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ABSTRACT
i i

Methodsfor assessingpublic exposure to radiationfrom normal operations

at DOE facilitiesare reviewed in this report. This review includesa summary

of the methods used in 1979 as describedin annual environmentalreports sub-

mitted by Departmontof Energy (DOE) contractors. The methods used ranged from

estimatingpublic doses based on environmentalmeasurementsand co_arison to

the DOE concentrationguides,to co_lex methods using environmentalpathway
w

" modeling and estimatedradionuclidereleases. No two sites used the same com-

binationof measurementsand pathwaymodels in their analysis. While most

sites used an atmosphericdispersionmodel to predict air concentrationsof

radioactivematerial,only about half of the sites providedenough information

about the model used to permit propermodel evaluation. The waterbornepath-

ways relatedto drinkingwater or ingestionof fish were generallywell

described,while the externalexposureor terrestrialfood pathways were often

not considered. The major recommendationresultingfrom this review was that

complete documentationsof the models used should be includedeither within the

annual reportsor as separatereadilyavailabledocuments. In _ddition,most

sites could make better use of graphics (i.e., tables and figures) to better

communicatethe findings of their analyses.
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1.0 INTRODUCTION.......

This report is a reviewof the methods used by the Departmentof Energy

(DOE) ,_ndits contractorsto assess public exposureto radiationfrom normal

operationsat DOE facilities. Includedis a summary of the methods used at

each DOE nuclearsite and a review of currently availablemodels. Criteria

reportedby Corley,et al. (1981)can be used to establishthe need for

pathway analysis at a given site.

Section2 summarizesmethods used at each DOE nuclear site to estimatethe

radiationdoses receivedoff-siteduring 1979 from operationof the DOE con-

trolled facilities. A summarytable for each DOE field office is presentedin-

dicatingthe methods that were used in evaluatingthe radiologicalimpactof

the DOE controlledfacilities. The review considersmodels for airborne path-

ways, waterbornepathways and penetratingradiationexposure. The methods used

by DOE contractorsranged from estimatingdoses based on environmentalmeasure-

ments and the 1979 applicableERDA Manual ChapterAppendix 0524 (recen.tlysuper-

seded by DOE 5480.1 Chapter Xl; DOE 1981) to the complexmodeling of pathways.

The term "environmentalpathway" is used in this reportto representa

transportor accumulationprocess or a sequence of such processesthat result

in uptake of radioactivityby man. Inhalationof airbornematerial and con-

sumptionof contaminatedmilk are examplesof environmentalpathways.

The terms "model","computerprogram" and "parameter"often cause confu-

sion. This report uses the term "model"to representthe mathematicalexpres-

sion or algorithmused to describe the process being simulated. A "computer

program" is a means of implementinga given model and/or sets of submodelson a

computer. "Parameters"are a part of the mathematicalexpressionof a model

. and the values adjustedto fit the conditionsbeing simulated. As an example

consider the overall environmentalconsequenceanalysismodel for the release

• of radionuclidesto a river. A submodelfor this pathwayestimateswater con-

centration at some locationdownstream. Parametersused in this submodel

includeriver flow rate and width definedfor the locationbeing studied.
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2.0 SITE SUMMARIES
ii ii i ii

This sectioncontains summariesof the environmentalradiationdose eval-

uation methods used at each Departmentof Energy (DOE) nuclearsite in 1979,

and the radiationdoses reported. The environmentalpathway radiationdose

models are identifiedin this section. For each DOE field office, a summary

table is presentedthat shows the model informationused in the site annual

monitoring reports,and the types of environmentalsang,ling data collected.

Environmentalsamplingprogramsmay includea determinationof radionuclide

concentrationsin the gaseous and liquid effluentsfrom site operations,and a

determinationof radionuclideconcentrationsin environmentalmedia such as

milk, food crops, fish, wildlife,and soil. In 1979, the applicableERDA

Appendix0513 required: "realisticestimatesof (a) the 'fence-post'dose at

the locationat the site boundarywhere the maximum exposure rates exist, (b)

the dose to an individualand populationgroup(s)in those locationswhere the

highest dose rates occur, and (c) the 80-kilometer(50 mile) man-rem (whole-

body) dose" (ERDA 1974). The model informationreferencedincludesthe types

of atmosphericand water dispersioncalculationsthat are performedand the

models that are used to calculate the radiationdoses. The followingsections

contain summariesfor all of the nuclearsites reportingto the DOE for 1979.

The environ_ntal pathway analysisperformed at each of the DOE nuclear

sites was found to depend heavilyon the characteristicsof the site and the

purpose of the facilities. Most of the sites gave carefulconsiderationto the

types of releasesat their facilities and to the expected pathwaysof interest.

However,the selectionof pathwaysconsideredin the annual reports variedcon-

siderablyfrom site to site. While most of the sites estimatedatmospheric

dispersionbased on the Gaussianp_,umemodel, several of the sites used average
i

conditionsfor wind speed or atmosphericstability. In addition,severalsites

failed to consider the terrestrialpathways.

2.1 ALBUQUERQUEOFFICE

The DOE nuclearsites reportingto the AlbuquerqueDOE field office

include: the Los Alamos ScientificLaboratory,the Mound Facility,the Pantex

2.1
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Plant, the PinellasPlant, the Rocky Flats Plant, and the Sandia Laboratories.

Table 2.1-1 contains a summary of the environmentaldose evaluationmethods in

use at these sites in 1979. This table shows both the types of information

reportedfor each site and the model informationreferenced. The following

sectionscontain narrativedescriptionsof the environmentaldose evaluation

methodsused at the DOE nuclear sites reportingto the Albuquerquefield

office.

2.1.1 Los Al.amosScientificLaborator_

The radiologicalexposure pathwaysconsideredfor the Los Alamos area in

1979 (LASL 1980) were atmospherictransportof airborne radioactiveeffluents,

hydrologictransportof liquid effluents,food chains, and direct exposure to

penetratingradiation. For airborne effluents,reporteddoses includedthe

maximum dose at the site boundary,dose to an individualor to population

groups where highestdose rates occur, and the whole body cumulativedose for

the populationwithin an 80-km radius of the site. Exposure to 3H (as HTO),

11C, 13N, 150, 41At and Pu were reported. Doses from all other releasesof

airborneradionuclideswere found to be insignificant. Methods for dose calcu-

lationswere describedin Appendix D of the 1979 environmentalsurveillance

report (LASL 1980). Where appropriate,50-yearcommited dose equivalentswere

calculatedusing dose factors (ERDA 1976).

Liquid effluentsdid not flow beyond the LASL boundary but were absorbed

in alluviumof receivingcanyons;excess moisturewas lost primarilyby evapo-

transpiration. A maximum dose from small quantitiesof radioactivecontami-

nants transportedbeyond the LASL boundaryduring periods of heavy runoffwas

calculatedfor the Final EnvironmentalImpactStatement (DOE 1979) (eating

liver from a steer that drank water from and grazed in lower Los Alamos

Canyon).

There were no known significantaquaticpathways or food chains to humans w

in the local area defined in 1979. Fruit, vegetable,honey, and fish sa_npling

documentedthat any exposure attributableto LASL operationsvia those pathways
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was insignificant. A possibleminor exposurepathwaywas identifiedand a

maximum individualdose was calculatedfor eating venisonfrom deer who cross

into Laboratorypropertyto graze and drink. No details or referenceswere

given for the assumptionsand base data used in that calculation. Measurements

of externalpenetratingradiationat regional and perimeterstationsindicated

only one area with any discernibleincrease in radiationlevels that could be

attributedto LASL operations° Based on occupancyand shielding,a maximum

individualdose was reported. Onsite doses to members of the general public

were also reported.

Cumulative1979 whole body doses to Los Alamos County residentsattribut-

able to LASL operationswere compared to exposurefrom naturalradiationand

medicalradiation. Also, severalrisk estimatesof health effectsfrom radia-

tion doses to the public resultingfrom LASL operationwere given. Maximum

boundaryand individualdoses were comparedto the applicableradiationpro-

tection standardsgiven in ERDA Manual Chaper 0524 (ERDA 1977). The concen-

trations of radioactivecontaminantsin air and water were compared with per-

tinent standardscontainedin the regulationsof severalfederal and state

agencies. These includeERDA Manual Chapter0524 (ERDA 1977) for most radio-

activematerials, ICRP (1964)for uranium in water, and EPA regulationscon-

tained in Title 40 CFR Part 141 (1980)for radioactivityin public water

supplies.

2.1.2 Mound Facilityi

The 1979 annual environmentalmonitoring report for the Mound Facility

(Farmerand Carfagno 1980) includescalculated radiationdose estimatesfor an

individuallocatedat the fence line, a maximumoffsite individual,and an off-

site populationgroup residingwithin 32-km of the site (no significantcontam-

, inationwas found beyond 32-km). Doses were estimatedfor two radionuclides:

238pu and 3H (in the oxide form). Inhalationand drinkingwater ingestion

. doses were calculatedusing equationsand data from the ICRP {IRCP 1959; Marrow

et. al. 1966, ICRP 1972) and by ratio to the applicableERDAM 0524 Concentra-

tions Guides (ERDA 1977).
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Measuredenvironmentalconcentrationsof 238pu and 3H in air and

ground water were used in the dose estimates. Measured annualaverage air

concentrationswere co, arealto the ERDAM 0524 ConcentrationGuides,and water

concentrationswere compared to the EPA National Interim PrimaryDrinkingWater

Regulationsfor Radionuclides(20 x 10-6 gCi/ml). No air or water dispersion

calculationswere used. The man-rem dose estimateswere based on data from

environmentalair and drinking water measurements.

2.1.3 Pantex Plant
iiii i i i i|

Radiationdoses were reported in the 1979 environmentalmonitoring report

for the Pantex Plant (Alexanderand Cornelius1980) to an individualresiding

at the fence line, the individualresiding nearestto the plant boundary,and

to the populationwithin an 80-km radius. The doses were calculatedfor 238U

and 3H by ratio to the applicableERDA Manual Chapter0524 Concentration

Guides (ERDA 1977). Offsite air concentrationswere calculatedfrom estimated

annual atmosphericreleases using local climatologicaldata and the EPA clima-

tologicaldispersionco_uter program, CDM (Busse and Zimmerman1973). There

were no effluentsto surfacewaters.

2.1.4 Pinellas Pl_t
ii ii i •P=m=,=.

The 1979 environmentalmonitoringreport for the PinellasPlant (General

Electric Co, any 1980) contains calculatedradiationdoses to the fence line

individual,the individuallocatedat the nearest residence,and the population

within an 80-km radius. Annual atmophericreleases of 3H, 14C, 85Kr, 238pu,

and 239pu were estimatedfrom stack monitoringinformation. Air concentra-

tions for the dose calculationswere estimatedusing local wind information,

$utton'sequations (Slade 1968),and the stack monitoring information. Radia-

tion dose estimateswere made by multiplyingthe air concentrationsof each v

radionuclideat each locationtimes dose factors for 3H, 14C, and 85Kr.

No dose estimatesfor the isotopesof plutoniumwere included since the esti-

mated and measured concentrationswere nearly equal to the naturalbackground

levelsfrom fallout. Dose factorsfor 3H were obtained from Anspaugh (1973);

however,it is not clearly statedwhich exposure pathways were included. Dose

factors for 85Kr were referencedfrom the ERDA Manual Chapter0524 on
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StandardsfOr Radiation Protection(ERDA 1977). No referencewas listed for

14C dose factors. Comparisonsof air concentrationswith ERDAM 0524 Concen-

tration Guides :_eregiven, and c_culated doses were compared with ERDAM guide-

line_ and naturalbackgroundlevels. No dose calculationsfor liquidpathways

were attempted.

_ 2.1.5 Rockj_Flats Plant

The 1979 environmentalmonitoring reportfor the Rocky Flats Plant (Barker

" 1980) contains calculatedradiationdoses to the fence line individual,the

maximum offsite individual,and to the populationresidingwithin an 80-km

radius of the site. Averagemeasured concentrationsof 3H, 233U, 234U, 238U,

239pu, 240pu, and 241Am in air and drinkingwater were used in the dose

calculations. The doses resultingfrom swimming and consumingfood including

fish were found to be insignificantcomparedto the doses from inhalationand

ingestionof drinkingwater. This was becauseonly very limitedswimmingand

fishing occur in the area, and most locallyconsumed food was grown at a con-

siderabledistancefrom the site. Regional and community drinkingwater moni-

toring resultswere comparedwith EPA-NPDESpermit limits and with Colorado

state drinkingwater regulations,(EPA 1974a;State of Colorado1977). Air-

borne concentrationsare comparedto the ERDA Manual Chapter0524 guidelines

(ERDA1977).

Radiation doses were estimated using dose factors contai ned i n the Rocky

Flats environmental impact statement. The doses reported were 70-year commit-

ted dose equivalents from a one-year continuous exposure. Dose factors for the

radionuclides considered were calculated using the DACRINcomputer program

(Houston, Strenge, and Watson 1974) for inhalation, and the PABLMcomputer pro-

gram (Napier, Kennedy, and Soldat 1980) for drinking water ingestion, l:hese

. computerprograms use the data containedin ICRP Publication2 (ICRP 1959).

The DACRIN program is based on the task group on lung dynamicsmodel (Houston,

. Strenge, and Watson 1974). Since the dose calculationswere based on measured

radionuclideconcentrations,no atmosphericor liquiddispersioncalculations

were performed.
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2.1.6 Sandia Laboratories

Sandia Laboratoriesreporteddoses to the fence line individualand the

populationwithin 80-km of the site for annual releasesof radioactivityduring

1979 (Simmons 1980). Estimateswere made of the annual atn_osphericreleases

of 3H, 41Ar and 85Kr for the dose calculations. Environmentalsampleswere

also monitoredfor 137Cs,gross alpha, gross beta, and uranium; however,

these data were not used in the dose calculations. Only atmosphericreleases "

were considered. Atmosphericconcentrationswere estimatedusing the annual

releaseinformationand the Guassiandiffusionmodel (Slade 1968). The loca-

tion of the fence line individualwas determinedusing site-specificjoint

frequencyinformation. Dose factors were derived from the ERDA Manual Chapter

0524 ConcentrationGuides (ERDA 1977), but they were not listed separatelyin

this annual report. An equationwas presentedfor calculatingpopulation

doses, but it is not clear if the air concentrationconsideredwas a function

of distance and wind direction.

2.2 CHICAGOOFFICE
llm

The DOE nuclear sites reportingto the ChicagoDOE field office are: the

Ames Laboratory,the Argonne NationalLaboratory,the Battelle Columbus Labora-

tories,the BrookhavenNationalLaboratory,and the Fermi NationalAcceleration

Laboratory. Table 2.2-i contains a summary of the environmentaldose evalua-

tion methods in use at these sites in 1979. This table shows both the types

of informationreportedfor each site and the model informationreferenced.

The followingsections containnarrativedescriptionsof the environmentaldose

evaluationmethods used at the DOE nuclear sites reportingto the Chicagofield

office.

2.2.1 Ames Laborator_

An averageindividualdose at the fence line and the GO-km populationdose

were reportedfor the Ames Site (Voss 1980). No maximum individualdose esti-
i

mates were reported. The 80-km population estimatewas based on 1970census

data. Doses were estimated by ratioingcalculated tritiumconcentrationsto

the ERDAM 0524 Appendix (ERDA 1977) ConcentrationGuide for uncontrolledareas.
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The 80-km population dose est_,_ate was based on a calculated average

tritium concentration. The tritium was assumedto be homogenously mixed in a

cylinder with an 80-km radius and 305 m height (approximate height ot' inversion

conditions). Tritium concentration at the exclusion fence wail;calculated by

applying principles of meteorological diffusion to the stack effluent, particu-

. larly Section 3-3.5.4, Long-Period Average Concentrations, from Slade (1968).

Specific application of this tnfomation was not given. Also, details about

how the average individual at the fence line was selected *ere not given.

2.2.2 Argonne Nattor,_l Laboratorie s

Dose estimates were made for full-time residents and the 80-km population

for airborne releases of radionuclides, and for individuals who use water con-

tatntng the same concentrations as those found in Sawmill Creek (Golchert,

Duffy, Seldet 1980). However, this stream is not used for drinking, swimming

or boating and has few fish. Doses and dose rates were also reported for

external penetrating radiation. The 80-km population used was centered on the

CP-5 reactor and was an update of the 1970 U.S. Census data.

Where measured radionuclide concentrations in air and water were avail-

able, conversion of concentration to dose was bz:_d on the ratio of environ-

mental concentrations to ERD_ 0524 Appendix (ERDA1977) Concentration Guides

for uncontrol led areas and one-tenth of the 168 hour occupati onal values speci-

fied by the ICRP (ICRP 1959 and 1972) for nuclide-organ combinations not given

by the applicable ERDAguidance. For argon-41, tritiated water vapor, and

Iodine-131 released from the reactor stacks, doses were calculated from an

atmophertc dispersion model which made use of a source tem and meteorological

data. However, documentation was not given for this model. External penetrat-

ing radiation dose estimates were made either by direct measur_._mentsor were

• based on exponential absorption of the radiation (a decrease i_n intensity with

the square of the distance, and an increase in intensity with distance due to

• the butldup factor).

2.2.3 Battelle ColumbusLaboratories
i J _

Radiation doses from releases of radioactivity at Battelle ColumbusLab-

oratories (BCL) were reported in the 1979 annual Environmental Report (Evans
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and Helnlen 1980). For atmosphericreleases,doses were reportedfor an indi-

vidual at the site boundary,an individualand populationgroup at a radius of

3.Z-km, and for the 80-km integratedpopulationgroup. For liquideffluents,

doses were calculatedfor individualswho swim and eat fish from the outfall

creek, Measured or calculatedconcentrationsof radionuclidesin the atmo-

sphericemissionsand liquideffluentswere also compared to ERD_#I05Z4

Appendix (ERDA 1977) ConcentrationGuides.

Atn;osphericconcentrationswere estimatedusing xIQ valuescalculated by

the air qualitydisplaymodel computerprogram (TRW Systems Group 1969) and

measured stackconcentrations. Columbusmeteorologicaldata (U.S.Weather

Bureau 1963) were.reportedto be used in the xlQ calculations;he ._Ler,details

of these calculationsand the resultingxIQ valueswere not availablefor

review.Radiationdoses from atmosphericreleaseswere calculatedusing a model

that assumescontinuousimmersionin an infinitehemisphericalcloud containing

radionuclides.

Criticalorgan doses were calculatedassumingthat the radionuclideswere

in the most biologicallysensitiveform, either solubleor insoluble. The dose

calculationswere based on methods recommendedby the ICRP (1959),but specific

details about the models used were not available, lt was not clearly stated

in the annual enviromental report if inhalation,air submersion,or both path-

ways were consideredin the dose calculations.

The impactof liquld effluentswas estimatedby calculatingdoses to indi-

vidualswho use the outfall creek for recreation. Doses to a swimmerwere cal-

culated for the external radiationreceivedduring submersion in the liquid

effluentfor 8 h_urs a week during 4 months in the summer. Water concentra-

tions were conslderedboth at the outfallwith a dilutionfactor of 10, and

downstreamwhere the annual dischargewas divided by the annual averagecreek

flow. Again, specificdose factors or models were not availablefor review.

Doses to an adult, teen, and child who ingestfish caught in the outfall
¢

creek were also presented. The concentrationsof radionuclidesin the water

were the same as those consideredfor the swimmer. Concentrationsin fish were

calculatedbased on bioaccumulationfactors describedin RegulatoryGuide 1.109
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(USNRC 1977b). These factors and the concentrationsin fish were not tabulated

in the annual report,thus the dose calculationscould not be checked. Dose

factors from RegulatoryGuide 1.109 were also used in the dose calculations

along with the assumedconsumptionof 4.8 kg/yr of fish.

2.2.4 BrookhavenNationalLaboratory

• The 1979 environmentalreport for BrookhavenNational Laboratory (Naidu

1980) contains a calculatio_of a fence line dose to an individualand popula-

• tion dose estimatesout to a radius of 80 km. Census data from 1970 was used

with a 1979 populationsurveyto determinethe offsitepopulationdistribution.

Populationdoses were reportedfrom four sources: airborneradioactiveefflu-

ents (3H), radioactiveliquideffluents,direct exposure from the gamma for-

est 137Cs source, and skyshinefrom the AlternatingGradient Synchrotron

(AGS).

The average annual dose equivalentrate to an individualat the site

boundaryfrom airborneeffluentswas calculatedfor 3H releases based on the

ratio to the ERDAM 0524 ConcentrationGuide (ERDA 1977) values. Offsite xIQ

values were next obtainedfrom an EPA preliminarydocument (Holzworth1972).

Even though these valueswere referenced,it was not clear how they were calcu-

lated since they were distancedependent,but independentof wind direction.

The dose rate from 3H for each downwind distancewas found by using the dose

rate at the site boundarytimes the correspondingx/Q ratio. These dose rates

were multipliedby the number of people residing at each distance. The total

collective dose was compared to the annual external backgrounddose.

Populationdose to a limitedgroup from ingestionof fish from the outfall

streamwas estimatedfor both adults and infantsusing NRC RegulatoryGuide

1.109 dose factors (USNRC lg77b). Radionuclideconcentrationsin the fish were

• assumedto equal the maximumreported gOsr and 137Cs concentrations

observedfrom the fish sampling programconductedduring the year. Total dose

• was found by summingtotal body and bone doses to an individual,and multiply-

ing by the total number of people in the populationgroup. (Note: This is an

incorrectproceduresince criticalorgan doses from RegulatoryGuide 1.109 are

not additive.)
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Direct external exposuresfrom the gamma forest 137Cs source and from

the AlternatingGradient Synchrotronwere estimatedat the site boundaryfrom

dosimeterinformation. The populationdose is calculatedfor each of 16 direc-

tions out to 4.8-km. The method for calculatingpopulationdose was not

clearlystated.

2.2.5 Fermi Nat!onal AcceleratorLaboratory .

The environmentalmonitoringreport for 1979 from the Fermi National

AcceleratorLaboratory(NAL) contains an estimate of the fence line individual

dose and the population exposuresreceivedwithin an 80-km radius of the site

(Baker 1980)o Census data from 1970 was used with an overall increaseof

20 percent to reflectpopulation increase. Three types of population exposures

were includedin the analysis: exposureto penetratingmuons from the neutrino

area, exposureto airborne radioactivityfrom the neutrino area, and exposure

to penetratinggamma-raysfrom Laboratory 7. These exposureswere all for

sourcesextsrnalto the human body, with no internaldepositionpathways such

as ingestionor inhalation. Airborne and liquid releaseconcentrationswere

also comparedto ERDA Manual Chapter0524 ConcentrationGuides (ERDA 1977).

Doses to a fencepostmaximum individualwere reportedfor muon exposures.

Direct gamma-rayexposuresfrom Laboratory7 are also calculatedfor an indi-

vidualresiding in an adjacenthouse. The doses to this individualwere

included as if he were a member of the total offsitepopulation group.

Directdose measurementsat the site boundarywere used to determinethe

muon dose rates. Populationdoses were estimatedusing these dose rates and

the directionspecificpopulationdistributionwith the inverse square

relationship.

Measured airborne releases are reportedto be mostly 3H and 11C.

Doses from 3H were not calculatedsince the mean air concentrationwas calcu-

lated to be less than i% of the ERDAM 0524 ConcentrationGuides. Dose rates

from air submersionwere calculatedat the site boundaryfor 11C using mea-

sured stackconcentrationsand a Gaussian plume dispersionmodel (Slade 1968).

The same dispersionmodel was used to calculateair concentrationsout to

80-km from the site, includingradioactivedecay of 11C. Since most of the
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dose was receivedwithin a 16 km radius of the site, the populationwithin this

radiuswas increasedby 40% to _reflectpost-1970 housingdevelopments. The

exact method and data used to calculatethe dose rates at the site boundary,

based on stack measurements,are not availablefor review at this time.

The dose from direct gamma-raysnear Laboratory7 was calculatedbased on

" dose rate informationmeasured during 1979. lt was assumedthat a "worse-case"

total dose comes from exposing individualsfor 24 hours per day at Labora-

• tory 7. It was not clear how many individualswere includedin the calcula-

tion, and the resultingdose to onsite individualswas includedin the total

populationexposure summaryfor 1979.

2.3 NAVAL REACTORS DIVISIONi

The Naval ReactorsDivision includesBettis Atomic Power Laboratory,

Knolls Atomic Power Laboratory (whichincludesthree separate sites),and

ShippingportAtomic Power Station. Table 2.3-I contains a summaryof the

environmentaldose evaluationmethods in use at the Naval Reactorfacilities

in 1979. This table shows both the types of informationreportedfor each site

and the model informationreferenced. The following sectionscontain narrative

descriptionsof the environmentaldose evaluationmethods used at the Naval

Reactors Divisionsites.

2.3.1 Bettis Atomic Power Laboratory
_ i

The maximum radiationexposure to an individualat the Bettis site perim-

eter and the 80-km population radi'ationexposure attributedto Bettis Atomic

Power Laboratoryoperationsduring 1979 were reported in the annualmonitoring

report (BettisAtomic Power Laboratory1980). Estimateddoses were given for

the whole-bodyand the limitingorgan for liquid,airborne,and direct exposure

pathways. Doses estimatedfor the liquidand airbornepathways were reported

for radiationexposurepotentiallyreceivedby an individualover a 50-year

• period followingthe ingestionor inhalationof the radionuclidesreleasedfrom

Bettis in 1979.
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Radiationdoses to man for both liquid and airbornepathways were calcu-

lated using the standardsand calculationalmodels recommendedby the Interna-

tional Commissionon RadiologicalProtection(ICRP) and the NuclearRegulatory

Commission(NRC) (ICRP 1959; USNRC 1977c; USNRC 1977b; Hoenes and Soldat 1977).

Radiationdoses from radioactiveliquid releaseswere calculatedusing methods

and parametersrecommendedby the NRC (USNRC 1977c;Hoenes and Soldat 1977).
• .

Atmosphericdis_erionof the radioactiveairbornematerialsreleasedfrom the

laboratoryand radiationdoses were calculatedusing a computer program devel-

oped at Bettis which was based on a methodologysimilar to that definedby

Slade (1968). Furthemore, the programmet the general guidelinesof the NRC

(USNRC Ig/7b;Hoenes and Soldat 1977). The specificradionuclidecomposition

of airborne and liquid releaseswas factored into the assessment. The dose for

each exposure pathwaywas explicitlycalculatedfor each radionuclideand its

daughters. Atmosphericpathwaycalculationsused wind directiondata and mete-

orologicalparameterstypical of the Bettis area. The populationdistribution

in the vicinityof the Bettis site was based on 1970 census data.

2.3.2 Knolls Atomic Power Laborator?

Estimatedannual exposureto maximum individuals,averagemembers of the

nearestpopulation groups,and residentswithin 80-km of each KnollsAtomic

Power Laboratory(KAPL) site were reported in the KAPL annual environmental

monitoringreport (KAPL 1980). Air and water pathwayswere consideredin

estimatingradiationexposures. Air pathways includedexternal exposurefrom

airborneradioactivityand radioactivitydepositedon the ground, ingestionof

foodstuffs,and inhalationof airborne radioactivity. Water pathways included

ingestionof water and fish, swimming,and boating.

In estimatingdoses, the dose contributionfrom each radionuclidepresent

(in the gaseous and liquid effluents)to the dose to the various organs of the

body was calculatedusing the appropriateusage and dose factors from Hoenes

and Soldat (1977),NuclearRegulatoryGuide 1.109 (USNRC 1977b),and ERDA-1541

(1976).
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Estimatesof concentrationsand exposuresvia air pathwayswere calculated

using an EPA conw_utercode (EPA 1974b). Atmosphericdiffusionparameters

reportedin Wind Roses and Annual Joint PercentageFrequencyo.fWind Speed and

Directionfor the Kesselrin9 Site of Knolls Atomic Power Laboratory (Environ-

mental Systems Corporation1975) were used in the calculationsfor the Kessel-

ring and Knolls Sites.

The co_uter program describedin the report by EnvironmentalSystems

. Corporation(1975)was used to calculatethe exposurefor each radionuclideas

a function of directionand distance from the release site for each Pasquill

stabilityclass. Exposuresfor each sector segmentwere summed over all sta-

bilityclasses and the radionuclidescontributingdose to the same organ.

Total populationexposureswere obtained by summingthe product of the exposure

and populationfor each sector segment. The populationresidingwithin 80-km

of the site was based on the 1970 census data.

Calculatedradiationexposuresfrom KAPL operationswere con_aredwith

averageexposuresreceivedfrom other sources (naturaland man-made) of radia-

tion and with NRC (10 CFR Part 50 Appendix I 1980) and EPA (40 CFR Part 141

1980) guides.

2.3°3 ShilppingportAtomic .PowerSl,ration

The maximum annual radiationexposurepotentiallyreceived by an individ-

ual residing at the site boundary and to the entire populationwithin 80-km of

the site _:re reportedin the Shippingport_].979Annua,lRadiologicalEnvironmen-

tal Report (DuquesneLight Cowany 1980). The atmosphericdose pathways con-,.,.

sideredwere inhalation,immersionin gaseous and suspendedparticulateradio-

activity,and the ingestionof food products and milk produced in the Shipping-

port vicinity, lt was assumed that food productsconsumed by the public are

produced in the Shippingportarea. Liquid pathwayswere not consideredbecause

no radioactiveliquidswere releasedfrom the ShippingportStationduring 1979.
w

Dose estimateswere made using calculationalmodels recommendedby the

ICRP (ICRP 1959) and the general guidelinesof the NuclearRegulatoryCommis-

sion (USNRC 1977b). Model parameters and usage factors for the exposure
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pathway analysiswere also consistentwith the values recommendedin Nuclear

RegulatoryGuide 1.109. Site-specificmeteorologicaldata were used. The

populationdistributionwithin 80-km of the site was based on census data pro-

jections for 1979.

2.4 OAK RIDGE OFFICEi

The DOE nuclear sites reportingto the Oak Ridge DOE field office include:

the Paducah GaseousDiffusionPlant, the PortsmouthGaseous DiffusionPlant,
o

the Feed MaterialsProductionCenter, and the Oak Ridge National Laboratory

Facilities. Table 2.4-I contains a summary of the environmentaldose evalua-

tion methods in use at these sites in 1979. This table summarizesboth the

types of informationreportedin the annualmonitoring report,and the types

of model informationreferenced. The following sectionscontainnarrative

descriptionsof the environmentaldose evaluationmethods used at the DOE

nuclear sites reportingto the Oak Ridge field office.

2.4.1 Paducah.GaseousDiffusionPlant
i i i i|i

The 1979 environmentalmonitoring reportfor the PaducahGaseousDiffusion

Plant contains radiationdoses calculatedfor the fencepost individual,the

nearestoffsite resident,the nearestcommunityresident,and the cumulative

population residingwithin an 80-km radius of the plant (Paducah1980).

Inhalationand ingestionof radionuclidesresultingfrom atmosphericreleases

were the only exposurepathwaysconsidered. Immersionin contaminatedair was

assumed to be a negligibleexposurepathway and was thereforenot included.

Fifty-yearcommitteddose equivalentsto the bone, lung, kidney,GI-tract, and

total body were estimatedusing measured emmissionrates, wind speeds,and wind

frequencies. Dose conversionfactors from the INREMcomputer code were used

to calculatethe 50-yearcommitteddose equivalents(Killoughand McKay 1976).

Doses to the fencepostindividualwere estimatedusing both the measured alpha

activity in ambientair and calculatedair concentrations. However, it was not

clearly indicatedwhether or not the ambientair concentrationswere annual-

averaged concentrations,or which meteorologicalconditionswere used in the

diffusioncalculations. For inhalation,10% of the uranium and 100% of the

technetium releasedwere assumedto be in a solubleform. Ingestiondoses to
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tho nearestoffsiteresidentwere calculatedfor the consumptionof a diet

consistingof terrestialcrops, beef, and milk produced in the vicinityof the

plant. Cumulativepopulationdoses were calculatedusing site-specificpopula-

tion distributiondata. Althoughgrab sampledata were availablefrom the Ohio

River, Big Bayou Creek, and groundwatersources,no dose calculationswere made

• for liquidpathways since there was no detectablechange in water quality.

2.4.2 PortsmouthGaseousDiffusion Plant
i ill ii

Potentialradiationdoses to man were included in the 1979 environmental

monitoring report for the PortsmouthGaseous DiffusionPlant (Acox et al.

1980). Dose estimateswere made for the fencepost (site boundary)individual,

individualsresiding in the nearestcommunity,and the total populationresid-

ing within an 80-km radius of the plant. All dose calculationswere made using

the models and data given by Killough and McKay (1976) in A Methodologyfor

Calculatin9 RadiationDoses From RadioactivityReleased to the Environment.

Both atmosphericand liquid releaseswere consideredin the radiationdose

analysis.

For atmosphericreleases,the dose pathwaysconsideredwere: immersion

in air, direct exposurefrom contaminatedground, inhalation,and ingestionof

food products. Fifty-yearcommitteddose equivalentswere reportedfor total-

body, bone, kidneys,GI-tract,and lungs of the exposedindividuals. Total

body fifty-yearcommitteddose equivalentswere reportedfor the population.

The doses to the fencepost individualwere estimatedfor both measured and

calculated air concentrations. Calculatedair concentrationsare used to esti-

mate doses to the individualin the nearestcommunity and to the total popula-

tion within a radius of 80-km. No radiatlonabove backgroundwas found in any

of the food products sampledwithin an 18-km radius of the site. Thus, the

dose estimatesobtainedusing dose assessmentmodels were consideredto be

conservativelylarge. However, the exact data, assumptions,and methodsfor

• performingatmosphericdispersioncalculationswere not clearlydocumented

beyond a general referenceto Meteoroloqyand Atomic Energy (Slade 1968).
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For liquid releases,the averageriver concentrationwas calculatedusing

the annual averageriver flow rate and the total annual release as determined

by effluentmonitoringdata. The aquaticexposurepathways consideredinclude:
l

submersionin water (swimming),ingestionof fish, and ingestionof drinking

water. Fifty-yearcommiti:eddose equivalentswere reportedto the maximum-

exposed individualfor total-body,bone, kidneys,and GI-tract.

2.4.3 Feed Materials ProductionCenter
w ,.,lm ii •

The 1979 environmentalmonitoring report for the Feed Materials Production

center reported radiationdose estimatesfor an individualat the site

boundary,the maximum individualat an offsiteresidence,the averagemember

of the nearestcommunity,and the total population residingwithin an 80-km

radius of the site (Bobackand Ross 1980). Fifty-yearcommitteddose equiva-

lents were calculatedusing the models and data given by Killough and McKay

(1976). Direct exposure,inhalation,ingestionof terrestrialfood products,

and ingestionof drinkingwater were the exposurepathwaysconsidered.

At the site boundary,the inhalation50-yearcommitteddose equivalentwas

determinedusing the highest annual averageair concentrationmeasured at the

site boundary. Also the maximum annual direct dose rate at the site boundary,

as measured with thermoluminescentdosimeters,was used to determinethe maxi-

mum potentialannual dose from penetratinggamma radiation. The maximum dose

to an offsite individualwas reportedfor the nearestoffsite residencefrom

inhalation. Air concentrationsfor the maximum offsite individualwere

obtained using a diffusionmodel; however, no detailsof the calculationswere

included apart from a general referenceto Meteorology and Atomic Energy (Slade

lg68). The maximum dose to an individualin the nearestpopulationgroup was

reportedfor inhalationof airborneuranium and thorium. Again, no details of

the diffusioncalculationswere reported. An estimate of the total population

dose within an 80-km radiuswas included;however,no details about the total-

body dose calculationswere given. Dose estimateswere also includedfor an

individualwho ingestsa limited amount of locally grown food that contains the

averageconcentrationof uranium found in vegetablesgrown near the site.
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River water was not used as a drinkingwater supply. However,the 50-year

committeddose equivalentwas calculatedfor an individualwho drinks 2.2_ of

river water per day for the year. The annual averageconcentrationof the

water used in the calculationswas not stated.

All of the calculateddoses were compared to the applicable 1979 ERDA

radiationprotectionstandardsfor the generalpopulation (ERDA 1977).

2.4.4 Oak Ridge Facilities

The radiationdose estimatesgiven in the 1979 environmentalmonitoring

reportfor the Oak Ridge Facilities(ORF 1980) includeddoses to" the point

of maximum potentialexposure (at the fencepost),the "hypotheticalmaximum

individual"(at the fencepost),the individuallivingnearestto the site, the

averageresident in the communityof Oak Ridge, and the cumulativepopulation

residingwithin an 80-km radius of the site. The dose at the point of maximum

potentialexposure at the fencepostwas reportedfor the locationof highest

direct dose rate for an exposuretime of 24 hours/dayfor the entire year. A

more reasonabledose to the "hypotheticalmaximum individual"was also reported

for the same locationwith an exposure time of 240 hours/year. The radiation

exposurepathways consideredin estimatingoffsite doses (at other locations

than the fencepost)includeddirect exposureto gamma-rays (from "sky-shine"

and depositedground or sedimentcontamination),inhalation,and ingestionof

milk, drinkingwater, and fish. These radiationdoses were calculatedusing

the models of the InternationalCommissionon RadiologicalProtection(ICRP)as

encorporatedin the EXREM and INREM computer codes (ICRP 1959, 1964, 1966,

1972, 1975; Turner et al. 1968; Turbey and Kaye 1973).

For gaseous effluents,all of the dischargeswere assumedto occur from

either a 10m or an elevated stack at each of three sites. Meteorologicaldata

collectedat the Oak Ridge NationalLaboratorysite was used with a Gaussian

plume model (Pasquill1962;Gifford 1962) incorporatedin a computer program

' to calculateair concentrationsat all receptorlocations(Reeves, Fowler, and

Cowser 1972). Fifty-yearcommitteddose equivalentswere calculatedfor total-

body, thyroid, lungs, bone, liver, kidneys, and GI-tract for an averageadult.

Total-bodyand critical organ (lung)doses were reportedfor inhalation. The

dose to a maximum individualdrinkingmilk from the atmosphere-pasture-cow-milk

pathwaywas calculatedbased on measured milk concentrations.
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For liquid releases,dose estimateswere made for a maximum individual

drinkingwater. These dose estimateswere made based on measured concentra-

tions in river water, and were reportedfor total-bodyand bone. Estimatesof

the fifty-yearcommitteddose equivalentfrom ingestionof fish were made for

the highest sample concentrationin fish and for the average sample

concentration.

The radiationdoses calculatedfor the annual report at ORNL were compared

to the applicableERDA Manual Chapter0524 ConcentrationGuides (ERDA 1977).

Correctionsfor naturalbackgroundwere made to the environmentalmonitoring

samples that were used as the basis for the ingestioncalculations.

2.5 SAN FRANCISCOOFFICE
i iii

Four DOE nuclear sites report to the San FranciscoDOE field office: the

Atomics InternationalSite, the LawrenceBerkeley Laboratory,the Lawrence

LivermoreLaboratory,and the StanfordLinear AcceleratorCenter, Table 2.5-I

contains a summaryof the environmentaldose evaluationdata and methods used

at three of these sites in 1979. Atomics Internationalwas not required to

submit an annual report in 1979. This table shows both the types of informa-

tion reported for each site in their annualenvironmentalmonitoring reports

and the types of model informationreferenced. The followingsectionscontain

narrativedescriptionsof the environmentaldose evaluationmethods used at the

DOE nuclear sites reportingto the San Franciscofield office.

2.5.1 Lawrence BerkeleyLaborator_

Fencepostindividualand 80-km populationdose estimatesfrom penetrating

radiationattributableto LawrenceBerkeley Laboratory (LBL) acceleratoropera-

tions for 1979were reported by Schleimer(1980). Populationdose estimates

from penetratingradiationwere based on the maximum measured dose at the site 4

boundary. The estimatesaccountedfor variationof dose equivalentwith dis-

tance from LBL, the population distribution,and shielding
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factors for hills and buildings(Thomas 1976). A stable populationwas

assumed. A 50-km populationdose attributableto LBL airborne releasesof

radionuclideswas also reportedfor 1979 (Schleimer1980).

Man-rem per curie releasedconstantswere calculatedfor LBL based on the

80-km populationdistribution,site specificaveragedmeteorology,a Gaussian

dispersionmodel, and the applicableConcentrationGuide data listed in ERDA

Manual Chapter0524 (ERDA 1977). These constantsalong with measured stack

releasesof radionuclideswere used to estimate the O0-km populationcommitted

dose equivalentsattribuableto LBL airbornereleases.

2.5.2 Lawrence_LivermoreLaboratory

Radiationdoses were reported for the fencepost individual,the maximum

i)_iv_dual (nearestoffsiteresident),and the total population residingwith-

in an 80-km radius of the site in the 1979 environmentalmonitoring report for

the Lawrence LivermoreLaboratory(Silveret al. 1980). Inhalationand inges-

tion of both potablewater and food were the exposure pathwaysconsidered in

the dose calculations. A continuous,pointsource (CPS)computer code was used

to calculateatmosphericdispersion (P.eterson,Crawford, and Lawson 1976). The

CPS code was based on the Gaussian plume model (Slade 1968), and it uses local

meteorologicaldata adjusted for topographydifferences. Dose estimateswere

based on the dose conversionfactors from NRC RegulatoryGuide 1.109 (USNRC

1977b). Annual penetratingradiationdoses at perimeterlocationswere derived

from TLD measurements. Neutrondoses were also reportedfrom measured data.

2.5.3 Stanford Linear AcceleratorCenter
__ mill ii i

Exposurepathwaysconsidered in the Stanford Linear AcceleratorCenter

(SLAC) annualenvironmentalmonitoring report (SLAC 1980) were direct exposure

' to penetratingradiation,drinkingwellwater,and exposureto airborne radio-

nuclides. Maximum individualand populationdoses were given (SLAC 1980) but

, they were consideredto be below significantlevelsfor the penetratingand

airbornepathways (0.1% of standard for maximum annual dose). No water sam-

ples or dose estimateswere reportedfor the water pathway for 1979 because
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of heavy site constructionactivities. (No measurable increase in radio-

activity in groundwaterattributableto SLAC operationshas been reported since

1966).

Populationdoses from penetratingradiationwere estimatedfor the popula-

tion exposedto I mrem or more for the calendar year. This correspondsto the

populationthat was less than 2-km from a central point representativeof the

source of neutrons. Penetratingradiationmonitoringdata, distance,and popu-

lationdensity were used in the populationand individualdose estimates.

Doses at distancesother than the point of measurementwere estimated by using

a method by Lindebaum (1961)for evaluatingskyshine neutronswith a quality

factor of 10.

Dose estimatesfor airborne radioactivitywere based on measured releases

which were correctedfor dilution. An empiricalmathematicalmodel oeveloped

specificallyfor SLAC was used to estimate the off-site concentration. The

method used for estimatingdose based on populationwas not given.

2.6 ALL OTHERDOE.FI.ELDOFFICES

Four DOE field offices have only one DOEnuclear site each reporting to

them. These are: the Idaho Office, the Nevada Office, the Richland Office,

and the Savannah River Office. This section contains site summaries for the

Idaho National Engineering Laboratory, the Nevada Test Site, the Hanford Site,

and the Savannah River Plant. Table 2.6-1 contains a summary of the informa-

tion reported in the 1979 environmental monitoring reports for these sites, and

a summary of the model info;-,aation that they reference. The following sections

contain narrative descriptions of the environmental dose evaluation methods

used at these four DOEnuclear sites.

2.6.1 I.dahoNationalE_ineerlnq Laboratory (INEL)

The maximum fencepostdose, maximum dose to a member of a populationgroup

and an 80-km populationdose were reported in the lg79..EnvironmentalMonitorinq

__ forIda_ National Enqineeri__LaboratorySite (INEL 1980). The

doses reportedwere for whole-body,50-yearcommitteddose equivalentsfrom

inhalationand air submersion,and doses to an individualfrom ingestionof
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meat from wild duck and antelope. Atmospherictransportwas the principal

exposurepathwayfrom the site. There were no surface streamsfrom onsite to

offsite loca ions, and the low-levelradioactivewaste released to the aquifer

has never been observedwithin 4.8 km of the southernboundaryof the site.

The principalindirectexposure pathway involvedoffsitehunting or fishingfor

game speciesthat have spent some time on the site.

INEL calculationswere based on a mesoscaleair dispersionprogramcalled

• MESODIF. MESODIF (Startand Wendell 1974) combined an objectiveregionaltra-

jectory analysis schemewith a Gaussian diffusionmodel. The trajectoryanal-

ysis schemeutilizedwind data from a network of tower-mountedwind sensorsto

consider the effects of spatialvariabilityof horizontalwind flow near the

surface,incorporatedtime changesin rates of diffusion,and used an upper

level lid to verticalmixing. Decay of radionuclideswas consideredfrom

releaseout to 14 km (distanceto southernsite boundary). Whole-bodydose

estimateswere made using parametersgiven by Corley et al. (1977) and Hoenes

and Soldat (1977). The doses reportedare 50-yearcommitteddose equivalents

from one year of exposure.

The estimateddose to the public within 80 km of the TRA-ICPP complex was

made by summing the potential individualdoses to the people of each city with-

in the 80-km radius. Dose to an individualat a particularcity was a fraction

of the maximum individualdose. This fractionwas the ratio of the air con-

centration isopleth at each city to the air concentrationvalue used to calcu-

late the maximum individualdose.

2.6.2 Nevada Test Site
li lt

Maximum individual50-yearcommitteddose equivalentsfor 1979 Nevada Test

Site operationswere identifiedfor individualsresiding at each locationwhere

" measurableradioactivitywas found (Grossman1979). These doses were estimated

by ratioingthe measuredenvironmentalsample data to the applicableConcen-

' trationGuides for uncontrolledareas given in ERDA Manual Chapter Appendix

0524 (ERDA 1977). No fencelinedose estimateswere made. The population

50-yearcommitteddose equivalentwas calculatedby multiplyingthe maximum
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individualdose, for locationswithin 80-km of the Nevada Test Site control

point, by the total population at each locationand summingover all locations.

Radioactivityfrom past undergroundtests has been observedin surfaceor

well-watersamples. Because the affectedwater was not used for drinking,no

dose estimateswere made.

2.6.3 HanfordSite
i iillll

The 1979 maximum fencepostexposurerate, and the annual and 50-yearcom-

mitted dose equivalentsfor maximum individualsand BO-km populationswere

reported in EnvironmentalSurveillanceat Hanford for CY-1979(Houston and

Blumer 1980). Radiationdoses were reportedfor both atmosphericand liquid

releases. For atmosphericreleases,the exposure pathwaysconsideredwere:

inhalation,air submersion,di'rectexposurefrom deposited radionuclidesand

ingestionof food containingdeposited radionuclides. The liquidexposure

pathwaysconsideredwere: ingestionof drinkingwater, ingestionof irrigated

foods, ingestionof fish and aquatic recreation. Dose estimatesfrom airborne

pathwayswere reportedfor each of the 80-km populationssurroundingthe three

major operatingareas. Three separateestimateswere made becausethe major

operatingareas were locatedfar enough apart that differentpopulationdistri-

butions and meteorologicalconditionsexist for each area. Dose calculations

were made using site specificmeteorologicaldata and the computercodes DACRIN

(Houston,Strengeand Watson 1976),GRONK (Soldat,Robinson and Baker 1974),

FOOD and ARRRG (Napieret al. 1980).

Atmosphericdispersionwas calculatedusing the cross wind averageGauss-

ian model (Slade 1968). The vertical dispersionparameters,_ were derived
z

from Hanford Site work by Fuquay (1964)and Pasquill (1962) as modified by

Gifford (Sagendorf1977). DACRIN (Houston, Strenge and Watson 1976) was used

to estimate radiationdoses from the inhalationpathway, lt uses the model of

the InternationalCommissionon RadiologicalProtection (ICRP)Task Group on

Lung Dynamics (1966)to accountfor radionuclidemovements through the respi-

ratory system. Once radionuclidesreach the blood stream,the doses to organs

other than the lung were calculated using a single exponentialretentionfunc-

tion (ICRP 1959). Air submersiondoses were estimatedusing the computer
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programGRONK (Soldat,Robinson and Baker 1974) and a semi-infinitecloud

geometrywas used. The dose factors used in ORONK were listed by Soldat,

Robinson and Baker (1974).

The FOOD (Napieret al. 1980) con_auterprogramwas used to estimate

radiationdoses from terrestrialpathways. FOOD models the transfer of radio-

, nuclides (exceptfor 3H and 14C) from air or irrigationwater to plants

through leavesand soil to food products as describedin Soldat (1971). For

• 3H and 14C, the concentrationswere assumedto have the same specific

activityas in the contaminatingmedia. Aquatic exposurepathways were evalu-

ated with the programARRRG (Napier et al. 1980). ARRRG calculated internal

dose from ingestionof drinkingwater, fish, other aquatic animals and water

plants, as well as external doses from swimming,boating,and shorelineexpo-

sure. Annual averagemixing of radionuclidesin the river was assumed. Radio-

nuclideremoval efficienciesfor water treatmentplantswere based on experi-

ence at Richland and Pasco, Washingtonwater treatmentplants. Radiationdoses

calculatedusing ARRRG were based on the single exponentialretentionfunction

recommendedby the ICRP (1959).

2.6.4 Savannah River Plant

Dose commitmentsto the public from 1979 atmosphericand liquidreleases

of radioactivematerialsfrom the SavannahRiver Plant (SRP) are reported in

the SRP 1979 environmentalmonitoring report (SRP 1980). Specificdose commit-

ments were reportedfor: the average and maximum individualat the SRP perime-

ter, the population livingwithin 80-km of the center of the SRP, individuals

drinkingwater from a water treatmentplant downstreamof the SRP, and the

populationdrinkingwater from the two water treatmentplants downstreamof the

SRP. External exposurefrom radioactivematerialsin the atmosphereand on the

, earth's surface and internalexposure from radioactivematerials enteringthe

human body from SRP 1979 releaseswere consideredin calculatingthe 70-year

, committeddose equivalents. Internalpathways includedinhalation,ingestion

of food and water containingradioactivematerialsdepositedfrom the atmo-

sphere,and consunl)tionof river water. Since there was no known use of river

water for irrigationdownstreamfrom SRP and fish from the water were not an

in_oortantsource of food for any large segmentof the population,these path-

ways were not considered.
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An integratedair concentrationand gamma dose factor were calculatedfor

each radionuclidefor each of 320 grid points representingthe area within a

100-km radius of the SRP. These quantititeswere correctedfor decay according

to radionuclideand measuredmeteorologyfor each data period. They represent

a yearly integratedconcentration(curie-secondsper cubic meter) and gamma

dose associatedwith each grid point for a one curie releaseover the year.

For each of the 320 grid points, the integratedair concentrationand gamma

dose factor for a one curie releasewere multiplied by the number of curies of

each radionuclidereleased in a year to obtain integratedair concentrations

and gamma cloud dose for subsequentcalculationsof dose commitment.

Factors calculatedfor the SRP environmentalimpact statement(EIS) for

convertingintegratedair concentrationsof each radionuclideto a 70-year

lifetimedose commitmentvia each exposure pathwaywere used to calculatedose

commitments. Techniquesfor calculatingdose were patternedafter the methods

recommendedby the ICRP (1959, 1964, 1975). Standardman data were used for

deriving dose factorsfor the generalpopulation;dose factors for infantswere

also used when infantsare the criticalmembers of the population. Whole-body

dose, as calculated using dose factors,was added to the gamma plume dose to

obtain the total whole-bodydose.

The external dose from gamma-emittingradionuclidesdepositedon the

ground was calculatedassuming the radionuclidesare on the surface of the soil

and on surfacesof vegetationduring the first year following release,and in

succeedingyears are distributedexponentiallywith depth in the soil as a

resultof rain washoff and infiltration. Lifetimedose from depositedradio-

nuclideswas calculated assumingthat each person was exposedthroughout life

only at the locationof his/herresidence. No correctionswere made for sur-

face runoff,surface roughnessor shieldingby buildings.
b

.

°
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Radionuclidesin SRP liquid effluentswere analyzedat the point of

release,in surfacestreamson the SRP site (beforeentry into the Savannah

River swamp), and in the SavannahRiver (upstreamand downstreamfrom SRP).

Many radionuclidesthat were measurableat the point of releaseare below the

analyticallimit of sensitivityafter being dilutedwith river water. Only

tritium oxide and trace amountsof 137Cs and 90Sr were routinelymeasurable

in the SavannahRiver. Only tritiumoxide was measured at the two downstream

water treatmentplants. Dose commitmentsto consumersof river water down-

stream from SRP were based on the release inventoryand the followingassump-

tions (SRP 1980).

• All radionuclides,as measured at the point of release,moved down

the SavannahRiver during the year of release.

• No depletion in the quantityof radionuclidesoccured except for

naturalradioactivedecay. Approximately5 days elapse betweentime

of releaseof radionuclidesand entry into the two water treatment

plants approximately100 miles downstream. For the radionuclides

releasedin 1979, no decay correctionswere made.

• The flow rate of the river at the water treatmentplants in 1979

averaged 13,170ft3 per second (annualflow = 1.2 x 1010 m3).

• No allowancewas made for removalof radionuclidesin the water

treatmentplants.

• Dose commitmentfrom tritiumwas based on measured concentrationsat

the water treatmentplant.

• Individualsserved by the water treatmentplants consumed an average

of 1.2_ of water per day (standardman).
&

Dose factorswere used to convertconcentrationsof each radionuclidein
J

water to a lO-yearlifetimedose commitment.
Q

2.7 SUMMARY

The type of environmentalpathway analysisperformedat a site was found

to vary considerablybased on the characteristicsof the site and the purpose
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of the facility. Most of the sites gave carefulconsiderationto the types of

releases at their facilitiesand to the expectedpathways of interest. How-

ever, the selectionof pathways to includein the final analysisvaried consid-

erablyfrom site to site. Several sites used monitoring resultsand sample

analysesto argue that a particularpathwaywas not of concern and that it

could safely be eliminatedfrom the analysis. Other sites includedall path-

ways no matter what the exposure potential. A few pathways (such as water-

irrigation-crop-man)were not considered by most sites either becausethe

pathwaywas not importantfor the site or other pathways overshadowedits

importance;in some cases no reasonwas given.

The level of detail provided by the annual reports in describingthe path-

way models used in the analysisvaried considerably. Some reportsgave good

details of the models and assumptionsused in the analysiswith referenceto

readilyavailablebackup informationreports. Other reportsgave only vague

descriptionsof the models or referencedreportsthat are no longer available.
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TABLE 2.1-1. Summa_
----EvaluationMeth(

Sites in 1979 D(
• Office

REPORTED INFORMATION FOR 1979

SAMPLING DATA RADIATION DOSE ANALYSIS

i"

i DOE SITE
,

, LOS ALAMOS SCIENTIFIC
LABORATORY

MOUND LABORATORY

PANTEX PLANT

PINELLAS PLANT

ROCKY FLATS PLANT
.'_ _ -

SANDIA LABORATORIES

DOE Rlchlindo WA



of the EnvironmentalDose
is in Use at DOE
: AIbuquerque

MODEL INFORMATION REFERENCED

AIR WATER DOSE
DISPERSION MODELS

COMMENTS

DOSES ARE CALCULATED FOR EXPOSURE TO 3H,11C,13N,150,
41At, AND THE ISOTOPES OF Pu. ATMOSPHERIC RELEASi:
PATHWAYS ARE ANALYZED FOR INHALATION AND AIR SUBMERSION.
DIRECT EXPOSURE AT THE SITE BOUNDARY IS ALSO CONSIDERED.
NO LIQUID PATHWAY DOSES ARE ANALYZED SINCE NO LIQUID
EFFLUENTS LEAVE THE SITE BOUNDARY.

DOSES ARE CALCULATED FOR 238U AND 3H CONCENTRATIONS
AS MEASURED IN THE AIR AND WATER BOTH ON AND OFFSITE.
HAND CALCULATIONS ARE PERFORMED FOR INHALATION, DRINK-
ING WATER, AND AIR SUBMERSION PATHWAYS USING ICRP 2.
3H DOSES ARE FOUND BY RATIO TO ERDAM 0524 GUIDES. A RATIO
OF 3H WATER CONCENTRATION TO EPA GUIDANCE IS ALSO
INCLUDED.

DOSES ARE CALCULATED FOR 238U AND 3H BY RATIO TO AIR
STANDARDS FROM ERDAM 0524 GUIDES. AIR CONCENTRATIONS
ARE CALCULATED USING THE EPA CLIMATOLOGICAL DISPERSION
MODEL. NO LIQUID PATHWAY DOSES ARE INCLUDED.

DOSES ARE CALCULATED FOR 3H,SSKr, AND 14C RELEASES.
lT IS NOT CLEAR WHICH PATHWAYS ARE CONSIDERED. DOSE
FACTORS DERIVED FROM ERDAM 0524 ARE USED FOR 85Kr
AND 14C. AIR CONCENTRATIONS ARE CALCULATED USING
SUTTON'S EQUATIONS AND LOCAL WIND DIRECTION DATA.

DOSES ARE CALCULATED FOR 3H,233' 234, 238U,239, 240pu '
AND 241Am AS MEASURED IN THE AIR AND WATER BOTH ON AND
OFFSITE. INHALATION AND DRINKING WATER INGESTION ARE
CONSIDERED, BUT lT IS STATED THAT FOR THIS SITE CONSUMP-
TION OF FOODSTUFFS AND FISH, AND SWIMMING RESULT IN AN
INSIGNIFICANT DOSE. CALCULATED 70-yr DOSE COMMITMENTS
FROM ONE YEAR OF EXPOSURE ARE REPORTED BASED ON DOSE
FACTORS USING ICRP 2 AND TGLM MODELS.

DOSES ARE CALCULATED FOR 3H,41Ar, AND 8SKr AIRBORNE
RELEASES. AIR CONCENTRATIONS ARE CALCULATED USING
PASQUILL TYPE D (NEUTRAL) CONDITIONS. DOSE FACTORS ARE
DERIVED FROM ERDAM 0524 CONCENTRATION GUIDES. NO
LIQUID PATHWAYS ARE CONSIDERED.
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TABLE 2.3-1. Summa_
Evalua_

_ Sites
Divisi,

REPORTED INFORMATION FOR 1979

SAMPLING DATA RADIATION DOSE ANALYSIS
r

i

BETTIS ATOMIC POWER i _ _ i _ _ _ _ _ _ ' I t _ _

LABORATORY

KNOLLS ATOMIC POWER • • :0 _iO • • • • • • •
LABORATORY

SHIPPINGPORT ATOMIC • • • • • • • • • "0 • • t • •
• POWER STATION

DOE.R_chland. WA
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of the EnvironmentalDose
ionMethodsin Use at DOE
,1979 Naval Reactors

MODEL INFORMATION REFERENCED
i

AIR WATER DOSE
DISPERSION DISPERSION MODELS

i,,-

,.,=_,< _=< =< _ _ =<

,,.z ._" ==== _'< _ '"=

zw ,31i- 80U __ _ COMMENTS

• • • • RADIATION DOSES TO THE FENCEPOST INDIVIDUALAND THE POPULATION ARE CALCULATED USING ICRP 2
METHODS AND RADIATION DOSE FACTORS FROM RG 1. 109.
BOTH LIQUID EFFLUENT AND MUNICIPAL INFLUENT CON-
CENTRATIONS ARE DETERMINED. ATMOSPHERIC DISPER-
SION IS CALCULATED USING A COMPUTER.

,

• • • • RADIATION DosEs ARE ESTIMATED FOR MAXIMUM IN-DIVIDUALS, AN AVERAGE MEMBER OF THE NEAREST POPU-
LATION GROUP, AND THE POPULATION RESIDING WITHIN
80 km OF THE SITE USING DOSE FACTORS FROM RG 1. 109.
FOR AIRBORNE PATHWAYS, CONCENTRATIONS AND DOSES
ARE OBTAINED FROM AN EPA COMPUTER PROGRAM.
(EPA 1974)

• •i • RADIATION DOSES ARE CALCULATED TO THE FENCEPOSTINDIVIDUAL AND TO THE POPULATION RESIDING WITHIN
80 km OF THE SITE USING THE METHODS OF ICRP 2 AS
FOUND IN THE DOSE FACTORS FROM RG 1.109.

lll l

_
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TABLE 2.4-1. Summary ofl
Evaluationl
Sites in !
Office

REPORTED INFORMATION FOR 1979

SAMPLING DATA RADIATION DOSE ANALYSIS

ii
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PADUCAH • • ° ° ° ° ' I , I

000 IPORTSMOUTH • • • i 0 0 • 0 0 ' _ ) O e

FEED MATERIALS • • •!• ] , • • • • • I L | '

PRODUCTION CENTER

_ , OAKRIDGE FACILITIES • • • •. I L • • • • • • • • • I I • '
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he EnvironmentalDose
Methodsin Use at DOE
379DOE Oak Ridge

MODEL INFORMATION REFERENCED

AI R WATER DOSE
DISPERSION DISPERSION MODEL"

k-
z
1_1 ="

z uJ I--
uJ Lu (_ z

= =
> =='( k- <

=.= =
- I- z '" _ " COMMENTSZ_.o_ x _,,,,=o <_. z_u_ o

DOSES ARE CALCULATED USING 50-yr DOSE CONVERSION FACTORS
FROM THE INREM COMPUTER CODE. INHALATION AND INGESTION

O O O • • DOSES ARE CALCULATED FOR ATMOSPHERIC RELEASES ONLY. LITTLE
INFORMATION ON THE ATMOSPHERIC DISPERSION CALCULATIONS
AND RESULTING AIR CONCENTRATIONS IS PRESENTED. DOSES ARE
PRESENTED FOR THE FENCEPOST INDIVIDUAL, NEAREST OFFSITE
RESIDENT, NEAREST COMMUNITY RESIDENT, AND THE CUMULATIVE
POPULATION RESIDING WITHIN 80 km.

50-YR COMMITTED CONVERSION FACTORS FROM THE INREM
COMPUTER CODE ARE USED FOR CALCULATING DOSES FOR
BOTH AIRBORNE AND LIQUID RELEASES OF RADIONUCLIDES.
LITTLE INFORMATION ON THE ATMOSPHERIC DISPERSION
CALCULATIONS IS GIVEN. DOSES ARE PRESENTED FOR
THE FENCEPOST INDIVIDUAL, NEAREST COMMUNITY
RESIDENT, AND TOTAL POPULATION RESIDING WITHIN
80 km OF THE SITE. FOR LIQUID RELEASES, SWIMMING,
INGESTION OF FISH AND INGESTION OF DRINKING WATER
ARE INCLUDED.

REM DOSE CONVERSION FACTORS ARE APPLIED TO
ATMOSPHERIC RELEASES. LITTLE INFORMATION IS GIVEN
ON THE ATMOSPHERIC DISPERSION CALCULATIONS.
DOSES ARE PRESENTED FOR THE SITE BOUNDARY IN-
DIVIDUAL, MAXIMUM INDIVIDUAL, NEAREST COMMUNITY
AVERAGE RESIDENT, AND TOTAL POPULATION WITHIN
80 km OF THE SITE. FOR LIQUID RELEASES, A MAXI-
MUM INDIVIDUAL IS DEFINED FOR DRINKING WATER.

50-YR COMMITTED DOSE EQUIVALENTS ARE' CALCULATED
USING VERSIONS OF THE EXREM AND INREM COMPUTER
CODES. A GAUSSIAN PLUME MODEL IS USED IN A COMPUTER
CODE TO CALCULATE ATMOSPHERIC.CONCENTRATIONS.
BOTH AIRBORNE AND LIQUID RELEASES ARE CONSIDER-
ED IN AN ENVIRONMENTAL DOSE PATHWAY ANALYSIS.
DOSES ARE PRESENTED FOR THE SITE BOUNDARY IN-
DIVIDUAL, MAXIMUM INDIVIDUAL, NEAREST COMMUNITY
AVERAGE RESIDENT, AND TOTAL POPULATION WITHIN
80 km OF THE SITE.
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, TABLE 2.5-i. Summary
" Evaluati,

Sites inl
, Office
4

REPORTED INFORMATION FOR 1979 ....

SAMPLING DATA RADIATION DOSE ANALYSIS

- l "

DOE SITE u_ _ < i= tn u. .--

LAWRENCE BERKLEY • • • 9) Q • • • • O'O
LABORATORY

LAWRENCE LIVERMORE • • • • •'0 • • • • • • • • • •
LABORATORY

- STANFORD LINEAR • • • • • • •
ACCELERATOR CENTER

DOE.Richland, WA



f the EnvironmentalDose
n Methodsin Use at DOE
1979DOE San Francisco

MODEL INFORMATION REFERENCED
i i

AIR WATER DOSE
DISPERSION DISPERSlOI_ MODELS

k-
z
uJ =r

z _
LU iu O

_n _ uJ n_
uJ uJ _1 L_ _

n, < < u_ <
uJ neuj

: _ _=zz. <'" = =9
z -> O_

I- Z uJ -- COMMENTSo u x _ ,,,= o <= _ _ u.._. =uoU<o

FIRST-YEAR RADIATION DOSES ARE CALCULATED FOR
• • • • • THE FENCE-POST INDIVIDUAL AND A POPULATION WIT@IN

5 km FROM PENETRATING RADIATION, ALPHAS AND
NEUTRONS. FOR ATMOSPHERIC RELEASES, DOSE FACTORS
ARE USED THAT ARE BASED ON ERDAM U524 mpc VALUES
AND SITE-SPECIFIC METEOROLOGY AND POPULATION
DISTRIBUTIONS.

FIFTY-YEAR COMMITTED DOSE EQUIVALENTS ARE CALCU-
• • • • LATED USING DOSE FACTORS FROM RG 1. 109. THE DOSES

CALCULATED INCLUDE THE FENCEPOST INDIVIDUAL, THE
MAXIMUM INDIVIDUAL, AND THE POPULATION RESIDING
WITHIN AN 80-km RADIUS OF THE SITE. A COMPUTER CODE
IS USED TO CALCULATE GAUSSIAN PLUME ATMOSPHERIC
DISPERSION FACTORS.

PENETRATING RADIATION, AND NEUTRON DOSE MEASURE-
• • • • MENTS ARE USED TO CALCULATE THE MAXIMUM INDIVIDUAL

AND POPULATION DOSES WITHIN 2 km OF THE SITE. WATER
SAMPLES ARE NOT REPORTED FOR 1979 BECAUSE OF CON-
STRUCTION ACTIVITIES AT THE SITE. THE 80-km POPU-
LATION DOSE IS REPORTED TO BE BELOW "SIGNIFICANT
LEVELS." AIRBORNE DOSE ESTIMATES ARE BASED ON AN
EMPIRICAL MATHEMATICAL MODEL DEVELOPED SPECIFICALLY
FOR THE SITE.

L ,m,, i
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TABLE 2.6-I. Summary
Evaluati_
Sites inl
Offices
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HANFORD SITE • II II @ i • • II

NEVADA TEST SITE li • | 4 1 • • • • • • II II • •



_fthe EnvironmentalDose
n Methods in Use at DOE
1979All Other Field

MODEL INFORMATION REFERENCED

AIR WATER DOSE
DISPERS iON MOD ELS

fit

•t w

7-

COMMENTS

FENCEPOST INDIVIDUAL AND TOTAL POPULATION DOSES
WITHIN AN 80-km RADIUS OF THE SITE ARE CALCULATED
USING DOSE FACTORS FROM NUREG-0172 AND ERDA 77-24.
AIR DISPERSION IS CALCULATED USING THE MESODIF
COMPUTER CODE. PUBLIC DRINKING WATER SUPPLIES AND
LOCAL WELLS ARE MONITORED FOR RADIONUCLIDE

-_ (INCLUDING 3H) CONTENT.

i MAXIMUM INDIVIDUAL AND POPULATION DOSES ARE FOUNDFOR ATMOSPHERIC RELEASES BASED ON MEASURED AIR
CONCENTRATIONS AND A RATIO TO ERDAM 0524 CONCEN-
TRATION GUIDES. SURFACE OR WELL WATER THAT CON-
TAINS RADIOACTIVE MATERIALS IS NOT USED AS A
DRINKING WATER SOURCE.

FENCEPOST INDIVIDUAL, MAXIMUM INDIVIDUAL, AND
TOTAL POPULATION DOSES ARE REPORTED FOR THREE
RELEASE SITES ON THE HANFORD RESERVATION. THREE
DIFFERENT POPULATION DISTRIBUTIONS ARE USED SINCE
THE RELEASE POINTS ARE A SIGNIFICANT DISTANCE
APART. RADIATION DOSE FACTORS ARE FROM THE
DACRIN, FOOD, ARRRG, AND GRONK COMPUTER CODES.

70-YR COMMITTED DOSE EQUIVALENTS ARE CALCULATED
FOR THE AVERAGE AND MAXIMUM FENCEPOST INDIVIDUAL,
THE TOTAL POPULATION WITHIN AN 80-km RADIUS AND
INDIVIDUALS AND THE POPULATION DRINKING WATER
DOWNSTREAM OF THE PLANT. THE METHODS OF THE
ICRP ARE USED TO CALCULATE THE RADIATION DOSE
FACTORS. DEPOSITION RATES ARE DETERMINED BY
RAINWATER ANALYSIS. LIQUID CONCENTRATIONS (INCLUd-
ING 3H) ARE DETERMINED AT MUNICIPAL WATER INTAKES.
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3.0 SUMMARYAND CONCLUSIONS
i

The methodsused by DOE contractorsto estimate public exposureto radia-

tion from normal operationscovered a variety of approaches. These ranged from

estimatingdoses based on environmentalmeasurementsand comparisonto Concen-

trationGuides of ERDA Manual ChapterAppendix 0524 (applicablein 1979) to

complexmethods using environmentalpathwaymodeling and estimated radionuclide

releases. No two sites used the same combinationof measurementsand pathway

models in their analysis.

3.1 EVALUATIONOF METHODS
ii,

The models used in environmentalpathway analysesfor each of the DOE

nuclearsites are evaluatedin Table 5.1-1. Resultsof this evaluation are

shown for the five main modelingareas; atmosphericdispersion,airbornepath-

ways, waterbornepathways,penetratingradiationand internaldosimetry. The

first column of the table indicatesthe number uF sites that performedan

analysisfor each of these modeling areas. This number does not includesites

that based dose calculationson measurementof environmentalconcentrationsand

comparisonto ERDAM 0524 concentrationguides. For some sites, individual

pathways were not applicableand are so indicated. For other sites, no mention

of a particularpathwaywas made, as indicatedin the column labeled "Not Con-

sidered in the Analysis".

While most sites used an atmosphericdispersionmodel only half of the

sites provided sufficientinformationto allow evaluationof the models. Sev-

eral reportsgave a generalreferenceto Slade (1968) with no further'explana-

tion. This was consideredto be insufficientbecausemany dispersionmodels

and submodelsare describedin Slade.

Of the five airbornepathways listed in Table 5.1-1, most sites did a good

job on the plume exposurepathways (externaland inhalation)while severalt

sites failed to considerthe terrestrialpathwaysresultingfrom deposition

onto the ground. The omission of these pathwaysmay not be significant

dependingon the circumstancesat the particularsites. The

3.1



TABLE 3.1-1. Summaryof EnvironmentalAnalysis Model Evaluationi ,m

Number of Insufficient

Sites Per- Information Not Appli- Not con-
forming an Providedfor cable for sidered in
Anal_vsis __Evaluation the Site the Analj/sis

AtmosphericDispersion 22 11 - -

Airborne Pathways 16 i - - .

ExternalPlume Dose I 2 -

Inhalationof Plume - i - ,

Crops I 3 6

Milk i 4 6

Meat 1 2 8

Waterborne Pathways 9 - - -

Dr/nk/ngWater - 2 -

AquaticFoods - I 3

IrrigatedCrops - 3 B

Animal Products - 2 4

Externalfrom Boating/ - 1 5
Swimming

Externalfrom Shoreline - 3 5

PenetratingRad/at/on 6 i - -

InternalDosimetry 15 1 - -

waterbornepathways relatedto direct intake of drinkingwater or fish were

fairly well described,while the external exposure and terrestrialpathways

were often not considered.

3.2 RECOMMENDATIONS
i imll i iii ulm

As a result of our review of the 1979 environmentalmonitoring reportsand

the radiationdose models used by the twenty-fiveDOE nuclear sites, we have

formulatedthe following recommendations.

3.2



• To providecomplete documentationof the models used and reproduc-

ibilityof results,the annual report should include a detailed

descriptionof the models or else referencereadily available

reports. Any site-specificdata used in the pathwaymodels (such as

annual averagejoint frequencyof occurrenceof meterologicalcondi-

tions) should be includedin the report.
$

• Most sites could make better use of tables and graphics to better

, communicatethe findings of their analyses.

• The method used to determinetotal annual radionuclidereleasesto

air or water should be described.

• The DOE guide for environmentalradiologicalsurveillance,

DOE/EPO023,(Corley,et al. 1981) presents criteria useful in deter-

mining which environmentalpathways are significantat a given site.

The analysisperformedto satisfythese criteria should be referenced

in the discussionof pathways consideredfor each annualreport.
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