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Pacific Northwest Laboratories
flattelle Boulevard

Ma'.Michael E. Donnelly _.o. Box999
Project Officer Richland, Washington 99352

Hanford Environmental Dose Telephone (so9) 375-4354
Reconstruction Project

Public Health Service
Centers for Disease Control
2201 Sixth Avenue, Mail Stop RX-22
Seat,le, Washington 9.8121

,

Dear Mr. DonneUy:

RECOMMENDATIONS FOR USE OF MONITORING DATA AND/OR MODELING FOR THE
COLUMBIA RIVER PATHWAY

Ref, l" Milestone 0204B, Recommendation on Mc_ling or Monitoring Approach for the River
Pathway

Ref. 2: TSP Milestone, Decision on How Far Down the River to Extend the River Pathway
Study

ha suplmrt of the Technical Steering Panel (TSP) decision milestone regarding definition of
additional work on the river pathway (Ref. 2), Battelle has formally evaluated the many alternatives
and developed recommendations for your consideration (Ref 1). The process used'to define and
evaluate potential alternatives is called "Value of Information" an',dysis and provides a format for
quantifying existing and anticipated information, values, and expected outcomes.

The results of the analysis and the recommendations are include;d in the enclosed report (Volume
1). A description and defense of the methodology is included in Volume 2 of the report to be
provided under separate cover.

lt tunas out that the scopes of work and technical approaches for the river pathway contained in
TSP approved FY 1992 and 1993 Task Plans are not very much different from the
recommendations. Contents of the report will be discussed in the 'TSP QA and Technical
Integration Subcommittee meeting on Thursday, July 16, 1992 in Astoria, Oregon.

Questions concerning this report should be addressed to me at the above phone number or Mr.
B.A. Napier of my staff at (509) 375-3896.

Very __rs,

DillOn. __¢lanager
Hanford Environmental

Dose Reconstruction Project

DBS:smf

Enclosure

cc: RH Gray
MS Power
LE Sewell
JE Till



P_EE

This report is a descriptionof work performedfor the Hanford Environ-

mental Dose Reconstruction(HEDR)Project. The HEDR Projectwas established

to estimate radiationdoses to the public resultingfrom releases of radio-

. nuclides from the HanfordSite since 1944, when facilitiesfirst began

operating. An independentTechnicalSteering Panel (TSP) directs the project,

which is conducted by Battelle staff at the PacificNorthwest Laboratory.

The Columbia River was a major pathway of transport for radionuclides

from the Hanford Site. Many thousandsof curies of various radionuclideswere

routinelyreleased to the Columbia River from the eight once-through-cooled

plutoniumproduction reactorsoperatingon the Site (Walterset al, 1992,

p. 5.12). However, initialdose estimates (Napier1991, pp. C.I-C.57; PNL

1991a,pp. 5.1-5.16; PNL 1991b, pp. C.I-C.7) indicatedthat the doses

resultingfrom Columbia River releaseswere considerablysmallerthan those

resultingfrom atmosphericreleases,so work in the early portions of the HEDR

Projectwas largely directed to the atmosphericpathway,with the study ol the

ColumbiaRiver pathway performedat a lower level of effort (Shipler Iggla,

pp. C.I-C.3).

The dose reconstructionefforts are now scheduledto focus more directly

on the Columbia River, pendinga decision by the TSP on the extent and level

of detail required (ShiplerIg91a, p. 2). The TSP h_._establisheda decision

frameworkthat outlines tilerequi._ementsfor consideringspatial and temporal

domainsof the project as a function of individualdose(aJ. A review of

availablemonitoring data has been recently completed (Walterset al. 1992),

providingnecessarybackgroundfor decision making. This report builds on the

informationprovided in Walters et al. and makes specificrecommendationsfor

follow-onwork relatedto the Columbia River pathway. This report completes

HEDR Milestone 0204B, as described in Shipler (1992, p. 3.4). Upon direction

(a) Shleien, B. 1992. _n__t for Deter__j_nt.___t91L_QfTem__Qraland
_hic Domains_for the HEDR ProJeq_. Submittedto the Technical
Steering Panel, Washington State Departmentof Ecology,Olympia,
Washington, 1-800-545-5581. Hereafter referredto as Shleien (1992).
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by the TSP, Battelle will preparedetailed plans for fiscal year 1993 to

implement the TSP decision.
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IU.MMARY

At the directionof the TechnicalSteering Panel (TSP) of the Hanford

EnvironmentalDose Reconstruction(HEDR)Project, Battelle staff have reviewed

and analyzed availabledata regardingpossible historicalradiationdoses to

• individualsresultingfrom radionuclidereleases to the Columbia River. The

objectiveof this review was to recommendto th_)TSP the spatialand temporal

• scope and level of effort on Columbia River work to most effectivelyextend

work performed in Phase I of the project (PNL Iggla, PNL 1991b) to meet the

project objectives.

A number of options were analyzed. Four stretchesof the Columbia River

and adjacent Pacificcoastal waters were defined and investigatedfor four

time periods. Radiationdoses arisingfrom ten potentiallymajor exposure

pathways were evaluatedfor each of the time/locationcombinations,and

several alternativemethods were defined for estimating the doses from each

pathway. Preliminarycost estimateswere also developed for implementingdose

estimation activitiesfor each of the possiblecombinations.

The number of combinationsof the alternativesis obviouslyvery large.

A "value of information"(VOI) decision analysistool was developedand

appliedto the problem of selectinga few "optimal"sets of alternativesto

consider. This VOI analysis relies on both availabledata and the judgment of

technicalexperts. Input data and the algorithmsused are described.

A key considerationin the final selectionof recommendedactivitieswas

the TSP's guidanceon the level of individualdose consideredto be of

sufficient interestto tileprojectto requireadditionalwork (Shleien1992).

Informationrecentlycompiled (Walterset al. 1992, Section 10) indicatesthat

this dose level (I00 mrent/year)is exceededfor a period covering about a

decade for the ColumbiaRiver below Hanford for only those specificpeople who

relied on the ColumbiaRiver fish for a largeportion of their diet (eog.,

those consumingroughlyone pound per day or more). This result impliesthat

some additionaleffort,beyond that performedfor Phase I, should be

undertaken. The followingrecon_nendationsare considered to be technically

sufficientand cost effectiveto perform this recommendedwork.



The additionalwork recommendedto the TSP is

• reconstruct (model),at a moderate level of effort (i.e., a one-
dimensional,unsteady-flow,routing and decay calcu'lation),
radionuclideconcentrationsin Columbia River water in at least the
1950s and Ig60s as far downriver as Astoria, Oregon

• reconstruct,at an intermediatelevel of effort (i.e, a model based
on species-specific,seasonal bioaccumulationfactors),
radionuclideconcentrationsin severalspeciesof fish resident
year.-roundin the river, as well as waterfowl and game birds for
the s,_meset of locations

• reconstruct (model),at a low level of effort (i.e., use o__
calculated uptake by the salmon while they are in the Pacific
Ocean, modified with a simple bioaccumulationmodel while they are
in the Columbia River),radionuclideconcentrationsin anadromous
species (salmonand steelhead) returningto the river

• estimate, using monitoring data and temporal extrapolation,the
concentrationof radionuclidesin Pacificcoastal shellfish.

• reconstruct,using the concentrationsderived for river water, fish,
salmon, and shellfish,individualdoses for people living in the
vicinity of the Columbia River and adjacentcoastal areas in the 1950s
and 1960s.

The detailed rationalefor these recommendatioilsis provided in this volume

(Volume I). Details on the decision-analysistools used 'tosupport these

recommendations,and the numerical input to and output from those tools, are

provided in Volume 2.
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1.0 INT..R..ODUCTION

The Hanford Environmenta'(Dose Reconstruction(HEDR) Projectwas estab-

fished to estimate the radiationdoses people may have received from opera-

tions that began at the Hanford Site in 1944. The technicalwork is being

conducted by Battelle staff at the PacificNorthwestLaboratory (PNL) under

the direction of an independentTechnicalSteering Panel (TSP). TileColumbia

River received coolingwater effluent from the eight Hanford once-through-

cooled plutonium productionreactors and was a major pathway for off-site

releases of radionuclides. Preliminaryestimatesof radiationdoses to refer-

ence individualsin the area of the ColumbiaRiver immediatelydownstream of

Hanford for a short time period were reported in Phase I of the project in

July 1990 (PNL iggla; PNL Ig91b).

The results of the Phase I investigationsshowed that radiationdoses

to most people living along the Columbia River were relatively low, and were

much lower than the doses resultingfrom atmosphericreleases in the mid-lg40s

(PNL 1991a, Section 5). However,the resultsdid indicatethat doses toe

individualsconsuminglarge numbers of fresh fish caught from the river (i.e.,

more than 20 meals per year--from 10 to 40 kg/year)could have received effec-

tive doses approaching0.1 rem per year°

The model used for the HEDR Phase I estimateswas relativelysimple

(Napier 1991). In July 1992, the TSP is scheduledto make a decision regard-

ing the overall simulation approachto take. In September 1992, the TSP will

decide on the scope and level of effort required to meet the projectobjec-

tives for the river pathway dosimetric analysis (Shipler Iggla). The TSP

decisions will determinethe activitiesto be performed in the next years of

the HEDR Projectto refine and extend the Phase I dose estimates. FY 1992

Task Plans for the project requireBattelle to provide technical input and

recommendationsto the TSP for use in decision making (Shipler 1992, p. 3.4).

1.1 CONSTRAINTSON THE DECISION PROC__S_S,.

A number oi:things must be considered in making recommendationson the

scope and level of effort needed for ongoingriver pathwaywork. Early work

1.1
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with various stakeholdersin the HEDR Projectrevealed several key objectives.,

minimizing cost, maximizing the utility of the derived Info'rmation,being as

complete as possible, and minimizingthe uncertaintyof the rssults (Holmes

1991).
II

A key considerationin the final se'lectionof recommendedactivities is

the TSP's guidance on the level of indiividualdose consideredto be of

sufficient interest to the project to requiredose estimation (Shleien 1992).

The TSP guidance states that some efforts are warranted if individualdozes

could exceed th_ guidance dnse level (for these circumstances,100 mrem/year).

The dose criterionwas exceeded for a specificcategory of individuals. This

report recommendsways of optimallyperformingthe required efforts.

Native Am,_ricantribes in the Northwest also have an interest in the

potentialdoses resultingfrom the Columbia River pathways. Tribal members

could have been among the most exposed becausetheir unique cultural,demo-

graphic, and dietarycha_'acteristicsplace some of them in the category of

individualsfor whom the TSP dose guideline_were exceeded.

I.Z _Yj_LLLABLEDATj_.I_.$LE_

In addition to the HEDR Phase I information,recent HEDR efforts have

provided informationrelated to the Columbia River pathway. A literature

review for the TSP by Walters et al. (1992) provides a comprehensivelisting

of sourcesof availabledata on concentrationsof radionuclidesin water,

sediment,and biota. In 'thisliteraturereview,data were selected from

several locations along the river for screeningdose estimates. The dose

estimatesconsidereddrinking water, fish, seafoods,and various other related

pathways.

The work by Walters et al. strongly suggests that, for thoso people who

relied on Columbia River fish for a 'largeportion of their diet, the TSP's

individual-doseguidance level was exceeded for about a decade for most of the

Columbia River below Hanford. Therefore, additionaleffort_ to reconstruct

some pathways should:be expended.
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1.3 APPLICA_ON .OF "VALUE O.E_/_F.P.BI_LT.ION"ANALYSIS

The public's interest in the projectand the project'sobjectives imply

that developmentof any recommendationis both a technicaland nontechnical

issue. In order to effectivelyaddress the variousobjectives on cost,

feasibility,dose level, and uncertainty,a structureddecision-analysistool
t

was developed. This tool is called a "value of inCormation"(VOI)analysis.

Issue structuringis an art for which it is not possible to specify an exact

algorithm;the structureemerges as a result of extensivediscussionswith the

decision maker and the other stakeholders. For the HEUR Project, there were

numerous meetings with the public,the TSP, and HEDR managers and scientists.

From these, a definitionof the question being asked ,wasdeveloped, and a

series of objectiveswas defined.

A major benefit of using a structuredapproach in decision analysis is

that it forcesdefinition of the various alternativesto resolve the issue.

lt also requires coherent assembly of the state of current knowledgeabout the

problem and estimates of what might be gained through the use of each alterna-

tive. Finally, it provides logicalinput to the final recommendations.

I.4 _PLICATION _.___OBJECTIVE$_TQ_.E__Q._M_

The recommendationsprovided in this report are based on the opinions of

the authors, project staff, and reviewers. The data used as inputs to the VOI

model come both from publishedreportsand estimatesmade by the authors and

project staff. For the informationtako.nfrom other HEDR reports, the data

quality objectivesapplied to those reports are assumed. For the rough

estimatesused herein (providedin Appendix B, Volume 2), particularlyfor

estimateddoses and for probablelevels of uncertainty (beforeand after

. implementationof the various alternatives),reasonableranges were attempted

and verified through internalreview and consensusbuilding. Some reviewers

felt that certain cost estimatesmay have been underestimated,but the VOI

results are largely invariantto monotonicallyincreasingor decreasingcosts,

so no changes were made.

The primary data quality objectiveapplicableto this work is one of

completeness(Shipler 1992, p. 3.3). The results of Walters et al. (1992)
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indicatethat the consumptionof drinkingwater, resident fish, salmon, and

seafoods accounts for well over 95% of the dose to any individualthat exceeds

the TSP dose guideline. (Other pathwayscould contributelarger fractionsto

people not eating fish or seafood,but then the total dose would be well below

the guideline.) This meets the stateddata quality objectiveof 95% coverage.

The final recommendationsare based on the professionalopinions of the

authors,project staff, and reviewers,and include intangible(and unqu_ntifi-

able) po]icy and feasibil,ity factors.

1.5 P_EPORTPREVIEW

Section 2.0 of this report discussesthe options for selectionof

locations,time periods, and exposure pathways to be used as input to the

VOI analysis. Section 3.0 desc_'ibesthe alterrsatives(levelsof effort)

considered for the various options--alternativesfor calculatingradionuclide

concentrationsin river water, reside_itfish, salmon, and seafood. Sec-

tion 4.0 describesthe input assumptionsprovided for the VOI model, and how

data and expert judgmentswere used to reach consensus on these assumptions.

Section 5.0 summarizesthe VOI results,and Section 6°0 lists recommendations

for selectionof exposure pathways and levels of effort for future river

pathway work.

Volume 2, which contains AppendixesA, B, and C, contains supporting

informationfor the VO][model. Appendix A provides a detailed discussion oi;

the VOI model and its application. Appendix B describesthe numerical inputs

to the VOI model used to supportthe HEDR reco_Bendations. Appendix C gives

the actual resultsof the VOI analysis.
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2.0 T_!B.UCTURINGOF THE

To provide a structureon which to base any recomme_dations,the pos-

sible doses to individualsfrom the river pathwaywere categorizedas func-

tions of time, location,and exposure pathway. Specific regions, periods, and

• pathways were defined.

2.1 POSSIBLE LOCATIONS

Part of calculatingdoses is defining the geographic area for wI_ichthey

must be calculated. This is largely a functionof applicableexposure path-

ways for various locations,dilution and decay of radionuclideswith increas-

ing distance from the source, and informationavailable from which to make

estimates.

The Columbia River makes its way throughseveral distinct ecological

zones on its way to the PacificOcean. The area immediatelydownstreamof

Hanford is arid, and was largely sparsely populatedduring most of the Hanford

Site's operatinghistory. Accordingto Walters et al. (1992),this zone has

the best ehvironmentalmonitoring database. The river passes throughthe

Cascade M_untains via the Columbia Gorge, a zone where the precipitation

increasesbut where the potentialexposure pathwaysare reduced. Also,

Walters et al. (1992)found that routinemonitoringwas largely confinedto

the upstream (McNaryDam) and downstream (BonnevilleDam) ends of this reach;

thus some sort of extrapolationor modeling would be required for the stretch

between these points. The tidally influencedestuary between BonnevilleDam

and the river's mouth passes through a rainy and relatively populouszone.

Very little monitoringdata are availablehere. The coastal regionsaround

the mouth of the Columbia have significantlydifferentexposure pathways

(e.g., no drinking water or irrigationbut potential for consumptionof

oysters and other seafoods). Modeling of transportof radionuclidesin the

ocean would be significantlydifferentthan modeling transport in the river

itself.

Because of these variations,dose estimates in Walters et al. (1992)

were made for people at Richland,Washington;McNary Dam; BonnevilleDam;
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Astoria, Oregon; and Will,pa Bay, Washington. These locationsare noted in

Figure 2.1. For the analysis in this report,these locationswere used to

define four zones: I) Hanfordto McNary Dam, 2) McNary Dam to BonnevilleDam,

3) Bonneville Dam to the river'smouth, and 4) the Pacificcoast. These are

illustratedin Figure 2.1. These four locationsare qualitativelydifferent

from each other with respect to the type of data availableand the potential

level of radiation dose that could have been receivedby the public.

2.2 TIME PERIODS

The HEDR Project is committedto evaluatingdoses to people over the

entire period of Hanford operation,from 1944 to the present. However,

differentlevels of detail may be required for differenttimes, particularly

if individualdoses fall well below the TSP's guidance level (Shleien 1992,

p.9). In setting the dose guidance level, the TSP evaluated three time

periods: 1944-1951, 1952-1972,and 1973-present. These "windowsof time"

were largely justifiedbecauseof the atmosphericreleases,but also for

reasons related to releasesto the Columbia. For this analysis, however, the

1952-1972period was felt to be too broad, because significantchanges

occurred in reactor operationsover that time.

The operating historyof the reactors (Ballingerand Hall 1991, Sec-

tion 3.5) or the total gross beta activity released to the river by the

reactors'or_erations(Walterset al. ]992, Figure 7.1), show a system that can

be broken down into four periods, which were used for this analysis: 1) 1944-

1954, 2) 1955-196],3) 1962-1972,and 4) 1972-present. The first time period

representsthe initialconstructionand low=poweroperation of the reactors.

The second time period, 1955-1961,shows the ramped increase in power produced

by the reactors in responseto upgrading programs. Operating parameters

varied widely during this period. The third time period, 1962-1971,shows the

period of high-poweroperationand gradual shut-downof the reactors. Fin-

ally, the period 1972-presenthas no once-through-cooledreactor operations.

An additional breaking point in 1957, to account for the introductionof

radionuclidespectral-analysiscapabilities,was consideredbut dismissed as

unnecessaryfor this analysis.

2.2



Washington

Idaho

Priest
Will Ra , ,

Bonneville
Dam

McNary
Dam

b

Oregon

0 60 Miles

.....
0 100 Kilometers North

R92o7o 16.1

EIGURE 2.I,. Columbia River Zones Used in Analysis

2.3

IP'.!ll!' ,1,'' '_'I Iri."' 'rl "'l'ff' ,,rl, ,, p_q..... _i ,,, , ,lilll, IRI l'l'ilirli'llr1, ipPllr , ,, 11r,,'" *',,'n, ,r_,, ,'r'l_ "' 'ITlr, li'_lllRr I_IIr ',r_ " ,, ",'B,i_. "iir" ,,_ r'Ir" '' liniii irpllml,, I"F_ Flip.... IFI . ,,lllhl r ,, rpl,111rrllllr, ,, ,_i==iP



2.3 _THWAYS

Various pathways associatedwith the river have been identifiedby which

the public could have been exposed to radiation. During the analysis, it was

useful to partitionthese into pathwaysthat are directly related to the

concentrationof radionuclidesin river water and those that are indirectly

(or integrally)related to river-waterconcentration.

2.3.1 Directly R_l_te.dto Water Concentr_tj_on

The radiationdose rate essentiallyrelates directly to the instan-

taneous water concentration(the dose _ate is directly proportionalto the

water concentration)for the followingpathways:

• drinking untreatedriver water

• drinking treated river water (commercialsupply)

• oxternal exposurewhile boating

• external exposurewhile swimming

• external exposure while on the river/coastalshoreline

• external exposure to dock/dam/tugboatworkers.

2.3.2 IndirectlyRelated to WBL_.QTConcentration_

Tileradiatiunexposure at any time is a function of the prior variations_

of the radionuclideconcentrationsin river water (the dose rate is determined

" by the currentconcentrationand all those that have preceded it) for the

_ these pathways.

• consuming irrigatedfood crops

• consumingresident fish

• consumingwaterfowl and game birds

• consuminganadromous fish (salmonand steelhead)

• consumingshellfish.

The HEDR screeningand Phase I results (Walterset al. 1992, Section 10; PNL

1991a, Section 5; PNL 1991b, Section 3) showed that the more fish eaten, the

higher the dose. For this analysis,additionalbreakdowns for resident fish
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by typical consumption (0 to 20 meals per year, nominally I kg); large

consumption (20 to 100 meals per year, nominally40 kg); and maximum

consumption (greaterthan ]LO0meals per year--upto I kg/day) are used from

Walters et al. (1992). Similarly, for salmon, ranges of typical consumption

(nominallyS kg/year);large consumption (nominally100 kg/year);and maximum

• consumption (up to I kg/day)are used (Walterset al. 1992, pp. 10.11-10.12).

Simple screeningtechniques (Baker and Soldat 1992) indicate that

radionuclideuptake by waterfowl and other game birds living near the Columbia

River could pose an additionalpathwayof exposure to people who hunt them.

Radionuclideconcentrationsin waterfowl and upland game birds were routinely

monitored over much of the reactor operatingperiod (e.g., Wilson 1965,

Appendix C; Healy et al. 1958, p. 314). The measurementsindicatethat ducks

and birds could accumulateconcentrationsup to or exceeding those found in

resident fish at the same locations,particularlythose waterfowl feeding on

algae and plants from the river. Reliableestimatesof human consumptionof

wild birds are not availableat this time, but becausethe measured concen-

trations of birds and.residentfish were similar,this pathway has been

includedwith the resident fish for the analysis in this report.
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3.0 A__I,TERNAT]_VESCONSIDERED

Based on the locationsand time periods defined in the preceding

section,results for each of the exposure pathwayscould be calculated in a

varietyof ways ranging from simple to very complex. The simple methods may

• be quick, but the complex methodsmay have better accuracyor face validity.

Because the pathways that are associateddirectly with river water concen-

tration can be calculatedeasily once the water concentrationsare known, the

alternativesfor those pathwaysessentiallycollapse into alternativesfor

calculatingthe water concentrations. This is true for all radionuclidesof

interest.

3.1 ALTERNATIV___OR CALCU_ATIN_GBADIONUCLIDECONCENTRAT_!_ONSIN WATER

Five levels of effort were identifiedfor calculatingradionuclide

concentrationsin water: I) use of monitoringdata, 2) extrapolationbased on

monitoringdata, 3) low-levelmodeling,4) moderate-levelmodeling, and

5) high-levelmodeling. The alternativesare only identifiedpoints on a

continuumof possible effort, but they are useful in helpingguide discussion.

Each level'ofeffort is defined in the followingsections.

3.1.1 Monito_r_

This option involvesuse of only availablemonitoringdata. lt is

restrictedto those locationsand times for which measurementsare available°

lt is furtherrestricted to using only reported radionuclides.

3.1.2 __

This option is defined as use of all availablemonitoring data, as

extended to intermediatetimes and places by temporal or spatial extrapolation

and interpolation,fillingdata gaps as necessary. This extrapolation/

interpolationmay use known effluent and river-flow informationas auxiliary

inputs.

3.1.3 ._qw-Lev.elModeling

Effortsfor this option are envisioned as an extensionof the procedure

used in the HEDR Phase I calculations. Source terms (on approximatelya
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monthly basis) would be assumed to be uniformlymixed and diluted in the total

flow of the river over the period of interest. Simple decay correctionsfor

transit time would be applied.

3.1.4 _t_e-Leve] Modelinq

This option is a refinementof low-levelmodeling, lt would use more

detailed source-termdata; the complete river hydrograph;simple one-

dimensional,unsteady-flow,or reservoir-routingtechniques;and other

supportingdata. Effects of sedimentuptake and releasewould be investigated

using a simplifiedempirical approach. This alternativeis essentiallywhat

is describedin the current HEDR task plans for FY 1993 (Shipler 1991b).

3.1.5 High-LevelModeling

The alternativehere is to use the most detailed model possible. This

is envisionedas an unsteady-flowmodel (probablymultidimensional)with daily

source-terminput,and the effectsof sedimenttransport are considered.

(This alternativeshould be distingLIishedfrom the concept of minimum uncer-

tainty, which ignorestechnologicallimitatiensand considersonly the limita-

tions in precisionand accuracy resultingfrom random error.)

3.1.6 Modelinq Radionqc!ideGoncentrationsjn Ocea_

The modeling alternativesdescribedabove apply only to the Columbia

River. Totally differentmethods would need to be used if it were necessary

to determineconcentrationsof Hanford-originatedradionuclidesin the Pacific

Ocean. For this analysis,ocean-watermodeling was limited to either a low-

level effort or a high-leveleffort. These levels representeither a very

limited effort or a large-scaleattempt to simulate ocean transport. Because

it is not anticipatedthat a large-scaleeffort would be needed, it was

assumed that the overall effectivenessof such an effort would be minimal,

and no credit was assumed for ocean-transportmodeling in the subsequent

analyses (althougha major cost differentialwas included).

3.2 AL_LT__RNATIVESFOR CALCULATINGRADIONUCL!D__E_EC_ONCENTRAT!ONSIN RESI__ENTFIS__H

Four levels of effort were identifiedfor calculatingradionuclidecon-

centrationsin resident fish. Similarto the water-concentrationestimates,
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these options are really points on a continuumof effort. The identified

options are I) use of monitoringdata, 2) extrapolationof measurements,

3) low-levelmodeling, and 4) intermediate-levelmodeling. (Only two levels

of modeling wer_defined, because a high-levelmodel, perhaps using a dynamic

food-web approach,was consideredto be beyond the state of the art for this

type of assessment.) Note that, for this analysis,"residentfish" in the

Willapa Bay zone were consideredto be oysters, and _n other areas includes

waterfowl.

3.2.1 MonitorinqD_ta

This option 'involvesusing only availablemonitoring data. lt is

restricted to those locations,fish species,and times for which measurements

are available, lt is further restrictedto using only reported radionuclides.

3.2.2 ExtrBpolation

This option is defined as use of all availablemonitoring data, as

extended to intermediatetimes, places, and fish types by temporal, spatial,

or inter-speciesextrapolationand interpolation,filling data gaps as

necessary.

3.3.3 Low-LevelModel!'ng

For the purposes of analysis,this was defined to be the use of water-

to-fish bioaccumulationfactors. A standardizedset of bioaccumulation

factorswould be used as representativeof "all fish" (perhapsweighted by

the proportion usuallyfound in the diet). This approachwas used in the

screeninganalysis performedfor fish consumptiondoses in Walters et al.

(1992, Section 10).

3.3.4 Intermedi_te_-LevelModelinq

A more detailed investigationof bioaccumulationis envisioned for this

option. Sufficientdata exist that specificdistributionsof bioaccumulation

could be prepared as a function of species, location,and time of year. While

some of this was done in the Phase I modeling (PNL 1991b), a great deal more

could probably be accomplished,particularlyfor areas outside of the Hanford
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reach (that portionof the Columbia River nearest the Hanford Site analyzed in

Phase I of the project).

3.4 ALTERNATIVESFOR CAL._ULATINGRADIONUCI_)[D_CONCENTRATIONSIN SA.L.MO__

Little to no radionuclidemonitoring data exist for salmon or other

anadromousfish in the Columbia River, which limits the number of available

options. Walters et al. (1992, p 4.9) found evidence '_hatsalmon returning

to the Columbia River to spawn take up contaminationwhile still in the

PacificOcean. ,_owever,the salmon undergo radicalmetabolic and physiolog-

ical changes upon enteringthe fresh water of the Columbia, which may cause

changes in their radionuclidecontent and uptake. Because of the dearth of

monitoringdata, use of measurementsoz-extrapolationis precluded. Only two

levels of modeling, low and high, are postulcted. An intermediatelevel of

modeling could not be defined.

, 3.4.1 Low-L_yelModelinq

This is assumedto use a baseline concentrationderived from monitoring

data from the PacificOcean, augmentedv_itha simple bioaccumulationfactor

while the fish are still in the _cean. Some investigationsmust be p_rformed

to providejustificationfor either maintainingthe baseline value as the fish

go upstream or for using some sort of bioaccumulationfactor for short-lived

materials that may transfer through the gills after the salmon enter the

river.

3.4.2 Hiqh-Leve]Modeling

Efforts at this level are currently ill-defined. Possibilitiesinclude

use of a dynamic limiting-nutrientmodel (one is potentiallyavailablethrough

the HEDR contacts with Chernobylscientists)or some other sort of biological

assimilationmodel. While it is to be hoped that such modeling would result

in better predictions,there is a question as to whether or not aggressive

modeling could actually improvecalculations. This option was intentionally

given a fairly high cost factor, because it would probably require an

extensiveresearch effort.
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3.5 CONSTRAINTSON ALTERNATIVES

An option consists of a _pecifiedlevel of effort for each combination

of time, location, and pathway. Theoretically,there are numerous possible

options (for each of the 16 combinationsof time and pathwaythere are two

levels of effort for salmon,four for resident fish, and five for each of the

other seven pathways). There are various substantiveissues,however, that

greatly constrainthe number of viable options.

The levels ef effort for the various water pathways are not independent.

For a given time and location,the Ic.velsof effort for treated drinking

water, irrigation,boating, swimming,and dock/dam workers depend directly

upon the level of effort for the raw drinking water pathway. These dependent

water pathways have simple relationshipsto the raw river water concentration,

and the uncertaintyof the dose estimatesvia these pathwaysdepends upon the

uncertaintyof the estimated radionuclideconcentrationin the river water.

Consequently,the level of effort for raw drinking water determines the level

of modeling for these pathways, and their cost is marginal and the same

regardlessof the level of effort for raw river water. Thus, _chereis really

only one decision for the water pathways--whatlevel of effort to use for

river-waterconcentrations;consequently,within a given pathway and location

the number of possible options is reduced to forty.

A second issue that constrainsthe number of viable options is that fish

models take river-waterconcentrationas input. Consequently,it does not

make sense to undertakean elaboratemodel for fish if the input data from the

river model are so "noisy"that they overwhelmthe precisionof the high-level

fish mode]. Thus, not all combinationsof levels of effort for fish and water

are viable. The possible combinationsare shown in Table 3.1. Thus, low-

level modeling for fish assumes at least extrapolationfor water modeling, and

high-levelmodeling for fish assumesat least low-levelmodeling of water.

Another considerationis that data availabilityfurtherconstrains the

possible levels of effort. One limitationis that there are few or no mon-

itoring (measurement)data availablefor salmon. So, if some level of effort

is to be undertakenfor salmon,then use of water monitoringdata is not an
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TA_Lj.. PossibleCombinationsof Levels of Effort for Reconstructing
Concentrationsin Resident Fish and River Water

W_l_er

Low_ Medium- High-
Resident Measured Level Level Level
Fish _ 'ExtraDol_tiop.Modeling _ Modelinq

Measured data X X X X X

Extrapolation X X X X X

Low-level X X X X
modeling

Intermediate/ X X X
high-level
modeling

option for determiningwater concentrations. This leads to a further reduc-

tionto 27 options for a particulartime and location,as shown in Table 3.2,,,

For locationsfurther downstream,there are additionaldata limitations

that result in more constraints. For the stretch of river from Bonneville

Dam to the mouth, fish-monitoringdata are not available;consequently,there

are only 20 possible options. These are shown in Table 3.3. For the Pacific

coastal areas, only after 1962 are use of monitoring data or extrapolation

possibleoptions for resident fish--whichare shellfishfor this location.

Thus, there are 8 options availableprior to 1962 and 16 options available

after 1962, as shown in Table 3°4°

There are also dependenciesamong the various locations for a particular
/

time. A downstreammodel takes as its input the output from the upstream

model. This suggests that downstreammodeling should be in no greater/detail
/

than the upstreammodel that feeds informationinto it. Furthermore,/}ncethe
/

effort is carriedout for a particularlocation upstream (for a given/time
/

period), then the cost is marginal to extend the model furtherdownstjream.
/

There also may be time dependencies,which may become apparent "_sa

result of implementingthe selected alternatives;these were not con/sidered

/

further. Also, the period from 1972 to 1990 was not analyzed because the
/

availabilityof monitoring data and contemporaneousdose estimates/coupled
/
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]_BJ.[_.3._._.PossibleCombinationsof Levels of Effort for Reconstructiing
RadionuclideConcentrationsin Resident Fish, Salmon, and
River Water at a Particular'Timeand Location

_11 i iii i i iiii . LL [___ j L_IIIIi _ . j i _

............. Salmon: Low-level modeling. i iii iiiii ii i,i . mL_mmmmmwlf_, .... ii1_111 ii Illll .

Water

Low- Medium- High-
Resident Measured Level Level Level

......Fish _ I_YJL):_JLQI_ Modelinq l___E!JJ1g Mode]ina

Measured data X X X X

Extrapolation X X ,{ X

Low-level X X X X
modeI ing _'

Intermediate/ X X X
high-level
modeling

,,lm ............ LI jHIII i i iii_ii ii '_'_...... ii ii ....

..__._- : ........,: Salmon: High-levelmodelingi ii i i• i . i i ._wllmllm_ll_

Water........ :

Low- Medium- High-
Resident Measured Level Level Level
Fish . _ [XLt_oo:]::a_ion l)_L_leling l_g_L_.l_j.ILqMgdeling

Measured data X X X

Extrapolation X X X

Low-level X X X
modeling

Intermediate- X X X
leve'lmodeling

_,mL--" _.::: " : : ..... JMilllmm_lmi_l_Qiim.-,--: :: _: :..:_11.___. .... i ........ _ ..... i . i ,I
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,, i__

_]_J.F.____.Possible Combinationsof Levels oi_ Effort for Reconstructing
RadionuclideConcentrationsin ResidentFish, Salmon, and
River Water from BonnevilleDam to Columbia River Mouth

i i i iii; i i iluiiii i IL II J mmlm,

Salmon: Low-levelmodeling ....... ........

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

Low- Medium- High-
Resident Measured Level Level Level

_ Fish Data E_xtraDolation _.Qde!ing _ Modeling

Measureddata

Extrapolation X X X X

Low-level X X X
modeling

Intermediate/ X X X
high-level
modeling

, ,, i. i i - : ,, _ ,_'J,w -_ . - i... i i ,.... ,,,,, __i

Salmon:_High-levelm,odeli,ng ....... _ . e ...........
....... , i i i ,,i,, .... ._.

---- , ............. WatQr....

Low- Medium- High-
Resident Measured Level Level Level

____..F_:L_b_.______J_.t_L_ _ExtraDo.lation _ _L{Le_l_l.o.1

Measured data

Extrapolation X X X

Low-level X X X
modeIing

Intermediate- X X X
level modeling

,,ml
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.TABLE.3,4.Po_,_ibleCombinationsof Levels of Effort for Reconstructing
RadionuclideConcentrationsin Resident Fish, Salmon, and
Ocean Water for CoastalAreas

Salmon: Low-level modeling i.i i lllll,i,

Water

. Low- Medium- High-
Resident Measured Level Level Level
_Fish _ _.P_ Extrapolation Modeling Modelirjg [4ode]ing

Measured data (X)(a) (X)

Extrapolation (X) (X)

Low-level X X
modeling

Intermediate/ X X
high-level
modeling

- : _ H,._I... .... i., . _ i NII ,i- ii i i i , i i

.............. Salmon: Hi,lh-level modeling __

...... W_ter

Low- Medium- High-
Resident Measured Level Level Level

....Fish _._[LaJLL..F,/ItdC_oolation Modeli_g Modelinq _J!g

Measured data (X) (X)

ExtrapoIation (X) (X)

Low-level X X
modeIing

Intermediate- X X
level modeling

i'la)(X) - Measurementa'ndextrapolationare options _sh after 1962.....
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with the minimum of reactor activity led the authors to the conclusionthat

individualdoses were very unlikely to exceed the TSP guidelines,and thus

modeling was not necessary.
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4.0 _.T_TRIBUTESANDIDATA APPROXIMATIONS

For each combinationof time, location,and pathway,the VOI model

requiredestimates of the number of people exposed, the average dose, the

minimum possible uncertainty,the percentageuncertaintyreduction for each

level of effort, and the estimatedcost for that level of effort.

4.1 APPROXIMATION_.EXPERTOPINION, AN{)_

Some of the estimatesrequiredjudgments based upon expert opinion.

Judgmentsare an integraland necessarypart of all decision modeling. For

some of the inputs,objectivedata were availableand were used whenever

possible. Often objectivedata were availablefor baselineestimates at a

particulartime and/or place, which were then modified by judgment to fit the

particularcircumstancesof other times or places prior to input.

The required judgmentswere provided by the authorsand verified by

other individualswith the appropriateknowledgewho provided feedback,which

led to modificationand consensuson the estimates. Reviewersand others who

contributedto the process of data approximationare acknowledgedin the

"Acknowledgments"section of this report. A short summaryof the status of

the opinion of the project staff on each set of input assumptionsis provided

in the followingsections.

4.2 SOURCE TERMS

Preparationof a "Hanfordhistory" is a defined product of the HEDR

Source Terms Task (ShiplerIgglc, p. 4.6). One portion of this is a compre-

hensive source term for reactorreleases to the Columbia River. lt is likely

that this researchwill be undertaken,as a result of strong public interest,

whether surface-waterdoses are calculatedor not. Therefore, for this

analysis,the availabilityof a detailed Columbia River source term has been

assumed as a given. Costs and time for preparationof a Columbia River source

term are not included in this analysis.
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4.3 NUMBEROF PEOPLE POTENTIALLYEXPOSED

The values reported in Volume 2, Appendix B, are estimatesbased on

discussionswith staff of the HEDR Demography,Food Consumption,and

AgricultureTask. The values,which are intended to be order-of-magnitude

estimatesat best, accommodateseveralrealistic pathwayassumptions:

• There is little commercial irrigationwith Columbia River water
below the Columbia Gorge.

• The Richland/Kennewick/Pascoarea is the largest public drinking
water withdrawal below Hanford. (There are a few small towns using
Columbiawater, but no major populationcenters.)

• No contaminatedwater is used for drinking at Willapa Bay.

• Populationsand affected groups change with installationof the
dams above Bonneville.

The estimatesare consensus values among HEDR staff and reviewers.

4.4 DOS_ ESTIMATES

Doses are the same as those reported in Walters et al. (1992) for the

year 1964. The backgroundcalculationsused in each are the same. The doses

are based on monitoreddata in the mid-1960s. That report provided do_;_;sby

aggregatedpathway for five locations. The individualpathwayswere disaggre-

gated for this analysis. The only difference is that the results for McNary

and Bonnevillewere averaged for the McNary-Bonnevillestretch. The indi-

vidual pathwaydoses are given in Volume 2, Appendix B. Values for both the

typical and maximallyexposed individualswere used.

The detailed calculationsin Walters et al. (1,992)were only done for

the years 1964-1966. For this analysis,only the 1964 values were used to

representthe 1962-1971period. These results were scaled by a factor of 0_5

for the 1955-1961period, and by a factor of 0.1 for the 1944-1954 period.

These scaling factorswere developedas functionsof reactorpower and gross

beta output, using the techniquedescribed in Walters et al. (1992).

The doses are considered to be representativeof the time periods, but

not necessarilyaccurate for any given person for any given year; the scaling
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was done to illustratebroad periods,not to accuratelyportray any one year.

Because of temporal averaging,the scalingfactors are possibly overestimates

for most of the years of the 1944-1954period,possibly underestimatesfor the

years 1958-1961,and again overestimatesfor years after 1964. The scaling

factors are a consensusopinion of the authorsand internal reviewersas being

• reasonably descriptiveof the broad time periods investigated.

4.5 _ARIANCE ESTIMATES

The model requiresas inputs both a prior variance--whichrepresentsthe

current uncertainty,and a prior estimateof a posteriorvariance--whichis an

estimate of what the uncertaintywould be after implementingthe various

levels of effort. The variance being estimated is the one concerningthe true

value of the averagedose. This may be very different than the variance of

the populationdose (whichdescribesthe variabilityacross individualsin the

population). There is probably no reasonto believethat the varianceof the

population dose will decrease as a resultof carrying out a particular

alternative (therewill still be a range of doses among individualsin the

population),but there is reason to believethat the confidence interval

around the estimateof the average dose will decrease as a result of further

study (we will understandthe distributionsbetter), lt is this confidence in

the estimate that is being addressedwhen estimatingthe variance.

For the river pathway, variance estimateswere obtained indirectlyfrom

estimates of the average dose and estimatesof the upper g5th fractile.

Again, it cannot be stressedtoo much that this is the upper 95% confidence

intervalof the authors' belief about the averagevalue of the true dose.

Assuming that the underlyingbelief distributionfor the averagedose is

lognormallydistributed,the variance is then calculated as

Var - {[Log(g5thfractile) - Log(avg)]/1.645}2 (4.1)

All uncertaintyestimatesare based on the mid-1960s calculations. The

current uncertaintiesare based on the Phase I calculationsfor the Hanford

reach segment of the river (PriestRapids to McNary Dam), so the basic prior
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and posterior estimatesare derived from that stretch, and extended over space

and time away from that set. Most of the pathways are directly relatedto the

concentrationof radionuclidespredicted in 'theriver water. These are all

dominated by the uncertaintiesin the water concentration. A few others have

an "intermediatestep," estimation of concentrationsin fish, salmon,or food

crops from irrigation. This adds to the water uncertainty. A "well-defined

individual"is assumed in all cases, so that the uncertaintiesgeneratedfrom

lifestyledifferences,etc., are compensatedfor. All dose distributionswere

assumed to be lognormallydistributed. Therefore,uncertaintycould be

described in terms of a geometric standarddeviation (GSD). The "algorithm"

for assigningprior and posterioruncertaintiesis _resented in Table 4.1. To

extend these in space (i.e.,to the other four locationsfor the 1960s),the

values shown in Table 4.2 are added to all the Hanford GSD estimates. The

negative addition (subtraction)for the salmon indicatesthat the best data

are likely to be from the PacificOcean measurements,and estimationswe make

upstreaBwill be less and less reliable the more radionuclideswe encounter

closer to Hanford sources.

TABLE 4;I. GeometricStandard DeviationsAssigned to IndividualDose
Estimatesfor the RichlandArea in the 1960s

prior Estimates .... GeometricStandard Deviation

River Pathways 1.7 (factorof 3 at 9Sth percentile)
River + Irrigation 4.0 (factorof 16)
River + Fish 3°0 (factorof g)
River + Salmon 5.0 (factorof 25)

Po_g!te_e.rj_rEstim_te_ Geometric Standard__D__viation

River Pathways Io5 (factorof 2)
River + Irrigation 3.0 (factorof g)
River + Fish 2.0 (factorof 4)
River + Salmon 3.5 (factorof 12)
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!ABLE 4.2. FactorsAdded to the GeometricStandardDeviation
for the RichlandArea to Account for Uncertainties
in Other Areas

McNary Dam to BonnevilIe Dam
BonnevilleDam to River Mouth Coastal Areas

Prior estimates 0.2 0.4 0.6
(all but salmon)

Posteriorestimates 0.1 0.2 0.3
(all but salmon)

Salmon -0.I -0.3 -0.3
(prior and posterior)

To extend these estimatesin time (to the 1950s and 1940s), the

followingare added to each location:

• 1950s: add 0.5 to all 1960s estimatesof GSD

• 1940s: add 1.0 to all 1960s estimatesof GSD (0.5 to the Ig5Os).

The logic here is that only gross beta data, rather than spectraldata, are

availablefor a part of the 1950s and all of the 1940s periods.

The estimatesof uncertaintyreductionby means of various investigation

techniquesare also the judgmentsof the authors and other Battelle staff.

For monitoring and extrapolation,although these account for time and space

gaps, there is relativelylittle improvementin the uncertainty, lt was

assumedthat low-levelmodeling would not be particularlyaccurate below about

McNary Dam, so the uncertaintyreductionestimatesfor low-levelmodeling are

about the same as for extrapolationfrom there on downstream. Moderate-level

modeling is assumedto be "credibleengineering"and to provide a reasonable

improvementin the answers. High-levelmodeling,while possibly providing

better estimatesthan the other techniques,for input to the VOI analysiswas

not allowed to get a 100% reductionin the uncertainty,but it was allowed to

be better than moderate-levelmodeling. This is, potentially,a bias that

makes modeling efforts look more accuratethan they may actually be

(particularlywith fish and salmon).
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4.6 CQST ESIIMATES

Cost estimatesare based mainly on currentwork-plan projections

(Shipler1991b, 1992). lt was assumedthat the current work plans are

essentiallyequivalentto moderate-levelwater modeling with low-levelfish

and salmon modeling. Costs for the "monitoring"options are based on the cost

projectionsfor the HEDR EnvironmentalMonitoring Data Task (Shipler 1991b,

Igg2). A further assumptionwas that the cost for low-levelmodeling would be

essentiallythe same as that for extrapolationof monitoringdata. Costs for

collectionof demographicand food consumptiondata are assumed to be about

the same across the options, and are equal to the projectedDemography,Food

Consumption,and AgricultureTask expenses (Shipler Igglb, 1992).

The costs for many of the water-relatedpathways were lumped together;

becausedoses via these pathways are all easy to derive once the water concen-

trations are known, they have low marginal costs. Also, the costs initially

estimatedwere aggregatecosts for the entire project using a particular

option; these were then broken down for the individualtime periods and river

stretches. Use of a "cost" for a singleoption applied to a single river

stretch or single time period is, therefore,not a true reflectionof the

actual cost if that option were independentlyselected. (Each option has

developmentand startup costs that were pro-rated across the times and

locations.)

There is a possibilitythat the estimatedcosts for high-level fish and

salmon modelingmay be underestimated,because those levels of effort are

currently ill-defined. However, increasesin cost should be roughly monotonic

with increasesin level of effort. Inaccuraciesin the relativeVOI/cost

ratio for differentcombinationsof alternativeswould result only from

relative cost differentials,rather than from absolute cost differentials.

Therefore,the relative relationshipsbetween the various combinationsof

alternativesas a function of cost should remain about the same.
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5.0 SUMMARY OF Vo! RESULTS

An independentVOI analysiswas carried out for the first three time

periods at each of the four locations. Thus, VOI analyses were conductedfor

twelve combinationsof time and location. Within each of these combinations,

the VOI analysiswas conductedfor the applicableoptions. For each level of

effort, the VOI was computed for each of the exposure pathways. These

pathways consistedof the seven water pathways,resident fish consumption(at

three consumptionrates),and salmon consumption(also at three consumption

rates). The totalk_O!for water at a given level of effort was found byt

summing (as defined in Appendix A in Volume 2) the VOIs for the seven water

pathways. The total VOI for resident fish is the sum of the VOIs for the

three levels of fish consumption,and the total VOI for salmon is the sum of

the three VOIs for the three levels of salmon consumption. Next, the VOIs for

each option were calculated. This is just the sum of the total VOI for water,

the total VOI for residentfish, and the total VOI for salmon, each at their

respectivelevels of effort. The final step in the analysiswas to compare

the VOIs for each of the options with their costs.

Details of the complete VOI assessmentare provided in Volume2 in

AppendixesA, B, and C. Appendix A provides a discussionof the theory of

value of informationas applied to the HEDR applicationof selectionof

Columbia River dose-estimationmethods. Appendix B provides all of the input

informationused in the numericalassessmentof VOI. Appendix C provides all

of the numericalresults,with a discussionand graphical interpretations.

In Appendix C, and in the followingdiscussion,the various options are

discussed using a "shorthand"notation. All of the options consistof some

combinationof level of effort for determiningradionuclideconcentrationin

river water, resident fish, and salmon. For the various levels of effort,

possibilitiesincludeuse of extrapolationof monitoringdata; low-level

modeling; moderate-levelmodeling of water and intermediate-levelmodeling of

fish; and high-levelmodeling. In the notationused, these are representedby

triplets of the initialsE, L, I, M, and H. Thus, for a time period and

location of interest,a combinationconsistingof moderate-levelmodeling of
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river water, extrapolationof resident fish data, and .low-levelmodeling of

salmon would be representedas MEL. The orderingof the initials is always

river/fish/salmon.

5.1 COMPARISONACROSS TIMES_

One option is said to dominate anotheroption if the first is better

than the second for at least one of the dimensionsbeing considered and is no

worse than the second on all of the other options. A complete discussion of

the concept of option dominanceis provided in Volume 2, Appendix C.3.

Table 5.1 shows the resultsof applyingthe VOI analysis to all

combinationsof time and location. For each time and location,the set of

nondominatedoptions is listed in order from least to most costly. In almost

every case, the least costly member of this set is LLL (low-levelmodeling of

concentrationsin river water/low-levelmodeling of fish/low-levelmodeling of

salmon),and the most costly member of this s_t is HIH (high-levelmodeling of

concentrationsin river water/intermediate-levelmodeling of fish/high-level

modeling of salmon). In one case (McNaryDam to BonnevilleDam, 1962-1971),

ELL dominates LLL as the least-costlyoption. Also, LIH dominates HIH as the

least costly option for the Pacific coastal areas across all time periods.

The nondominatedoptionswere furtheranalyzed across locationsfor a

given time period and across time periods for a given location. These

analyseswere of two types. One analysisconsists of the identificationof

the intersectionsand unions of the nondominatedoptions--i.e,what options

differenttimes or locationshad in common (unions)and what were available

for at least one time-location(intersections). The other analysis consisted

of summing the VOIs either for a given location across time or For a given

time across locations. The sets of nondominatedoptions that resulted from

these analyses are shown in Tables 5.1 through 5.4.

The sets of nondominatedoptions for a given location across times

are fairly similar. This can be seen from a comparativeexaminationof

FiguresC.25-C.36 in Volume 2, and it is also apparentfrom a comparisonof

the cardinalityof _he set of intersectionswith the cardinalityoF the set of

unions when these are taken across times for a given location. These sets are
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similar in size. In fact, for BonnevilleDam to the river'smouth, these set.

are exactly the same, as shown in Table 5.2. On the other hand, a comparison

across locationsfor a given time period shows that the nondominatedsets have

very little in common, as shown in Table 5.3. These considerationsnaturally

lead to the summationof VOI across times for each location. The results of

these summationswere plotted againstcost and are shown in Volume 2 in

FiguresC.37-C.40. The nondominatedoptions for these sums are shown in Table

5.4. VOI was also summed across locationsfor each time period. These

results are plotted againstcost and are shown in FiguresC_41-C.43 in

Volume 2, and the set of nondominatedoptions is shown in Table 5.4.

Figure 5.1 shows the results of summingVOI over all times and all locations

for the Columbia River, and the set of nondominatedoptions is also shown in

Table 5.4. Figure 5.2 provides the same informationfor the Pacific coastal

regions.

5.1.1 VOI-Cost Tradeoffs

A choice among the nondominatedoptions will reflectthe decision

maker's judgment as to the relative importanceof cost and VOI. Such judg-

ments require that the decision analystprovide the decision maker with

informationconcerningthe relationshipbetween the inputs and the magnitude

of VOI. This process can be helped with an understandingof the relationship

between changes in the magnitudeof the input variablesand the corresponding

changes in the magnitudeof the VOI results. A detailed discussion of these

relationshipsis given in Volume 2, Appendix C.

5.1.2 Sensitivityof Results _hn_

A sensitivitystudy was performedto investigatethe sensitivityof the

conclusionsto variationsof the input values. This study is described in

Appendix C.5 of Volume 2. The results show that cardinal dominancewas

preservedthroughoutthe range of parametricvalues. Ordinal dominancewas

also preserved,with a few minor exceptions.
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5.2 CONCLUSIONSOF VOI ANALYSIS i_

Although HIH is a dominant option and provides the maximum VOI, it

should probably be eliminated from consideration. An examina/tionof any of

the figures that plot VOI against cost shows that very littl(_is gained by

increasingthe modeling of the river water from L to H; i.e., HIH is not much,

if any, better than LIH, regardlessof the time or location. So LIH marks the

upper end of the options that make sense.

LLL is the dominant low-costoption for all time-locationsexcept two;

thus, LLL defines the lower end of the options. However, unless budget is an

overriding consideration,LLL can be greatly improved upon for a moderate

increase in cost. (This can be seen by an examinationof FiguresC.25-C.36 in

Volume 2.) The logical choice for the next costly option "is,for most time-

locations, LIL (lowmodeling for water, intermediatemodeling for resident

fish, and low modeling for salmon), as seen, for example, in Figure C.25. In

fact, Figure C.25 shows LIL to be in some sense the optimal choice, because

further increasesin effort gain little in the way of informationvalue.

A major exceptionto LIL as optimal is for the stretch from McNary Dam

to BonnevilleDam. Here the optimal choice is LLH, rather than LIL; i.e., for

this location it makes more sense to spend the extra effort in high-level

modeling of salmon rather than resident fish. This refl=ectsthe fact that it

was on this stretchof the river that the majority of the salmonwere caught.

However, consideringthat the marginal cost of extending a level of modeling

effort to other time-locationsis relativelysmall once such a model is

developed, it makes little sense to model LIL for some locationsand LLH for

others. The total VOI summed over all times and locationsfor the Columbia is

shown in Figure 5.1. This figure shows LIL or LIH to be optimal choices

representinga steady increase in value for increases in effort over all other

options, while any further increase in effort yields very little increase in

informationvalue. For the coastal areas, LIH appears to be optimal.

No one method of anaiysiswill unequivocallygive the final answer to

any decision issue. This particularapplicationof VOI to the level-of-effort

decision for the river pathway representsa novel approach,but one that has a

firm foundationin the theory of decision making (see Appendix A in Volume 2).
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_. DominantOptions for EachCombination
of Time and Location

1944-1954
PriestRapidsto McNaryDam

LLL, LIL,LIH,MIH, HIH
McNaryDam to BonnevilleDam

• LLL, LLH,LIH,MIH, HIH
BonnevilleDam to RiverMouth

LLL, LIL,LIH,MIH, HIH
CoastalAreas

LLL, LIL,LIH

1955-1961
PriestRapidsto McNaryDam

LLL, LIL,MIL,MIH, HIL,HIH
McNaryDam to BonnevilleDam

LLL, LLH,LIH,MIH, HIH
BonnevilleDam to RiverMouth

LLL, LIL,LIH,MIH, HIH
CoastalAreas

LLL, LIL,LIH

1962-1971
PriestRapidsto McNaryDam

LLL, LIL,MIL,MIH, HIL,HIH
McNaryDam to BonnevilleDam

ELL, LLH,LIH,MIH, HIH
BonnevilleDam to RiverMouth

LLL, LIL,LIH,MIH, HIH
CoastalAreas

LML, LIL,LIH
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I2_..L_, Union(a) and Intersection (b) of Dominant Options
Across Times

Priest Rapids to HcNary Dam--All Times
Union

LLL, LIL, LIH, MIL, HIL, HIH
Intersection

LLL, LLH, MIH, HIH

NcNary Damto Bonneville Dam--All Times
Union

LLL, LLH, LIH, MIL, MIH, HIH
Intersection

LLL, LIL, MIH, HIH

Bonneville Dam to River Mouth--All Times
Union

LLL, LLH, LIH, MIH, HIH
Intorsection

LLL, LLH, LIH, MIH, HIH

Coastal Areas--All Times
Union

LML, LLL, LIL, LIH
Intersection

LIL, LIH

(a) Option is in union if it is the dominant

option at least once.

(b) Option is in intersectionif it is the

dominant option every time.
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TABLE 5,3. Union(a)and Intersection(b)of Dominant Options
Across Locations

1944-1954--A11Locations
Union

LLL, LLH, LIL, LIH, HIH, HIH
Intersection

. LLL, LIH

1966-1961--All Locations
Union

LLL, LIL, LLH, LIH, MIL, MIH, HIL, HIH
Intersection

LLL, LIL, MIH, HIH

lg62-1971--All Locations
Union

LLL, LIL, LLH, LIH, MIL, HIL, HIH
Intersection

LLI.

(a) Option is in union if it is the dominant

option at least once.

(b) Option is in intersectionif it is the

dominant option every time.
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TABLE_4. DominantOptions WhenVOI Analysts is Aggregated
over Times, Locations, and Times and Locations

All Times
PriestRapidsto HcNaryDam

LLL,LIL,MIL, MIH, HIL,HIH
McNaryDam to BonnevilleDam

LLL, LLH,LIH,MIH, HIH
BonnevilleDam to RiverMouth

LLL, LIL,LIH,MIH, HIH
CoastalAreas

LML,LMH, LIL,LIH,HIH

All Locations
1944-1954

LML,LIL,LIH,HIH
1955-1961

LML,LIL,LIH,HIH
1962-1971

LML,LIL,LIH,HIH

All Locations and All Times
LML, (LMH),LIL, LIH,HIH
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6.0 RECOMMENDATIQ._S

The VOI analysisconducted for the project provided a basis for

understandingthe implicationsof the variousoptions for modeling

radionuclideconcentrationsin the river and calculatingthe human doses

. resulting from exposure to them. The conclusionsof the VOI analysis,

described in Section 5.0, suggest that the combinationsLIL or LIH are best

supported by current information. However,as also noted in Section 5.0,

considerationsother than just cost and individualdose also need to be

considered. Thus, the Battelle recommendationsdescribed in the following

sections are based on technical as well as other considerations.

The recommendationsto the TSP for continuingwork fall in the areas of

• exposure pathwaysto consider

• level of effort for modeling the radionuclideconcentrationsin

- the ColumbiaRiver

- resident fish

- salmon

- seafoods.

6.1 RECOMMENDATIONFOR EXPOSURE PATHWAYSTO CONSIDER

As a result of the modeling exercise described in Walters et al. (1992,

Section 10), the importanceof some exposurepathways over others is apparent

in terms of dose. Dose from inhalationof material resuspendedfrom shore-

lines or irrigatedfie]ds is extremelysmall (one-thousandthof a millirem).

Radiationexposure to individualsfrom most external pathways (e.g., swimming,

, boating) is low (on the order of a few millirem). Of the same order of

magnitude is exposure from irrigated crops. The small dose resulting from

, irrigation (and inhalation) is a consequence of the spectrum of radionuclides

released to the river: few long-lived radionuclides that would build up in

irrigated soil or food are present. The dominant pathways are ingestion of

drinking water (for most people), ingestion of resident fish and salmon caught
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from the Columbia River, and ingestion of seafood from the Pacific coastal

bays.

Dose resulting from swimming and boating is very simple tc calculate

once the water concentrations are known. Including these pathways for

completeness is easy and would have minimal incremental cost. Therefore, it

is recommended that the swimming and boating pathways be included. However,

doses from irrigated foods would be muchmore difficult to include, because

much additional data on quantities of irrigated food produced, the irrigated-

food distribution network, and individual consumption would be needed. Such

efforts could be as costly as past and current efforts to reconstruct the milk

production and distribution system. The dose impact to any individual from

irrigated foods is low. Therefore, it is recommended that irrigated foods be

omitted from the river pathway calculations.

Because of its relative importanceto most of the downriverpopulation,

drinkingwater (both treatedand untreated) should be included. Because of

the importance to groups depending on them for a substantialportion of their

diet, resident fish and salmon in the ColumbiaRiver should be included.

Waterfowl and game birds should be investigatedat the same level of effort as

the resident fish. Finally, some level of effort should be expended t_)fully

characterizethe potentialfor doses from oystersand other seafoodalong the

Pacific coast of Washington and Oregon.

6.2 RECOMMENDATIONFORCALCULATING RA_DIONUCLIDECQNCEN_RATIONSIN WAT_.B

The conclusion from the VOI analysis was that low-levelmodeling of

water concentrations,similarto that done for Phase I, would be adequate (see

Figure 5.1, or Appendix C in Volume 2). However,a slight increase in the

value of the informationgeneratedcould be gained for a small additionalcost

by going to a moderate level of effort (see Figure 5_I). Because of the

public interest in the surface-waterpathway, the authors believe that
w

continuingwith the level of effort currentlydefined in the project task

plans (Shipler 1991c, 1992) (which correspondswith the moderate-level

modeling defined for the VOI analysis)is warran_ed. Public understandingand

confidencewould be enhanced by doing more than is minimally necessaryfor
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modeling radionuclideconcentrationsin river water. The results of the other

' pathwayswould also be more generallydefensible if modeling were done at a

moderate,rather than low, level of effort. Because source-terminformation

will be available over the entire period of reactoroperations,once a model

is established,it is only a marginal incrementaleffort to use it for the

. entire time period.

Therefore,the recommendationto the TSP is for moderate-levelmodeling

, of radionuclideconcentrationsin ColumbiaRiver water concentrationsfor

1944-1972.

The VOI analysis consideredonly low-leveland high-levelmodeling of

radionuclideconcentrationsin Pacificcoastal regions. Because the doses

from seafoods beyond the river mouth are moderate to low (generallyless than

a few tens of millirem at most), only a low level of effort is recommendedfor

this work. (See the recommendationfor seafood,below.)

6.3 RECOMMENDATIONFOR MODELING RADIONUCLIDECONCENTRATIONSI_lRESIDENT _SI_

Walters et al. (1992) illustratethat the pathwaywith the potentialfor

the largestdoses to individuals_s that of consumptionof resident fish. On

a pound-for-poundbasis, the dose from waterfowl and game birds may be approxi-

mately equal to that for residentfish. lt is likely that the total number of

people with a potential for high doses from these pathways is small. The

individualsmost likely to fall into this group are members of minority groups

using the fish or birds as a subsistencefood source.

Both of the options discussedin Section 5.2 as providingthe best value

of informationfor a given expenditureinclude intermediate-levelmodeling of

fish. The authors believethat a simple single-concentration-ratiomodel for

fish (low-levelmodeling) is insufficientfor the HEDR Project, for reasonsof

completeness,technicaldefensibility,and public acceptance,because

bioaccumulationdiffers from time to time, location to location,and fish to

fish. Characterizationof radionuclideconcentrationsin wild birds would

also need a model with somewhatmore complexitythan a simple ratio to water

concentration.
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Therefore, intermediate-levelmodeling of residentfish and waterfowl is

recommended. This level is defined to consist of research leadingto

estimateddistributionsof bioaccumulationas a function of species, location,

and time of year.

6.4 RECOMMENDATIONFOR MQDELING RADIONUCLIDECONCI_NTRATIONSIN SALMON

Ideally,modeling of radionuclideuptake in salmon returningto the

Columbia River would be done at the same level of detail as that for resident

fish. Figure 5.1 illustratesabout a 10% increase in value of information

with high-levelmodeling over low-levelmodeling of salmon. However, this

figure also indicatesthat the cost of going to high-levelmodeling is

considerable(on the order of two to three person-yearsof additionaleffort).

In addition,the authorsdescribed the high-levelmodeling of salmon as an

option that was ill-defined(see Section 3.4.2). The authors are not comfort-

able recommendinghigh-levelmodeling of salmon because of the potentially

high cost, and because such a recommendationwould, in essence,be a

recon,nendationfor a very large (and possibly unrewarding)research project.

The recommendationto the TSP is for low-levelmodeling of radionuclide

concentrationsin salmon.

6.5 R_COMMENDATIONFOR MODELING RADIONUCLIDECONCENTRATIONSIN_SEAFOOD

Monitoringdone along the Washingtonand Oregon coasts in the Ig60s

identifiedHanford-originatedradioactivezinco65 and phosphorus-32in

seafoods,particularlycommerciallyharvestedoysters (Walterset al. 1992,

Section 9). The dose resultsof Walterset al. (1992, Section 10) indicate

that this pathway could add to the dose that people got from other pathways.

There is also a small possibilitythat people relying on Willapa Bay oysters

for a very large portion of a subsistencediet could have receiveda dose

above the TSP dose guideline (Shleien1992) for a period between the mid-lg50s

and mid-1960s. Therefore, this pathwayneeds to be includedin the HEDR

analysis.

Nevertheless,the highest doses are only marginallygreater than the

TSP guideline. Detailed study of the trar_sportof radionuclidesinto the
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Ocean and up to the commercialharvestingareas would be extremelycomplex and

of a different nature than that proposed for the Columbia River. Any

simulatedconcentrationsof radionuclidesin ocean water would also require a

model to simulate uptake by seafood. As illustratedin Figure 5.2, the

potentialgain in value of informationis quite small, while the potential

cost is quite large, if detailed modeling of transport in the ocean ise

required. In originallysettingup the potentialalternatives,the emphasis

on "water modeling"was probably misguided. Most of the effort would be

better spent on direct analysis of the oyster data.

A reliance on monitoringdata, enhancedwith low-levelmodeling, is

recommendedto the TSP for determining radionuclideconcentrationsin Pacific

coastal seafood.

6.6 ADDITIONALJUST[FICATIONS

The combined packageof recommendationsis believed by the authors and

reviewersto representa reasonableand consistentset of technical

activities. The authorsand reviewersbelievethat the activitiesfall within

the scope of the currentwork plans, and also have a good potential for

completion within the next year to year-and-a-half. Those pathways that have

been included,and the level of effort associatedwith them, are directly

related to the TSP's guidance on doses of interestto the project (Shleien

1992).

The final results should be scientificallydefensible,while answering

many of the public's questionsabout the impact of past Hanford activitieson

the Columbia River and to humans exposed via the river pathway.

6.7 SUMMARY OF RECOMMENDATIONS

The additionalwork recommendedto the TSP is

• reconstruct(model),at a moderate level of effort (i.e., a one-
dimensional,unsteady-flow,routing and decay calculation),radio-
nuclide concentrationsin Columbia River water in at least the
1950s and 1960s as far downriveras Astoria, Oregon
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• reconstruct,at an intermediatelevel of effort (i.e, a model based
on species-specific,seasonal bioaccumulationfactors), radio-
nuclide concentrationsin several speciesof fish residentyear-
round in the river, as well as waterfowland game birds, for the
same set of locations

o reconstruct (model),at a low level of effort (i.e., use of
calculateduptake by the salmon while they are in the Pacific
Ocean, modifiedwith a simple bioaccumulationmodel while they are
in the Columbia River), radionuclideconcentrationsin anadromous
species (salmonand steelhead)returningto the river

• estimate,using monitoringdata and temporal extrapolation,the
concentrationof radionuclidesin Pacificcoastal shellfish

• reconstruct,using the concentrationsderived for river water, fish,
salmon, and shellfish,individualdoses for people living in the
vicinity of the Columbia River and adjacentcoastal areas in the
1950s and 1960s.
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