levels in water samples. There were no sampling locationsdownstream

of Pasco until 1950, when water samplingbegan at BonnevilleDam. Sediment

samplingwas conductedonly in the Hanfordreach (from Wills' Ranch to the

Umatilla-McNaryDam location). Most of the sediment sampleswere collected

near the reactors,but others were collectedat Richland,Kennewick,and the

Pasco bridge. No monitoringor investigativestudieswere conductedby off-

site contractorsduring this period. Thus, until 1950, there are no radio-

logicaldata availablefor the area downstreamof Pasco, and then only for the

BonnevilleDam location. Also, only total nonvolatilebeta activitywas

measuredbecause samples antedatedgamma spectroscopy.

Beginningin 1951, and lastinguntil 1958 when gamma spectroscopyequip-

ment became available,many more water samplinglocationswere added down-

stream of Pasco. Locationswere added at McNary Dam in 1951. By 1957, twelve

locations,betweenMcNary Dam and Vancouver,Washington,had been added. Most

of the water samplingbelow McNaryDam was conductedduring 1953 and 1957,

with only intermittentsampling for the other years. From 1951 to 1957,

sedimentsamplingwas extended to McNary Dam and to Paterson,Washington,

about 18 miles downstreamof McNary. Sedimentwas sampled at no other

downstreamlocations.

Routinesamplingof fish began in 1950, but only in the Hanford reach of

the river. Various studiesof biota continuedand the number of samples

increasedduring the 1950s,with most, but not all, of the effort remaining in

the Hanford reach. Hanfordcontractorsbegan sampling shellfishnear the

mouth of the ColumbiaRiver in 1953. From 1950 to 1977, fish and shellfish

were routinelysampledand analyzedby Hanfordcontractors,with much of the

effort concentratedon freshwaterwhitefishin the Hanford reach and Willapa

Bay oysters from the Washingtoncoast. Whitefishfrom the river and oysters

from Willapa Bay were popularfood sourcesfor humans.

lt was also during the early 1950s that the U.S. Public Health Service

(USPHS)began its water-qualityand biota studies. This effort, which lasted

about 3 years, was the first radiologicalmonitoringfor the ColumbiaRiver
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programby an offsite agency. The USPHS water-qualityand biota studiesbegan

in 1951 and continuedinto 1953. The resultsprovided the first independent

databasefor comparisonwith the Site monitoringby Hanford contractors. The

samplingwork was limited to the length of river from Wills' Ranch to

Paterson,Washington,downstreamof McNary Dam. Only brief, exploratory

surveyswere conductedat BonnevilleDam, at Portland,Oregon, and at the

mouth of the Columbia River.

Althoughthe samplinglocationsand frequencyincreasedsignificantly

from 1945 through 1957, the resultswere reportedas total nonvolatilebeta

concentrations. While beta concentrationsare not suitable for direct use in

dose calculations,they can be used for screeningpurposes in preliminarydose

estimatesas describedin Section10.0 of this report.

After 1957, concentrationsof specificradionuclidesbecame available

for water, sediment,and biota samplescollectedby Hanfordcontractors.

Beginningabout the same time, Hanford contractorsbegan revisingthe

monitoringprogram. Sediment,which was not sampled in 1958, was sampledonce

more in 1959, but samplingwas discontinuedafter that year because informa-

tion on radionuclideconcentrationsin sedimentwas not directly usable in

dose estimates. Hanfordcontractorscontinuedto collectwater samples, but

the number of locationsdecreasedsignificantlyto severallocationsof

specificinterest. Most of these were in the Hanfordto McNary Dam reach of

the river. After 1958, water samplinglocationsdownstreamof McNary were

limitedto five sites: I) Paterson,Washington (1959 only); 2) The Dalles,

Oregon (1963 and 1964); 3) Hood River, Oregon (1959 only); 4) BonnevilleDam

(1964 through 1975); and 5) Vancouver,Washington (1959 through 1963).

Beginningabout 1960, offsite agenciesbegan a series of studiesand

monitoringprograms that involvedthe statesof Washingtonand Oregon, their

state universities,and the U.S. GeologicalSurvey (USGS). Much of the work

focusedon the ColumbiaRiver estuary and adjacentcoastalareas and was

orientedtoward transportprocesses. Most of the data are not useful for dose

calculationsbut do providevery good informationregardingthe dispositionof

reactoreffluent. The most useful data are those radionuclideconcentrations

measured in fish and shellfish;these data were found in various reports,
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journal articles,and graduate theses. Some of these data were used to

calculatethe preliminarydose estimatespresented in Section10.0. Other

useful data are radionuclideconcentrationsin water and biota from the Oregon

State Departmentof Health. From 1961 through 1977, Departmentstaff rou-

tinely sampledColumbia River water from The Dalles downstreamto the mouth of

the river, as well as estuarineand coastal fish and shellfish. Some sampling

is currentlyconductedevery year but is very limited. Althoughsamplingwas

primarilyconductedon a quarterlybasis for each year, the results provide at

least a partialdatabase for evaluatingactivity levels in water and biota at

downstreamlocations. The data can also be used in testingthe credibilityof

computedwater concentrationsfor downstreamlocationsand time periods.

REACTOR EFFLUENTRELEASESAND TRANSPORT

A review of the Hanford contractorreports indicatesa significant

amount of variabilityin effluent releasesfrom the reactoroutfalls in the

river. As a group, the reportsdiscussingvariationsin effluentactivity

levels identifysix primary factorsfor the variations: I) increase in number

of reactors on line and operatingpower levels, 2) activationof natural

elements in raw river water, 3) chemicaladditives,4) ruptureof fuel

elements,5) reactorpurges to remove radioactivefilm buildup,and 6) length

of time effluentremained in retentionbasins (amountof decay).

BI As the number of reactors increasedfrom three in 1945 to eight by 1955,

the quantityof radionuclidesreleasedto the river increased. Beginningin

1957, the operatingpower levels were also gradually increasedwith corre-

spondinglyhigher radionuclidereleasesto the river. The natural increaseor

decrease in the quantitiesof elements in raw river water is a seasonalevent,

with higher quantitiesof these elementsoccurringduring the spring flood

season. The elementswere also source (drainagebasin) dependent. Chemical

additiveswere continuallyused during reactoroperations. Fuel element

rupturesand reactor purgingwere discrete events lasting hours and occurring

on an intermittentbasis. Basin retentiontimes were not constantand were

graduallyshortenedover_ the years because of increasedpower levels and

because the basins were not modified to accommodatea largereffluentdischarge.



Once reactoreffluentwas dischargedfrom the outfalls,il traveled

downstream in a relativelynarrow plume severalhundredfeet wide (Plate2).

Although the plume graduallymixed laterally,it was still distinguishableat

Pasco. Beyond Pasco, the flow patterns in the McNary reservoirand Snake

River inflow precludeany definitivemeasurements. The plume tendedto hug

the reactor shoreline(west shoreline)downstreampast Richland to the Yakima

River confluence. Beyond that point, the plume was found along the Pasco

shore, possiblyas a result of being forced across the channel by the Yakima

River inflow. In the vicinity of the reactors,water concentrationmeasure-

ments along the plume centerlinewere five to seven times higher than those

for ambient river water. Near Pasco, the concentrationswere much closer in

value but differenceswere still distinguishable.

Shoreline springsthat released retentionbasin leakagethrough river

bank soils were anotherpossible contributorto higher water concentrations

along the plant shore. Basin leakagereleasesthroughthe shorelinewere

first noticed at B, D, and F reactorsduring 1945. Shorelineseepagefrom the

basins was still a concernat B, C, D, and F reactorsduring the 1950s.

The rete of transportof the effluentdownstreamto the ColumbiaRiver

mouth is of key importancewith respectto radionuclidedecay and activity

levels. Hanfordcontractorsbegan in 1955 to identifya relationshipbetween

river dischargeand downstreamtravel time of effluents. By the early 1960s,

travel times from the reactor area to Astoria,Oregon, had been determined.

Travel times were estimatedusing field data from the reactor area to eight

locationsfrom Pasco,Washington,to Astoria,Oregon, for four rangesof

discharge. BecauseMcNary Dam was in place in 1955 and The Dalles Dam was

filling,travel times are not valid for years before 1955. Travel times for

those years would be shorterand would need to be determinedmathematically.

SEDIMENTAND RADIONUCLIDETRANSPORTSTUDIES

By the 1950s, the role of river sediment in the uptake and storageof

radionuclidesand the effect of sedimentson concentrationsin the water were

recognized. Hanfordcontractorsand the USGS conducteda number of studies

into sediment storageeffects, lt was also determinedthat the sediments
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could release radionuclidesback into the river water, causingan increasein

concentrationexceedingthat expected from effluentreleases. This process

providedanother factor for variationin water concentrations.

During the early 1960s, in cooperationwith Hanfordcontractors,the

USGS began studyingthe uptake of radionuclidesby river sediments. These

cooperativestudiescontinuedthroughmost of the 1960s,with final reports

being publishedin the early 1970s. The reportsproduceddata on sediment

concentrationsand a considerableamount of informationon uptake and release

of radionuclidesby sediment. Water concentrationdata are also includedin

the reports. The USGS studieswere stronglyorientedtoward river processes

and did not providethe'lengthyand consistentsamplingneeded for dose calcu-

lations. Nonetheless,the resultsprovide some data to assist in determining

activitylevels at locationsdownstreamof McNary Dam during the sampling

period.

Comprehensiveprogramsto monitor the radiationfrom shorelinesediments

began in 1959. Before that time, only exploratorymeasurementshad been made

in the vicinity of the reactors. Shorelinemonit6_ingcontinued into the late

1970s, but was not conductedon a continuingyearly basis. These shoreline

surveys includedthe surfacesof channel islandsand the measurementof

exposurerates for boaters,on the river. The highestoverall pates were found

along the reactor areas,as would be expected,with the maximummeasured on

the island offshoreof the IO0-D Area. Below the reactor areas, the exposure

rates decreased,but not uniformly. Survey resultsreported by Sula (1980)

found no definitivedownstreamdecrease in shorelineexposure rates from below

the reactor areas to the confluenceof the Snake River.

PRELIMINARYDOSE ESTIMATES

37 Using radionuclideconcentrationdata from variousmonitoring programs

and studies summarizedin this report,preliminarydose estimates for the

years 1964 through 1966 were calculatedfor five locationsalong the river:

I) Richland,Washington,2) McNary Dam area, 3) BonnevilleDam area,

4) Astoria,Oregon, and 5) Willapa Bay, Washington. The estimatesconsidered

a maximally exposed individualand a typical individual. The 1964-1966period
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was selectedbecause for this period individualradionuclideswere monitored

and data for otherwiseunmonitoredlocationswere available.

Maximallyexposed individualswere assumedto have eaten significant

quantitiesof fish or seafood from the ColumbiaRiver. Includedin the doses

were contributionsfrom drinkingwater, swimming,boating,and exposure to

shorelinecontamination. For the maximallyexposed individual,the most

importantpathwaywas consumptionof nonmigratoryfish. The importantradio-

nuclideswere zinc-65, arsenic-76,and phosphorus-32,with zinc-65the most

importantat downstreamlocationsbecauseof its relativelylonger half-life.

The doses decreasedd_wnstreamexcept for slight increasesat Bonnevillewith

the additionof migratory salmon to the diet and at Astoria with the addition

of shellfishto the diet.

39 Drinkingwater was the most importantexposurepathway for typical

individualsbecause they were assumedto eat very small quantitiesof fish.

The importantradionuclidesin the Hanford reach (from the reactor area to

Umatilla and McNary Dam) were arsenic-76,neptunium-239,and zinc-65. At

locationsfartherdownstream,zinc-65 and phosphorus-32were the most

important. Examplesof annual doses for 1964 are shown in Table ES.I.

FOLLOW-ONWORK

31.sz The data and informationsummarizedin the report, includingthe pre-

liminarydosc ettfmates,will be evaluatedduring follow-onwork conductedin

FY 1993 to determinethe extent to which the data can be used to support

radionuclidetransportcalculationsand final dose estimates. The amount,

continuity,and variabilityof river data, togetherwith the changes in the

river system (e.g.,dams), have a direct bearing on usefulnessof the data and

computationaltechniquesproposedfor reconstructingconcentrationsin water,

sediment,and possibly biota. The data analysiswill be used to produce a

conceptualmodel of the ColumbiaRiver that will describe the processes

affectingradionuclidetransportand distributionand the relationshipbetween

the key variables. From the conceptualmodel work, severalalternative

approacheswill be proposedfor providingthe necessarydatabaseto support

dose estimates.
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40 TABLE ES.I. PreliminaryEstimatesof Annual Doses from Columbia
River Pathwaysfor 1964

Maximally Exposed Typical
Location Individual(torero) Individual(torero)

Richland 160(a) 7.8

(25)(b) (15)
McNary 17 1.0

(3.1) (1.9)

Bonneville 21 0.4
(1.2) (0.7)

Astoria 40 3.1
(0.8) (0.5)

Willapa Bay 16 1.6

(a) Dose receivedfrom all sources includingtreaL::._'
drinkingwater exceptWillapa Bay.

(b) Dose receivedfrom drinkinguntreatedwater only.
Computed as a separate issue. Not to be added to
the dose defined under (a).
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1.0 INTRODUCTION

The Surface-WaterTransportTask is part of the Hanford Environmental

Dose Reconstruction(HEDR) Project,which was establishedto estimatethe

radiationdoses people may have receivedfrom operationsthat began at the

Hanford Site in 1944. The technicalwork is being conductedby staff at

Battelle,PacificNorthwestLaboratories(BNW) under the directionof an

independentTechnicalSteering Panel (TSP).

This task addressesthe radioactivityin the ColumbiaRiver, which

receivedcooling-watereffluent from the eight Hanford once-through-cooled

reactors(a)and was the major pathwayfor waterborneradionuclides. The

pathway began at the HanfordSite and continueddownstreampast the mouth of

the Columbia River to the adjacentcoastaland ocean areas. The overall

objectiveof the task is to provideradionuclideconcentrationsat locations

along the pathway for water, sediment,and biota. These concentrationswill

be used in final dose estimates. Preliminarydose estimatesfor severalyears

are provided in Section 10.0.

The purposeof this report is to summarizethe significantresults of a

literatureand database review conductedduring FY 1991. The review included

availablereports and data prepared by Hanfordcontractorsand offsite

sources. The period of interestwas from 1944 to 1990, with emphasison the

period from 1944 through 1972, when some or all of the eight once-through-
cooled reactorswere operating. Althougha detailed summaryof all the

literatureand data gathered is beyond the scope of this report,all documents

reviewedare listed in the referencesor in the appendixes. Sets of data

determinedto be potentiallyuseful or descriptivefor the river pathway are

presentedas maximum values,averagevalues,or ranges of values in tables and

graphics.

Followingthe ExecutiveSummary,this report contains12 sections,four

appendixes,and two plates. Section2.0 presentsthe technicalapproach of

(a) In once-through-cooling,water drawn from the river passes through the
reactorcore and is returnedto the river after some retentiontime.
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the study. In Section3.0, the surface-waterpathway from the Hanford

reactors to the coastal areas is described. Section 4.0 discussesthe ecology

of the ColumbiaRiver, with emphasison the fish pathway. Factors affecting

the compositionand variabilityof reactoreffluentwater are summarizedin

Section 5.0. Section6.0 describesthe developmentof ColumbiaRiver monitor-

ing programs at Hanford from 1945 to the present, and Section7.0 summarizes

monitoring results. Section8.0 discussesresultsof specialstudiescon-

ducted by Hanfordcontractors. The studiespertaineddirectly to transport

processesof the river. Section9.0 summarizesmonitoring and studiesby off-

site agencies. Section 10.0 presentspreliminaryresults of dose calculations

for selectedperiodsand data sets from Hanfordand offsitesources.

Section 11.0 provides final discussionand recommendations. Section12.0

provides a list of referencescited in this report. Appendix A provides a

brief summaryof the Columbia River hydrologicdata availablefor use in

evaluatingradiologicaldata and transportcalculations. Appendix B contains

a list of units and a table of radionuclidesdiscussed in the report and their

half-lives. AppendixC is a bibliographyof additionalreferencesexamined

during the preparationof this report but not cited in the text. AppendixD

is a record of TSP commentsand BNW responses. Two plates are provided in

pockets in the back of the report to help the reader follow the discussions

that refer to locationsand activitiesalong the Columbia Rive_ from the

HanfordSite to the river mouth.
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2.0 TECHNICALAPPROACH

This literature review covered two general categories of source docu-

ments: I) those prepared by Hanford Site contractors and 2) those prepared by

offsite agencies. Documents originating at the Hanford Site were identified

through the HEDRInformation Resources Task (Task Ii), as described by Shipler

(1992).

Documents prepared by offsite agencies were obtained by the principal

investigators directly from the originating agencies. Most of these offsite

sources were known, although the extent of their document holdings was not.

Agencies that have radiological data and information for the Columbia River

pathway are the state health organizations of Washington and Oregon and the

state universities that offer related programs of study in marine science.

The primary federal agencies are the U.S. Geological Survey (USGS) and the

U.S. Public Health Service (USPHS). Nonradiological river data were obtained

from both the USGSand the U.S. Army Corps of Engineers.

Each document was reviewed for possible use in the HEDRProject. Ali of

the Hanford-originated environmental monitoring reports (mostly data) are part

of a permanent database regardless of the amount of data and information

included. Titles appear in the list of references (Section 12.0) if they are

cited in the body of this report; otherwise, they appear in Appendix C. Topi-

cal reports on special studies of the Columbia River system originating from

Hanford are similarly listed. Special studies related to the transport and

deposition of radionuclides in the Columbia River are summarized in this

report, together with information regarding reactor operations and effluent

releases. Much of this special study information was scattered throughout

numerous reports and has been assembled in various sections in this report.

Visits were made to offsite agency libraries (state universities and

science centers), and catalog searches were conducted onsite. Ali documents

found in this way that contained radiological data and information on the

Columbia River and adjacent coastal areas were reviewed for possible use in

the project. The list of references in each document was also reviewed for

other source documents. Other agencies were contacted directly for assistance
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in locatingcopies of their river-relatedpublications. The data and informa-

tion from offsite agencies are organizedby agency in this report.

The data and informationfrom all sourceswere reviewedfor radionuclide

activitylevel measurementsin Columbia River water. Activity levels in river

and coastal sedimentand biota sampledwithin or affectedby the reactor

effluentpathway were also reviewed. Becausean extensivepresentationof

monitoringdata is beyond the scope of this report,only ranges of activity

levels,maximum values,or averagesare includedin this summary. These

values are includedto provide some idea of the levels presentduring the

years of Hanfordoperations. River and coastal locationsand the periodsof

monitoringand special studiesare discussed. No calculationsor data

analyseswere conducted,except for calculationof the preliminarydose esti-

mates presented in Section 10.0. Becausethe documentsspanneda period from

1945 to 1990, the reportedunits of activitylevels changed. No conversionof

units to a common systemwas attemptedfor this report;therefore,all units

given are the same as in the originaldocuments. A list of units commonly

used is provided in Appendix B.
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3.0 SURFACE-WATERPATHWAY

so The effluentpathwaybegan in September1944 at the reactorfarthest

upstream (tOO-B)at river mile (RM) 384 above the mouth of the ColumbiaRiver.

Two other reactors,IO0-D at RM 377.6 and IO0-F at RM 369, were contributing

effluent by early 1945. By 1955, all the once-through-cooledreactorswere

operating. Unlike the original eight Hanfordproductionreactors,a ninth

reactor (tOO-N,also referred to as N-reactor)was designed with a closed-loop

primary coolingsystem that used the river as a source of secondarycooling

water. In the originaleight reactors,coolingwater'was treated,pumped

through the reactor,stored temporarilyin a retenticmbasin, and then dis-

charged to the river. In contrast,N-reactorrecirculatedits primary cooling

water throughthe core to steam generators,where heat from the reactorcore

was exchangedto a secondarycoolingsystem that provided steam to turbines

for electricpower generation. After leavingthe steam generators,the

primary circuitcoolingwater was pumped back into the reactor. During

reactoroperations,leakagesoccurredfrom the primary system,which were

diverted to a holding crib and trench system. The crib and trench system

allowed the leakageeffluent to percolate into the underlyinggeologicmedia

where most of the radionuclideswere retainedby the soil.(a)

From the time the first reactor (tOO-B)went on line in September1944,

until 1971, coolingwater was dischargedinto the river in a continuous

release, as long as at least one of the reactorswas operating. Severaldays

after the startupof tOO-B, the first radioactiveeffluent reachedthe mouth

of the Columbia River and began contributingto a plume that extended into the

PacificOcean and along the coastal areas. Plate I (in a pocket in the back

of this report)shows the ColumbiaRiver as it exists today with all the dams

inplace. Figure 3.1 shows the river profileas it was in 1944 and the

sequence of dam constructionfrom 1953 to 1967.

Once effluentwas dischargedinto the river, concentrationand distribu-

tion of radioactivityin the river water depended largelyon river discharge

(a) C. M. Heeb, personalcommunicationto W. H. Walters,September1992.
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Reservoir Construction in Later Years (ft msl = feet above mean
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and uptake of radionuclides by sediment and algae. Primary hydrologic factors

were the seasonal variations in water volume and flow velocities. Water

volume directly affects the concentration by dilution. Flow velocity controls

the rate of transport through the system and, therefore, influences the degree

of radionuclide decay occurring by the time any one point downstream is

reached. Both suspended and bed sediment sorb radionuclides from the water

with the suspended sediment contributing to radion,clide accumulation in the

riverbed upon settling out. Through this process, the sedime_t removes some

of the radionuclides from the water and acts as a "sink" for a portion of the

radioactivity. This sediment sink also provides a medium for certain biota to

take up radionuclides, thus introducing them into the food chain. The

sediment-radionuclide complex can also be resuspended during high river dis-

charges adding to the ambient radionuclide concentrations in river water.

For purposes of discussion, the Columbia River pathway is separated into

three river reaches and the coastal area impacted by reactor effluent. The

3.2



reach from Hanford to McNary Dam includesthe reactors and is where Hanford

contractorsconductedmost of their monitoringand studies. The reach from

McNary Dam to BonnevilleDam includedonly one reservoirin 1944, but by 1967

was totallycontrolledby dams and reservoirs. The reach from BonnevilleDam

to the mouth includesthe river'sestuaryand is where tidal processesdomi-

nate the transportof radionuclides.

Bs There are numerous referencesavailablefrom which descriptiveinforma-

tion on the Columbia River can be obtained. The primaryreferencesused in

this sectionare the reportsand maps listed in Appendix A, especiallythe

documentspublishedby the ColumbiaRiver EstuaryData DevelopmentProgram

(CREDDP1984a, 1984b) sponsoredby the PacificNorthwestRiver Basins

Commission(PNRBC). The text by Pruter and Alverson (1972)was another

primary source. The river mile values, as used in the text, were obtained

from an index prepared by the PNRBC (1962).

3.1 PATHWAY FROM HANFORDTO McNARY DAM

The effluent pathway began at the reactor (tOO-B)farthestupstream,at

RM 384 above the mouth of the ColumbiaRiver. As other reactorscame on line

over the years following 1944, the area in which effluentswere released

extendedfrom RM 384 downstreamto RM 369. Releasesto the river from

retentionbasins came from outfalllines (pipes)near the river bottom and

took the form of a narrow plume that graduallyspread and dispersed

downstream. Because of the locationalong the same shorelineand proximityof

the reactoroutfalls to each other, these plumes tended to coalesceand hug

the Richland side of the river. The various channel islands,the roughnessof

the channelbed (i.e., the presenceof boulders),the locationof pools and

riffles,and the curvatureof the river'snatural flow all affectedthe rate

at which the plume spread and mixed with the river water. Under some flow

conditions,the plume was not entirelymixed over the full river width until

it approachedPasco in the vicinityof RM 330. The phenomenonof downstream

plume mixing, as it occurs in the reach from Hanford to McNary,will be dis-

cussed in more detail in Section8.0. The river system from the Hanford reac-

tors to McNary Dam is shown in Plates I and 2.
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Three tributariesjoin the ColumbiaRiver between Hanfordand McNary

Dam: the Yakima River at RM 335, the Snake River at RM 324, and the Walla

Walla River at RM 315. All three, but especiallythe Snake River, dilute the

effluent and contributea significantvolume of sediment to the Columbia

River.

The mean annual dischargeof the ColumbiaRiver at Hanford is 121,512

cubic feet per second (cfs). The mean annual dischargesfor the tributaries

are as follows: the Yakima River at Kiona, _fashington(3661 cfs); the Snake

River at Ice Harbor Dam (53,948cfs); the Walla Walla River at Touchet,

Washington (593 cfs) (Williamsand Pearson1986).

When the first reactorscame on line during the 1940s,McNary Dam

(RM 292) did not exist. Constructionof the dam began during the early 1950s

and culminatedwith the raisingof the pool upstreamof the dam in

December 1953. This created Lake Wallula, a body of water with a maximum

depth of about 100 feet and a length of about 62 miles. Before the construc-

tion of McNary Dam at RM 292, the flow, with its effluent and sedimentloads,

passed throughWallula Gap and past Umatilla,Oregon (near the presentdam-

site), under free-flowconditions. Since constructionof the dam, the flow

velocitywithin the influenceof Lake Wallula is considerablyreduced,and

much of the sedimentload is trapped behind the dam. However, as is true of

the other Columbia River dams, some of the trappedsediment is resuspendedand

transporteddownstreamby seasonalhigh discharges.

3.2 McNARY DAM TO BONNEVILLEDAM

The reach of river from McNary Dam to BonnevilleDam is shown in

Plate I. From 1944 to 1956, there were no dams on the river betweenthe

McNary-Umatilla,Oregon, site (RM 292) and BonnevilleDam (RM 146.1) as shown

in Figure 3.1. The flow was unrestricteduntil the upper limit of the Bonne-

ville reservoirwas reached. This length of the Columbia River includedmany

ancestralNative American fishinggrounds,such as the Celilo Falls. With the

constructionof The Dalles Dam (RM 191.5)and raising of the reservoirpool in

1956, the Celilo Falls fishingground was inundated(Pruter1972). By 1967,

the John Day Dam (RM 215.6)was also in operation,and the river in this reach
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consistedof three reservoirpools with no open channel flow. After 1969,

NativeAmerican fishinggroundswere largelyconfinedto tributarystreamsand

the reservoirsof BonnevilleDam and The Dalles Dam (Pruter1972). With the

constructionof The Dalles and John Day dams, the river flow velocitywas

reducedand much of the sediment inflowwas trapped in the reservoirs.

Another characteristicof this length of river,both before and after dam

construction,is that the river flows through the ColumbiaRiver Gorge with no

appreciableflood plain.

Numerous small rivers and creeks discharge into the river betweenMcNary

and Bonnevilledams. The three largest rivers,in downstreamorder, are

John Day River (RM 218), the DeschutesRiver (RM 204.1),and the Klickitat

River (RM 180.4). With the combined inflows,some dilutioneffects occur, but

nothingcomparableto that associatedwith the Snake River upstream of McNary

Dam. The mean annual dischargesof the tributariesare as follows: the

KlickitatRiver near Pitt, Washington (1607 cfs) (Williamsand Pearson 1986);

the John Day River at McDonald'sFerry, Oregon (2103 cfs); the DeschutesRiver

near Biggs,Oregon (5869cfs) (Moffatt,Wellman,and Gordon 1990).

3.3 BONNEVILLEDAM TO COLUMBIA RIVER MOUTH

Below BonnevilleDam, the river enters the estuaryof the ColumbiaRiver

where the width, depth, and flow characteristics(tides,multiple channels)of

the Columbia River change considerably(Plate I). At about RM 52, the river

is less than I mile wide, but increasesto nearly 9 miles at about RM 20.

There are severalbays and headlandswithin the estuary,which consistof

multiple channels separatedby numerous islands,bars, and shoals. Deep areas

(e.g.,Gray's Point),where water depths approach100 feet (Neal 1972),can be

found in the estuary apart from the main channel.

The three largesttributariescontributinginflow below BonnevilleDam

are the Willamette River (RM 101.5),the Lewis River (RM 87), and the Cowlitz

River (RM 68). These tributariesall enter at a considerabledistance

upstreamof the estuary. The mean annual dischargesof the tributariesare

as follows: the WillametteRiver near Portland,Oregon (33,310cfs) (Moffatt,
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Wellman_ and Gordon 1990);the Cowlitz River at Castle Rock, Washington

(9330 cfs); the Lewis River at Ariel, Washington (4899 cfs).

At some point in the vicinityof RM 23 to 25, the maximum extent of

ocean water intrusionoccurs and marks the upstreamextent of the Columbia

River estuary (Neal 1972). Some disagreementexists concerningthe definition

of an estuary. Early definitionsconsideredthe entire tidal portionof a

river to be the estuary;more recent practice is to consideronly the segment

of river subjectto salinityintrusionas the estuary boundary (Neal 1972),

althoughtidal effectscan extend farther upstreaminto the freshwaterareas.

For the ColumbiaRiver, tidal fluctuationshave been observed as far upstream

as BonnevilleDam during low flow conditions. Under any flow conditions,

tides are strong enough to reversethe flow as far as 53 miles upstream.

Becauseof the tidal conditionsand flat channelgradient,Columbia

River sedimentsdeposit in the estuary. The upstreamreaches of the Columbia

River and its tributarysystem are the major source of sedimentfor the estu-

ary; the size range of sediment is limited to the finer fractions,as is

typicalfor estuaries. These finer fractionsconsistof fine sand, silt, and

clay. These are also the sediment sizes that most readily sorb with radio-

nuclides. Deposits of coarse sand and gravel are rare in the estuary and are

found mostly in areas of extreme scour where transportvelocitiesare high.

Much of the silt and clay fractionsremain in suspensionor are resuspended

often enough to be eventuallyflushedfrom the estuary out to the continental

shelf. Only about 20% of the silts and clays transportedto the estuary tend

to remain there, primarilyin peripheralbays and inactive (sluggish)channels

of the middle to upper estuary (CREDDP1984a, 1984b). The remaininglimited

range of sediments (fine to medium sand) is transportedeither along the estu-

ary bed or by intermittentsuspension. Because velocitiesin the estuaryare

reduced, fine to medium sand tends to persist as the dominant sediment size.

3.4 COASTALAREAS

51.52 The initialmixing of Columbia River water (and associatedreactor efflu-

ent) with ocean water occurs within the estuaryas a result of tidal currents,

wind-generatedwave action,variationin water density, and the turbulentflow
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regime of the river. As the water and effluent move away from the mouth of

the river, wind-wave action and open-sea processes becom_ the dominant mixing

processes. The volume of water leaving (and entering) the estuary is largely

determined by the tidal prism. Seasonal drainage basin runoff, however, is

the major factor affecting the net outflow of water from the estuary. As the

water-sediment-effluent mixture is transported away from the river mouth, it

gradually increases in both salinity and volume as it mixes, both horizontally

and vertically, with ambient ocean water. The outflow tends to maintain the

form of a plume with distinct boundaries that are sharper near the mouth and

become less distinct with increasing distance along the plume. The plume

spreads north and south over 1000 kilometers and a seaward distance of about

600 kilometers (Barnes, Duxbury, and Morse 1972). The plume transports both

dissolved radionuclides and those radionuclides sorbed to sediment originating

from the river.

The ocean plume has two dominant seasonal patterns, largely controlled

by wind direction: during winter the plume lies north of the river mouth and

inshore as a result of southerly winds, and during the summer the plume is

directed south and offshore by northerly winds. The northerly plume movement

extends beyond the Strait of Juan de Fuca, and the southerly movement extends

to the border between Oregon and California (Barnes, Duxbury, and Morse 1972).

_3 Coarser sediments that contain radionuclides and that pass the mouth of

the Columbia River are mostly sands transported by bottom currents along the

continental shelf. The directional pattern of these currents was determined

during the 1960s by studying the movement of seabed drifters (perforated plas-

tic discs) placed near the mouth of the river (Morse, Gross, and Barnes 1968;

Barnes, Duxbury, and Morse 1972). Once the drifters were away from the direct

influence of the river outflow, the predominant direction of movement was

northward and toward the Washington coastal areas (e.g., Willapa Bay and

Gray's Harbor). This evidently occurred regardless of the season. The north-

ward pattern of movement extended to the Strait of Juan de Fuca and beyond to

Vancouver Island, British Columbia. The study determined that the northward

movement of drifters was affected in the area of the Strait with some movement

of the drifters into Puget Sound. According to Barnes, Duxbury, and Morse
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(1972), the Strait and submarine valley that extend seaward across the shelf

apparently act as a partial barrier to northward movement. The authors pre-

sumed the Strait would have a similar effect on any sediment transported to

this location from the Columbia River.
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4.0 COLUMBIARIVER ECOLOGY

The Columbia River supports a large and diverse community of plankton,

periphyton, macrophytes, benthic invertebrates, and fish. lt is the fifth

largest river in North America and has a total length of about 2000 kilometers

(-1240 miles) from its origin in British Columbia to its mouth at the Pacific

Ocean. Eleven hydroelectric dams were constructed on the Columbia River

between 1933 and 1968. As a result, except for the Hanford reach, the eco-

system has changed from free flowing throughout its length to one that is now

a series of large flow-through lakes. This change from a lotic to lentic

habitat severely altered the aquatic habitat and resulted in significant

changes in the biotic communities. Organisms originally adapted to a flowing-

water regime had to adapt to a still-water environment or perish. New still-

water forms invaded these newly created habitats. As mentioned previously, a

major Native American fishery located at Celilo Falls on the Columbia River

above The Dalles was eradicated when The Dalles Damwas closed.

Major tributaries to the upper Columbia River include the Spokane,

Okanogan, and Wenatchee rivers. No tributaries enter the Columbia Ri_er

during its passage through the Hanford Site. Several major tributaries enter

the Columbia River, especially in the lower reaches. These include the Yakima

and Snake rivers, which enter the McNary pool; the Umatilla and John Day

rivers, which enter the John Day pool; and the Deschutes River, which enters

the Bonneville pool. The Willamette River enters the Columbia River below

Bonneville Dam.

The Columbia River is a very complex ecosystem because of its size,

number of manmadealterations, diversity of the biota, and size and diversity

of its drainage basin. Streams in general, especially smaller ones, usually

depend on organic matter from outside sources (terrestrial plant debris) to

provide energy for the ecosystem. Large rivers, particularly the Columbia

River with its series of large reservoirs, contain significant populations of

primary energy producers (algae, plants) that contribute to the basic energy

requirements of the biota. Phytoplankton (free-floating algae) and periphy-

ton (sessile algae) are abundant in the Columbia River and provide food for
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herbivoressuch as immatureinsectsand certainfishes,which in turn are

consumedby carnivorousspecies. Figure 4.1 is a simplifieddiagram of the

food-web relationshipsin selectedColumbiaRiver biota and representsproba-

ble major energy and contaminantpathways. This consumptive-basedfood web is

based on known feedinghabits.

4.I pHYTOPLANKTON

Phytoplanktonspecies identifiedfrom the Hanford reach includediatoms,

golden or yellow-brownalgae,green algae, blue-greenalgae, red algae,

i Cami'vorousFish J

ForageFish HerbivorousFish

Zooplankton BenthicOrganisms

Phytoplankton Periphyton Macrophytes

Water Sediments

$9209083.6

FIGURE 4,1. SimplifiedFood Web of ColumbiaRiver (adaptedfrom
Cushing 1991)
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and dinoflagellates. Diatoms are the dominantalgae in the Columbia River

phytoplankton,usually representingmore than 90% of the populations. The

main genera includeAsterionella,Cyclotella,Fragilaria,Melosira,Stephano-

discus, and Synedra (Neitzel,Page, and Hanf 1981). Planktonpopulationsin

the Hanfordreach are typical of those forms found in lakes and ponds. They

are influencedby communitiesthat develop in the reservoirsof upstreamdams,

particularlyPriestRapids reservoir,and by manipulationof water levels

through dam operationin downstreamreservoirs. A number of algae found as

free-floatingspeciesin the Hanfordreach of the Columbia River are actually

derived from the periphyton;they are detachedand suspendedby the current

and frequentfluctuationsof the water level. Phytoplanktonand zooplankton

populationsat Hanford are largelytransient,flowing from one reservoirto

another. There is generallyinsufficienttime for characteristicendemic

groups of phytoplanktonand zooplanktonto develop in the Hanfordreach.

The peak concentrationof phytoplanktonis observed in April and May,

with a secondarypeak in late summer/earlyautumn (Cushing1967a). Because

sufficientphosphate and nitratenutrientconcentrationsare alwayspresent,

the spring pulse in phytoplanktondensity is probably relatedto increasing

light and water temperaturerather than to availabilityof nutrients. Minimum

numbersof phytoplanktonare present in December and January. Green algae

(Chlorophyta)and blue-greenalgae (Cyanophyta)occur in the phytoplankton

communityduring warmer months, but in substantiallyfewer numbersthan the

diatoms.

BB Phytoplanktonrespondrapidlyto changes in ambientconcentrationsof

radionuclidesby absorptionand, more importantly,by adsorptionbecauseof

their large surface-to-volumeratios. Phytoplanktonare a primaryfood source

for filter-feedingorganismssuch as caddisflylarvae and clams. Watson

et al. (1969)documentedthe rapid loss and uptake of radionuclidesduring a

brief closureof the Hanford reactorsthat resulted in a rapid lowering and

subsequentincreaseof radionuclidesin the water (Figure4.2). In addition,

Cushinget al. (1981)describedthe relativelyrapid loss of radionuclides
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from phytoplanktonfollowingpermanentclosure of the plutonium-producing

reactorsat Hanford. This declinewas found at Hanford,McNary reservoir,

and Bonnevillereservoir,with downstreamdecreasesof lesseningmagnitude

(Figure4.3). Cushing (1967a)presenteddata showingthe magnitudeof radio-

nuclidetransportof phosphorus-32and zinc-65 by phytoplankton(in terms of

nanocuriesper cubic meter [nCi/m3] of water) at differenttimes of the year.

Transportwas greatest in spring and late summer,coincidentwith increasesin

phytoplanktonpopulations(Figure4.4).
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FIGURE 4.3. Mean Concentrationsof Zinc-65 in ColumbiaRiver Phytoplankton
FollowingClosureof Hanford Reactors. The value !067 pico-
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June 1971 (Cushinget al. 1981).
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4.2 PERIPHYTON

Communitiesof periphyticspecies(benthicmicroflora)developon

suitablesolidsubstratawhereverthereis sufficientlightfor photosynthe-

sis. Peaksof productionoccurin springand late summer(Cushing1967b).

Dominantgeneraare the diatomsAcnanthes,Asterionella,Cocconeis,

Fragilaria, Gomphonema,Nelosira, Nitzchia, Stephanodiscus, and Synedra (Page

and Neitzel 1978; Page, Neitzel, and Hanf 1979; Beak Consultants Inc. 1980;

Neitzel, Page, and Hanf 1981). This communityis a significant food item for

somefish species, especially suckers and carp.

4.6



Periphyton,like phytoplankton,have a large surface-to-volumeratio and

thus accumulatehigh levels of radionuclides(Cushing1967b). They also react

similarlyin terms of rapid uptake and loss in relation to ambientwater

concentrations. At low water levels,periphytoncould contributeto the

externaldose receivedby people frequentingthe shoreline.

4.3 MACROPHYTES

Macrophytesare sparse in the ColumbiaRiver becauseof the strong cur-

rents, rocky bottom, and frequentlyfluctuatingwater levels. Rushes (Juncus

spp.) and sedges (Carexspp.) occur along the shorelinesof the slack-water

areas. Macrophytesare also present along gently slopingshorelinesthat are

subjectto floodingduring the springfreshet and daily fluctuatingriver

levels. Commonly found plants includeLemna, Potamogeton,Elodea, and

Myriophyllum. Where they exist, macrophyteshave considerableecological

value. They provide food and shelterfor juvenile fish and spawningareas for

some speciesof warm-watergame fish. However,should some of the exotic

macrophytes (Eurasianmillfoil) increaseto nuisance levels,they may encour-

age increasedsedimentationof fine particulatematter. These changescould

have a significantimpact on the trophic relationshipsof the Columbia River.

4.4 ZOOPLANKTON

Zooplanktonpopulationsin the Hanfordreach of the Columbia River are

generallysparse. In the open water regions,crustaceanzooplanktersare domi-

nant. Dominantgenera are Bosmina, Diaptomus,and Cyclops. Densities

are lowest in winter and highest in summer. Summer peaks are dominatedby

Bosmina, and densitiesrange up to 4500 organisms/m3. Winter densitiesare

generallyless than 50 organisms/m3. Diaptomusand Cyclopsdominate in winter

and spring,respectively(Neitzel,Page, and Hanf 1983). Zooplanktonare

importantfood items for juvenile salmonidswhen they are living in the inter-

stitialwater among the rocks.
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4.5 BENTHICORGANISMS

Benthic organismsare found either attachedto or closely associated

with the substratum. All major freshwaterbenthictaxa are representedin the

columbia River. Insectlarvae such as caddisflies(Trichoptera),midges

(Chironomidae),and black flies (Simuliidae)are dominant. Dominant caddisfly

speciesare Hydropsychecockerelli,Cheumatopsychecampyla, and C. enonis.

Other benthicorganismsincludemolluscs,sponges,and crayfish. Peak larval

insect densitiesare found in late fall and winter, and the major emergenceis

in spring and summer (Wolf 1976). Stomachcontentsof fish collected in the

Hanford reach revealedthat benthic invertebratesare importantfood items for

nearly all juvenile and adult fish. There is a close relationshipbetween

food organismsin the stomachcontents of fish and those in the benthicand

invertebratedrift communities. Thus, this communityis directly linked in

the food pathway leadingto humans. Certainmolluscs and crayfish are

potentialfood items for people and thus also are involveddirectly in food

pathways leading to humans.

4.6 FISH

Gray and Dauble (1977) list 43 speciesof fish in the Hanfordreach of

the Columbia River. The brown bullhead (Ictalurusnebulosus)has been col-

lected since 1977, bringingthe total number of fish species identifiedin the

Hanford reach to 44. Table 4.1 presents a selectedlist of species important

as sport and commercialspeciesand those importantto Native Americans.

Based on their life histories,fish present in the Columbia River are

divided into two groups: I) anadromousspeciesand 2) resident species. The

predilectionof these two groups in terms of their potentialfor accumulating

radionuclidesdiffers considerably. The anadromousspecies hatch in fresh-

water, grow and migrate to the ocean, and eventuallyreturn to freshwaterto

spawn. They are carnivorous,and activelyfeed as juveniles in the river and

as they mature in the ocean, but do not feed during the spawningmigration.

Although they are most susceptibleto accumulatingradionuclidesfrom the

Columbia River food web during their brief residenceas juveniles,there is
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TABLE 4.1. Selected Fish SpeciesCategorizedby InterestGroups

Sport Fishing CommercialFishinq Native American Fishinq

Steelheadtrout Steelheadtrout Steelheadtrout

Chinooksalmon Chinooksalmon Chinooksalmon

Mountainwhitefish Coho salmon Coho salmon

Walleye Sockeyesalmon Sockeyesalmon

Smallmouthbass White sturgeon White sturgeon

evidenceof some species accumulatingradioactivitybefore their return to the

ColumbiaRiver estuary (Kujala1966). Muscle samples from spawned-outchinook

salmon collectedin the Hanford reach in 1988 indicatedno measurable influ-

ence from radionuclidesreleasedto the ColumbiaRiver (Jaquishand Bryce

1989). Alternatively,residentfish speciescan spend essentiallytheir

entire life feedingon contaminatedfood and being exposed to external

contaminants,thus offering the potentialfor much higher levels of

contamination.

4.6.1 AnadromousSpecies

Anadromousspeciesthat use the Columbia River as a migrationroute

includethe chinook salmon,sockeyesalmon,coho salmon,and steelheadtrout;

these are also the specieswith the greatesteconomic importance(Table4.1).

Fall chinook and steelheadtrout spawn in the Hanford reach (from the reactor

area to Umatilla and McNary Dam). These populationsmay potentiallyaccumu-

late radionuclidesduring their freshwaterrearing period. The various life

stages of salmon and steelheadtrout and the time when each is present in the

Hanfordreach are shown in Figure4.5.

19 The upper river bright stocks (ORB) originatefrom the upper Columbia

River (primarilythe Hanford reach) and such tributariesas the Deschutesand

Snake rivers. The relativecontributionof URBs to fall chinook salmon runs

in the ColumbiaRiver increasedfrom about 24% of the total in the early 1980s

to 50% to 60% of the total by 1988 (Daubleand Watson 1990).
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The progressivedamming of the Columbia River, beginningwith the con-

structionof BonnevilleDam in the lower reaches,has resulted in a concurrent

reductionin the runs of anadromoussalmonids. This reductionis attributed

to a combinationof factors, includingblockageby the dams during adult migra-

tion, destructionof spawninghabitat, and loss of downstreammigrants as they

pass through the turbinesor as they are increasinglypreyed upon by the large

populationof predator speciesthat thrive in the lentic habitatscreated by

the dams. The destructionof other mainstreamColumbiaRiver spawninggrounds

by dams has increasedthe relative importanceof the Hanford reach for spawn-

ing (Watson1970, 1973). Dauble and Watson (1990)presentdata illustrating

the fluctuationin the numbersof salmon redds (nestsfor salmon eggs in

gravel)observed in the Hanford reach from 1947 through 1988; these varied

from nearly zero in 1956 to about 8000 in 1989 (Figure4.6).
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FIGURE4.6. Hanford Reach Salmon Redd (Nest) Counts (Dauble and Watson 1990)
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Based on counts at dams for the years 1962 to 1971, the upper estimate

of steelheadspawningpopulationin the Hanfordreach was about 10,000 fish.

The estimatedannual sport catch for the period 1963 to 1968 in the reach of

the river from Ringoldto the mouth of the Snake River was approximately

2700 fish (Watson 1973).

The American shad, anotheranadromousspecies,may also spawn in the

Hanfordreach. The upstream range of the shad has been increasingsince 1956

when fewer than 10 adult shad ascendedMcNary Dam. Since then, the number

ascendingPriest Rapids Dam, immediatelyupstreamfrom Hanford, has risen to

many thousandseach year and the young-of-the-yearhave been collectedin the

Hanfordreach. Unlike salmonids,the shad is not dependenton specific

currentand bottom conditionsfor spawningand has apparentlyfound favorable

conditionsfor reproductionthroughoutmuch of the Columbia and Snake rivers.

4.6.2 Resident Species

Residentfish speciesare ecologicallyimportantto the structureand

functionof the Columbia River ecosystem. The residentfish populationat

Hanford is diverse, yet characteristicof many northwestrivers. Resident

fish of importanceto sport fishermenand Native Americans includethe moun-

tain whitefish,white sturgeon,smallmouthbass, crappie,channel catfish,

walleye, and yellow perch. Large populationsof rough fish includingcarp,

shiners, suckers,and squawfishare also present. A large database exists on

radionuclideconcentrationsin severalresident fish species,dating from the

1940s to the present (Davis,Watson,and Palmiter1956; Watson et al. 1970).

The range of the mountain whitefishincludessouthwesternCanada and the

northwesternUnited States. Whitefishare a popularsport fish and may com-

pete with other desirablespecies, includingtrout and juvenile salmon, for

food and space. Whitefishare presentyear round in the Hanford reach and

feed primarilynear the bottom on aquatic insect larvae, includingcaddisflies

(Trichoptera),midges and black flies (Diptera),mayflies (Ephemeroptera),and

stoneflies(Plecoptera). Additionally,they sometimesprey on fish eggs

(includingtheir own), fish larvae, and small fish and may take eggs of salmon

or trout. Whitefishcontainingmeasurablebody burdensof Hanford-related

radionuclideshave been collectedin the lower reachesof the Yakima River
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below the HanfordSite and near Priest Rapids Dam above the Site. This pro-

vides evidencethat the residentpopulationin the Hanford reach migrates to

these locations(Watsonand Davis 1957).

White sturgeon are a long-livedspeciesthat resideyear round in the

Hanford reach. They are primarilybottom feeders and can take up radio-

nuclides both by ingestingcontaminatedsedimentsand via the aquaticfood

chain. Concentrationsof variousradionuclideswere determinedfor white

sturgeontissuesduring radiologicalstudiesconducted in 1966 and 1967

(Watsonet al. 1970). However,no attemptwas made to determinerelationships

betweenfish age and radionuclideconcentrationin carcassor muscle _issue.

Because sturgeoncannot move upstreamthroughfish ladders,their move-

ments since 1960 have been restrictedto the area boundedby Priest Rapids,

McNary, and Ice Harbor dams. However, seasonalmovement throughoutthe McNary

pool is known to occur (Haynes1978), and migrationrange could have been

greater for sturgeonbefore constructionof McNary and PriestRapids dams.

Thus, even for sturgeoncapturednear former productionreactors,their radio-

nuclideburden may not be directly relatedto radionuclideconcentrations

presentat that location.

Large-scalesuckersand carp are numeroms in the Hanford reach and have

feedinghabits conduciveto accumulatingcontaminants. They, like the stur-

geon, ingest large quantitiesof fine detritus and periphyton,both of which

have large surface-to-volumeratios and thus adsorb high levels of contami-

nants.

There is extensiveliteratureconcerningradionuclideburdensof species

consumed by humans. They includedata on zinc-65levels in humans from

consumingwhitefish (Fosterand Honstead1967) and zinc-65concentrationsin

oysters from WillapaBay, Washington (Seymour1966). This literatureis

discussedin Section7.3. Some of this informationis used in Section10.0.
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5.0 REACTOROPERATIONSAND EFFLUENTWATER COMPOSITION

Radionuclidecompositionand activity level of coolingwater discharged

to the Columbia River varied considerablyas a result of severalfactors

includingthe number of reactors and their power levels, seasonalchanges in

the parent elements in raw river water (i.e.,the elements activatedas they

passed through the reactor core), chemicalsused in water treatment,corrosion

rates of reactorpiping and fuel elementcladding,occasionalpurgingof

radioactivefilm from reactorcomponents,and the length of time effluentwas

retained in basins before discharge. Anotherfactor was radionuclidereleases

from periodicfuel element ruptures (slug ruptures). The wide variationsin

these factors,togetherwith the hydrologicvariablesof the Columbia River

and dam construction,produceda complexcombinationof river water and

reactoreffluentduring the years of reactoroperation. Concentrationsand

distributionsof radionuclidesin the river were never constant,in either

time or location,throughoutthe operationalyears.

The withdrawaland processingof raw river water involvedfiltrationand

chemicaladditivesto providethe desiredquality for reactorcoolingwater.

Emergencyoperatingprocedureswere also part of the water system design.

Coolingwater released from the reactors passed througha retentionbasin and

spillwaysystem to the outfalllines where the water was dischargedto the

river. An example design of a reactorwater system is shown in Figure 5.1

(Ballingerand Hall 1991).

5.1 TIMETABLEOF REACTOROPERATIONS

Reactor operatingperiods are shown in Figure 5.2. The IO0-B reactor

(RM 384) was the first on line in September1944, followed by IO0-D (RM 377.6)

in December of the same year. The IO0-F reactor (RM 369) came on line in

February 1945. These three reactorscontributedall of the radioactivity

dischargedto the river until about November 1949, when IO0-H (RM 372.5) came

on line. In October 1950, tOO-DR (RM 377.6) came on line, followed by I00-C

(RM 383.6) in November 1952. The last of the once-through-cooledreactors,
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FIGURE 5.1. IO0-D Area Water System (Ballingerand Hall 1991)
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FIGURE5.2. Operating Periods for the Once-Through-Cooled Hanford Production
Reactors (based on Foster 1972)

tOO-KW (RM 381.8) and IO0-KE (RM 381.4), came on line in January and April

1955, respectively. Becausedesign power levels for older reactorswere sub-

stantiallyincreasedand design power levels were high for C and K reactors,

peak plutoniumproductionand dischargeof maximum amountsof radioactive

effluentdid not begin until about 1958.

In 1963, PresidentJohnson ordered a large-scalereductionin plutonium

production,and the Hanford reactorswere scheduledfor retirement. Between

1964 and January 1971, all eight once-through-cooledreactorswere taken off

line permanently(Figure5.2). The first reactor to be shut down was tOO-DR

on December 30, 1964. Its closurewas followed in mid-1965 by the closuresof

IO0-H and IO0-F. The remainingreactorswere all down temporarilyduring July

and August 1966 because of a labor strikeon July 8. In June 1967, IO0-D was

taken off line, followedby IO0-B in 1968, I00-C in April 1969, and tOO-KW in

February1970. The last of the eight once-through-cooledreactors, IO0-KE,

was shut down permanentlyin January 1971 (Ballingerand Hall 1991).
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5.2 ELEMENTS IN COLUMBIA RIVER WATER

During the early Ig5Os, scientistsat the Hanford Site recognizedthat

the isotopiccompositionof effluentwater was not constant,but displayeda

regular seasonalfluctuationand irregulardaily fluctuationsas well as the

expecteddifferencesbetween reactors (Honstead1954). During the early

Ig6Os, studiesat the Hanford Site investigatedthe presence of natural ele-

ments in the river water to determinethe relativeconcentrationsand their

sources. These elementswere of interestbecauseof their activationduring

the passage of coolingwater throughthe reactorpile. The elementsof inter-

est were sodium,copper,phosphorus,sulfur,manganese,arsenic,uranium,

lanthanum,iron, cobalt, zinc, and scandium.

The reportsof this work concludedthat concentrationsof elements

depended on the relative volumesof water supplied by two separatedrainage

basins (Silker1964). One basin in Canada includesthe headwatersof the

Columbia River and the KootenaiRiver basin, and the other is the combined

drainage of the Pend Oreille and SpokaneRiver watershedsin the United

States. Both sourcesdrain about 30,000 square miles and supply approximately

equal amountsof water to the Columbia River until mid-May,when the Columbia

and Kootenairivers crest to contributeabout 80% of the ColumbiaRiver flow

at Grand Coulee Dam.

The followingconclusionswere reachedregardingthe relationship

betweenthe two drainage basin runoffsand the elementalconcentrationsin

the raw river water: zinc and cobalt appearedto originateprimarilyin the

Canadian area of the basin, and the changes in concentrationclosely parallel

those in the upper Columbia River dischargehydrograph. Concentrationsof

sodium,uranium, sulfur,and phosphorusare lower in the Canadianarea, caus-

ing a relativedecrease in concentrationsof these elementsduring the peak

flow period (Silker1964).

Concentrationsof manganese,copper,arsenic, and n_turaluraniumwere

from two to five times higher in Spokane River water than in the upstream

segmentof the Columbia River (Silker1964). The increasedconcentrationof

these elementstends to correspondto peak flows from the SpokaneRiver in
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late April. Lanthanumexhibiteda similarlate-Apriltrend. Iron concentra-

tions were variableand scandiumwas consistentlylow.

5.3 CHEMICALADDITIVES

Certain radionuclidesin the reactoreffluentoriginatedfrom neutron

activationof chemicalsadded to the processwater. As the water was with-

drawn from the river, water-qualityvariables(e.g., pH, turbidity,tempera-

ture, chemistry,bacteriology)were carefullymonitoredto determinethe

amountsof chemical compoundsto be added. Becausethe natural pH of the

river water rangesfrom 8.0 to 8.6, sulfuricacid (H2SO4) was added in large

amountsto bring the water to a pH of 7.0, which was the desiredpH for

cooling water. From 3 to 10 parts per million (ppm) of alum [A12(SO4)3.18H20]

were added as a coagulantas soon as water was withdrawn from the river to

chemicallyreduce certainelementsthat were present in the water as solids

and colloids,such as arsenic, scandium,and uranium. Approximately2 ppm

sodium dichromate (Na2Cr207)were added shortlybefore the water enteredthe

reactorto inhibitcorrosionof the aluminumtubing and fuel elementjackets.

An organic filter aid, Separan,was added occasionallyin very small amounts

just before filtration(Hall and Jerman 1960; Perkins1961).

67 Two reports offeredsome estimatesas to the percentageof radionuclides

the various additivescontributedto the effluent. Hall and Jerman (1960)

concludedthat many of the radionuclidesfound in reactoreffluentwater had

their primary source in the river except for chromium-51,which was supplied

by the sodium dichromate. This chemical also contributedsome of the ele-

mental sodium. Hall and Jerman further concludedthat as much as 25% of the

phosphorus-32may have resultedfrom activationof the sulfuricacid.

Perkins (1961)concludedthat nearly 100% of the chromium-51and 25% of

the sodium-24were neutron-activationproductsof sodiumdichromate. At least

40% of the phosphorus-32was produced from the sulfur in the sulfuric acid

and the alum. Accordingto Perkins, impuritiesin the alum also produced 60%

of the gallium-72,50% of the samarium-153,and 25% of the iron-59. The

contributionof all other radionuclidesdue to neutron activationof chemical

additiveswas less than 10%.
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, 5.4 PURGES

To dislodge and remove a film, which containedradionuclides,that built

up on the surfaceof fuel elements and processtubing, pu_-geswere run on the

averageof about two to three times per month for the group of eight reactors.

These purges were necessarybecausethis film would occasionallybecome thick

enough to partiallyrestrictthe flow of water through the tubing (Hall and

Jerman 1960). During the purging process, a slurry of diatomaceousearth and

processwater was run throughthe tubes in the belief that the abrasive action

of the slurrywould dislodgethe film.

Reports on the purgingprocesswrittenduring the 1950s identifiedsev-

eral radionuclideswhose concentrationsin the effluentwere elevated by the

diatomaceousearth slurryprocess. A report by Healy (1952)specifically

mentioned copper-64,iron-59,and phosphorus-32as being increasedby the

purgingprocess. This findingwas made by comparingthe normal activity

levels in coolingwater enteringthe retentionbasin with those levels

followingpurging. A later report by Koop (1957b)identifiedphosphorus-32

and zinc-65 concentrationsbeing increasedin the river becauseof purging.

Accordingto Koop, the concernregardingthese two radionuclideswas their

uptake in the flesh of Columbia River whitefish,especiallyduring the warm-

water season of the river. This season extended from about the first of July

to the first of November.

Based on tests conductedin 1955, a report by Koop (1956) recommended

controlmeasures for purgingoperations. These includeda time limitationof

I hour per purge, a maximumof 25 ppm of diatomaceousearth (100 ppm had been

previouslyused), no more than one purge per 4B-hourperiod (all reactors

combined),and purges during reactor operationsonly on those days when the

river temperaturewas less than 15oC. Purgingwhile a reactorwas operating,

as opposedto being shut down, produced severaltimes the activity level (net

difference)in the effluent,based on analysisof samples from the retention

basin (Healy 1952).

Another purgingprocess involvedthe use of a chemical cleaner,Turco

4306-B, to remove radioactivescale from the surfacesof rear face reactor

piping. The purpose of using this cleanerwas to lower rates of radiation
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exposure for workers near the rear face of a reactor. Turco 4306-B,which is

a chelatingand reducingagent and a strong acid, was tested in September

1957; the resultswere reported by Koop (Ig57a). The cleanerwas tested dur-

ing reactor outage time using a concentrationof 6 ounces of Turco per gallon

of coolingwater, heated to about 85oC, and pumped throughreactortubing and

rear face piping of the reactor to the retentionbasin system. The flow rate

was about 5% of normal reactoroperationflow. Disposalof the cleaning

solutionwas handleddifferentlythan the other purgingprocess. The usual

practice was to divert the purged effluentto an inactiveretentionbasin,

allow time for decay, and then return it to the normal reactoreffluent.

Koop (Ig57a)stated that the concentrationsof radionuclidesfrom Turco

purgingwere not significantlydifferentfrom the normal reactoreffluent

samples, althoughtwo radionuclides,iron-Sgand zinc-65,were found in higher

concentrationsin basin inlet samples,which containedcleaning solution,than

in operatingeffluent. In the same report,Koop later statedthat the radio-

nuclidesof concern,with respectto potentialpollution,were iron-Sg,

zinc-65, and neptunium-23g. The recommendeddisposalwas to releasethe spent

cleaning solutionto the river at as slow a rate as was practical.

Another study, reported by Perkins (1959),presentedresultsof testing

the efficiencyof the Turco cleaning solutionon processtubing and associated

fuel elementjackets. The report presenteda detaileddiscussionof Turco

purgingeffectswithin the reactorsystem,but did not providemuch informa-

tion on releases to the river.

78 5.5 UNCONTROLLEDAND ACCIDENTALRELEASES

Uncontrolledreleases of radionuclidesto the river occurredfrom

retentionbasin leakage(shorelinesprings). Accidental releasesoccurred ts

fuel element rupturesfrom the eight once-through-cooledreactors;the failure

of a 300 Area waste pond dike; and the fuel elementfailure that occurred in

the PlutoniumRecycle Test Facility (PRTR). The shorelinereleasesoccurred

as river bank springs that were fed by retentionbasin leakageinto the

underlyingsoils. Fuel element ruptureswere intermittentevents that began

in 1948 and increasedin frequencyas more reactorswere added and power
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levels increased. The failure of the 300 Area waste pond dike was a single

event (October 1948) as was the fuel element failure in the PRTR (September

1965).

5.5.1 Shoreline Releases

78 Shoreline releases occurred during reactor operations by leaks transmit-

ted through the ground water to the river. The earliest mention of shoreline

releases is discussed in a memodated November 26, 1945, from J. W. Healy to

H. M. Parker (Healy 1945). The releases are described as warm springs or

"areas" along the Columbia River beside the 107-F and 107-D retention basins.

An areawas described as only one spring or a general seepage from an area of

several square feet. At tOO-D, there were about 15 areas and at IO0-F about

30 areas in the vicinity of the spillways. The spring-water temperature was

comparable to that of the basins, indicating a relatively short transit time

through the ground. However, Healy states that "...the activity was less than

I [percent] of that in the basin indicating that the sodium (14.8 hrs.) and

manganese (2.5 hrs.) may be adsorbed in the soil through which ft passes..."

The maximum spring-water activity appeared to occur beside the spillways with

IO0-F consistently yielding concentrations from five to seven times those at

IO0-D. The range of activity sampled 2 feet below the 100-F spillway, during

October and November 1945, varied from 4.2 x 10:3 to 7.3 x lO:-_microcuries

(pCi) per liter.

By the late 1950s,the conditionof the retentionbasins for B, C, D,

and F reactorshad raised concerns regardingthe leakageof the basins con-

tributingto shorelinereleases to the river (Koop,McCormack, and Hall 1958).

The concernswere the contaminationof drinkingwater for workers at down-

stream reactors (more specifically,at reactorsdownstreamof B, C, and D

reactors--noreactorwas downstreamof F reactor) and the radionuclideuptake

by aquatic life in the river. The bottom organismsalong the shorelinearea

were food for whitefishand waterfowl,both of which were consumed by humans.

The report by Koop, McCormack, and Hall (1958)mentionedthat the

deteriorationof the basins involvedboth surfaceand bottom leakage but that

the release rates were not known. Althoughthe shorelinereleaseswere con-

sidered to be significant,some decontaminationwas assumed from filtration
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and ion exchange within the soil column. The authorsalso assumed that the

soil between the basins and the river had limitedcapacityand that the

activitylevel of the water emerging from the shorelinewould eventually

approachthat of the basin effluent. Accordingto the authors, this trend

had been confirmedby the increasein the amount of radionuclidesin ground

water flowing into the 181-B forebayand approximatelya twofold increase

since 1955 in the radionuclideconcentrationsfrom river bank hot springsat

the IO0-F Area.

5.5.2 Fuel Element Ruptures

During reactor operations,the cladding (jacket)of individualfuel ele-

ments can fail and releasefissionproducts and uraniumto the coolingwater.

McCormackand Schwendiman(1959)discuss two principalrupture types: I) a

severe rupture, usuallya side rupture or fragmentedelement, and 2) a split

or end-capfailure.

The first two fuel element rupturesoccurred in 1948 followedby three

more in 1950 (DeNeal1965). Beginning in 1951, the number of ruptures per

year increasedsignificantlyas shown in Table 5.1. Jerman, Koop, and Owen

(1965)stated that severe rupturesresulted in a weight loss of about

150 grams per fuel element,while the other types of ruptures resulted in a

weight loss of about g grams per fuel element. The authorsdid not state

whether the weights includedother materialsbesides uranium. They estimated

that the averageweight loss was 12 kilogramsper year for the years from 1955

through1958.

The significantfission productsreleasedduring ruptureswere

strontium-8g,goand iodine-131(McCormackand Schwendiman1959; Jerman,Koop,

and Owen 1965). McCormackand Schwendiman(1959) statedthat ruptures con-

tributedabout 20% of the strontium-Sg,90in the Columbia River at Pasco and

about 4% of the gross fissionproduct activity. Jerman, Koop, and Owen (1965)

considerediodine-131to be the most significantradionuclide. They estimated

that 2400 grams of irradiateduranium containing920 curies of iodine-131were

lost from the 97 ruptures in 1964. For comparison,they stated that about

500 kilogramsof naturaluranium in the coolingwater passed throughthe eight

reactors,creating about 800 curies of iodine-131.
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TABLE5.1. Fuel and Target Element Failures Removedfrom
the Reactors (DeNeal 1965)

Total Failures
Calendar Year Ali Types

1948 2

1949 0
1950 3
1951 115(a)
1952 142
1953 93
1954 211
1955 242
1956 191
1957 201
1958 174
1959 71
1960 130
1961 86
1962 95
1963 68

1964 97

1965(b) 49
Total 1970

(a) Includes13 lithiumtarget elements.
(b) ThroughMay 1965. Includes17

thoria target elements.

As of 1965, the most severe rupture occurredon May 12, 1963 (Hall 1963;

Jerman,Koop, and Owen 1965). The rupture occurred in one of the process

tubes of the IO0-KE reactorand involveda zircalloy-cladexperimentalfuel

element. About 450 grams of uraniumwere lost, indicatinga releaseof about

170 curies of iodine-131(Jerman,Koop, and Owen 1965).

5.5.3 300 Area Waste Pond Dike

A descriptionof the 300 Area waste pond, its associatedproblems,and

the dike failurethat occurredon October 25, 1948, is presented in a report

by Singlevichand Paas (1949). The followingdescriptionof the pond and

details of the dike failureare summarizedfrom that report.

5.10



The pond covered an area of 490,000 square feet and was about 5 feet

deep. The walls were constructedof crushed rock and earth; the bottom was

earthen, throughwhich waste solutioncontinuouslyinfiltrated. Estimates

indicatedthat about 2 to 3 pounds of unirradiateduraniumwastes from fuels

preparationand Hanford Laboratoriesfacilities(Haney 1957) were discharged

daily into the pond from the 300 Area. However,this estimateneglected

sources of uranium from other buildings. At the time of the report,exact

quantitiesof uraniumdischarged into the pond were not known.

Followingthe failureof a weak point in the northwestcorner of the

dike, approximately14.5 million gallonsof waste solutionwere discharged

into the river between 2:30 PM and 4:00 PM on October 25. The waste traveled

about 1000 to 1500 feet over the ground to the river. Rough calculations

indicatedthat about 12 to 60 pounds of uraniumwere included in the waste

solution. River water sampleswere taken from the 300 Area down to Portland,

Oregon, at strategiclocations(500 samples). The maximum singleresult was

2280 disintegrationsper minute per liter (dpm/L)of alpha activityabout

30 yards downstreamof the 300 Area. Trace quantitiesof uraniumwere found

about I mile above Richland,and normal alpha activitywas detected below

Richland and at Portland.

7B 5.5.4 PRTR Fuel ElementFailure

The PRTR was constructedin the 300 Area for use as part of a fuel cycle

researcheffort to investigatethe use of plutoniumas a reactorfuel. The

major functionof the PRTR was the irradiationtestingof plutonium-bearing

fuel elements (Purcell1966). The reactorwas designed as a verticalpressure

tube type and was heavy-watermoderated and cooled. Constructionbegan in

March 1958. The reactorwas initiallystartedup on November 21, 1960, and

operationsbegan in March 1962 (Purcell1966).

The Fuel ElementRupture Test Facility (FERTF)was a pressurizedlight-

water-cooled loop occupyingthe center position in the PRTR. The FERTF had a

separate coolingsystem and was used to test partiallymolten core fuel

elements, includingtests with elementshaving deliberatedefects. On

September29, 1965, during the irradiationof an intentionallydefected fuel
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element, the FERTFpressure tube failed. The reactor was automatically shut

down. The accident resulted in releases of radioactivity to the atmosphere
and the Columbia River.

Summariesof these releasesare describedin a two-part reportby the

InvestigativeCommitteecomposed of BNW and Atomic Energy Commission

(Richland,Washington)staff (PNL 1966a, 1966b). Liquid wastes were disposed

of in onsite trenchesand by releases to the river. Some of the contaminated

liquidswere transportedin tankersto disposal trenchesnear the Chemical

SeparationsFacilities (200 areas). Other onsite disposal of liquidwastes

occurredat a temporarytrenchnear the PRTR when contaminationwas detected

in the secondarycoolantand other normallycontamination-freestreamsthat

were routed directly to the river (PNL 1966a). Releases to the river were

monitored at Richland,Kennewick,and Pasco from September29 through

October 1. Estimatesof releases of iodine-131to the river ranged from

9 curies at Pasco to 20 curies at Richland. The iodine-133releaseswere

estimatedat 55 curies at Richland (PNL 1966b).

5.6 BASIN RETENTIONTIME

The purposeof retentionbasins was to hold reactor effluentuntil many

of the shorter-livedradionuclideshad decayed substantiallybefore discharg-

ing effluent to the river. Retentiontime depended on the flow rate through

the reactors and varied from one reactorto the next. In 1945, the optimum

time was reported as 6 hours (Parker1945).

By 1960, retentiontime had been reducedbecauseof increasedcooling-

water dischargeand variedfrom 30 minutes to about 3 hours. Based on this

range of holdup times, activity levels in the effluent released to the river

were reducedby a factor of two to three,but in no case were holdup times

long enough to reduce the activity of those radionuclidesof major interestby

a significantamount. The radionuclidesof major interestwere identifiedas

phosphorus-32,arsenic-76,zinc-65, chromium-51,and neptunium-239(Hall and

Jerman 1960).

A study of basin retentiontimes was conductedin 1953 to provide data

for calculatingdecay correctionfactorsto determinemore accuratevalues for
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beta particleactivity concentrationin the water leavingthe basins. Results

of this study were reportedby Soldat and Quimby (1953). Pilcher and Norton

(1953)provided a summaryof basin retentiontimes based on flow rate data for

tOO-B, tOO-D, tOO-DR,tOO-H, and IO0-F reactors.

5.7 EFFLUENTDISCHARGETO RIVER

Effluentwas discharged into the river from each reactor by gravity flow

througha pipe 42 to 60 inches in diameterthat was placed along the river

bottom and ran from an open dischargestructure(spillway)at the bank. The

pipe or outfall line usuallyextendedto the channelcenter and was buried for

most of its length a few feet below the riverbed (Honstead,Healy, and Paas

1951). Thus, to produce as much near-fielddiffusionas possible, outfall

lines dischargedeffluent at a point 300 to 700 feet from the reactor shore

where the velocity of flow was faster.

There were two exceptionsto this typical effluentdischargedesign. At

the IO0-D reactor, the river channel is divided by a mid-channelisland,with

the higher velocitiesoccurringon the opposite side of the island. The out-

fall line for the combined IO0-D and IO0-DR effluentswas extended along the

near-channelbottom, over the island,and into the far channelto take advan-

tage of faster flow velocities. The outfall line crossingthe island was

perforatedwith I/2-inchholes every 20 feet to preventair pockets in the

line. This design allowedcontinuousventing of effluentwater onto the

island surface. The other exceptionwas at tOO-F,where the original line

failed and was replaced in 1946 by a new line that extendedonly 300 feet from

the spillway (Honstead,Healy, and Paas 1951). As a result,effluent was

dischargedabout 200 to 250 feet from the shore into slower flow velocities.

The resultingeffluent plume hugged the reactorshorelineand produced

elevated activity levels for some distancedownstream.

Problemsarose during seasonsof high river flow becausethe hydraulic '

head differentialbetween the dischargestructureand the water-surfaceeleva-

tion decreased. This decrease loweredthe dischargecapacityof the line and

caused the effluent basin to divert effluent into a bypass spillwaythat

released into the river at the shoreline. Diversionof basin inflow to the
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bypass spillwaywas also common during power peaking and concurrenthigh flow

rates through the reactors (Honstead1954; Hall and Jerman 1960).

5.8 ACTIVITYLEVELS AND VARIABILITYOF RELEASES

Accordingto a report by Parker (1954),contaminationof the Columbia

River by reactoreffluent had been studied "with increasingintensitysince

the start of the Hanford operations." Parker :tated that, at the time of the

report,about 8000 curies per day (Ci/day)of radioactivematerialwere

releasedto the river. The radiochemicalcompositionvaried and was influ-

encedby seasonalturbiditychangesand modificationsof water treatment. A

brief discussionin Parker'sreport seems to indicatethat calculationsof

river concentrationshad been attempted,but that resultswere not as reliable

as desiredbecause 100% materialbalancewas impossible. No specificdetails

were provided on the calculationprocedure.

s6 A report by Hall and Jerman (1960) includessome tabulateddata of the

activitylevels in effluentreleases to the river. For the years 1957 through

1959, the tabulateddata for each of the eight reactors includethe monthly

averagecooling-waterdischarge,monthly averagetotal beta releases (Ci/day),

and monthly averagereleases (Ci/day)for phosphorus-32,arsenic-76,zinc-65,

chromium-51,and neptunium-239. A monthly average releaserate for total beta

is shown in Figure 5.3. The cause of the unusuallyhigh monthly releaserates

that occurred in 1957 (Figure5.3) is not known at this time; however, there

are severalpossibilities. Contributingfactors could includethe initialuse

of Separan,which improvedthe efficiencyof filter-bedbackflushing;the

disturbanceof upstream riverbedsedimentsat the Priest Rapids Dam construc-

tion site (constructionon Priest Rapids Dam began July 9, 1956; low-head

fillingbegan in September1959; reservoirfillingwas completedMarch 24,

1961); or the inflow of elementalmanganesefrom the SpokaneRiver watershed.

The most likely cause of the high release rates is thoughtto be the acti-

vation of elementalmanganesefrom the SpokaneRiver system,producing
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FIGURE5.3. Monthly Average Radioactivity Release Rate for Total Beta
Activity in Ci/day for Reactor Effluent at the Point of
Release to the Columbia River (Hall and Oerman 1960)

manganese-56. Accordingto Hall, there was a significantlyhigher level of

elementalmanganese in the ColumbiaRiver at that time.(a)

Bogan (1956) summarizesresultsof severalearlier studies and provides

some insight into the difficultyin correlatingreactor power levels (total

beta activity produced),river flow, and measureddownstreambeta activity.

(a) Personalcommunicationto W. H. Walters from R. B. Hall, March 1992.
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Bogan states that the resultswere both inconsistentand inconclusive. In

some instances,higher values were found in the river than would be expected

based on input calculations,and in another instance,the opposite was found.
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6.0 COLUMBIA RIVER MONITORINGAT HANFORD

The potentialfor contaminationof the Columbia River as a result of

Hanford operationswas recognizedeven before constructionof the first plu-

tonium productionreactors. Initialmonitoringbegan at the Hanford Site in

1945 and was conductedby Site contractors. Since 1945, emphasis and detail

of the monitoringprogramshave changed, as has the reportingfrequency.

Also, beginningabout 1950, offsite (e.g., federaland state) agenciescon-

ducted monitoringprogramsand various studiesat river locationsdownstream

of Hanford, includingthe coastal areas. This sectionpresents an overviewof

the river monitoringand topical studiesconductedby Hanford contractors.

Monitoring and topical studiesconductedby offsiteagencies are discussedin

Section9.0.

79 The history of Columbia River monitoring is divided into three periods:

1945 through 1957, 1958 through 1971, and 1972 through 1990. These particular

periods correspondreasonablywell with I) significantdevelopmentsin ana-

lyticaltechniquesthat greatlyenhanced the type of informationgeneratedby

the monitoringprograms,2) programmaticmodificationsthat resulted in

changes in the rationalefor and purposes of the programs,and 3) sequential

reactorshutdownsthat resulted in significantreductionsin contaminant

loadingto the river.

6.1 1945 THROUGH 1957

43 The potential for contaminationof the ColumbiaRiver water and fish, as

a result of Hanford operations,was recognizedbefore the first reactor

(tOO-B)startup in September1944. The earlieststudiesundertaken to deter-

mine the potential impactof radioactiveeffluenton ColumbiaRiver fish began

at offsite laboratories(Foster1972). Studies began at the Universityof

Washington in 1943 using X-rays on fish and at the Universityof Chicago in

1945 where the uptake of some radionuclidesby fish was investigated.

Followingthe startup of the first three reactors (tOO-B,tOO-D, and tOO-F)by

early 1945, initialmonitoringof ColumbiaRiver water began in 1945 under

wartime conditionsand was conductedby Site contractors.
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so When the first Hanford reactorsbegan operationin 1944, limits for the

radioactiveeffluent releasedto the river were not known. Accordingto

Parker (1952),"It was electedto control the waters by the stipulationthat

the immersiondose rate at the point of release to the river should not exceed

100 mrep per 24 hours or 4.17 mrep per hour, the then existingconventional

limitfor externalexposure." Accordingto Parker, it was also recognized

from the start that a realisticlimit would have to be based on radiobiologi-

cal consequencesin the river, which at that time were completelyunpredicta-

ble. Parker further stated that "...withthe establishmentof the original

limit,such investigationprograms as were possible in the stress of wartime

conditionswere initiated..." These programs continuedto develop and become

more comprehensiveduring the late 1940s and includedwater, sediment,and

biologicalsampling.

ColumbiaRiver water monitoringwas initiatedduring 1945. The primary

objectiveof the original surveillanceeffortswas only the detectionof

reactor-createdradioisotopes,not their quantification. Shortly after the

startupof the reactors,the need to not only detect but also measure the

quantity of radionuclidesin the river was recognizedand routinesampling

started.

8,44,76 Locationsfor routineColumbia River water sampling from 1945 through

1957 are shown in Table 6.1. Initially,the program includedsamplingloca-

tions at the tOO-B, tOO-D, and IO0-F areas, the Hanfordtownsite,the

300 Area, and Richland. This scheme was quickly extendedas far downstream as

Pasco. During the late 1940s through 1957, the ColumbiaRiver monitoringpro-

gram was expanded significantly,providinga large amount of data (primarily

total beta activities)from severallocations. Total beta activityreferred

to in this reportmay actuallybe "totalnonvolatilebeta" because volatiles

could have been driven off during sample processing and analysis. Plate I

illustrateswater samplinglocationsused at varioustimes from 1944 through

1957. Grab sampleswere collectedat various times from upstreamof the

Hanford Site to the areas near Portland,Oregon, and Vancouver,Washington.
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TABLE 6.1. Summary of Routine Locationsfor SamplingColumbia River Water,
1945 Through 1957

Year SampLed
Location (a) 1945 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957

Colun_oia River
gills' Ranch .(b) . x x x x x x x x x
Above IO0-B x x x x x x ....
181-B x x x x x x x x x x x x x
181-C ..... x x x x x
Altard Station - - - x x x x x x x -
181 KW ..... x x x
181 KE .... x x x
181-D x x x x x x x x x x x x x
181-H - - x x x x x x x x x
Below IO0-H - - - x x x x x x x x
181-F x x x x x x x x x x x x x
Below IO0-F - - - x x x x x x x x
Foster's Ranch - - x x x - - -
Hanford S. Bank x x x x x x x x x x x x x
Hanford Middle x x x x x x x x x -
Hanford N. Bank x x x x x x x x x x -
300 Area x x x x x x x x x x x x x
Byers Landing - - - x x x x x
Richland (Dock) x x x x x x x x x x x x x
Kennewick Highlands - - - x x x x x x x x
Pasco Pumping Station ...... x x x x
Pasco Bridge

Pasco x x x x x x x x x x x x x
Kennewick - - - x x x x x x x x

SacajaweaPark .... x x x x x x x
McNary Dam - Below .... x x x x x x x
McNary Pool .... x x -
Paterson, gA .... x x x x x x x
Arlington, OR .... x - x - x
Mary Hill Ferry, OR .... x - - x
CetiLo Falls, OR .... x - - x
The Dattes, OR .... x - x - x
HoodRiver, OR .... x - - x
Cascade Locks, OR .... x -
Troutdate, OR ..... x - - x
Stevenson, gA .... x x - - - x
Bonneville Dam, OR/gA - - - x - x x - - - x
Portland, OR ..... x x - x - -
Vancouver, gA ....... x - x

Yakima River
Prosser x x x x x - x x x x
Horn - x x - x x x x
Mouth - x x x x x x x x x

Snake River
Mouth - - x x x x x x x

La) For an idea of where water was sampled, see Plato 1 in a pocket in the back of this report.
(b) - indicates no samples collected.

In additionto the routine Columbia River water monitoring programs,

comprehensivesurveyswere conductedto determinethe plume dispersionof

reactor effluentsduring the 1950s and early 1960s. Special studies,includ-

ing extensivesampling,were conductedto determinethe horizontaland
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verticalmixing characteristicsof the Columbia River along the Hanfordreach

to better understandthe fate of reactor-generatedcontaminants. These

studies are discussedin Section8.0 of this report.

Analyticalcapabilitieswere limitedduring the early years. Laboratory

techniqueswere newly developed and improvementswere constantlybeing made

throughoutthe late 1940s and 1950s. Until the advent of gamma energy spec-

troscopy in 1957-1958,total alpha and total beta measurementswere essen-

tially the only data available. Five-hundred-milliliter(mL) sampleswere

evaporated,leaving a sample residue that was then counted for total beta

activitywith a thin-windowcounter. Alpha activitywas determinedusing a

standardalpha counter. Detectionlevelswere reported as being approximately

5 x I0-smicrocuriesper liter (pCi/L)beta and 2 dpm/L alpha activity.

Monitoring of ColumbiaRiver sediment,or mud as it was referred to in

the early days, was initiatedin 1948. Sedimentsampleswere routinelycol-

lected at various locationsthrough 1957, as shown in Table 6.2. Sediment

sampleswere collectedfrom two points at each sampling location. The first

was on shore, just above the water level, and the second was from the river

bottom, approximately5 feet into the river. Sediment samplinglocationsdur-

ing the period 1948 through 1957 are presentedin Plate I (in a pocket at the

back of this report).

During this period,direct surveysof the sedimentprovided raw data

indicativeof contaminationlevels. In addition,gross beta resultswere

typicallyreported for the sediment samplescollectedand analyzed by a

laboratory.

As discussedearlier,before and during the early days of operationsat

Hanford, there was a great deal of interestand concern about the impactof

dischargingradioactivematerial into the ColumbiaRiver. Numerous special

studies,both laboratoryand field-oriented,were undertakenduring the early

days of Hanfordoperations. Columbia River fish, primarilywhitefish, have

been routinelysampledat Hanford since 1950. Whitefishwere chosen for

routine sampling becausethey were availableyear round and had some of the
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TABLE 6.2. Summaryof Routine Locationsfor SamplingColumbiaRiver Sediment,
1948 Through 1957

Year Sa_[ecl
Location(a) 1948 194.__.991950 195___! 195..._...22195..._.__195.._.._4195__.55 195._....66195___Z

CoLumbiaRiver
WiLts' Ranch x x x. x x x x x x x
ALtard Station x x x x x x x x .(b)
IO0-H Area x x x x x x x x x x
BeLowIO0-F x x x x x x x x x x
Hanford Ferry Landing x x x x x x x x x x
300 Area x x x x x x x x x x
Byers Landing - - - x x x x x x
RichLand (Dock) x x x x x x x x x x
Kennewick HighLands - - x x x x x x x x
CLover IsLand - - - x ....
Pasco Bridge

Pasco x x x x x x - - -
Kennewick - x x x x x x x x x

Sacajawea Park - - - x x x x x x x
McNary Dam - - - x x x x - -
McNary CoLdSprings

South - - - x - - -
MiddLe - - - x - - -
North - - - x - - -

McNary Pool - - - x - -
McNary BeLowDam - - - x x x
Paterson - - x x x x x x x

Yakima River
Prosser .... x x x x
Horn .... x x x x

Snake River
Mouth - - x x x x x x x

(a) For sn idea of where sediment was sampled, see PLate 1.
(b) - indicates no samples coLLected,

highestconcentrationfactors.(a) Other speciesthat have been monitored

includetrout, salmon,sucker,carp, bass, crappie,perch, squawfish,chisel-

mouth, chub, catfish, and sturgeon (e.g.,Davis, Watson,and Palmiter 1956).

Sampling locationswere generallydefined by area rather than specific site

becauseof the mobility of the fish. These areas typicallyincludedsites

upstreamof operatingfacilities,sites directly downstreamof operating

reactors,and sites downstreamof the Hanford Site at areas popularwith local

fishermen.

(a) J. P. Corley,personal communicationto W. H. Walters, March 1992.
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Routinemonitoringresults from variousshellfish,primarilyoysters,

obtained from the marine environmentnear the mouth of the Columbia River are

documentedfrom 1953 through 1978. WillapaBay, the major oyster-rearingarea

nearestthe mouth of the Columbia River, was chosen as the primary sample col-

lection site for oysters. As in the case of water samples,the analysisof

fish and shellfishsamples from 1944 through 1957 consistedof gross beta

measurements.

6.2 1958 THROUGH 1971

By 1957, the Columbia River monitoringactivitieshad developed into an

extensiveprogramof samplingriver water and sedimentsat a number of loca-

tions downstreamof Priest Rapids Dam (Wilson1962). In addition,samplesof

various aquaticbiota in the river were routinelytaken, as were shellfish

from coastalregionsnear the mouth of the river. During the late 1950s,the

purposeof the Columbia River monitoring programchanged from detectionof

Hanford-derivedcontaminantsto quantificationand dose evaluation. As a

result, the monitoringprogram was modifiedto generatethe optimum amount and

type of river data for evaluatingthe potentialradiationdoses received by

the public living near and using the Columbia River.

Routine _iver water sampling from 1958 through 1971 providedan indication

of the burden of radioactivematerialsadded to the river as a result of

Hanford operations. Data obtainedthroughthe programwere used in estimating

doses that might have been receivedthroughthe surface-waterpathway. In

addition,the samplingprogram provided insighton seasonalchanges and long-

term trends in the concentrationsof radionuclidesresulting,in part, from

changes in operatingprocedures and practices. Routinemonitoringalso

provided a mechanism for detecting and evaluatingthe effects of abnormal

releases,such as slug ruptures and system purges.

The Columbia River monitoring programestablishedin the early 1960s is

the predecessorof today's Surface EnvironmentalSurveillanceProject (SESP)

surface-watermonitoringtask. Sampling sites (see Plate 1) were selected to

provide specificdata. Upstreamlocationswere establishedto determineback-

ground concentrationsso the contributionof Hanfordeffluentscould be
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distinguishedfrom that of falloutfrom weaponstests. The first downstream

points of water withdrawalfor use as a public drinking-watersupply were

establishedas routine sample locationsas weil. Pointsfarther downstream,

such as BonnevilleDam and Vancouver,served as indicatorsof the amountsof

radioactivitybeing dischargedvia the river into the PacificOcean or taken

up within the river environment. Table 6.3 lists the Columbia River water

sampling locationsthat were routinelymonitoredas part of the monitoring

programduring the years 1958 through 1971.

Samplingmethods and equipmentchanged somewhatover the years. Grab

sampleswere standardduring the early years. Compositesamplingwas initi-

ated later to provide betterestimatesof average radionuclideconcentrations

in the river at a given locationover time. In addition,compositesampling

provided some assurancethat short-termelevatedreleaseswere not missed

becauseof the samplingprotocol and frequency. Continuoussampling systems

TABLE 6.3. Summaryof RoutineLocationsfor SamplingColumbia River Water,
1958 Through 1971

Year SampLed
Location(a) 195.__88(b) 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969(c) 1970 1971

Priest Rapids Dam .(d) .... x x x x - -
WiLts' Ranch x ........
Vernita Bridge - - x x - - x x
Verni ta Ferry

Landing x x x x - - -
Hanford S. Bank x x x x x ......
Ringotd - - x x x x - - -
300 Area x x ......
Richland Pumping

Station - x x x x x x x x x
RichLand (Dock) x x .....
Pasco Pumping

Station x x x x x x x ....
Pasco Bridge

Pasco x ........
Sacajawea Park x .........
McNary Dam - BeLow x - x x x x x x x -
Paterson, WA - x .........
The Dattes, OR - x x .....
Hood River, OR x .......
Bonnevi I.Le Dam, - - - x x x x x x x x

OR/WA
Vancouver, WA x x x x x ......

(a) For an idea of where water was sampled, see PLate 1.
(b) Specific Locations not provided. Assumesimilar to 1957 because concentrations reported for river

"stretches" from the 100 Areas to PortLand.
(c) Nonradiotogicat parameters initiated (Vernita, IO0-D, IO0-F, 300 Area, RichLand PunchingStation).
(d) indicates no samples coLLected.
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(filter/resin)were put into service in later years to increasethe sample

size sufficientlyto detect radionuclidesat very low concentrations. With

the introductionof gamma energy spectroscopyin 1957, it became practicalto

obtain isotopicanalyses of river water samples on a routinebasis. Following

this improvementin radiationdetectioncapabilities,measurementof specific

radionuclidesbecame the norm. Table 6.4 summarizesthe radionuclideanalyses

for 1958 through 1971.

Sl For the 1958 through 1971 period,samples of ColumbiaRiver sediments

were collectedonly in 1959. Routinesampling of the shorelineand surface

river bottom sedimentswas discontinuedin 1960, primarilybecause the data

TABLE 6.4. RadionuclideAnalyses for River Water Samples, 1958 Through 1971

Analyses
Total Total Gamma(a)

Year Alpha Beta Scan 3H(b____)3Z_PP SOSr 131.__!23Bpu

1958 X X X .(c) X X - - X
1959 X X X - X X X - X
1960 X X X - X X X - X
1961 X X X - X X X - X
1962 X X X - X X X - X
1963 X X X - X X X - X
1964 X X X - X X X - X
1965 X X X X X X X - X
1966 X X X X X X X - X
1967 X X X X X X X - X
1968 X X X X X X x - X
1969 X X X X X X X - X
1970 X X X X X X X X X
1971 X X X X X X X X X

(a) Includingprimarilysodium-24,barium-140,scandium-46,chromium-51,
manganese-56,copper-64,zinc-65, zirconium/niobium-g5,iodine-131,
cesium-137,and neptunium-239.

(b) From left to right, abbreviationsin column headingsstand for the
followingradionuclides: tritium, phosphorus-32,strontium-g0,
iodine-131,plutonium-239,and uranium (refersto total uranium).

(c) - indicatesno analysis.
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were not useful in direct determinationof doses.(a) Subsequentannual

reports likewisewere void of sediment samplingdata. The sedimentsampling

locationsfor 1959, which was the last year of routinemonitoringof activity

levels in sediment,includethe following:

• Wills' Ranch ° Pasco and Kennewicksides of the

• Hanford Ferry Landing Pasco bridge

• 300 Area ° SacajaweaPark

• Byers Landing ° below McNary Dam

° Richland (Dock) ° Paterson.

Special studieswere conductedthroughoutthis period,providingsome

indicationof the levels of Hanford-derivedradionuclidesassociatedwith

Columbia River sediments. These studiesare summarizedin Section9.5. Core

sampleswere collectedfrom behind McNary Dam on variousoccasionsbetween

1958 and 1971.

As in the case of water samples,the advent of gamma energy spectroscopy

providedthe abilityto generate radionuclide-specificdata for the sediment

samplescollected. Core sampling investigationsalso included isotopic

analysis.

The collectionof fish from the ColumbiaRiver and shellfishfrom

coastalareas near the mouth of the river continuedto be an integralpart of

the Columbia River monitoringprogram from 1958 through 1971. As had been the

case during earlieryears, whitefishremainedthe primary speciessampled.

Sampling locationswere again identifiedas areas along the river. Samples

were typicallycollectedfrom areas upstreamof operatingfacilities,immedi-

ately downstreamof the operatingreactors,and downstreamof Hanfordat areas

known to be frequentedby the local fishermen.

Shellfish,primarilyoysters, continuedto be routinelycollected

throughoutthe years 1958 through 1971. Oystersreared in Willapa Bay were

(a) Personalcommunicationto W. H. Waltersfrom J. K. Soldat and
R. F. Foster,March 1992.

6.9



obtained from a commercialmarket in Portland,Oregon. Sample analysis

includedgamma scans,which provided radionuclide-specificdata, with zinc-65

being of most interest.

6.3 1972 THROUGH 1990

The ColumbiaRiver monitoringprogram,as it evolvedduring the late

1950s and early 1960s,continuedfrom 1972 to the present. As samplingand

analyticaltechniqueswere improved,the programwas modified,enhancingthe

qualityand usefulnessof the data obtained.

Samples of river water continuedto be collectedroutinelyfrom several

locationsfrom 1972 to the present. The primaryemphasis of the Columbia

River monitoringprogram since its restructuringin the early Ig60s has been

the evaluationof the potentialdose to those personsusing and/or consuming

the river water. Followingshutdownof the once-through-cooledproduction

reactors,concentrationsof radionuclidesin the river water decreased

significantly(Robertsonet al. 1973). Levelsof radionuclidesfell to near

detectionlimits relativelyquickly at severallocations. As a result,the

more distant sample locationswere graduallyeliminatedfrom the routineriver

water samplingnetwork. Routinewater samplinglocationsduring the years

1972 through 1990 are listed in Table 6.5.

As was the case during the earlier periods,grab, composite,and con-

tinuous sampling systemswere used for the collectionof river water samples.

Like sample collectionmethods, analyticalprocedureshave undergonenumerous

improvementsto providegreater sensitivities. Standard analyticalprocedures

were not sensitiveenough to detect the low concentrationsof radionuclides

present in the river water followingthe shutdownof the originalreactors.

Water sample analyses includedgross alpha,gross beta, gamma scan, tritium,

strontium-gO,technetium-gg,iodine-129,plutonium-239,240,and isotopic

uranium.

With the shutdownof the original productionreactors,direct discharges

of large quantitiesof radionuclidesinto the river were eliminated. However,
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TABLE 6.5. Summary of RoutineLocationsfor Sampling ColumbiaRiver Water,
1972 Through 1990

Year Sampted
Location (a) 197_.._221973197._.441975197._.661977197_.._8197__..99198._..00198__.!198...__2198.._.331984198..._55198_..__66198_....Z198_._.8819891990

RichLand Pumping
Station x x x x x x x x x x x x x x x x x x x

Vernita x x x x x x x .(b) ......

BonneviLLeDam -
River x x x x .......

BeLow 181-N x x x .......

IO0-BArea - River - x x x x x x x x x x x ....

HanfordPowerline
Crossing - x x ........

300 Area .... x x x x x x x x x x x x x x

PriestRapids -
River .... x x x x x x x x x x x x x x

HanfordTownsite-
River ..... x x x ....

(a) For an idea of where sediment was sang,led, see Plate I.
(b) - indicatesno sa_tes collected.

radionuclideswere known to be present in the ground water beneaththe Hanford

Site and, in some cases, to be approachingand entering the river along the

Hanford shoreline(Myers,Fix, and Raymond 1977).

4s Ground-waterdischargesor river bank springshave been sampled

periodicallyover the years. Documentationof these monitoringactivities,

however, is not abundant and is typicallycontainedin projectfiles (Freshley

and Thorne 1992). Springsnear the 300 Area retentionbasin and sewage

leachingtrencheswere routinelysampledand analyzed for variousbiological,

chemical,and radiologicalparameters. Springs along the IO0-N Area resulting

from disposal of liquid waste have been and are today monitoredroutinely

(Rokkan1988).

Springs located in the contaminatedground-waterplumes from the

IO0-N Area, the 200 areas (emergingat the Hanfordtownsite),and the 300 Area

have been sampledroutinelysince 1984. Special studiesconductedin

1982-1983and 1988 included samplingseveralcontaminatedspringsalong the

Hanfordreach (McCormackand Carlile 1984; Dirkes 1990). Analyses of spring
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sampleswere similarto those performedon the river water samples,and

samplingresultswere consistentwith those from nearby ground-water

monitoringwells.

The routinecollectionof ColumbiaRiver sediment samples,discontinued

in 1960, was reestablishedin 1988. Initially,sampleswere collectedfrom

behind Priest Rapids Dam upstreamof Hanfordand behind McNary Dam downstream

of Hanford. Subsequently,sedimentsamplinglocationswere establishedat the

White Bluffs slough,the IO0-F Area slough,the Hanford slough,and Richland.

The routine samplingreestablishedin 1988 consistedof collecting surface

sedimentsusing a clamshell-typesamplingdredge designed to collect approxi-

mately the top 6 inchesof sedimentmaterial. Sample analysesconsistedof

gamma scans, strontium-gO,isotopicplutonium,and isotopicuranium.

Even before Ig88, specialstudieswere conductedat McNary Dam to inves-

tigate the content of radionuclidesin the sedimentsand to observe how soon

after the closure of the once-through-cooledreactorsclean sedimentswere

depositedon top of the radiologicallycontaminatedsedimentmaterial

(Robertsonet al. 1973; Robertsonand Fix 1977; Beasley et al. 1981; Beasley

and Jennings 1984). In specialstudies,core sampleswere collectedfrom the

pool sedimentsbehind McNary Dam (Robertsonand Fix 1977).

The collectionof various fish speciescontinuedinto the period from

1972 through 1990. As in the past, whitefishwas the primary speciessought.

The number and diversityof fish samplesroutinelycollectedand the associ-

ated radionuclideconcentrationsdeclined steadily over the years, following

the decline of radioactivityin the river as a result of the shutdownof the

reactors (Cushinget al. 1981). The primaryconstituentsof concern in the

river environmentincluded strontiumogO,tritium, and the gamma emitters.

The collectionof oysters from Willapa Bay continued into the years

followingclosure of the once-through-cooledreactors. The routine collection

and analysisof oystersfrom Willapa Bay was discontinuedin 1978 (Houstonand

Blumer 1978). Zinc-65was still the radionuclideof concern, although its

levels diminishedfollowingthe reactorshutdown,as the remainingzinc-65

decayed.
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From 1945 through 1957, reportsthat presentedresults of the environ-

mental monitoringprograms (includingColumbiaRiver monitoring)were issued

at'variousintervalsand under differenttitles by authorsfrom HanfordSite

contractors. Over the years, the frequencyof the monitoring reports

generallydecreased. During the very early days of Hanfordoperations

(January1945 through August 1946), reportswere issuedweekly. Semimonthly

reportswere issued from September1946 to May 1947. From June 1947 through

the end of 1957, monthly environmentalmonitoringreportswere issued;

quarterlyreportswere also prepared from January 1947 through the end of

1957. An annual report was also prepared summarizingall the monitoring

resultsfor 1957.

Beginningin 1958, annual environmentalmonitoringreportswere issued,

providingimproveddocumentationof the findingsof the river monitoringpro-

gram. Routineenvironmentalmonitoringdata are availableeither within these

reportsor in a data appendix. In additionto the routineenvironmentalmoni-

toring reports, topicalreportswere issued presentingresults of special

studiesof the river. Such studieswere conductedto fill a particularneed.

The special studiesare discussedin Sections 7.0 and 9.5. These studiespri-

marily address investigationsof river processes,as well as transportand

distributionof radioactivityin the Hanford reach and, to a limitedextent,

downstreamto the river mouth. This reportingsystem remains in place today.
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7.0 SUMMARYOF RESULTSOF COLUMBIA RIVER MONITORINGBY HANFORD CONTRACTORS

The amount of radioactivityenteringthe ColumbiaRiver varied from 1944

through 1971 in responseto the startupand shutdownof various reactors,the

operationof individualreactors at differentpower levels,reactor closures

for maintenanceand refueling,water treatmentmodifications,frequencyand

severityof fuel-claddingfailures,and other operationalfeatures,as dis-

cussed in Section5.0 of this report. As the number and power levels of the

reactors increased,the amount of radioactivitydischargedto the river

increased. Consequently,radionuclidereleasesto the Columbia River were

highestduring the late 1950s through the early 1960s.

An extensiveamount of data has been generatedthrough the Columbia

River monitoringprogramsand activitiesdescribed in the previoussection.

Sample resultsgenerated as part of the routinesurveillanceprogramshave

been reported periodicallyover the years in weekly, semimonthly,monthly,

quarterly,and annual reports. To document the resultsof special investiga-

tions and samplingactivities,topical reportsgenerallywere issued. In some

cases, summary reportshave containeddata previouslyreported in periodic

status reports.

An eight-volumeset, A Compilationof Basic Data Relatinqto the

Columbia River,was preparedby severalstaff membersof the HanfordAtomic

ProductsOperationunder the directionof R. F. Foster in 1961 (Fosteret al.

1961). Much of the raw data generatedduring the early years of Hanfordwas

classified,but was made publicly availablein 1962 as Volume 8 (under

separatetitle) of this multivolumecompilation(Soldat1962b).

An entire book, Aquatic BioenvironmentalStudies: The Hanford Experi-

ence 1944-84,was dedicatedto summarizingvariousstudies conductedon the

Columbia River and relatedto operationsat Hanford (Becker1990). This

publicationserves as an excellentreferenceon the history of Hanford, as

well as providingextensivesummariesof the data availablethroughyears of

monitoring and study of the Columbia River ecosystem. While the book focuses

primarilyon the monitoringof biota and relatedlaboratorystudies,much

informationis also providedon the Hanford-derivedcontaminantsand their
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behavior and fate in the river water and sediment. This book is considereda

primary sourc= of summaryinformationregardingthe surface-water(Columbia

River) pathway, and it may be useful in evaluatingthe adequacyof monitor-

ing data for the purposeof reconstructingpotentialdoses during the HEDR

Project.

The followingsectionsprovidebrief summariesof the Columbia River

monitoringdata generatedby Hanfordcontractormonitoringprograms (as

opposed to those of offsiteagencies)during the years of Hanford operations.

7.1 WATER MONITORINGDATA

During the early years of Hanford operations,until the advent of gamma

energy spectroscopyin 1957, gross radioactivityin Columbia River water was

measured only as total beta concentrations. Althoughtotal beta measurements

in themselvesare not directly useful in the determinationof the potential

doses, they are indicativeof the contaminantloadingto the river and serve

to identifythose years in which radioactivityconcentrationsin the river

water as a result of Hanfordoperationswere greatest. Figure 7.1 presents

the annual averagetotal beta concentrationsin Columbia River water at Pasco

for the years 1945 through 1971. The concentrationsfor the years from 1945

through 1963 are based on measurements. From 1964 through1968, the con-

centrationsare based on the number of operatingreactorsand ratios to

phosphorus-32and zinc-65. The concentrationsfor 1969 through1971 are based

on the number of reactor operatingmonths. Consistentwith the effluentdis-

chargesto the river, annual averagetotal beta levels in river water at Pasco

were highest during the late 1950s and early 1960s.

The developmentof gamma energy spectroscopyin 1957 permittedthe meas-

urement of specific radionuclidesin Columbia River water. Annual average

radionuclideconcentrationsas reported (before1971) in historicalannual

reports and as containedin the Hanford SESP database (since 1971) are pro-

vided in Tables 7.1 through7.5 for the RichlandPumping Station, Pasco

PumpingStation,McNary Dam, BonnevilleDam, and Vancouverwater sampling

locationsfor any of the years between 1957 and 1990 when data were collected

at each site. Figures7.2 through 7.5 graphicallypresent the data included
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FIGURE7.1. Annual Average Total Beta Concentrations in Columbia River
Water at Pasco, Washington, 1945 Through 1971 (see also
Table 10.14)

in Tables 7.1 through 7.5. Apparent in the data is the decrease in radio-

nuclide concentrations with increasing distance from the reactor discharge
points and with time following the shutdownof the first of the reactors in

December1964. Radionuclide concentrations in river water rapidly declined to

levels at or belowdetection limits following the closure of the last of the

original reactors. As this occurred, the remote river water sampling effort
gradually ceased, in accord with the decrease in contamination to levels that

were no longer detectable or significant for dose evaluations.

7.2 SEDIMENTMONITORINGDATA

Althoughthey are not a directcontributorto dose,radionuclidesin

sedimentsmay be resuspendedduringhighriverflowsand reintroducedinto

the aquaticfoodchain,at whichtimetheymay subsequentlycontributeto
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72 TABLE 7.1. Annual Average RadionuclideConcentrationsin Columbia River
Water at the RichlandPumpingStation

RadionuclideConcentration(pCi/L)

Year(a) 3H(b.__.._)24N.__.!a 32..._..p_p46Sc- 5lcr 56M.._..nn65Zn 76As 90Sr 1311 137Cs

1963 _(c)3400 260 - 8800 - 380 12oo 1 8 -
1964 - 3500 300 - 12000 - 450 1200 1 19 -
1965 - 3100 140 - 7000 - 180 1000 1 10 -

1966 2600 140 30 3600 290 200 420 1 18 -

1967 1500 2600 190 60 3200 520 220 400 I 8 -

1968 1700 2200 92 100 1500 250 86 320 0.6 7.4 -

1969 1900 1600 73 72 720 1000 72 310 0.5 4 -

1970 1100 900 28 43 300 100 34 130 <MDCtd) <MDC -
J L

1971 779 43.9 22.1 - 127 - 18.1 11.2 0.844 1.64 10.4

1972 110 - 0.305 - 115 - 5.53 - 0.363 1.16 7.37

1973 623 - - - 42 - 7.17 - 0.334 1.01 2.22

1974 508 - - - 9.96 - 3.87 - 0.277 2.1 1.63

1975 373 - - - 10.3 - 3.6 - - 0.647 2 79

1976 261 - - - 17.4 - 1.33 - 0.239 - 0 661

1977 585 - - - 27.2 - 2.75 - 0.321 - 0 783

1978 429 - - - 21.7 - 1.96 - 0.474 - 2 25

1979 355 - - - 16.1 - -0.514 - 0.336 - 2 1

1980 265 - - - 1.72 - 1.39 - 0.195 - 0 413

1981 199 - - - 1.49 - 0.0305 - 0.23 - 0 176

1982 216 - - - 17.3 - 0.459 - 0.171 -1.34 0 211

1983 135 ...... 0.746 - 0.29 - 0.153

1984 169 ...... 0.639 - 0.169 - 0.0935

1985 152 ..... 0.0645 - 0.158 - -0.105

1986 149 ..... 0.0295 - 0.16 - 0.347

1987 128 ...... 0.261 - 0.131 - -0.138

1988 135 ...... 0.724 - 0.119 - 0.121

1989 128 ..... 0.204 - 0.0745 - 0.0594

(a) Data not collectedbefore 1963 an_ in 1990.
(b) From left to right,abbreviationsin columnheadingsstand for the followingradionuclides:

tritium, sodium-24,phosphorus-32,scandium-46,chromium-51,manganese-56,zinc-B5,
arsenic-76,strontium-90,iodine-131,and cesium-137.

(c) - means not determined.
(d) <MDC means belowminimum detectionconcentration.

potentialdose receivedby persons using the river. As in the case of river

water, the analysesof sediment samplescollectedfrom 1948 through 1957 were

limitedto total beta measurements. However,direct surveysof the sediment

material that provideddata on raw count rate were also performed. Routine
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TABLE 7.2. Annual Average RadionuclideConcentrationsin Columbia River Water
at the Pasco PumpingStation

RadiQnuclideConcentration(pCi/L)

Year(a) 3H(b_____)24Na 32p 46Sc 51Cr 56Mn 65Z.__.n._n 76A.._._.s_s90Sr 131.._.!I 137C_.._..ss

1959 _(c) 1139 155.7 4209 - 206.21458.30.638 - -
1960 - 1500 200 35 5600 300 1500 0.6 12 -

1961 - 1800 260 33 5700 340 1200 0.4 10 -

1962 - 1600 160 30 4300 87 220 470 0.7 6 -

1963 - 1600 190 - 6700 - 220 750 I 8 -

1964 - 1500 200 - 6800 - 240 670 I 12 -

1965 - - 87 - 4100 - 160 - - 7 -

(a) Data not collectedbefore 1959 and after 1965.
(b) From left to right,abbreviationsin column headingsstand for the following

radionuclides: tritium,sodium-24,phosphorus-32,scandium-46,chromium-51,
manganese-56,zinc-65,arsenic-76,strontium-90,iodine-131,and cesium-137.

(c) - means not determined.

TABLE 7.3. Annual Average RadionuclideConcentrationsin Columbia River Water
at McNary Dam

RadionuclideConcentration(pCi/L)

Year(a) 3H(b.____) 24Na 32p 46S_.__cc 51Cr 56Mn 65Zn 76A.._._s 90Sr 131___!137C___._ss

1964 _(c) - 70.3 - 3478 - 76.5 - - 6.7 -

1965 - - 47.5 - 2264 - 67.6 - - 3.9 -

1966 - - 76.2 - 1849 - 61,0 - - 7.1 -

1967 - - 49.5 - 1748 - 82,2 - - 4.7 -

1968 - - 39.2 - 769 - 51,1 - - 3.8 -

1969 - - 33.0 - 333 - 44.2 - - 2.6 -

(a) Data not collected before 1964 and after 1969.
(b) From left to right abbreviations in column headings stand for the following

radionuclides: tritium,sodium-24,phosphorus-32,scandium-46,chromium-51,manganese-S6,
zinc-B5,arsenic-76,strontium-90,iodine-131,and cesium-137.

(c) - means not determined.

collectionof sediment sampleswas discontinuedin 1959, shortly after the

capabilityto measure specificradionuclidesbecame available.

Specialstudies of radionuclideconcentrationsin river sediments,

primarilybehind McNary Dam, were conductedduring and after the shutdown

(1965-1971)of the reactors (Nelsonet al. 1966; Fisher 1971; Fix 1975;

Robertsonand Fix 1977). Five years after the shutdownof the final
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7.4. Annual Average RadionuclideConcentrationsin ColumbiaRiver Water
at BonnevilleDam

RadionuclideConcentration(pCi/L)

Year(a) 3H(b) 24N_..._a 32p 46Sc 51Cr 56H_n 65Zn 76As 90S_._.rr 1311 137Cs

1964 _(c) _ 28 - 2400 - 63 - - 5 -

1965 - - 23 - 1700 - 70 _ - 3 -
1966 - - 23 1300 - 43 - - 3 -

1967 - - 25 1400 - 82 - - 3 -

1988 - 15 20 530 - 30 - - 3.2 -

1969 - - 14 - 240 - 25 ....

1970 - - 5 100 - 10 ....

1971 - - 2.6 - - 5.9 ....

1972 - - - 0.15 - - 1.1 ....

1973 ...... 8 ....

1974 - - - <MDC¢d)'" <MDC - <MDC - - - <MDC

1975 - - <MDC <MDC - <MDC - - - <MDC

(a) Data not collected before 1964 or after 1975.
(b) From left to right, abbreviations in column headings stand for the following

radionuclides: tritium, sodium-24, phosphorus-32, scandium-46, chromium-51,
manganese-56,zinc-B5,arsenic-76,strontium-90,iodine-131,and cesium-137.

(c) - means not determined.
(d) <MDC means below minimumdetectionconcentration.

7.5. Annual Average RadionuclideConcentrationsin ColumbiaRiver Water
at Vancouver,Washington

RadionuclideConcentration(pCi/L)

Year(a) 3H(b) 24N..._aa 32p 46Sc 5Ic_._._r 56M._nn65Zn" 76As 90$r 1311 137Cs

1959 _(c) _ 31 - 2100 - 37 ....

1960 - - 41 18 2100 - 75 - 0.4 4 -

1961 - - 68 24 2100 - 90 - O.4 - -

1962 - - 38 20 1800 - 64 - 0.4 3 -

1963 - - 30 - 2600 - 60 - 1 4 -

1964 - - 50_3 - 3317 - 55.8 - - 4.2 -

(a) Data not collected before 1959 and after 1964.
(b) From left to right, abbreviations in column headings stand for the following

radionuclides: tritium, sodium-24, phosphorus-32, scandium-46, chromium-51,
manganese-56, zinc-65, arsenic-76, strontium-90, iodine-131, and cesium-137.

(c) - means not determined.
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once-through-cooled reactor, the short- and intermediate-lived radionuclides

had decayed away. However, measurable concentrations of a few long-lived

radionuclides remained in the deep sediments behind McNary Dam. Sediments

free of Hanford-originated radionuclides covered the contaminated radionu-

clides behind McNary Dam at a rate of approximately 15 to 30 inches per year

between 1971 and 1976 (Robertson and Fix 1977).

Sediment samples were also collected from The Dalles Dam and Bonneville

Dam. Radionuclide concentrations in these sediments were lower than those

observed in the McNary reservoir sediments. Radionuclide concentrations in

sediment samples collected during 1976 were reported in disintegrations per

7.8



200 - 32 p

150 -

100 -

50-
I'L.,_ _P,=

O- I _ i I I , I
i ii i

8,000 - 51Cr

= 6,000-
.2

4,000-
"E
o¢ 2,000-

0 I __ ltH= = I i

300
65Zn

200 -

100 -
o¢_j=

0 t : _v_._¢ i i i
1957196119651969197319771981 19851989

Year
_2090832

FIGURE7.4. Annual Average Radionuclide Concentrations in Columbia
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minute per gram (dpm/g). Table 7.6 provides a comparisonof radionuclide

concentrationsin sedimentbehind McNary Dam during 1971 and 1976.

7.3 BIOTA MONITORINGDATA

Concern for the aquatic biota and the effects of the reactoreffluent on

the biota was expressedvery early in the developmentof the HanfordSite,

even before constructionbegan. Numerous laboratoryand field investigations

were conductedover the years to investigateeffectsof reactoreffluent on

biota. Summariesof these studieshave been documented,includingdiscussion

of the study results (Becker1990). Consumptionof fish contaminatedwith

7.9



2(_ - 32 p
150-

100-

50 -
0 I i _ I I I I

o'_ 8,000- "'G='-r
I=.

v

= 6,000
0

4,0oo

1=
0
0 0 1 I I I = J I

3OO
65Zn

200-

0 I I L ! I I I
19571961196519691973 1977198119851989

Year
_202000.4

FIGURE7.5. Annual Average Radionuclide Concentrations in Columbia
River Water at Vancouver, Washington (for phosphorus-32,
chromium-51, and zinc-65)

radionucTfdes from Hanford effluent was recognized as a primary pathway

through which the public could be exposed to radionuclides originating at

Hanford.

Phosphorus-32 and zinc-65 were the two radionuclides of concern in

Columbia River fish because these isotopes accumulate significantly in

the edible muscle tissue of fish. These two radionuclides were estimated to

contribute more than 90% of the calculated dose resulting from the consumption

of fish. Figures 7.6 and 7.7 indicate the monthly mean phosphorus-32 and
...

zinc-65 concentrations in muscle tissue of whitefish collected at Ringold
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TABLE 7.6. RadionuclideConcentrationsin SurfaceSediments in McNary
Reservoirin 1971 and 1976 (from Robertsonand Fix 1977)

Typical Concentrations
(dpm/qdr_ sediment)

Element April 1971 Auqust 1976

Iron-55 1100 30 (est.)(a)
Zinc-65 240 0.14

Scandium-46 120 0.34

Cobalt-60 60 2.7

Europium-152,154 51 2.2

Manganese-54 25 0.32
Cesium-137 9 2.7

Plutonium-239,240 0.06 0.03

(a) Estimatedusing known ratio with cobalt-60.
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FIGURE7.6. Monthly Mean Phosphorus-32 Concentrations in Columbia River
Whitefish, 1964 Through 1966. Data points without 90% con-
fidence intervals are a single fish sample.
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during the years 1964 through 1966. The 90% confidenceinterval is also

provided in the figures. Data on whitefishare presentedbecausetheir radio-

nuclideconcentrationsindicatethe highestlevels observed in Columbia River

sport fish. Concentrationsin suckerswere typicallythe highest for any

large Columbia River fish (Daviset al. 1958). However,whitefishwere

thoughtto be more importantfrom the standpointof potentialdose because

sports fishermenharvest large numbersof these fish, as opposed to suckers,

which are rarely eaten (Fosterand Junkins 1960). The reportby Foster and

Junkins (1960) also mentions steelheadtrout, bass, salmon,crappie, and

sturgeon,but they were not discussedin any detail.

Variousmarine organismsthat indicatethe presenceof Hanford-

originatedradionuclideshave been collectedroutinelyfrom areas near the

mouth of the Columbia River. Oysters generallycontainedhigher concen-

trationsof zinc-65 than other marine organisms (Fosterand Wilson 1964).

Table 7.7 presentsthe radionuclideconcentrationsobserved in Willapa Bay

oysters for the years 1959 through 1977. Monitoringof oysters for

radioactivityfrom Willapa Bay was discontinuedduring 1978 because
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TABLE 7.7. Annual Average RadionuclideConcentrationsin Willapa Bay
Oysters, 1959 Through1977

RadionuclideCoqpentration(pCi/q)

Year(a) 32p(b) 40._.KK 465c 51Cr 58Co 60Co 65Zn_ 90Sr 1311 137Cs

1959 _(c) ..... 51 - - -

1960 0 57 2.4 0.12 0.54 - - 55 0.0032 <MDC(d) <MDC

1961 1 7 1.4 0.11 0.59 - 67 - <MDC <MDC

1962 2 9 2.1 - - 1.0 <MDC 91 - - 0.34

1963 3 9 6.5 - - 0.82 <MDC 80 - - 0.31

1964 4 7 2.0 .... 54 - - <MDC

1965 3 7 2.0 - - - 39 - - 0.13

1966 3.0 2.1 - - - 28 - - 0.10

1967 3.4 2.1 .... 32 - - 0.10

1968 1.9 2 2 .... 25 - - 0.10

1969 3.3 2 0 - - 19 - - 0.16

1970 0.61 1 9 - - 13 - - 0.04

1971 1.3 1 8 - - - 4.6 - - 0.04

1972 - 1 7 - - - 1.7 - - 0.025

1973 - 1 7 - - - 0.57 - - 0.02

1974 - 1 6 <MDC - <MDC 0.14 - - <MDC

1975 - 1 7 - - <MDC - - <MDC

1976 - 1 4 - - <0.08 - - <0.04

1977 - 1.4 .... <0.08 - - <0.04

(a) Data not collected before 1959 and after 1977.
(b) From left to right, abbreviationsin columnheadingsstand for the following

radionuclides: phosphorus-32,potassium-40,scandium-46,chromium-51,cobalt-58,
cobalt-B0,zinc-B5, strontium-90,iodine-131,and cesium-137.

(c) - means not determined.
(d) <MDC means below minimum detectionconcentration(no numericalvalues reported).

Hanford-originatedradionuclideshad declined to levels that were generally

detection. Figure 7.8 graphicallydisplays the zinc-65concentrations

reported in the annual environmentalreports. Evident from Figure 7.8 is the

relativelyrapid decline in radionuclideconcentrationsfollowingthe shutdown

once-through-cooledreactors.
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8.0 SPECIAL STUDIESAND SURVEYSAT HANFORD

This sectiondiscusseseffluent plume dispersionand shorelineradiation

surveys in the Hanford reach of the Columbia River. Plate 2 (in a pocket in

the back of this report)will help the reader track the effluentplume and

locate the areas surveyedat varioustimes.

8.I EFFLUENT PLUME DISPERSION

Monitoringof radioactivityin the ColumbiaRiver began in 1945 with

routinesampling of river water for total gross beta activity. The sampling

was conductedat areas near the operatingreactors (initiallytOO-B, tOO-D,

and tOO-F),the Hanford Ferry Landing,the 300 Area, Richland,and Pasco. The

horn of the Yakima River was sampled for backgroundlevels. Sampling stations

were added as more reactorscame on line.

Early in the samplingprogram, scientistsrealizedthat radioactivity

was not uniformlydistributedacross the channeland downstream. An early

report by Turner (1947)stated that "there is not much mixing of this effluent

by the time it reaches Zthe] Hanford [townsite]." Observationsfrom 1947

indicatethat the radioactive"channel"within the river appearedto hug the

south bank (reactorshore).

By 1950, the patternof effluentdispersion in the Hanford reach was

well established. The centerlineof the effluent plume from the IO0-B reactor

to Pasco is shown in Plate 2. Immediatelybelow tOO-B, the dischargepoint

farthestupstream,the beta activitywas confined to a narrow plume that

graduallywidened to about 400 feet in the IO0-D Area (Paas and Singlevich

1950). At the IO0-D Area, the high-velocitypath of flow was directed toward

the opposite shore to the north of IO0-D Island. However,the maximummeas-

ured beta activity remainedalong the reactor shore. Although the activity

becamemore diffuse toward the north shore, there were no indicationsof

cross-channelmixing (Paas 1951a). The plume continuedto hug the reactor

shore between IO0-H and tOO-F,especiallywhen high water elevationscaused

effluentto be dischargedover a spillwaydirectly into the river (Paas and

Singlevich1951b). Immediatelydownstreamof the IO0-F Area, the maximum zone
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of radioactivitytended to move directly toward the reactorside of the river

(Paas and Singlevich1950), even though the high-velocityflow was directed

toward the opposite shore around an island at RM 366-367. lt was assumedthat

the islandforced the plume toward the reactor shore (Paas 1951b),but the

maximum activity in this area may have actuallybeen a consequenceof the

shortnessof the outfallline at IO0-F.

The maximum beta activitygenerallyoccurrednear the Hanford Ferry

Landing,possibly becauseall reactorswere contributingat this point. By

the time it reached this point, the plume was about 5 miles long and 500 feet

wide. Downstreamof the HanfordFerry Landingthe mixing across the river was

better,although the plume could still be discernedalong the shore at Rich-

land (Honstead,Healy, and Paas 1951).

The plume distributionin the river was confirmedby ferro-flocdisper-

sion studiesconductedin September1950 and April 1951. Deep red ferro-floc

sludge from the sedimentationbasins was releasedto the river and used as a

tracer. Aerial photographyindicatedthat the plume formed a narrow band that

persistedfor 6 to 10 miles downstreamfrom the releasepoint (Rostenbach

1956).

In 1949 and again in 1951, specialstudieswere conductedto determine

the effectsof the Yakima River confluenceon the plume pathway. Results

indicatedthat the Yakima River water diluted the radioactivityby as much as

a factor of two along the west shore and forced the higher radioactivity

levels toward the east (Pasco)shore. These effects persistedfor at least

7 miles downstream (Paas and Singlevich1951a).

Radioactivitydistributionstudies in the McNary reservoirin 1954 indi-

cated little cross-sectionalvariation. The maximum beta activitywas located

in the middle of the river,while minimum concentrationsfluctuatedbetween

the Washingtonand Oregon shorelines(Paas 1954).

Only one significantplume dispersionstudy was carried out below the

reactor areas. Tracer dye was released into the river from the 300 Area in

August 1961, October 1961, and January 1962. Aerial photographyand water

sampleswere used to define the plume distribution(Backman1962, 1963). The
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objectiveswere to determinewhethercompletemixing occurredby the time the

dye reached Pasco and to identifythe dispersionconfigurationfor low flow

conditions.

All three tracer tests produced similarresults. For each test, the dye

tended to remain near the 300 Area shore, and the plume passed directlyover

the location of the Richland PumpingStation intake. At this point the plume

was almost 3 miles long. Downstreamof the proposed pumpingstation,the

plume moved east of the fourth island but left pools of dye along the west

shore. More mixing was observedoff the downstreamtip of the islandthan at

any other location. Lateraldispersionwas almost completeby the time the

plume reached Pasco. Vertical samplingindicatedthere were no variationsin

dye concentrationexcept within about 300 feet of the releasepoint, suggest-

ing that verticaldispersionwas completewithin a much shortermixing length.

All raw data collectedduring downstreamdispersion studiesundertaken

before 1960 were compiled in a sectionof a rather large monitoringreport

(Soldat1962a). The data includeriver velocity profiles,ferro-flocdis-

tributions,radioactivitydensityprofiles,and the resultsof early dye

tests.

8.2 SHORELINERADIATIONSURVEYS

The earliestinformationon a shorelineradiationsurveywas reportedby

Paas (1953). A survey of IO0-D Island,using portable instruments,showed

readings rangingfrom 500 counts per minute to 5000 counts per minute around

the islandperimeter;readingsof 35 millirepsper hour (mrep/h) (I rep =

0.93 rad) were measured at locationsadjacentto the point where the IO0-D

outfalldischargedeffluent. These readingswere not relatedto any unit

area. Beta activityin islandmud was 0.2 microcurieper gram (#Ci/g),but no

alpha particle emissionswere detected in the mud (Paas 1953). The locations

of the shorelineradiationsurveys are shown in Plate 2.

8.2.1 Survey of 1959

A shorelinesurvey was conductedduringMarch and April of 1959 to cor-

relate a new sensitivescintillatorfor the measurementof gamma dose rates
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from reactor effluentin the Columbia River. The river dischargewas approxi-

mately in the range of 100,000to 125,000cfs. Survey resultswere reported

by McConiga and Rising (1959).

The survey combined scintillatorreadingswith pulse pencil and portable

instrumentreadingstaken along the river from 1.5 miles upstreamof the reac-

tors to about 57 miles downstream. Gamma pulse pencils, in sets of five, were

placed 3 feet above the ground on stakes on both shorelinesat each survey

river mile beginningat 1.5 miles above the reactorsto 20 miles downstreamof

that point. From the 20-milepoint, pencilswere placed at each mile on

alternateshores. At least one group of pencilswas placed on each island,

but the exact locationswere not described.

Scintillatormeasurementstaken from a boat over effluentbubblesvaried

from 0.6 to 1.8 milliroentgensper hour (mR/h)to a maximum of 2.5 mR/h with

the scintillatorheld outsidethe boat. At 6 miles below the reactors,dose

rates decreasedto about 0.06 mR/h through the boat and 0.1 mR/h outsidethe

boat. Shorelinereadings from the pencilsindicateda dose rate of 0.1 mR/h

to Richland and on some islands. A readingof 15 mR/h was measured on IO0-D

Island. The Pasco pumpingplant and SacajaweaPark recorded 0.022 mR/h and

0.018 mR/h, respectively. Backgroundwas about 0.018 mR/h accordingto the

authors.

8.2.2 Survey of 1961-1962

During 1961 and 1962, three surveyswere conductedto determineaverage

exposure rates on beachesand islandsfor 33 locationsbetweenRingold and

Richland (McConnon1962). (Samplinglocationsare shown on Plate 2.) The

locationswere chosen for their attractivenessto swimmers,sunbathers,and

boaters. The surveyswere conductedin July 1961, early October 1961, and

late March 1962. The river dischargeat the time of the July surveywas

approximately175,000cfs followinga June peak of approximately500,000 cfs.

By October, the dischargewas reduced to 60,000 cfs, and by the end of March,

the dischargewas about 50,000 cfs. Measurementswere taken in approximately

the same areas during the first two surveys. For the third survey,measure-

ments were repeatedfrom Ringold to the 300 Area, but emphasiswas placed on

areas opposite Richland.
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Four types of radiationdetection instrumentswere used: I) a portable

Geiger-M_ller(GM) de_ector for extent and intensityof contamination,2) a

40-1iter ionizationchamber for extremelylow exposurerates, 3) a 5-inch

plastic scintillationdetector for exposurerates in boats, and 4) small "pen-

cil" ionizationchambers for measuring integratedexposure rates over a l-week

period per location. The small pencil instrumentswere used both on the

shorelineand in the water. At shorelinelocations,they were placed at

ground level and 3 feet above ground to measureexposure from either lying or

standingon the beach. Pencilswere also submergedin 4 to 8 feet of water

about 10 to 15 feet offshoreto estimateexposurerates from swimming.

The July results showed beach activity levels from about 200 counts per

minute to a maximum of BOO countsper minute (portableGM detectors). The

highest readingswere on the upper half of IslandZ; however, there was not a

consistentdecrease downstreamnear Richland. The contaminationwas not

associatedwith scatteredparticlesbut seemed to be spread uniformlyover the

surveyed surfaces. The pencil results indicatedground-levelrates ranging

from 0.06 to 0.19 mR/h with levels at the 3-foot height being about half the

ground values. Pencil instrumentssubmergedoffshore indicateda range from

0.05 to o.og mR/h. The 40-1iter chambershowed exposure rates slightly higher

than the pencil instrumentsand a lack of any distinctchange downstreamnear

Richland (McConnon1962).

During the October survey,measurementswere taken on beaches that had

been submergedduring the July survey;the rates were significantlyhigher.

The GM detector recordedmeasurementsas high as 5000 counts per minute. The

40-1iterchambermeasured a maximum value of 1.1 mR/h. The pencil range at

ground level was from 0.06 to 0.21 mR/h, with the exposurerate in water about

twice that in July. There was no significantdecreasedownstreamnear

Richland (McConnon1962).

The March survey focusedmore on the shorelinesfrom the 300 Area to

Richland. The measurementstaken with the GM detectorsand the 40-1iter

chamber indicatedno substantialincrease in exposureover the October

survey. Sand samples from five locationswere analyzed for the contributing
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radionuclides. The major contributorswere zinc-65 and chromium-51in

approximatelyequal amounts,with neptunium-239and lanthanum-140contributing

to a lesser degree.

8.2.3 ShorelineSurveysReported in 1966

Two shorelinesurveyswere reported in 1966. (Samplinglocationsare

shown on Plate 2.) The first survey includedspecificlocationsfrom Vernita

Ferry Landing (upstreamof the reactors)to SacajaweaPark at the Snake River

confluence. The second survey was of the reactorareas and extended from the

IO0-B reactor (RM 384) to White Bluffs (RM 370).

Vernita Ferry Landinqto SacajaweaPark Survex

This survey,reported by Grande (1966),is dated January 31, 1966,

but may have been conductedsometimein 1965. No specific survey date is

mentionedin the report. However,most of the report is concernedwith a

comparisonbetweencounting instruments.

For each site along the shoreline,gamma activitymeasurementswere

taken at the beach surface and at elevationsof 3 feet and 5 feet above the

surface. At each site, three locationswere chosen: I) near the maximum

flood level, 2) the maximumweekly flow level, and 3) the water line existing

at the time of measurement.

Based on the initialGM detector survey of the general areas in ques-

tion, the highest readingswere measured at the river side of the Hanford

slough and the north shore of the old Hanford Ferry Landing (Plate 2). Read-

ings taken from mossy rocks at these locationsranged from 1000 to 3000 counts

per minute with a maximum of 15,000counts per minute. The readings remained

in this range from the reactorlocationsto the 300 Area but decreaseddown-

stream from that point to 250 counts 9er minute at Richland and 150 counts

per minute at the Finley lagoon (oppositethe Snake River confluence).

Counting rate normallydecreasedrapidlywith increasingdistance and

height from the shoreline,except for one location. At a point in the Hanford

slough,the activitylevel increasedfrom 150 counts per minute at the surface
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to 400 counts per minute at heights of 3 to 5 feet. This increaseis

attributedto improvedgeometry for the gamma radiationoriginatingat the

shorelineand river.

Vegetationthat received irrigationwater from the river at least once

per year showed a significantconcentrationof radionuclides(200to

1000 countsper minute). Readingsat the water edge at Ringoldranged from

1000 to 3500 counts per minute.

The major contributorto exposurerates was zinc-65, with small addi-

tional contributionsfrom sodium-24and chromium-51. Accumulationsof radio-

nuclides were found mainly in algae, among the rocks, and on native shoreline

vegetation (Grande1966).

ReactorAreas Survey

This second survey,reported by Lodge (1966),was conductedin March and

April 1966. This extensiveGM detector survey extendedfrom the IO0-B reactor

(RM 384) to White Bluffs (about RM 370). The reactorfarthestdownstream,

tOO-F, is at RM 369 (Plate 2). Measurementswere made at the water line, the

daily water elevation,and the annual high-watermark of 44 locationson the

reactor Shore, 25 far-shorelocations,and 12 island locations. For compari-

son purposes,an aerial survey (overflight),using a sodium iodide scintil-

lation crystal,was conductedconcurrentlywith the GM detector survey.

The objectivesof the survey were to determineshorelineradiological

conditions,check instrumentation,and determinemajor contributingradio-

nuclides (Lodge 1966). Radioactivitylevels were highestat the water line on

the islandsopposite and below the IO0-D Area. Maximum shorelinereadings

were observedalong the reactor side of the river just below the IO0-K Area

and again below the IO0-N Area. On the far shore, backgroundlevels were

measured as far downstream as the IO0-D Area. Betweenthe IO0-D Area and

White Bluffs,the readings increased,with the highest at the bluffs. The

maximum spot activitylevel was 78,000 countsper minute at the downstreamend

of IO0-D Island,and a maximum shorelinelevel of 12,000 countsper minute was

found on the next islanddownstream (IslandE). The locationsof these maxima

are most likely the result of leaks from the combined IO0-D and tOO-DR
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perforatedoutfallline extendingacross IO0-D Island. For the reactorshore-

line, the water-linemaximumlevels ranged from 100 to 4000 counts per minute;

the daily wet-linemaxima ranged from 100 to 1000 counts per minute; the

annual high-watermaxima ranged from 100 to 350 counts per minute. The major

contributingradionuclideswere zinc-65;chromium-51;manganese-54,56;and

scandium-46.

8.2.4 Post-Reactor-ShutdownSurveys

Two shorelineradiationsurveyswere conductedafter the shutdownof the

eight once-through-cooledreactors. The purposeof these surveyswas to

assess the associationof radionuclideswith sedimentsin the river system.

The first of these two surveyswas reported in 1975 and includeda detailed

aerial radiationsurvey flown March 26 and April 28, 1974. The survey also

includedanalysisof sedimentsamples from the shoreline,island,and slough

areas shown in the aerial surveysto have the highest activity levels and

analysis of sedimentcores from Priest Rapids (background)and McNary dams

(Fix 1975). The aerial survey was conductedalong the Hanford reach, from the

vicinity of the VernitaBridge to severalmiles below the Snake River conflu-

ence. An additionalaerial survey was includedfor severalmiles downstream

of McNary Dam.

The highestactivitylevels were found along the slough north of the old

Hanfordtownsite and in the slough betweenIO0-D and IO0-H reactors. Radia-

tion levels in the slough north of the old townsite included0.022 mR/h (maxi-

mum survey reading)from cobalt-60and 0.001 mR/h from cesium-137. Radiation

levels in the slough between IO0-D and IO0-H were 0.014 mR/h from cobalt-60

and 0.003 mR/h from cesium-137. Similaractivitylevels were measuredalong

the IO0-F Area slough and on the islandsupstreamof the 300 Area downriverto

those adjacentto Columbia Park. The radiationlevels were highly variable

and indicateno decrease in activitydownstream.

A 22-inch-longcore taken somewherealong the reactor shore at Hanford

indicatedthat the primary radionuclidescontributingto exposurerates were

cobalt-60,cesium-137,and europium-152. Also presentwere manganese-54,

cobalt-58,zinc-65, ruthenium-t06,cesium-134,cerium-144,and europium-154.
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Analysis of cores from McNary reservoirshowed that the maximum activitywas

from europium-152,cobalt-60,and zinc-65,with contributionsfrom

scandium-46,manganese-54,and cesium-137.

The second post-shutdownsurvey was conductedduring the spring and

summermonths of 1979 and reportedby Sula (1980). The survey area included

shorelinesand islandsbetweenthe uppermostpoint of reactordischarge

(tOO-B)and the confluenceof the Snake River, almost a 60-milelength of

river. From these measurements,three basic types of contaminationwere

identified: I) a uniformlayer of contaminationover the entire area,

2) areas of higher contaminationreferredto as "contaminationdeposits,"and

3) discreteparticlescontainingcobalt-60.

Uniformlydistributedcontaminationconsistedof a constant level of

radiation,slightlyhigher than background,that extended from IO0-B to the

Snake River. The averageexposurerate was 11 ± 3 microroentgensper hour

(pR/hr);the backgroundradiationlevel was 7 ± I _R/hr. This slightlyhigher

exposure rate was attributedto cobalt-60and europium-152everywhere,with

cesium-137contributingat the IO0-N Area and on the Hanfordtownsite penin-

sula. There was no downstreamdecrease in activitylevels.

Contaminationdeposits,exhibitingexposure rates that were signifi-

cantly higher than the uniformcontaminationrate, were locatedthroughoutthe

reach. Ninety-twoareas exhibitedexposure rates exceeding25 _R/hr. These

areas were attributedto the presenceof contaminatedsedimentsthat had been

concentratedby river processes. The areas ranged from a few square meters to

severalthousand square meters, usuallyin dense vegetation. The highestcon-

taminationdepositswere at the White Bluffs slough area (40 pR/hr), the

Hanford townsitepeninsula (45 pR/hr), and the island at RM 344 near the

300 Area (38 pR/hr). The remainingcontaminationdepositswere in the 25- to

30-_R/hrange and appeared to be evenly distributedover the survey area.

Samplesof soil and vegetationindicatedthat the radionuclidesin the

depositsconsistedof a mixture of cobalt-60,cesium-131,and europium-152in

approximatelyequal proportions.

Discreteparticlesof contaminationcontainingcobalt-60were found

along the river, with the highestconcentrationson the group of islands
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betweenIO0-D and Locke Island. Locationswith the greatest number of

particleswere the island at RM 375 (below IO0-D Island);the IO0-F Area flood

plain; and the islandsat RM 367, RM 353, and RM 350. The particlestended to

decrease in number downstreamand were found both in flat, rocky, unvegetated

areas and above the daily high-waterlevel. The particleswere metallic

flakes,possibly fragmentsof stellitevalve and pump componentsused in

productionreactors. Fourteenparticleswere recoveredand found to contain

from 1.7 to 24 pCi of cobalt-60.

8.3 DOWNRIVERTRAVEL TIMES

In 1955, Hanford scientistsbegan studiesto determinedownstreamtravel

times of reactoreffluent releasedto the Columbia River. The primary reason

for the studies,accordingto the initialreport on the studies (Soldat1956),

was the problemof evaluatingthe hazardsresultingfrom the dischargeof

radioactiveeffluent and the subsequentconsumptionof river water in cities

downstreamof Hanford. Knowledgeof travel time was requiredto establish

decay correctionfactorsfor river water samplescollectedfor monitoringand

to determinewhat samplingtimes at downstreamlocationswould represent

specificHanfordoperatingconditions.

The initialapproachto determiningthese travel times was to use a sys-

tem of river surfacefloats with the objectiveof measuringthe minimum travel

time to various points downstreamfor a range of river discharges. The tests

were confinedto the reach from the reactorsto Pasco. Two types of floats,

rod floats and cork floats,were used. In either case, most of the float was

submergedjust below the surfaceto reduce the effect of wind. Beginning in

April 1955 and ending in August 1955, intermittenttests were conductedfor

river dischargesranging from 86,000 to 360,000 cfs. The study results

provided a minimum travel time to the Pasco-Kennewickarea of 22.4 hours at

90,000 cfs and 11.2 hours at 360,000cfs. Becauseof the backwatereffectsof

the McNary reservoir,these travel times were longerthan those possibleunder

the free-flowconditionsthat existeduntil dam construction.

During the next 5 to 6 years, the travel times were slightlyrefined to

providemore detail and improvedgraphicalpresentationof the information
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(Soldat1962a). Comparisonswere made betweendata collectedby the U.S. Army

Corps of Engineersand by Hanfordcontractors;data were also comparedwith

resultsfrom a mathematicalequation used to calculateflow times.

During 1964, studieswere conductedto determinedownriverflow times

from the reactorsto any point downstreamas far as Astoria, Oregon (Nelson,

Perkins,and Haushild 1966). These studiesused two tracer methodsto deter-

mine the travel times. One method used the decay of sodium-24 (15.0 hours) as

an index of travel time to variouspoints downstream. The other method,which

was used simultaneously,measured the time requiredfor a "peak" of iodine-131

activityto reach the locations. Measurementswere made during January and

July 1964. The resultswere tabulated(Table8.1) from the reactorsto

Vancouver,Washington,for low, intermediate,and high dischargesto the

ColumbiaRiver and from the reactorsto Astoria,Oregon, for very high dis-

chargesto the river.

TABLE 8.1. Travel Times of Peak Concentrationsin the ColumbiaRiver from
IO0-D Reactor (RM 377.6) to Various DownstreamPoints,Measured
During July 1964

Intermediate

Low Discharqe Discharqe Hiqh Discharqe Ver,yHiqh Discharqe

Downstream River Time Discharge_ Time Discharge3 Time Discharge_ Time Discharge_
Point Mile (days) (cfs x 10_) (days) (cfsx 10 ) (days) (cfs x 10_) (days) (cfs x I0_)

Pasco 330 1.0(a) 65 0.67 173 0.48(a) 309 0.43(a) 432

Finley 324 i.6 66 ..................

Umatilla 290 6.0 89 2.6 222tbj"" 1.7 560tbj'' 1.3 624(b)

Biggs 208 7.9 95 ..................

The Dalles 191 9.5 102 4.6 209 2.5 577 2.3 627

Hood River 170 10.7 105 ..................

Vancouver 107 14.6 106 7.2 192(c) 3.7 585(c) 3.6 627(c)

Astoria 14 .................. 5.7 657

(a) Estimatedfrom Soldat (1962a).
(b) IncludesSnake and Walla Walla rivers.
(c) Upstreamof WillametteRiver.
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9.0 MONITORINGAND STUDIES BY OFFSITEAGENCIES

ReportsregardingColumbia River and coastalarea contaminationby

Hanfordreactor releaseshave been produced by state and federal agencieswith

specific interestsin the river. These agenciesincludedthe states of

Washingtonand Oregon and their state universitieswith marine sciencepro-

grams and laboratories(Universityof Washingtonand Oregon State University).

Two federalagenciesprovided radiologicaldata and informationfor the

Columbia River system: the USGS and the USPHS under the U.S. Departmentof

Health, Education,and Welfare. The USGS conducteda lengthyand comprehen-

sive study of sedimentand radionuclidetransportin cooperationwith Hanford

Site contractors. The USPHS conducteda water-qualitysamplingprogram to

obtain a database for evaluatingthe effectsof McNary Dam on the Columbia

River. Results of this programalso includedata on radioactiveeffluent

releasesfrom Hanford. Althoughthe USPHS programwas called a water-quality

study, a significantnumber of biota sampleswere collectedand analyzedfor

activity levels.

9.1 STATE OF WASHINGTON

During 1961 and 1962 and 1969 through 1976, samples of biota, water, and

sedimentwere analyzed for concentrationsof certainradionuclides. Biota

consideredwere clams, oysters,and crabs. Sampleswere collectedat several

locationsalong the ColumbiaRiver and the Washingtoncoast.

A radiologicalsurveillancewas conductedfrom September 1961 to April

1962 by the WashingtonDepartmentof Health (1962)for statewideriver

systems. Only gross gamma and gross beta measurementswere made, and no

specificradionuclideswere identified.

Reports by Mooney (1970, 1972, 1974, 1975, 1976) present the resultsof

radiationsurveillances. These reportspresent resultsof a continuingpro-

gram documentingthe significantreductionof radioactivitylevels in the

ColumbiaRiver during the systematicshutdownof the original Hanfordproduc-

tion reactors. The radionuclidesconsideredwere zinc-65,chromium-51,

phosphorus-32,and scandium-46. Most of the concentrationswere relatively
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low (i.e.,below a certaindetectionlevel or not analyzed). This was true

for both the water column and the biota (e.g.,oysters, salmon,halibut).

From 1977 through 1987, water column and sedimentsampleswere analyzed

for tritium, strontium-90,and some gamma emitters. The sampleswere col-

lected from two locations: the HanfordSite and the Columbia River in the

vicinity of the Trojan Nuclear Plant. For the gamma emitters,concentrations

either were generally below specificdetectionlevels or were not analyzed.

The primary radionuclidesin the river were tritium and strontium-g0. The

report by Mooney (1977) shows a range of less than 200 to 430 picocuriesper

liter (pCi/L)of tritium for the ColumbiaRiver at Richlandfor the months of

April, May, and June 1977. A strontium-90compositefor the same period at

Richlandwas 0.23 pCi/L. Tritium activity for the ColumbiaRiver at Longview,

Washington,varied from less than 200 to 410 pCi/L. Similar resultswere

documentedfor the years up through 1987. The resultswere listed in tables

and presentedgraphically. However,the descriptionof methods used is

incomplete.

9.2 UNIVERSITYOF WASHINGTON

Reportsfrom the Universityof Washingtonwere publishedfrom 1960

through 1970. Radionuclideconcentrationswere determinedfor the water

column, sediment,and severalspeciesof biota. Zinc-65was the primary

isotopeconsidered. Others were chromium-51,phosphorus-32,scandium-46,

potassium-40,and severalothers to a very limitedextent. The sample

locationswere the coastal areas of Washingtonand Oregon, includingPuget

Sound. Specific locationswere North Head (just north of the Columbia River

mouth), Willapa Bay, and Hood Canal, all in Washington.

No regularmonthly or yearly monitoringprogramswere carried out by the

Universityof Washington. Although all the studieswere conductedby the

Laboratoryof RadiationBiology and the Departmentof Oceanography,each has

its own small and restricteddata set. Radionuclideconcentrationsin the

water column and sedimentwere determinedprimarilyto supportanalysis of

variousspecies of biota (e.g.,plankton,shellfish).

9.2



Studiesof radioactivityin planktonwere conductedfrom 1961 through

1963 and reportedby Seymour,(a)Seymourand Lewis (1964),and Lewis and

Seymour (1965). The samplinglocationswere along the Washingtonand Oregon

coastlinesand Puget Sound. The radionuclidesof primary interestwere

zinc-65 and chromium-51. Seymour(a)reportedthe range of zinc-65concen-

tration in plankton sampledin 1961 to be from 6 to 980 picocuriesper gram

(pCi/g)dry weight. Seymour and Lewis (1964)reportedmaximum concentrations

of zinc-65 in plankton as rangingfrom 110 to 1300 pCi/g dry weight.

Naidu (1963)reported on zinc-65concentrationsin Willapa Bay oysters

based on samplesgatheredduring February,April, May, and June 1963. Con-

centrationsof zinc-65 ranged from 450 to 618 pCi/g dry weight. The corre-

spondingrange for Willapa Bay planktonranged from 33.8 to 448 pCi/g dry

weight. Concentrationsin the mud ranged from 2.69 to 7.49 pCi/g dry weight.

The data analysisand discussionpresenta reasonablycompleteassessmentof

zinc-65 in WillapaBay for the short period of sampling.

Isakson(1969) studiedphosphorus-32activity in biota at North Head on

the Washingtoncoast near the mouth of the ColumbiaRiver. The sampling

period was from October 1965 to September1966. Most of the data are pre-

sentedgraphicallyfor tissue from clams,mussels, barnacles,anemones,and

algae. The data analysis and discussionpresenta detailed assessmentof

phosphorus-32activity for this location.

The most significantpublicationfrom the Universityof Washington is a

text edited by Pruter and Alverson (1972),The ColumbiaRiver Estuary and

Adjacent PacificOcean Waters. The book editorswere from the National Marine

FisheriesService (U.S. Departmentof Commerce). Many of the reports are from

the Universityof Washington and Oregon State University. Others are from the

National Marine FisheriesService,BattelleMemorial Institute,and the USGS.

The text contains 34 papers on the biologicaland chemicalcharacteristicsof

the estuary and coastalareas, includingseveralpapers on sediment;most of

the informationconcerns biologicalstudies. Nine of the papers

(a) Progressreport prepared by A. H. Seymour, 1961, Laboratoryof Radiation
Biology, Universityof Washington,Seattle,Washington.
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(Chapters25-33) deal with radionuclidesin the estuary and coastal system.

The primaryradionuclidesinvestigatedare zinc-65, chromium-51,scandium-46,

and phosphorus-32. Only six of the papers contain data of potentialuse for

estimatingdose. Most of the concentrationsare associatedwith biota from

the estuary bottom and coastal shelf,although some water column and sediment

concentrationsare presented. The Ireportedstudiescover the period from 1960

to 1969. The most importantcontributionsare the analyses and discussionsof

the Columbia River estuarineand coastalarea processesand how they distrib-

ute radioactivity.

9.3 STATE OF OREGON

The Health Division of the Oregon State Board of Health initiateda

study in June 1961 to identifyand monitor the activity levels of neutron

activationand fissionproduct radionuclidesin the lower Columbia River and

Oregon coastalareas. The primaryconcernwas the continualrelease to the

Columbia River of radionuclidesin the coolingwater effluentof the Hanford

reactors. The objectiveof the study was to determinethe extent of the

distributionof the radionuclidesand their uptake by biologicalorganisms and

sediments. The work was supportedby a contractwith the Division of Radio-

logicalHealth of the USPHS,with supportingfunds from the Oregon State Board

of Health. When the contractexpiredon July 31, 1967, the Oregon State Board

of Health continuedto maintain the programto serve three purposes: I) to

establisha continuousbackgroundof radiologicaldata to be used in assessing

radioactivityfrom future nuclearpower installationson the lower Columbia

River, 2) to monitor the changes in levelsof radioactivityresultingfrom

reactor shutdownsat Hanford, and 3) to provide a basis for evaluating

radionuclideintake of individualsconsumingfish, shellfish,and other

Columbia River foods containingradioactivity.

The state'soriginal upstreamsamplinglocationwas the John Day Dam

site (RM 215.6),but its use was discontinuedin November 1963 because of

fillingoperationsand constructionextendingdownstreamfrom the dam (Fig-

ure 9.1). After 1963, The Dalles Dam (RM 191.5) was the upstream sampling

location. The other ColuMbia River locations,in downstreamorder, were
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FIGURE 9.1. Columbia River and Coastal Sampling Locations for 1961 Through
1967 Studies by the State of Oregon (Toombs and Cutler 1968)

Rooster Rock State Park (RM 128.4), Goble (RM 74.0), Beaver Army Terminal

(RM 53.6), and Astoria (RM 13.7), all in Oregon.

Oregon coastal locations (in miles below the mouth of the Columbia

River) were Seaside (28 miles), Cannon Beach (35 miles), Nehalem River jetty

(50 miles), Tillamook Bay (62 miles), Agate Beach-Yaquina Bay (140 miles), and

Coos Bay (260 miles). The river and coastal locations and the type of sam-

pling conducted at each are mapped in Figure 9.1.
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The results of the study are documented in reportsby Toombs and Cutler

(1968) and Toombs and Paris (1978). The 1968 report,coveringthe period

from 1961 to 1967, states that 10 radionuclideswere detected using gamma

spectrometryand radiochemicalprocedures. Zinc-65,chromium-51,and

phosphorus-32were of specialconcernbecause of their abundanceand biologi-

cal significance. The highestlevels were found in sedimentsand algae. The

most widely distributedradionuclide,zinc-65,was found in significantcon-

centrations,especially in edible shellfish. Activity levels of zinc-65 and

chromium-51in water and sedimentfrom the Columbia River for 1962 through

1967 are shown in Table 9.1. Activity levels of zinc-65 in water, sediment,

and shellfishfrom Oregon coast locationsfor )962 through 1967 are shown in

Table 9.2.

From 1967 to 1977, studiescontinuedmuch as they had been conducted

from 1961 to 1967, except for special studiesconductedin the vicinityof

TillamookBay in 1970 and 1971 because of the potentialfor exposure of

coastal residentsthroughseafood. The locationsand type of sampling are

shown in Figure 9.2.

Radiologicaldata were also reported in a set of data tables in a sur-

veillancereport for selectedrivers in Oregon (OregonState Departmentof

Human Resources 1985). The surveillancecoveredfrom 1961 to 1983 for the

Columbia,Snake, Willamette,and Klamath rivers,and the coastal river system.

For the ColumbiaRiver, six monitoring stationswere used (McNaryDam,

The Dalles Dam, RoosterRock, Cascade Locks, BeaverArmy Terminal, and

Astoria). The stationswere not alwaysmonitoredover the entire period; the

samplingfrequencywas usuallyquarterlyfor each year, but sometimesless

frequent. Water, sediment,and algae were sampled. The surveillancemeasured

gross alpha, gross beta, tritium,phosphorus-32,zinc-65, and chromium-51.

However, not all sampleswere analyzed for each radionuclide,as shown by

numerous NA (not analyzed)notationsin the data tables. This patternmay

indicatea selectivesample analysis at each location,as the notationsare

not consistent for any radionuclide.
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FIGURE 9.2. Columbia River and Coasta] Samp]ing Locations for 1967 Through
1977 Studies by the State of Oregon (Toombs and Paris 1978)

9.4 OREGONSTATE UNIVERSITY

Oregon State University did not conduct ]engthy continuous monitoring

programs, and therefore, no ]arge or comprehensive databases were developed.

Potentia]]y usefu] data are found in sma]] quantities, usua]]y concerned with

one type of fish or she]]fish or with a particu]ar location or phenomenon.

Host of the reports and fie]d programs represent limited or individua]

studies; many supported student dissertation work. In addition to disser-

tations, these st,ldies a]so resulted in a number of journa] artic]es and
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symposiumproceedings. The basic purposesof the studiesvaried. There was a

considerableamount of interest in the dispersionof the ColumbiaRiver plume

along the coastalareas and seaward. Coupledwith the plume dispersionwas

the affinityof certain commercialfishes for radionuclides. In at least one

case, a secondaryobjectivewas to use the uptake of radionuclidesto dif-

ferentiatesalmon of Asiatic stock from those of North American stock.

Determiningthe decrease of radioactivityin fish and benthicmarine life with

distancefrom the river mouth was anotherobjective.

For this review and discussion,the reportswere grouped into two gen-

eral locations: the ColumbiaRiver and estuary, and the coastlinewith adja-

cent ocean areas. Within these two basic groups, the reports and articles are

separatedinto specificsubjects for review purposes.

9.4.1 Col_mbia River and Estuary

There were several studiesof ColumbiaRiver water, sediment,and the

associationof sedimentwith radionuclides,excludingthe biologicalregime of

the river. The studiesextended as far upstream as The Dalles Dam and down-

stream to the river mouth, with most of the work being conductedin the

estuary. The major radionuclidesinvestigatedwere chromium-51and zinc-65

over the period from 1963 to 1968. The study objectiveswere, collectively,

to test methods of radionuclidemeasurementin water and sediment,to deter-

mine the chemistryof chromium-51in river water (includingits relationship

with salinity),to identifythe associationof zinc-65with sediment,and to

determinethe forms (dissolvedor particulate)of chromium-51and zinc-65 in

transport. Most of the data are displayedin graphic form, with very few

actualdata points listed. The importanceof these reports is in the study of

specificprocessesand testingequipment. Reports and dissertationslisting

data or informationof potentialuse for estimatingdose are those by Cutshall

and Osterberg (1964);Forsterand Guthrie (1968);Hanson (1967);Jennings

(1966);and Larsen, Renfro,and Forster (1968).

The studies investigatingthe uptake of radionuclidesby biota were pri-

marily concernedwith using the presenceof radionuclidesto attain a better

understandingof the physical,chemical,and biologicalphenomenataking place

(radionuclidetransfer throughthe food web), plus the effects of the Hanford
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productionreactors being shut down. The radionuclidesin questionwere

zinc-65,chromium-51,and, to a lesser extent,scandium-46and manganese-54.

The period of samplingextends intermittentlyfrom 1963 to 1971. Data in the

reportsare mostly pre_entedin graphicalform. Tabulateddata that may be

useful are sparse. The biota investigatedincludedalgae, rooted vegetation,

variousfreshwaterfish, crab, and starryflounder. Reportsproviding

potentiallyuseful data are by Johnson, Cutshall,and Osterberg (1966)and

Renfro (1966).

9.4.2 Coastal and Ocean

Studies in the coastalzone and adjacentocean areas investigatedthe

directionalmovement and areal extent of the Columbia River plume and its

effecton the food web. Radionuclidesof interestwere zinc-65 and

chromium-51,with some i_terestin manganese-54and certain radionuclides

derived from fallout (from sourcesother than Hanford). The study period

extends from 1961 to 1970. A majority of the field studies focusedon

radionuclideconcentrationsin biota,with limitedemphasis on water column

concentrationsand sediment. The decrease in activitylevels with distance

from the river mouth and coastalareas was of interest. Many of the species

of biota sampledwere noncommercial(e.g.,starfish,and others). The samples

were gathered from variousdistancesseawardalong the coastal shelf and used

as "tracers"for the variousradionuclides.

Columbia River Plume

The dispersionof the Columbia River plume was studied using chromium-51

and salinity as tracers (Frederick1967a, 1967b). Water sampleswere col-

lected at the surfacealong Washington and Oregon coastalareas and analyzed

for salinity and concentrationsof chromium-51. The salinityand chromium-51

concentrationswere then used to define the directionof dispersionof the

winter and summer plumes,as shown in Figures9.3 and 9.4, respectively.

Within the boundary of the samplingpattern,the winter plume tended to hug

the Washington coast and the summer plume dispersedalong the Oregon coast in

a slightlyseawarddirection.
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A subsequentstudy by Pearcy and Forster (1968)analyzedthe concentra-

tion of zinc-65 in biota (pelagicanimals)relative to the plume boundaries.

Samples of biota and water were collectednear the surfaceto about a 5-meter

(16.4-foot)depth. Resultsindicatedthat concentrationsin the biota roughly

correspondedto those in the plume water; that is, concentrationsin both were

higher near the origin of the plume at the mouth of the river.

Three earlier studiesused zinc-65in variousspeciesof biota to

evaluatethe decrease in radioactivitywith distance from the mouth of the

Columbia River (Osterberg1962; Pearcy and Osterberg 1963; Mellinger 1966).

Osterberg's(1962)results indicatedthat zinc-65is a reasonablygood tracer

for the Columbia River plume, and a significantamount of informationregard-

ing radionuclidecontentof marine biota off the Oregon coast is provided in

the report. The other two reportsevaluatemuch smallerdata sets.

RadionuclideConcentrationsin Tuna and Salmon

A study of radioactivityin tuna livers was reportedby Pearcy (1966)

and Pearcy and Osterberg (1967). The radionuclidesidentifiedwere zinc-65

and manganese-54. The study periodwas from 1962 to 1966, with sampling

locationsextendingfrom offshorenorthernOregon southwardto Baja

California. Data tabulatedby Pearcy and Osterberg (1967) indicatethat, for

the northernOregon area, the ranges of zinc-65concentrationsin pCi/g of

liver ash were 283 to 1050 pCi/g in 1963, 224 to 733 pCi/g in 1965, and 159 to

1067 pCi/g in 1966. For the southernOregon area, the zinc-65concentrations

were 39.8 to 133 pCi/g in 1963 and 32b to 729 pCi/g in 1964. The one 1964

sample from the Baja Californiacoast yielded a concentrationof 46.4 pCi/g.

The concentrationsof manganese-54were much lower,ranging from 3.6 to

88.6 pCi/g in all areas considered.

Radioactivityin Pacificsalmonwas studiedduring 1964 and 1965. The

initialfindingswere reportedby Kujala (]965),followed by brief reports by

Kujala and Forster (1968) and Forsterand Loeffel (1968). The study by Kujala

(1966)analyzed salmon for zinc-65and manganese-54at 10 locationsfrom

BristolBay, Alaska, to Eureka,California. The range of concentrationsfor

zinc-65 (in pCi/g dry weight) in chinooksalmon was from I_77 (BristolBay,

Alaska) to 81.87 (Eureka,California). For sockeyesalmon,the range was 0.86
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(BristolBay, Alaska)to 5.52 (BarkleySound, Canada). Sockeye salmon were

not caught south of Canada. For coho salmon,the range was 3.61 (Cook Inlet,

Alaska) to 59.28 (Depoe Bay, Oregon). All valueswere reported as averages

for each location. The concentrationsof manganese-54were much lower,with a

maximum averagefor all salmonof 8.8 pCi/g dry weight.

The concentrationsof zinc-65 in a "tagged"salmon study by Forsterand

Loeffel (1968)were given for two locationson VancouverIsland,Canada, and

three locationsoff the coast of Alaska. Zinc-6Sconcentrationsfor the

VancouverIsland salmon ranged from 339 to 518 pCi/g of ash; for the Alaska

locations,from 7.3 to 450 pCi/g.

9.5 U.S. GEOLOGICALSURVEY

During the early 1960s, the USGS began a series of studiesto investi-

gate the role of river sediment in the uptake and transportof radionuclides.

The work was conducted in collaborationwith the U.S. Atomic Energy Commission

(USAEC)and Hanford Site contractors. The length of river involved extended

from the vicinity of Pasco to Longview,Washington,just upstreamof the

Colun_biaRiver estuary. The overallobjectiveof the studieswas to determine

quantitatively,to the extent possible,the transportand dispositionof

Hanfordradionuclidesin and along the ColumbiaRiver. Specific studies

addressedthe uptake and releaseof radionuclidesby river sediment,the

transportrates of certainradionuclides,and the inventoryof radionuclides

in riverbed sediments. This effort followed initialstudiesconductedat

Hanfordduring the 1950s. The field work for the cooperativestudies began in

1962 and continued intermittentlyto 1966. Preliminaryreportswere prepared

during the 1960s by the USGS and General ElectricCompanyuntil 1964 and by

PacificNorthwestLaboratoryafter 1964. The final resultswere not published

until the early 1970s.

9.5.1 InitialStudies at Hanford

During 1956 and 1957, an attemptwas made to assess the magnitudeof

radionuclideuptake by sedimentbetween the reactorsand McNary Dam. The

resultsof this effort were reportedby Nielsen and Perkins (1957). Quan-

tities of certainradionuclidesin reactoreffluentwere measured at the
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reactorsand downstreamin an attemptto obtain an estimate of sedimentuptake

along the Hanford reach. Each reactorbasin was sampledfor a period of 2 to

3 days in November 1956 and March 1957. The river at Pasco was sampleddaily

starting I day later to allow for travel time. In the first 50 miles below

the reactoroutfalls,about half of the sodium-24and copper-64;two-fifthsof

the arsenic-76;one-thirdof the phosphorus-32,zinc-65, and neptunium-239;

and one-fifthof the chromium-51were lost. The authorsassumed that the net

reductionin activity levels,after allowancesfor travel time (decay),

resultedfrom uptake by sediment.

Nielsen and Perkinsalso conducteda depletionstudy for the reach

betweenPasco and Vancouver. Concentrationsof phosphorus-32,chromium-51,

zinc-65,and neptunium-239were measured in samples from 12 stationsduring

3 days in January 1957. Depletionof phosphorus-32and chromium-51averaged

15%, while depletion for zinc-65was 65%.

The general conclusiondrawn from these studieswas that accumulationin

sedimentmay accountfor a large part of the depletionof radionuclidesfrom

the water column, althoughNielsen and Perkins'resultswere only repre-

sentativeof the conditionsduring sampling. Also, the conclusionthat

zinc-65 and chromium-51were the major radionuclidesin river sedimentswas

based on one sample taken from behind McNary Dam. That sample contained

357 x I0-6_Ci/g of zinc-65,87 x I0-6_Ci/g of chromium-51,and 5 x I0"6_Ci/g

of cobalt-60.

9.5.2 U.S. GeologicalSurveyCooperativeStudies

The resultsof these studieswere first publishedin severalHanford

documentsand USGS open-filereports. These were mostly progressreports that

includeddiscussionsof results to date and supportingdata. The final

resultswere publishedin a seriesof USGS professionalpapers that included

all data from field samplingtabulatedin appendixes.

InterimHanford and USGS Reports

The first progress report presentedpreliminaryresults on the inventory

of radionuclidesin the river and the processesof sorption and releaseof

radionuclidesby sediment (Nelson,Perkins,and Nielsen 1964). The
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radionuclidesof importancewere zinc-65,chromium-51,scandium-46,cobalt-60,

and manganese-54. Although the study team realizedthat core samplingwas the

most direct way to obtain an inventoryof streambedradionuclides,they also

knew that hundredsof sampleswould be requiredfor a comprehensivesurvey.

Therefore,an alternativeapproachwas agreed upon that involvedsampling

water and sediment (suspendedand bed material)at specificlocations.

Beginningin July 1962 and continuinguntil September1963, water,

suspendedsediment,and surficialstreambedsampleswere collectedseveral

times per week at the highway bridgesat Pasco, Hood River, and Vancouver.

All water samplesfor a 2-week samplingperiodwere compositedand filtered,

and the water and colloidswere analyzedfor cross-sectionaland vertical

variations in radionuclideconcentration. Transportrates calculated for

chromium-51and zinc-65at Pasco and Vancouverindicatedthat up to 30% of the

chromium-51was lost to decay and very little tended to adsorb to sediment.

However,much of the zinc-65was taken up by sediment,and its resuspension

during high river discharges (springrunoff)yielded higher than usual zinc-65

concentrationsat Vancouverin May.

Analysis of the radionuclidesassociatedwith sedimentparticle sizes

indicatedthat chromium-51and scandium-46we_e present in the finer sizes,

while cobalt-60and zinc-65were more prevalentin the coarse fractions

becauseof the presence of organicmaterial. Studieswere then conductedto

determinethe ionic form of certainradionuclidesin reactor effluent and

river water. Zinc-65, scandium-46,and manganese-54were all determinedto be

predominantlycationic,and all associatedfreely with sedimentdownstream of

McNary Dam. Chromium-51was principallyanionic in behavior,although a later

articleby Nelson et al. (1966)concludedthat both hexavalent (anionic)and

trivalent(cationic)forms of chromiumoccurred in the river and that

chromium-51in the cationic trivalentform was easily adsorbedby sediment.

The progress of radionuclidetransportstudieswas reported by Nelson

(1965). This report discussedthe riverbedcharacteristicswhere sediment

depositionwould be expectedto accumulate,such as behinddams, in slack-

water areas along the river, and others. Nelson calculatedthe zinc-65

inventoryfrom the reactorarea to the Snake River to be about 1500 curies.
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This calculationwas based on an estimateof zinc-65 concentrationin coarse

sand and gravel of 70 curies per squaremile (Ci/mi2) and an assumptionthat

the extent of all types of depositionareas was reasonablyestimated.

Nelson also investigatedthe uptake of radionuclidesby biota. Algae

scrapedfrom rocks downstreamof Pasco showed substantialconcentrationsof

zinc-65 (21,800dpm/g) and chromium-51(78,000dpm/g). The role of biota was

not includedin Nelson's calculations,based on the assumptionthat the biota

did not amount to much volumetrically.

Resultsof the first year's samplingwere presentedin an open-file

report of the USGS (Haushildet al. 1966). The report containeda compilation

and analysisof all data collectedduring the 15-monthsamplingperiod. Data

were presentedfor radionuclide,sediment,and water measurementsat Pasco,

Hood River, and Vancouver,and at stationsnear the mouths of the Snake and

Willametterivers. The radionuclidesanalyzedwere sodium-24,scandium-46,

chromium-51,manganese-54,cobalt-60,copper-64,zinc-65, zirconium/

niobium-95,ruthenium/rhodium-t03,lanthanum-140,cerium-141,and

neptunium-239.

The report also discusseda specialstudy, conductedduring 2 days in

March 1964, which indicatedthat radionuclideconcentrationsmeasured during

the morning samplingperiod were 15_ lower than the averageconcentrationfor

I day becauseof significantdiurnalfluctuations(hydropeaking)in discharge

from Priest Rapids Dam. Differencesin concentrationvalues resultedfrom

increasesand decreases in travel time, which affectedthe decay of radio-

nuclides betweenthe reactors and Pasco. Variation in hydropeakingdischarge

would also modify the degree of dilution. These effects were particularly

significantat low flow.

EstimatesoF the total quantityof radionuclidestransportedpast each

station indicatedthat approximately277,000curies were transportedpast

Vancouverfrom January 1963 throughSeptember1963. Chromium-51was by far

the largestvolume (95_),with zinc-65 at 3%, and other radionuclidesat 2%.

Dischargeof radionuclidesin solutionwas highest during late winter and

early spring,except for chromium-51. Maximum levels for chromium-51were

recorded for July throughSeptember. Accordingto Haushildet al. (1966),
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these maxima either were anomalousor indicateda change in the practices

controllingthe additionof sodiumdichromateto the reactor coolingwater.

The 277,000 curies transportedpast Vancouverrepresentedabout 77% of the

total transportedpast Pasco. Decay was assumedto have reducedthe Vancouver

activitylevels by about 19%; the remainderwas assumedto have been retained

in the riverbed. The authorsrecommendedthat future work investigatethe

variationin storageunder changing hydrologicand hydraulicriver conditions.

The secondyear of field work was carriedout from January 1964 to

January 1965. The first reportedresultscame out in June 1965 (Perkins,

Nelson,and Haushild 1965). The radionuclidesconsidered in the study were

scandium-46,chromium-51,manganese-54,cobalt-58,cobalt-60, zinc-65,

zirconium/niobium-95,ruthenium-t06,antimony-124,and barium-140. Water

sampleswere collectedweekly at the highwaybridge locationsat Pasco and

Vancouver,but less frequentlyat Hood River. From analysisof these samples,

the sorptionand transportof radionuclideswith suspendedsediment,the

uptake of radionuclidesby sediment (watercolumndepletion),and the riverbed

inventory(Pascoto Vancouver)were investigated. The radionuclidesthat

tended to stay in solutionwere chromium-51,ruthenium-t06,antimony-124,and

barium-140. Those associatedwith sedimentswere scandium-46,manganese-54,

cobalt-58,cobalt-60,zinc-65,and zirconium/niobium-95.Perkins,Nelson, and

Haushild (1965) concludedthat about 75% of the depletionoccurredupstreamof

Hood River, probably behindMcNary Dam.

Based on the data from the January 1964 to January 1965 samplingyear,

anotherreport was preparedby Nelson et al. (1966). They used the January

1964 to January 1965 data, togetherwith data from supplementarysampling,to

determinedepletion,deposition,scouring,and inventoriesof radionuclides

and to estimatewhere and by what materialsthe radionuclideswere held. Data

from the 1962-1963samplingyear were not included. The radionuclidescon-

sideredwere scandium-46,chromium-51,manganese-54,cobalt-58,iron-59,

cobalt-60,zinc-65,zirconium/niobium-95,ruthenium/rhodium-t06,antimony-124,

cesium-137,and barium/lanthanum-140.The reach of river consideredwas from

Pasco to Vancouver.
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Percentagedepletionwas computed for each month and a radionuclide

inventoryestimatedbased on the assumptionthat radionuclidedepositionfor

prior years was similar to that observedfor 1964. The inventorycalculated

for the reach between Pasco and Vancouverwas ii,000 to 38,000 curies. Of

this total, 90% was zinc-65and chromium-51.

Based on radionuclideconcentrationsin effluent and river water, the L

depletion,inventory,and amount of zinc-65 scoured (resuspended)were cal-

culatedfor the reach from the reactorsto McNary Dam. An averagewater

columndepletionof about 65% indicateda depositionof 5500 curies of zinc-65

in the reach, lt was estimatedthat 30% of this was scoured and transported

downstreamduring the spring dischargeof 1964. These resultswere based on

weekly samples taken from May to October 1964, but were assumedto be repre-

sentativefor the entire year.

A special study began in May 1965 that investigatedthe scouringof

sedimentfrom behind McNary Dam during high river discharges. Weekly sampling

at the highway bridge at Umatilla (just downstreamof the dam) was added to

the samplingprogram. To quantifythe amount of scour, ratios of zinc-65

(associatedprimarilywith sediment)to chromium-51(primarilyin solution)in

reactoreffluentwere comparedwith ratios in river water. Results indicated

that the ratio of zinc-65to chromium-51increasedby a factor of five during

the high dischargeperiod.

In 1969, Nelson and Haushildreported on an attemptto estimatethe

radionuclideinventoryin bed sedimentsfrom the reach between the reactors

and McNary Dam (Nelsonand Haushild 1969). Two estimationmethods were used.

The first method was used to determinethe radionuclideconcentrationsin

differentbed sedimentsand estimate the extent of these sedimenttypes within

the reach. The second methodwas to use radionuclidedata for Pasco and

Umatilla to calculatethe amount of radionuclidesdepositedbehind McNary Dam.

Both methodswere based on the assumptionof quasi-equilibriumbetween the

river and the radionuclideinput from the reactors,such that the number of

curies of each radionuclideadded to the streambedin a year balanced those

lost by radioactivedecay. This assumptionof constant input of specific

radionuclidesfrom the source is invalid. Results indicatedthat about 16,230
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to 17,300 curieswere containedin the bed sedimentsbetweenthe reactors and

McNary Dam. From the bed samplingmethod, it was estimatedthat 1430 curies

were stored betweenthe reactorsand Pasco,and that an additional14,800

curies were stored between Pasco and the dam. The radionuclidedischarge

data, which were valid only for that lengthof reach betweenPasco and the

dam, yielded an estimateof 17,300curies.

USGS ProfessionalPapers

The final reportedresultswere publishedin 1973 and 1975 (Glenn 1973;

Haushild et al. 1973; Hubbell and Glenn 1973; Haushild,Dempster,and Stevens

1975). Accordingto these authors,the major radionuclideswere zinc-65,

chromium-51,manganese-54,scandium-46,and cobalt-60. A number of other

radionuclideswere discussed,but the reportsindicatethat these other radio-

nuclidescontributedonly a very small percentageof the radioactivityin the

river.

The report by Glenn (1973)presentsthe resultsof a detailed study of

riverbedsedimentsand the five major radionuclidessampledat nine locations

from Pasco to the Columbia River estuary. The samplingperiod was April 21 to

May 12, 1966. Radionuclidelevels in sedimentwere related to cation-exchange

capacity,and some rudimentarymodels were proposed. A considerableamount of

informationon sedimentparticlesize and mineralogy is presented (Glenn

1973). Although the reportedresultsdo not includedata useful for dose cal-

culations,the reportdoes presenta discussionof river sedimentprocesses

that is very useful for conceptualizingthe water-sediment-contaminant

complex.

Haushild et al. (1973)reported on the study of radionuclidetransport

from Pasco to Vancouver. The samplingperiod was from January 1964 to

September1966. The three samplinglocationswere Pasco, Umatilla,and

Vancouver. Sampleswere obtainedthree to four times per month and analyzed

for both solute and particulateconcentrationsof the radionuclidesof

interest. The resultsare listed in an extensiveset of tables in the report

appendix (Haushildet al. 1973). These water column concentrationswere used

to estimate radionuclidetransportrates for eight radionuclidesoriginating

in the Hanford reactors. For 1964 through1966, the combineddischarges
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averaged 9190 curies per week at Pasco and 6630 curies per week at Vancouver.

The approximate order of their abundance and the average percentage of the

combined discharge were chromium-51 (96.4%), zinc-65 (2.5%), scandium-46

(0.5%), iron-S9 (0.2%), antimony-124 (>0.1%), manganese-54 (>0.1%), cobalt-S8

(<0.1%), and cobalt-60 (<0.1%).

A study of the radionuclide content of bed sediments (including core

samples) from the Columbia River estuary was reported by Hubbell and Glenn

(1973). Many measurements of gross gammaradiation were taken in situ at

river cross sections spaced several miles apart. The cross sections began

upstream at RH 64 and ended near the river mouth at RH 2. These measurements

were used in inferring concentrations of individual radionuclides based on a

few core samples that were counted in a laboratory. The results were used to

calculate a rough estimate of the radionuclide inventory for the entire length

of river sampled. The estimated total number of curies was 8700, with zinc-65

contributing 2100 curies (24%), chromium-51 contributing 5300 curies (61%),

and the remainder divided about equally amongscandium-46, manganese-54,

cobalt-60, ruthenium-lO6, and zirconium/niobium-95. The results of the gamma

measurements and core sample analysis are tabulated in the report appendix

(Hubbell and Glenn 1973).

The final project report (Haushild, Dempster, and Stevens 1975) presents

the results of bed sediment analysis and inventory calculations for the

Columbia River from the Hanford reactors to Longview, Washington, below

Bonneville Dam. A radionuclide inventory was computed for individual reaches

and for the entire length under study. For 1965, the total radionuclide

inventory was 37,000 curies, of which 60% was chromium-51 and 34% was zinc-65.

The report appendix lists radionuclide concentrations and particle-size

distributions of surficial-sediment samples and gross gammacount rates of

in situ sediment from the McNary reservoir to Longview, Washington. Also

included are tables of core sample analysis results for reservoirs behind

McNary, The Dalles, and Bonneville dams.
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9.6 U.S. PUBLIC HEALTH SERVICE

Planningfor this samplingprogrambegan in 1950 with meetings attended

by USPHS staff, the USAEC, General ElectricCompany (Hanford),and the

ColumbiaRiver Advisory Group. The purpose of the programwas to develop a

water-qualitydatabase for determiningwhat effectsdams would have on the

ColumbiaRiver. (Severaldams were either proposedor under constructionat

that time.) Also, the databasewas to be used to evaluatethe_effect of

radioactiveeffluent releasesfrom Hanford on the normal stream purification

factors. The study began in 1951 and continuedinto 1953. The resultswere

publishedin a report by Robeck,Henderson,and Palange (1954).

The principalstudy area was from Priest Rapids at RM 400, just upstream

of the Hanford reactors,to Paterson,Washington,at RM 278 and below McNary

Dam. The programwas initiatedon July 23, 1951, when a few sampleswere

collectedfor chemical analysis. Sampling for the complete chemical,biologi-

cal, bacteriological,and radiologicalprogrambegan on September26, 1951,

and continuedinto March 1953. Brief surveyswere also conductedat other

areas both upstream and downstreamof Hanford. The downstreamareas were the

Bonnevillereservoir;the area immediatelyupstream of Portland,Oregon; and

the mouth of the Columbia River.

Ranges for samplingcross sectionsof the Columbia River were estab-

lished in each study area and identifiedby river miles above the mouth of the

river. Biologicalsampleswere generallycollectedin shallowwater near the

shorelines. Water sampleswere taken at three to ten points across the cross

section;this was eventuallystandardizedto five points at most locations.

Water sampleswere collectedfour times per week. The ranges above and within

the HanfordSite were sampledtwice per month; those below the Site were

sampledweekly. Biologicalsampleswere collectedmostly at semimonthlyor

monthly intervals. All radiologicalresultswere presentedas gross beta

activitydensities. Maximum and averagegross beta activitiesfor various

types of samplesat RM 362, severalmiles below the reactors,are shown in

Table 9.3. Other fish caught and analyzedfor gross beta activity included

salmon,carp, chub, squawfish,bass, sunfish,crappie,and sculpin.
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TABLE 9.3. Maximum and AverageGross Beta Activitiesat River
Mile 362. Activity levels are in pCi/L for water
and in pCi/g for biota.

Sample TYpe Maximum Averaqe

Water Ig 6

Plankton 80,000 20,000

Filamentousalgae 13,000 6,000

Caddisflylarvae 10,000 7,000

JuveniIe fish (shiners) g,000 I,300

Adult fish (suckers)

Bone 5,000 I,200

Muscle I,I00 300

Activity levelswere also determinedfor a limitednumber of bottom mud

samplescoll'ectedat RM 191 (The Dalles,Oregon), RM 167 (Hood River, Oregon),

and RM 150 (Bonnevillereservoir). Gross beta activityvaried from 13 to

210 x 10-7_Ci/g. Alpha activityvaried from 1.8 to 5.9 x 10.7_Ci/g.

The well-writtenUSPHS report (Robeck,Henderson,and Palange 1954)

presents a considerableamount of field and laboratorydata. All sampling and

laboratoryproceduresare describedand sample calculationsare included. The

data tables are easy to read and are listed in the appendixes. Many of the

results are presentedgraphically. A graphicalcomparisonbetween Hanford

Site data and USPHS results (at RM 362) for gross beta activity levels in

river water and juvenile fish (shiners)indicatesthat USPHS resultswere

approximately1.5 to 2 times higherthan Hanford Site data. The numerical

values of the Hanforddata are not listed in the report,but both sets of

resultsare describedas being representativeof a cross-sectionlocation near

the west shore (i.e.,on the reactorside of the river). The data listed in

this reportwill provide an independentdatabase for comparisonwith Hanford

monitoringresults for the period 1951 through 1953. The year 1953 is

probablythe best for comparisonpurposesbecause of an extensivesampling

programconducteddownstreamof McNary Dam.
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10.0 SCREENINGCALCULATIONSOF RADIATIONDOSE AT VARIOUS

DOWNSTREAMLOCATIONSFOR SEVERALYEARS

A set of screeningdose estimatesfor maximallyand typicallyexposed

individualswas prepared to provide a scopingestimateof possible radiation

doses to individualsalong the Columbia River that resultedfrom aquatic

releases of Hanford-originatedradionuclides. The basis of these estimatesis

the environmentalmonitoringdata describedin Sections7.0 and 9.0 of this

report. Estimatesare providedhere, by major exposurepathway and radio-

nuclide, for five representativelocationsalong the Columbia River for the

years 1964 through 1966. The five locationsare illustratedin Figure 10.1.

The choice of the 1964 through 1966 period for these screeningdose

estimateswas based on severalfactors. First, before the 1960s, it was not

easy to discriminateamong the variousradionuclidesrepresentedby gross beta

measurements,so it was importantto select a period in the 1960s. Second,

data from various sourceswere availablefor the specificyears selected.

WashingtonState

WillapaBay
Richland

Astoria Bonneville

McNary
$9209083.7

FIGURE10.1. Representative Locations Used for Dose Estimates
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Third, the selected period is of interestbecause it includesa year, 1964,

when all reactorswere operatingand years when some reactorswere shut down

(see Figure 5.2).

10.1 RADIONUCLIDECONCENTRATIONSIN RIVER WATER

The literatureand databasessummarizedin Sections7.0 and 9.0 of this

report provided informationon the radionuclidecontentof Columbia River

water. Monitoringwas routinelyperformedat a few locationsalong the river;

these monitoringpoints providethe most consistentand coherent set of

available data. The Hanfordmonitoringdatabasewas queried for all samples,

and the data for the Richland PumpingStation,McNary Dam, and BonnevilleDam

were summarizedinto annual means. Data were selectedfor the years 1964,

1965, and 1966 to match other availablesources. Data for Astoria, Oregon,

for the same period are availablefrom the Oregon State Board of Health

(Toombsand Cutler 1968). Data for all radionuclidesreported for the

selectedyears are presentedin Table 10.1. For Richland and the McNary

reservoir,the data are shown with annual mean values derived from the monthly

numbers used in HEDR Phase I calculations,as reported by Richmondand Walters

(1991). In some instances,the Phase I data appearto be more complete than

the monitoringdata, becausethese values reflect Phase I modeling

calculationsbased on effluentmonitoringdata and are not environmental

monitoringdata per so.

The radionuclideconcentrationvalues in Table 10.1 show predictable

behavior;the concentrationuniformlydecreaseswith increasingdistancedown-

stream. This is most noticeablein the short-livedradionuclides,such as

sodium-24,neptunium-239,or iodine-131, lt is less apparent in longer-lived

radionuclides,such as chromium-51or zinc-65, for which most of the decrease

can be attributedto dilutionby inflowingtributariesor to uptake by and

deposition in bed sediments.

Gaps in the data are noticeable;not all radionuclidesare reportedfor

all years or locations. Extrapolationwas used temporally,but not spatially,

to calculatedose estimates. Thus, for any one location,if a concentration

of a radionuclidewas reportedfor I or 2 years but not at another time,
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TABLE 10.1. Annual Mean RadionuclideConcentrationsat Various
Locationsin ColumbiaRiver Water

Location/ RadionuclideConcentrations(DCi/L)
Radionuclide 1964 1965 1966

Richland(a)

Sodium-24 3500/3600 3100/3100 2600/2600

Phosphorus-32 300/170 140/120 140/140
Scandium-46 ./_(b) ./. 30/-
Chromium-51 12000/8900 7000/5200 2600/3500

Manganese-56 -/2800 -/- 290/-

Copper-64 -/5100 -/770 -/1400
Zinc-65 450/250 180/240 200/210
Arsenic-76 1200/1200 1000/1100 420/740

Strontium-g0 I/- I/- I/-
Iodine-131 19/- 10/- 18/-

Neptunium-239 -/2100 -/1200 -/880

McNary(a)
Sodium-24 -/150 -/- -/-

Phosphorus-32 70/80 50/60 80/80
Chromium-51 3500/4100 2300/2500 1850/1850

Copper-64 -/20 -/- -/-
Zinc-65 77/77 68/75 61/62

Iodine-131 6.7/- 3.9/- 7.1/-

Neptunium-239 -/470 -/300 -/190

Bonneville(c)

Phosphorus-32 28 23 23
Chromium-51 2400 1700 1300
Zinc-65 63 70 43

Iodine-131 5 3 3

Astoria(d)

Phosphorus-32 - 18 11
Chromium-51 1500 930 1600
Zinc-65 <35 <35 <35

Zirconium/Niobium-95 <13 <13 <13
Ruthenium-103,106 <10 <10 <10

(a) Informationon the left of / from Hanford MonitoringDatabase;
on the right from Richmondand Walters (1991).

(b) Dashes (-) indicateno data available.
(c) Source" HanfordMonitoringDatabase.
(d) Source" Toombs and Cutler (1968).
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the highest value reportedwas used as an estimate of the missing value. This

conservativeassumptionwas made to ascertainwhether radionuclidesthat were

not monitoredcould have made significantcontributionsto dose in the other

years. Additionally,the larger of the two values was used in all calcula-

tions as an additionalconservativemeasure.

Becausethe HEDR Phase I report (Richmondand Walters 1991) was one of

the sourcesof informationfor the analysis,the input concentrationsin this

screeningstudy are compatiblewith the Phase I inputs (wellwithin a factor

of two). The inputsfor the Richlandlocationare also generallycompatible

(withinfactorsof two to four) with the concentrationsused in the HEDR

"dominantradionuclides"study (Napieri991).

10.2 RADIONUCLIDECONCENTRATIONSIN AQUATIC BIOTA

Large amountsof data are availablefor fish in the Hanfordreach of the

Columbia River and immediatelydownstream. Many of these data were used in

HEDR Phase I dose calculations. However,monitoringdata for biota are much

more limitedfor areas below McNary Dam. Availabledata for biota in the

Columbia River estuarynear Astoria,Oregon, are presentedin Table 10.2, for

the same period as the water data in Table 10.1. The data are much more

limited than the data from the Hanfordreach, and only a few radionuclidesand

a few speciesare represented. Measurementsof Pacific coastalbiota relevant

to the selectedlocationsare summarizedin Table 10.3. Becausethe North

Head area is at the mouth of the ColumbiaRiver across from Astoria, data from

North Head were used in the calculationto representthe Astoria area.

_2 Essentiallyno data are availableon radionuclideconcentrationson sal-

mon returningfrom the PacificOcean to the ColumbiaRiver to spawn (Sec-

tion 9.4.2). This is partly becauseruns of salmon in the Columbiawere

greatlydepleted by the mid-1960s (Becker1985) and partly becausethe

concentrationsof Hanford-originatedradionuclidesin the salmon tended to be

lower than in the resident fish (Jaquishand Bryce 1989). However,the

limited data provided in Kujala (1966)indicatethat Hanford-relatedradio-

nuclides in Pacificsalmon increasednear the mouth of the Columbia. The
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TABLE 10.2. RadionuclideConcentrationsin Selected Monitored
Biota in the Columbia River Estuaryat Astoria

RadionuclideConcentrations(pCi/kq)
Biota/Radionuclide 1964 1965 1966

Flounder(a)

Zinc-65 19,000 17,000 14,000

Sculpin (incl.bone)(a)

Zinc-65 10,000 9,400 7,400

Crab Muscle(b)

Zinc-65 37,000 37,000 37,000

Manganese-54 20 20 20

Chromium-51 300 300 300

FreshwaterClams(c)

Zinc-65 - 250 250

Manganese-54 - 17 17

Cobalt-60 - I I

(a) Annual averagesreportedby Renfro,Forster,and Osterberg
(1972).

(b) From Tennant and Forster (1969).
(c) From Johnson,Cutshall,and Osterberg (1966).
- indicatesno data collected.

concentrationsof zinc-65 and manganese-54in salmon caught off the Oregon

coast near Astoria and Depoe Bay approachedthose calculatedfor residentfish

in the river at the Astoria location. The entry in Table 10.3 for herring

indicatesthat concentrationsin the salmon were essentiallythe same as in

their primary food supply. Becausemany of the radionuclidesof interestare

obtainedmainly from food-webuptake (Postonand Klopfer 1986) and becausethe

salmon do not eat significantlyonce they enter the river (Postonand Klopfer
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TABLE 10.3. ReportedAverage RadionuclideConcentrationsin Selected
PacificCoastaland Ocean Biota

RadionuclideConcentrations(pCi/kq)
Biota-Location/Radionuclide 1963 1964 1965 1966 1967 1968

Mussels-NorthHead(a)

Zinc-65 120,000 - - - 38,000 24,000

Mussels-Westport(a)

Zinc-65 52,000 - - 10,000 (b) 13,000 (c) 10,000

Dover Sole-Ocean(d)

Chromium-51 - 100 - -

Zinc-65 - 200 - - -

Oysters-WillapaBay (e)
Zinc-65 I00,000tfj'' 62,000 52,000 -

Chinook Salmon-Astoria(g)

Manganese-54 8 - - -

Zinc-65 10,000 - - -

Coho Salmon-DepoeBay (g)

Manganese-54 170 ....

Zinc-65 - 12,000 - - -

Herring-DepoeBay (g)

Manganese-54 - 44 - - -

Zinc-65 - 10,000 ....

(a) Seymour(1970).
(b) Mellinger (1966).
(c) Larsen (1970).
(d) Jonsson and Seymour (1965).
(e) Seymour(1966).
(f) Naidu (1963).
(g) Kujala (1966).
- indicatesno data collected.

1986),their river-entryconcentrationhas been assumed in this analysisto

remainessentiallyconstant as the fish migrate upstreampast Astoria to

Bonneville.

Although it is often an oversimplification,the concentrationof radio-

nuclides in fish can be relatedto the concentrationsof those radionuclides

in water by means of a bioaccumulationfactor (pCi/kgof fish per pCi/L of

water). For this screeninganalysis,the bioaccumulationfactorsdeveloped

for Phase I were used where available. Because the HEDR Phase I model used
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actual distributions based on the numerous available measurements of zinc-65

and phosphorus-32 in fish (PNL 1991), bioaccumulation factors for these and

for the radionuclides not considered in Phase I were taken from analyses

specific to Hanford and the Columbia River (ERDA 1975). The values used are

shown in Table 10.4. The values used represent an average bioaccumulation

across numerous species commonly caught and eaten. Each of the_e values is

discussed below.

13.4B,84 The bioaccumulationfactorsused in this report are intendedto repre-

sent uptake over a varietyof game fish commonly caught and eaten in the

vicinity of the Hanford Site. An exhaustivereview of the literaturewas not

performed in the selectionof these values,but they are derivedfrom Hanford

water and fish monitoringdata describedin Section 7.0 and an assumeddietary

breakdownof types of fish. Detailed and defensibleselectionof appropriate

bioaccumulationfactors,or equivalentmethods, for each fish type will be

establishedfollowingTSP definitionof the level of detail requiredfor

completemodeling of the river.

TABLE 10.4. FreshwaterFish BioaccumulationFactorsand Water Treatment
CleanupFactors Used in this Analysis

Bioaccumulation Water Treatment)
Element Factor CleanupFactor

Arsenic 200.0(b) 0.7
Chromium 5.0(b) 1.0
Cobalt 330.0(c) 0.2
Copper I0.0(b) 1.0
Iodine 15.0(c) 0.8

Manganese 70._Ib) 0.5Neptunium 25 b) 0.7
Phosphorus 170 0(c) 0.4

Ruthenium lO._Ic) 0.5Scandium 2 c) 0.3
Sodium 1.0(b) 0.9
Strontium 30 0(c) 0.2
Zinc 64 0(c) 0.4
Zirconium 330 0(c) 0.7

(a) Napier et al. 1988.
(b) HEDR Phase I input (PNL 1991).
(c) ERDA (1975).
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The bioaccumulationfactor for arsenic-76is based on measurementsfrom

the Hanford reach of the Columbia River in 1961. This factor is based on

measurementsfrom 28 fish caught betweenApril and December. The calculated

bioaccumulationranged from 30 to 910, with a mean of about 200. For refer-

ence, the currentdefault used in HanfordSite-relateddose calculationsis

300. The radiationdosimetrysoftwaresystem,GENII, was used for these

calculations(Napieret al. 1988).

The bioaccumulationfactor for cobalt-60is taken from the Energy Research

and DevelopmentAdministration(ERDA 1975),based on Hanfordconditions.

Recommendationsfor cobalt-60range from 27 to 320, based on water conditions.

The value currentlyrecommendedby Poston and Klopfer (1986) is 330 for meso-

tropic systems (such as the ColumbiaRiver). The currentGENII default is

also 330.

The factor for chromium-51is based on Hanford data from 1961. The data

indicatethat most fish in the ColumbiaRiver at that time were below the

detectionlimit for chromium-51. These data provide a range of 0.8 to 5. The

value of 5 was conservativelychosen at the top of the range. The current

GENII default is 20.

Copper-64has a half-lifeof only 12.8 hours. As a toxic metal, it would

be expected to accumulatein the liver, not flesh. Hanforddata indicate a

value of <I0 for copper-64. The value for stable copper is much higher;the

GENII default is 2500.

Literaturerecommendationsfor iodine-131bioaccumulationrange from

15 (Thompsonet al. 1972) to 40 (Vanderploeget al. 1975). A value of 15 was

derived for Hanford (ERDA 1975). The currentGENII default is 50, derived

from Poston and Klopfer's (1986)recommendationfor iodine-129.

Manganese-56has only a 2.6-hourhalf-life. Publishedvalues for stable

or long-livedmanganesereach as high as 1000. Vanderploeget al. (1975)

developed a relationship,derived from filteredColumbia River data by Silker

(1964). Poston(a)suggests a value of no more than 70 for unfilteredwater.

(a) Personalcommunicationto B. A. Napier from T. M. Poston,May 1990.

10.8



The current GENII default is based on Poston and Klopfer's (1986)generic

recommendationof 400.

Sodium-24has a short half-lifecomparedwith its biologicalturnover

time. This suggestsa value of 1.0, based on rapid isotopicdistribution

within fish tissue fluids. Longer-livedsodium is homostaticallyregulated

and independentof water sodium concentrations. A genericvalue of 70 is used

as a default in GENII.

The bioaccumulationfactor for neptunium-239is based on Hanford measure-

ments. Data from 1961 range from a minimum of about 4 to a maximum of about

40. A seasonallyweightedaverage of 25 was used. For longer-livedneptu-

nium, Poston and Klopfer (1986) recommendvalues of 50 for piscivorous

species,250 for planktivorousspecies,and 2500 for bottom fe_ders. The

currentGENII default is 500, based on this recommendation.

Actual fish monitoringdata were used in Phase I calculationsfor

phosphorus-32. The reportedvalues of bioaccumulationrange from 20 to

100,000. Many studieshave reportedon the ColumbiaRiver (e.g.,Foster,

Soldat,and Essig 1966). Soldat derived a recommendedvalue of 170 for the

ColumbiaRiver (ERDA 1975). The currentGENII defaultfor unspecifiedrivers

is 1500 (Postonand Klopfer 1986).

Few data exist to defend a bioaccumulationvalue for rutheniumo106. The

reportedvalues range from 0.1 to 170. Thompsonet al. (1972) recommend10,

which was used by ERDA (1975)for the ColumbiaRiver. The current GENII

default is 100.

Most sources indicatea bioaccumulationfactor for stable scandiumof

between20 and 104. The scandium-46value used by ERDA (1975)was 2. Poston

and Klopfer (1986) indicatethat this may be a reasonablevalue for the

ColumbiaRiver. The current GENII default is 100. A sensitivityanalysisfor

scandium-46indicatesthat even using a value of 100, the dose from

scandium-46varies by only a factor of four; most exposure to scandium-46

comes from pathways other than fish. This 50-fold increaseof the scandium-46
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bioaccumulation factor would result in less than a I% change in the total dose

to the maximally exposed individual. (a)

Bioaccumulation of strontium-90 is directly proportional to the amount of

stable calcium in water. The bioaccumulation factor can range over three to

four orders of magnitude. The value recommended by Poston and Klopfer (1986)

for generic freshwaters is 50; this is the GENII default. The value of 30

used in the analysis is from ERDA(1975); this is not significantly different.

Bioaccumulation for zinc-65 can range from I00 to 2500. Values reported

for the Columbia River range from 4 to 40, with single values of 132 and

155 (Poston and Klopfer 1986). The current GENII default is 500. The value

of 64 used in ERDA(1975) approximates the results of using data for 1964

through 1966 in Phase I. Therefore, a value of 64 was used in this analysis.

Zirconium-95 bioaccumulation ranges from 40 to 460 in freshwater (Poston

and Klopfer 1986). Poston and Klopfer recommend a value of 200. The default

in GENII is 200. The ERDA(1975) value of 330 for the Columbia River is near

the upper end of the range.

10.3 EXPOSURESCENARIOSAND PATHWAYSUSEDIN SCREENINGCALCULATIONS

Humans living along the river may have been exposed to radionuclides

carried in the water, deposited in the sediments, accumulated in fish and

other aquatic foods, and irrigatedonto soils and crops. For any one of these

pathways,a wide range of exposuresmay have occurredto different individ-

uals, dependingon their habits and activities. For the purposeof screening

the possiblemagnitudeof exposuresto individualsin the population,two

basic "types"of individualswere postulated. The first is a "maximally

exposed" individual,who would have relativelylarge exposuresfrom each of

the pathways;the second is a more "typical"individual,whose exposureswould

be more representativeof the averagepopulation. The parametersused in the

calculationfor the maximallyexposed individualare shown in Table 10.5, and]

those for the typical individualare shown in Table 10.6.

(a) See Section 10.3 of this report for discussionof maximally exposed
individual.
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Bs TABLE 10.5. Exposure PathwayParametersAssumed for Maximally
Exposed Individuals

Pathway AssumedValue Notes

ExternalExposure

Boating 500 h/yr
Swimming 100 h/yr
Shoreline 500 h/yr
IrrigatedSoil 4000 h/yr Richland/McNary/Bonnevilleonly

DrinkinqWater Consumptio.n

DrinkingWater 730 L/yr River,locationsonly;
HEDOP_aldefault

Treatment NoYes

Aquatic Food Consumption

Resident Fish 40 kg/yr Consideredat all locations
AnadromousFish 100 kg/yr Astoria/Bonnevilleonly
Crabs 20 kg/yr Astoria only
Mussels 20 kg/yr Astoria only
Clams 20 kg/yr Astoria only
Oysters 20 kg/yr Willapa Bay only
Holdup Times None Consumed same day as caught

Irriqation Richland/McNaryonly

IrrigationRate 40 in./yr
Foliar Interception 0.25 Sprinklerirrigation
Fraction

VegetableDiet HEDOp!a!defaults
Milk Diet HEDOPLajdefaults

Inhalation

ResuspensionMass 100 #g/m3(b)
Loading

Exposure 8760 h/yr

(a) Hanford EnvironmentalDose OverviewPanel (McCormack,Ramsdell,and
Napier 1984).

(b) Microgramsper cubic meter.

The external exposurepathways are those for which the individualwould

merely have been in a locationwhere radioactivecontaminationwas present to

receivea dose of externalr_liation. These includeboating in contaminated

water, swimmingin contaminatedwater, standing along a shorelinewhere
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as TABLE 10.6. ExposurePathway ParametersAssumed for Typical Individuals

Pathwa.y Assumed Value Notes

External Exposure

Boating 5 h/yr HEDOP(a)default
Swimming 10 h/yr HEDOP(a)default
Shoreline 17 h/yr HEDOP(a)default
IrrigatedSoil 100 h/yr 4 h/weekendin summer on lawns;

Richland/McNary

Drinkin(]Water Consumption

Consumption 440 L/yr River,locationsonly;
HEDOP_aJdefault

Treatment NoYes

Aquatic Food Consumption

ResidentFish I kg/yr
AnadromousFish 5 kg/yr Astoria/Bonnevilleonly
Crabs 2 kg/yr Astoria only
Mussels 2 kg/yr Astoria only
Clams 2 kg/yr Astoria only
Oysters 2 kg/yr WilIapa Bay only
Holdup Times None Consumed same day as caught

Irriqation Not used (exceptlawns)

InhP:ation

ResuspensionMass 10 /_g/m3(b}
Loading

Exposure 8760 h/yr

(a) Hanford EnvironmentalDose Overview Panel (McCormack,Ramsdell,and
Napier 1984).

(b) Microgramsper cubic meter.

radionuclideswere associated with the sediments,or standing in fields or

lawns irrigatedwith the contaminatedwater. The major determinantof the

dose receivedwas the concentrationin the water or soils and the amount of

time spent there. Irrigationis assumedonly for areas upstreamof Bonneville

Dam in these calculations.

For the drinking-waterpathway, it was assumedthat the individualcon-

sumed water taken from the Columbia River. This pathway is applicableonly
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along the river, becausesalt water precludesdrinkingfrom the ocean bays.

In these analyses,all water has been assumedto be treatedprior to con-

sumption. The drinking water cleanup factors known to be applicableto the

Richlandand Pasco alum flocculationcleanupprocesseshave been used for all

locations. Only the amountof water consumedhas been allowedto vary.

The assumedconsumptionrates of nonmigratoryfish, salmon,and shellfish

are given in Tables 10.5 and 10.6. These valuesare somewhatarbitrary,but

are believedto be reasonableestimatesfor maximal and typicalconsumers,

respectively. Although some groups may consumemore than the quantities

shown,their doses may be derivedfrom direct multiplesof those presented.

An example of this is presentedin Section 10.5.

Irrigationwith water taken from the ColumbiaRiver below Hanfordwould

not have been a pathwayof exposurefor many people. Most irrigationwater in

the area was and is taken either from the ColumbiaRiver upstream at Grand

Coulee Dam or from tributarystreams. The largest area irrigatedwith down-

streamwater during the period of reactoroperationswas the Riverviewarea

near Pasco, Washington. A few thousandpeople were directly affected in the

Riverviewarea. The assumedirrigationrate of 40 inches per year is typical

for ColumbiaBasin farmingpractices(McCormack,Ramsdell,and Napier 1984).

Consumptionrates used in the calculationsare those of the Hanford Environ-

mental Dose Overview Panel (McCormack,Ramsdell,and Napier 1984).

Inhalationwas a secondarypathway, but one that may have resulted from

dust blowingoff irrigatedland. People are assumedto have been exposedto

this source all year.

The pathways and parametersselectedfor the maximallyexposed individual

for this screeninganalysisare consistentwith the HEDR "dominantradio-

nuclides"study (Napier1991). This screeninganalysisextends the dominant

radionuclidesreport by the additionof the typical individual.

i0.4 EXPOSUREPATHWAYMODELS

The calculationswere performedusing the publiclyavailableGENII com-

puter softwaresystem (Napieret al. 1988). The GENII system is composedof
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seven linked computer programsand their associateddata libraries. The com-

puter programsare of three types: user interfaces,internaland external

dose factor generators,and environmentaldosimetryprograms. All steps of

code developmenthave been documented.

10.5 DOSE RESULTS

Doses estimatedfor the maximallyexposed individualat five locationsfor

the period 1964 through 1966 are summarizedin Table 10.7. The table presents

the total estimatedannual dose in millirem (mrem),the radionuclideor radio-

nuclidesthat contributedthe largestpercentageof the total dose, and the

40,4/.85 TABLE10.7. Summary of Annual Doses from Columbia River Pathways for the
MaximallyExposed Individual

EffectiveDose Equivalent(mrem)
Location/Detail 1964 1965 1966

Richland 160 100 82

DominantRadionuclide/_ Arsenic-76/34X Arsenic-TB/49X Arsenic-76/40%

Zinc-65/25% Zinc-65/21% Zinc-65/22_

DominantPathway/_ Fish/86% Fish/B9% Fish/87X

UntreatedDrinking 25 15 12
Water

McNary 17 14 14

DominantRadionuclide/% Zinc-65/39_ Zinc-65/46X Phosphorus-32/48_

Phosphorus-32/39% Phosphorus-32/36X Zinc-65/39X

Dominant Pathway/% Fish/64% Fish/64% Fish/65_

UntreatedDrinking 3.1 2.3 2.0
Water

Bonneville(with salmon) 21 21 20

DominantRadionuclide/_ Zinc-65/gox Zinc-65/9OX Zinc-65/90_

DominantPathway/_ Fish/95% Fish/95X Fish/95_

UntreatedDrinking 1.2 1.2 O.B
Water

Astoria(with salmon) 40 40 40

DominantRadionuclide/_ Zinc-65/93% Zinc-65/93_ Zinc-65/93_

DominantPathway/X Fish + Seafood/99_ Fish + Seafood/99X Fish + Seafood/99%

UntreatedDrinking 0.8 0.7 0.7
Water

WillapaBay 16 13 13

DominantRadionuclide/% Zinc-65/99X Zinc-65/99% Zinc-65/99_

DominantPathway/% Oysters/tOO% Oysters/100_ Oysters/100_
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exposure pathwaythat contributedthe largestpercentageof the total dose.

As indicatedin the table, the most importantexposurepathwaywas consumption

of nonmigratory(resident)fish. The radionuclidescontributingmost to dose

varied slightlywith distancedownstream. At Richland,the most important

radionuclideswere arsenic-76and zinc-65,with a significantcontribution

also from phosphorus-32. At locationsfartherdownstream,the relative

importanceof zinc-65increasedand that of the other radionuclidesdecreased.

This change is a direct result of the radioactivedecay of the shorter-lived

materials. The calculateddoses also decreasedas distance downstream

increased,reflectingthe decay and dilutionof the radionuclideslisted in

Table 10.1. However,the dose increasesslightlyat Bonnevillewith the

additionof the salmon pathwayand at Astoriawith the additionof shellfish.

Details relatingto these additionalpathways are shown in Tables 10.8 and

10.9. Doses to individualorgans,with contributingradionuclides,are shown

in Table 10.10.

The total doses reportedincludecontributionsfrom the externalpath-

ways of swimming,boating,and exposure to contaminatedsoils and sediments,

as well as internaldoses from drinkingwater, eating fish, and eating irri-

gated foods. The notation"fish" in Table 10.7 representsnonmigratoryfresh-

water fish. The notation "seafood"includescrabs, mussels, and freshwater

clams, as well as salmon. In Tables 10.8 and 10.9, the notation "standard

pathways"includesthe externalpathwaysplus ingestionof resident fish.

The doses reported in Table 10.7 reflectan assumedconsumptionrate of

40 kilogramsper year (kg/yr)of residentfish. However,concerns have been

expressedthat a few individualsmay have subsistedon a diet consisting

almost entirelyof fish. For the extremecase of an individualeating

I kilogramper day (kg/d)of fish, a total effectivedose of about 1.3 rem/yr

may be derived for the year 1964 at Richland. This is probably an upper

bound, because a significantfractionof this dose is caused by short-lived

radionuclides(e.g.,arsenic-76);the decay that occurs between catchingand

eating the fish has not been accountedfor in this calculation.

48 The doses estimatedfor typical individualsat the five locationsfor the

period 1964 through 1966 are summarizedin Table 10.11. Details of organ dose
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40.4/ TABLE 10.8. Detail of Annual Doses Reported in Table 10.7 for the
MaximallyExposed (ndividualat Bonneville

EffectiveDose Equivalent (mrem)
1964 1965 1966

Standard Pathways 5.I 5.0 3.7
DominantRadionuclide/% Zinc-65/55% Zinc-65/64% Zinc-65/51%
Dominant Pathway/% Fish/93% Fish/93% Fish/94%

Salmon 16 16 16
Dominant Radionuclide/% Zinc-65/99% Zinc-65/99% Zinc-65/99%

40.47 TABLE 10.9. Detail of Annual Doses Reportedin Table 10.7 for the
MaximallyExposed Individualat Astoria

EffectiveDose Equivalent (mrem)
1964 1965 1966

Standard Pathways 4.4 4.3 4.0
Dominant Radionuclide/% Zinc-65/41% Zinc-65/42% Zinc-65/45%
Dominant Pathway/% Fish/90% Fish/90% Fish/90%

Crab/MusseI/C 1ams 20 20 20
Dominant Radionucl ide/% Zi nc-65/99% Zinc-65/99% Zinc-65/99%

Salmon 16 16 16
Dominant Radionucl ide/% Zi nc-65/99% Zi nc.-65/99% Zinc-65/99%

are provided in Table 10.12. Because the typical individualwas assumed to

have eaten very small quantitiesof fish, the doses were dominatedby the

drinking-waterpathway. From 7(7/0to 80% of the dose estimatedfor the typical

individualresults from drinkingwater derived from the Columbia River. The

cities of Richland,Pasco, and Kennewickwere and are the main users of

ColumbiaRiver water for public drinking supplies. A few small towns down-

stream of these cities also use the Columbia River as a source of water.

Becausethe drinking-waterpathwaydominated,the spectrumof important

radionuclideswas slightlydifferentfrom that for the maximallyexposed

individual: arsenic-76,neptunium-239,and zinc-65were importantin the

regionsnearest Hanford. As the short-livedarsenic-76and neptunium-239

decayed,the zinc-65and phosphorus-32remainedat the downstream locations.

10.16



40,4/ TABLE 10.10. Organ Doses from ColumbiaRiver Pathwaysfor the
MaximallyExposedIndividual

Dose (mrem)
Location/Orqan(a) 1964 1965 1966

Richland
EDE 160 As, Zn(b) 100 As, Zn 82 As, Zn
RBM 150 P, Zn 75 P, Zn 70 P, Zn
GI-LLI 700 As, Np 530 As 380 As
Thyroid 120 I, Zn 65 I 95 I

McNary
EDE 17 Zn, P 14 Zn, P 14 P, Zn
RBM 32 P 26 P 30 P
GI-LLI 53 Np, P 39 P, Np 37 P, Alp
Thyroid 34 I 23 I 35 I

Bonneville (withoutsalmon)
EDE 5.1 Zn 5.0 Zn 3.7 Zn
RBM 9.2 P, Zn 8.6 P 7.3 P
GI-LLI 9.1 Alp,P 8.5 P, Np 7.0 P, Alp
Thyroid 12 I 8.3 I 7.4 I

Astoria (withoutsalmon or seafood)
EDE 4.4 Zn, P 4.3 Zn, P 4.0 Zn
RBM 5.8 P, Zn 5.8 P, Zn 4.4 P
GI-LLI 1.3 Zn, P 13 Zn, P 11 Zn, P
Thyroid I.5 Zn I.5 Zn I.4 Zn

Salmon (Bonnevilleand Astoria)
EDE 16 Zn 16 Zn 16 Zn
RBM 20 Zn 20 Zn 20 Zn
GI-LLI 22 Zn 22 Zn 22 Zn
Thyroid 14 Zn 14 Zn 14 Zn

Clams/Crabs/Mussels(Astoria)
EDE 20 Zn 20 Zn 20 Zn
RBM 25 Zn 25 Zn 25 Zn
GI-LLI 27 Zn 27 Zn 27 Zn
Thyroid 18 Zn 18 Zn 18 Zn

Willapa Bay (oysters)
EDE 16 Zn 13 Zn 13 Zn
RBM 20 Zn 17 Zn 17 Zn
GI-LLI 22 Zn 18 Zn 18 Zn
Thyroid 14 Zn 12 Zn 12 Zn

(a) For organs,EDE = effectivedose equivalent,RBM = red bone marrow,
GI-LLI = gastrointestinaltract - lower large intestine.

(b) Radionuclidesthat togetheradd up to over 50% of the dose to this organ;
Zn = zinc-65, P = phosphorus-32,I = iodine-131,Np = neptunium-239,and
As = arsenic-76.
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40.47.85 TABLE 10.11. Summaryof Annual Doses from ColumbiaRiver
Pathwaysfor the Typical Individual

EffectiveDose Equivalent(mrem)
Location/Detail 1964 1965 1966

Richland 7.8 5.1 4.2

DominantRadionuclide/% Arsenic-76/26% Arsenic-76/35% Arsenic-76/29%

Neptunium-239/22% Neptunium-239/20% Sodium-24/18%

Zinc-65/19% Neptunium-239/17%

Dominant Pathway/% D. Water/72% D. Water/B8% D. Water/70%

UntreatedDrinking 15 9.0 7.5
Water

McNary 1.0 0.8 0.7

Dominant Radionuclide/% Neptunium-239/40% Neptunium-239/32% Phospho1"us-c,2/3]%

Zinc-65/27% Zinc-65/32% Zinc-65/2_%

DominantPathway/% D. Water/87% D. Water/83% D. Water/BO%

UntreatedDrinking 1.9 1.4 1.2
Water

Bonneville(without

salmon) 0.4 0.4 0.3

DominantRadionuclide/% Zinc-B5/53% Zinc-65/66% Zinc-65/54%

DominantPathway/% Do Water/70% D. Water/7O% D. Water/70%

UntreatedDrinking 0.7 0.7 0.5
Water

Astoria (without
salmon) 0.3 0.3 0.3
DominantRadionuclide/% Zinc-65/46% Zinc-65/48% Zinc-65/SO%

Phosphorus-32/19% Phosphorus-32/20%
DominantPathway/% D. Water/70% D. Water/7O% D. Water/71%
UntreatedDrinking 0.5 0.4 0.4

Water

AstoriaShellfish 2.0 2.0 2.0

DominantRadionuclide/_ Zinc-65/99% Zinc-65/99% Zinc-65/99%

Ocean Salmon 0.8 0.8 0.8

DominantRadionuclide/% Zinc-65/99% Zinc-65/99% Zinc-65/99%

WillapaBay 1.6 1.3 1.3

DominantRadionuclide/% Zinc-B5/99% Zinc-65/99% Zinc-65/99%

Dominant Pathway/% Oysters/t00% Oysters/tOO% Oysters/lD0%

The screeningdoses presentedin Tables 10.7 and 10.11 are generally

compatiblewith the HEDR Phase I results for Richlandand McNary (PNL 1991),

as well as with resultsof the HEDR "dominantradionuclides"study for

Richland (Napier1991). All resultsfor the typical individualare within a

factor of two of the median doses reported in the Phase I Columbia River
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40,47 TABLE 10.12. Organ Doses from ColumbiaRiver Pathways for the
Typical Individual

Dose {mrem}
Location/Orqan(a) 1964 1965 1966

Richland

EDE 7.8 As, Np, Zn(b) 5.1 As, Na, Zn 4.2 As, Na, Np
RBM 6.0 P, Zn 3.3 P, Zn 3.0 P, Zn
GI-LLI 39 As, Np 28 As, Alp 20 As, Np
Thyroid 13 I 6.7 I 11 I

McNary
EDE 1.0 Np, Zn 0.8 Zn, Np 0.7 P, Zn
RBM 1.2 P 1.0 P 1.1 P
GI-LLI 5.0 Alp 3.3 Np 2.6 Np, P
Thyroid 4.0 I 2.5 I 4.2 I

Bonneville (withoutsalmon)
EDE 0.4 Zn 0.4 Zn 0.3 Zn
RBM 0.5 P, Zn 0.5 Zn, P 0.4 P, Zn
GI-LLI 0.5 Zn, P 0.5 Zn, P 0.4 P, Zn
Thyroid 2.9 I 1.9 I 1.8 I

Astoria {withoutsalmon)
EDE 0.3 Zn, P 0.3 Zn, P 0.3 Zn, P
RBM 0.4 P, Zn 0.4 P, Zn 0.3 Zn, P
GI-LLI 1.0 Zn, Ru 1.0 Ru, Zn 0.9 Zn, Ru
Thyroid O.1 Zn O.I Zn O.I Zn
Salmon {Bonnevilleand Astoria)
EDE 0.8 Zn 0.8 Zn 0.8 Zn
RBM 1.0 Zn 1.0 Zn 1.0 Zn
GI-LLI 1.1 Zn 1.1 Zn 1.1 Zn
Thyroid 0.7 Zn 0.7 Zn 0.7 Zn
Clams/Mussels/Crabs(Astoria)
EDE 2.0 Zn 2.0 Zn 2.0 Zn
RBM 2.5 Zn 2.5 Zn 2.5 Zn
GI-LLI 2.7 Zn 2.7 Zn 2.7 Zn
Thyroid 1.8 Zn 1.8 Zn 1.8 Zn

WiIlapa Bay (oysters)
EDE 1.6 Zn 1.6 Zn 1.6 Zn
RBM 2.0 Zn 2.0 Zn 2.0 Zn
GI-LLI 2.2 Zn 2.2 Zn 2.2 Zn
Thyroid 1.4 Zn 1.4 Zn 1.4 Zn

{a) For organs,EDE = effectivedose equivalent,RBM = red bone marrow,
GI-LLI = gastrointestinaltract - lower large intestine.

{b) Radionuclidesthat togetheradd up to over 50% of the dose to this organ;
Zn = zinc-65, P = phosphorus-32,Ru = ruthenium-t06,I = iodine-131,
Np = neptunium-239,As = arsenic-76,and Na = sodium-24.
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Summary Report (PNL 1991), althoughthey tend to be somewhatlower. All

resultsfor the maximallyexposed individualare within a factor of two of the

95th percentilevalues reported in the Phase I report,althoughthe results

tend to be somewhat higher. Another similaritywith the earliercalculations

is that the organ receivingthe largestdose would have been the gastro--

intestinaltract, indicatingthe importanceof the short-livedradionuclides

that are not readilyabsorbedby the body. These similaritiesare expected

becausethe water concentrationsand bioaccumulationfactors used are very

close to the Phase I estimates.

A small possibilityexists that people could have obtained a large part of

their regularwater supply directly from the ColumbiaRiver without processing

througha municipalwater treatmentsystem. Potentialorgan doses resulting

from drinking 1.2 litersday of untreatedwater directly from the river are

shown in Table 10.13. The doses shown in Table 10.13 are slightly largerthan

those for typicalindividualsin Table 10.12. This is because no treatmentis

assumed,as opposed to the water treatmentcleanup factorsfrom Table 10.4

appliedto the typical individual,and because there would be essentiallyno

additionalholdup time prior to consumption. These factorsof reduceddecay

time and no removalby treatmentresult in an estimateddoubling of the

drinkingwater dose.

The calculatedexternalpathway doses are always quite small. The largest

doses were for the maximallyexposed individualin Richland. The sum from

boating,swimming,shorelineexposure,and exposureto irrigatedfields would

always have been less than I mrem to the typical individual;externaldoses

would have been less than 10% of the total for the maximallyexposed

individual.

BS Externaldose is quite low even for personswho may have been occupa-

tionallyexposed to ColumbiaRiver water or sediments. As an upper bound, a

person working on submergedstructuresmay be consideredto spend 2000 hours

per year submergedin the ColumbiaRiver (a full working year). The highest

dose calculatedwould be for the Richland locationfor the year 1964. For

this combination,the externaldose would still be less than 90 mrem per year,

which is only about 60% of the dose an individualcould have receivedfrom
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40.4;, TABLE 10.13. EffectiveDose Equivalent,Organ Doses,,andContributing
Radionuclidesfor a TypicalIndividual_ajDrinking
UntreatedColumbiaRiver Water

Dose (mrem)
Location/Orqan(b) 1964 1965 1966

Richland
EDE 15 Alp,As, Zn(c) 9.0 As, Na, Np 7.5 As, Na, Np
RBM :I P, Zn 6.6 Na, P 5.7 P, Zn, Na
GI-LLI /I Np, As 48 As, Alp 3.6 As, Np
Thyroid 18 I 10 I 15 I

McNary
EDE 1.9 Np, Zn 1.4 Zn, Np 1.2 Zn
RBM 1.8 P 1.5 P, Zn 1.6 P
GI-LLI 10 Alp,Cr 6.6 Alp 5.0 Alp
Thyroid 5.3 I 3.3 I 5.5 I

Bonneville
EDE O.7 Zn O.7 Zn O.5 Zn
RBM 0.9 Zn, P 0.9 Zn, P 0.7 Zn, P
GI-LLI 1.9 Cr 1.5 Zn, Cr 1.1 Cr, Zn
Thyroid 4.0 I 2.5 I 2.4 I

Astoria
EDE 0.5 Zn 0.4 Zn 0.4 Zn
RBM 0.6 Zn, P 0.5 En, P 0.5 En, P
GI-LLI 2.0 Cr, Ru 1.8 Ru, Cr 1.9 Cr, Ru
Thyroid O.2 Zn O.2 Zn O.2 Zn

(a) A typical individualis assumedto drink 1.2 litersof water per day.
Doses resultingfrom other consumptionrates can be obtained by
direct ratio.

(b) For organs,EDE = effectivedose equivalent,RBM = red bone marrow,
GI-LLI = gastrointestinaltract - lower large intestine.

(c) Radionuclidesthat togetheradd up to over 50% of the dose to this
organ; Zn = zinc-65, P = phosphorus-32,Cr = chromium-51,
Ru = ruthenium-t06,I = iodine-131,Np = neptunium-239,
As = arsenic-76,Na = sodium-24.

consumption of resident fish. lt is likely that few people would have been

exposed via this prolonged exposure. This pathway is considered in the

recommendations to the TSP for future work on the river pathway (Napier and

Brothers 1992a, 1992b).
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The dose from ingestionof irrigatedcrops would also have been small.

The largestcalculateddose to a maximallyexposed individual,who consumed

nearly 500 kilogramsof vegetablesand milk, was less than 10% that of eating

40 kilogramsof resident fish. An individualwho was typical in all respects

except for irrigatinga garden and eating predominantlyfrom it would have

received,at most, double the dose from the drinking-waterpathway.

Dose from inhalationof resuspendedsoil contaminatedby irrigationwater

was negligible: less than one one-millionthof the dose from eating fish.

Althoughcalculationsfor drinkingwater give a dose that is only 5% to

10% as large as that calculatedfor the maximallyexposed individualfrom eat-

ing fish, drinkingwater would have been the major pathway for the majority of

the population,representedby the typical individual. The drinking-water

doses estimatedhere for "typical"individualsare all within a factor of two

of those reportedin the 1964, 1965, and 1966 HanfordSite annual reports

(Fosterand Wilson 1964; Foster, Soldat,and Essig 1966; Honstead,Essig, and

Soldat 1967).

The dose from eating salmonmigratingup the river would be about the same

as the dose from eating an equivalentamount of resident fish at Astoria.

Because the salmon did not eat, and thereforepresumablydid not greatly

increasein radionuclideconcentrationas they migrated upstream,they would

probably have contributeda pound-for-pounddose that is less than that from

resident fish at locationscloser to Hanford. This assumptionwill have to be

investigatedfurtherbefore any definitivestatementscan be made about the

dose resultingfrom salmon consumptionabove BonnevilleDam.

The doses reported in Tables 10.8 and 10.9 for consumptionof salmon are

based on an assumedconsumptionrate of 100 kg/yr. For the possiblecase of a

subsistencefishermanconsumingup to I kg/d, the dose would be about

0.7 rem/yr from zinc-65, lt is possiblethat other radionuclidescould

contributeincrementallyto this upper-boundestimate for locationsin the

river nearer to Hanford.

As describedin Section9.4, the plume from the ColumbiaRiver out into

the PacificOcean tended to travel in a northerlydirectionalong the
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Washingtoncoast in the winter and in a southerlydirectionand slightlysea-

ward along the Oregon coast in the summer (Frederick1967a, 1967b). For this

reason,the concentrationsof radionuclidesin shellfishon the Washington

coast (e.g.,Willapa Bay) tended to be higher than those along the Oregon

coast. The major radionuclidein Willapa Bay oysterswas zinc-65. The dose

resultingfrom consumptionof the oysterswould have been directly propor-

tional to the quantityof oysters consumed. For a nominalamount of 20 kg/yr,

the dose would have been around 15 mrem. A dose of the same generalmagnitude

was attributableto consumptionof 20 kg/yr each of mussels, crabs, and clams

from the estuaryof the Columbia River. Additionalinformationconcerningthe

diets of groups who consumed significantquantitiesof these foods is needed

before definitivestatementscan be made about the doses they received. The

results indicatethat consumptionof estuaryshellfishmay have been more

importantthan consumptionof residentfish, dependingon the relative rates

of intake.

10.6 SCALINGMID-1960sDOSES TO OTHER TIMES

33 Radionuclidemonitoringdata are most comprehensivefor the decade of the

1960s. Before that time, there was no technologyfor easily discriminating

among the variousradionuclidesrepresentedby the gross beta measurements.

lt is thereforemuch more difficultto piece together a complete pictureof

contaminantsin the river for periods earlierthan about 1960. Monitoring

data alone do not allow estimationof doses like those in Tables 10.7 through

10.10 for periods other than the mid-1960sor for locationsother than those

used in these calculations. The HEDR Project staff have recommendedto the

TSP that additionalmodeling activitiesbe undertaken(Napierand Brothers

1992a, 1992b) to allow additionalcalculationsto be made. Until such

activitiesare begun, however,a rough estimatecan be made on the basis of

the gross beta measurements. Annual total beta measurementsderivedfrom the

literatureare presentedin Table 10.14. The initialconstructionof the

reactors in the late 1940s and early 1950s,the increasein individualreactor

power levels in the late 1950s, and the gradual shutdownof the reactorsin

the late 1960s are all reflectedin the ColumbiaRiver total beta measurements

shown in Table 10.14. If the individualdoses are assumedto scale in rough
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TABLE 10.14. Annual AverageTotal Beta Concentrations,Columbia River
at Pasco,Washington

Concentration
Year (pCi/L) Reference

1945 470 Clukey (1957)
1946 210 Clukey (1957)
1947 180 Clukey (1957)
1948 110 Clukey (1957)
1949 220 Clukey (1957)
1950 520 Clukey (1957)
1951 990 Clukey (1957)
1952 1,410 Clukey (1957)
1953 2,120 Clukey (1957)
1954 1,750 Clukey (1957)
1955 2,160 Clukey (1957)
1956 3,000 Clukey (1957)
1957 5,080 Clukey (1957)
1958 9,150 Junkinsand McConiga (1959)
1959 9,400 Fosterand Junkins (1960)
1960 1I,000 Nelson (1961)
1961 1I,000 Nelson (1962)
1962 7,500 Wilson (1964)
1963 11,000 Wilson (1964)
1964 11,000!a) Essig (1970)
1965 8,250!a) Essig (1970)
1966 5,700!a) Essig (1970)
1967 6,200!a) Essig (1970)
1968 4,I00!a) Essig (1970)
1969 3,400!b) Ballingerand Hall (1991)
1970 1,600!b) Ballingerand Hall (1991)
1971 I00(b) Ballingerand Hall (1991)

(a) Based on number of operatingreactorsand ratios to
phosphorus-32and zinc-65.

(b) Based on number of reactor operatingmonths.

proportionto the beta measurements,this table providesevidence that the

largestdoses probablyoccurred in the late 1950s throughthe mid-1960s.

As an exampleof scalingof the doses based only on the gross beta

measurements,an attempt is made to predictthe dose to a maximallyexposed

individualin 1966 in Richlandon the basis of the estimated 1964 dose

reported in Table 10.7 and the measurementsin Table 10.11. The 1964 dose
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estimate is 0.16 rem. The 1964 and 1966 annual averagegross beta measure-

ments are 11,000and 5700 pCi/L, respectively. The estimate for 1966 can be

calculated as

49

(0.16 rem) 5700 pCi/L
11,000 pCi/L = O. 083 rem

The calculatedestimate from Table 10.7 is 0.082 rem, indicatingreasonable

accuracy by this technique. Becausereactoroperatingparametersand water

treatmentchanged over time, it is probablethat estimatesfor earlieryears

will not be as good as this example. Also, becausethe mix of radionuclides

changeswith radiologicaldecay downstreamof Richland,this techniquewill

not work as well for the downstreamlocations. However,thls example provides

some evidence for the conclusionthat scalingon gross beta concentrations

providesan indicationof the relativemagnitudeof the possibledoses.
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1.5.7.9.10,11
11.0 DISCUSSIONAND RECOMMENDATIONS

The operationalperiod for the eight originalHanford reactorswas 1945

to 1971. The period from 1945 through1956 was one of gradually increasing

radionuclideconcentrationsin ColumbiaRiver water. This correspondedto the

_ncreasein the number of reactors from three in 1945 to eight by April 1955.

Between 1957 and 1965, the activity in the river increasedsignificantly,

reaching an annualmaximum somel_imebetween 1959 and 1965. This increasein

concentrationsresultedfrom increasedpower levelsand isreflected in

Figure 7.1, which shows the annual averagetotal beta concentrationin river

water at Pasco, Washington. Between 1965 and 1971 the reactorswere shut down

one by one, significantlydecreasingactivity levels in the river.

Within any one year, there was also a wide range of activityat the

river monitoringstations. This variationwas partly due to activationof

natural elements in the river water (Section5.2) and chemical additives

(Section5.3). Other lessercauses, relatedto reactoroperations,were the

occurrenceof fuel elementruptures (Section5.5.2) and the purging of reactor

piping (Section5.4). An indicationof this variabilityis illustratedin

Figure 5.3, which shows monthly averageddaily release rates of beta activity

from the reactors at the point of releaseto the river.

An instreamriver process affectingwater concentrationswas the uptake

and releaseof radionuclidesby river sedimentas discussed in Section 9.5.

Afte__ the effluentwas discharged into the river, radionuclidessuch as

zinc-65were sorbed by suspendedand bed sediments(primarilysand, silt, and

clay). During low flow periods,much of the suspendedsedimentwas deposited

in areas of reducedvelocity. This is particularlytrue of the estuarywhere

large volumesof sedimentcan accumulate. As a result,when river flows were

high, resuspensionof depositedsedimentsyielded higher than expected

radionuclideconcentrationsin the water.

The combined effect of the many variablesinvolved in effluentactivity

was evidentlythe reasonwhy early effortsby Hanfordcontractorsfailed to

provide a reliablerelationshipbetween reactorpower levels,river flow, and
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downstreamconcentrationswithin the Hanford reach. Also, there was the

effect of the effluentplume (as discussed in Section8.1) that resulted in

variationin measured concentrationsacross the channelupstream of Pasco.

Another set of variables,apart from reactoroperationsand sediment,

are downstream travel time and radionuclidedecay. The data shown in

Table 8.1 indicate a considerablevariation in peak concentrationtravel time

(e.g.,3.6 to 14.6 days to Vancouver)dependingon whether the river discharge

was low,medium, or high. The travel times are representativeof 1964 when

McNary, The Dalles, and Bonnevilledams were operating. Before McNary and The

Dalles dams were constructed,less travel time was required to reach down-

stream locations,but travel time data for that period are not available.

Consideringthe short half-lifeof some radionuclides(e.g.,phosphorus-32=

14.28 days), travel time and the rate of radionuclidedecay certainlyhad some

effect on downstream concentrations.

11.1 ADEQUACY OF MONITORINGDATA

The monitoringdata for the Hanford reach, from the reactors downstream

to Pasco, have more continuityover the 1945-1990time period than any other

location. Some gaps exist in the data, but.they are minimal. The one short-

fall in the Hanford reach data (and the lower river) is the lack of concentra-

tions of individualradionuclidesfor water, sediment,and biota before 1958.

For the years previous to 1958, the concentrationsare reported as total beta

and are not readilyusable in dose calculations.

The most significantgap in the monitoringdata is for the early years

downstreamof Pasco, because samplingwas not extendedbelow that location

until after 1950. Many of the Native American fishinggroundswere apparently

locatedalong the river below Pasco and upstream of The Dalles, Oregon,with

the major fishing ground at Celilo Falls (Section3.2). There were other

fishinggrounds outsideof this reach, and these will need to be identifiedby

the Native Americansand TSP as locationsfor dose calculations. Although

there were no samplingstationsat the known Native American fishinggrounds,

some data (water and sedimentconcentrations)exist at locationsin the

general vicinityafter 1950.
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During the 1950s and later, the nearestwater samplingstation to the

Celilo Falls fishingground was at The Dalles,Oregon, about 10 to 15 river

miles downstreamof the falls. Water sampleswere collectedfor the years

1953, 1955, 1957, and 1963-1964by Hanford contractors. Water and sediment

were sampledby the state of Oregon at The Dalles Dam from 1961 and on into

the 1970s,which provides some data for that vicinityduring the last years of

operationof the original eight Hanfordproduction reactors. However, the

monitoringby the state of Oregon was after Celilo Falls was inundatedby The

Dalles Dam and reservoirsystem and fishing activityhad moved elsewhere.

The effluentplume data, consistingof measuredwater temperatureand

radionuclideconcentrations,provide a reasonablyaccuratedescriptionof the

plume boundariesand dispersion. Althoughgaps in the data exist, there may

be sufficientdata to develop a downstreamdispersionrelationshipfor the

plume from the reactorsto Pasco. Downstreamof Pasco, mixing is essentially

complete.

The shorelineexposuredata, includingthat received in boating activi-

ties, appear to be sufficientenough in the Hanford reach to provide a

reasonablyaccurateestimate of exposureover the time period of interest.

Interpolationbetween survey time periodsshould provide reasonablevalues of

exposure rates for use in the HEDR Project. A final decision on the use of

these data should come from the dose calculationtask.

Backgroundradioactivitymeasurementsfor the ColumbiaRiver are very

limited. The samplingstationsat Wills' Ranch and above IO0-B are available

(one or the other)from 1945 through1957 and 1959. Sampleswere collectedat

Priest Rapids Dam from 1966 through1969. These three stationsare located

above the reactorsand would be representativeof the river just above

Hanford. Backgroundradioactivitywould be expected tovary along the

390-mile lengthfrom the reactors to the mouth because of international

weapons testingand localgeology. No estimatesof these concentrationswere

found. The YakimaRiver samples are not consideredrepresentativeof the

ColumbiaRiver since the Yakima originatesin a completelydifferentdrainage

area.
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Routine samplingof fish began about 1950 in the Hanford reach,

especiallynear the reactorsites. The early samplingcould also be con-

sidered as exploratorysince littlewas known about the uptake and effectsof

radioactivityon biota. The sampling and studiesof biota gained momentum

during the 1950s and were extended to the mouth of the ColumbiaRiver.

Offsite agenciescommencedsamplingduring the 1960s, primarily in the lower

river and coastalareas. The databasesfrom the collectionof samplingpro-

grams and studiesare numerous and need to be combined into a commondatabase

to evaluate the data for dose calculations. Data on concentrationsof radio-

activity in biota have the same problem as water and sedimentdata in that all

resultsbefore 1958 are reported in total beta activity.

11.2 COMPARISONOF SAMPLINGMETHODS

The very first methods of sampling and analyzingwater, sediment,and

biota were not discussedin the reports (only a few exceptions);only the data

were listedand discussed. The Hanford reportsdo not provide any details on

samplingprocedures and laboratoryanalysis techniquesused in producingthe

database of concentrations. There are unpublishedlaboratorynotebooksand

other documents that could be reviewedand evaluated,but this would be a

large effort beyond the scope of this report.

A qualitativeassessmentof the monitoringprogram from the early days

up to the 1960s is that it involveda certain amount of trial and error

sampling. The HanfordSite had no clear guidelinesto follow, and detection

equipmentwas still being developed. Hanfordcontractorswere not sure of

exactlyhow radioactivitywas distributedin the river and where sinks (such

as sedimentuptake) in the system occurred. As the work progressed,experi-

ence was gained, samplingmethods were refined,and equipmentwas developedto

identifyspecificradionuclides.

The USPHS databasefor 1951 through1953 provides an opportunityto com-

pare Hanford resultswith an independentsource. The best year for comparison

is 1953 because of the extent of samplingresultsfrom both sources. Compari-

sons for other years in the 1960s may be possibledepending on compatibility

of sampling locationsand times.
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11.3 RELIABILITYOF REPORTEDDATA

The known databases, and those found during the course of the literature

review,were developedby different individualsand groups. The sampling and

laboratoryanalysisprocedureswere not described in the Hanford documents.

The methods were described in varyingdegrees of detail in the offsitedocu-

ments. However, the methods and procedureswere not necessarilythe same for

all agencies.

To determinethe reliabilityand to estimatethe uncertaintyof the

reporteddata requires a considerableeffort beyond the scope of this report.

Such an effort requiresthe developmentof a computerizeddatabase for the

1945 to 1990 time period that includesonsite and offsitedatabases. A com-

puterizedonsite database is availablefor the years beginning in 1971, but

all prior data are still in hard copy form (annualreportsand other

documents).

11.4 RECOMMENDATIONS

The followingrecommendationsare offeredbased on a preliminary

evaluationof data and informationfound in the Hanford and offsite

literature:

, Use simple routing techniquesusing flow time data, tributaryinflows,
and decay rates for 2 or 3 isotopesof interest. Select a year where at
least some data exist for the lower river. The resultswould be used to
develop a conceptualriver systemmodel as a forerunnerto reconstruc-
tion modeling.

, Use a one-dimensionalhydraulicmodel to route effluent from the reac-
tors and to reconstructwater concentrationsat downstream locations
where dose is to be estimated.

, Use source term data to reconstructspecific radionuclideconcentrations
in water for locationsof interestdownstreamof Pasco. Evaluate the
resultswith Hanford and offsiteagency monitoringdata where possible.

, Use source term data to reconstructspecific radionuclideconcentrations
in water for locationsupstreamof Pasco for the years of interest
before 1958.

, Investigatethe uptake and releaseof radionuclidesusing hydraulic
routingand measured data to determine if an empiricalrelationshipcan
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be developed. The relationship will be used to estimate concentrations
of specific radionuclides at locations where sediment contributes to the
concentration during high discharges and where bottom sediment concen-
trations are needed for bioaccumulation work.

, Use the measured effluent plume data, together with routine monitoring
data, to develop an empirical relationship for est/mating plume concen-
tration in the Hanford reach above Pasco.

, Develop a comprehensive historical database for all river and coastal
water and sediment sampling stations from both Hanford and offsite
sources.

o Develop a comprehensive database for biota from both Hanford and offsite
sources to include bioaccumulation factors. The database would be used
to determine the adequacy of the data for dose calculations and
fo I low-on work.
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APPENDIXA

COLUMBIA RIVER HYDROLOGICDATA SOURCES

This appendix summarizesthe major sourcesof hydrologic,hydraulic,and

other relateddata that describe the ColumbiaRiver flow regime and provide

data for transportcalculations. Some sourcescontainriver data specificto

the HanfordSite, while others includewater-qualitydata (e.g.,sediment,

water temperature)or fish and wildlife information. Becauseseveralcate-

gories of data and informationare often includedin the separatereferences,

each referenceis listed individuallywith a brief summaryof the kinds of

pertinentdata and informationit contains.

I. Williams,J. R., and H. E. Pearson. 1986. StreamflowStatisticsand
Drainaqe-BasinCharacteristicsfor the Southwesternand EasternReqions,
Washinqton,Volume II: EasternWashinqton. USGS Open-FileReport
84-145-B,U.S. GeologicalSurvey,Denver.

Monthlydischargefor all years of record for the U.S. GeologicalSurvey

gauging stationson the Columbia River and its tributaries.

2. Woods, V. W. 1954. A Summaryof ColumbiaRiver HydroqraphicInforma-
tion Pertinentto HanfordWorks, 1894-1954. HW-30347,General Electric
Company,Hanford Atomic ProductsOperation,Richland,Washington.

Daily discharge (in cubic feet per second)at the Trinidad,Washington,

gauge (rivermile [RM] 441), about 50 miles upstream of Hanford, from January

2, 1943, to December 31, 1953. Various staff gauges at the HanfordSite were

calibratedrelativeto the Trinidaddischargereadings,assumingnegligible

drainage basin inflow betweenTrinidad and the Hanfordgauges. The Hanford

gauges used mean sea level as datum. Evidently,temporarygauges were set at

four locationsuntil others could be permanentlyestablishedat the IO0-B,

tOO-D, and IO0-F areas. The gauge locations(dailyreadings)and periodsof

record are as follows:
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Location Period of Record

Coyote Rapids July 7 throughDecember31, 1943
Wahluke July 9 throughDecember 26, 1943
White Bluffs July 5 throughDecember30, 1943
Hanford July 8 throughDecember30, 1943

181-B Pumphouse July 15, 1944, throughDecember 31, 1953
181-D Pumphouse March I, 1944, throughDecember 8, 1944h)

March 2, 1944, throughDecember 31, 1953
181-F Pumphouse July I, 1944, throughNovember 4, 1944_a_

April 24, 1945, throughDecember 31, 1954

(a) Intermittentreadingstaken during construction.

3. General ElectricCompany. 1962. A Compilationof Basic Data Relating
to the ColumbiaRiver. HW-69368,General ElectricCompany, Hanford
Atomic ProductsOperation,Richland,Washington.

Compilationof all river data, both publishedand unpublished,including

such categoriesas river flows, radioactivity,sediment,effluent studies,

water quality, and possibleeffectsof Hanford effluenton river biota.

Examplesof water-qualityvariablesare temperature,pH, and turbidity. Most

of the data were collectednear the reactorareas. Other locationswere

Trinidad,Priest Rapids, Richland,and the McNary reservoir.

4. Honstead,J. F., J. W. Healy, and H. J. Paas. 1951. ColumbiaRiver
Survey Preliminar.yReport. HW-22851,General ElectricCompany,Hanford
Works, Richland,Washington.

5. Honstead,J. F. 1954. ColumbiaRiver Survey 1951, 1952, 1953.
HW-32506,General ElectricCompany,HanfordAtomic ProductsOperation,
Richland,Washington.

Water samples,depth soundings,and velocitymeasurementswere taken

concurrentlyat about 19 locationsbetween IO0-B and Pasco, Washington,at

three differentflow conditions(risinghydrograph,peak flow, and stable low

flow). A fourth survey was conductedbelow a single reactorduring a time

when it was the only effluent source. The data are presentedas river cross

sectionswith velocitycontours (isovels). Analysis of the water samples

provideddata for plottingthe profileof the effluentplume.
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6. U.S. Army Corps of Engineers. 1949. Report on Flood of May-June 1948.
ColumbiaRiver and Tributaries(Upstreamfrom Snake River). Seattle
District,Seattle.

Flood hydrographsof the upper ColumbiaRiver and tributaries,incre-

ments of the lower Columbia River flood peak at The Dalles, and a water-

surfaceprofilefor July 21, 1949.

7. Robeck,G. G., C. Henderson,and R. C. Palange. 1954. Water Quality
Studieson the ColumbiaRiver. U.S. Departmentof Health,Education,
and Welfare, RobertA. Taft Sanitary EngineeringCenter,Cincinnati.

a. Dischargeand river stage curves for ColumbiaRiver near Hanford and

near Umatilla for July 1951 - June 1953.

b. Flow time curves for the ColumbiaRiver from RM 368.5 (reactorarea)

to RM 292 (McNaryDam site) for dischargesranging from 46,000 to

500,000 cubic feet per second. Curves were developedfor conditionsbefore

and after impoundmentby McNary Dam.

c. Routine physicaland chemicalmeasurementsof water quality, includ-

ing turbidity,temperature,and pH. Readingswere taken approximatelyonce

weekly from January 1951 to February1953 for about 12 cross sectionsbetween

Priest Rapids and the McNary Dam. Measurementswere also taken on the Yakima

River at Kiona, Enterprise,and the West RichlandHighway bridge;on the Snake

River at Page and near the mouth; and on the Walla Walla River at the US

Highway 410 bridge and the US Highway395 bridge. The turbidityand tem-

peraturedata are plotted.

8. Columbia River EstuaryData DevelopmentProqram

The ColumbiaRiver EstuaryData DevelopmentProgramwas a 6-year program

of study authorizedby the U.S. Congress in October 1978 and completedin

1984. The objectiveswere to increaseunderstandingof the ecologyof the

Columbia River estuaryand to provideinformationuseful in making decisions

about land and water use. The researchwas divided into 13 work units. Three

of the units describedand mapped the productivityand biomass patternsof the

estuary'sprimaryproducersand their levels.
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Seven units dealt with the higher trophic levels in the estuarinefood

web. These includedzooplanktonand larval fish, benthic infauna,epibenthic

organisms,fish, avifauna,wildlife,and marine mammals. The goals of these

units were to describe and map the abundancepatterns of the invertebrateand

vertebratespeciesand their relationshipsto physical factors.

The other three work units are, perhaps,the most relevantto the

Hanford EnvironmentalDose ReconstructionProject. These units dealt with

sedimentationand shoaling,currents,and circulation. The goals were to

characterizeand map the bottom sedimentdistribution,to characterizesedi-

ment transport,to determinethe causes of bathymetricchange, and to deter-

mine and model circulationpatterns,verticalmixing, and salinitypatterns.

Includedwith these reports is a detailed set of planformand bathymetricmaps

and portfolios.

9. River Maps and Cross Sections

Various sets of river channelmaps and cross sectionsare availablefrom

the U.S. Army Corps of EngineersNorth PacificDivisionOffice in Portland,

Oregon, and from districtoffices in Walla Walla, Washington;Seattle,

Washington;and Portland, Oregon.

a. 1894 - river surveysand depth soundings.

b. 1955 - detailed soundingmeasurementsin maps PD-7-24/0to

PD-7-24/22.

c. 1963 - Columbia River longitudinalchannel profile.

d. 1986 - 145 cross sections from Priest Rapids to the Yakima River.

Navigationcharts of the ColumbiaRiver from Priest Rapids Dam to the

mouth are availablefrom the U.S. Coast and Geodetic Survey.

10. SedimentoloqicData

The primarysourcesfor these data are the U.S. GeologicalSurvey and

the U.S. Army Corps of Engineersdivision and district offices.
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a. Daily record of water discharge, sedimentconcentration,and total

sedimentdischarge for the followinglocationsand dates:

Location Date

ColumbiaRiver at Pasco August 1962 throughSeptember1966
Snake River at Pasco August 1962 throughSeptember1964
Columbia River at Umatilla August 1965 throughSeptember1966

b. Mean weekly suspendedsedimentconcentrationsand mean weekly sand

and total sedimentdischargesat Pasco, Umatilia,and Vancouverfor 1964

through1966.

c. Mean particle-sizedistributionof surficial-sedimentsamplesfrom

the riverbed (mid-channeland shoreward)at Pasco,Hood River, and Vancouver

taken intermittentlyduring 1962 through 1965. Each sample is dated as to the

day of its collection.

A.5



APPENDIX B

TABLE OF RADIONUCLIDESAND UNITS OF MEASURE



75

Table of Radionucl i des

Radionuclide I Half-Life Radiation (a)

Antimony-124 (124Sb) 60 days p', y

Arsenic-76 (76As) 26.5 hours P'r Y

Barium-140 (140Ba) X2.8 days p-, e-, y

Cerium-144 1144Ce) 284 days p-, e-, y

Cesium-137 (137Cs) 30.0 years _-, e', _

Chromium-51 (51Cr) 27.8 days e-, y

Cobalt-58 (58Co) 7t.3 days _+, Y I

Cobalt-60 .._60Co) 5.26years _, i

Copper-B4. (64Cu) 12.8 hours _-, e-, _+, y

Europium-152 (152Eu) 12 years _-r _+, e-r Y

Europium-154 (154Eu) 16 years p-, e-, y

Gallium-72 (726a) 14.12 hours _-, y

Iodine-129 (1291) 1.7 x 107 years p-, e', y ......

Iodine-131 (1311) 8.05 days _-, e-, y .

Iron-55 (55Fe) 2.6 years y.

Iron-59 (59Fe) 45.6 days _-, y

Lanthanum-140 (140La) 40.22 hours _-,

Manganese-54 154Mn) 303 days e-r T

Manganese-56 (SBMn) 2.58 hour_ p-,

Neptunium-239 (239Np) 2.35 days p-, y, e" (D.R,)

Niobium-S5 (95Nb) 35 days p', y

Phosphorus-32 132p) 14.28 days _- ....

Plutonium-239 (239pu) 24,390 years OL e', y (D.R. !

Plutonium-240 (240pu) 6,580 years OL e', T (D.R.)

Potassium-40 (4OK) 1.42 x 109 years _', _+, ¥

Ruthenium-lO3 ll03Ru) 39.6 days _-, T

Ruthenium-lO6 {106Ru) 368 days p-, y,,,

Samarium-IS3 .(1536m) 46.8 hours ,@-, e', y

Scandium-46 (466c) 83.9 days _-, i
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Table of Radionuclides

bdimuclide lialf-Life Radiation(a)

Sodium-24 (24Na) 15.0 hours _-, y ,

Strontium-89 (89Sr) 57.7 days p', y

Strontium-90 (90Sr) 28.1 _ears _- (D.R.)

Technetium-99 (99Tc) 2.12 x 105 _earsI y, e', _"

Tritium I (3H) 12.26 _ears p"

Zinc-B5 (65Zn) 245 days _+, e-, y

Zirconium-g5 (95Zr) 65 days _-, y (D.R.)

(a) Conversionelectrons (e') are listed if they are
prominentin the electronspectrum. Decay productsmay
give rise to daughter radiation. This is indicated,
where prominent,by the notation (D.R.).

Sources:The Table of Isotopes,by C. M. Lederer,J. M.
Hollander,and I. Perlman(6th ed.; New York: John
Wiley & Sons, Inc., 1967).

Villforth,J. C. and G. R. Shultz. 1970 rev.
RadioloqicalHealth Handbook. Bureauof Radio-
logicalHealth and The TrainingInstitute
EnvironmentalControlAdministration,U.S.

Departmentof Health, Educationand Welfare,

Rockville,Maryland.

UN)TS OF M_SURE

cfs cubic feet per second
Ci curies

dpm/g disintegrationsper minuteper gram
dpm/L disintegrationsper minute per liter

m3 cubic meter

wCi/g microcuriesper gram

_Ci/_ microcuriesper liter
_cj/m microgramsper cubic meter
_R/h microroentgensper hour
mL milliliter
mrem millirem

mrep/h millirepsper hour
mR/h milliroentgensper hour

nCi/m3 nanocuriesper cubic meter
nCi/g nanocuriesper gram

ppm parts per million
pCi/g picocuriesper gram
pCi/L picocuriesper liter
pCi/kg picocuriesper kilogram

RM rivermile

rem roentgenequivalentman
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Plate 2

The Hanford Reach - Showing Surveys of Shoreline
Radioactivity Exposure Rates and the Effluent Plume
Centerline

Surveysof ShorelineRadioactivityExposureRates
1953 Shoreline Survey (Pall 1953). D Islandonly.

_). (_) 1959 Shoreline Survey (McConlgaand Rising1959) - Bothshorelines

(_). (_) sun/Wed each milefrompolnt(_) 1opoint[_), Alternateshorelinessurveyed each mile lrompoint (,gl topoint I_J

O 1962 ShorelineSurvey (MoConnon1962).

• 1966 Shoreline Survey (Grande 1966),

_). (_ 1966 ShorelineSurvey (Lodge 1966), Reactorshoreline surveyedevery
quarter mileand o_site shorelinesurveyed every half mile from

(_)" (_ point_.:)topoint(_). Bothshorelinessurveyed evey halfmile
frompoint(_) to point(_). Islands D, E, _ H, and Locke Islandsurveyed,

• 1974 ShorelineSurvey (Fix 1975).

(_- (_) 1978-79 Sho(eline Survey (Sula 1980), Is_ndl and sel_ectedrecreational
shorelineareas surveyedfrom polnt_)to point(,_,

Effluent Plume Centerllne

Effluent plume centedlnebased on transect_ta

J _ Assumed effluentplume centedtne(notransectdata evallable).
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