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PREFACE

This report documentsone of a series of scopingcalculationsperformed

as part of the dose code recoveryactivitiesfor 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.

Titl_ _al_ulationNumber

Scoping Calculationfor 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 Pathways Contributing 004
to CumulativeDose

Determinationof Dose Distributionsand ParameterSensitivity 005

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

Determinationof the SpatialResolutionRequiredfor the 007
HEDR Dose Code

Determinationof the TemporalResolutionRequired for the 008
HEDR Dose Code

Additional scopingcalculationsare in progressor planned,and each will be

documentedin similar projectreports.
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1.0 INTRODUCTION

A series of scopingcalculationshas been undertakento evaluate the

absoluteand relative contributionsof differentradionuclidesand exposure

pathways to doses that may have been receivedby individualsliving in the

vicinity of the Hanford Site. These scopingcalculationsmay include some

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. Calculationsof this type were not possible until

the declassificationof the radionuclideproductioninformation(Gydesen

1992a; Igg2b) and the recent developmentof the source term model (Heeb 1992).

This scopingcalculation(Calculation004) examined the contributionsof

numerousradionuclidesto cumulativedose via environmentalexposuresand

accumulationin foods. This calculationbuilds on the work initiatedin the

first and second scopingstudies (Ikenberryand Napier 1992, Napier 1992).

Addressed in this calculationwere the contributionsto organ and effective

dose 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 Feeding Regime I, as

describedin calculation002. This calculationspecificallyaddresses

cumulativeradiationdoses to infantsand adults resultingfrom releases

occurringover the period 1945 through 1972.

Recommendationsdeterminedfrom scopingcalculationsare providedto the

HEDR TechnicalSteering Panel (TSP) with the intentof providinga definitive

technicalbasis to assist in decidingwhether specific radionuclidesshould or

should not be included in the main computer code for the HEDR dose-estimation

processfor individuals.
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2.0 T_CHNICAI,METHODS

Effectivedoses and critical-organdoses were calculatedfor a

representative,highly exposed infant and adult in a highly exposed area for

the time period of 1945 through 1972. Parametersin the calculationswere

selectedto be approximate average,median, or best-estimatevalues, rather

than conservative,upper- bound values. Individualswere assumedt_ have a

rural lifestyle,with milk suppliedby a backyardcow support@don Feeding

Regime I (HEDR staff 1991, page 2.17). Infantswere not assumed to age (thus

maximizingthe cumulativedose to infants).

Calculationsused are based on individual-radionuclideresults presented

in Napier (1992). Doses are calculatedon an annual basis, using the derived

"dose per unit release" from scoping calculation002.

The locationof exposure selectedwas the region of Frank]in 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, AppendixC) to be one of the most highly affected regions.

The time period selectedwas the period 1945 through 1972, during which all of

the original Hanfordplutoniumproductionreactorsand all of the separations

plants operated.

Normalizedsurfacedepositionand integratedair concentration

parametersused were estimatedduring scopingcalculation002 (Napier 1992)

based upon the RATCHET atmosphericdispersioncode (Ramsdelland Burk 1992).

For computationalsimplicity,monthly surfacedepositionand integratedair

concentrationsfrom a single realizationwere used in these scoping

calculations(J. V. RamsdellJr., personalcommunication,October, 1992).

Recent resultsfrom Ramsdellindicatethat the particularrealizationused is

well within a factor of two for all months of the maximums of the 100

realizationsultimatelyplannedto be used for this particularlocation,and

thereforethis realizationis consideredto be a conservative,but reasonable,

representationof this loc_.tion(J.V Ramsdell,personalcommunication,

November 1992).The Ramsdelldata were used to calculatea total dose from the

year 1945 at a node within FranklinCounty Census District4. This was used

to preparea "dose per unit release"that was appliedto all other years.
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2.1 RADIONUCLIDEINVENTORYEST.IMATES

For all radionuclides,estimateshad to be made of the quantity

processed through the Hanford separations plants between 1945 and 1972. Heeb

(C. Heeb, personal communication, November 1992) provided total annual

throughput,annual mass-weightedcoolingtimes, and average fuel burnups,

based on a single source (Gydesen 1992c). These are presented in Table 1. A

calculationwas performedusing the ORIGEN2computer code to estimatethe

representativecontent of one ton of fuel dischargedfrom a Hanford production

reactor operating at conditions typical of 1945 (C. Heeb and U. Jenquin,

personalcommunication,October 1992) and of the later years (Napier1991).

The quantities of radioactivity of 14 radionuclides identified as being the

highestcontributorsto dose in Phase I (Napier1991),or as being of

identified public interest, are given in Table 2. The contents are provided

for three burnups-tworepresentinglow-powerreactorconditions in the early

years and one representing higher power in the later years; it is evident that

the burnup and power levels are importantto the total fuel contents. The

annual amounts processed through the separations facilities were estimated for

each year using logarithmicinterpolationof the values in this table for the

annual-average cooling time.

1. t. FUIELNPli0C_D AT MWt (FMN Minim SiUICl[ TI_II 81_11_)

SumultJm of llqN_lcMeiNI Pitot GIl_atJ_ fl_n _ (t_]Y_)

Plant ...........................IIP|mt .................._ ............................._ ............ 14_foN
Tota|

Yeir Tam N M/tln _ Tom N M/tm _ Tmw N TeM I Tetil TM _ TeM _ TeM
..................°°°.°.... °............ .....°..... °°°°....°°... °...°.°°..°..°...... ...... °°...°..°....°.°°.°..°

1945 325 I_H) 43 ]0a 18t) /_ 0 0 0 0 627
1946 291 _1 TJ 873 20_ Sq) 0 0 0 0 1144
1N7 ]Gi _ 78 345 t03 ?8 0 0 0 0 651
1944 344 Z0] 102 _ 210 101 0 0 0 0 7M
19¢9 39] 204 9S 356 2U 9_ 0 0 O 0 749
1950 424 401 89 440 21S4 90 0 0 0 0 _l&
19S1 540 44_ SS SM 494 SS 0 0 0 0 1068
195Z Z95 594 6S 118 SM Si 4_2 G 422 U 0 0 1Z35
1953 244 503 T3 0 0 _lSl 0 Z&Sl 8Z 0 0 3097
1954 t011 302 9Z 0 0 1579 0 1579 104 0 0
1955 1266 _ 104 0 0 39N 0 _ll�_N, 137 0 0 5192
1956 45 _lO 190 O 0 _35 0 23_TM. 128 _J20 110 4_1
1957 0 0 0 O IIZ9 0 1829 116 4397 116 6?26
19S_l 0 0 O 0 1318 65 1Mw1 128 S240 100 444,1
1959 0 0 0 0 _ 6715 9_1 205 6N4 104 5911
1960 0 0 0 0 _ S46 821 109 6,144 118 706S
1961 0 0 0 0 0 t_ lZS3 187 5947 122 ?Z00
196Z 0 0 0 0 0 972 9?2 ta4 4040 154 7013
1963 0 0 0 0 0 11S0 1150 Z09 54,14 159 6564
1944 0 0 O _ 0 1744 1744 Zll 57_ 1S1
1965 0 0 0 0 0 t444 1444 18_ 5781 1(4 744_
1966 0 0 0 0 37 t315 1]S_ _0_ 3109 _ 4441
1967 0 0 0 0 0 0 4SOS 211 _S0S
19_4 0 0 0 0 0 0 43O8 244 r_04
19_ 0 0 0 0 0 0 ]OaS _ _IO_S
1970 0 0 O 0 0 0 1140 540 1160
1971 0 0 0 0 0 0 _S0 S4t) 3550
1972 O 0 0 0 0 0 1141 518 1141

........ °......° ........... .°°°... ..... ° ..... ..° .°.°°°.. °° ..... . .°°...°..°..° ...... .°... **°..° .... ._.**.
Tota|i SSS0 3344 IS_0 9_1_ _ 73144 104440



TABLE2- Curies/Ton of Representat|ve Hanford Fuel at Various Burnups and Cooling Times

200 M_I)/T, 1 NN/T 300M_I)/T, 1 MM/T 600 MkO/T, IOMW/T
used1945-1949 used1950-1957 used1958-1972

NUCLIDE LAHDAR _I/DAY } 30 DAYS 5Q DAYS 60 DAY_; 100 D,A,YS 110 OAYS190 DAYS

1 131 0.086 1984 354 150 4.78 21 0.0212
RU/RHI06 0.00188 2011 1937 2880 2670 9330 8020
RU/RHI03 0.0176 17310 12160 10800 5330 32100 7820
C060 0.000361 12.6 12.5 1818.1 17.8 50.3 48.9
TEll 132 7.23 65 0.9 0.0011 2.22E-05 2.74E-05 1.11E-12
XE133 0.132 1328 95 25.2 0.127 0.327 8.39E-06
CE/PR1_ O.002_ 15600 14860 19400 17600 43100 35500
PU239 7.87E- 08 15.5 15.5 22.3 22.3 69.3 69.3
SR/Y90 6.66E-05 573 572 844 842 1560 1550
CS/BAm137 6.3E-05 636 635 950 948 1900 1890
! 129 1.21E-10 0.00017 0.00017 0.000257 0.000258 0.000569 0.000573
KR85 0.000177 74 76 108 107 204 201
ZR/NB95 O.0108 33240 26770 25800 16800 72700 30600
SR89 0.0137 22910 17410 15600 8990 41600 13900

2.2 RADIOACTIVEDECAY AND DAUGHTER INGROWTH

Severalof the radionuclideslisted in Table 2 are members of decay

chains, and have either precursorsor successorsin these chains. Fortunately

for this scoping calculation,the behavior and impactof these radionuclides

could be describedwith simple one-memberexponentialdecay with a few

assumptions. In the radionuclidechains Ru-106/Rh-106,Ru-103/Rh-103,Ce-

144/Pr-144,Cs-137/Ba-137m,and Zr-g5/Nb-95,the parent is sufficientlylong

lived, and the daughters sufficientlyshort lived, that the chains could be

consideredto be in secularequilibriumat all times in the environment. The

effectivedecay energieswere summed,and the ingestionand inhalationdose

factors adjustedto accountfor these chains. The chain Te-132/1-132was

consideredin estimatingthe amount of 1-13Z remainingin the fuel, and thus

releasable,but the releasefractions(describedbelow)were sufficiently

disparatethat the 1-132 could be consideredin isolationin the environment.

2.3 RADIONUCLIDEREI.I_AS[FRA(_TIONS

Key to the determinationof relative importanceof the radionuclidesin

the fuel is the fractionof the separationplant throughputemitted to the

atmosphere. Assessmentscommonly assume that the release fraction for noble

gasses (Xe and Kr) is 1.0. Heeb demonstratedthat, until installationof the



silver reactors,the releasefraction for iodine (I-131,1-132, and 1-129) is

0.9 (Heeb 1992). In Phase I scoping,a relativelylarge value was also given

to rutheniumisotopesfor the years 1945-1949(Ru-103and Ru-106). This was

done to compensatefor the initialimpressionthat relativelylarge amountsof

rutheniumwere emitted in periodicevents. Later researchhas indicatedthat

problemsoriginallydescribedin terms of "hot particles"were, in fact,

manifestationsof a much more general releaseof "mists"from the dissolver

vessels. Greager and MacReady (January1948, page 2) state that "the amount

of radioactivityassociatedwith the rust particlesis only a small portionof

the total activitycarried by the airstream. The bulk of this entrained

activityis presumedto be in the form of liquid dropletswhich constitutea

'mist'given off from the processingtanks during normal operations." Parker

(March1948, page 28) continues,"It is concludedthat the main picture of

fissionproductdeposition"(otherthan iodine-131)"approachesa continuous

distributionrather than a particulateone. To summarizethe inferencesfrom

old data, the emission of active dropletshas been known from the start of

operations." Furthermore,Healy (August1948, page 7) shows that

radiochemicalanalysis for non-iodinefissionproducts on sage from the 200-

West Area results in a radionuclidespectrum very much like that presentedin

Table 2; this analysis specificallyreportson both rutheniumisotopes.

Analysiso_ data in these reports,as well as later reportsdescribingthe

efficiencies_f filtersappliedafterwards,leads to an upper-boundrelease

fractionfor the first few years of operationfor all other radionuclidesof

Ixi0-s (i.e., I _rt in 100,000escapingfrom the dissolvers).

The particulatereleasefractionfor the first five years may also be

estimatedfrom early vegetation-monitoringdata. Parker (March 1948, page 27)

describesvegetationcontaminationafter one year of operationsas being

mostly iodine-131with 0.05% other fissionproducts. Healy (August1948, pp.

7 - 9) also provides such informationfor 1945, 1946, and 1947. The activity

ratios of depositedparticulateradionuclidesto depositediodine-131support

releasefractionsof less than Ixi0"s for all non-volatileradionuclidesfrom

1945 through1949.

Sand filters and chemically-reactivedevicesto captureradioiodine

(calledsilver reactors)were installedon the separationsplants beginningin
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the late Ig40s. Documentsat the time indicatethat the sand filterswere

better than 99% efficientat removingfissionproduct mists from the plant

dischargeairstream (REF). Measurementsmade at that time support reduction

of the fractionalrelease by two orders of magnituU,_.Measurementsof

releasesmade during the IgSOs (Anderson1959, page 5) and Ig60s (e.g.,Wilson

1965, page ZZ) indicatethat throughoutthe many years of operation,the

release fractionremained at or well below Ixi0"7. This value was used as an

upper bound for the entire period for particulatematerials.

The silver reactors were not as successfulin reducing the releases of

iodine isotopes,but they were sufficientto allow continuedoperationsof the

facilities. Measurementsmade in the mid-lg6Os,of both stack gases and

vegetation,indicatethat at that time only about I% of the iodine-131was

emitted (Wilson1965, page 22). This was the upper bound of expected plant

capabilities(DOE 1982, page A.7). There were two instancesof failures of

the silver reactors,both in 1951 (Roberts 1958, page 6). The separations

plants continuedoperationsduring these silver reactoroutages, resulting in

greatly elevated releasesof iodine-131during two quarters of 1951 (Roberts

1958, page 6). This was used in the calculationsas a releasefraction of o.g

in the early years, droppingto 0.01 for later years, with a single-yearvalue

of 0.10 to account for the portion of 1951 during which these filtering

devicesfailed.

Emissionsfrom the startupperiod of the REDOX plant require special

consideration. As impliedby the acronym,the REDOX plant used combinations

of strong reducingand oxidizingchemical conditionsto_-ffectseparation of

radionuclidesfollowingdissolutionof the fuel. Troubleswith one of the

strong oxidationsteps lead to creationof volatile rutheniumcompounds and

enhancedrutheniumreleases to the air. This same set of processesl_Y_ to

depositionof rutheniumnitratelayers on the inside of some exhaustlines.

Occasionally,these depositswould flake off and be emitted from the REDOX

stack. _,quarterlysummaryof the REDOX rutheniumreleases is presented in

AppendixA. A set of release fractionsderived from this data was used to

estimate the upper bound of releases (C.M. Heeb, personalcommunication,

December 1992). Values of Ixi0"4for the period 1952 through 1955 and Ixi0-s

for years thereafterfor REDOX are felt to be reasonableyet conservative.

7



The total ruthenium inventoriesemitted as large particlesare includedin the

rutheniumrelease fractions(i.e., the total number of curies emitted is

included in the estimate),but the doses are estimatedas if all of the

rutheniumwere mircometer-sizedparticulates;the doses from the particles

themselves are not specificallyaddressed.



3.0 RESULTS/DISCUSSION

The results of calculations for each of the radionuclides for the years

1945 through 1972 in CensusD_trict 4 of Franklin Countyare presented in

, Tables 3 and 4 for tnfants and in Tables 5 and 6 for adults. These tables

present effective dose equivalent (whole-bodydose) and critical-organ dose

(the dose to the organ receiving the htghest dose).

Although not the maxtmumdosesthat could be calculated, the doses in
Tables 3 through 6 are for individuals tn a highly impacted location, wholive

a lifestyle that would tend to maxtm|zedoses. The author believes ft

unlikely that medianor meandoses calculated with moredetailed modelswould

exceedthose presented here, for any radionuclide. A separate scoping
calculation is underwayto confirm that the posttion of this deterministic

result is near the meanof the overall range of possible dose results

(Calculation 005).

The results presented here support those drawn by Napter (1991) that I-
1_1 is the most important to the HEDRstudy. Iodine-131 alone provtdes over
99.9% of the dose to both the infant and the adult. Writh the revision of the

release fraction for ruthenium isotopes, the rutheniuni iso¢opes fall to the

genera] ]eve] of the other fission products. The major difference betweenthe

two studies is that this one deals with absolute magnitudes, rather than

relative ratios. This type of comparisonwas not possible until the

declassification of the radionuclide production infomation (Gydesen1992a;

1992b) and the recent developmentof the source term mode] (Heeb 1992).

The dose deciston levels provided by the TSP (Shleien 1992) require a

two-part analysis of doses-an annual dose and a cumulative dose over the

period of Hanford operations. Thts scoping calculation addresses the

cumulative doses. A separate scoping calculation has been prepared to provide

detatls of the pathwaysof exposurefor all of the radionuclides tn the year

of maximumreleases, i.e., 1945 (Calculation 003). Iodine dominates the dose

to both infants and adu]ts until the early 1960s. After that time, other

radionuclides via the air pathwayprovide a larger percentage of the dose, but
by that time, the total annua] doses are all less than one millirem, even to

9
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critical organs. This is muchbelow the TSP dose decision level for annual

and cumulative doses, which calls into question the need to estimate doses

from these radionuclides with the same detail as that used for the iodine-131.

The addition of the doses from 13 radionuclide decay chains to the dose

from iodine-13! had the largest impact to the doses to adults. To emphasize

the minor nature of this addition, a table of percent contributions to the

adult effective dose is presented as Table 7. lt is apparent from this table

that the Iodine-131 produces well over 99_ of the dose to the individual at

this high-exposure location over the entire period. It is also apparent that

most of the dose occurs in the first few years of Hanford Site operations.

Because this scoping calculation addressed only the single, highly

exposed, location innediately east of the Hanford Site, lt cannot be used to

judge the entire domain of the HEDRstudy. However, the normalized dose-peN-

unit-release factors employed are being used in a companion scoping

calculation to address the overall scale of the project. That work will be

reported separately to the TSP.
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4.0 RECOMMENDATIONS

Scupingcalculationswere performedfor that portionof FranklinCounty

consideredto be the mostexposedareain the HEDR studyregion. Basedon the

resultsof this scopingcalculation,and the companionstudyon pathwaysfor

eachradionuclide,the followingrecommendationsare made regardingexposure

pathways,calculationalmethods,and the radionuclidesincludedin calculating

individualdosesfor the HEDRproject:

EXPOSUREPATHWAYS

Althoughexternaldose,inhalationdose,anddose from ingestionof soil

by humansall contributelessthanone percentof the totaldose,each

individuallyhas the potentialto contributea sizablefractionof the TSP's

dosedecisionlevelin the firstfewyears. Eachof thesepathwaysalso

sharesthe characteristicof beingsimpleto calculatefrom informationthat

willbe available.For eachof thesereasons,and becausetheirinclusion

wouldenhancethe facevalidityof the estimateddoses,it is recommendedthat

theybe retainedin the model. Eachof the remainingpathwaysevaluatedhas

the potentialto contributesomemultiplesof the TSP do_e decisionlevel,

even if only for a verylimitedgeographicalareaor for a limitedtarget

population.Thus,they shouldalsobe retained.

CALCULATIONALMETHODS

Whiledevelopingthisspreadsheetscopingstudy,the authorsnotedthat

therearecurrentlyonlyvery limiteddataavailablefor the holduptime from

slaughterto consumptionof meat. The distributionof holdups(allfoods

consumedrelativelyfresh,or afterlongholdupsin freezerlockers)willhave

a significantimpacton the magnitudeof thisvalue. Additionalinformation

is requiredfromthe Demographyand FoodHabitsTaskto helpbetterdefine

thisvalue. A studyof the secondaryliteraturewillbe requestedof Task06.

A secondobservationis thatuptakethroughthe rootsof plantsof

radionuclidesdepositedon soilcontributesonly a very smallpercentageof

the dose as comparedwithdirectfoliardeposition.Therefore,if only
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iodine-131is investigatedin depth,the detailedstructureof the soil

componentsof the proposedmodelmay not be required.

INCLUDEDRADIONUCLIDES

The resultsindicatevery plainlythatthe radionuclideof greatest

interestis iodine-131.The doses,eitherto adultsor infantsand from any

pathway,are four to sevenorders-of-magnitudesmallerfromany other

radionuclidethanthey are from iodine-131.None of the otherradionuclides,

separatelyor in combination,providesa cumulativedosegreaterthan 20 mrem

effectivedose equivalent,or greaterthan50 mrem to any organ,over the

entireperiodfrom 1945through1972. The capabilityto estimatedosesfrom

othernuclideswas retainedon the possibilitythattheycouldcontribute

significantlyto the cumulativedose. lt is apparentfromthis analysisthat

theydo not and,therefore,neednot be included.

The HEDR staffrecommendsthatthe detailedanalysisbe limitedto the

dosesfrom iodine-131fromthe airpathways. Dosesfromotherradionuclides

shouldbe performedwith differenttoolsor in a lessdetailedfashion.

Optionsincludeadditionalspreadsheets,suchas the one usedfor this

analysis;deterministiccalculationswith the largerdose code (i.e.,using

_ the samecode butwith onlyone realizationof source,dispersion,uptake,and

dose);or scalingfromthe more completelycalculatediodinedoses. Any of

theseoptionswouldgreatlyreducethe computationalcomplexityrequiredof

the maindose code,whilereducingthe effortneededto obtainadequatedata

to supportthe main dosecode. Evenif onlyupper-bounddoseestimateswere

made for theotherradionuclides,theiradditionto the dose estimatefor

iodine-131wouldnot significantlychangethe estimateduncertaintyrangeof

the overallestimate.
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5.0 OUALITYASSURANCE

Qualityassurancewas undertakenin accordancewith PNL-MA-70,VolumeI,

Proceduresfor QualityA@suranceProaram,underPNL administrativeprocedure

PAP-70-301,"HandCalculations,General."The seniorauthordocumentedthe

calculationcompletely,preparedthe spreadsheets,and independentlyperformed

the spreadsheetcalculations.The researcherwho developedthe earlier

spreadsheetsuponwhichthe currentones arebasedperformeda thorough

independentreview. Spreadsheetdocumentationis on file and availablefor

review.
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DETAILSOF RELEASE FRACTIONESTIMATION

This appendixpresents the result of a simple spreadsheetcalculationto

estimatethe releasefractionsof various radionulcidesat varioustimes

during separationsplant operations. The releasefractionsare estimated

using reported releaserates and the estimatedseparationsplant throughput.

The throughputsare calculatedas describedin Section 2.1. Becauseof

limited availabilityto the author of informationon radionuclidecontent as a

functionof fuel burnup,these should be consideredto be order-of-magnitude

estiamtes.

The releaseratess are from severalreferences. The earliest non-iodine

value is from a documentby Healy (1948,page 7). The series for ruthenium is

based on REDOX quarterlyreported values in Roberts (1958) and Ebright (1954).

Various radionuclideswere reportedin the HanfordSite 1964 annual

environmentalmonitoringreport (Anderson1965).

The releasefractionsare calculatedas the publishedrelease rate

divided by the estimatedthroughput,with annual and daily time units

corrected.
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NOTESONQUARTERLYRUTHENIUMRELEASESFROMREDOX(EBRIGHT1954)
Year Ouarter

52 I Failureof H-5 causticscrubber3/8/52. Buildingcontamination
est. 2 E-8 uc /cc.

2 4/29/52 particle releases due to air sparging of RedoxlA column.
6/24/52: releases of entrained Ru particles on ammoniumnitrate

snowflakes first mentioned.
3 9/52: glass woo] frame samplers indicated a release of 0.5 Ci from

Ru. The monthly average of 0.1 Ci/d was estimated.

4

53 1

2

3 8/14/53: More flakes several inches width and length and up to 3/4
inches thick. More seenon 8/18/53, Stack mon. ind. 35 Ci on 8/5
and 80 Ci on 8/6.

4

54 ! Jan 2 & 3, est. 260 Ci released. ][/5 est. 70 Ci. First caused
by failure of H5 caustic scrubber. Last due to stack flushing
attempt to get rid of ammoniumnitrate flakes inside the stack.
Failed to connect scrubber off-gas line to sand filter. 1/25 -
3/54 wide-spread Ru contamination.

2 5/22/54 IO0-B area contaminated80,000 c/m particles found. Found
on Wahluke slope too.

3 By 7/16/54 an additional caustic scrubber was installed and the
scrubber of gas was connectedto the sand filter. Ammonium
nitrate formation reducedby scheduling changeswhich prohibited
clad removal (which released ammoniato stack) and slug dissolving
operations (which releases nitric oxide which combineswith the,
ammoniato makeammoniumnitrate) from being done at the same
time. Also a paper strip air sampler addedto stack monitoring
system to measureparticulate releases from stack.
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e

CALCULATIONOF ANNUALRELEASERATESAND EFFECTIVEDOSESFOR SELECTED
RADIONUCLIDES

Thisappendixpresentsthe full spreadsheetcalculationof cumulative

effectivedose equivalentto infantsand adults. The spreadsheetcontains

sectionsdealingwith radionuclideinventory,releasefractions,dosefactors,

releasesfromT-Plant,B-Plant,REDOX,and PUREX,and the dose estimates.
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CUMULATIVE SUMMARY OF EFFECTIVE DOSES

SUMMARY OF ANNUAL EFFECTIVE DOSES

THIS ODES NOT INCLUDE 'I.ARGE" HOT PARTICLES OR RUTHENIUM 8NOW

1. FUEL REPROCESSED AT HANFORD (FROM PRELIMINARY SOURCE TERM SPREADSHEET)

Summation oi Reptoceuing Plant Operations from HW-88085

T Plant B Plant _ REDOX PUREX------- Henfon:l

ToW

Year Tons N MWO/ton Days Tone N MWD/ton Osya T¢_8 N Toni E Total Tno Oayl Tong Oayl Tone

1945 325 150 43 302 1ge 42 0 0 0 0 027

1948 291 241 73 873 202 68 0 0 0 0 1184

1947 50e 203 78 348 203 78 0 0 0 0 05t

1948 388 203 102 388 210 101 0 0 0 0 788

1940 383 284 ge 354 282 ge 0 0 0 0 740

1650 424 401 89 480 388 gO 0 0 0 0 884

1951 560 482 .55 508 494 88 0 0 0 0 1068

1952 295 594 85 118 580 58 822 0 822 82 0 0 1238

1953 248 503 73 0 0 2851 0 2851 82 0 0 3097

1954 1011 302 g2 0 0 157g 0 1678 104 0 0 25gO

1058 1288 238 108 0 0 3829 0 3829 137 0 0 5192

1056 45 280 lg0 0 0 2338 0 2336 128 25_VJ 130 4001

1957 0 0 0 0 1821 0 11_1 110 4387 118 e228

1658 0 0 0 0 1318 08 1311_ 125 6280 100 6643

lgSg 0 0 0 0 248 e78 _ 206 4868 104 54)11

Ig60 0 0 0 0 278 544 821 110 8244 118 7068

1651 0 0 0 0 0 1253 1253 187 5847 122 7200

1952 0 0 0 0 0 972 972 188 6340 154 7013

1063 0 0 0 0 0 1150 1150 29g 5414 158 6564

1954 0 0 0 0 0 17(18 1758 211 5750 151 7527

1965 0 0 0 0 0 1888 1(168 182 5781 184 744g

1968 0 0 0 0 37 1315 1382 208 31ge 223 4461

lg07 0 0 0 0 0 0 4805 211 4506

1966 0 0 0 0 0 0 4308 244 4308

19e9 0 0 0 0 0 0 3025 273 3025

lg70 0 0 0 0 0 0 1150 580 1150

lg71 0 0 0 0 0 0 3850 548 3550

1972 0 0 0 0 0 0 114t 518 1141

Tolalo 5550 3300 15220 8412 2433_ 73148 10(1680

Check Sum 158_iO

Notls: Cooling timed sm non-nwme.wetghtJd monthly averages,

Burnup is SUl_Ikldwhere ewdkd_e. Then are non-n_.N.we4ghtmd monthly av_regel.
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CUMULATIVESUMMARYOF EFFECTIVEDOSES

2. APPROXIMATEANNUALDOSEFACTORS(REM/CIRELEASED)

INFANT ADULT C8relu'- INFANT Adul! COLUMNVALUE8 COLUMNSTRANSPOSED

NUCLIDE LAMDA R (1/DAY) 1045dose 1945dose in1045 DFs DFI
I 131 0.088 1.86E+01 1.59E+00 555000 2.99E-05 2.88E-06 INFANT 2.99E-05 2.86E-O6 2.99E-05 1.57E-06 1.43E-07 1.03E-08 2.89E.08 7.60E-11
RU/RH106 0.00188 1.90E-05 2.03E-05 12 1.57E-06 1.88E-04 ADULT 1.57E-04 1.68E-08 2.86E-GS 1.68E-06 1.21E-07 1.83E-08 1.78E-08 7.60E-11

RU/RH103 0.0176 1.21E-0"J 1.03E-05 85 1.43E.O7 1.21E-07 1.43E-O7 1.21E-O7
CO60 0.000381 0.00E+00 1.26E-07 0.08 0.00E+00 1.83E-06 0.00E+00 1.e3E-Oe (ADULTVALUESUSEDFORINFANTS

Te/! 132 7.23 1.50E-04 9,24E-05 5188,55 2.89E,08 1.78E-GS 2.1WE-06 1.78E-06 FORC088 AND SR89)
XE133 0.132 1.04E-05 1.04E-05 254835 7.50E-11 7.60E-11 7.60E-11 7.60E-11

CE/PR144 0.00244 1.18E-04 1.21E-04 93 1.27E..0(I 1.30E.Oe 1.27E-06 1.30E-06
PU239 7.87E-08 2.45E-05 1.68E..04 0.10 2.55E-04 1.75E-O3 2.56E-04 1.75E-03

SR/YgO 8.66E-05 1.39E-04 7.97E-04 4 3.93E-06 2.26E-04 3.93E-06 2.26E-04
CS/BArn13 8.3E-05 9.31E-08 8.35E-06 4 2.37E-0(I 2.13E-06 2.37E-06 2.13E-06
I 129 1.21E-10 1.28E-05 7.70E-08 9E-02 1.36E-04 8.15E-06 1.3_,4)4 8.15E-09

KRB5 0.000177 2.20E-07 ;L20E-07 45688 4.81E-12 4.81E-12 4.81E-12 4.81E-12

ZR/NB95 0.0108 8.52£-05 7.70E-05 178 4.70E-07 4.33E-07 4.79E-07 4.33E-07
SR89 0.0137 0.00E+00 1.13E..04 118 0.00E+00 9.55E-07 0.OOE+00 g.5_E-07

Notes:DedvedfromIndlvlduslradionuclidemonthlydo,- calculationwod(IheetL SUMMARIZEDIN 8UM-PATH.WQ1

3. FUELCONTENTSOF RADIONUCLIDES
TAKENFROMOfllGEN2RUNS BYC. HEEBAND U.JENQUIN

200 MWD/T. 1 MW/T 300MWD/T. 1MW/T 600 MWD/T. 10MW/T
ulm1945-1049 ulm 1950-1957 ulm 19,58..

NUCLIDE LAMDAR (1/DAY} 30 DAYS 50 DAYS 60 DAYS 100 DAYS 110 DAYS 1G0DAYS
I 131 0.080 1984 354 150 4.78 21 0.0212

RU/RH106 0.00188 2011 1937 2880 2670 9330 8020
RU/RH103 0.0176 17310 12160 10800 5330 32100 7820
CO60 0.000361 12.8 12.5 1818.1 17.8 50.3 48.9

Te/I 132 7.23 85 0.9 0.0011 2.22E-05 2.74E-05 1.11E-12
XE133 O.132 1328 95 28.2 0.127 0.327 8.39E-0(I
CE/PR144 0.00244 15600 14850 19400 17800 43100 35500

PU239 7.87E-Oa 15.5 15.5 22.3 22.3 (W.3 (le.3
SR/YGO (L68E-05 573 572 844 842 1500 1550

CS/BArn13 6.3E-05 638 035 _ 848 IG00 la80
I 129 1.21E.10 0.00017 0.00017 0.000257 0.000258 O.O005N 0.000573

KR85 0.000177 74 74 195 107 204 201
ZR/NB95 0.0108 33240 L:_I70 25600 16800 72700 3Oe00
SR89 0.0137 22910 17410 15800 0990 41600 13800

4. RELEASEFRACTIONS

AlmumplJoneof InmllatIon oi sand filtersand .diverreactore
1945.49 1950-72 19511diverreactorfailure

(ExceptREDOX) REDOXT REDOX

NOBLEGASES 1 1 1 1 1
IODINES 0,9 0.01 0.1 0.01 0.01 10%USEDFOR 1961IO01NEBECAUSEOF SILVERRF,ACTORFAILURES

RUTHENIUMS 1E-05 1E-07 1E-07 0.0001 1E-05 1%USEDFORSILVERREACTORSBECAUSEOF PUREXEIS. 1954MONITORINGRPT
ALLOTHERS 1E-05 1E-07 1E-07 1E-07 1E.O7 1E-5USF.DFORPARTICULATESEARLYYEARSBECAUSEOFMONITORINGDATA

1E-5USEDFORREDOXRU MOSTOFTIME. 1E-4STARTUPTO 1955
PEAKINGFACTORSFOil SHORT-IIVED RADIONUCliDES

1.4 (FROMOTHERSPREADSHEETS)
1
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CUMULATIVESUMMARYOFEFFECTIVEDOSES

5. RELEASEESTIMATES,NUCLIDEBYYEAR

A. T.PLANT

Year 1131 RU/RHI08 RUIRHI03 C060 TeA 132 XE133 CE/PR144 PU239 SR/YgO CS/BAm131129 KR65 ZRINB95 SR69

1945 2,61E+05 8.38E+00 4.46E+01 4.07E-02 1,59E+03 1,08E+OS 4,91E+01 5.04E.02 1.86E+00 2.06E+00 4.97E-02 2.41E+04 9.37E+01 6.21E+01
1646 1.61E+04 5.40E+00 2,36E+01 3.50E-02 2.49E+00 1.91E+03 4,09E+01 4.51E-02 1.eSE+O0 1.84E+00 4.45E.02 2,15E+04 6.08E+01 3.70E+01

1947 1.24E+04 5,63E+00 2.26E+01 3.78E-02 8,99E-01 1.04E+03 4.25E+01 4,74E.02 1.75E+00 1.94E+00 4,68E.02 2.26E+04 8.06E+01 3,64E+01
1948 1,89E+03 6.81E+00 1.67E+01 4.75E.02 5.92£.03 5.14E+01 5.03E+01 6.01E.02 2.21E+00 2.45E+00 5.94E-02 2.87E+04 5.89E+01 3,29E+01

1949 3,68E+03 7.00E+O0 2.17E+01 4.83E-02 3.04E-02 1.41E+02 5.24E+01 8.09E.02 2.24E+00 2.49E+00 8,01E.02 2.91E+04 6.48E+01 3.70E+01
1950 1.65E+03 9.19E-02 4.ggE-01 2.17E-03 7._E-01 3.67E+04 8.80E-01 7,29E-04 2.71E-02 3.02E-02 8.IOE.04 3,49E+04 1.12E+00 7.16E-01

1951 1.89E+04 1,63E.01 6,66E.01 1.92£-01 1.47E-01 4.09E+04 1,10E+00 1.25E-03 4.73E-02 5.32£.02 1.44E.02 6.06E+04 1.53E+00 9.42£-01
1952 4.14E+02 6.42£-02 2.93E.01 3.13E.02 2.88E-03 5.81E+03 5.60E.01 6.58E-04 2.48E.02 2.80E.02 7.Sq_E.043.18E+04 7.24E-01 4.32£-01

1953 1,64E+02 6.91E.02 2.10E.01 9.57E.03 1.03E.03 1.49E+03 4.62E.01 5.49E.04 2.07E-02 2.34E-02 6.33E.04 2.65E+04 5.50E.01 3.19E-01
1954 1.32£+02 2.74E-01 8.16E-01 4.41E-03 6.69E.04 5.01E+02 1.81E+00 2.25E.03 8.52E-02 9.59E.02 2.61E.03 1.03E+0S 1.85E+00 1.01E+00
1955 4.19E+01 3.33E.01 5.84E-01 8.76E-04 1.77E.04 7.64E+01 2.18E+00 2.62E.03 1.07E-01 1.20E.01 3.27E-03 1.3SE+03 1.g5E+00 1.02£+00

19545 1.29E-03 1.01E-02 4.90E-03 2.42£-03 2.15E-00 5.41E-08 S.SaE-02 1.03E.04 S.T/E-_ 4.2SE-03 1.17E-04 4.72£+03 2,ME-02 1.17E-02
1957 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.03E+00

195_ 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+03 0.00E+00 0,00E+00 0.00E+03 0,00E+00 0.00E+00
1959 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 O.00E+00 0.00E+O0 0,00E+00 0.00E+00 0.00E+00 0.00E+00
1980 0.00E+00 0.00E+O0 0.00E+03 0.00E+030.00E+00 0.00E+00 0.00E+03 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

1981 0,00E+00 0,00E+00 0.03E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1982 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.03E+00 0.00E+00 0.ODE+00 0.03E+00 0.03E+00 0.00E+00 0.00E+00
1963 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 O.t_0E+000.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1964 0,00E+00 0,00E+00 0.00E+O0 0,00E+00 0,00E+00 0.00E+00 0.00E+00 0.03E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00

1965 0.00E+00 0.00E+00 0.00E+03 0.00E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.03E+00 0.00E+00 0.00E+03 0.00E+00 0.00E+00 0.00E+00
1966 0.00E+r_ 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1967 0.00E.00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+03 0.00E+00 0.00E+00 0,00E+00 0.00E+00 .0.00E+00 0.00E+00

1966 0.00E+00 0.00E+00 0.00E+03 0.00E.03 0.00E+00 0.00E+03 0.00E+00 0.00E+03 0.00E+03 0.00E+03 0,00E+00 0.00E+00 0.00E+00 0,00E+00
1969 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E.00 0.00E.00 0.00E.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E.00

1970 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E.00 0.00E+00 0.00E+00 0,00E+00 0,00E+00 0.00E.00
1971 0.00E+OO 0.00E+O0 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+OO 0.03E+00 0.00E.00 0.00E+03 0.00E+03 0.00E+00 0.00E+00

1972 0.00E+00 0.00E+00 0.00E+03 0.00E+00 0.00E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00



CUMULATIVE SUMMARY OF EFFECTIVE DOSES

B. B-PLANT

Year I 131 RU/RHI05 RU/RHI03 C060 Te/l 132 XE133 CE/PR144 PU230 SR/YQO CS/BAm131 129 KRB5 ZFUNB95 SR89

1945 2,79E+05 5,94E+00 4,26E+0! 3.79E-02 2.09E+03 1.22E+05 4.58E+01 4,68E-02 1.73E+00 1,92E+00 4.62E.02 2.23E+04 8.88E+01 5,90E+01

1946 1.75E+05 1.66E+01 9.04E+01 1,09E-01 1,42E+02 3.50E+04 1.27E+02 1.35E-01 4.9INE.O0 5.54E+00 1.34E-01 6.46E+04 2.12E+02 1,34E+02

1947 1,38E+04 8.34E+00 2,56E+01 4,26E-02 9.78E-01 1,14E+03 4,79E+01 5.35E-02 1,97E+00 2.19E+00 5.28E.02 2.55E+04 6.82E+01 4.09E+01

1946 2.14E+03 7.00E+O0 1,98E+01 4.87E-02 7,79E-03 6.14E+01 5,22E.01 6,17E-02 2.27E+00 2.52E+00 6,09E-02 2,95E+04 6.12E+01 3.43E+01

1949 2,38E+03 8.29E+00 1.83E+01 4.36E-02 1,19E-02 7,64E+01 4,70E+01 5.52£-02 2.0&E+O0 2.2roE+O0 5.45E-02 2,83E+04 5,82E+01 3.17E+01

1950 7.81E+01 1.25E-01 2.95E-01 2.75E-03 3.96E.04 3.28E+02 8.31E-01 1,03E-03 3.ME-02 4.36E-02 1.19E-03 4.93E+04 8.85E-01 4.76E-01

1951 1.81E+04 1.45E-01 5.97E-01 1.80E-01 1.24E-01 3,58E+04 9.97E-01 1,13E-03 4._E-02 4.83E-02 1.30E-02 5.49E+04 1.38E+00 8.48E-01

1952 3.03E+02 3.41E-02 1,33E-01 2.81E-02 2,28E-03 5,67E+03 2.30E-01 ;L63E-04 9,_NE-03 1,10w.02 3,03E.04 1.28E+04 3.12E-01 1,90E-01

1953 O.OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE+O00,OOE+O00.OOE+O00,OOE.O00.OOE+O00,OOE.O00.OOE+O00,OOE+O0

1954 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE.60 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0

1955 O.OOE+O00,OOE+O00.OOE+O00.COE+O00.OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE.O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O0

19580.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0

1957 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.0OE+00 O.OOE+00 0,00E+00 O.00E+00 O.00E+00 O,00E+00 0.00E+00 0.00E+00 0.00E+00

1958 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE.O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0

1959 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0 O.OOE+O00.OOE+OO O.OOE+O00.OOE+O00.OOE+OO

1960 O.OOE+O00.OOE.O00.OOE+OO O.OOE+O00.OOE+OO O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0

1961 0.00E+00 O.00E+O00.OOE+O00.00E+OO O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+OO O.OOE+O00.OOE+O00.OOE+O0

1962 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE.I, OO O.OOE+OO

19fl30.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+OO O.OOE+O0

1964 0.00E+00 0.OOE+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.0OE+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00

1965 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.OOE+00 O.00E+00 0.00E+00 0.00E+00 0,00E+00

1966 0.00E+00 0.00E+O0 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.OOE+O0 0,00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E.00 0,00E+O0 0.00E+00

1967 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00

1968 0,00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.0OE+00 0,00E+00 0,00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+O0 0,00E+00

1969 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

1970 0.00E+00 0.00E+00 0,00E+00 0.OOE+00 0,00E+00 0.00E+00 0,00E+00 0,00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00

1971 0,00E+00 0.00E+O0 0.00E+O0 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E.00 0,00E+00 0.00E+00 0.00E+00 0,00E+00

1972 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0,00E+00 0.00E+00 0,00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

B.5



CUMULATIVESUMMARYOFEFFECTIVEDOSES

C. REDOX

Year I t31 RU/RH106 RU/RH103 CO60 Te/I 132 XE133 CE]PRr44 PU238 SR/Y90 C_13 1129 KRB5 ZR/NB95 5R69

1945 0.0OE+00 0,00E+00 O.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+O0 0,00E+00 0.0OE+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00
1946 0,00E+00 0.00E+00 0,00E+00 0.00E+00 0.OOE+00 0.00E+00 0,00E+O0 0,00E+00 0.00E+00 0,00E+00 0,00E+00 0.00E+00 0,00E+00 0.00E+00

1947 0.00E+O00.OOE+O0 0.00E+O0 0.0OE+00 0.00E+00 0.00E.00 0.0OE+00 0.00E+00 0.OOE+O00.00E+00 0,00E+00 0.00E+00 0.00E+00 O.00E+O0
1948 0.00E+00 O.00E+00 0.00E+00 0,00E+00 0,00E+00 0,00E+00 0.00E+00 0,0OE+00 O.00E+00 O.00E+00 0,0OE+00 0,00E+00 O.00E+00 0,00E+00
1949 0,00E+00 0,00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00

1950 0,00E+O0 0.00E+00 O.00E+OO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00 O,00E+00 0.00E+00 0.00E+00
1951 0,00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00S+00 0.00_+00 0.00E+00 0.00E+00 0,00_+00 0.00E+00 0,00E+00 0.00E+00

1952 2.58E+02 2.27E+02 6.02E+02 1.17E-02 1.48E-03 1,58E+03 1.51E+00 1.83E-03 (I.93E-02 7.80E-02 2.12£-03 8.¢1E+04 1.68E+00 9,47E-01
1953 6.65E+02 7.87E+02 2.07E+03 3.88E-02 4.91E-03 5,16E+03 5.24E+00 6.36E-0_ 2.40E-01 2,70E-01 7.34E-03 3.06E+05 5.78E+00 3.26E+00

1954 7,33E+01 4.15E+02 7.81E+02 1.72E-03 3.24E-O4 1.0(O+02 2.75E+00 3.52E-03 1.33E-01 1.50E.O1 4.08E-03 1.69E+05 2,54E+00 1,34E+00

1955 1.95E+01 9.76E+02 1.08E+03 9.22E-05 3.17E-05 4.95E+00 5.31E+00 8.75E-03 3.30E-01 3.71E.0t 1.091=-024.16E+06 4.42E+00 2.11E+00
1950 1.39E+01 5.91E+01 7.58E+01 1.91E-04 4.98E-05 1.01E+01 3.84E+00 5.21E-03 1.95E-01 2,21E-01 6.04E-03 2.48E+95 2.90E+00 1.43E+00
1957 3.06E+01 4.74E+01 7.34E+01 5.07E-04 1.18E.O4 3.87E+01 3.0CE+00 4.08E-03 1,54E-01 1.73E,O1 4.791=-03 1.95E+06 2.59E+00 1.32E+00

1958 5,61E+01 1.25E+02 3.2315+02 5.91E-03 1.15E-05 5.87E+01 5.71E+00 9.80E-03 2.15E-01 2.62E-01 ?.88E-03 2.81E+95 8.28E+00 4.50E+00
1959 7.38E-02 7.19E+01 5.52E+01 4.49E-03 5.58E-13 1.45E-03 3.16E+00 6.40E-03 1.43E-01 1.74E-01 5.30E-03 1.88E+05 2.4OE+00 1.04E+00
1960 2.73E-01 6.60E+01 0.57E+01 4.091=-03 1.69E-11 1,15E-02 2.92E+00 5.ffi)E-03 1.27E-01 1.58E-O1 4.70E-O3 1.65E+05 2.55E+00 1.16E+00
1901 5.03E-01 1.01E+02 1.04E+02 0.13E-03 4.10E-11 2.34E-O2 4.48E+00 5.66E-03 1.94E-01 2,37E-01 7.17E-03 2.52E+05 3.96E+00 1.L_E+00

1962 3.58E-01 7.84E+01 7,95E+01 4.70E-03 2.57E-11 1.58E-02 3,47E+00 0.74E-03 1.51E-O1 1.ME-01 5.57E-03 1.96E+05 3.06E+00 1.40E+00
1963 5.44E-02 8.88E+01 6.39E+01 5.59E-03 2.92E-13 1.05E-03 3.90E+00 7.97E-03 1.75E-01 2.17E-01 6.60E-03 2.30E+05 2._E+00 1.23E+00
1964 8.64E-02 1.58E+02 8.58E+01 6.58E-03 3.21E-13 1.31E-03 5.97E+00 1.23E-02 2.74E-01 3.34E-01 1.01E-02 3.ME+05 4.31E+00 1.85E+00

1966 9,95E-01 1.36E+02 1.50E+02 6.16E-03 1.45E-10 5.71E-02 6,04E+00 1.16E-02 2.59E-01 3,15E-01 9.58E-03 3.36E+05 5.57E+00 2.59E+00
1966 6.42E-02 1.05E+02 7,68E+01 6.57E-03 4.47E-13 1.45E.O3 4,58E+00 9.37E-03 2.0gE-01 2.55E-01 7.76E-03 2.71E+05 3.40E+00 1.47E+00
1967 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

1968 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1969 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

1970 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.0OE+00 0.00E+00 0,00E+00 0,00E+00
1971 0,00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 O.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

1972 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 O.00E+00

B.6



CUMULATIVESUMMARYOF EFFECTIVEDOSES

D. PUREX

Year I 131 RU/RHt05 RU/RHI03 CO50 Te/I 132 XEI33 CE/PR144 PU239 SR/Yg0 CS/BArn131129 KRB5 ZRINB95 SR89

1945 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0,00E+00 0.00E+00 0.00E+O0 0,00E+O0 0.00E+00 0.00E+00 0.00E+00 0,00E+00
1946 0.00E+00 0.00E+00 0.OOE+00 0,00E+00 0.0OE+00 O,00E+O0 0.00E+00 0,00E+00 0.00E+OO 0,00E+00 0.00E+00 0,00F.+00 0.00E+00 0,00E+00
1947 O.OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE.O00.OOE+O00,OOE+O00,OOE+O00,OOE+OO O.OOE+O00.OOE+O0

1946 0.00E+00 0,00E+00 0,00E+00 0.00E+00 0.00E+00 0,00E+00 0,00E+00 0,0OE+00 0.00E+05 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00
1949 O.OOE+O00,OOE+O00.OOE.O00.OOE+O00,OOE+O00,OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O0
1960 O.00E+00 O.00E+00 O.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E+05 0.05E+00 0.00E+00 0.00E+00 0.0OE+00 0.05E+00 0.00E+00 0.00E+00

1951 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0,00E+00 0.00E+O0 0.00E+00 0.00E+00 0.00E+00 0,00E+05 0.00E+00
1952 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+O0 0.00E+00 0.00E+00 0,00E+00 0.00E+05 0.00E+00 0,0OE+00 0.00E+O00.00E+00 0.00E+00

1953 0.00E+O0 0.00E+00 0.OOE+00 O.00E+00 O.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+O0 0.00E+050.00E+00 0.00E+00 0.00E+00
1954 O,OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE+O0

1965 0.00E+00 0.00E+00 0.00E+05 0,00E+05 0.05E+00 0.00E+00 O.00E+00 0.05E+00 0.00E+00 0.00E+O0 0,00E+00 0.00E+00 0.00E+00 0.00E+00
1958 1.23E+01 5,35E-01 7.BEE.01 1.33E-04 4.03E.05 8,02E+00 4.12R+00 5.82E-05 2.12E-01 2.30E-01 5.52E.03 2.6815+05 3.05E+00 1.49E+05

1957 7.74E+01 1.14E+00 1.78E+00 1.30E-03 3,01E.04 1.01E+02 7.45E+00 9.81E-03 3.70E.01 4.17E-01 1.14E-02 4.01)E+05 5.26E+00 3.19E+05
1958 3.72E+03 5,00E+O0 2.02E+01 2.56E-02 1.70E-02 9.23E+03 2.32E+01 3,05E-02 a.21E-01 1.00E+O0 2.99E-02 1.08E+05 4,27E+01 2.52E+01
1959 2,37E+03 4.70E+05 1.77E+01 2.51E-02 0.28E-03 4.77E+03 2.15E+01 3.48E-02 7.78E-01 8.48E-01 2.54E-02 1.02E+05 3,85E+01 2.24E+01

1960 9.41E+02 5.74E+00 1.76E+01 3.13E-02 4.50E-04 1.03E+03 2.54E+01 4.33E-02 0.73E-01 1.19E+00 3.58E-02 1.27E+0(I 4.17E+01 2.34E+01
1961 6.39E+02 5.43E+00 1.55E+01 2.95E-02 1.91E-04 5.83E+02 2.48E+01 4.12E-02 9.27E-01 1.13E+05 3.39E-02 1.21E+04 3.81E+01 2.11E+01

1962 3.66E+01 5.15E+00 5.55E+00 2°99E-02 1,52E.07 7.51E+00 2.34E+01 4.19E-02 9.30E-01 1.14E+00 3.45E-02 1.22E+06 2.72E+01 1.375+01
1963 2,24E+01 4.60E+00 7.26E+00 2.66E-02 5.59E-08 3.60E+00 2.07E+01 3.75E-02 5.41E.01 1.03E+05 3.09E.02 1.09E+06 2.31E+01 1.14E+01
1964 5.06E+01 4.95E+00 9,02E+00 2.56E-02 3.56E-07 1.22E+01 2.25E+01 3.99E-02 5.96E-01 1.09E+00 3.29E-02 1.17E+05 2.70E+01 1,37E+01
1966 1.55E+01 4.87E+00 7.12E+00 2.56E-02 2.14E-08 2.03E+00 2.18E+01 4.01E-02 5._E-01 1.09E+00 3.30E.02 1.17E+06 2.34E+01 1.14E+01

1966 5.32E-02 2.34E+00 1.36E+00 1.50E.02 4.24E.14 4.61E.04 1.02E+01 2.15E-02 4.81E-01 6.56E-01 1.79E.02 6.21E+05 6.66E+00 2.75E+00
1967 2.14E.01 3.47E+00 2.42E+00 2.19E-02 7,61E.13 3.19E-03 1.52E+01 3.12E-02 6.07E-01 5.50E-01 2.58E-02 9.02E+05 1.10E+01 4.58E+00

1968 1.16E-02 3.12E+00 1.29E+00 2.07E-02 5.58E-15 3.58E-05 1.34E+01 2.99E-02 5.55E-01 5.11E-01 2.45E-02 5,57E+05 7,32E+00 2.54E+00
1969 6.75E.04 2.Q7E+O0 5.42E-01 1.44E-02 9.20E-19 5.80E.07 8.77E+00 2.10E-02 4.58E-01 5,69E-01 1.75E-02 6.99E+05 3.75E+00 1.34E+00

1970 4,68E.15 4,52E.01 1.32E-03 4,98E.03 1.09E-45 7.57E-24 1.58E+00 5.04E-03 1.75E-01 2.14E-01 5.57E-03 2.15E+05 6.47E-02 1.01E-02
1971 3.65E.14 1.44E+00 4.57E.03 1.53E-02 3.37E-44 9.85E.23 5,27E+00 2.4(JE-02 5.35E-01 5.58E-01 2.10E-02 5.68E+05 2.23E.01 3.55E-02

1972 1,52E-13 4,92E.01 2.74E.03 4.97E-03 9.34E.42 2.11E.21 1.83E+00 7.91E-03 1.72E-01 2.11E-01 6.73E-03 2.16E+05 1.01E.01 1.78E.02
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CUMULATIVESUMMARYOF EFFECTIVEDOSES

6, TOTALRELEASESFROMALLSEPARATIONSPLANTS

Year I 131 RU/RH108 RU/RH103 CO60 Te/I 132 XE133 CEJPR144 PU239 SRJYgO CS/BArn131129 KRB5 ZR/NBg5 SRSg

1945 5.40E+05 1.23E+01 8,72E+01 7.86E-02 3.58E+03 2.29E+05 9,49E+01 9.72E-02 3.59E+00 3.98E+00 g.59E-02 4.64E+04 1.82E+02 1.21E+02
1946 1.96E+05 2.20E+01 1.14E+02 1.45E.01 1,44E+02 3,70E+04 1.88E+02 1.80E.01 6°65E+00 7.38E+00 1.78E-01 8.81E+04 2.73E+02 1.71E+02
1947 2.62E+04 1.20E+01 4.84E+01 8.05E-02 1.88E.00 2.18E+03 9.04E+01 1.01E-01 3.71E+00 4,12E+00 9,98E-02 4,82E+04 1.29E+02 7.73E+01

1948 4,03E+03 1.38E+01 3.53E+01 9.82E-02 1.37E-02 1,13E+02 1,03E+02 1.22E-01 4.48E+00 4.97E+00 1.20E-01 5.82E+04 1.20E+02 6.72E+01
1949 6o06E+03 1.33E+01 4.00E+01 g.lgE-02 4,23E.02 2`18E+02 g.g4E+01 1.18E-01 4,27E+00 4.74E+00 1.15E-01 5.54E+04 1,21E+02 6,87E+01

1950 1.72E+03 2.17E-01 7.94E-01 4,93E-03 7.99E-01 3.g0E+04 1.51E+00 1.75E-03 8.56E-02 7,38E-02 2,00E-03 8.43E+04 1.99E+00 1.1gE+00
1951 3.50E+04 3,11E-01 1.28E+00 3.52£-01 2,72£-01 7.45E+04 2`10E+00 2,38E-03 9.02£-02 1.01E-01 2.74E-02 1.15E+05 2`91E+00 1.79E+00

1952 9.77E+02 2.27E+02 8.03E+02 7.11E-02 9.94E-03 1.29E+04 2`31E+00 2,75E-03 1.04E-01 1.17E-01 3.18E-03 1.33E+05 2`71E+00 1.57E+00
1953 1.03E+03 7.87E+02 2`07E+03 4,52£-02 5.94E-03 8.85E+03 5.70E+00 8.91E-03 2,81E-01 2,94E-01 7.98E-03 3.33E+05 8.33E+00 3.58E+00

1954 2.05E+02 4,19E+02 7.82£+02 8,13E-0:1 9.94E-04 8.8lE+OR 4.56E+00 5,78E-03 2,18E-01 2,48E-01 8.88E-03 2`77E+05 4.38E+00 2`05E+00
1955 5,24E+01 9.77E+02 1.08E+03 9.mE-04 2,00E-04 8.14E+01 8.49E+00 1.18E-02 4.39E-01 4.91E-01 1.34E-02 5.52£+06 9.38E+00 3.12£+00

1958 2,62£+01 5.05E+01 7.66E+01 2`95E.04 8.71E-08 1.81E+01 8.02£+00 1.06E-02 4.12£-01 4,64E-01 1,27E-02 5.21E+05 5.1_E+O0 2,93E+00
1957 1.08E+02 4.85E+01 7,52£+01 1.81E-03 4.19E-04 1.39E+02 1.05E+01 1.39E-02 5.24E-01 5.90E-01 1.61E-02 9.84E+05 8.14E+05 4.51E+00
1958 3.80E+03 1,30E+02 3.43E+02 3.3,5E-02 1.78E-02 9.29E+03 2`89E+0t 4.80E.02 1.04E+00 1.28E+00 3.78E.02 1.3(IE+0(I 5.10E+01 2.96E+01
1959 2.37E+03 7.86E+01 7.28E+01 2.96E-02 6.28E-03 4,T/E+03 2`49E+01 4.10E-02 9.21E-01 1.12£+00 3.37E-02 1.20E+04 4.0gE+01 2,34E+01

1960 9.41E+02 7.17E+01 8.32£+01 3.53E-02 4.80E-04 1.03E+03 2.93E+01 4.g0E-02 1.10E+00 1.34E+00 4.03E-02 1.44E+05 4.43E+01 2`45E+01
1981 6.40E+02 1,07E+02 1,20E+02 3,59E-02 1.91E-04 5.53E+02 2`94E+01 4.99E-02 1.12£+00 1,37E+00 4.10E-02 1.48E+05 4.21E+01 2.29E+01
1982 3.89E+01 8.35E+01 8.83E+01 3.47E-02 1.82£-07 7.53E+00 2.88E+01 4.88E-02 1.0eE+O0 1.53E+00 4,01E-02 1.42£+05 3.02E+01 1.51E+01

1963 2.24E+01 9.35E+01 7.12£+01 3.23E-02 5.59E-08 3.50E+05 2`48E+0t 4.55E-02 1.02£+00 1.24E+00 3.75E-02 1,3o4=+08 2.59E+01 1.27E+01
1984 5.09E+01 1,41E+02 1.05E+02 3,71E-02 3.86E.07 1.22E+01 2,85E+01 5.22E-02 1.17E+05 1.43E+00 4.30E-02 1.52£+06 3.13E+01 1,56E+01

1965 1.68E+01 1.41E+02 1.58E+02 3.67E-02 2.15E-08 2`09E+05 2.79E+01 5.15E-02 1.18E+00 1,41E+00 4,28E-02 1.50E+05 2`89E+01 1.40E+01
1966 1.37E.01 1,07E+82 1.62£+01 2`18E-02 4,89E-13 1.91E-03 1.48E+01 3.09E-02 6.g0E-01 8.41E-01 2.58E-02 8.92£+05 1.01E+01 4.21E+00

1987 2,14E.01 3.47E+00 2`42£+00 2.19E-02 7,81E.13 3.19E-03 1.52£+01 3.12£-02 9.97E-01 8.50E-01 2,59E-02 9.02E+05 1.10E+01 4.68E+00
1968 1.18E.02 3.12£+00 1.29E+00 2,07E-02 8.38E-18 3,88E-05 1.34E+01 2`99E-02 8.95E-01 8.11E-01 2`48E-02 8.57E+05 7.32E+00 2.84E+00

1989 8.75E-04 2.07E+00 5.42£-01 1.44E-02 g.20E-lg 5.80E-07 8.77E+00 2,10E-02 4.66E-01 5.69E-01 1.75E-02 5.99E+05 3.75E+00 1.34E+00
1970 4.88E-15 4,82E.01 1.32E-03 4.98E-03 1.09E-45 7.87E-24 1.88E+00 8.04E-03 1.75E-01 2`14E-01 8.87E-03 2.18E+05 8.47E-02 1,01E-02
1971 3.65E-14 1.44E+00 4.87E-03 1.53E-02 3.37E-44 9,85E-23 5,27E+00 2`48E-02 5.35E-01 8.55E-01 2.10E-02 6.53E+05 2`23E-01 3.58E-02

1972 1.82£.13 4.92E-01 2.74E-03 4.97E-03 9.34E-42 2,11E-21 1.53E+00 7.91E-03 1.12£-01 2,11E-01 8.73E-03 2`18E+05 1.01E-01 1.78E-02

SUMS 8.19E+05 3.55E+03 8.14E+03 1.38E+00 3.82£+03 4.18E+05 8,80E+02 1.21E+00 3.68E+01 4.22E+01 1.14E+00 1.85E+07 1.19E+03 8.98E+02
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CUMULATIVESUMMARYOFEFFF.CTIVEDOSE5

7. INFANTDOSES

Year I 131 RU/RH106 RU/RH103 CO60 Te/I 132 XE133 CE/PRr44 PU239 SR/Y�O CS/BArn13I 129 KR05 ZR/NB95 SR80

1945 1.62E+01 1.93E-05 1.24E-05 1.28E,07 1.06E-04 1.74E,05 1.20E-04 2.49E-05 1.41E-04 0.46E.06 1.30E,05 2.23E-07 8.73E-05 1.16E-04

1946 5.87E+00 3.46E,05 1.63E,05 2.36E,07 4.17E-05 2.81E-06 2.12E-04 4.62E-05 2.61E.04 1.75E,05 2.41E,05 4.14E-07 1.31E,04 1.54E-04
1947 7.83E,01 1.88E,05 6.89E-05 1.31E,07 5.43E-08 1.66E,07 1.14E,04 2.58E.05 1.4_E',04 9.78E,06 1.35E.05 2.32£-07 6.17E-05 7.38E.05

1948 1.21E-01 2.17E-05 5.46E,06 1.57E-07 3.96E.10 8.57E-00 1.30E-04 3.1o1=-06 1.76E-04 1.18E.05 1.03E,05 2.80E.07 5.75E.05 6.42£,05
1949 1.81E.01 2.09E,05 5.70E,04 1.50E,07 1.22£.00 1.66E.08 1.28E.04 2.97E.06 1.66E,04 1.12£.05 1.55E.05 2.57E.07 5.79E-05 6.50E-05
1050 5.15E-02 3.41E.07 1.13E,07 8.04E-05 2.31E.Oa 2.07E-05 1.01E-05 4.48E.07 2.58E-06 1.75E.07 2.70E.07 4.05E.07 0.591=-07 1.14E-06

1951 1.05E+00 4.87E.07 1.80E.07 5.74E-07 7.86E-05 5.66E.0(I 2.85E.06 6.05E.07 3.541[-00 2.41E.07 3.72£.06 5.55E.07 1.39E-05 1.71E-06

1952 2.92£.02 3.57E-04 8.51)E-05 1.16E.07 1.92£-10 0.77E.07 2.92£.06 7.06E-07 4.0eE-0(I 2.76E.07 4.31E.07 5.3_E..07 1.30E.06 1.50E,06
1953 3.05E,02 1.23E,03 2.95E-04 7.85E-05 1.72£-10 5.05E.07 7.21E-05 1.77E-05 1.02E,05 8.9715.07 1.08E.04 1.60E-05 3.03E-05 3.42£,06
1054 6.14E,03 6.57E-O4 1.11E,04 g.0eE.0e 2 87E.11 5.02E.06 5.76E-00 1.45E.08 8.50E.06 5.e..tE.07 9.06E.07 1.3,1E-0(l 2.10E.06 2.24E,06

1955 1.57E.03 1.53E.03 1.54E-04 1.56E.00 0.04E-12 5.16E,00 1.07E-06 2_.06 1.71E-06 1.17E.01 1.82E-0(l 2.68E-04l 3.05E.06 2.96E-06
1056 7.83E,04 9.38E-05 1.05E.05 4.60E-10 2.52£-12 1.3_E.00 1.01E.06 2.80E.06 1.(12E.06 1.10E-05 1.72£.06 2.50E-05 2.87E.06 2._0E.06
1957 3.23E,03 7.61E-05 1.07E,05 2.95E.09 1.21E-11 1.0_E.08 1.33E-05 3.55E.0e 2.05E.06 1.40E.06 2.18E,00 3.19E-4)(l 4.23E.06 4.31E,06

1958 1.14E,01 2.04E.04 4.90E.05 5.45E-06 5.08E-10 7.06E.07 3.66E.05 1.16E.05 4.07E,05 3.00E.06 5.191=.06 6.52E-06 2.44E,05 2.83E-05
1959 7.10E,02 1.20E-04 1.04E.05 4.83E-08 1.81E-10 3.83E.07 3.16E.05 1.05E-05 3.(12E-05 2.68E,06 4.50E.06 5.79E-O8 1.96E.05 2.24E-05

1960 2.81E-02 1.13E,04 1.19E-05 5.76E,08 1.33E-11 7.80E,05 3.71E.05 1.25E.05 4.30¢:-05 3.18E.06 5.45E.05 6.91E.00 2.191=.05 2.34E-05
1961 1.91E.02 1.67E-04 1.71E.05 5.86E-08 5.51E.12 4.43E,0_ 3.72E.05 1.28E.06 4.40E-05 3.24E.06 5.56E.06 7.03E-06 2.02£.05 2.10E,05
1962 1.16E.03 1.31E-04 1.26E,05 5.65E-08 5.27E.15 5.95E.10 3.40E.05 1.24E.05 4.20E.05 3.15E.06 5.43E.06 6.82£-05 1.45E,05 1.44E,05
1963 6.71E,04 1.47E-04 1.0:)1=-05 5.27E-05 1.62E-15 2.74E-10 3.11E,05 1.16E,05 4.00E,05 2.95E-06 5.09E,06 6.37E-00 1.24E,05 1.21E-05

1964 1.52£-O3 2.2_,04 1.49E.05 6.05E,06 1.12£-14 9.29E-10 3.80E-05 1.33E,05 4.59E-05 3.38E.00 5._E.06 7.31E.06 1.50E,05 1.49E.05
1965 5.01E,04 2.21E-04 2.25E-05 5.98E-06 6.23E-15 1.59E-10 3.53E,05 1.32£-05 4.54E.05 3.35E-06 5.77E-05 7.23E-05 1.3_E.05 1.34E-05

1966 4.11E,05 1.68E,04 1.11E.05 3.52E,08 1.41E.20 1.45E-13 1.87E,05 7.01E-06 2.'11E-05 2.00E.06 3.47E,06 4.29E-05 4.81E-05 4.02£-06
1967 6.40E-06 5.44E-06 3.46E.07 3.56E-05 2.20E-20 2.43E-13 1.92E-05 7.99E-06 2.74E,05 2.02£-06 3.50E-05 4.34E-06 5.24E-05 4.47E-05

1968 3.53E-07 4.89E,06 1.84E,07 3.37E,08 1.85E-23 2.93E-15 1.70E,05 7.64E,06 2.01E-05 1.93E-05 3.36E-05 4.12E-05 3.51E,06 2.72£,06
1969 2.02£,08 3.25E,06 7.74E,08 2.34E,08 2.66E-20 4.41E-17 1.11E,05 5.36E.0_ 1.83_,05 1.35E.0_ 2.37E,0_ 2.8_E-06 1.80E,06 1.20E-06

1970 1.40E-19 7.25E-07 1.88E.10 8.12£,09 3.16E.53 5._3E-34 2.12£,06 2.05E.06 6.85E-06 5.05E.07 9.31E,07 1.05E-06 3.10E-08 0.64E-09
1971 1.09E-18 2,26E-06 8.95E-I0 2.40E-08 0,73E-52 7.48E-33 6.67E-05 6,30E-06 2,10E,05 1.55E.06 2,54E-0_ 3.21E-0_ 1.07E-07 3,42E-06

1972 5.43E-18 7.72E-07 3,91E.I0 8.10E-09 2.70E-49 1.60F'-31 2.32£-05 2.02E.00 6.75E-05 5,01E-07 0.12£-07 1,04E-06 4.83E,08 1,70E-08

SUMS 24.51 5.55E,03 6.76E,04 2.21E-06 1.11E.04 3.17E-05 1.11E,03 3.10E,04 1.45E.03 1.00E.04 1.55E.0,1 6.92£-05 5.70E.04 6.66E-04 24.51774
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CUMULATIVESUMMARYOFEFFECTIVEDOSES

8. ADULTDOSES

Year I 131 RU/RH100 RU/RH103 CO60 Te/I 132 XE133 CE/PR144 PU239 SR/YgO CS/BArn131129 KR55 ZR/NB95 5R59

1945 1,55E+00 2.07E.05 1,08E-05 1.28E-07 0.55E-05 1.74E-05 1.23E.O4 1,70E-O4 8.09E-O4 8.48E-06 7,82E.00 2.23E.07 7,89E-05 1.18E-04

1948 5,62E.01 3.89E-05 1.38E-05 2.36E.07 2.57E-05 2.51E.00 2.18E.O4 3.18E-O4 1.5OE-03 1.57E-05 1,45E.05 4.14E.07 1,18E-04 1.54E-04

1947 7.50E.02 2.01E.05 5.87E.08 1,31E.07 3.34E-08 1.06E.07 1,17E-04 1.77E.04 8.38E.4)4 8.70E-06 8.12E-06 2,3ot;.07 5,57E.05 7,38E.05
1948 1.10E-02 2.32E-05 4,85E-06 1.57E.07 2.44E-10 8.57E-09 1.34E.04 2.13E-04 1.01E-03 1.06E-05 9.80E-00 2.80E.07 5,20E-05 0.42E.05

1949 1.74E.02 2.23E-05 4,85E.00 1.50E-07 7.53E-10 1.06E-08 1.29E-04 2.03E-04 9.091=-04 1.01E-05 9.34E.06 2.07E-07 5.23E-05 0.55E-05
1950 4.94E-03 3.84E.07 9.53E-08 8.03E-09 1.491=-08 2.97E-04 1.94E-06 3.07E.04 1.48E-06 1.57E-07 1.03E-07 4.05E-07 5.00E-07 1.14E-00
1951 1.00E-01 5.21E-07 1.53E-07 5.74E-07 4.84E-09 5.68E.04 2.7R_-04 4.17E-06 2.0,1E-06 2.10E-07 2.24E-00 5.55E-07 1.28E-00 1.71E.00

1952 2.80E.03 3.81E.04 7.31E-05 1.10E-07 1.18E-10 9.77E-07 2.90E-06 4.82E-06 2.38E-06 2.BOE-07 2.59E-07 6.29E.07 1.17E-04 1.50E.06
1953 2.95E.03 1.391:.03 2,51E-04 7.84E.08 1.06E.10 5.06E.07 7.311E-06 1.21E-06 5.1rolE-06 5.28E-07 6.50E-07 t.60E.OO 2.74E.00 3.42E.08

1954 5.88E.04 7.02E.04 9.49E-05 9.98E.09 t.77E-11 5.02E-08 5.92E-04 1.01E-06 4.92E-06 5.23E-07 5.45E-07 1.53E-00 1.90E.Oe 2.25E.08
1955 1.50E-04 1.84E-03 1.31E-04 1.55E-00 3.72E-12 8.18E-00 1.10E-06 2.03E-06 9.64E-06 1.06E.06 1.10E-06 2.88E-00 2.75E.00 2.98E.04
1955 7,50E-05 1.00E.04 9.30E-04 4.80E-10 1.55E-12 1.381E.00 1.04E-06 1.91E-06 9.20E-06 g.87E-07 1.03E-04 2.50E-04 2.88E-04 2,80E-04
1957 3.09E-04 8.13E-05 8.12E-04 2.95E-00 7.47E-12 1.04E-08 1,37E-06 2.43E.¢6 1.18E-04 1.28E-06 t.31E-04 3.19E-06 3.83E.06 4.31E-04

1958 1,09E-02 2.17E-04 4.17E-05 5.45E.08 3.13E.10 7.08E.07 3.7(IE4)6 8.06E-06 2.34E-04 2.(BE-O0 3.04E-0(I 5.52E-06 2,20E.05 2.53E-05
1959 5.80E-03 1,R6E.04 8.84E-06 4.8o1:'-08 1.12E-10 3.83E-07 3.24E-08 7.17E-06 2.08E-04 2.39E-04 2.74E-08 5.79E-04 1.T/E-06 2.24E.05
1950 2,70E.03 1.20E.04 1.01E-05 5.75E-08 8,20E-12 7.80E-08 3._)1E-05 8.57E-06 2.48E-04 2,85E-(HI 3.28E-06 5.91E-00 1.991=-05 2.34E.05

1961 1,83E.03 1.79E-04 1.45E.05 S.85E-08 3.39E-12 4.43E-08 3.01E-06 9.74E.06 2.53E-04 2.91E-06 3.35E-00 7.03E.04 1.82E-(_ 2.19E-05
1902 1.11E-04 1,40E-04 1,07E-05 5.05E-08 3.25E-15 S.95E-10 3.48E-05 8.51E-06 2.46E-04 2.53E-04 3.27E-04 4.021[-04 1,31E.05 1.44E-05

1903 0.43E.05 1.57E-04 8.64E.06 5.27E.08 9.90E-10 2.74E-10 3.19E-05 7.97E-06 2.301[-04 2.84E-04 3.06E-06 S.37E-(M 1.12E-05 1.21E.05
1904 1.48E,04 2.37E.04 1.27E-05 0,05E-08 5,87E-15 9.29E-10 3.89E.05 9.14E-05 2.84E-04 3.03E-00 3.51E-06 7.31E-00 1.35E-05 1.49E-05

1965 4,80E-05 2.35E-04 1.91E-05 5.98E-08 3.84E-10 1.55E-10 3.02E-05 9.04E.05 2.51E-04 3.00E-O0 3.47E-06 7.23E-08 1,25E-05 1.34E.05
1900 3.94E.07 1,80E.04 9.49E.06 3.52E-08 S.71E-21 1,45E-13 1.92E-05 5.41E.05 1.58E-04 1.79E-06 2.09E-06 4.20E-06 4.35E.00 4.02E.05

1967 8.13E.07 5.82E-00 2.94E-07 3.55E-08 1,30E-20 2.43E-13 1.97E-05 5.47E-05 1.57E-04 1.81E-00 2.tlE-06 4.34E-00 4.74E-00 4.47E-05
1968 3,35E-08 5.23E.05 1.57E-07 3.37E-08 1,14E-23 2.93E-15 1.74E-05 S.23E-05 1.50E-04 1.73E.08 2.02E-06 4.12E-04 3.17E-04 2.72E.00

1989 1.93E-09 3.47E-06 0,58E.08 2.34E-08 1.64E-20 4.41E-17 1,14E-05 3.07E-05 1,0ME-04 1.21E-06 1.491=-06 2.88E-06 1.62E-00 1,2BE-06
1970 1.34E-20 7,74E-07 1.60E-10 8.11E-09 1.95E-53 5.83E-34 2.18E-00 1.41E-05 3.94E-05 4.55E-07 5.00E-O? 1.0SE-05 2.80E-08 9.54E.09

1971 1.04E-19 2,42E-06 5.92E-10 2.49E-08 5.99E-52 7.48E-33 8.84E-06 4.31E-05 1.21E-04 1.39E-00 1.71E-06 3.21E-00 9,53E.()8 3,42E.08
1972 5.20E-19 8.25E-07 3.33E-10 8,09E-09 1.55E-49 1.60E-31 2.37E-06 1.38E-05 3.88E-05 4.49E.07 5.48E-07 1.04E-00 4.38E.08 1.70E-08

SUMS 2.35 5.90E.03 7.40E.04 2.21E-00 0.01E-05 3.17E-05 1.14E-03 2.12E-03 8.31E-03 5.80E-05 g.31E-05 8.92E-05 5.15E-04 0.00E.04 2.307152
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CALCULATIONOF ANNUALRELEASERATESAND CRITICAL-ORGANDOSESFOR SELECTED
RADIONUCLIDES

This appendixpresentsthe fullspreadsheetcalculationof cumulative

organdosesto infantsand adults. The spreadsheetcontainssectionsdealing

withradionuclideinventory,releasefractions,dose factors,releasesfromT-

Plant,B-Plant,REDOX,and PUREX,and the doseestimates.The formatis

identicalto thatof the spreadsheetinAppendixB.

lt shouldbe notedthatthe criticalorganforeach radionuclidemay

differ(e.g.,thyroidfor iodineradioisotopes,lungfor rutheniumisotopes,

bonefor plutoniumand strontium).Becausethe dosesare so dominatedby

iodinein thyroid,no efforthas beenmade to separatethem. However,the

"sums"acrossradionuclidesmustbe interpretedas upper-boundestimatesof

cumulativedose ratherthanas actualdosesto any particularorgan°

C.!



CUMULATIVE SUMMARY OF ORGAN DO_IIES

SUMMARY OF ANNUAL LARGEST ORGAN DOSES

THIS DOES NOT INCLUDE 'I.ARGE" HOT PARTICLES OR RUTHENIUM 8NOW

1. FUEL REPROCESSED AT HANFORD (FROM PREUMINARY SOURCE TERM SPREADSHEET)

Summation of Fleprocelming Plant Operations from HW-89085

T Planl B I:lan! ----------- REDOX PURF..X_ HimloM

Total

Year Tons N MWD/ton Oayl Tonl N MWD/ton Days Tons N Tons E Total Tna Oayl TonB Days Tons

1945 325 159 43 302 lm 42 0 0 0 0 627

1040 2gl 941 73 873 202 88 0 0 0 0 1164

1947 306 203 78 345 263 78 0 0 0 0 661

1948 388 203 102 398 210 101 0 0 0 0 788

1949 393 284 95 356 262 99 0 0 0 0 749

1950 424 401 89 480 _ ilo 0 0 0 0 884

1951 560 482 55 508 494 M 0 0 0 0 1068

1952 265 504 55 118 588 U 8,22 0 822 82 0 0 1235

1953 246 503 73 0 0 2681 0 2881 62 0 0 3097

1954 1811 302 92 0 0 1870 0 18711 IO4 0 0 2590

1955 1268 238 108 0 0 3826 0 3828 137 0 0 5192

1950 45 280 190 0 0 2335 0 2335 126 2620 130 4801

1957 0 0 0 0 1828 0 1826 116 4387 11(I 6228

1958 0 0 8 0 t318 86 1383 126 5280 100 6643

1959 0 8 0 0 248 875 923 206 4988 104 5911

1950 0 0 0 0 275 548 821 189 8244 118 7065

1981 0 0 8 0 0 1253 1253 187 5947 122 7200

1952 0 0 8 0 0 972 972 188 8040 154 7013

1963 0 0 0 0 0 1180 1150 209 5414 150 8584

1984 0 0 0 0 0 1788 1788 211 5750 151 7527

1965 0 0 0 0 0 18lie 1668 182 6781 184 7449

1988 0 0 0 0 37 1316 131_ 208 310g 223 4461
J

1957 0 0 0 0 0 0 4808 211 4806

lgM 0 0 0 0 0 0 4306 244 43O8

lg_) 0 0 0 0 0 0 3028 273 5025

1970 0 0 0 0 0 0 11(10 500 1180

197_ 0 0 0 0 0 0 3860 _ 3860

1972 0 0 0 0 0 0 1141 616 1141

m _ m _ m _ _ m m m m

Tokde 5_'0 3380 15220 9412 24832 73148 t0esg0

<
Check Sum 108400

Notes: Cooling t_rne¢ _re non.mamPweighted monthly _vemgae.Ii
Bumur, _- suppli_ whom available. Than m non-mulPwelghMd monthly aver_leS.
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• CUMULATIVESUMMARYOF ORGANDOSES

2. APPROXIMATEANNUALDOSEFACTORS(REM/CIRELEASED)

INFANT ADULT CI relealld INFANT Adult COLUMNVALUES COLUMNSTRANSPOSED

NUCLIDE LAMDAR (1/DAY) 1945dose 1949.;dou In 1945 DFs DFI
I 131 0.086 6.05E+02 5.11E+01 555089 1.09E-03 9.21E-OS INFANT t.09E-O3 9.21E-05 1.0GE-03 1.25E-05 5.23E-07 5.43E.08 2.95E.07 7.61E-11

RU/RH106 0.00188 1.51E-04 1.(18E-04 12 1.25E-08 1.39E_5 ADULT 1.25E-05 1.39E-05 9.21E-05 1.39E_5 3.68E-07 5.43E-06 1.82E-08 7.61E.11

RU/RHt03 0.0176 4.44E.05 3._L2E.08 85 5.23E-07 3.68E-07 5.23E-07 3.68E-07

CO60 0.000361 0.00E+00 4.'_E-07 0.08 0.00E+O0 5.43E-06 0.00E+00 5.43E-06 (ADULTVALUESUSED FORINFANTS

Te/I 132 7.23 1.53E-03 9.43E-05 5188.55 2.95E-07 1.82E-08 2.95E-O7 1.82E-O8 FORCO50AND SR89)
XE133 0.132 1.94E-05 1.94E-05 254835 7.81E-11 7.81E-11 7.81E-11 7.61E-11

CE/PR144 0.00244 9.90E-04 1.02E-03 93 1.08E-05 1.10E-05 1.08E-05 1.10E-05
PU239 7.87E-Oa 2.93E-04 3.08E-O3 0.10 3.08E-03 3.19E-02 3.08E-03 3.19E-02

SR/Yg0 8._E-08 1.07E-03 9.79E-04 4 3.93E-04 2.T/E-04 3.03E-04 2.77E-04
CS/BArn13 8.3E-05 1.22E-05 8.55E-08 4 3.11E-06 2.21E.Oe S.11E.Oe 2.21E.O6

1129 1.21E-10 4.37E-04 2.55E-04 ¢E-02 4.83E.O3 2.70E-03 4.83E-03 2.70E-O3

KRB5 0.000177 2.20E-07 2.20E-07 45888 4.82E-12 4.82E-12 4.82E-12 4.82E-12

ZR/NB=5 0.0108 1.82E.O4 3.02E.04 178 1.02E.08 1.70E-08 1.02E-08 1.70E-06

SR89 0.0137 0.00E+00 1.08E.03 I18 O.00E+00 8JME-08 0.00E+00 8.94E4XI

Notes:DerivedfromIndividualrsdlonu¢lldemonthlydoll calculationworkalteeta,SUMMARIZ_.DIN SUM-PATH.WQ1

3. FUELCONTENTSOF RADIONUCLIDES
TAKENFROM ORIGEN2RUNS BYC. HEEBAND U. JENQUIN

200 MWD/r, 1 MW/r 300MWD/r, 1 MW/r 600 MWD/r, 10MW/r

use 1945-1940 ute 1950-1957 use 1958...

NUCUDE LAMDAR (I/DAY) 30 DAYS 50 DAYS 80 DAYS 100DAYS 110 DAYS 190DAYS
1131 0.086 1984 354 150 4.78 21 0,0212

RU/RHI08 0,00188 2011 1937 2880 2870 9330 5020

RU/RH103 0.0176 17310 12150 10800 5330 32100 7820

CO60 0.000361 12.8 12.5 1818.1 17.a 50.3 48.8

Te/I 132 7.23 65 0.9 0.0011 2.22E-05 2.74E-06 1.11E-12

XE133 0.132 1328 95 25.2 0.127 0.327 8.39E-00

CE/PR144 0.00244 15000 14880 19400 17600 43100 35500
PU239 7.87E-08 15.5 15.8 22.3 22.3 59.3 89.3

SR/Yg0 5.60E-05 573 572 844 842 1560 1550
CSIBAm13 5.3E-05 838 835 950 946 lg00 1500

i 129 1,21E-I0 0,00017 0.00017 0.000257 0.000258 0,_ 0.000573

KR85 0.000177 74 74 108 107 204 201

ZR/NB95 0.0108 33240 28770 25800 16800 72700 30600
SRSg 0.0137 22010 17410 15800 8990 41500 13900

4. RELEASEFRACTIONS

Assumption=of Installationoi lind filterssnd diver reactor=
1945..49 1950-72 1951=diver.motor failure

REDOXTO REDOXAFTER

1955 1955

NOBLEGASES 1 1 1 1 1

IODINES 0.9 0.01 0.1 0.01 0.01 10%USEDFOR1951IODINEBECAUSEOF SILVERREACTORFAILURES

RUTHENIUMS 1E-O5 1E-07 1E-O7 0.0001 1E-08 1%USEDFORSILVERREACTORSBECAUSEOFPUREXEIS,1964MONITORINGRPT
ALLOTHERS 1E-05 1E-07 1E-07 1E-07 1E-07 1E-5USED FORPARTICULATESEARLYYEARSBECAUSEOFMONITORINGDATA

1E4 UBF.DFORREDOXRU MOSTOFTIME, 1E-41952-1955

PEAKJNGFACTORSFOR SHORT-UVEDRADIONUCUDES

1131.1132, 1.4 (FROMOTHER SPREADSHEETS)

ALLOTHE 1
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CUMULATIVESUMMARYOF ORGANDOSES ,,

5. RELEASEESTIMATES,NUCUDE BYYEAR

A. T-PLANT

Year I 131 RUIRHI06 RUIRHI03 CO60 Te/l 132 XE133 CE/PR144 PU239 SR/Y�O CS/BArn131129 KRB5 ZRINB95 SRSg

1945 2,61E+05 8.38E+00 4.45E+01 4.07E.O2 1.59E+03 1.08E+05 4.91E+01 5,04E.02 1,88E+00 2.06E+00 4.97E-02 2.41E+04 9,37E+01 6.21E+01

1945 1,81E+04 5.40E+¢0 2.38E+01 3,60E.02 2.49E+00 1.91E+03 4.09E+01 4.51E.02 1.86E+00 1,84E+00 4.45E.02 2.15E.94 (L08E+01 3.70E+01

1947 1.24E+O4 5.83E+00 2.28E+01 3.78E.02 8.99E-01 1.04E+03 4,25E+01 4.74E.02 1.751[+00 1,94E+00 4,88E.02 2.28E+04 6.06E+01 3.64E+01

1948 1.89E+03 8.81E+00 1.87E+01 4.75E.02 5.92£-03 8.14E+01 S.08E+01 8.01E-02 2.21E+00 2.45E+00 5.94E-02 2.87E+04 5.89E+01 3.29E+01

1942 3.88E+03 7,00E.00 2.1715+01 4.83E-02 3,04E-02 1.41E+02 5.24E+01 9.08E-02 2.241[+00 2.49E+00 8.01E-02 2,91E+04 8.48E+01 3,70E+01

IQ50 I,(15E+03 9.19E.02 4.9eE.01 2.17E.03 7.9eE.01 3.87E+04 8,110E-01 7,29E-04 2.71E-02 3.02E-02 8.IOE.04 3.49E+04 1.12E+00 7.18E-01

1951 1.89E+04 1.6,315-01 8.(_E-01 1.92E.01 1.47E.01 4.0eE+04 1.10E+00 1.25E-03 4.73E-02 5.32E.02 1.44E.02 6.0(1_+04 1.53E+00 9.42E-01

1952 4.14E+02 8,42E-02 2.93E-01 3.13E.02 2.ME.Oa 5.81E+03 5.NE-01 6.ME-04 2.48E.0a 2.80E.02 7.56E-04 3,18E+04 7.24E-01 4.32E-01

1953 1.54E+02 8.91E.02 2.10£.0I 9.87E.03 1.03E.03 1.48E+01 4.82E._1 S.48E.04 2.07E.0_1 2.34E.02 8.33E.04 2.(WE+04 5.50E.01 3,19E-01

1954 1.32E+02 2.74E.01 8.18E-01 4.41E.03 6.ciaE.04 5.01E+_2 1.91E+00 2.25E-_ 8.52E-_l 9.89E.02 2.(11E.03 1.08E+95 1.85E+00 1.01E+00
1955 4.19E.01 3.33E.01 5.84E-01 8.78E.04 1.77E.04 7.84E+01 2.18E+00 2.82E-03 1.07E.01 1.20E-01 3.27E.03 1.38E+06 1.95E+00 1.02E+00

1956 1.29E-03 1,01E-02 4.90E.03 2.42E.00 2.15E.0¢ 5.41E.08 (I.36E-02 1.00E-04 3.77E-03 4.2lE-Oa 1.17E.04 4.72E+03 2.ME-02 1.17E-02

1957 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+_ O,OOE+O00.OOE+O0 O.OOE+O00.OOE+O00.OOE+O00.OOE+OO O.OOE+O0

1955 O.OOE+OOO,OOE+O00,OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+OO O.OOE+O00.OOE+O0
1959 O,OOE+O00,OOE+O00.OOE+OO O.OOE+OOO.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE+OO

1950 o.OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0 O.OOE+O00.OOE+OO O.OOE+O00.OOE+O00.OOE+O00.OOE+O0

1901 o.OOE+O00.OOE+OO O.OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+OO O,OOE+OOO.OOE+O00.OOE+O00.OOE+O00.OOE+O0

1962 O,OOE+O00.OOE+O00.OOE+O0 o,OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+OO O,OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O0

1953 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0 O.OOE+O00.OOE+O00.OOE+O0 O,OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+OO
1964 O.OOE+O00.OOE+OO O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+OO O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+OO O.OOE+OO

1965 O.OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE+OO O.OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0
1955 O.OOE+O00.OOE+O00.OOE+OO O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+OO O.OOE+O00.OOE+O00.OOE+O00,OOE+OO

1967 O,OOE+OOO.OOE+O00.OOE+O00.OOE+OO O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+OO

1955 O.OOE+O0O.OOE+O00.OOE+OO O,OOE+O0O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.ooE+o0

18(59 0.00E+00 0.00E+00 0.0OE+00 0.00E+00 O.00E.00 0.00E+00 O,00E+00 0.00E+00 0.OOE+00 O.00E+O0 0.OOE+00 0.00E+00 0.00E+00 0,00E+00

1970 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+O0 0.00E+00 g.00E+00 0.00E+00 0.00E+00

1971 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.001[+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00

1972 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+O0 0.00E+00 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00
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CUMULATIVESUMMARYOFORGANDOSES

B. B-PLANT

Year I 131 RU/RH106 RU/RH103 CO60 TeJl132 XE133 CF.JPR144 PU239 SR/YI)O CS/BArn13I 129 KRB5 ZR/NB95 SR89
.......

1945 2.79E+05 5,94E+00 4.20E+01 3,79E-02 2.09E+03 1.22E+05 4,58E+01 4.68E-02 1.73E+00 1.92E+00 4,62E-02 2.23E+04 8.66E+01 5.90E+01

1946 1,78E+05 1,66E+01 9.04E+0! 1.09E-O1 1.42E+02 3.50E+04 1.27E+02 1.35E-01 4.99E+00 5,54E+00 1,34E.01 6.46E+04 2.12E+02 1.34E+02
1947 1,38E+04 6,34E+00 2.56E+01 4.26E-02 9.78E-01 1.14E+03 4.79E+01 5,35E-02 1.97E+00 2.19E+00 5.28E-02 2.55E+04 6.82E+01 4.09E+01

1948 2.14E+03 7.00E+00 1,98E+01 4.87E-02 7,79E-03 6.14E+01 5.22E+01 6.17E-02 2,27E+00 2,52E+00 6.09E-02 2.G5E+04 6.12E+01 3,43E+01

1949 2.38E+03 5,29E+00 1.83E+01 4.36E-02 1.19E-02 7,64E+01 4,70E+01 5.52E-02 2.03E+00 2.25E+00 5.45E-02 2.(13E+04 5.62E+01 3,17E+01

1950 7,01E+01 1.25E-01 2.95E-01 2,76E-03 3.1NIE-04 3,28E+02 8.31E-01 1,03E-03 3.ME-02 4.36E-02 1.1GE-03 4.93E+04 6.65E-01 4,78E.01

1951 1.51E+04 1.48E-01 5.97E-01 1.60E-01 1.24E-01 3.38E+04 9.97E-01 1.13E-03 4.:_9E-02 4.53E-02 1.30E-02 5.411E+04 1,38E+00 8,46E-01

1952 3,03E+02 3.41E-02 1.53E-01 2.51E-02 2.28E-03 5.57E+03 _.30E-01 2.83E-04 B.G6E-03 1.12E-02 3.03E-04 1.28E+04 3.12E-01 1.90E-01

1953 O.OOE+O00.OOE+O0 0.00_+00 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00,OOE+O00,OOE+O00,OOE+O00.OOS+O00.OOE+O00,OOE+O00.OOE+O0
1954 O.OOE+O00.OOE+O00,OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE+O00,OOE+O00.OOE+O00,OOE+O0

1955 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00,OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0
1958 O.OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O0 0.00_+00 O,OOE+O00.OOE+O00,OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O0

1957 0.00E+O0 0,00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

1958 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0

1959 O.OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O0

1960 O.OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0
1961 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0,00E+00 0,00E+00 0.00E+O0 0,OOE+00 0.00E+00 0.00E.00 O.00E+00 O.00E+00

1962 0,00E+O0 0.00E+00 0.00E+00 0.00E+00 0,00E+O0 0.00E+00 0.00F-+00 0,00E+00 0.00E+00 0.OOE.00 0,00E+00 0.00E+00 0.00E+00 0.00E+00

1963 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0.00E+00
1964 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+O0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.001=+00 O.00E+00 0.00_E+00

1965 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+O0 0.00E+00 0.00E.00 0,00E+00 0.00E+O0 0.00E+00 0.00E+00 0.00E+00

1966 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+O0 0,00E+00 O,00E+O00.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00

1967 0,00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

1966 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 O,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

1968 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+O0

1970 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1971 0.00E+00 0.00E+O0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E.00 0,00E+O0

1972 0,00E+00 0,00E+00 0.OOE+00 0.00E+00 0.00E.00 0.00E+00 0.00E+00 0,00E+00 O.00E+00 0.00E+00 0.00E+O0 0.00E+00 0.00E+00 0,00E+00

C.5



CUMULATIVE SUMMARY OF ORGAN DOSE5

C. REDOX

Y,ar I 131 RU/FIH106 RU/RH103 CO60 Te/I 132 XE133 CE/PR144 PU238 SP,/Y�O CS/BArn13 I 129 K_85 ZR/NB95 SFI89

1945 0,OOE+O00,OOE+O00.OOE+O00.OOE+O0 O.00E+O00.OOE+O00,OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O00,OOE+O0 0,00E+00

1946 O.OOE+O00.OOE+O00,OOE+O00,OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE.I-O00,OOE+O00.OOE+O00.OOE+O00.OOE+O0

1947 O,OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE.O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00,OOE.O00,OOE+O0

1948 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00,OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0

1949 0.00E+00 0.00E+00 0.00E+OO 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.O0E+00 0.OOE+00

1950 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+06 0.00E+O0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

1951 O.OOE+O00.OOE+O00,OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE.O0_ O.OOE+O00.OOE+O0
1952 2.59E+02 2.27E+02 8.02£+02 1.17E-02 1_48E-03 1.58E+03 1.51E+00 1.83E-03 6,83E-02 ?.80E-02 2.12£.03 8.83_'+04 1.68E+00 9.47E-01

1953 6.85E+02 7.87E+02 2.07E+03 3.66E.02 4.81E.03 5.1(IE+03 5.24E+00 11.3(IE-03 2.40E-01 2.70E-01 7.34E.03 3.06E+05 5,78E+00 3.26E+00

1954 7.33E+01 4.18E+02 7.81E+02 1.72£-00 3.24E-04 1.(10E+02 2.75E+00 3.52E-03 1.33E-01 1.50E-01 4.0_E-03 1.68E+05 2.54E+00 1.34E+00

1955 1.05E+01 9.76E+02 1.08E+03 8.9o¢-06 3.17E-08 4.86E+00 6.31E+00 6.TEE._ 3.30E-01 3.71E-01 1.02E-02 4.18E+05 4.42E+00 2.11E+00

1958 1.38E+01 5.91E+01 7.54E+01 1.61E.O4 4.(IQE-O6 1.01E+01 3.1NE+00 8.21E-00 1.NE-01 2.21E-01 e.04E-03 2.48E+08 2.801[+00 1,43E+00

1957 3.05E+01 4.74E+01 7.34E+01 5.07E-04 1.181[-04 3,87E+01 3.0CE+Q0 4.05E.._ 1.114E.01 1.73E-01 4.72E-03 1.11_+05 2.59E+00 1.32E+00

1958 8.61E+01 1.25E+02 3.23E+02 8.91E-O3 1.15E.05 5.87E+01 5.71E+00 8.80E-03 2.15E.O1 2.82E.01 7.88E-03 2.81E+06 8.2BE+00 4.50E+00

1959 7.38E-02 7,19E+01 5.52£+01 4.49E-03 5,58E-13 1.45E-03 3.16E+00 6.40E-03 1.43E-01 1,74E-01 5.30E-03 1.85E+05 2.40E+00 1.04E+00

1960 2.73E-01 8,60E+01 (I.67E+01 4.02£03 1.(SSE.11 1.15E-02 2.92£+00 5.68E03 1.27E.O1 1.55E-01 4.70E-03 1.85E+05 2.55E+00 1.18E+00

1981 5.03E.01 1.01E+02 1.04E+02 8.13E-03 4.10E-11 2.34E-02 4.48E+00 6.68E03 1.94E.O1 2.37E.01 ?.17E03 2.52£+05 3.98E+00 1.63E+00

1962 3.58E-01 7.84E+01 7.95E+01 4.76E-03 2,57E-11 1.50E-02 3.47E+00 0.74E03 1.51E-01 1.INE-0t 5.57E-03 1.96E+05 3.06E+00 1.40E+00

1983 6.44E-02 8.80E+01 8.39E+01 5.59E.03 2.92E.13 1.05E.03 3.90E+00 7.97E03 1.78E-01 2,17E.01 8.60E.03 2.30E+05 2.88E+00 1.23E+00

1964 8.64E.02 1,36E+02 9.56E+01 8.58E-03 3.21E.13 1.31E-03 6.97E+00 1.23E-02 2.74E-01 3.34E-01 1.01E-02 3,54E+05 4.31E+00 1.85E+00

1965 9.95E.01 1.36E+02 1.50E+02 8.18E-03 1.45E-10 6.71E-02 6.04E+00 1.18E-02 2.50E-01 3.15E-01 8.55E-03 3,38E+05 5.57E+00 2.$9E+00

1968 8.42E.02 1.06E+02 7._E+01 8.57E-03 4.47E-13 1.45E03 4.59E+00 8.37E03 2.09E-01 2.55E-01 7.78E-03 2.71E+05 3.40E+00 1,47E+00

1967 O.00E+OO 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

1068 0.00E+00 0,00E+00 0.00E+00 0,00E+00 0.OOE+00 0.00E.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00

1989 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+O0

1970 0.00E+00 0,00E+O0 0,00S+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+O0 0.00E+00

1971 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+O0 0.00E+00 0.00E+00 0.00E+00

1072 0.00E+00 0.00E+OO 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+O0 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00

C.6



_, CUMULATIVE SUMMARY OF ORGAN DOSES

D. PUREX

Year I 131 RU/RHI00 RU/RH103 CO60 Te/I 132 XE133 CE/PRr44 PU238 SR/Y90 CS/BArn13 I 129 KRB5 ZR/NB95 SR89

1945 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+_.; 0.00E+00 0.00E+00 0.00E+00 0.0OE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

1946 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E.i00 0.00E+00 0.00E+O0 0.00E+00 0.00E+O0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

1947 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

1948 0.00E+00 0.00E+00 0.0OE+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E.00 0.0OE+00

1949 0.0OE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

1950 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.0OE+00 0.00E+00 0.00E+00

1951 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0

1952 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0

1953 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0

1954 O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE.O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O0

1955 O.OOE+O00.OOE+O00.OOE+OO O.OOE.O00.OOE+O00.OOE.O00.OOE.O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE.O0

1958 1.23E+01 (5.35E-01 7.85E.01 1.33E-04 4.03E-05 8.02E+00 4.12E+00 5.82E-03 2.12E.01 2.39E-01 6.52E.03 2.08E+06 3.06E+00 1.49E.00

1957 7.74E+01 1.14E+00 1.7815+00 1.30E.03 3.01E.04 1.01E+02 7.48E+00 5_IE.08 3.70E.01 4.17E.01 1.1,1E.02 4.80E+05 6.28E+00 3.19E+00

1958 3.72E.03 5.00E+O0 2.0o¢:+01 2.88E.02 1.75E.02 9.23E+03 2.32E+01 3.56E.02 8.2tE.01 1.00E.O0 ?.9915-02 1.0BE+OI 4.27E+01 2.52E+01

1959 2.37E+03 4.70E+00 1.77E+01 2.51E-02 5.2815-03 4.77E+03 2.18E+01 3.48E.02 7.78E.01 9.48E.01 2.54E.02 1.02E+08 3.85E+01 2.24E+01

1960 9.41E+02 5.74E+00 1.75E+01 3.13E-02 4.e10E.04 1.03E+03 2.54E+01 4.33E.02 9.73E.01 1.19E+00 3.58E.02 1.27E+06 4.17E+01 2.34E+01

1961 6.39E+02 5.43E+00 1.55E+01 2.98E-02 1.91E.04 5.83E+02 2.48E+01 4.12E.02 9.27E-01 1.13E+00 3.39E-02 1.21E+08 3.81E+01 2.11E+01

1962 3.68E+01 5.18E+00 6.85E+00 2.99E.02 1.82E.07 7.81E+00 2.3415+01 4.19E.02 9.3_E-01 1.14E+00 3.45E-02 1.22E+08 2.72E+01 1.37E+01

1963 2.24E+01 4.80E+00 7.20E+00 2.68E-02 5.59E-08 3.80E+00 2.07E+01 3.75E.02 8.41E-01 1.03E+00 3.09E-02 1.09E+04 2.31E+01 1.14E+01

1984 5.08E+01 4.98E+00 9.02E+00 2.80E-02 3.88E-07 1.22E+01 2.25E+01 3.9QE-02 8.96E-01 1.09E+00 3.29E-02 1.17E+06 2.70E+01 1.37E+01

1965 1.58E+01 4.87E+00 7.12_+00 2.85E-02 2.14E-08 2.03E+00 2.18E+01 4.01E.02 8.08E-01 1.09E+00 3.30E.02 1.17E+00 2.34E+01 1.14E+01

1958 5.32E.02 2.34E+00 1.38E+00 1.50E.02 4.24E-14 4.61E.04 1.02E+01 2.15E.02 4.81E-01 5.88E-01 1.79E.02 8.21E+05 6.55E+00 2.75E+00

1967 2.14E-01 3.47E+00 2.42E+00 2.19E.02 7.81E-13 3.19E-03 1.52E+01 3.12E-02 6.97E-01 8.50E-01 2.59E-02 9.02E+05 1.10E+01 4.68E+00

1968 1.16E.02 3.12E+00 1.29E+00 2.07E.02 (L38E-18 3.88E-05 1.34E+01 2.90E.02 (LOSE.01 8.11E.01 2.48E.02 8.57E+05 7.32E+00 2.54E+00

1969 6.75E.04 2.07E+00 5.42E.01 1.44E.02 9.20E.19 5.80E.07 8.77E+00 2.10E.02 4.66E.01 5.89E-01 1.75E-02 6.99E+05 3.75E+00 1.34E+00

1970 4.88E.15 4.62E.01 1.32E.03 4.96E.03 1.09E-45 7.87E.24 1.88E+00 8.04E.03 1.75E-01 2.14E.01 (L87E-03 2.18E+05 6.47E.02 1.01E-02

1971 3.65E-14 1.44E+00 4.67E.03 1.53E.02 3.37E-44 9.85E.23 5.27E+00 2.48E-02 5.35E-01 8.55E.01 2.10E-02 8.88E+05 2.23E.01 3.58E-02

1972 1.62E.13 4.92E.01 2.74E.03 4.97E.03 9.34E.42 2.11E.21 1.83E+00 7.91E.03 1.72E-01 2.11E.01 6.73E-03 2.16E+05 1.01E.01 1.76E.02
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CUMULATIVE SUMMARY OF ORGAN DOSES

I

6. TOTAL RELEASES FROM ALL SEPARATIONS PLANTS

Year 1 131 RU/RHI06 RU/RHI03 CO60 Te/l 132 XE133 CF../PR144 PU239 SR/Y90 CS/BAm13 1 129 KRB5 ZFI/NBg5 SR69
....

1945 5.40E+05 1.23E+01 8.72E+01 7,58E.02 3,_E.03 2.29E+05 g,4gE+01 g.72E.02 3.SgE+00 3.98E+00 9.59E-02 4,54E+04 1.52£+02 1,21E+02

1946 1.90E+05 2.20E+01 1.14E+02 1.45E.01 1.44E+02 3.70E+O4 1.68E+02 1.80E.01 5.65E+00 7,38E+00 1.78E-01 8.81E+04 2.73E+02 1.71E+02

1947 2.52E+04 1.20E+01 4.84E+01 8.05E.02 1,88E+00 2.18E+03 9.04E+01 1.01E.01 3.71E+00 4.12£+00 9.96E.02 4.52£+04 1.29E+02 7.73E+01

1946 4.03E+03 1.38E+01 3.53E+01 9.62£.02 1.37E-02 1.13E+02 1.03E+02 1.22E-01 4.48E+00 4.97E+00 1.20E.01 5.82£+04 1.20E+02 6.72£+01

1949 6.06E+03 1.33E+01 4.00E+01 9,19E.02 4.23E.02 2.18E+02 g.iME+01 1.18E.01 4.27E+00 4.74E+00 1.15E.01 5,54E+04 1.21E+02 4,67E+01

1950 1.72E+03 2.17E-01 7,94E.01 4.93E.03 7.99E-01 3.g0E+04 1,51E+00 1.75E-03 6.5_E.02 7.3_E-02 2.00E-03 8.43E+04 1.ggE+OO 1.19E+00

1951 3.50E+04 3.11E.01 1.28E+00 3.52E-01 2.72E.01 7.45E+04 2.10E+00 2.38E-O3 g.02E.02 1,01E.01 2,74E-02 1.15E+06 2.gIE+00 1.79E+00

1952 g.77E+02 2.27E+02 0.03E+02 7.11E.02 6.54E.03 1.22£+04 2.31E+00 2.75E-03 1.04E.01 1,17E-01 3.18E-03 1.33E+05 2,71E+00 1,57E+00

I953 1.03E+03 7.87E+02 2.07E+03 4.82£.02 5.94E.03 6.05E+03 5.70E+00 6.91E-03 2.61E.01 2.94E-O1 7,98E-03 3.33E+05 6.33E+00 3.58E+00

1954 2.05E+02 4.19E+02 7.82E+02 5.13E.03 g.iblE.04 5.81E.02 4.55E+00 5.79E.03 2.18E.01 2.40E-01 6.081E-03 2.77E+05 4.38E+00 2.35E+00

1955 5.24E+01 0.77E+02 1.08E+03 9.(_iE.04 2.09E-04 5.14E+01 8.48E+00 1.16E-02 4.38E.01 4.1)1E.01 1.34E-02 5.59;:+05 6.36E+00 3.12E+00

1950 2.52£+01 5.98E+01 7.68E+01 2.95E-04 8.71E.05 1.01E+01 8.03E+03 1.0gE-02 4.12E.01 4.64E-01 1.27E-02 5.21E+06 5.09E+O0 2.03E+00

1957 1.08E+02 4.85E.01 7.52E+01 1.81E.03 4.19E-04 1.31)E+02 1.06E+01 1.39E-02 5.24E-01 5.90E-01 1.61E.02 6.54E+05 8.84E+00 4.51E+00

1058 3.80E+03 1.30E+02 3.43E+02 3.35E.02 1.78E.02 9.29E+03 2._)E+0t 4.50E-02 1.04E+00 1.28E+03 3.78E.02 1.36E+06 5.10E+01 2.90E+01

1959 2.37E+03 7.58E+01 7.28E+01 2.98E.02 8.28E.03 4.77E+03 2.49E+01 4.10E.02 9.21E-01 1.1919+00 3.37E-02 1.20E+08 4.09E+01 _.34E+01

1980 g.41E+02 7.17E+01 6.32£+01 3.53E.02 4.80E-04 1.03E+03 2.03E+01 4.90E-02 1.10E+03 1.34E+00 4.03E.02 1.44E+08 4.43E+01 2.45E+01

1981 5.40E+02 1.07E+02 1,20E+02 3.58E.02 1.91E.04 5.83E+02 2.94E+01 4.99E-02 1.12E+03 1.37E+00 4.10E-_2 1.<3E.0(I _.21E+01 2.29E+01

1962 3.89E+01 8.35E+01 8.53E+01 3.47E.02 1.82£.07 7.83E+00 2.88E+01 4.86E.02 1.03E+00 1.33E+00 4.01E.02 1.42£._05 3.02£+01 1.51E+01

1903 2.24E+01 g.35E+01 7.12£+01 3.23E-02 5.58E.08 3.50E+03 2.48E+01 4.58E.0R 1.02£+00 1.2419+00 3.75E-02 1.32£+06 2.58E+01 1.27E+01

1904 5.09E+01 1.41E+02 1.055+02 3.71E.02 3.88E-07 1.22£+01 2.58E+01 5.22[[-02 1.17E+00 1.42£+03 4.30E02 _._2£+08 3.13E+01 1.56E+01

1905 1.88E+01 1.41E+02 1.58E+02 3.57E.02 2.10E.08 2.0gE+O0 2.79E+01 5.10E.02 1.10E+03 1.41E+03 4.26E.02 1.50E_.0_ 2.89E+01 1.40E+01

1965 1.37E-01 1.07E+02 7.52£+01 2.18E.02 4.50E-13 1.91E-03 1.48E+01 3.09E.02 6.90E.01 8.41E-01 2.50E-02 8.92£_.t_ 1.01E+01 4.21E+00

1967 2.14E-01 3.47E+00 2.42£+00 2.19E.02 7.01E-13 3.19E-03 1.52E+01 3.12£-02 6.97E.01 8.50E-01 2.59E-02 9.02£4 _5 1.10E+01 4.68E+00

1966 1.16E-02 3.12£+03 1.29E+00 2.07E.02 5.38E-15 3.88E.05 1.34E+01 2.99E.02 0.85E.01 8.11E.01 2.48E.02 8.57E+05 7.32£+00 2.84E+00

1969 5.755.04 2.07E+03 5.42£-01 1.44E.02 9.20E-19 5.80E.07 8.77E+00 2.10E-02 4.68E.01 5.89E.01 1.75E-02 5.90E+05 3.75E+00 1.34E+00

1970 4.86E.15 4.02£-01 1.32£-03 4.98E.03 1.00E-45 7.07E-24 1.88E+00 8.04E.03 1.75E.01 2.14E-01 5.87E-03 2.18E+95 8.47E.02 1.01E-02

1971 3.85E.14 1.44E+00 4.07E.03 1.53E.02 3.37E-44 g.85E-23 5.27E+00 2.40E-02 5.35E.01 0.58E-01 2.10E.02 8.88E+05 2.23E-01 3.58E-02

1072 1.02£-13 4.92£-01 2.74E-03 4.97E.03 0.34E-42 2.11E.21 1.53E+03 7.91E-03 1.72£.01 2.11E-01 5.73E-03 2.18E+05 1.01E-01 1.78E-02

SUMS 8.19E+05 3.55E+03 5.14E+03 1.58E+03 3.82£+03 4.10E+05 8.00E+02 1.21E+00 3.68E+01 4.22£+01 1.14E+00 1.I_,E+07 1.19E+03 8.98E+02
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7. INFANTDOSES

Year I 131 RU/RHt08 RU/RHI03 C060 Te/I 132 XE133 CE/PR144 PU230 SR/YO0 CS/BArn13I 129 KRB5 ZR/NB95 SR89

1945 5.89E+02 1,54E.04 4.58E-05 4.27E-07 1.08E`03 1,74E`05 1,01E.03 2.95E-04 1,09E.03 1.24E-05 4.44E-04 2.23E`07 1,86E-04 1.08E-03

1948 2.14E+02 2.75E-04 5.97E-05 7.86E-07 4.25E`05 2,81E`00 1,78E.03 5.52£`04 2.01E`03 2.30E`05 8.24E-04 4.15E`07 2.79E-04 1,53E-03

1947 2.65E+01 1.49E-04 2.53E.05 4.37E.07 5.53E`07 1,68E.07 9,00E.04 3.09E`04 1.12£-03 1.25E`05 4,81E.04 2.32£-07 1.32E.04 6,01E-04
1948 4.40E+00 1.72£-04 2.00E.05 5.23E.07 4,04E-09 8.58E-00 1.00E.03 3.73E`04 1.35E.03 1.55E`05 5.58E.04 2.80E-07 1,23E-04 8.01E.04

1949 6._:,_+00 1.86E.04 2.00E`05 4.99E-07 1.25E-08 1.(NIE-08 1.05E-03 3.58E.04 1.20E-03 1,47E`05 5,30E.04 2.57E-07 1.24E.04 5.14E.04

1950 1,_8E+00 2.71E-08 4.15E.07 2.68E.08 2,50E.07 2.07E`06 1.80E.06 5.37E.0e 1.98E`06 2.30E-07 9.23E`0(I 4.08E-07 2,03E.00 1.07E-05

1951 3.81E+01 3,87E-08 8.81E-07 1.91E-05 8.02£-08 5.87E`041 2.23E.06 7.20E`00 2.73E,,05 3.18E-07 1.27E.04 5.58E.07 2.98E-00 1.80E-05
1952 1.0eE+O0 2.83E-03 3.15E-04 3.ME.07 1._1E`00 0.79E`07 2.48E.06 8.43E`00 3.15E.06 3.(18E-07 1.47E.06 8.40£`07 2.77E-06 1.40E-05

1953 1.12£+00 0.81E.03 1,08E`03 2.02E-07 1.75E.00 5.08E-07 0.06E.06 2.11E.08 7.00E.06 9.14E.07 3.00E.08 1.00E.08 5.47E.00 3.20E-05

1954 2.24E.01 5.22E-03 4.09E.04 3.33E.08 2.93E.10 5,03E-041 4.88E.06 1.T/E.06 (LflOE.08 7.64E.07 3.00E.08 1.33E,_1 4.48E.00 2.10E-05
1955 5.71E.02 1.22£.02 5.56E.04 5.20E.0e 0.10E-11 0.20E-_ 0.02E.06 3.54E`00 1.32£-04 1.53E-_ 0.21E-05 2.56E.06 0.51E.00 2.70E.06

1950 2.85E.02 7.45E.04 4.01E-06 1.00E.00 2.57E-11 1.38E.00 8.82E.06 3.38E-(_ 1.28E.04 1.44E-00 5.87E-06 2.51E.06 0.12£-06 2.02£-05

1057 1.18E.01 8.05E-04 3.03E.05 g.83E.0e 1.24E-10 1.05E.08 1.12E-04 4.25E.06 1.50E-04 1.83E.00 7.44E-06 3.20E`00 0.04E-06 4.03E-05

1958 4.14E+00 1.82£-03 1.80E.04 1,82£.07 5.18E.0e 7.07E-07 3.07E.04 1.41E.04 3.14E.04 34]_E-00 1.75E.04 0.53E`00 5.21E-05 2.85E-04

1959 2.59E+00 9.58E.04 3.81E.05 1.81E.07 1.95E.0e 3.64E`07 2,05E.04 1.25E`04 2.79E.04 3.40E.00 1.58E-04 5.80E.06 4.18E-05 2.10E-04

1960 1.03E+00 8.94E-04 4.35E.05 1.02£-07 1.38E-10 7.8o1=-08 3.11E.04 1.50E.04 3.33E.04 4.17E.06 1.58E.04 6.92£-0(I 4.53E-05 2.19E-04

1061 8.97E-01 1.33E-03 5.2eE-05 1.95E-07 5,82£-11 4.44E.08 3.1o¢=.04 1.53E.04 3.30E.04 4.25E-Oe 1.90E.04 7.04E-50 4.30E-05 2.05E*04

1982 4.24E-02 1.04E-03 4.82£-05 1.58E-07 5.37E-14 5.95E-10 2.95E.04 1.49E.04 3.30E.04 4,13E.00 1.85E-04 8,53E-05 3.09E-05 1,35E-04

1983 2.45E-02 1.17E-03 3.73E-05 1.78E-07 1.65E-14 2.74E-10 2.01E-04 1.39E-04 3.09E.04 3.88E`06 1.74E-04 (5.38E.06 2.65E-05 1.13E-04

1964 5.55E-02 1.76E-03 5.47E-05 2.02£`07 1.14E-13 9.31E-10 3.02E.04 I .OOE.n4 3.54E.04 4.43E`0(I 1.90E-04 7.32£,06 3.20E.05 1.39E-04

1965 1.83E-02 1.75E-03 8.25E-05 1.99E-07 8.38E-15 1.89E-10 2.08E-04 1.58F,0_ 3.50E-04 4.30E`06 1,97E`04 7.24E`08 2.95E`05 1.25E-04
1968 1.50E-04 1.34E-03 4.09E-05 1,17E`07 1.44E-19 1.46E-13 1.57E-04 0.48E`05 2.09E.04 2.82£`06 1.19E-04 4.20E.08 1.03E-05 3,77E-05

1967 2.33E-04 4.33E-05 1.27E-08 1.19E-07 2.24E-19 2.43E-13 1.81E-04 9.58E`05 2,11E.04 2.04E-08 1.20E`04 4,34E`08 1.12E-05 4.18E-05

1988 1.29E-05 3,89E-05 8.76E-07 1.12E-07 1.88E-22 2.94E-18 1.42E-04 9.14E`08 2.01E`04 2.82E`06 1.15E`04 4.13E`08 7.49E-08 2.54E.08

1969 7.36E-07 2.58E-05 2.84E`07 7.80E-08 2,71E-25 4.42£-17 0.31E-05 8.42£-05 1.41E`04 1.77E.06 8,08E`05 2.58E-08 3.84E-06 1.20E.05

1070 5.10E-18 5.76E-08 8.88E-10 2.70E-08 3.22E-52 5.84E-34 1.781=-05 2.48E.05 §.28E.05 8.88E.07 3.18E-05 1,05E-06 6.81E-08 9.02E-08
1071 3,08E-17 1.80E-05 2.55E-00 5.305-08 9.03E-51 7.50E-33 5.60E.06 7.53E-05 1.82£-04 2.04E.0e 0.71E.05 3.21E.00 2.2BE-07 3.20E-07

1972 1,08E-18 0.14E`06 1,44E-09 2.70E-08 2.78E-48 1.81E-31 1.04E-06 2.42E`06 5.21E.06 5.56E-07 3.11E`05 1.04E`00 1.03E`07 1.59E-07

SUMS 693.17 4.43E-02 3.21E`03 7.37E..0(I 1.13E-03 3.18E`05 0.34E.03 3.70E.03 1.11E-02 1.31E.04 5.28E-03 8.03E`05 1.22E`03 8,24E-03 893.25151
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B. ADULTDOSES

Year I 131 RU/RHI06 RU/RHI03 C060 Te/I 132 XE133 CE/PR144 PU239 SRIYgO CS/BArn13 I 129 KRB5 ZR/NBg5 SRSg

1945 4.97E+01 1,71E-04 3.21E-05 4,27E-07 6,68E.05 1.74E-05 1,94E.03 3,10E.03 9.94E-04 8.79E.06 2.59E-04 2.23E.07 3.09E-04 1.08E-03
1946 1,61E+01 3.06E.04 4.19E-05 7.86E.07 2,62E-06 2.81E-Oe 1.84E.03 5,76E.03 1,ME-03 1,83E.05 4.81E-04 4.15E-07 4.63E-04 1,53E-03

1947 2.41E+00 1,86E-04 1.78E-05 4.37E.07 3.41E-08 I._E.07 9.91E-04 3.22£-03 1.03E-03 9.IOE-06 2.69E-04 2.32£-07 2.19E-O4 8.91E-04

1948 3,71E-01 1.92E-04 1.41E-05 5.22E-07 2.49E-10 8,59E-09 1.13E.03 3,89E-03 1.24E.03 1.10E.05 3.25E-04 2.60E.07 2.04E-04 6.01E-04

1940 6.50E-01 1,64E-04 1.47E.05 4.99E-07 7,68E-10 1.(_E.08 1.09E.03 3.71E.03 1.18E-03 1.04E.05 3.00E-04 2.67E.07 2.05E-04 6.14E-04

1950 1,59E-01 3.01E.06 2.g2E-07 2.08E.08 1.45E-08 2.97E-00 1.65E.05 5.60E.05 1.62£-05 1.63E-07 5.30E-04 4.00E.07 3.37E-00 1,07E-05
1951 3,22E+00 4,31E-08 4,64E-07 1,91E-08 4.94E.09 5,67E.00 2.30E.05 7.61E-05 2.50E.05 2.24E.07 7.41E-05 5.50E.07 4.94E-50 1.60E-05

1952 8.99E.02 3.15E.03 2.22£.04 3._E.07 1.21E-10 9.795-07 2.53E.05 8.80E-06 2.88E.05 2.59E-07 8.58E.04 6.40E-07 4.60E-06 1.40E-05

1953 9.47E-02 1.09E-02 7.02£.04 2.61E-07 1.08E-10 5.50E-07 6.24E.05 2.21E.04 7.23E.05 0.48E-07 2.15E.05 1.10E.06 1.07E-05 3.20E.05

1954 1.89E-02 5.81E.03 2.87E-04 3.33E.08 1.81E-11 5.03E.08 5.00E.05 1.84E-04 6,04E.05 5.42E-07 1.8015-05 1.33E.06 7.43E.08 2.10E-05

1955 4,82E-03 1.50E.02 3.98E.04 5,29E-(_ 3.80E-12 6.20E-09 8.31E.06 3.70E.04 1.21E-04 1.08E-06 3.03E-05 2.66E-06 1.08E-05 2.79E.05

1950 2.41E.03 8.29E-04 2.82E.05 1.60E.00 1.58E-12 1.38E.09 8.79E-06 3.49E-04 1.14E.04 1.02E.04 3.42E.0G 2.51E.06 1.02E.05 2.62E-05

1957 9.94E-03 0.73E-04 2.76E.05 9.82E.00 7.82£-12 1.04E.08 1.10E-04 4,43E-04 1.45E-04 1.30E-04 4.34E-05 3.20E-04 1.50E-05 4.03E-05

1950 3.50E-01 1.80E-03 1.28E.04 1.62E-07 3.19E.10 7.07E-07 3.17E-04 1.47E.03 2.87E.04 2,78E-06 1.02E-04 6.53E-04 8.50E.05 2.65E.04

1950 2.18E,.01 1.06E-03 2.88E.05 1.61E-07 1.14E-10 3.54E-07 2.73E-04 1.31E-03 2.55E-04 2.47E-06 9.09E.05 5.80E.06 6.94E.05 2.10E-04

1960 6.67E.02 9.95E.04 3.06E-05 1.92£-07 8.37E-12 7.82£-06 3.21E-04 1.50E.03 3.05E-04 2.96E.06 1.09E.04 6,82£.06 7.52£-05 2.19E-04
1951 6.69E-02 1,48E-03 4,40E-05 1.95E.07 3.48E-12 4.44E-08 3.22£-04 1,511E-03 3.11E-04 3.01E-0(l 1.11E-04 7.04E.06 7.14E-05 2.05E-04

1962 3,50E-03 1.16E-03 3.25E-05 1.88E.07 3.31E-15 5.90E-10 2.94E.04 1.50E-03 3.02£-04 2.93E-00 1.08E-04 6.83E.06 5.13E-05 1.35E.04
1963 2.07E-03 1.30E.03 2.62E-05 1.76E.07 1.02E-15 2.74E-10 2.70E.04 1.45E.03 2.82E.04 2.74E-08 1.01E.04 0.38E.06 4.40E.05 1.13E-04

1964 4,08E-03 1.06E-03 3.85E.05 2.02£.07 7.01E-15 9.31E-10 3.12£-04 1.07E.03 3.24E-04 3.14E.04 1.16E.04 7.32£-04 5.31E.05 1.39E-94

1965 1.54E-03 1,95E.03 5.80E-05 1.99E-07 3.02E-18 1,50E-10 3.06E.04 1.05E.03 3.20E.04 3.11E.06 1.15E-04 7.24E.00 4.91E.05 1.25E-04

1968 1.27E-05 1.49E-03 2.67E-05 1.17E-07 6.89E-21 1.46E-13 1.62£-04 9.67E.04 1.91E.04 1,88E-06 6.92E.05 4.29E-08 1.71E-05 3.77E-05
1967 1.97E-05 4.81E-05 8.90E-07 1.19E-07 1.38E-20 2.43E-13 1,66E.04 g.97E.04 1.93E-O4 1.87E-01 0._E-O5 4.34E.08 1.86E.05 4.18E-05

1966 1.09E-06 4,33E-05 4.75E-07 1.12E-07 1.16E-23 2.94E-15 1.47E.04 9.54E.04 1.84E.04 1.79E.00 6.70E-05 4.13E-06 1.24E-05 2.54E-05

1969 6.21E-06 2.87E.05 1.99E-07 7.79E.08 1,87E-29 4.42E-17 g.61E.05 6.09E-04 1.29E-04 1.25E-06 4.71E-05 2.68E.06 6.37E.08 1.20E-05

1970 4.30E-19 6.41E.08 4.94E-10 2.70E-08 1,99E-53 5,54E-34 1.84E.05 2.57E.04 4.84E-05 4.72£.07 1.85E-05 1.05E-00 1.10E.07 9.02£.08

1971 3,36E-18 2,00E-05 1.79E-09 8.30E.08 8.12_-52 7.50E-33 5.78E.05 7.84E.04 1.48E-04 1.44E-04 5.(17E-06 3.21E-08 3.76E.07 3.20E.07
1972 1.67E-17 6.83E-06 1.01E-09 2.70E-08 1.70E-49 1.01E-31 2.01E.06 2.52£-04 4.77E.05 4.65E.07 1.82£-05 1.04E-04 1.71E.07 1,EOE-07

SUMS 75.44 4.93E.02 2.29E-03 7.30E.06 6.95E.05 3.18E.05 9.04E.03 3.86E.02 1.02£-02 9.31E.05 3.08E-03 8,93E-05 2.02£.03 6.24E.03 75.560944
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