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Revised Abstract

In cooperation with the United States Atomic Energy Commission (USAEC),
the Oak Ridge National Laboratory (ORNL), the Tennessee Valley Authority
(TVA), the Atmospheric Turbulence and Diffusion Laboratory-National Oceano-
graphic and Atmospheric Administration (ATDL-NOAA), and the Hanford Engineer-
ing Development Laboratory (HEDL) have undertaken a jo in t study of the
potential radiological impact of an expanding nuclear power economy on the
Tennessee Valley Region (TVR).

The TVR study involves an appraisal of the generation, management,
and control of radioactive effluents from nuclear fac i l i t i es in the region
through the year 2000. Consideration is given to nuclear power require-
ments to year 2000 and sites for nuclear f ac i l i t i e s , to radionuclides that
may be released and their transport in air and water and concentration in
terrestr ial and aquatic systems, and to estimation and interpretation of
potential dose to man.

This is the second such regional study in i t iated by the USAEC in the
continental United States; the f i r s t considered the region defined as the
Upper Mississippi River Basin (UMRB). A computer model known as HERMES
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(Hanford Engineering Regional Model for Environmental Studies) was
developed by HEDL and applied in the UMRB study. The model permits
estimates, on a regional basis, of the potential radiation dose that
may be received by individuals and population grou, ; as a result of
radioactive materials estimated to be released from reactors and fuel
reprocessing plants.

Modifications in HERMES are discussed within the context of the
uniqueness of the TVR and additions or improvements based on the initial
application of HERMES. This paper, one of three companion reports, in-
cludes information on the data requirements and the components of HERMES
concerned with the estimation of dose to man from internal and external
modes of exposure.
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INTRODUCTION

Current plans c a l l f o r approximately 7800 MW{e) of nuclear power
in the Tennessee Valley Region (TVR) by 1978. An add i t iona l 7200 MW(e)
of nuclear un i ts have been ordered and are t en ta t i ve l y scheduled f o r
operation in the ear ly 1980's. Further expansion of nuclear power in
the TVR is expected; and, th i s expansion w i l l cont r ibute to the nuclear
industry in the southeast United States, estimated to be about 150 GW(e)
by year 2000 [1J .

Regional planning fo r such power growth patterns becomes essent ial
not only to sa t i s f y the lead time fo r commitment of power p lant f a c i l i t i e s
but also to se lect the most e f f e c t i v e locat ions f o r the new p lan ts . One
facet o f regional planning i n an expanding nuclear power economy is the
need to assess the potent ia l accumulative rad io log ica l impact of an i n -
creasing number of nuclear power p lants . This need i s recognized in the
Tennessee Valley Region Study, and organizat ion o f the study team re f l ec t s
the advantages of interagency cooperation that make use of special ta lents
and resources w i t h i n the cooperating groups (USAEC, ORNL, TVA, ATDL-NOAA,
and HEOL).

Study Region

Figure 1 depicts the study reg ion, an area of about 155,000 sq. km.
The region is e f f e c t i v e l y the Tennessee-Cumberland River Basins and i n -
cludes a t o t a l of 140 counties located in seven states (Alabama, M iss i ss ipp i ,
Georgia, Kentucky, North Carol ina, V i r g i n i a , and Tennessee). An a i r
envelope of approximately 160 kilometers extends outward from the study
region to include the e f fec ts on the region of the airborne t ransport o f
-adionuciides released from plants located outside the region. In th i s
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(0-11 years), teenagers (12-17 years) , and adults (>18 years). The four-
year -o ld , the fourteen-year-old, and the Standard Man of ICRP were selected
to represent the average ch i l d , average teen, and average adul t , respectively.
The maximum individuals are persons l i v i ng at population centers whose d ie t -
ary and l i v i n g habits tend to maximize the radiat ion doses they may receive.

The modes of exposure considered are: (1) external exposure by immer-
sion in a i r and water containing radionuclides, (2) external exposure from
a surface containing radionuclides (ground surface, r i ve r banks, e t c . ) ;
(3) inhalat ion of radionuclides in a i r ; and (4) ingestion of radionuclides
in food and water. The ingestion pathway incorporates a number of speci f ic
foodchain pathways and considers the effects of radionuclide deposition en
plant surfaces and on s o i l , incorporation of radionuclides in to plant and
animal t issues, and concentration effects that occur in speci f ic foodchains.
The pr incipal factors that are incorporated in the calculat ion of radionuclide
ingesticn are l i s t e d in Table 1. The interested reader is referred to
Reference 4 in which the relat ionships of these factors are described and
expressed in equation form.

Dose factors for external exposure were a l l derived on the assumption
that the contaminated media [air, water, or ground surface) were of i n f i n i t e
extent and of uniform contamination [ 9 ] . Appropriate geometries were assumed
for immersion in contaminated a i r and water and for exposure to contaminated
surfaces. Ground roughness was assumed to attenuate ground surface contamina-
t ion by a factor of 2 and dose factors were calculated for a distance of
three feet above the surface. Expressions used to calculate internal dose
due to inhalat ion and ingestion of radioactive materials were derived from
those given by ICRP [10 ] . Standard Man values were used in the absence of
better information for most age-dependent, metabolic parameters. These
values include f ract ional uptake by the organ of in terest of radionuclides
taken in to the body and the e f fec t ive ha l f time of these materials in the
organ. Effect ive absorbed energy of a l l radiat ion emissions except gamma
and x-ray photons were assumed to be independent of the ind iv idua l 's age.
Absorbed fract ions of photons wi th in organs were adjusted in proportion to
the one-third power of the ra t io of the organ mass for a given age group to
the mass of the respective organ for Standard Man.

DATA REQUIREMENTS FOR TENNESSEE VALLEY REGION

The data requirements of HERMES are considerable and not a l l of the
data are readi ly avai lable in the l i t e r a t u r e . Each region has i t s own
peculiar physical , chemical, b io log ica l , and demographic character ist ics
which r e s t r i c t d i rect use of some of the data developed in ear l i e r studies
and in other areas of the country. Several examples are used in th is section
to i l l u s t r a t e both the requirements and some of the l imi ta t ions in the develop-
ment of data fo r regional studies.

County Class i f icat ion and Demography

The ent i re population of each county was assumed to belong to one o f
the three population types: urban, rural-nonfarm, or rural - farm. The 140
counties were f i r s t ranked and l i s t ed according to population density. This
l i s t was then divided into four density groups with d i f fe ren t c lass i f i ca t ion
c r i t e r i a applying to each group. For example, as l i s t ed in Table I I , a
county in density group I was c lass i f ied urban i f 40% or more of i t s 1970
population was urban. A county wi th a density low enough to be placed in to
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Table 1. Principal Factors in Estimating Radionuclide Intake
by Ingestion of Food and Water

A. Concentration in Terrestrial Food
1. Radionuclide intake by cow, cattle, etc.

a. Feed ingestion rate
b. Crop yield
c. Foliar deposition — air and irrigation water
d. Retention of foliar deposition
e. Soil accumulation — air and irrigation water
f. Concentration factor - soil to crop
g. Translocation to edible parts of plant
h. Time between deposition and harvest and between

harvest and consumption
2. Fraction of radionuclide intake by cow, cattle, etc., appearing

in food product.

B. Concentration in Aquatic Food

1. Concentration factor — water to fish or to waterfowl

C. Radionuclides Remaining in Processed Food

D. Concentration in Drinking Water
1. Distribution coefficient
2. Efficiency of water treatment plant

E. Consumption of Food and Drinking Water
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Table 2. County Classification Criteria

Group

II

HI

IV

County Density
(Persons/Square Mile)

D>100

100>D>50

50>D>36

D<36

County Classification

1. If urban population is greater than 40%,
classify as urban.

2. If urban population is less than or equal
to 40%, classify as rural-nonfarm.

1. If urban population is greater than 50%,
classify as urban.

2. If urban population is less than or equal
to 50%, classify as rural-nonfarm.

1. If rural-farm population is less than 29.5%
classify as rural-nonfarm.

2. If rural-farm population is greater than
29.5%, classify as rural-farm.

1. If rural-farm population is less than 16%,
classify as rural-nonfarm.

2. If rural-farm population is greater than
16%, classify as rural-farm.



paper we l i m i t our consideration to that part of the regional model concerned
with the estimation of dose to man and the data requirements to make such
estimates. Information is included in two companion papers on those parts
of the regional model concerned with power projections, radionuciide release
from power reactors and fuel reprocessing plants, and the movement of radio-
nuclides by water and a i r transport [ 2 ,3 ] .

DESCRIPTION OF REGIONAL MODEL

A computer model known as HERMES (Hanford Engineering Regional Model
for Environmental Studies) was developed by HEDL in the f i r s t regional
analysis of potential radiological impact in i t i a ted by the USAEC [ 4 ] . The
model is modular in form and may be used to forecast regional growth of the
nuclear power industry and to consider releases of radionuclides from rou-
t ine operation of nuclear f a c i l i t i e s , the subsequent sojourn of these
materials in the environment, and the pathways result ing in radiation
exposure to man [ 5 ] . Details of the entire model and the results of i t s
application in the region comprising the Upper Mississippi iViver Basin
(UMRB) of the United States can be found in ear l ier publications [4 ,6 ] .

Living Patterns Submodel

The physical habits anr1 characteristics of an individual a l l contribute
to a person's potential exposure to radiat ion. A Living Patterns submodel
is used to generate some of the quantitat ive information needed to estimate
the individual and population dose. Essentially the submodel is a data
bank containing organized data on a county level—the lowest level at which
data are available in suf f ic ient detai l in the United States.

Information is provided on the locat ion, population, food production
and food consumption for 73 types of foods, sources of drinking water, and
recreational ac t i v i t i es of each county in the study region. Each county is
f i r s t c lass i f ied as urban, rural-nonfarm, or rural- farm, depending upon the
degree of urbanization, and appropriate coordinates are determined to
ident i fy ei ther the largest population center ( for an urban county), or
geographic center ( for rural-nonfarm and rural-farm counties). Food produc-
t ion includes homegrown food, commercial farming and i r r iga t ion practices,
and food consumption considers the amount of each food consumed. The data
are collated to establish the food balance of the area and, consequently,
the source of food consumed. Drinking water is specified as t o source
(surface or groundwater) and to type of treatment. Recreational ac t i v i t ies
include swimming, boating and water sk i ing, f i sh ing, and hunting. Examples
of the format, sources, and l imitat ions of these data are provided in a
subsequent section on Data Requirements for TVR.

Radiation Dose Submodel

The last in the series of submodels is used to calculate dose to man
and makes use of data processed from a l l preceding codes. The model includes
a set of data tables that contain information on demography, d ie t , recrea-
t ional a c t i v i t i e s , and dose factors to enable calculation of dose to several
organs of individuals of various age due to di f ferent exposure modes [ 7 ] .

At present consideration can be given to the radionuclide contribution
to total body dose and the dose to six specif ic organs—the GI t rac t , bone,
l i v e r , sk in , thyroid, and lungs. Three age groups, each including an average
and a maximum indiv idual , were considered in the UMRB study; i . e . , children



density group I I , on the other hand, would require an urban population
greater than 50% in order to be classified as urban. The numerical
cr i ter ia used to classify counties were chosen to make the total assigned
urban, rural-nonfarm, and rural-farm populations of the study region
closely approximate the populations recorded by the 1970 census. These
populations were distributed as follows: urban - 46%; rural-nonfarm - 42%,
and rural-farm - 12%.

The total population of each county was assumed to be concentrated at
a single point called the centroid. As in the UMRB Study, centroids of
urban counties were chosen as the location of the most populous ci ty within
the county, while the location of the city or town nearest the geographical
center was chosen for rural counties. Centroids chosen in this manner were
within a few miles of the center of population mass calculated for each
county from 1970 census data [11].

Projections of population to the Year 2000 for the counties within the
study , ion have been made by others [12]. Table I I I i l lustrates the type
of information developed on county identif ication and population. In addi-
t ion , the total projected populations were divided into four age groups:
less than 1; 1-11; 12-18; and greater than 18. The category of less-than-
one year-old was chosen in order to give particular attention to the infant.
Sine? projection techniques to provide accurate age detail for small areas
to the Year 2000 are not available, the percentage of ths population within
each age group was assumed to be the same for each county. The percentages
chosen were consistent with state-wide projections of the Year 2000 popula-
tion bas^d on Series C f e r t i l i t y rate.

Food Production and Consumption

Consideration is given to 73 types of food comprising 126 items of
fresh and processed materials. The lat ter permits distinction in radio-
nuclide loss during processing; but information is so limited that an
average loss factor for each type of crop for a l l radionuclides is assumed
[13]. Loss factors range from 0.15 for wheat to 1.0 for milk. The food
types are combined into 35 categories as a convenience in data handling.
Food production by counties is based on stat ist ics developed by the U.S.
Department of Commerce [14]. Conversion of production data to common units
(e.g., the processed weight of cattle) makes use of information published by
the U.S. Department of Agriculture [15].

Transportation of food between centroids is constrained by (1) imports
to satisfy a def ic i t must be supplied by excess production from the nearest
centroid, and (2) exports outside of the region are permitted only after
deficits are sa^sf ied. An extensive market survey would be necessary to
decide i f local practices of distribution have an appreciable effect on
these assumptions.

Food consumption data for the Tennessee Valley Region is summarized
in Table IV. The amount of food entering each household per week per
person is l isted by food category and by county classification [16,17].
These data coupled with information on the fraction of food entering the
household that is consumed, the number of persons of each age group in
the household, and the diets by age group permit calculation of the average
food consumption by individuals of various ages [17-20]. Data are also
developed for the infant (considered to be a six-month-old child) as
another age category to be included in this study. Information on maximum
diets in the study region is essentially non-existent and necessitates use
of data developed in the earlier UMRB Study. I t is necessary to use informa-
tion on current agricultural practices and diet stat ist ics in projecting the
intake of food by residents in the area at Year 2000.



Table 3. Example of County Identification and

County

Numbei

1
2
3
4
5
6

r Name

Davidson
Knox
Hamilton
Sullivan
Hamblen
Madison

State

Tennessee
Tennessee
Tennessee
Tennessee
Tennessee
Alabama

Latitude

36°08'
35°58
35°O2'
36°33'
36° 13'
34°44'

Centroid

Longitude

86°48'
83°55'
85° 16'
82°33'
83°17'
86°36'

ORNL OWG. 73

ORNL

Demographic Information in Tennessee Valley Region

Classification

Name

Nashville
Knoxville
Chattanooga
Kingsport
Morristown
Huntsville

Urban
Urban
Urban
Urban
Urban
Urban

1970
i Census

(In
Thousands)

448
276
254
127
39

187

Population

Density

(No. per
oq. Mi.)

882
544
462
308
245
233

-4368

OWG. 73 4368

Year 2000
Projection

(In
Thousands)

677
371
388
249

69
331
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Table 4. Quantity of Foods Entering Households in the Tennessee Valley Region
(1965 Dataf

I ategory
Number

1
T

3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

F
P
F
P
F
F
P
F
P
F
P
F
P
F
P
F
P

F

F
P

P
F

Food Category*

Berries
Berries
Tree Fruit
Tree Fruit
Melons
Tropical Fruit
Tropical Fruit
Citrus Fruit
Citrus Fruit
Potatoes
Potatoes
Root Vegetables
Root Vegetables
Leafy Vegetables
Leafy Vegetables
OAG Vegetables
OAG Vegetables
Misc. Grain
Rice
Wheat
Milkc

Milk Products
Butter
Eggs''
Beef & Lamb
Pork
Pork
Poultry
Game Birds
Ocean Fish
Ocean Fish
Shellfish
Sports Fish
Waterfowl''
Secondary Water

tLDS/W

Urban

0.045
0.015
0.667
1.054
0.704
0.427
0.085
0.803
3.559
1.420
0.141
0.473
0.079
0.712
0.072
1.139
1.238
0.494
0.177
2.982
4.710
2.207
0.063
0.801
1.671
0.446
1.007
0.941
0.011
0.123
0.205
0.065
0.000
0.002
9.033

eeic r-menngiioi

Rural Farm

0.150
0.005
0.985
0.499
1.232
0.351
0.037
0.469
2.426
2.010
0.061
0.422
0.018
0.743
0.018
2.150
0.766
1.142
0.414
3.350
5.140
2.015
0.077
0.747
1.204
0.513
1.096
1.006
0.010
0.099
0.083
0.022
0.179
0.013
6.899

liscnovu/rerson

Rural Non-Fa

0.087
0.006
0.723
0.955
0.890
0.389
0.041
0.652
2.747
1.750
0.116
0.462
0.047
0.739
0.047
1.558
1.089
0.844
0.235
3.335
4.620
2.362
0.058
0.777
1.378
0.485
1.033
0.925
0.016
G.096
0.062
0.041
0.167
0.009
8.192

"Taken from References 14 and 15.
*F = Fresh: P = Processed:OAG = Other Above Ground.
''Quarts.
J Do/ens.
'Taken from Reference 4. Table 111-17 and corrected for Number of Persons

per Household.



I r r igat ion Practice

The major source of data relating to the quantity of i r r igat ion water
used came from the 1969 U.S. Census of Agriculture [14]. This information
was supplemented by f i e l d surveys conducted by the Tennessee Valley Authority.
Table V provides a summary of available data, l i s t ing the annual quantity
of i r r igat ion water used by food crop in the seven states of the region.
The sources of water are various ponds and streams; and these sources and
the acreage irr igated are a part of the computer code specifications. Also,
10% of the home gardens on approximately 170,000 farms are estimated to be
irr igated with an additional 1735 acre-feet of water per year.

Recreational Act iv i t ies

Recreational act iv i t ies considered in the study include swimming,
boating and water sk i ing, f ishing and hunting. Table VI i l lustrates the
format in which data are provided for each county in the study area. The
participation shown as hours per man year is the per capita rate which
also includes those persons who do not engage in these ac t i v i t ies . Factors
internal to the HERMES code are used to adjust the per capita data to ob-
tain estimates for the average and maximum participant within each age
group.

Information on swimming act iv i t ies is derived from data for the age
group of six and older [21]. Approximately two-thirds of those swimming
are within the six to eighteen age range, with the remainder in the group
over 18. Swimming act iv i ty is assumed to occur primarily in the centroid
of residence. The hours spent swimming are distributed over the period
May through September; of f season swimming act iv i ty is believed to be
insigni f icant.

Similar information is developed for boating, water skiing and f ishing.
Boating and water skiing act iv i t ies are also derived from data for ages six
and older with most of the participation due to persons in the 15-45 year
age range. Fishing act iv i t ies are based on data for the age group of 12
and older. These act iv i t ies are more dispersed than swimming and boating,
and this is so indicated in Table VI. In general, destinations for fishing
are assigned within a 50-mile radius of the centroid of residence. Data
on hunting act iv i t ies are now being developed.

MODIFICATIONS IN REGIONAL MODEL

Several changes and additions are being made in the radiation dose
submodel of HERMES prior to i ts application in the Tennessee Valley Region;
changes in other components are explained elsewhere [2 ,3 ] . These modifica-
tions ref lect in part the i n i t i a l application of HERMES in the UMRB and the
regional characteristics of the TVR.

Contaminated Ground Surface

Beta radiation from various distances above the surface of contaminated
ground w i l l be included in the calculation of dose to the skin. The calcula-
tion assumes that the beta emitters are associated with an i n f i n i t e plain
source of negligible thickness. Development of the dose-rate equations and
the computer alogrithms is explained in Hine and Brownell, and Turner,
respectively [22,23]. Table VII contains several examples of dose factors
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Table 5. Food Categories and Imgation Water Used in 140 Selected Counties
in the Seven Tennessee Valley Stater*

(Acre-Feet per Year)

Category
Number

1
2
3
4
S
6
7
8
9

10
I t
12
13
14
IS
16

17

J8
19
20

FoodC::egory6

Fresh Berries
Processed Berries
Fresh Other Tree Fruit
Processed Other Tree Fruit
Fresh Melons
Fresh Tropical Fruit
Processed Tropical Fruit
Fresh Citrus Fruit
Processed Citrus Fruil
Fresh Potatoes
Processed Potatoes
Fresh Root Vegetables
Processed Root Vegetables
Fresh Green Leafy
Processed Green Leafy
Fresh Other Above Ground

Vegetables
Processed Other Above

Ground Vegetables
Grain & Grain Products
RteeA. Rice Products
Wheat & Wheat Piedttets

Total

Ala.

3.0

6.0

70.0

45.0

124.0

Ga. Ky. Miss.

62.5

1.0

6.0 26.0 2.0

6.0 m.S 2.0

N.C.

0.5

8.0

7i.O

191.0

270.S

Teim.

12.0

62.0

112.0

2710
2OS.5

311.0

455.0
116.Q

165.0

1716.5

Va.

0.5

4S.0

0.5

6.0

S2.0

•Primarily fr«m Reference 14.
*trjfoffi«iw» no! awailsble »» Csttegwncs 21 tlwew^i 3S.
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Table 6. Example «vf Recreational Aelmfies in Tennessee Valley Region

tlnating ;m«l Wai^t Sfciinj* Fishing

No. Nam? , ' Rtvtfi IVrstHJ t Ktvcr rcrson . Rtvcf Person

Vcaf

Suomct CumbedamS 5..»
HM 230

RM 250
Ruihetrfofd Stoney 5 . ;

RM40

Hotjsion T«?»«css« 2.0
SO

i 2.0
M '30

Total s?.i
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Table 7. Examples of Dose Factors to Skin While Standing
on Contaminated Ground

|(rnrem/hr)/(pci/m2)] X 1010

Nuclide

90Sr
9SZr
1 3 1 ;

1 3 4Cs
1 3 7Cs

1.0 Meter

41

140
110

330
170

Total Dosea

0.75 Meter

130
160
200

440
250

0.5 Meter

420
230
470
740
510

Gamma Dose0

1 Meter

130
73

280
110

aEXREM code was run for a point 108 cm above the surface,
equivalent to approximately 100 cm of air plus 9 mg/cm2 of tissue.
[23] The beta dose correction factors obtained by comparing the 108
cm dose to that 100 cm in air were used also for the other distances.



with skin as the reference organ. The importance of beta radiation as a
contributor to skin exposure is reflected by the increase in total dose
with a decrease in distance above the contaminated surface. The gamma
component of the total dose at 1 meter is included for comparative
purposes.

Distances of about 0.5 meter seem reasonable for exposure of the
child and will also be included in the study.

Calculation of Potential Dose

The annual exposure in Year 2000 is a summation of twelve monthly
values of external and internal dose calculated with HERMES. External
dose is based on concentrations estimated to be in the environment each
month. Internal dose includes the contribution from radionuciides taken
into the body each month and from the residual material remaining in the
body, integrated over a total period of twelve months. This procedure
may overestimate the internal dose in Year 2000. The overestimate may he
as large as a factor of 2 for uniform intake of a radionuclicie whose
effective half life in the body is greater than one year; as the effective
half life approaches 0.01 years, the factor approaches 1.

Dose commitment is calculated for a fifty-year period only for the
radioactive material inhaled or ingested during Year 2000. This will ba
supplemented to include dose commitment calculations beginning with the
first year of the study and progressing to Year 2000 and beyond.

External Dose to Organs from Immersion in Air

Radionuclides present in air may irradiate internal organs as an
external source in addition to the radiation received following inhalation
or ingestion. A capability will be added during the TVft study to consider
this external exposure mode. It is likely to be of particular interest
for the noble gases because of their rapid elimination from the body and
the resultant low dose delivered from the internal sources.

The methods and equations to be used in the development of dose
factors are explained by Poston and Snyder [24], Diliman [25], Snyder
et al. [26], and Snyder [27]. The source is assumed to be a semi-infinite
cloud of uniform contaminate -.. Radiation considered in the calculation
of dose includes photons, beta rays, and bremsstrahlung produced in the
cloud and bremsstrahlung produced as beta particles and electrons pass
through the skin of the body. Also considered for the noble gases is the
dose associated with the absorption of tne gas in the tissue of the body
and present in tne airways of the lungs.

Table 8 contains an example of the dose factors that will be developed.
Listed is the total dose rate to various organs of the body due to a unit
concentration of krypton 85 in a semi-infinite volume of air.

CONCLUDING REMARKS

Only now do we approach the time for computer calculations in the
Tennessee Valley Region Study. Many data have been collected and some
remains to be developed. Modifications have been made in some of the sub-
models of HERMES based in part on its first application in the Upper Missis-
sippi River Basin, and on the differences in the environmental characteristics
of the Tennessee Valley Region. Additional changes in HERMES are likely as
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Table 8. Total Dose Rate to Organs
of the Body from 8 s Kr

(rads/yr)/(MCi/m3)

Organ Dose Rate

Skin l.S
Adipose tissue 1.5X10"2

Lungs 3.2 X 10~2

Red bone marrow 1.8 X 10 "2

Skeleton 3.65 X 10~2

Ovaries 6.2 X 10"3

Testes 1.6 X 1CT2

Lenses of eyes 1.8 X 10 "2



i t continues to be used and as information becomes available from
environmental monitoring programs and controlled experimentation by
which to test i ts predictive capabilit ies.

Further enhancement of the radiation dose submodel is possible.
This could include the ab i l i ty to consider such factors as future changes
in land use ( i . e . , agricultural practice, industrial and residential
development, etc.) and in demographic characteristics ( i . e . , distribution
of individuals by age and sex, changes in their dietary habits, etc.}»
the resuspension of radionuclides deposited on ground surfaces, the
possible buildup and global circulation of radionuclides in the atmosphere
and trie potential dose to aquatic and terrestr ial organisms other than man.
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