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i.0 INTRODUCTION

A series of scoping calculations have been undertaken to evaluate the

absolute and relative contribution of different exposure pathways to doses

that may have been received by individuals living in the vicinity of the

Hanford site. These scoping calculations include some pathways that were

included in the Phase I air-pathway dose evaluations (HEDRstaff Iggl, page

xx), as well as other potential exposure pathways which are being evaluated

for possible inclusion in the future HEDRmodeling efforts.

This scoping calculation (Calculation 001) examined the contributions of

the various exposure pathways associated with environmental transport and

accumulation of iodine-131 in the pasture-cow-milk pathway. Addressed in this

calculation were the contributions to thyroid dose of infants and adult from

I) the ingestion by dairy cattle of various feedstuffs (pasturage, silage,

alfalfahay, and grass i_ay)in four differentfeedingregimes; 2) ingestionof

soil by dairy cattle;3) ingestionof stored feed on which airborne iodine-131

had been deposited;and 4) inhalationof airborne iodine-131by dairy cows.

Recommendationsdeterminedfrom scopingcalculationsare providedto the

TechnicalSteering Panel (TSP) of the Hanford EnvironmentalDose Reconstruc-

tion Project (HEDR)with the intent of providinga definitive technicalbasis

to help the TSP decide whether specificexposure pathways should or should not

be included in the HEDR dose estimationprocess for individuals.



2.0 TECHNICALMETHODS

Thyroid doses were calculated for an average infant and adult in an area

that was exposed to high concentrations of airborne radioiodine. Calculating

doses to an average individual is consistent with guidance provided by the TSP

in establishing dose decision levels, (a) which states: "They [dose decision

levels] imply a best estimatecalculation,that is one in which average

intake,organ size and transferfactors are used." Therefore,parametersused

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

estimatevalues, rather than conservative,upper bound values,while selecting

a high exposure locationensured that no other locationin the HEDR study area

would have doses exceedingthose of this scopingcalculation. Referencesfor

all parametervalues are providedin AppendicesA and B.

Calculationswere based on methods presented in Napier et al. (1988

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

calculatedon a monthly basis using steady-stateassumptionsbut changing

time-dependentparametervaluesmonthly, resultingin set of "semi-steady

state" equations. Calculationswere performedusing the commercially-

availablespreadsheetprogramQuattro Pro 4.0 (BorlandInternational,Inc.,

ScottsValley, California). Individualswere assumedto have a rural

lifestyle,with milk suppliedby a backyard cow. Thyroiddoses were calculated

for all four of the feedingregimesused in Phase I (HEDR staff 1991,

page 2.17). Doses from consumptionof commercially-producedmilk in the same

area (HEDR staff 1991, page C.24) fall within the range of these four regimes.

The location of exposure selectedwas the region of Franklin County

includedas part of Census District4 (FigureI). This area lies directly

east of the Hanford site, and was shown in the Phase I air pathway report

(HEDR staff 1991, AppendixC) to be one of the most highly impacted regions.

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

the radioiodinereleases from 1944 through 1947 time period (Heeb 1992, 4.36).

(a) "ScopingDocument for Determinationof Temporal and GeographicDomains
for the HEDR Project",attachmentto TechnicalSteering Panel Research
Directive90-2, "Dose Cut-offLimit", dated February 17, 1990.
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Surfacedepositionand integratedair concentrationdata used in the

scopingcalculationswere not those used in Phase I but rather were recalcu-

lated (J. V. Ramsdell Jr., data transmittal,October, 1992) from the latest

Hanford iodine-131source term information(Heeb 1992, page 4.36) using the

RATCHETatmosphericdispersioncode (Ramsdelland Burk 1992). Becauseof time

constraints,monthly surfacedepositionand integratedair concentrationsfrom

a single run of the RATCHETcode (calculateddaily for each node throughout

1945) were used in these scopingcalculations.

The Ramsdelldata were presentedby atmosphericdispersiongrid map

location,as discussedby Shipler and Napier (1992, page 2), and shown in

Ikenberryet al. (1992, page 1.4). The node selected lies within the area

encompassedby FranklinCounty Census District4, and appeared to be the

highest surfacedepositionvalue in the general area.

The surfacedepositionand integratedair-concentrationvalues forI

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

calculationsare shown in Table 1. Also shown are the comparablevalues for

FranklinCounty censusdistrict 4 used in the Phase I air pathway

calculations,showingthe effect of the increasediodine-131source term.

2.1 DESCRIPTIONOF FEEDINGREGIME COMPONENTS

The term "feedingregime"refers to the diet that livestockare placed

on by their owners over the course of a year. Four dairy cow feedingregimes

were identifiedfor the HEDR 10-countystudy area during the 1944-1947time

period (Beck et al. 1992, page 48). For the purpose of these scoping

calculations,consumptionof grain by dairy cows was not considered. Grain

had previouslybeen shown to be a minor contributorto dose when consumed

directly by humans (Marsh et al. 1992, pages B.I - B.8). This observationwas

assumedto apply to the grain-cow-milk-humanpathway.

Feedingregimes I and 2 are irr!gated-landfeeding regimes. Cows on

feedingregime I consume alfalfaha)',pasturage,and silage,while cows on

feedingregime 2 consumealfalfa hay and pasturage. Feedingregimes3 and 4

are dryland feedingregimes,with cows on feeding regime 3 consumingalfalfa

hay, and cows on feedingregime 4 consuminggrass hay.



TABLE I. Monthly Surface Depositionand Time-integratedAir Concentration
Used in the ScopingCalculationsand for the Phase I Air Pathway
Calculations

ScopingCalculation Phase I Calculation
for Node 18, 25 FranklinCounty 4

Surface Time-integrated Surface Time-integrated

Deposit2ion Air Concentration Deposit2ion Air Concentration
1945 Ci/m Ci-s/m° Ci/m Ci.s/m3

January 4.4 x 10.8 1.8 x I0"S 9.22 x 10.9 2.16 x 10.6
February 8.1 x 10-8 1.4 x I0"5 1.71 x 10-8 3.81 x I0"B
March 1.8 x 10-7 2.9 x I0"s 2.98 x 10-8 6.93 x I0"B
April 6.3 x 10.7 1.5 x 10.4 3.45 x I0"/ 1.10 x 10.4
May 5.0 x I0"B 6.9 x I0"4 1.05 x I0"B 3.40 x 10.4
June 1.3 x 10-6 2.5 x 10"4 5.91 x 10-7 1.55 x 10-4
July 2.1 x 10.6 5.6 x 10.4 4.21 X 10-7 1.14 x 10.4
August 1.7 x I0"s 5.5 x 10-4 6.94 x 10-7 2.02 x 10.4
September 5.3 x 10-6 2.7 x I0-3 7.74 X I0"7 2.55 X I0-4
October 3.1 x I0"s 1.7 x 10.3 9.73 x I0-7 2.91 x 10.4
November 7.3 x I0"7 1.9 x 10.4 3.44 X 10-7 7.87 x 10.5
December 2.3 x I0"s 9.9 X 10-4 1.69 x I0-7 5.34 x I0"5

2.1.1 Pasture

Fresh pasture is eaten only in feedingregimes I and 2 and then only

during the months of May, June, July, August, and September (Beck et al. 1992,

page 54). Iodine-131is assumedto be continuallydepositedon the pasture.

The dose to an infant'sthyroidfrom milk suppliedby a cow continually

consumingfresh pastureduring a particularmonth was calculated as

-Y*O( _fs _'r J_'w1

Dose Pasturemonth i = Dend i * 1-e • , iRcow
Y'fs A_+

(1)

* TFmilk* IRinfant* DFinfant* 30 d/month

where Dendi = the surface depositionof iodine-131on the ground at the end
of month i (Ci/m2);varies by month; value used" see Table i

Y - maximum dry biomassof a plant (kg/m2 dry); varies by plant
type; value used" 0.3 for pasture



e = empirical interception parameter (m2/kg); value used" 2.9 for
pasture, silage, and alfalfa

fs : available fraction of maximumwet biomass (unitless); varies
by month and plant type; value used" see Appendix B

_'r- radiologicaldecay constant (days'l);value used" 0.086 for
iodine-131

_'w= weathering removalrate constant (days'l);value used" 0.0495

IRcow = ingestionrate by cows of various feed types (kg/d);varies
monthly by feed type; value used" see Appendix B

TFmilk= transfer coefficientfor cow's milk (d/l) [Ci/l per Ci/d];
value used: 0.0092

IRinfant= milk ingestionrate for an infant (I/d);value used" 1.0

DFinfant= ingestiondose conversionfactor for an i_fant
(rad [thyroid]/Ci);value used" 1.5 x IO"

The second term in equation (I) (a ratio of rate constants _'r and )'w)includes

the weathering removalof radionuclidesfrom vegetationand accounts for the

ra,diological decay already implicitin the decay-correctedsurfacedeposition

values. Use of this term assumesthat equilibriumhas been reachedwhen it

fact it has not, resultingin a underestimationof dose of about 7%.

The equation for calculatingthyroiddose to adults is the same as above

in equation (I), but the followingsubstitutionsare made for the ingestion

rate of infantsand the infantdose conversionfactor:

IRadult = milk ingestionrate for an adult (I/d);value used" 0.5

DFadult = ingestiondose conversionfactor for an adult
(rad [thyroid]/Ci); value used" 1.8 x I0 _.

As noted previously, references for all parameter values are provided in

Appendices A and B.

2.1.2 Silaqe

Silage is eaten by cows only in feeding regime I. In this model, silage

is harvested on September 15. There is a two-week holdup time (Beck et al.

1992, page 62), and consumption of silage by cows begins October I, continuing

through the end of the year. The dose to an infant's thyroid from milk
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suppliedby a cow consumingharvestedand stored silageduring a particular

month after harvestwas calculatedas

-Y'C_ *fs _'rI-e -_r(15+30_n)

Dose Silagemont h i_n = Dend h * * * (e )
Y Zr+Zw

(2)
-_Lr30d1-e

• IR:oW * TFmllk * IRinfant * , DFinfant

where n = an integer;the number of completemonths elapsedsince harvest;
values used" 0 for October, I for November,2 for December

Dendh = the surfacedepositionof iodine-131on the ground at the end of
the month (h) when harvesttook place (Ci/m2);varies by month;
value used" see Table I

Y value used" 0.3 for silage.

The term e-}'r(15+30n)accounts for the decay of radionuclidesfrom the day of

silage harvestto the start of the month of consumptionby the cow. The term

(I - e-}'r3°)/_,r is a consumptionintegral,which convertsdecreasingdaily

intake of radionuclidesto total intakeduring the month.

2.1.3 Alfalfa Hay and Grass Ha.y

Alfalfa hay is =aten by cows in feedingregimes I, 2, and 3. There are

three cuttingsof alfalfa, assumedtn be in May, July, and August. These

dates are consistentwith the range of those determinedby Beck et al. (1992,

page C.I0). A 15-day holdup time betweenharvest and the beginningof hay

consumptionis assumed to allow for hay cutting, curing,baling, and

transportation. This holdup time is not explicitlycalled out by Beck et al.

(1992) for hay as it is for silage;however, an implicitholdup time of 30

days was discovered to exist in the Phase I HEDR code, and a holdup time of

15 days seems to be a reasonableassumptionof the time needed for hay

preparation(D. S. Barth, verbal communication,November 13, 1992).

Grass hay is eaten by cows in feedingregime 4. Grass hay is harvested

once, in June, consistentwith the date determined by Beck et al. (1992,

page C.14). As with alfalfa, there is assumed to be a 15-day holdup time

betweenharvest and the beginningof hay consumption.
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In this analysis,cows consumecontaminatedhay f'_om July through

December. Hay consumedprior to the first cutting in June was harvested

during 1944 and was assumedto be uncontaminated,except for small contribu-

tions from depositionon stored feed during early 1945, becauseatmospheric

releases of radionuclidesdid not begin until late December 1944 (Heeb 1992,

page 4.36). By 1946 contaminationin the hay would have decayed to negligible

levels,with the only contaminationpresentbeing that which was continually

depositedon the stored feed. The equationfor calculatingthe monthly infant

thyroiddose from milk suppliedby a cow consumingalfalfa from a particular

cutting of grass hay in a particularmonth after hay harvest is

-Y*°_*fs Zr ] (%.(_5+3o_))
Dose HaYmonth i+n = Dend h * 1-e • * e * fhay

Y'fs _'r+ _v
(3)

-_r30d1-e
• IRcow * TFmilk * IRinfant * * DFinfant

where n - the number of completemonths elapsedsince harvestvalues used"
I for first month, 2 for secondmonth, and so on

Y value used: 0.2 for alfalfa,0.3 For grass

fhay= the fractionof a particularhay cuttingconsumed (unitless)"
values used: 1.0 for June & July, 0.5 for August, and 0.33 for
September,October, November,December.

This equation is summed over all hay cuttings. Referencesfor parameter

values are provided in AppendixA.

2.2 SOIL INGESTIONBY COWS

Soil is assumed to be ingestedcontinuallyby cows in all feeding

regimes. The rate of soil ingestion(kg/day)varies with the feedingregime

and season. Dairy cows on feedingregimes I and 2 (irrigatedpastureregimes)

eat less soil in the spring,summer,and fall than those on feedingregimes3

and 4 (drylandregimes),becauseof the move in spring to irrigatedpastures
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for grazing. Drylandregime dairy cows are assumedto be in pens or on

unirrigatedland during the entire year.

The dose to an infant'sthyroid from consumptionof milk supplied by a

cow continuouslyconsumingsoi] was calculatedas

[ii
Dose

Lvcslj (4)

* DFinfant* 30 d/month

where FScow = the cow's soil consumption rate (kg/d); varies monthly; value
used" see Appendix B

Pcsl = density of soil _yer consumedby cows (kg/m2); value used: 13
(assumed 1-cm c _i,_thof soil consumed).

The areal density of soil consumedby domestic livestockis assumedto

be approximately13 kg/m2, representinga soil depth of I cm. The upper-soil

layer and root-zonelayer describedby Ikenberryet al. (1992,page 2.12) are

appropriatefor resuspensionand re-deposition,as well as for plant uptake,

but do not adequatelydescribe the way domesticlivestockwould be expectedto

ingest soil. Referencesfor parametervalues are provided in AppendicesA

and B.

2.3 DEPOSITIONON STORED FEED

Radioactivematerialmay be depositedon stored feed that has already

been harvestedand is being stored outside. This pathway affects hay consumed

by cows on all four feedingregimes.

The outer surfaceof the feed may become contaminated,which, when

subsequentlyfed to cows, may result in contaminationof the milk. In this

case, the stored feed that became contaminatedwas assumed to be bales of hay,

each having one surfaceexposedto fallout,as might be representedby feeding

bales off of the top of a stack. The exposedupper surface area of the bale

was taken to be 0.62 m2 (48 in. x 20 in.), and the mass of the bale to be

9



30 kg (66 Ibs). Values for these parameterswere empiricallydetermined. The

exposed indiviZualbales of hay were assumedto be continuouslyexposed and

fed to dairy cows.

The dose to an infant'sthyroid from consumptionof milk as a result of

a dairy cow's consumptionof bales of hay continuouslyexposed to deposited

radioactivematerial was calculatedas

Dose Feed DePmontht = Dendt w,SAbale/ Massbale• IRco" • TFmilk

(5)

• IRinfant* DFinfant*30 d/month

where SAbale- the exposed surfacearea of sto_ed feed (mz) value used: 0.62
(individualhay bale)

MaSSbale= mass of stored feed (kg) valued used: 30, (individualhay
bale).

Referencesfor parametervalues are provided in AppendixA.

2.4 INHALATIONOF AIRBORNE CONTAMINATIONBY DAIRY COWS

A dairy cow also breathesthe radioactivematerial present i_ the air.

The inhaledradioactivematerialmay be transferredfrom the lungs to the milk

and contributeto the dose receivedfrom drinking t,_emilk. The dose to an

infant'sthyroid from consumptionof milk as a resultof a dairy cow

continuallyinhalingair contaminatedwith radioactivematerial was calculated

as

Dose Inhalmonthi = Xi * IHR=o, * ADJz * l'Fmilk

(6)

• IRinfant* DFinfant

where Xi - the time-integratedair concentrationin month i (Ci.s/m3);varies
monthly; value used: see Table I.

IHRcoW = inhalationrate of cows (m3/s);value used: 0.0017 (I00 I/rain)

ADJz = adjustmentfactor to account for differencesin transferto milk
between inhalationand ingestion(unitless);value used: 0.48

I0



Referencesfor parametervalues are providedin Appendix A.

A parameterthat deserves furtherexplanationis the adjustmentfactor

ADJz, which considersthe differencesin the fractionaltransferto body

fluids from inhalationand ingestion,respectively. The adjustmentfactor is

the ratio of inhalationand ingestionfractionaltransfers. Zack (1985)

providesthis informationfor 28 elements.

11



3.0 RESULTS/DISCUSSION

The resultsof calculationsfor each of the milk pathway componerltsfor

the year 1945 in Census District 4 of FranklinCounty are presented in

Tables 2 and 3 for infantsand adults, respectively. As expected, irrigated

feeding regimes I and 2 producedthe highest thyroiddoses in adults and

infants. Infantthyroiddoses were 530 and 490 rad, respectively,while adult

thyroiddoses were 32 and 30 rad, respectively. Doses from dryland feeding

regimes 3 and 4 were approximately14% and 7%, respectively,of doses from

irrigatedfeeding regimes. Infantdoses were 71 and 39 rad, respectively,for

regimes 3 and 4, while adult doses were 4.3 and 2.3 rad, respectively.

IABLE _. Dose to InfantThyroids and PercentContributionfor Each)of the
Componentsof the Milk Dose Pathwayin FranklinCounty 4

PATHWAYS FEEDINGREGIMES
J

I 2 3 4

Pasture 470 88% 470 95%

Silage 41 7.7%

Alfalfa hay 6 1.1% 6.2 1.3% 39 55% •

Grass hay 6.6 17%

Soil ingestion 8.6 1.6% 8.6 1.8% 14 20% 14 37%

Deposition on 8.6 1.6% 11 2.2% 17 24% 17 44%
stored feed

Inhalation 0.9 0.2% 0.9 0.2% 0.9 1.2% 0.9 2.3%

Total thyroid
dose {rad) 530 490 71 39

(a) Dose from dairy cow ingestionof grain is not included.
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TABLE3. Dose to Adult Thyroids and Percent Contribution for Each(a_f the
Components of the Milk Dose Pathway in Franklin County 4

PATHWAYS FEEDINGREGIMES

I 2 3 4

Pasture 28 88% 28 95%

Silage 2.5 7.7%

Alfalfa hay 0.4 1.1% 0.4 1.3% 2.3 55%

Grass hay O.4 17%

Soil ingestion 0.5 1.6% 0.5 1.8% 0.9 20% 0.9 37%

Depositionon 0.5 1.6% 0.7 2.2% I 24% I 44%
stored feed

Inhalation 0.05 0.2% 0.05 0.2% 0.05 1.2% 0.05 2.3%

Total thyroid
dose (rad) 32 30 4.3 2.3

(a) Dose from dairy cow ingestionof grain is not included.

The dose in feeding regimes I and 2 was dominatedby ingestionof fresh

pasture,which contributedapproximately90% (88%, 95%) in both regimes.

Doses from consumptionof silage contributedabout 8% of the total dose in

feedingregime I, while alfalfahay consumptioncontributeJapproximatelyI%

to both feedingregimes I and 2. Doses from soil ingestion,deposition on

stored feed, and cow inhalationwere negligiblecontributors,approximately2%

or Iess.

The dose contributionin regimes3 and 4 was not nearly so neatly

defined. Consumptionof alfalfahay was the largestcontributionto feeding

regime 3 (55%), althoughthere was significantcontributionfrom soil inges-

tion (20%) and stored feed deposition (24%). Inhalationby cows was a insig-

nificantcontributor(1%).

Depositionon stored feed was the largestcontributorfor feeding

regime 4, contributingover 44% of the total dose. Next was soil ingestionat

37%, while consumptionof grass hay contributed17% of the total dose.

Inhalationby cows was a small 2% contributor.
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As a check on the magnitude of the scoping calculation results, the

results were compared to the range of results produced in Phase I of t,he HEDR

Project fo_ Franklin County Census District 4 (HEDRstaff 1991, page C.24).

Phase I calculations did not include the pathways of soil ingestion,

deposition on stored feed, and inhalation by dairy cows. As shown in Table 4,

the results for feeding regimes I and 2 were consistent with the Phase I

results, falling just above the median of the calculations as shown in Table 2

but well within the gSth percentile value. Considering the increase by a

factor of 1.7 in iodine-131 source terms over those used in Phase I (Heeb

1992, page 4.36), these results are comparable to the 50th percentile values.

This is not unexpected, since doses are dominated by pathways included in the

Phase I results.

Results for feeding regimes 3 and 4 fell very close to the 95th percen-

tile values of the Phase I results. If the differences from the Phase I

source term are considered, as well as the large contributions from pathways

not included in the Phase I calculations (soil ingestion, stored-feed deposi-

tion), results are somewhat above the median values of Phase I dose estimates.

The remaining differences can be attributed to the use of an implicit 30-day

post-harvest holdup time in the Phase I code; the holdup time in the scoping

calculations was only 15 days, accounting for a difference of about a factor

of 4.

TABLE 4. Comparisonof Phase I Air PathwayResultsto Scoping Calculation
Resultsfor FranklinCounty 4

Feeding Infant ThyroidDoses Adult ThyroidDoses
Regime Calc. 5th 50th 95th 5th 50th 95th

I Phase I 54 370 2300 4 25 160
Scoping 530 32

2 Phase I 45 330 2400 4 26 190
Scoping 490 30

3 Phase I i 11 96 0.07 0.6 5.5
Scoping 71 4.3

4 Phase I 0.03 1.2 46 0.01 0.1 1.6
Scoping 39 2.3

14



4.0 RECOMMENDATIONS

Scoping calculations were performed for that portion of Franklin County

considered to be the most exposed area in the HEDRstudy region. Based on

these results, the following recommendations are made regarding exposure

pathways and calculational methods for the calculating individual doses for

the HEDRproject:

EXPOSUREPATHWAYS

• The @Qil inqestion pathway should be included in
calculations involving animal ingestion of feedstuffs,
principally because of contributions to the dryland
feeding regimes 3 and 4. Soil ingestion could be omitted
from irrigated-type feeding regimes (e.g., I and 2) where
it contributes negligibly to the dose.

• Deposition of radioactive material from the air onto
stored feed should be included in calculations involving
animal ingestion of stored feedstuffs, principally because
of contributions to the dryland feeding regimes 3 and 4.
Stored feed deposition could be omitted from irrigated-
type feedingregimes (e.g., I and 2) where it contributes
negligiblyto the dose.

• The cow inhalationpathway shouldnot be included in any
calculations. Contributionto the dose is negligible in
al_ scopingcalculations.

CALCULATIONALMETHODS

• A soil densityof approximately13 kg/m2 (soil depth of
I cm) should be used for the pathwayof soil ingestionby
domestic livestock. The upper-soillayer and root-zone
layer describedby Ikenberryet al. (1992, page 2.12) are
appropriatefor resuspensionand re-deposition,as well as
for plant uptake,but do not adequatelydescribe the way
domestic livestockwould be expected to ingest soil.

• A 15-day hold-uptime between hay harvestand animal
consumptionshould be includedto allow for cutting,
curing, baling;and transportationof hay prior to
feeding. This is more appropriatethan the 30-day hold-up
included in the Phase I HEDR code, and is consistentwith
Beck et al. (1992,page 62) for silage and grain hold-up
times.
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5.0 QUALITYASSURANCE

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

Proceduresfor Quality AssuranceProqram,under PNL administrativeprocedure

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

calculationwas prepared by the senior author,who independentlyprepared the

calculationalspreadsheetand performedthe spreadsheetcalculations. A

thoroughreview was conductedby the second author,who is chief scientistfor

the HEDR Project. Independenttechnicalreview was also performedby a

technicalexpert not involvedwith the HEDR Project. Spreadsheet

documentationis on file with the senior author and availablefor review.

16



6.0 REFERENCES

Beck, D. M., F. F. Darwin,A. R. Erickson,and R. L. Eckert. 1992. Milk Cow
Feed Intake and Milk Productionand DistributionEstimatesfor Phase I.
PNL-7227HEDR, PacificNorthwestLaboratory,Richland,Washington.

Black, S. C., and D. S_ _arth. 1976. RadioiodinePredictionModel for
NuclearTests. EPA-600/4-76-027,United States EnvironmentalProtection
Agency, Las Vegas, Nevada.

CallawayJr., J. M. 1992. Estimationof Food Consumption. PNL-7260 HEDR,
PacificNorthwestLaboratory,Richland,Washington.

Darwin Jr., R. F. 1990. Soil InqestionBy Dairy Cattle. PNL-SA-17918HEDR,
PacificNorthwestLaboratory,Richland,Washington.

HEDR staff. 1991. Air PathwayReport; Phase I of the Hanford Environmental
Dose ReconstructionPro_ect. PNL-7412HEDR Rev. I, PacificNorthwest
Laboratory,Richland,Washington.

Heeb, C. M. 1992. Iodine-131Releases from the Hanfnrdsite_ 1944 Throuqh
1947. PNWD-2033HEDR Vol. I, Battelle,PacificNorthwestLaboratories,
Richland,Washington.

Ikenberry,T. A., R. A. Burnett,B. A. Napier, N. A. Reitz, and D. B. Shipler.
1992. IntegratedCodes for EstimatinqEnvironmentalAccumulationand
IndividualDose from Past HanfordAtmosphericReleases. PNL-7993HEDR,
PacificNorthwestLaboratory,Richland,Washington.

Marsh, T. L., D. M. Anderson,W. T. Farris,T. A. Ikenberry,B. A. Napier, and
G. L. Wilfert. 1992. CommercialProductionand Distributionof Fresh Fruits
and Veqetables: A Scopinq Study on the Importanceof ProducePathways to
Dose. PNWD-2022HEDR, Battelle,PacificNorthwestLaboratories,Richland,
Washington.

Napier, B. A., R. A. Peloquin,D. L. Strenge, and J. V. Ramsdell. 1988.
GENII - The Hanford EnvironmentalRadiationDosimetrySoftware System
Volume I: ConceptualRepresentation;Volume 2: Users'Manual; Volume 3:
Code MaintenanceManual. PNL-6584Volumes I, 2, and 3, Pacific Northwest
Laboratory,Richland,Washington.

Napier,B. A. 1991. Computational'¢odelDesiqn Specificationfor Phase I of
the Hanford EnvironmentalDose ReconstructionPro_ect. PNL-7274HEDR, Pacific
NorthwestLaboratory,Richland,Washington.

RamsdellJr., J. V., and K. W. Burk. 1992. ReqionalAtmosphericTransport
Code for Hanford EmissionTrackinq (RATCHET). PNL-8003HEDR, Pacific
NorthwestLaboratory,Richland,Washington.

17



Shindle,S. F., T. A. Ikenberry,and B. A. Napier. 1992. ParametersUsed in
the EnvironmentalPathway and RadioloqicalDose Modules of the Phase I Air
PathwayCode. PNL-8093HEDR, PacificNorthwestLaboratory,Richland,
Washington.

Shipler,D. B., and B. A. Napier. 1992. HEDR Modelinq Approach. PNWD-1983
HEDR, Battelle,Pacific NorthwestLaboratories,Richland,Washington.

Snyder, S. F., W. T. Farris,B. A. Napier,T. A. Ikenberry,and R. O. Gilbert.
1992. ParametersUsed in the EnvironmentalPathways (DESCARTES)and Radio-
loqicalDose (CIDER)Modules of the Hanford EnvironmentalDose Reconstruction
InteqratedCodes (HEDRIC)for the Air Pathway. PNWD-2023HEDR, Battelle,
PacificNorthwest Laboratories,Richland,Washington.

Zack, R. 1985. "Contributionof Inhalationby Food Animals to Man's
IngestionDose." Health Physics49(5):737-745.

18



APPENDIXA

DESCRIPTIONOF VARIABLESAND VALUESUSED



A.1



A.Z



s-

A.3



APPENDIXB

TIME-DEPENDENTVARIABLESAND VARIABLEVALUESUSED IN THI[SCOPINGCALCUI,ATION



II

o ¢:; ¢:; <:; ¢:;

B.1

Ilmm



, ,, i , ,III .... ii U....... , ,b .........




