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PREFACE

This report documentsone of a series of scopingcalculationsperformed

as part of the dose code recovery activitiesfor the Hanford Environmental

Dose ReconstructionProject. These scopingcalculationsform a mutually-

dependentset that build upon each other, and each is best read in the context

of the others. The completelist of scopingreports is given below.

Title CalculationNumber

ScopingCalculationfor Componentsof the Cow-MilkDose 001
Pathwayfor Evaluatingthe Dose Contributionfrom Iodine-131

Determinationof the Contribution of LivestockWater 002
Ingestionto Dose from the Cow-Milk Pathway

Determinationof Radionuclidesand PathwaysContributing 003
to Dose in 1945

Determinationof Radionuclidesand PathwaysContributing 004
to CumulativeDose

Determinationof Dose Distributionsand ParameterSensitivity 00S

Determinationof the Feasibilityof Reducingthe Spatial 006
Domain of the HEDR Dose Code

Determinationof the Spatial ResolutionRequired for the 007
HEDR Dose Code

Determinationof the Temporal ResolutionRequired for the 008
HEDR Dose Code

Additionalscopingcalculationsare in progressor planned,and each will be

documentedin similarproject reports.
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1.0 INTRODU(_TION

A series of scopingcalculationshas been undertakento evaluatethe

absoluteand relativecontributionsof differentradionuclidesand exposure

pathwaysto doses that may have been receivedby individualsliving in the

vicinityof the HanfordSite. These scopingcalculationsmay includesome

radionuclidesand pathwaysthat were included in the Phase I air-pathwaydose

evaluations,as well as other potentialexposurepathways being evaluatedfor

possible inclusionin future Hanford EnvironmentalDose ReconstructionProject

(HEDR)modeling efforts.

This scopingcalculation(Calculation003) examinedthe contributionsof

numerousradionuclidesto dose via environmentalexposuresand accumulation

in foods. This study builds on the work initiatedin the first scoping study

of iodine in cow's milk (Calculation001). Addressedin this calculationwere

the contributionsto organ and effectivedose of infantsand adults from i)

air submersionand groundshineexternal dose, 2) inhalation,3) ingestionof

soil by humans, 4) ingestionof leafy vegetables,5) ingestionof other

vegetablesand fruits,6) ingestionof meat, 7) ingestionof eggs, and 8)

ingestionof cows' milk from FeedingRegime I as described in Calculation001.

Recommendationsdeterminedfrom scopingcalculationsare provided to the

HEDR TechnicalSteering Panel (TSP) with the intent of providinga definitive

technicalbasis to assist in decidingwhether specificradionuclidesand

exposure pathways should or should not be includedin the main computer code

used for the HEDR dose estimationprocess for individuals.



2.0 TECHNICALMETHOD_

Effectivedoses and critical-organdoses were calculated for a highly

exposed infant and adult in a highly exposed area and time period. Parameters

in the calculationswere selectedto be approximateaverage,median, or best-

estimate values,rather than conservative,upper-boundvalues. Individuals

were assumedto have a rural lifestyle,with milk supplied by a backyard cow

supportedon Feeding Regime I (HEDR staff 1991, page 2.17).

Calculationsused are based on methods presentedin Napier et al. (1988

volume I, pages 4.66 - 4.76) and Napier (1991,pages A.2 - A.6). Doses are

calculatedon a monthly basis using steady-stateassumptionsbut changingthe

time-dependentparametervaluesmonthly.

The locationof exposureselectedwas the region of Franklin County

includedas part of Census District 4 (FigureI). This area lies directly

east of the Hanford site, and was shown in the Phase I air-pathwayreport

(HEDR staff 1991, Appendix C) to be one of the most highly affected regions.

The time period selectedwas the year 1945,which accountedfor about 80% of

the releasesduring 1944 through1947 (Heeb 1992, page 4.36).

Surface depositionand integratedair-concentrationdata used were not

Phase I values; rather they were recalculated(J. V. Ramsdell Jr., personal

communication,October 1992) using the RATCHETatmosphericdispersioncode

(Ramsdelland Burk 1992) based upon the latest Hanford iodine-131source term

informationreportedby Heeb (Heeb 1992, page 4.36). Because of time

constraints,monthly surfacedepositionand integratedair concentrationsfrom

only a single realizationwere used in these scopingcalculations(J. V.

RamsdellJr., personalcommunication,October 1992}. Recent results from

Ramsdell indicatethat the particularrealizationused is well within a factor

of two for all months of the maximums of the 100 realizationsultimately

plannedto be used for this particularlocation,and, therefore,this

realizationis consideredto be a conservative,but reasonable,representation

of this location (J.V Ramsdell,personal communication,November 1992).

The Ramsdelldata were presentedby their locationon an atmospheric

dispersiongrid map; as discussedby Shiplerand Napier (1992,page 2) and



shown in Ikenberryet al. (1992,page 1.4). The node selected lies with the

area encompassedby Franklin County Census District 4, and appearedto be the

highestnode value in the general area for this realization.

The surfacedepositionand integratedair-concentrationvalues for

iodine-131for the 12 months of 1945 for node location 18,25 (x,y) used in the

scopingcalculationsare shown in Table I. Also shown are Heeb's (1992)

estimatesof monthly radioiodinereleasefor these months. These data were

used to estimatemonthly integratedatmosphericdispersion parametersfor this

node. The dispersionparametersrelate time-integratedair concentrationto a

unit release.

TABLE I. Surface Deposition,Time-IntegratedAir Concentration,and
Derived DispersionFactorsUsed in the ScopingCalculations

i lm i|ll i i i , ,

Scoping Calculation Monthly 1-131 Releases
forNode 18,..25 . .andDispersion Factor by.Month

Surface Time-lntegrated Monthly Dispersion
Deposit.ion Air Concentration Release Factor

1945 . Ci/m_ Ci.s/m_ C! ..... sec/m_

January 4 4 x 10-8 1 8 x I0"s 1221 1.47 x I0a
February 8ZI x 10"8 114 X I0"s 2126 6.58 X 10.9

March I18 x 10-7 2.9 x 10.5 2082 1.39 x 10-8April 6 3 x 10"? 1.5 x I0"4 28746 5.21 x 10"s
May 5 0 x 10.6 6.9 x 10.4 74482 9.26 x 10-9
June I13 x I0-s 2.5 x 10-4 46466 5.38 x 10.9
July 2.1 x 10.6 5.6 x 10.4 47036 1.19 x 10-8
August 1.7 x 10.6 5.5 x 10.4 72090 7.63 x 10.9
September 5.3 x 10.6 2.7 x 10.3 88682 3.04 x 10-8
October 3.1 x I0"s 1.7 x 10-3 92066 1.85 x I0"B
November 7.3 x 10-7 1.9 x 10.4 37752 5.03 x 10"9
December 2.3 x I0-6 9.9 x 10-4 62340 I.59 x I08

, ,i ii ,i,m ii i ,i H ,,.,

2.1 CALCULATIONOF EXTERNALDOSES

Two types of external dos_._were calculatedand summed. These included

both dose from submersionin contaminatedair and dose from irradiationfrom

materialdepositedon the ground. A semi-infiniteplume approximationwas

used for the air submersion,and an infiniteflat plane approximationwas used

for the depositedmaterial (DOE 1988b). Continuousexposurewas assumed (8760





hours per year), with no modificationsfor shielding. The time-integrated

air concentrationswere used for submersion,and the month-end deposition

values were assumedto representuniformcontaminationlevels throughoutthe

month for the depositedmaterial. The basic equation is

Dose External I = Xi DFaa + S,.di DFex

where X_ - the time-integratedair concentrationfor month i, Ci-

sec/mo-m3

DFa, - the air-submersiondose factor,rem/sec per Ci/m3

Sendi = the surfacedepositionof radionuclideon the ground at the
end of month i

DFex _ the groundshinedose factor,rem/mo per Ci/m2.

The month-enddepositionsfor radionuclidesother than 1-131 were

approximatedassumingthat the air concentrationsrepresentedby the time-

integratedconcentrationXi were uniformthroughoutthe month, accountingfor

radioactivedecay, and compoundingfrom month to month. This was calculated

as

S,.di = S..dI-ie ('*"307+ xi vd (i - e"_"307)
30 L'r

where Lr = the radiologicaldecay constant,d-I

Vd - the depositionvelocity,m/s, taken to be 0.01 for iodines,0.001

for other particulates,and 0 for noble gases.

2.2 INHALATION

Dose from inhalationduring month i was calculatedas

Dose InhalaCion i = X i BR DFI_



where BR = the breathing rate, m3/s (separate values used for infant and

adult)

DFi,h - the inhalationdose factor,rem/Ci inhaled.

Inhalationdose factors for adultswere taken from DOE (1988a),and those for

infantsfrom ICRP (1989).

2.3 HUMAN SOIL INGESTION

People routinely ingestsmall amounts of soil, in associationwith food

or from minor hand to mouth contact. The dose potentiallyresultingfrom

ingestionof radionuclidesin surfacesoil via this pathwaywas estimatedas

Dose Soil i = (Send i / p) Csoil 30 DFing

where _-_o_l= the consumptionrate of soil, kg/day,assumedto be 0.001
for infantsand 0.0001 for adults

p - the surfacesoil areal density, assumedto be 13 kg/m2

(mixingto a depth of I cm)

3C = conversionfactor,days/month

DFing = the ingestiondose factor,rem/Ci ingested.

Inhalationdose factorsfor adultswere taken from DOE (1988a),and those for

infantsfrom ICRP (1989).

2.4 CONSUMPTIONOF VEGETABI.I_$ANQ FRUITS

The dose from consumptionof fresh leafy vegetableswas modeled as

Dose Vegi = (D_ndir TF WC + S,ndi CR/p) IR 30 DFing

where Dendi = the month-enddeposition,not accountingfor prior months'

accumulations,similarto Send but without the term

accountingfor prior months



i,

r - the foliarinterceptionfractiondividedby the biomass,

m2/kg,calculatedas

r = (l- e(-Y"_)/(Y fs)

where Y - the maximumdry biomassof a plant, kg/mz dry

a - empirical interception parameter, m2/kg - A value of 2.9 was used

for all plant types.

fs = available fraction of maximumwet biomass, unitless, varies by
monthand plant type, see Calculation 001

WC= the weathering correction to account for the difference between

simple radiological decay on the soil surface andweathering plus

decayon the leaves,calculatedas

wC= (i - e-(_'._°) Ar/[(1 - e"_'_°)(Lz+ _,,)]

(this term is neededuse of the total month-end deposition value

alone neglects weathering removal processes from vegetation)

d"z taken to be 0 693/14where ;'w = the weathering rate constant, ,
TF = the translocationfactor,unitless,to accountfor translocation

fromfoliarsurfacesto the interiorof the edibleportionof the

plant,takento be 1.0 forleafyvegetablesand 0.05 for others

CR = the soil-to-plantconcentrationratio,unitless,to accountfor

rootuptake

lP,v - the ingestionrateof the vegetableor fruittype,kg/d.

Ingestionof produceafterthe end of the harvestseasonrequiresthatthe

dose rate at the time of harvestbe calculatedfirstusingthe aboveequation;

thatdoserate is thendecayedto thecurrentmonthand integratedoverthe

currentmonth,as

Dose Veg_s_vuc = Dose Veg h e -x_cp (I - e -_"3o)
30 k2.



where the first exponentialterm representsthe decay to the start of the

currentmonth, time tp, _nd the second term representsthe integralof the
intake over the current_onth.

2.5 INGESTIONOF MI_AT

Dose resultingfrom ingestionof meat was estimatedon the basis of

range-fedbeef. Cows were assumedto be slaughteredas required to maintain a

supply of meat. All meat was assumedto be consumed "fresh";only a 15-day

period from slaughterto consumptionwas used. This series of assumptions

should be conservative: it is unlikelythat people who raised their own beef

cattle in rural locationswould have such a minimal holdup time before

consumptionan a regularbasis. The calculationassumed that the cattle were

on pasture grass 100% of +':_year. The doses were estimated as

Dose meati = (D,.alWC r + S,.al CR) iRca==leTFbeotIRme=c30 DFing e -_ isP

where IRcattle = the ingestionrate of pasturegrass by beef cattle, kg/day

dry

TFbeef = the feed-to-meattransfercoefficient,day/kg.

Ingestionrates for meat for adults and infantswere taken from Nelson and

Yang (1948).

2.6 INGES_TIONOF EGGS

Calculationof dose from ingestionof eggs produced by free-ranginghens

was performed in a manner analogousto that for beef. The chickenswere

assumed to eat a portionof their diet as grass, and also to consume a

significantamount of soil. The hens were assumed to range freely all year

long, and to provide fresh eggs with essentiallyno holdup. Doses were

calculatedas



CIR) IRhe.+$o.d_ IRes) TF_ IR_ 30 DFir"Dose eggs i- ((De.d i WC r +Send _ -_

where IRhen - the chicken's ingestion rate of grasses, kg/day

IRt, _ the chicken's ingestion rate of soil, kg,day

TFegg - the feed-to-egg transfer coefficient, day/kg

2.7 MILK INGESTION

For conservatism, the milk was assumed to be provided by a backyard cow

grazing under Feeding Regime 1. Ali equations and parameters were copied from

the spreadsheet prepared for Calculation 001 (Ikenberry and Napier 1992). The

soil components were updated to use the run_ing month-end quantity, Sendt,

rather than just the monthly average deposition, Dend t"

2.8 RADIONUCLIDEINVENTORYESTIMATES

For all radionuclidesother than iodine-131,estimateshad to be made of

the quantity processedthrough the Hanford separationsplants in 1945. Heeb

(Igg2)provides total monthly throughputand monthlymass-weightedcooling

times. These are recapitulatedin Table 2. A calculationwas performedusing

the ORIGEN2 computercode to provide representativecontents of one ton of

fuel dischargedfrom a Hanford productionreactor operatingat conditions

typicalof Ig45 (C. Heeb and U. Jenqu_n, personal communication,October

1992). The quantitiesof radioactivityof 14 radionuclidesidentifiedas

being the highest contributorsto dose in Phase I (Napier1991), or else of

identifiedpublic interest,are given in Table 3. The contents are provided

at three separate cooling times after discharge; it is evident that

radioactive decay prior to release is important. The monthly amounts

processed through the separations facilities were estimated for each month

using logarithmic interpolation of the values in this table for the month-

average cooling time.



TABLE2. Monthly Throughput and Average Cooling Times of Fuel in 1945

Month Tons COOlinq (davs)
Jan 3.7 39
Feb 6.9 53
Mar 6.7 52
Apt 35.3 42
Ray 49.8 36
Jun 33.9 35
Ou] 39.8 40
Aug 61.2 39
Sep 70.8 39
Oct 1i6.5 44
Nov 99.9 52
Dec 92.9 47

TABLE3. Curies/Ton of Representative Hanford Fual (Burnup of 200MWd/T,
Power Level of 1 MW/T) at Various Cooling Times

Radionuclide 30 Days 40 Days 50 Days

I 131 1984 838 354
Rul06 2011 1974 1937
Rul03 17310 14510 12160
Co60 12.6 12.6 12.5
I 132 65 7.7 0.9
Xe133 1328 354 95
Ce144 15600 15200 14860
Pu239 15.5 15.5 15.5
Sr90 573 573 572
Cs137 636 636 635
! 129 0.00017 0.00017 0.00017
Kt85 74 74 74
Zr95 33240 29830 26770
Sr89 22910 19970 17410

2.9 _J_TIVE DECAYANDDAUGHTERINGROWTH

Several of the radionuclides listed in Tab]e 3 are membersof decay

chains, and have either precursors or successors in these chains. Fortunately

for this scoping study, the behavior and impact of these radionuclides could

be described with simple one-memberexponential decay with a few assumptions.

In the radionuclide chains Ru-lO6/Rh-106, Ru.-lO3/Rh-103, Ce-144/Pr-144,

10



Cs-137/Ba-137m, and Zr-95/Nb-95, the parent is sufficiently long lived, and

the daughters sufficientlyshort lived, that the chains could be consideredto

be in secularequilibriumat all times in the environment. The effective

decay energies were summed,and the ingestionand inhalationdose factors

adjusted to account for these chains. The chain Te-132/1-132was considered

in estimatingthe amount of 1-132 remainingin the fuel and thus releasable,

but the release fractions(describedbelow)were sufficientlydisparatethat

the 1-132 could be considered in isolationin the environment.

2.10 RADIONUCLIDERELEASEFRACTIONS

The key to determiningthe relative importanceof the radionuclidesin

the fuel is the fractionof the separationplant throughputthat is emitted to

the atmosphere. Assessmentscommonly assume that the release fraction for

noble gasses (Xe and Kr) is 1.0. Heeb demonstratedthat the release fraction

for iodine (1-131,1-132, and 1-129) is o.g. In Phase I scoping, a relatively

large value was also given to rutheniumisotopes (Ru-103and Ru-106). This

was done to compensatefor the initialimpressionthat relativelylarge

amounts of rutheniumwere _itted in episodic events. Historicaldocuments

now availableto HEDR now indicatethat problemsperceived in terms of "hot

particles"were, in fact, manifestationsof a much more general release of

"mists" from the dissolvervessels. Greager and MacReady (January1948, page

2) state that "the amount of radioactivityassociatedwith the rust particles

is only a small portionof the total activitycarriedby the airstream. The

bulk of this entrainedactivity is presumed to be in the form of liquid

dropletswhich constitutea 'mist'given off from the processingtanks during

normal operations." Parker (March 1948, page 28) continues, "lt is concluded

that the main pictureof fissionproductdeposition"(other than iodine-131,

Ed.) "approachesa continuousdistributionrather than a particulateone. To

summarizethe inferencesfrom old data, the emission of active droplets has

been known from the start of operations." Furthermore,Healy (August 1948,

page 7) shows that radiochemicalanalysisof non-iodine fissionproducts on

sage from the 200-WestArea shows a radionuclidespectrum very much like that

presentedin Table 3, and specificallyreportingon both rutheniumisotopes.

Analysis of data in these reports,as well as later reports describingthe

11



efficienciesof filtersappliedafterwards,leads to an upper bound release

fractionfor the first few years of operationfor all other radionuclidesof

Ixi0-S (i.e.,I part in 100,000escaping from the dissolvers).

The particulatereleasefractionmay also be estimatedfrom early

vegetationmonitoringdata. Parker (March 1948) describesvegetation

contaminationafter one year of operationsas being mostly iodine-131with

0.05% other fission products. Healy (AugustIg48) also provides such

informationfor 1945, 1946, and 1947. The activityratios of deposited

perticulateradionuclidesto deposited iodine-131supportrelease fractionsof

less than Ixi0"sfor all non-volatileradionuclides.

Calculated amountsreleased,derived monthly integratedair

concentrationsat the FranklinCounty locationof interest,and resulting

month-enddepositionsare providedin Tables 4, 5, and 6, respectively.

12
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I 12'9 8.3SR-12 4,.4JP51[-1_1.431[-1t Z.0Z1[-11 7.061[-11 _.791[-11 7.251[-11 7.144[-11 3.301[-10 3.291[-10 7.691[-I1 Z._4[-10

KItSS 4.0_.06 3,361[.06 6.911[,-06 1.344[.0S 3.411[-0S 1.3SI[*0S 3.5111.0S 3.444.0S 1.60£-44 1.S98.06 3.721[-0S 1.091[.0d5

2INS 1.444[-.04 1,144[.-08 2.44d[-04 5.344[..4)4 1.441[.07 5.T&1[-M 1.411[-0'/ 1.411[-07 6.SM-07 6.154[-07 1.321[-07 4.0_[.07

SP,69 1.1M.04 7,_P1[,.09 1.SM*01 3.M4[.08 <).731[.0_ 3.9M-_J 9.444[*08 9.4Si[.04 4,_344.-07 4.071[-07 8.52[-M _.641[.07

T_|LE.___6. _tlm_ _m_ _nttttm _lel_ at L_t_m of In_mt, Cl_

I 131 2.31[.07 S.?4d[-M 1.291[-07 G.01|-0? Z.S211-04 1.091[-04 1.044[-06 1.971[-06 9.18-06 5.91[-06 6.921[.07 3.131[-06

,u106 1.0Se-lZ_.s11[-131.7s_-1_3.sz1[-_z,._U.lZ s.S_-l_ ,.0_-1_ ,._-12 4,.14,1[-_4,.11[-11_.,.,x-lz 2.7_-1I
tu103 _.s6[-12_.071[-_2,.s1,,-I_ x-I1 s.s_-11 z._t_-11s.3te-ll s.36_-112.4,_1[-10z.s6_-lO4,.s98-11I.,,71[-10
co_ ,.,1_-1ss._-lS 1.1_-14,z.3_-14,s.7_1-14,2.s_-14,s.,11[-1,s.m-14,_.,98-1s2.,_-1_ 6._x-14,1._-1]

_sz s.0_1[-111.z_-12s._,e-lSs.,_-11 4,._1[.102.4,,1[-102.1,_-102.,._-1e 1.z11[-0,,.1,_-10 1.7s11-111.s_-10
_ o o o o o o o o o o o o
C111&4 8.031[-12 6.461[-12 1.331[-11 3.691[-11 6.84J[-11 Z.71E-11 6.944[-I1 6.071[-11 3.171[-10 3.131[-10 7.171[-11 Z.131[;10

PU239 8.451[-lS 7.0d_-15 1.4,S1[-14, _.Ml[-14, 7.1S1[-14, 2.1k31[-14,7.344[-14 7.24.1[-1_ 3.34J[-13 3.3M-13 7.791[-1/, Z.2t_[-13

sltgo 3.1211-13 2.61[-13 5.331[-15 1.0S1[-12 Z.d4J[-12 1.04_-1Z 1.711[-1Z 2.67E-12 1.Z31[°11 1.231-11 2.41711-128.43i[-12

¢S13'7 3.444[*.13 2,0414[-13 5.92E-13 1.171[-12 Z.9_-13 1.161[-12 3.0111-13 2.944°15_ 1.371[-11 1.371[-11 3.191[-12 9.361[-1_

I 129 8.3S1[*14, 6.9S1[-14, 1.43E-13 3.8_1[-13 7.044[-13 2.791[-13 7.3S1[-13 7.14J[-13 3.3E-11 3.291[-13 7.4414[-13 2.244[-13

ILIIIS 0 0 0 0 0 0 0 0 0 0 0 0

1.44[-1t 1,01E.,11 2._-11 _._-11 1.31-10 &.918-11 1,211-10 1.21[-10 5._-10 5._-10 1,1M-10 3,441[-10

SI_ 9.061[-12 6.221[-1;t 1.31[-11 1.93E-11 7.Hi-ll 3.21[-11 7.761[-11 ?.7S!-11 3.S41[-10 3.3M-10 6.9M-11 2.1N-10

]3



3.0 RESULTS/DISCUSSION

The resultsof calculationsfor each of the pathway componentsfor each

of the radionuclidesfor the year 1945 in Census District 4 of Franklin County

are presentedin Tables 7 and 8 for infantsand adults, respectively. Each

t_ble presentsboth effectivedose equivalent (whole-bodydose) and critical-

organ dose (the dose to the organ receivingthe highest dose). Doses are

presentedfor each of the eight pathwaysdescribedabove.

Although not the maximum doses that could be calculated,the doses in

Tables 7 and 8 are for individualsin a highly-impactedlocation,living a

lifestylethat would tend to maximize doses, lt is the opinion of the author

that it is unlikelythat median or mean doses calculatedwith more detailed

models would exceed those presentedhere, for any radionuclide. A separate

scoping study is underwayto evaluatethe positionof this deterministic

result in the overall range of possibledose results.

The results presentedhere supportthose drawn by Napier (19919 that 1-

131 and the milk-ingestionpathwayare the most importantto the HEDR study.

Tables 9 and 10 presentthe percentagecontributionto the total dose of each

radionuclideand pathwaycombination. Iodine-131alone provides over 99.9% of

the dose to both the infant and the adult. Iodine-131by the milk pathway

provides nearly 90% of the dose (for FeedingRegime I). Even if the milk

pathway is totallyexcluded, Iodine-131providesover 99% of the dose via the

other pathways.

Pathwaysof exposureother than milk can be seen to be relatively

importantfor the other radionuclides. Externaldose dominatesfor the noble

gasses. Inhalationis controllingfor Pu-239,Zr-g5, and Ru-106. Ingestion

of meat is importantfor Sr-g0. However, in the context of the total dose

from Hanfordoperations,since no radionuclidesare emitted in isolation,the

controllingradionuclide/pathwaycombinationis 1-131/milk. This is

illustratedin Figure 2. The dominanceof this single radionuclideis so

notable that it calls into questionthe need for detailed analysesof the

others.
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FXGURE2. Pathway Contributions

The resultsof thisscopingstudyparallelthoseof PhaseI (Napier

1991). With the revisionof the releasefractionfor rutheniumisotopes,the

rutheniumisotopesfallto the generallevelof the otherfissionproducts.

The majordiffr_rencebetweenthe two studiesis thatthis one dealswith

absolutemagnitudes,ratherthanrelativeratios. This typeof comparisonwas

not /os.,ibleuntilthe declassificationof the radionuclideproduction

information(Gydesen1992a;1992b)and the recentdevelopmentof the source

termmodel(Heeb1992).

The dosedecisionlevelsprovidedby the TechnicalSteeringPanel

(ShleienIgg2)requirea two-partanalysisof doses-anannualdose and a

cumulativedoseover the periodof Hanfordoperations.This scopingstudy

addressesthe annualdosesfor 1945only,althoughthey are by far the

largest. A separatescopingstudyis under,way to extendthe resultsof this

studyoverthe periodof interestthrough1972.
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T',SLE...._7, Sumery of 1t_S Effxt*_ Owes for Infants md Jbduitl by sodlanueilde and Patlmay

1. IIfNIlll
Extema| Inkatatlen llmm hi t Leafy Oth_ Vmi, FPeik F_elt Imglm 1

Ooea UNc Inlmtlm Vmi. & Fruit Neat El_ Milk be TotaLs
Rg/_m

I 131 8.85E.02 6.76E-0Z 2,288.0Z 6.55E.01 S.038.01 3.108.01 4.31E.01 1.45E*01 1. &6E+01
IKI106 9.768.07 1.10E-0S 4.111r-07 3.06w-06 Z. IK)8oO6 1.168"_6 3.018o09 7.108o09 1.90E-0S
RUI03 7. Z98-04 1.74E.06 1.11|.07 1.398.06 1.06|.08 4.56E-07 1.64|-09 2.64[-09 1.Z1E.0S
CQIO 7.33E-08 3.95E-04 t.85[-IZ 1.638-09 9.Z3|-10 1, OdbE-04 6.95E-11 I.Z2E-lO 1.26Eo07
i 132 8.45E-05 4. _E-06 4._E-06 2. _E-06 1.958-06 Z.91E-_ 1.47E-06 S. _E.05 1. _E-06

C81_ 1. _E-06 6. _8.0S Z. _8-06 2.15E.05 1.628-0S $. _-06 1.74E-06 4. _8-06 1.188-06
PU239 1. 538-11 1. Me.eS S. $58-07 4.048-06 3.038-04 1. 521r.09 5.13[-09 1.59(.09 Z.458-05
SltgO 5,018.09 3,90E.07 1,94E.07 1.4;)E.06 1,348-06 5,321[-05 2,2_E-10 8.228-05 1.398-06
_1_ 1.0ZE_ 4._E-06 3._E_ 2.35|.07 1._E.07 1._-06 1._E-M 6._8-06 9.318-06
I 129 8._[-_ 6.178-09 4. _E-06 3,168-_ Z.S2E.07 5._-07 2.21E.07 1.148.05 1.288.05
I_1t65 2.ZOE-O? O.OOE*O0 O.OOE*O0 O.OOE*QO O.OOE_)O O.OOE*O0 O.OOE*O0 O.OOE*O0 Z.20E-07
zRgs 6.281[.0S 1.04_[.0S 6.188.07 6.498.08 4.698.04 1.37E*09 Z. 128-10 1. Z1E.04 &. 528-05
SR89 3.118-09 2.39(-06 S. 281[-09 1.ME-06 1.07E-06 9.28_-0S 7.43E-I0 I. 50E-OS 1.138-06

16.6189234

2. J_ULI1
bte_| I_tat|_ _ Sol| Leafy Ot_r _. Fmk Fmh _|lm 1

Oose Dose Inlieet|on reg. k Fl_alt Heat Eggs Milk Dasa TotaLs
nm/_

I 131 8.858.0_ $. 8ZE.0= Z. Z98.04 1.728-01 9.838.08 1.398.01 3.038-01 7.318-01 1.591[,00
RUIOG 9.76|.07 1.828-05 2.618-09 5. |68-07 2.97E-07 3.29tE-07 1.348-09 2.268-10 2.038.05
RU103 7.29E.06 2.288-06 1.07E-09 3.5018-07 1.99(.07 1.94_E.07 9.968-10 1. ZTE-10 1.038.05

7._-06 3.958-06 8.858-12 1._-_ 9._-!0 1._-06 6.95E-11 1.228-10 1.26£.07
I 13Z 8.4SE.0S 4.444-04 3.378-10 4.641[.07 _. 65|.07 9.07E-S& 7.248-07 1.928-04 9.24E.05
X81_ 1._8_ 0._8_ 0._ 0._ 0._ 00_ O._E<_ 0,_8_ 1._8-_
¢81_ 1._-06 1.118-06 1._ 3._ _. 1_-06 2._E_ 8.1Z£_ 1.628-_ 1.218-_
_'_ 1._-11 |._8-_ 4._E-_ $.72|.07 4.478_ 5._-I0 _.978_ 6.558-11 1._8-06
SltgO 5.018.0_I Z.778-06 5.378-09 9. &BE-07 7. Z78.07 6./_[-OS 4.2SE- 10 1.118-05 7.97E.05
_1_ 1.028-06 4,281!.07 Z,_E_ 4,1SE-_ _,32E_ 3,_-06 8, _E-06 2,188_ 8,35|-06
I 1_ 8._8-_ $. 79(-06 3.11[_ 5.628-07 3._ 1._ 1.0_-06 3. _-06 7.708-06
KRes 2._[ 07 O,_E_ 0,_ 0,_ 0,_ 0,_ O,_E_ 0,_ Z. _8-07
Z_S 6,288.05 1.16_.05 6.188-_ 1,69E-06 9.498-07 6,_8-10 |._[-10 6,_E-10 7,708.05
SP_9 3.118-09 2.398-06 5.261[-09 1.S48-06 1.078*06 9.281[-05 7.43E-10 1.SOE-QS 1.138-06

TABLE.__8.Sulaf_f of 194S Crttlcai-orgm Doses for Infant_ and _luits by Itadlonuctld_ and Pstlv_y

1. IMANlrll
_L I_lat|_ _ Soil Leafy O_r Ve_. Fmb _mh Reglu |

_e In_tt_ V_, i Fruit _et 85_ MILk _e TotaLs

I 131 $.eSE.0Z 2.:18_ 8.358-01 2._1 1._1 1.1_E_1 1._|_I 5.32E_2 6.058_2
MJ106 9.768.07 8.838.05 3.618-06 2.698.0S Z. 118.0S 1.02E.0S Z.6Si[-M 6.24E-M 1.518-06
MU103 7.29t[-06 1.12E-OS 9.501[-07 1.19(.0S 9.118-06 3.918-06 1.261[-06 2.271[o04 4./AE.0S
C060 7.338.03 3.438.07 Z.831[-1_ 5.21E-10 2.95E-10 3.331[.01) 2.22E-I1 3.89|_11 4.208.07
I 132 8..5E.0S 8.448.0S 1.078-06 S.7?J[-OS 8.368-0S 6.S1E.-S:) 3.304[-0S 1.22[-03 1.53E.03
X8133 1.948.0S O.OOE*O0 0.008_)0 O,O01E_O O.OOE*GO O.OOE*G9 O.OOE*GO O.OOE*GO 1.94E-0S
CE1&& 1.731[-06 S.&01[-06 2.ME.0S Z.O01[-04 1.518-06 7.4_d[.0S 1.621[-47 /,. $31[-07 9.94E-84
PU?39 1. 568-11 1. 9SE-06 7. $48-06 5.218.0S 3.918.0S 1.968.04 6.618-C$ Z. 0J;8.04 2.938-04
SR90 5.018.09 3.118.06 1.$38-06 1.04i[-OS 1.078-05 4.108-06 1.738.09 6.338-04 1.078-03
_1_ 1.0ZE-06 6,218-M 4. S9_-M 3.18|.07 Z.398.07 1.791[-06 Z.478-M 8._8-06 1.228-05
I 129 8. 668.09 2.028-07 1.558-06 1.08E.05 8.608-06 2.03E-OS 7.538-06 3. M1[.04 4.378-04
KReS 2.208.07 O.OOE*O0 0 •OOE_O 0.001[*00 O.OOE*O0 0. OOE*O0 0. OOE_X) O. OOE*O0 Z. 208.07
Z_S 6. 288-0S 9. _-_ I •058-06 1• 108-_ 8. _E-06 Z.3_-_ 3.59(- 10 Z. OS8-M 1.828-06
Sit89 3.11E.09 5. Z?E-06 S.O21[-M 1. SOE-OS 1.021[-0S 8.838-04 7.07E.09 1.431[-06 1.068-03

6O4.5759_95
2. _ULTS

_tamaL I_lst|m / SoIL Leafy O_P _l. Fmh Fmh Qli 'm 1
_e _e In_tl_ Va|. & P_it _t 8_ MILk _e TotaLs

I 131 8.858-02 2. 008,00 7.791[.03 5.838_()0 3.388*4)0 4.71E*4)0 1.031[*01 2.4_[*01 5.111[.4)1
RU106 9.768-0? 1.S38-04 3.23|.04 6.391[o06 3.641[-06 4.07|-04 1.6(d[-44 _._08.09 1.681[-06
MU103 ?.29(°06 1.728-0S 9. SOE.09 3.11i[-06 1.778.06 1.7/d[.06 8.8S1[.09 1.138.09 3.128-05
¢060 7.33E-88 3.431[-07 2.831[-12 5.21|-10 z.gs[-IO 3.331[-09 Z.221[-11 3.89(-11 4.201[.07
I 132 8.45E.0S $. 644[-06 4.068-10 5.878-07 3.218-07 1. lOll-S3 8.781[.07 Z.3218-06 9.438.0S
XE133 1. 94E.05 O.OOE*O0 O.OOE_)O O.O01E_O O.OOE,_)O O.OOE_O O.OOE*O0 O.OOE*QO 1.9/d[.05
_1_ 1._-06 9._|-_ Z.218-_ 4._ Z.528-_ Z._E_ 9.7_ 1._-M 1.028-_
PU239 1.S6E-11 3.031[.03 8.77E-06 1. S4E.0S 8.831[-04 1.01E.0_ S.341[-06 1.198.09 3.06E.03
SItgO 5.018.09 3. ZSE.0S 6.618-M 1.22|.05 8.9_d[.06 7.848-84 5.231[.09 1.378o06 9.79(-06
C:S137 1. 02E-06 4. S48-07 Z.39t[-09 8.321[-07 Z. 42E.07 4.1/d[-06 9.0018.04 Z. 27E.06 8.6SI[-06
I 1_ 8. _8-_ 1. _-06 1,_-07 1,87|-_ 1.118.0S S. _.05 3._-_ 1. _E-06 Z. 558-_
KRSS 2.201[-07 O.OOl[_O O.OOE_O O.OOE*O0 O.OOE*O0 O.OOE*O0 O.OM*O0 O.OOl[*O0 2. ZOE.07
Z_S 6.288.05 _. 2_-_ 3._-M 8.7_ &.9_-06 3. I_ 7.678-10 3.1_-_ 3.0_-06
Sit49 3.118-09 5. 278*06 5. OZI[-M 1. SOil.eS 1.028.0S 8.438.04 7.07|.09 1. 4.TE-06 1. 061[-03
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TAKE 9. Pog_lnt sf 194S IEfftGt|vl _ feP Infmtt and Adults Ily P.adlenmllldl and Pe4rJwty

1. |NFNITI
btere_ll In, Lit|an H_lm Sa|t Leafy Other V_l. Fmh fmh helm 1

OoQo Doeo Inlmtion Vol, & Fruit Neat illle XI tk Doel Totals

I 131 0.53271 0.40702 O. 13733 $.940711 $.028511 1.866gS 2.390911 17.&919S 99.99S_1
RUI06 0.0000% 0.00011 O.O000S O.O000S O.O000S 0.000011 O.O000Z 0.000011 0.0_1%
RUI03 O.O_X_ O.O(K_S 0.000011 O.O000S O.O¢OU O.O000S 0.000011 0.000011 0.00011
C060 0.000011 0.0(I 0.00001 0.00001 0.000011 0.000011 0,000011 0.0¢O0S 0.0000Z
I 132 O.000Sll 0,000011 0.00001 0,000011 0,000011 0.000011 0,000011 0,00031 O,O009JI
XE133 0,00011( 0,00001 0,000011 0,000011 0,000011 0,00001 0,000011 0,0(1 O.O001S
CE14_ 0.00001 0.00041 0.000011 0.00011 0.00011 0.000011 0.04)001 0.0000S 0.000711
PU239 0.00001 0,000111 0.00001 O.O000S 0,00001 0,000011 0,00001 0,000011 0.00011
SlI_ 0.000_ 0,0(I 0.000MI 0,000MI 0,000011 0,00031 0,00001 0,00053 0.00081
CS137 0.0000_ 0.0(1 O.O000S 0.000011 O.O00U 0.000011 0.000011 O.O0_S 0.00011
1 121) O.00001 O,O00gS 0,000011 O, O00WI 0,000011 O,O000S O,O000S 0.00011 0.00011
KISS 0,00001 0,00001 0,000011 O, O000S 0,000011 O,O000X 0,00001 O,O000S 0,000011
21tgs 0.0OOCI 0.00011 0.00001 0.00001 0.0000S 0.00001 0.000011 0.00001 0.000511
SM9 0,000011 0,00001 0,001 O,000WI 0.000011 0,00061 0,000011 0,00011 O,000TI

100,00001
2, _tM.TS

External Inhalation Hum SoIL Leafy Other t_HI, Fmh Fmk SOlIIUO I
Due lm Inlmtton Vel, i fmit Ne4t I[IP Milk SOu Totals

mlm/_m
I 131 5.54441 3,6STSl 0,01441 10.80101 6, l_JI 1.71791 19.0SS1| 4S.N29S 99.9S&9S
mJ106 0.00011 0.00111 0,000011 0.000011 O,0000Z 0,000011 0.000011 0.000011 0.001311
_103 O.O00Sl O.OO011 O.0O0011 O.O000S O.O000U O.O000S 0.00O011 O.O000S 0,000+|
C060 0.0000S 0,0001MI 0,0000_ 0.0000_I • 0,00001 0, 0000S 0, 00001 0,000MI 0.0000S
I 132 O,00S331 0,000311 0,000011 O. O000S O,00001 O,O00WI O.O00WI 0.00011 0,00541
X[133 0.001_I! 0.0000S 0.000011 0.0000S 0.0000S 0.0000S 0.0000S 0.000011 0.0012_1
¢11144 0.00011 0.007011 0.000011 0.000 _1 0.00011 0.00011 0.000011 0.000011 0.00761
IMJ239 O,OQOOS O,010Sl O,IX)OOS 0.00011 O,O000S O,O000S 0,00001 O,O000S 0,01051
SlIg0 0,0000S 0,000:ht 0.000011 0.0_s41Sl 0,000WI 0.00401 0,0000S 0.000TI 0.00SQX
(::$137 0.000111 0.00001 0,00001 0,0001,_. 0.000011 0,00031 0.00001 0.000111 0.000SI
I 129 O.O000S O,O000S 0.000021 O.Oa001 O,O0001 0.00011 0,000111 O,O00ZX O,00051
KII85 O.O000Z 0,00001 0.0000_ 0.00001 0._ 0,01)04_ 0,00001 0,00001 O.O000sr
ZR9S 0.00391 0.000711 0.000011 0.00011 0.00011 0.000011 0.0000_ O.O000S O.O0_S
$1t89 0.00001 0,00021 O,O_OS 0.00011 0,00011 O.00S8_ 0,00001 0,00091 0.0071_

'_00.00001

TABLE _0. P_Pcxnt of 19#,5 Crltl©al-0rlan 0oo_ for Infmte and Adults by Iladlon_ticie am_ PathMay

1. INFalIPI
External Inhalation Hamm Soil Leafy Other VIi. Fmh Fmh Relimm I

DoN 0o4_ Inlmti(m Vel, t Fruit Illot EII_ M!Lk 9o_e Totals
mE_/Y_

I 131 0.01461 0.34S711 0.13111 3.9431| 3.04S711 1.877Sll 2. lOS61 87.94M14111 99.999011
MJ106 0,0000S 0.0000S 0,000011 0.0000S 0.0000S 0.000Oa 0.00001 0.00(_1 0.0000|
_103 O,O00MI 0,000011 0,00001 0,00001 0,000011 0,00001 0,00001 O.O00MI 0,000011
13)60 0,00001 0,00001 0o0001NI 0,00001 0,00001 0,00001 0,000011 0,000011 0,00001
I 132 O,0000_ O.00001 O,O0(M_ O,O000S O,O000S 0,00001 O,00001 0,00021 0,000311
XE133 O.O000JI 0.00001 0,00001 0.00001 0.00001 O.O00WI 0,00001 O.O00WI 0,000011
_14_1. 0.000Oi 0.00011 0.000WI 0.00001 0.0000S 0.00001 0.00001 0.000011 0.000_1
PU239 0,0000S 0.0000g 0.00001 0,0000S 0,000_ 0,000011 0,0000S 0,0000S 0.0000S
sBgo 0.0000S 0. 000Oa 0.0000S 0.000011 0.00001 0.0001sr 0.00001 0.00011 0.0002_1
CS137 O,O000S 0,00001 0,00001 O,O000S 0,0(1 0,00001 O,O000S 0,011 O,O000S
I 129 O,OOQOI 0.000011 O,OQO01 0.000011 0,000011 0,000011 0,00001 0,000111 O,000111
IClII_,S O.O000S 0.00001 0.000011 O.O000S 0.000011 O.O000S 0.000011 O,O000S 0.00001
ZI_J)S 0,00001 0,00001 0,00001 0,0(I 0,000041 0,000011 0,000011 0,000011 0,00001
SU9 0.00001 0.000011 0.00001 0.0000S 0.0SO01 0.000_| 0.000U 0.000OI 0.0002Z

100.0QO0S

2. AOULTII
Extem4l Inl_latlan Human Sell Leafy OtheP VII. Fmk Fmh llelim8 1

DoN DOel Ingletlon Vel, lr, Frul t Nl41t [1tll lqllt ONe Totals
maX/Y_

I 131 0.173ZS 3.912911 0.015221 11.41661 6. S31Sl 9.21/+41 20.14081 41.511711 99.941631
MU106 0,000011 0,000311 0.000011 O.(X)OOS 0.00001 0.000011 0,0000_ O,OW)OS 0.000311
1_103 0.000011 0,000011 0,000011 0.000011 0,000011 0,0000S 0,000011 0.0000S 0,00011
C060 0,00001 0,00001 0,000011 0,00001 0,00001 0,000011 0,00001 O,O00U 0,00001
I 132 O.O00ZI 0,000011 O,O00WI O.O00WI 0,00001 O.O00WI 0,00401 0.00001 O,O00ZI
XE133 O.O000Sl 0.000011 O,O000S O.O000S 0.00001 O,O000S O,O00WI 0,00001 O,O000S
C11144 0.0000S 0.001811 0.0000g 0.00011 0.00001 0.000Ul 0.00001 0.00001 0.00101
PU239 0,0000_ 0,005911 0,0000S 0,00001 0,00001 0,000U 0,0_001 0,00001 0,00401

0.00001 0.00011 0.000011 0,0000S 0,00001 0,001511 0,00001 0.000311 0,00191
CS137 0.00001 O.O000S 0.000021 O.O000S 0,00001 0.000Mi 0,0000_ 0,0000_ 0,000011
I 129 0.000011 O.000011 O,O00WI 0.000011 O.00001 0,00011 0,00011 O,000331 O,O00Sl
KMS 0.000011 0.0000S 0.00001 0.000Oa 0.00001 0.000011 0.0000S 0.000011 0.0000S
zIIgS 0,00011 0,0004JI 0,000WI 0,00001 0,000WI 0.00001 0.000WI 0,000WI 0,00061
SILl9 0.00001 O,O00WI 0,00001 0.00001 0,00001 0,00171 0,000011 0,00031 0.0011|
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4.0 RECOMMENDATIONS

Scopingcalculationswere performedfor that portion of Franklin County

consideredto be the most exposedarea in the HEDR study region. Based on the

resultsof this scopingstudy, and the companionstudy on cumulativedose, the

followingrecommendationsare made regardingexposurepathways,calculational

methods, and includedradionuclidesfor the calculationof individualdoses

for the HEDR project:

EXPOSUREPATHWAYS

Although externaldose, inhalationdose, and dose from ingestionof soil

by humans all contributeless than one percent of the total dose, each

individuallyhas the potentialto contributea sizable fractionof the TSP's

dose decision level. Each of these pathwaysalso shares the characteristicof

being simple to calculatefrom informationthat will be available. For each

of these reasons, and because their inclusionwould enhance the validity of

the estimateddoses, it is recommendedthat they be retained in the model.

The remainingpathwaysevaluatedeach have the potentialto contributesome

multiplesof the TSP dose decision level, even if only for a very limited

geographicalarea or for a limitedtarget population. Thus, they should also

be retained.

CALCULATIONALMETHODS

A term noted in the developmentof this spreadsheetscoping study for

which there are currentlyonly very limiteddata availableis the holdup time

from slaughterto consumptionof meat. The distributionof holdups (all

consumed relativelyfresh, or long holdups in freezersof lockers)will have a

significantimpacton the magnitudeof this value. Additional informationis

requiredfrom the Demographyand Food Habits Task to help better define this

value. A study of the secondaryliteraturewill be requestedof Task 06.

18



INCLUDEDRADIONUCLIDES

The results indicatevery plainly that the radionuclideof greatest

interest is iodine-131. The doses, either to adults or children,from any

pathway, are four to seven orders-of-magnitudesmallerfor any other

radionuclidethan they are from iodine-131. This calls into question the need

to investigatethese other radionuclidesin great detail. A driving force for

retainingthe capabilityfor estimatingdoses from other nuclides was the

possibilitythat they could contributesignificantlyto the dose. lt is

apparent from this analysisthat this will not be the case.

lt is recommendedto the TSP that the detailed analysis be limited to

the doses from iodine-131from the air pathways. If the TSP wishes to

continue to evaluate doses from other radionuclides,such analyses should be

performed in a greatly circumscribedfashion. Options include additional

spreadsheetssuch as the one used for this analysis,deterministic

calculationswith the larger dose code (i.e.,using the same code but with

only one realizationof source,dispersion,uptake,and dose), or scalingfrom

the more completelycalculated iodinedoses. Any of these optionswould

greatly reduce the computationalcomplexityrequiredof the main dose code,

and also reduce the effort requiredto obtain adequatedata to supportthe

main dose code.

Ig



5.0 QUALITYASSURANCE

Quality assurancewas undertakenin accordancewith PNL-MA-70,Volume I,

ProcedqresforQualityAssur_n_;_Proqram,under PNL administrativeprocedure

PAP-70-301,"Hand CBlculations,General." Completedocumentationof the

calculationwas prepared by the senior author,who independentlyprepared the

calculationalspreadsheetsand performedthe spreadsheetcalculations. A

thorough independentreview was conductedby the developerof the milk dose

spreadsheet. Spreadsheetdocumentationis on file and availablefor review.
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