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NEPTUN: CODE CONVERSATIONNEL DE CALCUL DES DOSES TRANSMISES A
L'HOMME PAR LES RADIONUCLIDES DES CHAINES ALIMENTAIRES AQUATIQUES

par

Reto Zach

RESUME

On a rédigé un code souple et conversationnel, HEPTUN, en lan-
gage FORTRAN IV pour l'ordinateur PDP-10 pour évaluer les conséquences,
pour l'homme, des radionuclides des chaînes alimentaires aquatiques. Le
code NEPTUN est basé sur un modèle d'équilibre du type à chafne linéaire
et calcule les concentrations dans les aliments aquatiques et les doses
transmises â l'homme. On y a prévu un terme de décomposition pour le
temps de retenue des différents types d'aliments. On peut choisir sept
types d'aliments au total, qui comprennent l'eau potable, les plantes
d'eau douce et d'eau de mer, les invertébrés et les poissons. On peut
appliquer trente régimes différents et choisir cinq dossiers de facteurs
de doses différents. Ceux-ci comprennent les facteurs de conversion de
doses pour les enfants en bas 3ge et adultes basés sur les méthodologies
ICRP 2 et ICRP 26. Tous les facteurs de doses comportent une dose pré-
vue de cinquante ans, soit un équivalent de cinquante ans d'exposition
chronique. A ce jour, seuls les calculs de doses ICRP 26 (stochasti-
ques) one été appliqués. Le dossier de base des facteurs de concentra-
tion comporte des données pour 211 radionuclides différents, les dossiers
des facteurs de doses sont moins complets. Cependant, tous les dossiers
peuvent êcre facilement étendus. La sortie comprend des tableaux de
concentrations et de doses pour chaque radionuclide ainsi que des som-
maires pour les groupes de radionuclides.

Les modèles existants de chaînes alimentaires aquatiques et
les sources de facteurs de concentrations génériques actuellement utili-
sés sont brièvement examinés et les facteurs de doses basés sur les mé-
thodologies ICPvP 2 et ICRP 26 sont comparés.

L'Energie Atomique du Canada Limitée
Etablissement de Recherches Nucléaires de Whiteshell

Pinawa, Manitoba ROE 1L0
1980 juillet

AECL-6450



NEPTUN: AN INTERACTIVE CODE FOR CALCULATING DOSES TO
MAN DUE TO RADIONUCLIDES IN AQUATIC FOOD CHAINS

by

Reto Zach

ABSTRACT

A flexible and interactive code, NEPTUN, has been written in
FORTRAN IV for the PDP-10 computer to assess the impact on man of radio-
nuclides in aquatic food chains. NEPTUN is based on an equilibrium model
of the linear-chain type, and calculates aquatic food concentrations and
doses to man. A decay term is included for the holdup time of the vari-
ous food types. A total of seven food types can be selected, which In-
clude drinking water, freshwater and salt-water plants, invertebrates
and fisn. Thirty different diets can be implemented and five different
dose factor files can be chosen. These Include dose conversion factors
for infants and adults based on ICRP 2 and ICRP 26 methodologies. All
dose factors involve a dose commitment of 50 years, or equivalently, 50
years of chronic exposure. To date, only stochastic ICRP 26 dose calcu-
lations have been implemented. The basic concentration factor file con-
tains data for 211 different radionuclides; the dose factor files are
less comprehensive. However, all files can be readily expanded. The
output includes tables of concentrations and doses for individual radio-
nuclides, as well as summaries for groups of radionuclides.

Existing aquatic food chain models and the sources of current-
ly-used generic concentration factors are briefly reviewed, and dose
factors based on ICRP 2 and ICRP 26 methodologies are contrasted.
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1. INTRODUCTION

Computer codes for the assessment ai environmental impacts

have become Increasingly important in the planning and operation of nu-

clear installations. These codes usually accept environmental releases

of radionuclides as input, and translate them into dose exposures to

man. Thus, if implemented and kept up to date, these codes can be used

to assess environmental contamination rapidly. However, to do so effec-

tively, it is necessary to consider all of the major pathways of exposure.

We have previously implemented an interactive code FOOD II

(Zach, 1978) of the terrestrial food chain model FOOD, developed at Bat-

telle (Baker et al., 1976). Later, FOOD II was revised to FOOD III by

adding variable dose factor files, including ICRP 26 (1977) infant and

adult dose factors. We now introduce a new code, NEPTUN, which is con-

cerned with aquatic food chains and which closely parallels FOOD III.

NEPTUN is an interactive code in FORTRAN IV for the PDP-10 computer.

Like FOOE III, it is based on an equilibrium model, which assumes that

radionuclide concentrations in man and his food chains are in equilib-

rium with those in water. NEPTUN can assess numerous radionuclides and

seven food types, which include drinking water, freshwater and salt-

water fish, invertebrates and plants.

In order to place NEPTUN in perspective, it is necessary to

consider existing codes. Further, since all food chain models depend

heavily on the values of transfer coefficients or concentration factors

(Zach and Iverson, 1980), it is helpful to establish the sources of

these values currently used in various codes.
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2. EXISTING CODES

Hoffman et al. (1977) ,iave listed a large array of codes for

the assessment of radionuclides released to the environment. Codes which

deal with aquatic foods include AQUAMOD (Booth, 1975), ARRRG (Soldat et

al., 1974), CARDOCC (Watts, 1976), HERMES (Fletcher and Dotson, 1971)

and VADOSCA (Bramati et al., 1973). An aquatic food model has also been

included in the USNRC 1.109 Regulatory Guide [197T>, and Shaeffer and

Ethler (1979) have recently published a new code called AQUAMAN.

Of these codes ARRRG and the USHRC 1.109 model have been most

widely used. Both of these codes and AQUAMAN are rather similar in be-

ing designed to evaluate routine reactor releases, assuming equilibrium

conditions. All three codes have been extensively documented. AQUAMOD

is a sparsely documented code which can handle both accidental and rou-

tine releases. CARDOCC Is a partially documented code designed Co as-

sess routine reactor releases. HERMES is a well-documented and compre-

hensive code for routine releases, but ARRRG represents a more flexible

version of the aquatic food model of HERMES. VADOSCA is a sparsely

documented but comprehensive code for routine reactor assessment.

Codes vary in the number and types of foods implemented.

ARRRG considers fish, crustaceans, molluscs and plants for freshwater

and salt-water, the USNRC 1.109 model includes freshwater and salt-water

fish and invertebrates, but AQUAMAN considers only freshwater and salt-

water fish. All three codes also consider drinking water. Thus,

NEPTUN includes more food types than most of the existing codes.

Traditionally, codes dealing with aquatic foods have also in-

cluded other pathways of exposure. For instance, ARRRG calculates doses

due to shoreline recreation, swimming and boating, the USNRC 1.109 Regu-

latory guide considers shoreline recreation, end AQUAMAN includes swim-

ming. These exposure pathways will be considered in separate codes but

are not included in NEPTUN.
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Since ARBRG and the USNRC 1.109 model are specifically designed

to evaluate liquid reactor releases, they contain very simple dilution

models. In these models, concentrated reactor effluent Is diluted to

levels encountered in the general environment. AQUAMAN has no such

dilution model and accepts environmental water concentrations as input.

The same is true for NEPTUN.

3. DEFINITION AND SOURCES OF CONCENTRATION FACTORS

The concentration factor for a given radionuclide and aquatic

food type is given by the expression

where: T,. « concentration factor for aquatic food type f and radio-

nuclide 1 (L/kg)

ÇA,, - concentration in edible portion of food type f of radio-

nuclide i under equilibrium conditions (Bq/kg)

Wfi *
food type f of radionuclide i (Bq/L).

Since concentration factors are generally tnought to be ele-

ment-specific, they can also be determined from elemental, rather than

radionuclide concentrations (see Zach and Iverson, 1980).

The concentration factors used in ARERG were taken from Thomp-

son et al. (1972) and Freke (1967). The USNRC 1.109 values were taken

almost exclusively from Thompson et al. However, the values for tellu-

rium can be traced to Killough and McKay (1976) and a value for cesium

to Vanderploeg et al. (1975). The concentration factors for AQUAMAN

were taken exclusively from Killough and McKay.



The values listed by Killough and McKay seem to be of major

Importance. However, these numbers were not directly derived from the

literature. Most of the concentration factors for freshwater food pro-

ducts were taken from Thompson et al., but values for tellurium were de-

rived from the Farley Nuclear Power Station Environmental Report (1972).

The salt-water concentration factors of KiU.ough and McKay were taken

largely from the values published by Freke, but the factors for uranium,

neptunium, plutonium, americium and curium were taken from Thompson

et al. Fresh and salt-water values for bismuth were derived from data

provided by Ng et al. (1968). Thus, there seem to be three major source

fiî.es of generally used or generic concentration factors: Freke (1967),

Ng et al. (1968) and Thompson et al. (1972). The study of Vanderploeg

et al. (1975) Involves only six different elements.

Freke (1967) published concentration factors for 65 elements

for salt-water fish, crustaceans, molluscs and plants. Most of the ele-

ments considered are Important in terms of fission products and activated

corrosion products. The concentration factors were derived from data

published in the primary literature. However, for many elements which

lacked data, values were decided on the basis of chemical similarity.

On the whole, conservative values were chosen.

Ng et al. (1968) published comprehensive elemental concentra-

tions of fresh and salt water, and of freshwater and salt-water fish,

invertebrates end plants. Since concentration factors are simply ratios

of concentrations in a "jiven food product and water (equation 1), the

data provided by Ng et al. can be readily converted to concentration

factors. All of the concentrations were based directly or indirectly on

values published in the primary literature, and the various methods em-

ployed have been carefully documented. Conservative values were chosen

whenever possible.

Thompson et al. (1972) published comprehensive elemental con-

centration factors for freshwater and salt-water fish, invertebrates and

plants. The data are based on an extensive literature review of elemental
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water and food product cor;entrations. For comparison, elemental concen-

tration factors have been published together with experimentally determined

values. The latter values are thought to be less reliable than elemental

concentration factors, since experimental studies are usually not repre-

sentative of natural conditionc. Further, such studies are frequently

terminated before equilibrium has been reached. A special effort was

made to use concentrations of edible portions of organisms, and average

estimates. Due to the ccmplete lack of data, some or all of the concen-

tration factors for indium, tellurium, thallium and bismuth could not be

determined. All the sources and methods have been carefully documented.

The concentration factors for NEPTUN were mainly taken from the

elemental values published by Thompson et al. (1972). This is consistent

with the axiom that the most recent values are the best available generic

estimates. However, it should be noted that the salt-water values of

Freke (1967) are generally higher than those of Thompson et al. because

they are conservative, rather than average. Whenever deemed neces ;ary,

values for NEPTUN were taken from other sources, as documented in Appendix A.

It is important to note that most aquatic food chain models

for the assessment of radionuclides released from nuclear installations

are rather similar in structure. This implies that uncertainties of

model-predictions relate mainly to model parameters. This is especially

true for concentration factors. Since the determination of these factors

is a very active field, better values than those implemented in NEPTUN

will undoubtedly become available in the future.

4. MODELS

Calculation of radiation doses to man due to aquatic food

types are straightforward and of the linear chain type. In their sim-
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s

plest form, doses for drinking water ingestion can be calculated using

D U j " C . ^ . V ^ (2)

und for aquatic food Ingestion

Dfij • Ci- If Tfi- Vi J
 (3)

where " n * ~ dose from drinking water due to radionuclide i and dose

path j (Sv/a)

C. = concentration In water of radionuclide i (Bq/L)

I, = ingestion rate of drinking water (L/a)

V , = cose conversion factor for radionuclide i and dose path

J (Sv/Bq)

D,,, « dose due to aquatic food type f, rndionuelide i and

dose path j (Sv/a)

I, « ingestion rate of aquatic food type f (kg/a).

In AQUAMAN equations 2 and 3 are u d. However, AKRRG and the

USNRC 1.109 Regulatory Guide use modified equations, which include a

hold-up time. This is a delay between the harvest and consumption of

food types during which radioactive decay occurs. Without such a term,

the impact of short-lived radionuclides could be greatly overestimated.

For drinking water ingestion, deses can be calculated using

Dlij "WVy.e-Vl (4)

and for aquatic food Ingestion
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where X = radiological decay constant of radionuclide i (1/d)

t. •= hold-up time for drinking water (d).

t, • holdup time for food type f (d).

In NEPTUN, expressions (4) and (5) hove been implemented. It

should be noted that in NEPTUN, f={2,3,4,5,6,7) since food type ] is as-

signed to drinking water. In addition, subscript j can be ignored for

ICRP 26 (1977) stochastic dose calculations, since a single dose is cal-

culated for each radionuclide. Further, equations (2) to (5) do not

include subscripts for different age groups. NEPTUN contains dose fac-

tors for both infants and adults, which also involve age-specific in-

gestion rates.

The decay term in equations (4) and (5) can cause underflow

during execution, if the absolute value of the exponent is very large.

This can occur in very short-lived radionuciides in which the decay term

becomes very small; this in turn leads to very low doses. To handle

this problem, NEPTUN uses a criterion (CR1T) which has an absolute value

of 80.0. If the absolute value of the exponent exceeds 80.0, food con-

centrations and doses are set to zero and an appropriate message is

printed during execution. The value of CRIT can be changed, depending

on the computer installation. However, with an absolute value of 80.0,

the decay term (e ' ) has a value of 1.80 . In most cases, this low

value fully justifies the setting to zero of food concentrations and

doses

5. DOSE FACTORS AND CALCULATION OF TOTAL DOSES

NEPTUN includes two types of dose conversion factors (V..)

which are based on ICRP 2 (1959) and ICRP 26 (1977) methodologies,

respectively.
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ICRP 2 represents the traditional critical organ approach to

dose calculations which involves separate doses to the whole body and

various internal organs. Thus, separate organ doses must be evaluated

for each radlonuclide. Usually, at least oeven such doses are consid-

ered. If several radionuclides are involved, these doses are additive

over radionuclides. In NEPTUN, the total dose for radionuclide i and

organ J—{1 7} is given by

TDtJ - DUJ + j 2
 Dfij (6)

where TD.. = the total dose due to drinking water and the six food

types f for radionuclide i and organ j (Sv/a).

The total dose from several radionuclides for organ j is

given by

N
GTD - T. TD (7)

J i-1 1J

une re CTD. » the total dose for organ j and radionuclides

i={l,2,3....N) (Sv/a)

N = number of radir .mclides.

Note that the doses based on different organs cannot be added.

Hence ICRP 2 involves separate limits of exposure to the whole body and

each of the internal organs. In NEPTUN, the maximum value of N is 100.

ICRP 26 represents a new approach to dose calculations, and

has been adopted for the environmental assessment of Canadian nuclear

installations. In its recommendations, ICRP 26 includes two types of

effects: stochastic and non-stochastic. Stochastic effects are those

for which the probability of an effect occurring, rather than its seve-

rity, is regarded as a function of dose, for which there is no thresh-

old. Non-stochastic effects are those for which the severity of the
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effect varies with the dose, and for which a threshold may therefore

occur (ICRP 26, 1977). Basically, stochastic and non-stochastic dose

calculations involve the same dose factors for individual organs, al-

though there are differences in computational procedures.

Stochastic dos», factors are based on a series of dose factors

for individual organs (up to 11 different organs may be Involved).

These organ dose factors are multiplied by weighting factors prior to

addition (see Johnson et al., 1979). The advantage of ICRP 26 over

ICRP 2 is that these procedures yield a single stochastic dose factor

for each radionuclide. Further, stochastic doses can be readily summed

over radionuclides. In NEPTUN the total stochastic dose for radionu-

clide i is given by

T Di " Dli + f
Z
m2

 Dfi ( 8 )

where TD. • the total stochastic dose due to drinking water and the

six food types f for radionuclide 1 (Sv/a)

D. . = stochastic dose due to drinking water from radionuclide

i calculated by equation U (Sv/a)

D_. = stochastic dose due to aquatic food type f from radio-

nuclide i calculated by equation 5 (Sv/a).

The total stochastic dose for several radionucl.ides is given

by

N
GTD = Ï TD. (9)

i=l L

where GTD = the total stochastic dose for radionuclides i={l,2,3...N}

(Sv/a).

For the stochastic dose, ICRP 26 involves a single limit of

exposure.
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ICRP 26 non-»Lochastic doses resemble 1CRP 2 doses and, for

each rûdionuclide, an entire series of separate organ doses must be cal-

i.ulated. These doses aie based on the separate organ dose factors used

to calculate the stochastic dose factors. However, no weighing factors

or -dditlons are involved. As in the case <-f ICRP 2 dosuj, non-stochas-

tic doses due to several radionuclides can be added for each organ, but

addition of doses to different organs is meaningless. Thus, ICRP 26

non-stochastic doses involve separate limits of exposure for various

organs.

The total non-stochastic doses for radionuclide i and organ j

is given by equation (6), although more than seven individual organs may

need to be considered. The total non-stochastic dose for organ j and

several radionuclides i is given by equation (7).

Although the proper application of ICRP 26 recommendations im-

plies the use of both stochastic and non-stochastic doses, only the for-

mer have been implemented in NEPTUN. Non-stochastic doses will be im-

plemented in the future once detailed dose factor files become available.

6. DOSE CONSEQUENCE RATIOS

For ICRP 26 stochastic doses, NEPTUN also calculates dose con-

sequence ratios. As outlined by Zach and Iverson (1979), these ratios

can be very helpful in environmental assessments by reducing the number

of computer runs. For aquatic food types, the dose consequence ratio is

the dose due to a given water concentration divided by that water con-

centration. Since NEPTUN may involve different freshwater and salt-

water concentrations, separate ratios must be calculated. Freshwater

dose consequence ratios can be calculated using
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where SDR
<W,

 = dose consequence ratio for radionuclide 1 due to
-1 -l

drinking water and food types 2 to 4 (SvL-a -Bq )

C _ » freshwater concentration of radionuclide i (Bq/L)

and for salt-water

7
SDRiSw " f

Z
m5
 Dfi I CiSw

where SDR.o * dose consequence ratio for radicnuclide x due to food
-1 -1

types 5 to 7 (SvL-a -Bq )

"iSw =

It is important to note that dose consequence ratios are inde-

pendent of water concentration (C._ and C ) as long as the number of

food types, ingestion rates (I1 and I f), dose factors 0/^) and all the

other model variables remain unchanged.

7. ORGANIZATION OF NEPTUN

NEPTUN consists of a total of eleven interrelated files (Fig-

ure 1).

(1) NEP.F4 - program with the subroutine DOSE and DASE for calcu-

lating doses to the total body and six individual

organs, or ICRP 26 stochastic doses, respectively.

(2) CFAC.DAT - radiological decay constant and concentration fac-

tors for uie six aquatic food types for each radio-

nuclide.

C3) THOLD.DAT hold-up times for drinking water and the six aquatic

food types.
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(4) DIET.DAT

(5) LABEL.DAT -

(6) NAME.DAT -

(7) DOS,DAT

(8) A2ICP..DAT -

(9) CUSNR.DAT -

(10) A26IC.DAT -

(11) C26IC.DAT -

diets of man for drinking water and the six aquatic

food types.

labels for the output of model variables.

labels for food anc diet types and names for dose

factor file3.

Battelle adult dose factors (Baker, 1977) for the

total body and six individual organs,

adult dose factors for the total body and six indi-

vidual c-gans bijsed on ICRP 2 methodologies.

USNRC Regulatory Guide 1.109 (1977) dose factors for

infants.

stochastic dose factors for adults (Johnson et al.,

1979) based on ICRP 26 (1977).

sr.ochi.stic dose factors for infants (Johnson et al.,

1977) based on ICRP 26 (1977).

7.1 NEP.F4 FILE AMD INTERACTIVE DIALOG (Appendices A-l and A-2)

During execution, NEP.F4 (Appendix A-l) asks the user a series

of questions which must be answered. Some of these questions have sev-

eral possible responses, as summarized in Table 1.

The user is first askad whether listings of the food types,

diet types or dose factor file names are desired (see Appendix A-2).

In each case, '0' will suppress the listing, '1' will print it, followed

by continuation of execution, and '9' will print it, followed by termi-

nation of execution. These listings may be required by the user to gain

information required for subsequent interactive input.

The user is then asked whether all model variables are to be

listed. If responded to by '1', general model variables and radionu-

clide-specific variables, inclusive concentration factors and, if appli-

cable, dose factors, will be listed in the course of execution (see

Appendix A-2). '0' will suppress this option.
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The user is then asked to specify food types. This involves

a binary string of seven digits. The sequence of these numbers parallel

the sequence of the food types implemented in NEPTUN (see Appendix A-7).

Food types chosen are designated with '1' nnd those not chosen by '0'.

An option is provided, which allows specification of a new set of food

type3, If a mistake has been made. Next the user must specify the diet.

Jn DIET.DAT provisions have been made for 30 different diets, each of

which can be requested by typing the appropriate diet number (see Ap-

pendix A-5).

Following Uiis, th? user must indicate whether dose calcula-

tions are to be made. Typing '0' will result in food concentrations of

individual radionuclides only, and typing '1' will enable dose calcula-

tions to be made. If dose calculations are demanded, the name of the

file of the dose factors to be used must be supplied. A total of five

different sets of dose factors have been implemented in NEPTUN (Appen-

dices ,.-8 to A-12). It is important to realize that DOS.DAT, A2ICR.DAT

and A26IC.DAT contain adult doso factors while CUSNR.DAT and C26IC.DAT

involve infant dose factors. Therefore, all these files <st be used

with appropriate diets.

Next the program asks for a radionuclide. Basically, only

those in CFAC.DAT are allowed and the appropriate symbol used in that

file must be supplied (Appendix A-3). if another radionuclide is se-

lected or a typing error occurs, a different radionuclide will be iuto-

matically demanded. If a specified radionuclide is missing in a selected

dose factor file, dose calculations will be skipped and an appropriate

message will be printed during execution. The request for a radionuclide

can also be responded to by '0', which will direct execution back to the

start, or by '9', which will terminate execution. If dos» calculations

have not been requested, 'I1 will lead execution back to food type spe-

cification. If dose calculations have been specified, it will lead to

printing of a dose summary for all the radionuclides entered during a

given run.



If a proper radionuclide symbol has been entered, the user

must next supply freshwater concentration in Bq/L, provided drinking

water or any or all of the food types 2 to 4 have been specified.

Otherwise, the user is asked to supply salt-water concentration in Bq/L

only. After specification of freshwater and/or salt-water concentra-

tions, execution returns to radionuclide specification.

Normally execution is terminated during radionuclide specifi-

cation. However, if a dose summary for the combined radionuclides is

demanded during radionuclide specification, the user is asked whether

termination is desired. '0' will direct execution back to the start and

'I1 will cause termination of execution.

7.2 CFAC.DAT FILE - CONCENTRATION FACTORS (Appendix A-3)

CFAC.DAT contains data fur 2,'A raiiionm-J ides. The exact ra-

dionuclide symbol gi"en in this file must be uiii'd when Knecifyinj; r.idio-

nuclides during execution. Each radlomu] ide is accompanied by seven

values. These are listed In the order

1. Radiological decay constant (V, in 1/10 which is converted in

NEPTUN to I/d (see equations (4) and (5))

2. Concentration factor for freshwater fish (T?. in L/kg)

3. Concentration factor for freshwater invertebrates (T... in L/kg)

4. Concentration factor for freshwater plants (T,. in L/kg)

5. Concentration factor for salt-water fi=h (T,-. in L/kg)

6. Concentration factor for salt-water invertebrates (T,. in L/kg)

7. Concentration factor for salt-water plants (T-. in L/kg).



- 15 -

The sources of these concentration factors are given in Appen-

dix A-3. Additional redionuclides can be readily added to CFAC.DAT,

provided the symbol used is unique and the radiological decay constant

I'jnd alj the concentration factors are known.

7. 3 THOU).DAT FILE - HOLD-UP TIMES (Appendix A-4)

THOLD.DAT contains the hold-up times (t^ and t, in d) for

drinking water and the six food types. Depending on food type, the

hold-up time may include delays due to commercial processing and stor-

ing, transportation, and storage at home prior to consumption. The

values listed are exemplary only and they can be readily changed. Zero

values "can be used.

Hold-up times for aquatic food types appear to be highly var-

iable. In HERMES (Fletcher and Dotson, 1971), no hold-up times were

defined for most food types other than non-comraercial river fikii and

drinking water, which were assumed to have hold-up times of 3 and 0

days, respectively. In ARRRG (Soldat et al., 1974), hold-up time is an

input variable which must be assigned values by the user. In AQUAMAN

(Schaeffer and Ethier, 1979), no hold-up times need to be specified be-

cause this code does not involve a decay term (see equations (2) and

(3)). The USNRC 1.109 Regulatory Guide (1977) indicates that hold-up

times can be at least one day for each food type. For population dose

estimates, it recommends the use of 7, 10 and 1 day for sport fish,

commercial fish and drinking water, respectively.

Hold-up times are only important for short-lived radionuclides;

for long-lived radionuclides they have little or no effect on food con-

centrations and dose estimates.
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7.4 DIET.DAT FILE - DIETS (Appendix A-5)

DIET.DAT contains diets 1 to 30 for drinking water and the six

food types. The values listed are ingestion rites (L/d or kg/d) which,

during execution of NEPTUN, are converted to annual ingestion rates (I,

in L/.i and I in kg/a). The diet numbers of DIET.DAT correspond to the

diet numbers and names in the NAME.DAT file. Thus changes in DIET.DAT

may also necessitate changes in NAME.DAT.

Currently, only diet 30 has been implemented as a test diet.

The values chosen are purely exemplary. Additional diets can be readily

entered.

Little information is readily available on ingestion rates of

aquatic food types. In ARRRC (Foldat et al., 1974), ingestion rate is

an input variable to be assigned values by the user. However, in HERMES

(Fletcher and Dotson, 1971), diets are evaluated comprehensively and in-

gestion rates are derived for processed ocean fish, shellfish, and fresh

ocean fish and sports fish, for urban and rural farming, and for non-

farming households, in the North Central U.S. Average and maximum

values are given for children, teenagers and adults. The USNRC 1.109

Regulatory Guide (1977) re,. ->mmends 6.9 kg/a, 1.0 kg/a and 370 L/a for

the average adult consumption of fish, seafood and drinking water, re-

spectively. The corresponding maximum values for adults are 21.0 kg/a,

5.0 kg/a and 730 L/a, respectively. Values are also recommended for

infants, children and teenagers. In AQUAMAN (Shaeffer and Ethier,

1979), man is assumed to consume 20 g/d of fish and 1.2 L/d of vater.

However, these values can be readily changed.

7.5 LABEL.DAT FILE (Appendix A-6)

LABEL.DAT contains labels for the output of all model varia-

bles.
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7.6 NAKE.DAT FILE (Appendix A-7)

NAME.DAT contains numbers and labels of food and diet types as

well as the names and labels of the five dose factor files. These data

are used for output purposes. In order to keep the output of NEPTUN as

complete as possible, diets added to DIET.DAT must be given labels in

the NAME.DAT file under the appropriate diet number.

7.7 DOS.DAT FTLE - FOOD DOSE FACTORS (Appendix P-8)

The dose factors listed in DOS.DAT are for adults. They were

taken from FOOD II (Zach, 1978), and are essentially those listed by

Baker (1977). They are for one year's chronic ingestion at a uniform

rate involving a 50-year dose commitment. The factors were derived

using ICRP 2 (1959) models (Baker et al., 1976). Each radionuclide is

accompanied by seven dose factors (mrem/pCi), which are listed in the

order of

1. Dose factor for whole body.

2. Dose factor for GI-LLI (gastrointestinal - lower large intes-

tine) .

3. Dose factor for thyroid.

4. Dose factor for bone.

5. Dose factor for liver.

6. Dose factor for lung.

7. Dose factor for kidney.

These dose factors are converted in NEPTUN to Sv/Bq (V..) by

using a conversion factor of 0.00001 Sv/mrem per 0.037 Bq, p^_ or
-L -l -l

2.7 x 10 SvpCi-mrem -Bq .
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7.8 A2ICR.DAT FILE - ICRP 2 ADULT DOSE FACTORS (Appendix A-9)

The dose factors listed in A2ICR.DAT «ere derived at WNRE using

ICRP 2 (1959) methodologies. Tht values arc for r.dults and for one year's

chronic ingestion at a uniform rate Involving a 50-year dose commitment.

Thus, the do6e factors in A2ICR.DAT are very similar to those in DOS.DAT,

and the values are listed in the saue order. However, the units of the

two sets of dose factors differ. The values in A2ICR.DAT are in mrem/uCi,

while those in DOS.DAT are in mreia/pCi. In NEPTUN the dose factors in

A2ICR.DAT are converted to Sv/Bq (V ) by using a conversion factor of

0.00001 Sv/mrem per 37 000 Bq/yCi or 2.7 x 10"10 SvpCi-mreni"1-Bq"1.

7.9 CUSNR.DAT FILE - USNRC 1.109 INFANT DOSE FACTORS (Appendix A-10)

Thé dose factors listed in CUSNR.DAT are for infants, and were

taken from the USNRC 1.109 Regulatory Guide (1977). These values can be

traced to Hoenes and Soldat (1977), who used primarily ICRP 2 (1959)

models in their calculations. The dose factors are based on continuous

intake over a one-year environmental exposure period, and an associated

dose commitment extending over a 50-year period from initiation of

intake. The dose factors are in mrem/Ci and they are listed in the same

order as those in DOS.DAT. In NEPTUN, the dose factors in CUSNR.DAT are

converted to Sv/Bq (V..) by applying a conversion factor of 0.00001 Sv/mrem

per 0.037 Bq/pCi or 2.7 x 10 Sv.pCi-mrem" -Bq~ .

7.10 A26IC.DAT FILE - ICRP 26 ADULT DOSE FACTORS (Appendix A-ll)

The values listed in A26IC.DAT are stochastic dose conversion

factors for adults in rem/uCi based on ICRP 26 methodologies. All the

values were taken from Johnson et al. (1979). Thus, they are for one

year's chronic ingestion at a uniform rate, involving a 50-year dose

commitment. In NEPTUN, the dose factors in A26IC.DAT are converted to

Sv/Bq (V.) by using a conversion factor of 0.01 Sv/rem p^r 37 000 Bq/pCi
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or 2.7 x 10 SvJyGi-rem" .Bq~ . A26IC.DAT also includes information on

the daughters considered in the calculations of the dose factors (see

also Jchnsor °.t al., 1979).

7.11 C26IC.DAT FILE - ICRP 26 INFANT DOSE FACTORS (Appendix A-12)

The values Ii3ted in C26IC.DAT are stochastic dose factors for

infants (rem/yCi) and are otherwise analogous to the adult factors in

A26IC.DAT. They were taken from Johnson et al. (1979) and ars based on

ICRP 26 models (1977), using one-year's chronic ingestion at a uniform

rate and a 50-year dose commitment.

8. OUTPUT

Depending on the job control language (Appendix A-2), NEPTUN

displays output on a local terminal or an auxiliary high-speed printer.

The first option allows rapid feedback, but is slow when many runs are

executed; the second option has slower feedback, but is fast when many

runs are made.

Depending on the option selected (Table 1 ) , the output may

contain complete listings of food and diet types, dose factor file names

and model variables. The latter option includes concentration and dose

factors for the selected radionuclides.

The output for each radionuclide includes a listing of the

variable values or options chosen by the user during execution. For

each radionuciide, a table of concentrations is printed, which includes

a series of four values for each of the food types specified (Appendix

A-2). These are listed in the order
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1. Concentration in edible portion of plant or animal product

(Bq/L or Bq/kg). These values are based on equations (4) and

(5) before multiplying by Jngiituion rates (I or I ) and dose

factors ( v
1 ()-

2. Ingestion rates (L/d or kg/d) as listed in DIET.DAT for the

specified diet. Essentially, these values are converted dur-

ing execution to the yearly ingestion rates (I. and I,) used

in equations (A) and (5).

3. Radionuclide ingestion rates (Bq/d). These rates are the pro-

duct of the values listed in columns one and two.

4. Percentage contribution of each food type to the total daily

or annual radionuclide ingestion rate.

The table of concentrations also includes total daily and

yearly radionuclide Ingestion rates.

Provided dose calculations have been specified, the ojtput for

each radlonuclide includes a table of doses. The format of this table

is dependent on the dose factor file chosen (Appendix A-2).

For DOS.DAT, A2ICR.DAT and CUSwR.DAT, the table of doses con-

tains doses (Sv/a) to the whole body and six individual internal organs

for each of the food types chosen (D,.. and D,..). This is followed by

dose totals (TD..), and percentage contribution of these total doses to

the whole body and the six individual organs, to the grand total dose.

Although this grand total dose has no meaning, since individual doses

are not additive, the percentages allow rapid assessment of the relative

magnitude of the doses to the whole body and the internal organs.

For A26IC.DAT and C26IC.DAT, the table of dose (Sv/a) contains

stochastic doses for each of the specified food types (D and D ) .



- 21 -

This is followed by the total stochastic dose (TD^. No percentage dose

contributions have been included for the food types, since these per-

centages correspond exactly to those listed in the table of concentrations.

In addition to the table of doses for individual radionuclides,

N1ÎPTUN can also produce summaries of doses (Table 1 ) . These summaries

include the doses of all the radionuclides chosen during a given run

(Appendix A-2). A maximum of 100 radionuclides can be included in each

run.

For DOS.DAT, A2ICR.DAT and CUSNR.DAT, the summary of doses

(Sv/a) is essentially a list of the total doses to the whole body and

individual internal organs (TD..) for each radionuclide. This is fol-

lowed by the total doses due to all the radionuclldes (GTD.), and a list

of percentage contributions. The percentages in this list give the con-

tribution of each radionuclide to the total dose to the whole body and

the internal organs.

For A26IC.DAT and C26IC.DAT, the summary of doses (Sv/a) is a

list of the total stochastic doses (TD.) for each radionuclide. This is:

followed by a total stochastic dose (GTD) for all the radionuclides.

Percentage contributions to this dose by individual radionuclides have

also been included.

For ICRP 26 adult and infant doses, the summary also includes

a table of stochastic dose consequence ratios. To emphasize the depen-

dence of these ratios on food and diet types and the dose factors, the

number of freshwater and salt-water food types, the diet type and the

dose factor file name are also printed out. The table is arranged in

four columns. These are

1. Total dose (Sv/a) for radionuclide i due to drinking water and

to freshwater food types 2 to A (see equation (10)).
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2. Stochastic dose consequence ratio for radionuclide 1 due to

drinking water, and to freshwater food types 2 to 4 (SDR,, In
-1 -1

SvL.a -Bq x ) .

3. Total dose (Sv/a) for radionuclide 1 due to salt-water food

types 5 to 7 (see equation (11)).

4. Stochastic dose consequence ratio for radionuclide 1 due to

salt-water food types 5 to 7 (SDRigw In Sv-L-a" -Bq ).

9. UPDATING AND EXPANSION

Without changing the actual model, NEPTUN's estimates of ra-

dionuclide concentrations In aquatic food products, and the resulting

doses to man, can be improved by continuous updating of the values of

all the model parameters as better data become available. This is par-

ticularly true for the concentration factors in the CFAC.DA1 file.

NEPTUN can be readily expanded by adding more radionuclides to

the CFAC.DAT file and/or to the dose factor files. The only requirement

is that all the radionuclide symbols are unique and consistent among all

files. In order to allow dose calculations, radionuclides must be

included in the CFAC.DAT file.

The addition of new food types and dose factor files requires

fairly extensive changes in NEP.F4. This is particularly true for

ICRP 26 non-stochastic dose factors.
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TABLE 1

SUMMARY OF INTERACTIVE DIALOG OF NEPTUN GIVING

QUESTIONS POSED AND USER SUPPLIED RESPONSES

1. LISTING OF FOOD TYPES?

2. LISTING OF DIET TYPES?

0
1
9
0
1
9

3. LISTING OF DOSE FACTOR FILE NAMES? 0
1
9

4. LISTING OF ALL MODEL VARIABLES? 0
1

5 . WHICH FOOD TYPES? 0
1

6 . MISTAKES?

7. WHICH DIET TYPE?

8. DOSE CALCULATIONS?

9. WHICH DOSE FACTOR FILE?

10. NUCLIDE?

11. FRESHWATER CONCENTRATION (Bq/L)?

12. SALT-WATER CONCENTRATION (Bq/L)?

13. TERMINATION?

Directly to question 2.
List Is typed and then to question 2.
List is typed and then end of execution.
Directly to question 3.
List is typed and then to question 3.
List is typed and then end of execution.
Directly to question 4.
List is typed and then to question 4.
List is typed and then end of execution.
Variables will not be printed out.
Variables will be printed out.
Food type not specified.
Food type specified,
e.g., '1111111' types 1 to 7 specified

'0100100' types 2 and S specified
To question 7.
Back to question 5.
Specify diet number as Implemented in
DIET.DAT,
e.g., '30' specifies test diet.
Directly to question 10.
To question 9.
Specify dose factor file name as
listed In NAME.DAT,
e.g., 'DOS.DAT1 specifies Bat telle dose
factors.
Specify radionuclide symbol as listed
in CFAC.DAT,
e.g., 'SR90', and then to question 11.
If symbol is not listed in CFAC.DAT
question 10 is repeated.
Back to question 1.
If dose calculations have not been
specified, back to question 1; if
dose calculations have been specified,
summaries will be first printed out
and then to question 13.
End of execution
Supply freshwater concentration and
then to question 12,
or, if no salt-water food types have
been specified, back to question 10.
Question 11 is only posed if drinking
water or any or all of the food types
2-4 have been specified.
Supply salt-water concentration and
then back to question 10.
Back to question 1.
End of execution.
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FIGURE 1: Organization of NEPTUN showing NEP.F4 with its main routine and
the two dose subroutines DOSE and DASE. The main routine receives
interactive input from the terminal and five associated disc
files. DOSE and DASE receive input from three and two disc files,
respectively. Information is interchanged between the main and
subroutines. The latter produce dose output files for individual
radionuclides, and the former produces food concentration output
files for individual radionuclides and also dose summaries for
the combined radionuclides.



- 28 -

APPENDIX A

A-l. LISTINC OF NEP.F4 FILE

A-2. SAMPLE RUNS OF NEPTWÏ

A-3. LISTING OF CFAC.DAT FILE

A-4. LISTING OF THOLD.DAT FILE

A-5. LISTING OF DIET.DAT FILE

A-6. LISTING OF LABEL.DAT FILE

A-7. LISTING OF NAME.DAT FILE

A-8. LISTING OF DOS.DAT FILE

A-9. LISTING OF A2ICR.DAT FILE

A-1O. LISTING OF COSNR.DAT FILE

A-ll. LISTING OF A26IC.DAT FILE

A-12. LISTING OF C26IC.DAT FILE

Page

29

42

51

56

57

•}S

59

60

64

66

68

71



- 29 -

A-1. LISTING OF NEP.F4 FILE

'•«; CONCEIVED AND MPITTEN EY PETD ZACH DF
ENERGY' OF CANAL'* LIMITED AT THE I-IH I Tf- THELL
Kf.IEAPCH EZTAfLI IHMENT IM PINAi-'A MPHITQEA

If) DECEMBER 1 •>;'•?.

NEPTUN CALCULATES RADIONUCLIDE CONCENTRATIONS
IM DP INK IMG WATER AND 3IX AOUATIC FOOD TYPES
AND THE RESULTING DOSES TD MAN. NEPTUM CONSISTS
OF A MAIN ROUTINE AND TH£ SUBROUTINES DOSE RND
DA SE. IT ALSO INVOLVES TEN DATA FILES: DIET.DAT»
NAME.DAT* LABEL.DAT» THOLD.DfiT» CFfiC.DflT» DD3. DRT)
ftëlCF.BAr» CUSMR.DflT. C26IC.DflT flHD fl£6IC.DflT.
THE LflîT FIVE FILES fiPE DDSE FflCTDR FILES WHICH
rtRE SHARED WITH THE TERPESTPIfiL FOOD CHfilN MDDEL
FODDIII CSEE REPORT flECL-63D5>.
NEPTUN HAS BEEN FULLY DOCUMENTED IM REPORT flECL-6450

COMMON • MT1 •' FILN » CDNC, YN. NUC1 • NUC2 » f l'SDO. NCOUNT, I DO
COMMON /MT£/ FILM**FILNE.FILNC»FILMD.FILNE.ILV
CDMMDM •-MT.5 • NflME 1 . NAME3. LflUB» C WIFW# CWISW. DCR. WTDDS
DIMENSION TH'7.' »YM<?> .NAME! ''7.4' »MAME£<30»4> .NAME3-:5. 15.1)
DIMENilON FILN<£> «LAUB ':££»9.» .DUP'S» . i:R<?> . TCDFF<7> «CONC <r«4-
DIMENSION NSDO'::i00»£> »iDO<100>?.> »T^DD''7^ »PSDO <i 00. ?» . TPSDO-T'
DIMENSION ULftc?:-. ,ULEc\_3> ,ULC<£3:' »ULD<11.> . DIETT (?. 30> . DCP < ! U-J-
DIMENSION MTDOS < 1 00.S.»
INTEGER YfJ

11-5
îrin

L02
101

DATA FILNA" DOS.D' -.FILNE--
DA TA FILND- ' C26IC ' •'. FILNE-' •
DATA ULA--9» •'••" - !-ULE--.E'3*-'-' •
OPEN (UNIT=10.DEVICE=
OPEN (UNIT=11,DEVICE=
OPEN (UNIT=1£,DEVICE=•
OPEN (UN I T= 13 J DEV I CE= •
OPEN (UNIT=14.DEVICE=
CRIT IS CRITERIUM FOR
CRIT=SO.0
READING DIET.DAT FILE
LL=1
LT=10
READ(10.100>
FORMAT (.''•'•
DO 101 I = 1 » 7
READ(1O,1O2> (DIETTd»
FORMAT (1 0X> 1 0F7. 0:>
CONTINUE

'DSK'i
'DSK'!
"DSK'i.
DSK'o
"DSK-!

CUSNR'-'>
A26IC- ••-
•»ULC --'£3*
rACCESS='
iACCESS=-
ACCESS='
ACCESS=
ACCESS="

FILMC' A2ICP

'•'.•'.ULD-'H*
SEOIM'
ÎEC'IN
ÎEGIN
ÎEOIN'
ÏEOIN-

fFILE=
»FILE=
»FILE=
-FILE=
.FILE=

PREVENTING UNDERFLOW IN El

- DIETS

J-•J=LLfLT>

" * . - • ' '

• ' _ • • ' /

'DIET':-
'NAME-•
LABEL'-
' THOLD •
-CFAC'.'
;PONENTS

IFtLT.LE. :->-0> GO TO 135
READING NAMt.DAT FILE - LABEL
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C NflMES OF FOOD TYPES
DO 110 1 = 1 - ?
ffEflD < 1 1 » 1 1 1 ' (NftME 1 < I , J • • J= 1 • 4 •

111 FDPMftT(3l=l5.l=t2-'
110 CONTINUE

C rWMES OF DIET TYPES
DO 112 1=1.30
REftD ( 1 1 » 1 11 > ':.NftME2 < I» J.' • J= 1 » 4 •

112 CONTINUE
C NflMES OF DOSE FflCTDP FILES

DO 113 1=1>5
R E f i l K l l , 114> <NftME3'I , J.' . J=l» 15 '

114 F0RMflTa5fi5>
113 CONTINUE

C REflDING LflBEL.DfiT FILE - LflBELS FDR OUTPUT OF MODEL VflPIfiELti
DD l£0 1=1,22
REflDdJi 123> <LRUBa. J.' t J=1.S.»

123 FQRMfiT(3fl5>
120 CONTINUE

C REflDING THDLD..DFIT FILE - HOLDUP TIME!

132 FORMflT(->
DO 130 1=1.?
REAP < 131131 > TH ( I >

131 FORMflT(2 OX *F5.0)
130 CONTINUE

C TYPING NAMES OF FODD TYPES
232 TYPE 140
14 0 FDRMATC '.'LISTING OF FOOD TYPE NAMES (1.9 OP 0'• " *:•

C 1 - LIST IS TYPED AND EXECUTION CONTINUES
C 9 - LIST IS TYPED AND EXECUTION STOPS
C 0 - NO LIST IS TYPED fiND EXECUTION CONTINUES

ACCEPT 141.IFTL
141 FORMflT -'11.»

IF<IFTL.EQ.0> GO TO 142
TYPE 143

143 FORMATS O
DO 144 1=1,7
TYPE 145» (NAMEHI» J.» » J= 1 » 4>

145 FDRMflTC ,3fi5..|=f2>
144 CONTINUE

IF<IFTL.EQ.9> STOP
TYPE 462

462 FDRMRT<'0'>
C TYPING NAMES OF DIET TYPES
142 TYPE 150
150 FDRMftTC '.'LISTING OF DIET TYPE NHMES (1,9 DR 0> ? ' %>

ACCEPT 141,IDT
IFODT.EO. OJ GO TO 151
TYPE 14 3
DO 152 1=1,30
TYPE 145, CNAME2 < I » J.> . J= 1 » 4>
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1 52 C DM T I HUE
if'iziT.eo.?'
T i'PE 462

C TYPING f'RHEi DF DO~E FfiCTOR FILES
151 rVPE 160
16'ï FORMflT*' '«'LISTING DF DOSE FflCTDP FILE NflMES a » 9 DP 0.> ?

ACCEPT 141»I DO
IFaBD.EO.0n GD TD 161
TYPE 14 3
I'D 16£ 1=1.5
TYPE 163 ! <MfitiE3 '•' I « J • . J= 1 - 15>

163 FDRMftTf .15fl5>
16£ CONTIMUE

I F a D 0 . E 0 . 9 > STOP
TYPE 462

C TYPING ftLL V'ftRIABLES
161 TYPE 170
170 FDRMflT-:' -', L ISTING DF flLL VflPIflFLES- <l*9 OR 0> ? %:>

ACCEPT 141.. ILV
I F a L V . E Q . 0.» GD TD 171
*ïÎIGNING VflLUES TO O'JTPUT F ILE
HO 173 1 = 1 . 7
D U P < I :> = TH •: I )

17£ CONTINUE
DUP':3'=CPIT
WRITE''6. 143»
'JRITE<6. 173>

173 FOPMflT< - , GENERftL MODEL VftPI f tELES'•
I.JPITEC6. 143.'
DO 174 1=1.«3
UIRITEC6, 175::' CLflUB a . J> • J = l , 8 * >OUP<I>

175 FDRMflT<' ' , S f l 5 , F 6 . 2 >
174 CONTINUE

I F a L V . E Q . 9> STOP

C CHOOSING FOOD TYPES
171 TYPE £00
500 FDPMflTc '«''WHICH FOOD TYPES <1 OR 0 IN 1=1 STRING) ? '$>

C 1 - FODH TYPE CHOSEN <'l' STfiNI'S FOR 'YES')
C 0 - FODD TYPE NDT CHOSEN C O ' S T M N D S FOR 'NO'?

h-.CEPT £01.« (YN <I> , 1 = 1 » ?>
£01 F0RMflT<7Il)

C LISTING CHOSEN FOOD TYPES-
TYPE 20£

2 02 FDRMflT-:' « T H E FOLLOWING FOOD TYPES HflVE BEEN SPECIFIED :'>
K=0
HD 203 I=l«7
IF (.YN a .> . EQ. 0.) GO TO 203
?;=K-1
I ;j?CiO =1

£03 CONTINUE
NTOP=k-



- 32 -

T fPE £ CM, ' I : R •: I • , I = 1 . MTDP •
304 h QPM« r • ? I ? •

C MISTAKE OPT IOH
TYPE £05

£05 FORMATC - . - MISTAKES (0 OR 1.' '' V'
ACCEPT 141» MIST
IF'."MI ST. EQ. O.> GD TD £06
TYPE £07

£07 FORMAT «: ' ' > "TRY AGAIN' >
GD TD 171

C DETERMIHING THE NUMBER DF FPESHUflTFR FDDB TYPES
206 ITFW=0

DD £08 I=1JMTDP

IF<ISR<I> .LE.4.) ITFW=ITFW+1
£03 CONTINUE
C CHDSING DIET TYPE

TYPE £10
£10 FORMAT <' -..WHICH BIET TYPE <'l-3 0> ' Î .•

ACCEPT £111 Hi IE
£11 FORMAT <I£>
C CHDDSING DOSE FACTORS

TYPE ££0
££0 FORMAT « ' «DOSE CALCULATIONS (I OP 0- : '£••

ACCEPT 141»ID0SC
IF<IDOSC.EO.0> GO TO ££1
TYPE £££

£££ FORMAT ( ' U -WHICH DOSE FACTDPS ' F I L E HAME> '' '%>
ACCEPT £ £ 3 j F I L N a : > » FILN<£>

££3 FDPMAT<£A5>
C I N I T I A L I Z I N G DOSE SUMMARY VARIABLES

NCDUNT=0
DO ££4 1=1»7
TSDOO>=0. 0
TPSDOa>=0. 0

££4 CONTINUE
C SETTING DIET VALUES

££1 DD ££5 1=1»7
IF<YNa.> .EQ. 0> GO TO ££5
C0NC<:l»2>=DIETT«ri» ITIE>

££5 CONTINUE
GO TO £31

£5£ TYPE £51
£51 FORMATC » N O DOSE SUMMARY PDSSIELE WITH ZERO NUCLIDE.:

C CHOSIHG NUCLIDE
£31 TYPE £30
£30 FORMAT </ '» 'WHICH NUCMDE ? ' * >
£3? ACCEPT £ 5 0 J N U C 1 J N U C £
£5 0 FORMAT CA5»A3>

IFcr iUCl . fcO.5Hl . flnn.HCDI.lNT.EQ. 0' GD TD £5£
IF <NUC 1 . lIO. 5H 0 •• GO TD £ 3£
IFa iuc i . t ù . f .H l . AND-mOiC.EQ. 0.» GO TD £3£
IFfNUCl. EQ.5H1 .Hrtli. IHaSC.fcO. \.< GO TD £?3
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i.t.o.5n9 • : T O P
".XiAT ANfi ."EARCHING COP MIX L I DE

I 4 . I ••'M •
14..-V4

FORMAT'
DC. ' T C O F F < I • . I = £ .

. 0<é,'E9. 0> •
IFaOX 1 .NE.NUKl.DP.NUCc:.NE.NUK£.> GO TD £35
REWIND 14
COUNTING THE NUMBER OF NUCLIDES

i-DR rPIHKIMG WrtfEP THE CONCEMTPRT ION FfiCTOR IS :ET TO 1.0
rcoFF- i.i=i, o
'3D TO Z3i

Z'i? PEWIMD 14
•: :PECIPICRTIDN DF f\ WRONG DP *N UNLISTED NUCLIDE SVMBDL

TI'PE £33
j'z-3 FDPtiRT-" ' • rVJCLlUE NOT IN CFflC. DflT FILE - TPY flGfilIN'>

'30 TO £31
: :ETTING WRTEP CDNTHMINRTION LEVELÏ
': FRESHWATER
m IFPESH=0

DO £ 4 0 1 = 1 . 4
IF < I'N ( I.,' . £9. 1.' IFPE SH= 1

J4 0 CONTINUE

DO £41 l-5>7
IF < I'H <I ••.£©. l.i I :rtl_T=I

Z'41 CONTINUE
C'.JIFi..i=Ci. 0
CWISW=iJ. 0
IF-riFPESH.EO. 0- 50 TO £4£
r'i'PE £43

I'43 PQRMftTf • FPESHMftTEP COtlCENTPflTION 'EO-L> " * '
ACCEPT £44,-CWIFW

144 FORMAT(F10.0>
J;4£ I F < i : A L T . £ Q . 0:i GO TO £4:3

Ti'PE £46
i4& FORMATC .SALTWATER CONCENTRATION <B&/L> ? '%>

ACCEPT £ 4 4 . CM IS W
.143 IF':CWIFi..l.i3T. 0. il.OP.CWISW.GT. 0. 0' '3D TO £4"5
: HO CONTAMINATION SPECIFIED

TYPE £49
£4-3 FORMAT'' '• HD CONTAMINATION SPECIFIED - TRY AGAIN'.)

'3D TO £31
: CONVERTING DECflY CONSTANT FROM l-'H TO 1 - D
£45 ûBC=DC

DC=DC»£4.0
: INITIALISING NUCLIDE SPECIFIC VAPIAELES

Tcan=r». o
TPCDH=0.0
Lntc=o
CALCULATING FOOH COHCENTPATIONS



DO 30 0 1 = 1 . 7
I F ' i t K I • . t C . 0 ' SO TO 3 00
SETT IMG " J I K T E F COMCENTFf iT IDN
C i.<» I =C 111 I F*.-<
I F < I . G T . 4 . > CWI=CWI "W
TE:TING FOP UNDERFLOW DF EXPONENT

IFfUFLDW.GT.CPIT) GO TD 301
COMC-• 111;• =cwi • rcoFF f i ' • <E:<P<-U
GO TD 300

C FQR VERY ÎHDFT-LIVED NUCLIBEÎ DECflY DUPING HOLDUP i:
C ASSUMED TD BE COMPLETE
301 L D E C = 1

COMC cIf l'=0.0
300 CONTINHF

C CALCULATING DRILY INGESTION PfiTE" flNP TDTRL
DD 303 1=1>?
IF < YN CI .:• . EO. 0.» '5D TD 3 Oi?
COMC < I f 3 •• =C DNC < 11 1 • *C DNC '• I - £ •
TCON=TCDN+CONC <I » 3 '

302 COffTINUE
C CflLCULftTIHG INTflKF PEPCENTfiGE.: ftNIi TDTftL

DD 303 1=1,7
I F f V N d s .£0. 0> GO TO 303
IFCTCON.EQ. 0. 0> CONC < I • 4.' =0 . I'I
IF <TCDN. GT. 0. 0.» CONC • ! • J • = ' 1 00. 0 TCDH.' •CONC < 1 . 3.'
TPCON=TPC DN+CONC <1.4 >

303 CON rINUE
i'TCDN=TCDN*365. 25

C dlPITING INPUT DRTR« FODD CDNCENTPRTIONÏ RND COtCUMPTIDr<
i...tR ITE <>=. j 14 3.'
ijIPITE (6< 400> NUK'l « NUKc'

400 FDRMRT <.'••', 'NUCLIDE : .ftS^RS-
M.IPITE (6t 4 0 1 - ULfl

4 01 FOPMRT <- ,9fll^
iilRIJECé-t 143.'
I F < L D E C . E O . 0 ' GO TO 453
ulPITE<6»418>

41>: FDPMftTC . FDP SOME OP RLL FOOD TYPES DECRY DUPING HOLDUP
WRITE<6>419'

41? FORMRT-: •.RESUMED TD BE COMPLETE DUE TD THÊ VEPY :HDPT H

4£5 FDRMRT-: J LIFE RNH THE LENGTH DF THE HOLDUP TIME •
'.JPITEOS.. 143>

4£3 IF<IFRFSH.EO.1> WRITE<6>4 02> CMIFW
403 FORMftTc j CONCENTRPTION IN FPESHWflTER = . £ 1 1 . 5 ? '.BO L.'

I F a S R L T . E O . l:> WRITE <6»403> CWISW
403 FDRMftTC . CDNCENTRRTION IN SfiLTWRTEP = , E l 1 .5 . <BO-'L.'

•JRITE<6. 143 ••
MR I TE •• 6 . 4 04 •

404 FQRMRT-: ' , T R B L E OF CONCENTRflTIDN" •
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4 05 FOPMflT': . fi fi I •
i/IP I TE 16 < 4 Ot. ' ' HrttlEc'' I BIE , J • • J= 1 « 4 •

4 0»:. FDPMftT.: . DIET T I 'PE : - JfHÔ. He •
WPITE '.iji 4 0 ? •

•40? FORMflT<-'0'.40.'-:» COrCUMPTIDH PfiTE''»
(JR. I TE <é» 4 0 3 '

4 0 3 FOPMflT< . c : ^ X . . 'BO-h i 1 ; , £ 0 , |_ . , ":X< ' f I"; .-D» L •• l u , * / » ' £i' ' •• 5 •
l E C E N T f l G E ï - >
U P I T E '•6» 1 4 3 '
BO 4 1 0 1 = 1 , ?
I F •: YN •: I > . g ç . . r , . ,30 TD 4 1 0
' d p I T E <:6» 4 1 1 .:• <:HflME I • I > J ' • J= 1 f 4 • , < CDNC ' I . K • • f = 1 • 4 •

4 1 1 FQRMflT < ' , 3 f l 5 . fl£, 1 X , .Î <4.<» E 1 0. 4.- • 4X t F 6 . £.•
4 1 0 CutiT I HUB

WJ?ITE<6»41£i TCDf1»TPCDM
41£ FDPMRT'' • 0 ,c-X, 'TDTfiL IMTftKE I E O - D ' tWA*El 0. 4 . 4 / » F 6 . £.•

'.JPITE C6» 4J7.» I'TCDM
4 1 ? FDRMflT':-' •'s £X, - TQTflL IHTftkE ''EO- i' • 'r 29>i- E 1 0. 4 •

C WRITING HUCLIIiE SPECIFIC VflPIflELES
IF ' r iLV.EQ. 0.> GD TD 4 1 3
WRITE<6»414J

414 FDRMflT ( ' 0 ' , • ffUCLIDE SPECIFIC VARIOPLEX',»
'..IPI TE ( 6 , 143.»
WRITE 'L6»416,' 'LfiOB'9, J- , . . 1=1 ,3 . ,DDC

4 l é FaPMRT-:' • ' .Sfl5»E10.4.: '
DD 4 1 5 1 = 1 0 . 1 5
K = I - 8
IF (VNVK;. , E 0 . 1.) WRITE «'6» 416. ' 'LRUE « I , J.' » .1= 1 » 8 • , TCQFF <> •

415 COMTIHUE
4 1 3 IF •:: IDD ÎC . EG. 1.1 '3D TD ASS

WRITE '.'t.»46£.<
SO TO 331

C SWITCHING TO DOSE SUBROUTINES
4££ IF<FILM<i:i . EQ. FILND. OP. FILM ( 1> .EO.FILNE.» GO TD 4£0

C SUBROUTINE DOSE IS FOP DOÎ.DftT» A£ICP.DflT flHIi CUStfP.IiRT
CMLL DOSE
"3D TO £31

C SUBROUTINE DflSE IS FOP C£6ICR.DflT flND R£6ICP. I'fiT
4£0 CflLL DRSE

GO TO £31
23'J IF<FILrKl> .EO.FILHD.OP.FILMd. : ) .EO.FILNE> GO TD 4£1

C WRITING DQSE SUfiMftRY FOP B L - . DRT» fl£ICR.DflT flND CUSMP.IiftT
WRITE c-6,430;-.

430 FOPMfiTc--• , SUMMflPY OF PDSES •: S'v1. /:• •
WRITE<6>405) ULC
M=l
IF<FILf1<l> .EQ.FILNBJ M=£
IF CFILN < I > . EQ. F I LMC> M=3
<J« ITE (•S, 16 3 • (tidP1£3 CM. J'• . J= 1 > 1 5 '

431 FORMHTc - 0 ,£0X. BDIiV ,4K, GI-LLI « 3X» Tri iPOIH , 3,:- EOME «4/» L
1 VER '' » 5X » LUNG , 4X» K IPNEV >
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I'D 4 3? 1 = 1 .
"IS I TE (6 • 4 3 3 < H ••CO ' I • 1 ' • M : DD <• I f £> » < m û ' I • J • • J- 1 • 7

4 3 3 FORM* r '.' » (45 . ft 3 » 9 A < rF"3 . 3 '
4 32 CONTINUE

C CfilLCULftTING fiND WRIT IMG DDSE TDTfiL:
HQ 4 34 1 = 1» NC DUNT
.00 4 3 5 J=l J 7
r :• n o •:. J • = r :• D O < J > + s D O < i » J •>

4?5 CONTINUE
4 34 CONTINUE

h» I TE <6» 436.' •: TSDQ < J.' « J= 1 » ?.•
4 3é. FOPMflT ''• ' 0 ' > •' TDTHL DOSES ', 6X» 7E9. 3>

C CALCULAT ING flNI' UP I TING PERCENTflGES
DO 44 0 I=1»MCDUMT
HD 441 J=l.?
IF<TSDD<r J> -EQ. 0. Ci.) GD TO 470
P J D O a ? J> = < 1 0 0 . 0^
GD TD 4 7 1

4?Ci PÎDO<.I»J>=0.0
4 71 TP îDO i S< =TP:îDD <J>
441 CONTINUE
44 0 CONTINUE

44£ FORMflT < ' 0 '> "PEPCENTflGES'>
i J P . I T E < 6 ( 4 é l > IJLD

4>il FDPMRTC > l l f t l >
WRITE-T6» 4 3 1 >
WRITE<6»143>
HO 4 4 3 I=1>NCDUNT
WRITE <6» 444.< NÎDO <r » i J> » NSDO <I J 5> » <PSDD <I » J.- » J = 1 » 7.)

444 FDRMflT <' ' » ft5* •=» 3? 7XJ 7F9. £>
443 CONTINUE

MRITE''6>445> '.tf-t^W i.' ij=lt?:>
445 FORMflT ( ' 0 ' > ' TOTftL ' » 1 OX » 7 F 9 . 2.1

GO TO 4 4 6
C WRITING DOSE SUMMftPY FOR C 2 6 I C . M T ftND flSéI

431 WPITE<6>4 30>
I J R I T E < 6 J 4 05> ULC

f-1=4
IF <FILN a >. EO. FILNE.' M=5
WRITE <6t 163> <MflME3 (MJ J.).. J = l » 15>
W R I T E « ' 6 J 4 4 7 >

447 FORMfiT <' 0 ' .. 1 7X.- STOCHflSTIC' » 3X. ' PERCENTfiGES' >
Z CflLCULflTING TOTPL

DO 450 I=1,NCOUNT

T zw a i=T SUD < i :> +sno a> i ;•
450 CONTINUE

: CflLCULflTING PERCENTfiGES
DO 451 1=1»«COUNT
P 7DD •: I » 1 • = ( 1 0 0 . 0 - T ?DO •: 1 • ' • i DO a » 1 >
TPÎDD •• 1.' =TPÎDD < 1 > +PSDD f I • 1 •
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451 CONTINUE
r -.I^ITires : I D : E : - PERCENTAGE, AND TOTAL

••>••• I T E - 6 - 1 4 ? '

45? FORMAT'1 . A5-A3, '?X,t?>. 3»6/:»F6.
453 cam ï MUE

454 FORMAT < 0 ' • T D T A L HO-"E « 7X, E 9 . 3, 6XF F 6 . £;•

'.SITING HD:E CONÎEOUENCE RATIO;
''Ifc ITE ••<f>48Q1

430 FDPMflT <:'- - DOSE CDH3EOUEMCE Pf lT ID: 'DO'E f."V/Y.' ' MfiTER COMCEM

'•it?ITE <*» 4 051 ULC
IEIM=ITFW+1
I F ' I F R E S H . E O . M i JP I ïE <6« 4SI.1- f l l R f P » I = l> ITFW.»

4 31 F Q P M f i T f .FRESHWATER FDDD TVPES : »4I£.<
I F ' ! Î R L T . EQ. 1 > 'JP l TE <6» 4S£.' ( I ?P<I> t I = IESbU MTDP>

4 35 FDPMftT'' ' , - IRLTMhiTER FODIi TYPES : . 3 I ^>
'.lf?I TE'.•*!• 4 06,' aiMMEc'aDIE. J,' . J=l»4>
MPI TE '6' 163'1 ':MRME3 ' 'M. J • » J = l . 15.»
' . I P I T E < 6 « 4 S 3 '

433 FDPMflT' i 'Ci ,£ : - : : ; . • FPESHMHTEP ' »2 JX» ' i f l LTU f lTEP >
'•IP I TE <6fi&6>

43H. FCIRMf lTf • 15.':. ' IHTf lKE ' ÎV- 'V . ) ". 4 X . Rr tT ID ' « SX. ' ' IMT-fikE ' : ÎV -V> . 4
I . RflTIQ--»
I . IP I TE <6« 14 3 '

HD 4S'4 1 = 1 •MCOIJNT
'.IP I TE ':6« 4i35.> ri Z-DD <' I • 1 •• « t C D D f I»£> »WTDD3 < I . I.» » DCP < I » 1.) f WTDDS <• I »2
1 > I iCP < I • £ >

4 >:?. FDRMflT f .• iii5s B3. VAr E'3. 3J 4X, E9. 3J SX, E9. 3» 4X. E9. 3.»
4 34 CDHTINUE
: TEPMINRTIHG EXECUTION
446 TYPE 460
46 0 FDPMfiT •."-'•, TERMINATION DF EXECUTION <ri OP 0> ? t>

ACCEPT 141,I TERM
IF •: I TERM. EO. 0.> GD TO £3£
STOP
£ND

CALCULATING DD3ES FOR DOS.HAT, A2ICR.DAT AND CUSNR.DAT
SUBROUTINE HOSE
COMfiON MT1 ' FILN, CONC, VM, NUC1, MUC£ » NSBD J NCDUNT, ï DO
cannoN --MT£ •- FILNA^FILNE-FILNCFILNCFILNE, ILV
COMMON f1T 3 NAME 1 » HAME3, LAUE, CM IFW, CWI •!'•>'> HCR, WTDDS
n I HENS I ON HDiFA <?> • HDS <?, 7 '• , TDOS <7> , ODOSF (?) , PER <7>
DI r-1t N SIDN F I LN •: £:• , CONC ••?, 4 ' , YN t'?':> , NSHO < 1 0 0 » £> , SDO < 1 00 , ?>
• i ! -ien" iar< MAr-lÉl v W . N A f i E S ^ , 15- , LftUE <££» 3 " , ULE ' ' £ 1 . » »DCP<100>£>
Ii j ' 1tr r* : J ON '•! TTiO I •: 1 H 0< £ '
: ^ T ï 5 t P iT(
run TA ' J L B i l ' l * — '
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OPEN CUMir=15»DEVICE=-DîK .RCCEI1= ~EQW * ZilftLQiS=f 1LH •
c INITIALIZING

D O i06 1 = 1 - r
mo: d'=o. o

106 CDUrIMUE
rTDD3 = 0. 0

C CONVERTING INTAKE EY HAN FPDM I'D TO 1 •-V
DC) 100 1 = 1 f 7
IFCiTKI -• .hi?. 0' GO TO 100
CDNC <. I » 3.i =CONC ( I » 3.' *365. £5

100 CONTINUE
C READING DOSE FACTDP FILE AND IEAPCHING FDP HUCLIDE

READ a 5* 1 01 *
101 FORMAT <"'•
103 l?EflD(15»10£»END=104.> NUK1>NUK£. •.'DD'Ffl ( J • • J = l . ? •
1 02 FORMfiT <fl5j fl3»ES. 0, 6E9. i j .

IFaiUCl.NE.NUK1.DP.NUC£.HE.HUfc1 . ' <5O TO 103
REWIND 15
'3D TD 110

104 REMIND \"z>
C SPECIFICflTIDN OF RN UNLIT TED NUCLIDE

TVPE 1 OSfFIUUl • fFlLn<2>
105 FORMflTOO- . NUCLIDE NOT IN - . £ f t 5 . F ILE - HO SDIE CRL.CULH r

CLOSE ':UraT=lLJ.DEVICE=' D"K - • fit CE 3 := TEC'If» • riIRL0i5=FILf< •
NCOUNT=NCOUNT-1
RETURN

110 IF '. FILN < 1 .:• . EG. FILNC • GD TO lie
C CONVERTINi- DO^E FRCTDP: DF DO:.DRT RHD CUINP-.IiRT
C FROM MREM-'P CI TD ::V-EO

DO 111 1=1,7

DDSFfl d> =riD3Ffl < I> *0. 00O01 0. 037
111 CONTINUE

GO TD 130
CONVERTING DOSE FflCTDRS DF R3ICP.DRT
FPDM MREM..'MICRD CI TO IV-BO

1 1 2 DO 1 1 3 1 = 1 s 7

DO3FR <l> =DOÎFR •: I • »0. 00001-37000. 0
113 CONTINUE

C CALCULATING DOSES RND T0TRL3
130 DO 140 1=1*7

IF < VN i 1>.EG. 0 • '3D TD 14 0
DO 141 J=lJ7
DOS < I » J- =CONC < I « 3> •DDSFfi •• J-
TDDS ( Jj = TDD S c j) +DD S < I, J,'

M l CONTINUE
140 CONTINUE

C 3RVING VRLUE; FOP DOJE SUMMARY
NiDQ(NCDUNT.1•=MUC1
NSDO (NCOUNT• •?> =n\JC£

DO 1 5 0 1 = 1 . 7
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ÎDD •: NCOUNT > P = TDDS '• I /'
150 CONTINUE

C CflLCULftTIM
DD 151 1=1

151 CONTINUE
DO 1-52 1 = 1 ,7
IFcTTBOiT.GT. C«. 0> GO TO 153
PEP.<T>=I:<. o
'3D TO 152

153 PER < I • = -ri 00. 0 • TTDOS> • TDOÎ a •
15a CONTINUE

C WRITING TfiBLE OF BDSES FOP INBIVIB'JftL HUCLIDEI-
'JRITEf6>160>

160 FORMftT'T'0-. TflBLE DF DOSES ' 'SV/V ':•
URITE<6»161> ULB

161 FORMftT<' . £ l f i l '
M= t
IF<FILtt<l> .EO.FILNB.» M=£
IF<FILNa>.EO.FILNO M=3
MRI TE (6 . 162> «.'MflME3 W» J.' » J= 1 » 15>

WRITER» 163.>
1 6 3 FORMftT C O ' »£0X» BCIDY' 't4A> • G I - L L I ' • 3X« THYROID . 3 . : . BOHE '•*.'.< L i

1 V E P ' • 5 X » -LUNG - • 4 X . ' H IBf IE Y ' »
UlR I TE'-'6 > 164 . '

164 FQRMftTC ' >
BD 165 1=1.7
IF (VN ( I > . EG. (.0 GD TO 165
WRITE (6» 166> CMflMEl <lrJ> t J = 1 . 4 . ' . fDDî<I» f : .> ,f = 1 . 7>

1 6 6 FORMAT-: ' '> 3f t5« fia» 7 E 9 . 3.>
1 6 5 CONTINUE

WRITE <6. 167> <TDDS < J • J J=l J ?.>
167 FDRMfiTc-0'»£X» TDTfiL DOSES'';4X.7E9.3•

h)f>ITE <6 J 16S> <PER < I > » I = 1 » 7>
163 FDRMfiT<'0'»2X»'PERCENTflGES'>3X»7F9.£>

IF<ILV.EQ.1> GO TD 130
WRITE<Sf131>

131 FORMflT<'-'>
CLOSE <UMIT=15»IiEVICE='DSK' »ftCCESS= ÎEOIN . BIflLDG=FILN •
RETURN

C WRITING NUCLIDE SPECIFIC DOSE VFlRIflBLES
ISO WRITE <6» 170:>
170 FORMftTO'O-* NUCLIBE SPECIFIC VflRIftBLES'

IF<M.EQ. l.OR.M.BO.S> WRITE <6» 173:'
173 FORMftT < ' 0 ' .• 38X J ' (MREM/PI CD CI > ', 9X, ' < Ï V BO:- >

IF <M.EQ.3> WRITE(6 >174>
174 FORMflT (' 0" » 38X, ' (MREM/'MICRD C D ' ? 1 OX) ' (.ÎV-BG» • " ;•

URITEi'6» 164-
.00 171 I = 16^£
K=I-15
WRI TE<6> 17£> (LflUB <l > J> • J = 1 » 8> . ODOSF <K.» ! D O Î F H '• K •



17J? FDPMfiT' • 3 r t = . . t 1 0 . 4 . 1 i J . S t ' l 0.4-
1 7 1 C O N T I N U E

i':TTF.'r.. |xl •
:LD:E ".IK] T-i5. PEVICE= D:K •I=ICCE::= :EOIN»IIIRLOG=FILN.'
RETURN
EMD

CrtLCULHTING DOSES FDR fl26IC.DftT FfND C26IC.DRT
lUBPOUTIME DfiïE
COMMUN MT1 FILN« CONC» YNiNUC1> NUC 2»NSDD»NCOUNT»ÏDD
COMMUN t1T£ F I L M f l . F I L N E . F r L M C f F I L M D J F I L H E » 1 L V
C DMMDH MT3 • NflME 1 » NAME3 f LftUB » CWIFl.1, CWISW. DCR» WTDDS
IUMEM3IDM DD:<7.>
IIIMEMSIDH FILN':£> fCDMC':7»4> sYM*1?^ »HÎDDd00>2) »SDD '• 1 00i- ?>
n iNENi lDN HRME1 <?,4> ,HRME3''5. 15> .Lf lUB<£2.3> »ULB<21> »HCP a 00» 2.)
DI MEN" IDN WTDDS '• 1 0 0 » 2>
INTEGER YN
IihlTH UL£:••• 3 1 » ' - ' •-
OPEN (UNI T= 15 , DEVICE= ' »SK - t=lCCES3= SEOIN f DI FlLDG=F ILN:>

C I H I T I R L I 2 I N G
TDD:=O. o

<:: CDNVEPTING INTAKE BY MHN FPDM 1 II TD 1 'i'
n a l o o 1 = 1 - 7
I F i V N U . 1 .EC. 0' GD TD 100
CDNC d » Î ' =CDNC <I J 3." * 3 6 5 . £5

100 CONTINUE
C READING DDSE FflCTDR KILE FIND ÔEfiRCHING FDP NUCLIDE

REHDO5» 101.»
101 FDPMflT(/ i
103 PERU a 5 j 1 0 2 J END=104) NUK1 » NUK2J DDSFfl
102 FDPMRT O=»5!fl3«2:«:(.E10. 0.>

IFtr)UCl.NE.NUKl.DR.NUC2.NE.NUK-2:> GD TD 103
REWIND 15
GD TD 106

104 PEW I Nil 15
: SPECIFICATION DF flN UNLISTED NUCLIDE

TYPE 105-FILNci . ) i.FILN<2>
105 FDPMRTC- 0- • NUCLIHE HDT IN »£R5. F ILE - ND DOSE CRLCULfITIONS')

CLDÎE <UNIT=15•DEVICE='DSK ' >flCCESS='SEQIN'» DIftLOG=FILN>
NCDLINT=NCOUNT-1
RETURN

: CONVERTING DOSE FflCTDRS OF R26IC.DRT HMD C26IC.DftT
! FROM REM-'MICRO CI TO SV'BQ
106 ar>asF=nDSFfîi

DOÎFfl=DOSFfl*<0. 01.-'37000. 0>
: CflLCULflTING DOSES HUD TOTflLS

'AITDOSCNCDUNTS 1J=O. 0

i.J TDD S ''NCOUNT • 2> = 0. 0
DD 1 1 0 I = 1 » 7
IF i i'N(I • .£Q. 0.> GO TO 1 10

: STOCHfiiTIC HO IE
DO "•• •• I • = C D N C •: I • 3 • *riOSFfl
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U- • I . L t . 4 • M T D O : « N C O U N T , 1 • = l , ITDDS . 'NCOUNT- 1 ;• + DOS < I •

I i r •. I . i j T . 4 ' ' • ITDO: <NCO'JNT.2>=i j lT I>Q.3 < N C 0 U N T t 2 > +DDS <l>

! l •'• '.'ar^nrcif
rna:=i,iTDa: •ncauriTi i:> fUTLDi «NCDUNT.I?'»
SAVING VALUES FDR DOSE SUMMARY
M S DO '• NCOJNT t 1 :• =NUC 1
NSDD <NCOUNT» 2> =NUC£
:no IDCDUHT» i:-' =TDO.S

•: CflLCULFITIMS DDSE CONSEQUENCE RFITIDS
DCR<NCDUHTfl>=0.0
IF <CW1FW. <5T.0.0> DCP fNCOUNT»1>=WTDDS fNCDUNT»
[»CP<NCDUNT»£> = 0. 0
IF<CIJISW.GT. 0. CO DCR<MCDUNT.£J=WTBOS<NCDUNT»e>''CWISW

C "JRITINS TfilELE OF DOSES FOR INDIVIDUAL NUCLIDES
WRITER» l a O '

130 FORMAT ( '0 ' . TfiELE OF DOSES G V / Y ) ' 1

URITE<:6» 121 > ULB
12-1 FORrifiTC • - f £ i f l l >

H=4
IF<F ILN ' : l • .EQ.FILNE> M=5
WRITE <6>1£2> <NflME3<M•J'•J=1 » 15>

1££ FDRMflT-: ' . 15 f i5>
'.IP ITE <6» 1£3>

13 3 FORMfiT '"•' 0 ' > I ?:•<» 'STDCHfl.îT IC '>
iJPITE <6» 1£4>

!.?4 FORMAT <• >
Dû 1 £ 5 1 = 1 » ?
IF'Vtl'-I • .EO.Cf GO TO 125
'.IP I TE <"i=i » ) £€>> (NflMt 1 '• I » J,. . J= 1 , 4.:. . DOS f I >

! !•.;• FORMAT f ' - 3 * 5 . fl2, E?. 3>
125 CONTINUE

'.it?ITE « I . 12?:> TDOS
12~ FORMAT •: 0 ' . £ X . TOTAL DOSE'»5X»E9. 3>

rF.;iLV.E<?. r> GO TD

141 FORMAT •: - ' .•
CLOSE <UNIT=15»DEVICE=-'DSk'',flCCE5S='3EG)IN'»IIIflLO6=FILN>
RETURN

: ...JftITING NUCLIDE SPECIFIC DOSE VARIABLES
14:1 WRITE <6»130>
1.-; •"! FDPMA T < •' 0 • • NUCLI DE SPEC IFIC VAPIABLES ' >

i.JPITEf6» 131> DDDSF
131 FORMATS'0 ) STOCHASTIC DOSE FACTOR ='»E9.3»' (PEM^MICRD CI.)

•..IP I TE <6 > 13£> DDSFA
13C-- FORMATS' ' >£•:«, " = • >E9.3, ' <?•//BQ> ' ••

I..IPITE(6? 141 i

T=I 5« I'EVICE= DSK «rtccEs:^
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13
19

21

£3
£4

53

30 TEST DIET

LISTING OF DOSE FACTOR FILE NAMES a , 9 OR 0.»

DOS. DAT - EXPANDED BATTELLE DDSE FACTDP FILE
C'JSNP.DAT - INFANT DDSE FfiCTDRS USMPC PEG GUIDE l : 109-10 CTR-5 0 flPP.

flDULT DDSE FftCTDPS
6 INFflMT DOSE FACTORS

- ICPP 2S flDULT DDSE FflCTPRS

ftJ?ICR.DflT - ICPP
C£6IC.DflT - ICPP

OF flLL

'3ENERRL MDDEL VflRIflBLES

OR O.>

1 HOLDUP
2 HOLDUP
3 HOLDUP
•4 riÛLDJJP
5 HOLDUP
* HOLDUP
? HC1LBUP
CRITERION

TIME
TIME
TIME
TIME
TIME
TIME
TIME
POP

FDR
FDR
FDR
FDR
FDR
FDR
FOP
P'PE

DRINKING i.iATER (D1

Fl.l
Fl.l
FM
3 M
Si.i
S'il

FISH <B>
INVERTS <"D.i
PLANTS CD"»
F I S H <!>'•<
INVERTS '*1.
PLANT" <I<.

VENTING UNDERFLOW

1. 00
10. 00
£.00

4 0. 00
30. 00
50.00
100. '10
SO. 00



VrilCH FOnil TVPES (1 QP 0 IN M I T R I N * ' ' 1111111
THE FOLLOi.llriC-. FOOD TYPES HHVE BEEN SPECIFIED :

1 2 J 4 5 6 7
MISTflKEi < 0 QR 1.' ? 0
'..IHICH DIET TYPE a - 3 0 . ' '' 30
DO i t CflLCULRTIDNS <1 DR 0> " 1

* i.lrilCH DDSE FflCTDRS ^FILE NOME;' ? DDS.DflT
'.JriICH NUCLIDE ? CÎ13T
"PESHMflTEP CQMCENTPflTIDN <EO^L> ? c'. 0
ïrtLTMflTEP CDMCEMTRflTIDM (BO'L.J ? 4 . 0

rCJCLIPE : C i l 37
»•»••»•• • • •

CûNCENTRflTIDN IN FRESHWATER = .200QOE+01 'BO L<
CÛNCENTRRTIDN IN SflLTWfiTEP = . 40U00E+O1 (Ey- 'L '

TflBLE OF CONCENTRATIONS

DIET TYPE : 30 TEST DIET

CONSUMPTION RATE
•:BO KG.BO L' • • K G - D . L - D - 'BO'Zr- PECENTflGES

1 DRINKING i-iRTER .200ne+o i . 1013E + 01 .2026E+01 13.0?
iï Fiil F I Sri .79?'5E+03 .1370E-Û1 . 10?5E + 0£ 70.76
3 •~u.l INVERTS .2000E+03 . 2 0 0 0 E - 0 3 . 3?9-=»E-01 0.26
4 ci.l PLflNTS . 159t.E+0 3 . 1000E-03 . l?96E-01 'J.10
5 :'il FISH . 1 :
-:. :-i..i INVERTS .7-;

Je1 . 600Ot~05 .477Of — ni 0. 31

TJTflL. IHTRh.t • BO ; i ' . I f .4 .3t*n2 ÎOU.OO
T ' JTRL I U T H K Ë <bO i ' . 5T-fi4è>i.i4

* DOS.DAT, CUSÏiR.DAT and A2ICR.DAT involve subroutine DnSF and separate doses to the whole body
and six internal organs.



N'JCLIDE SPECIFIC VRRIRBLES

PRPiaLOGICRL IiECflY CDHSTRNT
£ Cane FRCTOR FOP FM FISH (L
3 CDNC FRCTDR FDR FUI INVERTS
•4 CONG FRCTDP FDR FM PLANT
5 CQNC FRCTDP FDR

'.I_.'KG>
(L'fcG)

SW FISH <L/K6>
SUI INVERTS6 CDNC FHCTDR FDR

7 CDNC FRCTDP FDP SW PLANTS CL-KG*

. £t.30E-05

.4000E+03

.1000E+03

.300 E + W

.3000E+03

.£000E+0£

.£0OOE+O£

TflfcLE OF DOSES <SV-'Y-

DOS.DflT - EXPftHDED BRTTELLE DDSE FRCTOR FILE

EDBV GI-LLI THYROID BONE LIVER

1 DRINKING WRTEP .354E-05 .422E-06 .OOOE+00 . 8t.£E-05 .145E-04
£ Fi.,1 FISH
3 Fi.) INVERTS
4 n,.i PLRNTS
5 :• M FISH
6 JUI INVERTS
7 SW PLRNTS

TDTRl. DOÎËS

PERCENTAGES

.46£E-04 .££8E-05 .OOOE+00 .466E-04 .734E-04

.169E-06 .833E-08 .OOOE+00 .170E-06 .£86E-06

.b 7 3E-07 .33£E-08 .000E+00 .679E-07 . 114E-06

.S£5E-05 -408E-06 .000E+00 .S33E-05 .140E-04

.185E-05 .914E-07 .000E+00 .137E-05 .314E-05

.£01E-06 .994E-08 .OOOE+00 .503E-06 .341E-06

. i i?££-04 . 3££E-05 .OOOE+00 .65-?E-(

£1.57 1.07 0.00 £1.77

. 111E-03

36.63

NiJCLIDE SPECIFIC VRRIRBLES

DOSE FRCTOR
DOSE FRCTOR
DOSE FRCTDR
DOSE FRCTOP
DDït FRCTDR
Iiùît FRCTOR
HÛ:E FRCTDR

FDR BODY
FOR GI-LLI
FDR THYROID
FDR PONE
FDP LIVER
FDP UJHi?
FDP KIDMEV

'. MPEM PI CO C I '

•4£70E-04
.2110E-05
.000 0E+00
.4310E-04

LUNG

,133E-Û5
.717E-05

.104E-07
•123E-05
.£87E-06
.31£E-07

. 101E-04

3. 35

KIDNEY

613E-05
.334E-04

.437E-07

.597E-05

.134E-O5

.145E-06

.47£E-04

15.61

. 1154E-07

.5703E-09

.0O00E+00

.1165E-07

. 17-35E-03

.335 IE-03



HHICH NUCLIBE 7

FPESHWHTER CONCENTPflTIdN fBO'O ? 3.0
2flLTWfiTER CDNCENTRflTIDN <EQ 'L.> '<• 6.0

DUCLIDE : SP90
••*••••••

CDMCEMTRRTIDN IN FRESHWfiTER = . 30000E+01
CDMCENTRflTIDN IM SflLTWflTER = .60000E + 01

TflBLE OF CQNCENTRRTIDMS

DIET TYPE : 30 TEST DIET

Etc.



••MICH NUCLIDE "' 1

PY DF DOSES «SV-Ï.'
• * • • • • • • • • • • • • • • • • • • • • •
DGS.DflT - EXPHNDED BflTTELLE COSE FfiCTOP FILE

BODY •31-LL l L I 'v'EP LlKlh

c : i 3 7
":*9 0
1131
U5 35
PU 5 39

TOTflL DOSES:

.655E-04

.166E-04

.335E-06

.533E-04

.559E-07

. 1 0 6 E - 0 3

.355E-05

.373E-04

. 1 5 9 E - 0 6

.539E-04

.131E-04

.11SE-03

.UOOE+UO

.OOOE+00

. 1 9 1 E - 0 3

.OOOE+00

.OOOE+00

.191E-03

.659E—04

.655E-04

.415E-06

.196E-03

.554E-05

.357E-03

.111E-03

.OOOE+00

.59 3E-Û6

.OOOE+00

.345E-06

.115E-0S

.101E-04

.OOOE+00

.OOOE+00

.OOOE+00

.OOOE+00

.101E-04

. 475t - ' i4
• 0 0Mt: + C'O
. 1 0i?E-05
.13?£-0?
.5t.6t-0-

.131E-03

1131
02 35
PU3 39

BDDY

6 1 . 7 9
15. 75

0. 35
22. 03

0. 05

00. 00

GI-LLl

5.73
31.97

0. 1?
49.37
15.5 0

100.00

THYROID

0. 00
0. 0 0

10 0. 00
0. 00
0. 0 0

100. 00

EQne

5 0 . 14
19. 04

•1. 1 3
6 0 . 01

O.f?

100.00

LiVEP

?••». 1 6

0. 00
0.5 3
0. 00
0. 31

100.00

1

1

LUH6

00 . 0 0
0. 0 0
0. OU
0. 0 0
ù. 00

0 0 . 00

t IDMEJ

5 6 ,
M .

0 .

0 .

! 00 .

04
0 'J
Sr,
£ 5
15

0 ii

OF EXECUTION <I DP O; ? o



L I S T I N G OF FOOD TYPE NftMES <1>9 DR 0) ? 0
L I "STING DF DIET TYPE NflMES ( 1 , 9 OR 01 ? 0
LISTING OF DOSE FFICTOR FILE NflMES <1,9 DR 0> •
LISTING DF ALL VflRIflBLES <1,9 DP 01 ? 0
WHICH FOOD TYPES <1 DR 0 IN Pi STRING:' 7 11001
THE FOLLOWING FOOD TYPES HOVE BEEN SPECIFIED :

1 2 5
MISTHKES ',0 DR U ? 0
MHICH DIET TYPE < l -30> ? 30
DOSE CflLCULflTIONS <1 DR 0> ? 1

* MHICH DOSE FflCTDRS •rFILE NfiMEi 7" fldt-IC. DflT
I . IHICH NUCLIDE '' CZ\3?
PRESHMifiTEP CONCENTRflTION fBO^L> "' 6 . 0
SflLTWflTER CDNCENTRflTION 'BO-L.' ? 5 . 0

: CS13?
• • • « • • • • •

CÛNCENrRftTION IN FRESHWflTEP = .60000E+01 (EO'L
CDNCENrRHTION IN SfiLTWftTEP = .50000E+01 ( E O L

OF CONCENTPflTIONS

DIET TYPE : 3 0 TEST DIET

CONSUMPTION PhiTE
<BO''i:Si By 'L • • CH D>L D • • PO In PECENTMGt!

1 I1!?INK ING ulRTER .ir-OOOE + 01 .1013E + '"U . <r-i'"r;3E*i"l 14 . v?
J r"l FISH . £3-f>SE+ii4 . 13T0E-01 . 35-3t>t + 0£ ,~?.4I . I
? "•l ^ISH . 143,?t + 03 . l'r-4Ûc-'M .c '443E+01 =.. 'J1

TDTflL If<TflrE ' t O I»' . 41 3 3t • M^ inn.i.ii.i

* A26IC.DAT and C26IC.DAT involve suhrnutine DASE nnri .i s inRle s t o c h a s t i c Hose.



T Y H S L . t Û F l i O I Ê I C •••' ' i - '

••̂ •f. IC. ÛR T - I r PP $é MIII.IL T CO TE FRCTDR î

1 DRINKING MflTER .£75E-04
c1 Ff.l FISH . 149E-03
f. :>ii PI SH . i HE-04

TDTRL DDîE .138E-0 3

MHICH NUCLIDE ? SP90
FRESHijlfiTEP CDHCENTPRTIDN <m<L> '' £. 0

CONCENTRATION 'rBO-'L> ? 3.0

SR90
• • • • • • • • •

COMCEMTPflTION IN FPEÏHWtfTER = .cOOOOE + 01 cEQ -L.>
CONCENTRATION IM îftLTMflTER = .30000E+01 (BÛL'

Etc.



• M i . H -v.K : I Pi"

OF DOSES. C V - V '
» * • • • • • • • • • • • • • • • • • • • • • •
i :•<:•] C. liftT - 2CPP .36 Wi'JLT DOSE FRCTDP:"

: rnc H H : T I C *ERCEHTHFE S

. 1
. 1 - ,

l=-E-04

CI-JE-O3

•47E-'J4

4.-:.
p_
•3.

5 4 .
I f .

4 c
•3 3
t. r

i o

TOT^iLDOîE . 4 i' ? E - 'J 3 i n 0. à (i

i

Dû":G CONSEQUENCE PRTIDS 'DOSE ' SV V' URTEP CDHCENTPflTIDN <BO L:- :• g

TYPES : 1 £
FDDti T'f'PES : 5

P i tT TYPE : 30 TEST DIET
- ICRP .H'b fllïULT TiQSE FflCTOPS

înTMt e • :

"S 13? . l?6E-0 3 .c?4E-04 .111E-04 .£
SP?>J . 31UE-04 .155E-04 . ??4E-0<r- .1
1131 . 3T9E-14 .p54îE-ijf . l.TE-Oii . •?

PU539 .4?.0E-O4 .450E-04 . r??F-04 . î

QF EXECUTION '• l ÛP 0' " 1
:TOP
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A-3. LISTING OF CFAC.DAT FILE

I H

ri 3
BE 10
C14
HI 3
FIS

maa
tffl£4
P3£
P3 3
RR39
RR41
CR41
SC45
CR51
MN54
HH56
FE55
FE59
0057
CD 58
CD6 0
M159
NI63
H165
CU64
ZM'r.5
ZÎI69M
2M69
SE 7 9
BR3£
BRS3
BP34
BR35
KR83M
k'R85M
KR85
KRS7
KR:3S
KPS9
RB36
RB87
RB33
RBS9
SRS9
SR90
SR91
SR92

4
1
4

3
4
3
1

3.
6,
3,
1,
9,
£,
£ ,
6 ,
1 ,
4 .
1.
•?,
7 ,
£.
5.
1 .
4 .
7 .
1 .
1 .
£ .
1 .
1 .
3 .
1 .
7_

5 .
£ .
1 .
1 .
1 .
a.
a.
5.
3 .
7.

.4 1£-'-i*

. •J !4E-1 1

. • : • - : £ - OS

.17E+00

.78E-01

.04E-05

.6£E-0£

.OiE-0 3

.14E-0 3

.94E-07

.08E-10

.45E-04

.04E-0 3

.c4E-05

.69E-01

. 9 3E-05

.43E-04

. 07E-04
,05E-04
.5 0E-05
.3SE-10
.91E-07
, 75E-01
. 46£-0iî
19E-04
99E-02
3OE-01
22E-09
96E-0£
39E-01
31E+00
45E+01
7 3E-01
55E-01
37E-0*
47E-01
43E-01
31E+01
55E-0 3
63E-15
35E+00
74E+00
7£E-04
7 j £ _ r,£
31E-0d
5-SE-CU

C' i

4

1 .

c' •

1 .
1 .
1 .
1 .
4 .
J .
4 .
1 .
1.
1 .
1 .

c' •
£B

c ' .
1 .
1 .
1 .
£ .
1 .
1 .
1 .
1 .
4 .
4 .
4 .
4 .
1 .
1 .
1 .
1 .
1 .
1 .
i«

c' •
2 .
2.
5 .
5 .
5 .
5 .

. 01E-'-'I
,OOF+00
_ ̂ S E + IV-:

, OOE + 01
OOE+01
OOE+01
OOE+05
OOE+05
OOE+0 0
OOE+0 0
OOE+01
OOE + OiH1

OOE+01
OOE+Oiî
ÛOE + Oiï
0 0E+0c'
OOE + Oc'
0 OE + 01
0 OE + 01
OOE+01
0 0E + 0c'
OOE + i'ic
0OE+O£
0 0E+0c
OOE+0 3
OOE + 01-'
0 OE + 0 3
67E»0t?
17E+0c
1 7E+0c-
17E+0.Ï
1 7E+0i?
OOE+0 0
O O E + I"IO

OOE+00
OOE+00
OOE+00
OOE+0 0
OOE+03
OOE+03
OOE+03
OOE+03
OOE+0 0
OOE+0 0
OOE+0 0
u riP + 00

• " *

1 ,

1 .
1 ,
1 .
1 .
1 .
1 .
1 .

1 .

1 .

4 .
4 .
-! %

; ̂

U •

" '

I '

1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .

<.
-! #

3: .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .

. U E- •"' I

. i'iOE+01
i i'-tF + I'I -'

,50E+05
.0 0E+O£
,7 0E+01
, 70E+ril
•.'OE+i'5
OOE+05
;'IOE+I'IO
OOE+0 0

3?E+iJ£
OOE+0 3
OOE+01
OOE+04
OOE+04
t ! 0 t + 0 3
iI'OE + i'T*
0 OE + I'I£
OOE + ''i£
OOE + Oc.-
OOE + OiE1

OOE + Oc'
OOE+Oiî
OOE+0 3
OOE+04
OOE+04
ooe+04
•r-7E + 0J-
3 3E+0ii
33E*0iî
33E+0£
3 3E+02
OOE+00
OOE+0 0
OOE+0 0
OOE+0 0
OOE+0 0
0 0E+ 0 0
OOE+0 3
00E+03
OOE+0 3
OOE+0 3
oot-i';-
•ÎOE + OJ-
O'lb + 0?

1 ,
L l ' i

] ,
1 ,
I .
1 .
J

1 .
1 .
1 .
4 .
1 .
1 .
I .
1 .
^ €

J.' •
5.
f..
5 .
1 .
1 .
1 .
1 .
1 .
—, ^
5,
tr

•5.

1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .

f, .
f. .
=,.

-. #

. 'i : c - ••< i

.OOE+01
cr c- c + |'| :
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0 Ot+ Oc
OOE+Oc'
00E+0£

5
1
I
1

I
1
1
!

a

i*

2
(£-
tZ>

1
1
1
1
1,
1,
1,
1,
1.
1,
1.
1.
1 .
1 .
1 .
1 .
î .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
3.
3.
3.
1 .
1 .
1 .
1 .
1 .
1 .

. l'iOt+Ml

.OOE+0 0
, ' i 0 LT -t- I'I 0

.OOt+00

.OOE+00

.OOE+0 0

.OOE+00

.OOE+0 0

.OOE+01

.OOt+01

.OOE+01

.OOE+01

.OOE+01

.OOE+01

.OOE+01

.00E+Û3

.O0E+O£

.OrtE+02

. OOE+O.Î

. 0 OE+ C<£:

.OOE+03

.OOE+0 3

.OOE+0 3

.OOE+0 3
,OOE+03
. OOE + 03
,OOE+0 3
OOE+03

, OOE + 0 3
OOE+0 3
OOE+03
OOE+03
OOE+03
OOE+03
OOE+03
OOE+03
OOE+03
OOE+03
OOE+0 3
OOE+03
OOE+03
OOE+0 3
OOE+03
OOE+03
OOE+01
OOE+01
OOE+01
50E+04
5 0E+04
5 0E+04
0 0E+0 3
OOE+03
OOE+03

4
1
1
1
1
1
1
1 ,
Zf

Z'

. ; •

c ,

*5,
^î (

^ i .
c i

5.
5.
5.
5.
5.
5.
5,
5 .
5 .
5 .
5 .
5 .
5 .
5 .
5 .
5 .
5 .
5 .
5 .
5 .
5 .
5 .
5 .
5 .
3 .
3.
3 .
5 .
5 .
5 .
1 .
1 .
1 .

. Oiït+0 3

.OOE+OO

.OOE+00

. O:ïg*OO

. Oot + n-'i

.OOE+0 0

.OOE+0 0

.OOE+0 0
•OOg+01
.OOE+01
. OOE+01
,OOt+01
.OOt+01
.OOE+01
. 0 J t + 0 1
.0 0£+0£
.OOE+03
.OOt+03
. OOE + Oiî
. ijoE+oa
, OOE+0 3
, OOE+0 3
, ooe+0 3
OOE+03
O'.'E+'.ij>
OOE+03
OOE+03
OOE+03
OOE+0 3
OOE+0 3
C'OE + 0 3
OOE+03
OOE+0 3
OOE+0 3
OOE+03
OOE+03
00E+03
OOE+0 3
OOE+0 3
0 3E+0 3
0 3E+0 3
OOE+03
OOE+0 3
OOE+0 3
OOE+01
OOE+01
OOE+01
OOE+03
OOE+03
OOE+03
OOE+03
OOE+0 3
OOE+0 3



PB212
PF!214
BI 2 1 0
l;l2il
21212
S J 2 1 3
P12 1 4
PQ2 1 0
PQ212
PQ213
P0214
r-0215
P0216
P0213
rt T21 3
PH2r?
PH22 0
i"'')222
F*221
KSC'C 3

P|=i224
i:'*225
r-'i:*.V26
P.^223
Mi" 225

i-l'".:'27
H'' 223

TH.V2 3
TH.?2'?
TMi'30
r>-l2 31
J"^ ?32
7H2 34
: S ; ' ?: 1
"jfia 3 3
"iH2 34P1
J _.' 3 2
J-;33
J2 34
J ï 35

Jj '-• ̂
.>.'•: '.'• 3

J24 0
<•'-?. I?
H-2 33
<"-2?9
(.--•£.4:-,f.i
>i_l ;• y - ; :

\li-3?
11 '.I24='i
: . . | T ' ^ 1

1

• "

1

i - ,

3
"•
I '

3
5
1
1
1
1

•4

3
:>

; .
4 ,
1,
2,
3,

1 .
1 .
4 .
1 .
? .

=r

1 .
2 .
1 .
; : .

1 .
4 .
31

1 .
3.
4 ,

1 .
4 .
*;

1 .
1 .
5 .
v .

-,

•• T' 1 E - '<":.
. -"i'lF+i'l''!

, > -,:,f _i'i;.;

. 'J3!I • ' J l
. . t f isE-OI
. 3 5 E - O 1
. 1 1Ê+OO
. 0 9 E - O 4
.21E+O9
.34E+03
.52E+O7
.4 0E+06
. ééE+O4
. 3oE+ril
.3OE+O4
.24E+O2
.54E+O1
.55E-O3
.66E+OO
.5 3E-03
. -?3E-'J3
.95E-0 3
,94E-O3
.37E-05
. 39E-O3

, 1 3E-01
56E-O3
13E-0-3
O3E-03
3-SE-l 0
72E-02
61E-15
20E-0 3
4 3E-0'?
07E-03
55E+01
10E-06
«3E-10
20E—10
11E-J3
31£-12
23E-0 3
75E-14
••H3E-02

6-3E-11
3-ÎE-02 '
23E-02
^OE+00
•i 1 '3 - • ' ""
'• J^-;|Jl

20ll-''i:-:
• - • 7 E —•'"-•

1
i

1
1
I

c-

5
1

~t

5
4
= i

5,
5.
5,
5,
2,
3',
; • ,

} : ,
3.

3 .
3.
3 .
3.
3.
1 .

1 .
1 .

1 .
1 .
1 .

1 .
1 .
1 .
1 .
1 .
1 .
•1

1 .
1 .
- •

V .

•• m

- ,

• . N f t lie

: . "i iij*ri^

. r.' ï€ + ' ï l

. '.• • i t " + i l 1

. 5 0E+01
•50E+01
.50E+01
. OiiE+01
.OOE+Ol
.OOE+Ol
.OOE+Ol
.OOE+01
.OOE+Ol
.OOE+Ol
. 5 0 E + 0 1
. 7 1 E + 0 1
. 71E + ''il
. 71E+01
.OOE+02
.OOE+Ol
.OOE+Ol
.OOE+Ol
. 0 OE + 01
,OOE+'O
.50F+01
,5 0E+01
.50E+01

OOE+Ol
OOE+Ol
OOE+Ol
0 OE + '11
OOE+Ol
OOE+Ol
OOE+Ol
1 3 E + 0 1
1 3 E + 0 1
1 3 E + 0 1
OOE+Ol
OOE+Ol
OOE+Ol
•JOE + 01
OOE+Ol

O O E + t l
00E+ 01
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
J. V~->- "1 j
•"• ' • ' " * : J 0

"i JE + ''iO
'?••.'?+ 00

;' 1
' 1

1
1

1
1
1
£

2
2
a
Z'

-,

Z'

1
1
1
1
2
2.
a,

2,
1.
1.
1 .
5 .
5 .
"»•

5.
5 .
5 ,
t » .
I .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
4 .
4 .
4 .
4 .
1 .
L.
1 .
1

. 0 ; . ' t+ 0 i

. 'lOu + O:

. fiOt + 'ï?

. n-'if + i'i1?

.OOE+05

.OOE+05

.OOE+05

. 0OE + <'i4

.OOE+04

. OOE+04

.OOE+04

.OOE+04

.OOE+04

.OOE+04

.OOE+00

.OOE+0 0

.OOE+0 0

.OOE+0 0

.OOE+02

.5Of+02

.50E+02

.50E+02

.5 0E+02

.5 0E+02
,OOE+0 3
,OOE+0 3
,OOE+0 3
,OOE+02
OOE+02
OOE+02
OOE+02
OOE+02
OOE+02
OOE+02
13E+02
13E+02
13E+ 02
OOE+02
OOE+02
OOE+02
OOE+02
OOE+02
OOE+02
OOE+112
OOE+02
OOE+02
OOE+02
OOE+02
OOE+02
riiti + n*
"Kit+ 02
•JOE + 02
JOE+02

'* 1
,* 1
i * l
* 1
* 1

2
2
2
2
a
2
2
4
1
1
1
3
2
2
2
c'
2,
•5,
5,
5,
1.
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
,i.
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .

3.

3 . :

' . :.VJtT+ i'ii

' . :J-'t + 02
."i/iC+ri'j

. OOt + 01?

• " -

,* l

* 1
. O O E + 0 5 * 1
.OOE+05 * !
.OOE+O5*1
.OOE+0 3
.OOE+03
.OOE+03
.OOE+0 3
,OOE+0 3
.OOE+03
.OOE+03
.OOE+Ol
.OOE+0 0
.OOE+00
. O O E + 0 1
.OOE+Ol
.50E+03
.50E+0 3
.50E+0 3
.50E+0 3
.50E+0 3
. OOE + O'i
. OOE + 0 3
, .JOE+ 03
, 50E+O3
5 OE + 0 3

.50E+03
•50E + 0 3
•30E+0 3
50E+0 3
50E+0 3
13E+03
13E+03
13E+0 3
00E+03
OOE+03
0 0E+ 0 3
OOE+03
OOE+03
OOE+0 3
OOE+0 3
OOE+03
OOE+03
00E+03
OOE+03
OOE+03
Ti'jt + I"'2
•", '"iil + fi2

5:'.'E+I"'3
50E+02

2
2
z*
Zf

2
^

2
1
1
1
1
3

5

Z>

2,
2.
1 .
1 .
1.
1 .
1 .
i.

1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
I .
1 .
1 .
1 .

-,
• ; ; •

3. ;

' . O'ït + '"'2
:. -JOE+ 02
. 5 :>E + I'I 1
. T- OE • 0 1
. 50E+' i i
.50E+01
.50E+01
.OOE+0 3
. 0 0E+O3
.OOE+0 3
.OOE+0 3
.OOE+0 3
.OOE+0 3
.OOE+0 3
.OOE+Ol
.OOE+00
. Oi"'E+OO
.OOE+0 0
.OOE+Ol
.OOE+Ol
.OOE+Ol
.OOE+Ol
.OOE+Ol
. 0 OE *• 0 1
,50E+01
. 5 0E+01
,50E+01
,OOE+04
. OdE + 04
OOE+04
OOE+04
OOE+04
OOE+04
OOE+04
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+01
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
=.1E+0<ï
5 0E+0 0
70E+OCI
50E+00 .

1
1
j

j

1
1
1
2
:>

( D

z>

a
if

Zf

5
1
1

1
2
1
1
1
1
1
1,
1,
1,
2 ,
2 ,
2 .
^ ̂
2 .
2 .
2 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .

.OOE+0 3

. 0 0 E + 0 ;:

. OfiE + O5

.OOE+O?

.OOE+OS

.OOE+05

.OOE+05

.OOE+04

.OOE+04

.OOE+04

.OOE+04

.OOE+04

.OOE+04

.OOE+04

.HOE+01

.OOE+00

.OOE+00

.OOE+00

.OOE+Ol

.OOE+02

.Ù0E+02

.OOE+02

.OOE+02

.OOE+02

.OOE+03

.OOE+03

.OOE+03
,0 0E+ 03
,OOE+03
,OOE+03
OOE+0 3
OOE+03
OOE+0 3
OOE+03
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+Ol
OOE+02
OOE+02
OOE+02
OOE+02

: i
: 1
, *1
,*1

*1
*1
*1

j>

2
2
2

2
4
1
1
1
2
1
1
1
1
1.
f-.
5.
5.
3.
3.
Zf

3.
3.
7;

3 .
6 .
6 .
6 •
6 .
6 .
6 .
6 .
6 .
6 .
6 .
6 .
6 .
6.
6 .
6 .
3 .
Z\ ^ •

3 . ;

-. ;

.OOE+0 3

.OOE+0 3

. O' iE+05*

. O'iE + 05 *

. u n E + 0 5 *

. O O t + 0 5 *

. O'"i£ + O5 *

.OOE+0 3

. OriE + 0 3

.OOE+03

.OOE+0 3

.OOE+0 3

.OOE+0 3

.O0E+O3

.OOE+0 3

. O'.»t+on

.OOE+OO

.OOE+OO

.OOE+Ol

.OOE+02

.OOE+02

.OOE+02

.OOE+02

.OOE+02

.OOE+0 3
,OOE+03
. OOE + 03
. OOE + 0 3
. OOE + 0 3
, OOE + 0 3
OOE+0 3
0 0E+ 0 3
OOt+03
0 0E+03
OOE+0 0
OIÏE+OO
OOE+00
67E+01
67E+01
67E+01
67E+01
i i7E+iJ l
67E+01
67E+01
67E+01
OOE+0 0
OOE+00
OOE+0 0
OOE+00
5 0E+02
fSOE+02
5Ot+ 02
-j •/£+ 02



- 55 -

P*Jd4c
PU24 3
POc'44
rtfl£41
fMSASM
ftfi£4£
flM54 3
CM£4£
CM24 3
CM £4 4
CHil'45
CM54*
-H247

I:FL?5I2

1 .
• ? .

1 .
5.
4 .
1 .
1 .

4 .
9.
1 .
4

04E-10
4 (it - 01
•••fZE-l 3

•3 3E-O7

i 'OE-07
33Ê-O.Ï:
07E-03
77E-04
S^E-06
4dE-Q*
3 0E-0'?

•^4P— 1 -•

diz-E-1 0
Ci I E - 0 5

3. T'fiE
3. r> '"'il
3. ?'Ot
^ . 5'JE
i?. 50£i
d. 50£ i
ii ' . 5 OE -i
•Î.50E-I
£ . 50E-I

*• I'I 0
•- 0 I'I

t- I'l 0

K U
K H
M;U

I-OI
H;H

I-OI
2. 50E+01
i i . f 'OE+Ol

»!'. ^ '"E"*
2 . 5 .'Jt ••

• o i
o i
Ol

d.5 0E+01

I . OOt •
I . Cii'it*
I . 0 OE +
I . 0 0E+
I.0OE+
I . 0 0E+
I . 00E+
I .00E+
I .00E+
I . iJO£ +
I . 0 0E+

. 0 0E +
i'i .iF +

. 0 0E +

. Oi''E +

0.
Oi

OL

0 ^ ~,

03 5 .
0 3 =•••
I'I

0.

o.

o:
0 "

i f '

or
i i 7

J, 5 #

: 5 .
er

• 5#
: f1#

~

-,

5 '"it +
f'OE +
T.OE +
0 0E +
,;ir;i£+

0 0E +
00E +
0OE +

O L

'V

" L

0

0
I'I

OI
0 0E+ 0*
0OE +
0 0E +
0 0F +
"I 'it +

00E +

i V

I'I'.
i-, -

,-j -

I'I;

ij "

•' '•'. t ' f | t
:' 3. ". Ht
-' ":.t''"i|T
i d. 5 0E
; i*. 5 0E
: LÎ. 5 0E
: d. 5 0E
: d.i'iiE
• i '.f.OE
: ^. f .OE
' d.5 0E

" • — • " , —

"' " • ' i t

..::. ".oc
2 . T' OE

+ I'I i.i
* i"i • i
4- I I . 1

• • i . l

+ 01
+ 01
+ 01
+ 01
+ 01
+ 01 !
+ 01 1
+ :'i 1 1
+ •! I I
+ 01 1
+ '"11 1

. J ."r +

. •.! If. +

. : . l ' l £ <•

. lOE +

. O0E +

. O0E +

. 0 0E +

. OOE-

. 0 0E +
• O0E +
. •'' " 7 *•

i ï - +

. 0 0 £ +

1 Id

''ij

' V

" 3
0 3
I'I 3
0 3
0 3
0 3
0 3
0 3
' " I ':'•

• ' ' : •

0 3
0 '.-•

':'. '"'He
.' I . OH':
-; ~. • I ' -

' " ' . •' 'i

f> . II " t
5 . 0:.'t
Ô. 0"E
S. ui.it

T.. OOF
f ' . 0 OE
5 . 0 >E
*•. I O F

1 •"( ''E
•"". m t '• i E

t' . i •i£

+ ' i r
• nj

+ "à
* - ' i •

• o :-
*- .'i v

+ ' i !"
•m ;
• u i-

+ 0 ;
+ 0 ~z

+ 0 I
+ 0 ":•
•^ H 3

+ 0 3

All concentration factors were taken from Thompson, S.E.,

C.A. Burton, D.J. Quinn and Y.C. Ng. 1972. "Concentration Factors of

Chemical Elements in Edible Aquatic Organisms". Report UCIIL-50564

Lawrence Livermore Radiation Laboratory, University of California,

Livermore, California, Rev. 1, excepr those followed by '*' which were

taken from Killough, G.G. and L.R. McKay. 1976. "A Methodology for

Calculating Radiation Doses from Radioactivity Released to the Environ-

ment". ESDP Report ORNL-4992, Oak Ridge National Laboratory, Oak Ridge,

Tennessee. Those followed by '+' are conservative estimates by the

author based on chemical similarities. The format used in NEP.F4 is

(A5, A3, E8.0, 6(E9.O)).
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A-5. LISTING OF DIET.OAT FILE

HPLDUP TIMES

1

a
3
A
•$
6

DR INKING M*TER
FW FISH
Fl.! INVERTS
FU PLflHTi
i:W FISH
:U IMVEPTÏ
SW PLrtMTS

DHYi

1. 0
1 0. 0
3. 0

4 0. 0
30. 0
50. 0
1 00. 0

Values in this file are examplary only. They can be readily

changed. The format used in NEP.F4 is (20X, F5.0).

continued...



lu

11 1 3 14 17

31 33 3 3 34 35 3 * 37 33 3? 3 0

1 1.0130
•- C' .0137
3 0. 0 0 03
4 v.0001
-' 0. 0164
T". 0. r;i55
7 I , iii_ii_Ti

The values of d ie t 30 are exemplary only. The numbers in the ver t ica l columns refer to

food types and those in the horizontal rows to diet types. The l a t t e r correspond to the numbers

in the NAME.DAT f i l e . Diets 1 to 29 can be readily implemented. The format used in NEP.F4 is

(10X, 10F7.0).
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A-6. LISTING OF LABEL-DAT FILE

1 HÛLÛUP TIME FOP DRINKING MfltEP (£
£ HOLDUP TIME FDR FW FISH •:£!•
3 HOLDUP TIME FDP FM INVERTS <D>
4 HOLDUP TIME FOP FW PLflNTS id:-
5 HOLDUP TIME FDP SW FISH dr.
6 HOLDUP TIME FDP SM IHVEPTS <I»
7 HOLDUP TIME FDR SW PLflNTS <B:<
CRI TERIDM FDR PPEVEMTIMG UHDEPFLDW
RHDIDLDGICflL DECflY CDMSTfiNT (\/H>

a cane FACTOR FDP FW FISH <:L,'KG;'
3 CONC FftCTDR FDR FW IMVERTS <!L--KG>
4 COHC FftCTDR FDR FW PLftNT 'X 'KG)
5 CÛMC FFiCTDR FDP SW FISH CL''K6>
6 CDHC FflCTDP FDR SW IMVERTS 'L-K6>
? CDNC FflCTDR FDR SW PLANTS -;L-'Ki3-
DDSE FflCTDP FDP BODY
DOÎE FflCTOR FDR ( 5 I - L L I
DOSE FflCTDP FDR THYROID
DOSE FflCTDR FQZ BDM£
DOÎE FflCTDR FOR LIVER
DOSE FflCTOR FOR LUNG
DQSE FACTOR FOR KIDNEY

The format used in NEP.F4 i s (8A5).
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A - 7 . LISTING OF NAME.OAT FILE

WflTER
2 FW FISH

4 Flj

6 SW INVERTS
7 ÎW =LflNT:-.

r 1
Z
J
4
•3
ô

10
11
13
13
14
15
16
\?
13
1-3

£'4

38
3?
50 TEST DIET
HûI.DhlT - EXPflNDED BflTTELLE CDSE FPlCTDP FILE
CUSMR.DflT - INFflMT DOSE FflCTORS USHPC REG GUIDE 1-'109-10 CTP-50 *PP. I
rt£ICR.Hflr - ICRP a fiDOLT DOSE FftCTDPS
C£6IC.HflT - ICRP 36 INFflNT DOSE FflCTDRS

JfiT - ICPP 36 flUULT DDSE FACTORS

Numbers 1—30 are reserved for diet names. The numbers correspond to those
used in DIET.DAT (Appendix A-5). The format used in NEP.F4 i s (15A5). The
formats used in NEP.F4 for food types and diet names is (3A5.A2), and for
dose factor f i l e names (15A5).
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A-8. LISTING OF DOS.DAT FILE

HI6 3
H165
C064
2N65
2N69M
ZM69
TE 79

BR3 3
BP34
BP35
|;R3 3M
KP35M
KR35
KPS?
KR83

PB36
RB3?
PBS3
PB39

0.O

MTTCtLf MSE «CTO* f ILE <meH'P CI>
BODY G I - L L I THYROID BONE L I V E R LUNG KIDNEY

M3 1.07E-07 1 .07E-07 1 .07E-07 0.OOE+00 1 .07E-07 1 .07E-07 I . 0 7 E - 0 7
8E10 3 .63E-03 2 . 6 8 E - 0 5 0. OOE + 00 7 . 4 7 E - 0 7 1 .73E-07 0. OOE + 00 2.lï>E-t.i?
C14 5.45E-07 5.45E-07 5.45E-07 2. 39E-06 5.45E-07 5.45E-07 5.45E-07
Ml 3 3.35E-09 S.35E-09 3.35E-09 8. 35E-09 8. 35E-09 3.35E-09 3. ^ F - M
F13 6.92E-03 1.35E-03 0.OOE+00 6.23E-07 0.OOE+00 0.OOE+00 0.OOE+00
Hf>22 1 .66E-05 1 .66E-05 1 .66E-05 1 .66E-05 1.6-SE-05 1 .66E-05 1 .66E-05
Hhli?4 2 . 2 5 E - 0 6 £. i?5E-06 £ . £ 5 E - 0 6 £ . £ 5 E - 0 6 £ ' . i ï ^E-06 £ . i î 5 E - 0 6 2.2"5E-<)>D
P22 7. OSE-06 £.17E-C<5 0. OOE + 00 1 .82E-04 1 . I 7 E - 0 5 0. OOE+00 0. OOE + 00
P33 1 .41E-06 2.69E-06 0.OOE+00 3 .77E-05 I . S 7 E - 0 6 0. OOE+00 0. OOE+00
flR39 0. riOE+OC 0. 00E+00 0. 00E+00 0. 00E+00 0. 00E + 00 0. 00E+00 0. OOE + 00
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•5

1 ,
S,
1,
3.

3.
1 .

T . .
1.

t . .

£ .

1 .

7_

X"
r>

7
7

. ' .

~

4 i") |f — '| 7

. ' ? '> t r - l 1

. 47E-0 '

. Cr?E-09

. 3 7E-06

.14E-10
;L;;Z;jr^ j j ^

,36E-05
.i:'•*£'-05
0-3E-05
16E-05
4 3E- 08

53E-0 7
1 l t - 1 0
39E-11
1 3E-07
06E-0 7
06£—0 7

96E-0 7
: '4E-0 7
31E-07
1 OE-07
0-.E-0 7
15E-0 7
•3i?E-0 7
éc'E-0 7
4f.E-07
4'^Lr- '~
j . ï t - j -

1 :-tr ~ : **r*
" M 1~ — H ~*

-,
,.

,-,

1
1

1
K

T'
T.
7.

Cj

1
1
7
-_,

7,
t .

1 .
K .
•Zi

7#

•s

7 .
7

4 .
7 .

• : . .

1 .

1- > - I'I4

. 13E- 04
|'| --Ç — 11*=

.i'T.t-:i-:.
• IÏ&E-04
.13E-04
. i'7E-04
•64Ë-05

7i£'£— 0 e7'

.i'7£-05
1 4P— fi1^

.31E-05

.76E-05

.66E-04

.94E-05

.4 3E—05

.4 0E-05

.3 0Ë-05
, T-6E-01:'
.7SE-05
, 4 0E-IJT

5 3E-05
7-:E-Of,

34E-0^
7 -̂ E - O41'.

31E-0T-
t'5E-05
04£-05
>] E-o-.

•'Vi~ ':'
4 ^ t : — * 1 -̂
• •• "' » r — n 4

U ,

- i

i l .

0.
0.
0.
0 .

n
1 1 ,

0

0 .
0 .
0

0.
0 .

n
n.
f i .

0.
j - ,

f i .
0.
0

n.
0

I ,

0 .
n .

n ,

0 .

0 .

' •

. I O E
• 1 n r

O n t -

OOE-

0 O t •

+ l ' i f l

+ 1 1 ; j

•*• 1 1 ' " j

+ I'I n

•- 01")
«. 0 0

0 OE * 0 0

O O E + 0 0

0 flf-1- ï l I'I
0 OE + " 0
fi OE -

0 'J 1.1
:'i ft F H

1- lï I'I

K n fi

v- n ri

fi UE •*• ii 0
Ont- '
OOE-i
0 0£-*
0 iJE •*

rr
.

0 f't "*

: j f i t +
( j ijE +
0 f i t +
ù OE +
0 Oh +

OE +

M11F +

nnt+
0 î t ' L •<•

I"I'.IE +

0 0E +
•'! I f »

'!•: »

1 ' • " * "

l ir
1 t-

- 0 C'

- 0 0
- n fi
- 0 0
• 0 ' j

• 0 ù
• ri ri

• I'I (I

I'I I'I

II II

M ' <

II I'I

M Tl

1*1 fl

i'i M

'."' I '
!| M

' 1 " 1

> 1 '

. 1 ' 1

1 1

• _ •

; ; _

- .

, - • t

1 .
7 ̂

4 .

4 .
1

i.

C

1 .
1
1 .

'5. .

'< .

4 .
-

1

7_

1 .

1 .

1 .
1 .
1 .

7 7E-05
" • 1 - F — 11 1 ^

i'^E-o^
•?6E-05
•Ï5E-03
';. OE - 05
T ' . ' S ' E - 0'5I

' ^ t - 0 "

,-:i'E-04
71E-04
T.OE-04
t-OE- 04

49E-04
50E-M5
7llr.F— II1-'

1SE-O*
73E-HT.
C'T'.E-OT.
; ^ , fi,.

I 7 F - / I 7
y.4S ~ n.:.
•-;=.£ - I,,.,

14E-0--'

."-: "'F. - | i . ; .

1 -" t" - 11 f.
15E-i''5
Ic'E-ô1:.
! . r - ir'
' L - '"r

-• "-; t - 1 ̂

1
1 ,
1

1 ,
4 .
1 ..T.

I j

0.
I j

0 .

0 .

I l

f l .

1.
;.
1 .
1.

1 .
1

1 .
j

1 .
1
'-i

1 .

t .

1 .
;

1

. ?4t-
" -'t

, 44t-

, 1 3 E -
. J -6E-
, 7 3 E -
. 4 3 E -

OHE +
00E +
1*1 OE +

0 0E +
0 OE •
OOE +
0 0E +

• 06
0^

fi 7

06
09
06
1 0
fi 11

0 0
0 0

Ijfl

II ft

0 0

0 0
34 £-06
^ S F —

IT ' .E -

35E-
i ' 7E-
-' ~F-
4 .-F -
J l E-
4 4t -

"0 ;E -
11 "t -

J T E - 1

ccE -1

^ OE - '
^ ''f -
: r -

1 1
1

- •*-,

II 1

1 0

0 6

H T
il»1

0--:
H T -
fît-
Il T"

1 I 4 1 ,

ijt-

>T.
."f..

j f , '

ï f ,

, c ,

'•'""'

'""'
1 11

I t

0.
. j ,
0,
0.
0.
I j .

0,
( • (

0 .

I j

f l .
I j

I j

0.
I j .
I l

0.
I ' I .

I j .

' j

' J ,

1

1 .

1 .

n

1 1 .

n .
1 1 .

o .

1 ,

• ' .

1

l'ifiE-

OflË-

fi Ot •

*• l l t l

* 0 0
* flII

<• 0 0

U 0£ • 0 0
0 DE •• Ci 0

OOE+00
0 OE • 0 0
01 JE -i
OOE Hi-OO
0 f iE + fi 0
OOE H• 0 0
ft ftE + fi ft

fi ftE + ft 0

OfiE-i• 0 0
OOE+00
ftfiEt
OOE-t
OOE*
0 0E +
IIIIË •

une*
11 Ol- •

. i n £ +

l i l l f *

nnt-' •

! . . j r •

nn t •*-

mit*

mit •

' • OE +
:l'if +

1 i t •*•

1 . it +
.nit •

• 0 0

• 1 j 0
• 0 0

• 0 0
II 0

11 n

n n

n u

n ri

n n

• 1 1 1

l i n

1111

n n

(111

n u

11 1

n i ,
n 11

7
-»
0
6

0
3
4
1
1
1,
1 ,

t!
4 ,
j ,

1 .
y.

4 .
''•4 f

1 .

4 .

c'.

} : .

: " .

^' •
;'|

.^OE-06
4C.£ 116

. ÏT/E-06

.41E- 03

. 0 OE • 0 0

. 5 6 E - 0 ?

. i 'OE-04

. 3 7E-CI4

.76E-04

.3 0E-04

. 64E-04
,57E-06

, 61E-10
, Oi'Ê-06
:3 0t-0 7
T.it-0 7
/•:•£-03
1 3t-0. '
• 1 <t - o^.
1 a £ - 116
t- t - 1 'T.

- 4 t - O K

4 .lt-116
T. -t - 06
T " . ^ E - 0 6

4 3Ë-0O
4'3E-i.it
4 ! E - '16

:1 t — " T'
, 1 1C -̂  |"| f|

The format used in NEP.Fi is (A5, Ai, EK.O, 6i:9.'J).
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A-9. LISTING OF A2ICR.DAT FILE

MRP t

C14
mss
HR41
•ÏC46
CR51
MN54
FES'?
CCJ58
CQ6 0
ZH65
flS76
KP33M
KR35
KR85M
KRS?
KP33
KR39
KR90
5P89
SP'?0
'.'9 0
V? 1

PU 103
PU 106
SMI £3
SB125
TE125M
TE1£7
TE1.Ï7M
TE1.Î9M
TE 13c'
II £5
II £9
1131
1133
Xt131M
XE133
XE13 3M
XE135
:-:t 135M
HE 137
y.E 133
C2134
C5136
CS13?

ADULT ao:
BO Hi'

1.56E+01
0.OOE-01
3.11E-03
3. 11E-I.V
7.73E-01
3. UE + 00
1.56E+00
6. i?3E+00
*.£'3E+00
0.OOE-01
0.OOE-01
0.00Ê-01
0.OOE-01
0. Out-03
0.OOE-01
0.OOE-01
0.OOE-01

3.
i'. OSE-04
3. 11E-03
6.23E-03
1.56E-03
7.7SE-0£
3. UE-01
7.6 0E-01
3. 11E-01
6. ='3E-01
3. 08E-08
0.OOE-01
3.11E+00
1.25E+0 0
0.OOE-01
1.55E+01
3.11E+0 0
6.98E-01
0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
0. OOt-01

£ FACTOR:
•3 I - I .L I

' j . 0 Ot - 11 1
0. O'JE-iJl

0.OOE-01
4.*7E+OÏ
9. 35E-U1
1.37E+01
3.73E+01
1.37E+01
3. 73E+CU
9.35E+00
0.OOE-01
0. OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01

4.67E+01
9.35E+01

MPEM M IC
TH.'PDiri
.OOE-01
.OOE-01
.OOE-01
.OOE-01
.OOE-01
.74E-02
.OOE-01

PO C I •
BOUE

i j. OiJE-fi]
3.74E+00
ri. OOE-01
0.OOE-01
4.67E-03
0.OOE-01
n.OOE-OI
3.74E+00

L I V
' j . -J '<i
y. C'i'F
0. O'JE
0. OOE
0. OOE
o. 0 OE

£P
- " 1
- ù l
- 0 1
- Ù l

- 0 1
- 0 1

6.92E+Û0
3. 11E+01

3.
1.37E+01
i'. 3
1.37
3. 17E + 01
1.S7E+01
1.37E+01
9.35E+0 0
0.OOE-01
9.35E+01
9.35E+01
0.OOE-01
9.35E+00
3.17E+01
4.67E+01
0.OOE-01
0.OOE-01
0. OOE-01
0.OOE-01
0. OOE-01
0.OOE-01
0.OOE-01
4.67E+CU
3. U'E+01
4.*7E+01

.OOE-01

.OOt-01

.OOE-01

.OOE-01

. OOE-01

.OOE-01

.OOE-01

.OOE-01

.OOt-01

.OOE-01

.OOE-01

.OOE-01

.OOE-01

. OiJE-ul

.OOE-01

. OOE-01

.OOE-01

.OOE-01
OOE-01
33E-01
37E-0 3
4 7E-01
47E-0£
OOE-01
67E+00
37E+00
OOE-01
10E+03
80E+03
50E+0£
OOE-Ol
OOE-01
OOE-01
OOE-01
OOE-01
OOE-01
OOE-01
0'lt-01
OOt-01
OOE-01

0.OOE-01
0.OOE-01
3.74E+00
0.OOE-01
0 . O O E - i i l

0 .OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01

0 .OOE-01

9. 34E + 03
9.34E-03

1.37E-0£
5. 34E-IJ3
Î.37E-01
3.74E+00
3. 1 1E + 01
1.87E+0 0
1.37E+0 0
l .£5E-01
0.OOE-01
l.£5E+01
1.37E+00
0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
0. OOE-01
0.OOE-01
0.OOE-01
0. OOE-01
0. OOE-01
0.OOE-01
0.OOE-01
5.34E+01
3. 74E+0 0
7.47E+01

0 . OOE
0. CiiJE
! J . OHE
0. OOE
0. OOE
i'i. OOE
i j . OOF
0. OOf
0. OOE
o. ri ne
0. OOE
0. Oi'E
0. OOE
0. OOE
0. OOE
0. OOE'
0 . OOE-
5 . 1 6 t -
0. OOE-
1 .87E-
0. OOE-
0. OOt-
0 . OOt-
0 . OOE-
0. OOE-
0. OOE-
0. OOE-
0. OOE-
0 . OOE-
0 . OOE-
0 . OOE-
0 . 0CE-
CI. OOE-
0 . OOE-
0. OOt -
Ij. ijijt-

0 . O O E -
0. OOE-

- 01
- 0 1
- 0 1
- I ' U
- 0 1
- 0 1
- 0 1

Jl
01
Jl
j l
Jl

- 0 !
-03
-01
-01
-01
• 0 0
•01
•01
•01
•01
•01
01
01
01
01
01
01
01
01
01
01
01
01
01

L'JM'.i

. J'JL" - ' i l

. ij OE - 0 1

. iJOE-OI

. iJOE-'Jl

. 'jijfc-ijl

. *f-TE-*-00

.OOE-01

.OOE-01

. OOE-ril

. iJiJE-01

. O O t - 0 1

. i J i J t - i J l

i l . il l t - 11

0. 0 :Jt - IJ 1
0. 0 'JE-i i l
0. iJ 'Jt-ij 1
0. i j i j t - ' j l

0 iJE - C'
0 UE - 0

OuF-iJ
iJOE-iJ
OOE-Ol
ij OE - ij 1

. :JOt-i.il

.OOE-01

. OOE-01
, OOE-01
, OOE-Ol
•3 7E + 0 0
OOE-01
OfiE-01
OOE-01
OOE-Ol
OOE-01
OOE-01
OOE-01
OOE-01
OOE-01
OOE-01
OOE-01
OOE-01
OOE-01
OOE-Ol
OOE-01
:jiJb-01

34t-''U

0. :J 'lt - 01
0.OOt-01
•j. ijil£-'jl
0. 0 " t - 'j 1
ij. 0 ij£ - 01
0. OiJE-01
0. ijijt-'jl
0. :JiJ£-'J!
":•. 0 ' 't - 01
0. ij OE - ''• 1
0 . O O t - 0 1
' j . 0 ' J L" ~ 0 i
0 . l ' ijt -- " 1
i.l. Iji.ltf-'.11

Ij. I j i j t - ' J l
' j . f ' . i £ - " l
i j . 01 i t - !J 1
0 . 0 'J£ - IJ 1
11 . Jj l'j v - Ij l

0 • 0 :Ji7- n 1
0 . 0 O't - 'i 1
M. O i l t - . l l
9 . 3 4 E * i i O
O • 0 0 1 — 'j !
0 . O i ' i t - i J l
0.OOE-01
0 . OOE-ij !
0 .on t -01
0. OOt-ill
0. Ofit-Ul
0.OOt-01

0.OOE-01
0. 0 0 £ - r u
0 . O u E - 0 1
Ci. OOE-ni
0 . O O t - 0 1
Ci. n u t - 0 1
Cl. : l i ' t - ' j l
ij. OOt-01
0.OOE-01
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£ H : 4 M

I_Hl 4 "
'I f 1 4 1
'Till 44
lOl-i?
EM 174
Ti-U^'S

UJ:' 3J:'
UJ.'.': "!
Ui';-:4
U J :•:•:.

u:.-?-:
NP^'39
piJiîSS
PM^S9
P'JJi'4 0
PU£41
r7."134 1

:n£44

i

ii' •

" .
,** #

i .

-' •
•f..

t- •

o.
1.1.
I j .

1 .
3 a

£.' #

1 .
5.

jf.lV-IÏH
1 It-'14
j ":'•'} - :J4

Cii'iE-'.''!

7i3E- i'ii'
5-.E+01
•?c'E + 01
llE + f-ia
cJE+01
i'SE + 01
iJOE-01
0 i ' t - 0 1
QUE-01
56E+01
OSE+01
0SE+01
HE-oi
i'3£ + 01
i"5E + 0 0
UE+01

'.

;••.
1 .
!),
9,
1 .
4 .
( - , m

t-, t

0.
Û .

0.
6.
*z..

1 .

• ; • * .

6 .

: :^*'H
r - : (T-M]

.. re * M.-'
iji-iE-i-i]

55E+01
SrE+i'ii-
t."E + OI
S5E+01
£r^E + 01
JÎ5E + O1
OiJE-01
00E-01
i'iOE-01
c'f.E + 01
c'5E + 01
£•:.£ + 01
3,'E+flfi
^•?E + 01
:-!̂ E + 01
£5E+01

i

f

i

!

1

f

r
C
r
r
r
C

1. (IM..--M)

' . i "itT - "i 3
: . - I I I ^ — .-i i
1. ; i : i L r - i ï l

i. 0 0E- 01
i. 0 OE - r' 1
•|. ODE-01
i. 0OE-O1
i. 0 0E-O1
i. OOE-OJ
i. OÙE-Ol
i. 0 0E-O1
'. OOE-01
.OOE-01
.OOE-01
.OOF-01
.DOE-01
.00E-U1
. CnïE-O]
.OOE-01
.OOE-OJ

1 .
1 .
^

• ) .

0.
1 .

1 .
4 .
9 ,
9 ,

0.
r i .

0.

7_

1.
? ê

1 .

:-: 7C •«•'H
3 " F - • • ' " - .

•J ~ F — =.< '•:

•:-7E- - ' I
0 CiE - 01
£5E+i' iO
34 E + i.V
>:rE + '>:
<z- 7 E + 0 ?
34E + 0.T1

34E + 0J5
OOE-O l
0 CE - 01
OOE-01
4TE + O.Î
4 ? E + 'J£
47E+O. Ï
-:7E+ 01
4TF+0,?'
37E+01
34E+O£

. ' i.

• | ,

i .

I'I.

I'I.

0,
(i,

o.
0.
f l .

0.
0,

0.
0.
( 1 .

I j .

;> ,

t.".

c1.

i 'E - " 1
. . 'i.: - i ;

i-'t - • :

iJiJF.-iJl

( l i l t - I I ]

' . " ' E — " 1
'JOt-i ' ' ]
OOE-Ml
OOE-O]
O M E - 0 1
0 Ob - 'J 1
OC'E-'Jl
•J'iE-01
OHE-01
OOE-Ol
OOE-i'il
.•'ivE-'il

^."'E+Ili'
ij?:E + 'Jl
OSE + OJ'

'•.
i .

i .

i (

( i ,

i .

: i .

0.
• 1.
ij,
ij,

0.
:j,
i j .

Ci.
0 .
0 .
II,

j .

• 1 .

• 1 .

4!: -
II; -

1 1 ' ' -

1 (•' -

i'i M F -

( i i i f -

( i ( i t " -

I J M E -

(i.it-
,.i :'if -
0 'JE -
OOE-
i>rit-

Û 0 E -
0 Ot -
OOE-
I.I i j t -

M '.

> :

.i ;

i ;

'.'1
' i l

" 1
01
0 1
01
01
0 1 <
01
01 i
01 <

01 i
0 1 >

•iiJE-01 '

:") Hi r —

•1 J t -
: I .i(f -

Ml -1
Ml T
111 i

' 4 • U Z ~

1 . II---

• . • - > ; -

' . . ' ' . . -

i . • • • • ( -

I. :'i n ; -

i . i l 1 1 ; -

1 . ;j i l^ -

i. ; j ; i -f -
I, ; j 11J -
1 , : I ; I i: -
1. ;j 11C -

i . i j o r -
1 . M 11 ̂  -

i . 0 0 ;£-
i . 0 Ot -
i . O'.'tt-
) . 'JI.JL -
.•: "t*
. J; '<€ *

'-• 7r *•

•'I

i '

11

i .

' J
1 i
' !
i l

'1
'1
•1

' ' I
• ' 1

•'1
• J l

'M
i l

-.1]
Oc
M''

The format used in NEP.F4 is (A5, A3, Et.O, 6K9.0).
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A-10. LISTING OF CUSNR.DAT FILE

IMFflNT

H 3
C14

ftR41
rC46
CR51

FE59
C053
CiJ-i-0

t'R35M

!•?•:•?

,-?:i

-P?5

RM 103
PMI 06

TE155M
TElc'7
TEIS7M
TElc'9f1
TE 13.2
H i ?
I129
1131
1135
. • :E131M
.'£133

X€13 3M
:-{£135
.\"£135M
::£137
/cl33
C1134
C:i36.
C::i37

DOSE FACTOR? USNRC PEG GUIDE is 109-10 CTR-30 (MftEM/P CD
Bnnv GI-LLI THYROID BONE LIVER LUMG KIDNEY

3.03E-07 3.03E-0? 3. 03E-07 0.OOE-01 3. 03E-07 3.08E-07 3. OSE-O.*
5.06E-06 5.06E-06 5.06E-06 £'. 37E-05 5. 06E-06 5. O^E-O* 5. 0 * t - ' ï *
9.33E-0-5 9.33E-05 9.33E-05 9.33E-05 9. 33E-05 9.33E-05 9.S3E-05
0. OOE-01 0.OOE-01 0. 00E-01 0. OOE-OJ 0. OOE-01 0. 00£-01 0. OOE-01
1.69E-03 3.53E-05 0. OOE-01 3.75E-0S 5.41E-03 0.00E-O1 3.5"iE-0:fi
1.41E-08 4.11E-07 9.£0E-09 0. OOE-01 0. OOE-01 1 . 79E-03 •=. OlE-n-a
4.51E-06 7. 5IE-06 0. OOE-01 0. OOE-01 1.99E-05 0. OOE-01 4 .41Ë-0*
£ . l £ E - 0 5 £.57E-05 0. OOE-01 ?•. C-3E-05 5. 33E-05 1.59E-05 0. OOE-01
3.98E-06 3.97E-06 0.OOE-01 0.OOE-01 3.60E-06 0.OOE-01 0.OOE-01
5.55E-05 5.57E-05 0. OOE-01 0. OOE-01 1.03E-05 0. OOE-01 0. 00Ê-01
2.91E-05 5. 33E-05 0. OOE-01 1.34E-05 6.31E-05 U.00E-01 3.0-s£-0=.
0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 O.OOf-i'i]
0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 I"I. dOE-01 n. OOE-01 O.OOE-01
0. OOE-01 0. OOE-01 0. OOE-01 0. 00E-O1 0. OOE-01 0. OOE-01 0. OOE-'.il
0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-Ul 0. OOE-01 0. OOE-01 •':. 0C'£-'' 1
0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 O.On£-'i]
0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0.''»0£-0I O.OyE-'.'i
0. OOE-01 0. OOE-01 0. 00E -01 0. Û0E-01 0. OOE-01 0.00E-i'"l 0. 0-"''E- •• t
0. OOE-01 0. OOE-01 0. fiOF-Ol 0. OOE-01 0. OOE-01 0. OOE-Ol 0 .0 ' ' i t - : ' l
7.2QE-05 5.16E-05 0. OOE-01 5.51E-03 0. OOE-01 0. OOE-01 0. O'.'£-"l
4 . 71Ë-03 a. 31E-04 0. OOE-01 1.S5E-05 0. OOE-01
=r. 33E-09 1.20E-04 0. OOE-01 3.69E-03 0. OOE-01
3.01E-08 3.10E-05 0. OOE-01 1.13E-06 0. OOE-01 (.

. O O E - 0 1 0 . 0•>£-'.<I
'). 00E- 01 0 . O' l l f -O !
:*. ooE-oi o. out-Mi

3. 56E-0S 5.50E-05 0. OOE-01 2. 06E-07 5. 05E-08 0. 00E-01 ?l. -4 1E-''i3
1.00E-0S 1.46E-05 0.OOE-01 4 .50E-03 1.73E-03 0.OOE-01 1.54E-03
4.95E-07 1.30E-05 0. OOE-01 1.43E-O6 0. OOE-01 0. OOE-01 i.0i£-><6
3. O l t - 0 6 1.33L-04 0. OOE-01 3.41E-O5 0. OOE-01 0. OOE-01 k. 3'?f --'5
6.50E-06 6.53E-05 3.91E-06 £.49E-04 3.39E-06 0. OOE-01 0. O-.'£-''!
£ - .53t -06 1.64E-05 1.54E-0S 1.53E-05 1.19E-07 7.7£E-06 0.00E-'M
3. 15E-06 1.11E-05 7.34E-06 £ .33E-05 7. 79E-06 0. iiOE-01 0. û =JtE-•' 1
2.15E-07 2.10E-05 3. 14E-07 l.OOE-06 3. 35E-07 0. OOE-01 £.44£->t6
0.OOE-01 0.OOE-01 0.OOE-01 0.OOE-01 0.OOE-01 0.OOE-01 O.OOE-ni
1.54E-05 5.97E-05 3.34E-05 l.OOE-04 3.43E-05 0. OOE-01 £ .5 ' ' i t -04
9.61E-06 3.81E-05 1.53E-05 £. 03E-05 1.03E-05 0. OOE-01 6.44t"-M5
0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01
1.55E-0? 4.24E-07 1.36E-02 2.S6E-05 £.1£E-O5 0.OOE-01 2.51E-05
1.36E-05 1.51E-06 l . lOE-Oi. ' 3 .59E-05 4 .53E-05 0. OOE-01 4 .94Ê-05
5-33E-06 3.03E-06 3-31E-03 l . £5E-05 1.33E-05 0.OOE-01 £ . 1 4 t - 0 ô
0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 O.OOE-01
0.00£-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOLT-01
0.OOE-01 0.OOE-01 0.OOE-01 0.OOE-01 0.OOE-01 0.OOE-01 0.00E-M1
0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOt-01 0. OOE-yl
0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01
0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 0. OOE-01 O.nOf- ' i i
0. OOt-01 O.OOE-Oi 0. dOt-Ol 0. OOE-01 0. OOE-01 0. OOt-01 0-OOE-fil
7. l O t - 0 5 1.31E-06 0. OOE-01 3. 77E-04 7. 03E-04 7.4.2E-05 1.31E-04
5.04E-05 2. 05E-06 0.OOE-01 4 .59E-05 1.35E-04 1.10E-05 5.33E-U5
4.50E-05 1.31E-06 0. OOE-01 5.S3E-O4 6.11E-04 6-64E-05 1.64E-04
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iM ! 4 ;i

i-Hl-i1'
•: . " 1 4 !
C L 1 4 4

Mil 147
E'J154
THS:23
1^2'J2
IJ.? 'J2
U-3 3
Ui'34
UI'35
'J.I'3'3
Hpc'39
P'J.?33
P'Ji-39
PUc'4 0
P'Ji-41
blM£'4 1
?l 12 42
~W244

1
i

i

1

z

3
.;
c
I j

s
3

1

• . 3 1 1 - • i • : •

' . 1 4t-Hr1

. ôf-E-O*

.6 "E-0 7

.0 0E-U1

. iîOE-07

. 36E-0S
,t-5E-O4
. 16C-03
.:37E-O4
.S0E-O4
.OOE-01
.OOE-01
.OOE-01
-4OE-O5
.54E-O5
•54E-O5
.$£E-O?
. O9E-O4
.1Oê-ùê
. 5?E-O5

4
j

^*

1
ij.

4 .
5.

£ .
6.
ij.

i j .

0.
?.
6 .
7.
1 .
7.
3.

i'-jf-05
7 7E-05
4?'E-05
7 1C - 04
OOE-01
5SE-05
S4E-04
3 IE-05
04E-05
5IE-05
37E-05
OOE-01
OOE-01
OOE-01
57E-05
91E-05
04E-05
45£-0t.
7n£-05
i23E-05
34E-05

• 1 . ' l i t ? - ' ! ]

•'I. j ".it - 0 1
i i . ;!' OE — 01
ij, :i i'it - ij i

0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
ij, ijijE-01

0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
0.OOE-01
0. OOt-01
0.OOE-01
0. OOE-01

1
2.
7.
;•

0 .
Zt

2.
4 .
2.
5.
4 .
0.
0.
i j .

1 .
1 .
1 .
4 .
1 .
1 .
1 .

-1E-04
1 1 E-Otf
3 7E-0?
•?3E-Ot-
lS O E - O l
t-4E-0ir-
4 7E-0 3
24E-03
42E-K2
0--3E-03
:3'3E-0 3
OOE-01
OOE-01
OOE-01
34E-0 3
45E-03
45E-0 3
3SE-05
5 3E-03
37E-04
22E~Q~i

1 .

4 .
1 .
1 1 .

}:.
3.
1 .
0 .
l j .

I j .

I j .

0.
0.
1 .
1 .
1 .
1 .
7.
1 .

71E-0
3i'E - 0
AOE-O:
2?.E-(>*
OOE-0

"" 1 .
'•* ' ' • .

-- M ,

-• ' i ,

0.
»r-7E —07 I'I .

3-3E-01
t-3E-0-
0 OE - 01
OOE-01
OOE-01
OOE-01
OOE-01
OOE-01
69E-04
7 7 E - 0 H

77E-04
?0E-i"it
1 3E-04
24Ç. - 04
U-E-04

•> n .

I 0 .
0.
0.
I j .

I j .

0 .
;j,

0.
0 .
0 .
0 .
0 .
0 .
1.1.

Of,E-0 7
M-Jt-01
0 OE - 01
U n £ - > ï l
I I ,;<£- ij l

0 Ot - 0 1
OOE-01
OOt-01
OuE-01
OJE-01
OOE-01
0 OE - 01
OOE-01
OOE-01
OOE-"'.il
OOE 01
OOE-01
0 OE - 01
OOE-01
OOE-01
OOE-01

4 .
u.

1 .
4 .

0.
y .

1.
. ' .

i

1 .
0 .
0 .
0.
1 .
1 .
1 .
3 .

•s.

i . lT-L r- ' l '.

:j jE-n 1
4:3E-0:
•?3'I- | i •"
O O E - " I
•?5E-'i7
53E-04
7^E-04
37E-0I-
OyE-Mj
Otr-E-0 :
0 Ot - o 1
OOt-i'il
OOE-01
2 I E - 0 4
.3-3E-04
2:-£-<!4
1 'E-I'IK.

5f.E-'i4
éct-Uf'
7 IE-04

The format used in is (A5, A3, E8.0, 6E9.0).
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A-11 . LISTING OF A26ICR.DAT FILE

ICRP26 STOCHASTIC DOSE FflCTQRS <f>EM/MlCRO CI>
FOR (=>DULT <fiECL-654 0> REV JflH 25 30
H3
C14

f1ft£4
;53iE
P3 3
Î 3 5
:C46
CR"51
Mr (54
FE55

CQ53
CÛ6 0
rU-i.3
Zr<6'5
fl • ,*é
:e "5
: e r-?

::'î':!^
:i?lo
.••?ii
i1 ?• i

Mal"?
TC-39
•?'J 103
R'J 1 06
PD1 0?
fl'311 OM
SU 153
rBi££
;S1^4

TE155M
TE 1^7
rtl£'7M

TÊ13/1

I li:3
11£'4
I I £5
II £6
I I £3
11.29
1130
1131

0.100É-03
0. l'Slh-Oi1

0. l lSE-01
0.900E-03
n. 3 31E-02
0.645E-03
CL 731E-03
0.3 33E-0£
0.975b-04
0.1£3E-Q£
0.499E-03

oi^E-ol
0.44 7E-01
0.447E-0 3
0. 1 OSE-01
Ci. 3i*i2E-0£
0.4 30E-0£
0. 5£'?E-0£'
0.531E-0 3

Ci. 145E + 00
0. 11ÛE-01
0. -JGSË-Cii'

0.675E-ij£ i

0.£56E-0£
0.153E-0£
0.i£73E-01
0.1 SUE-03
Ù.91SE-02
0.949E-05
0.104E-01
0.115E-Ù1

l'.lisE-oa
0.739E-0 3
n.105E-01

0.844E-0£-
0.510E-03
0.339E-01
0.399E-01
0.711E-01
"i.£-74t-04
0.275E+00
0.46SE-05
0.540E-01

IHCL

IMCL IiRUGHTEP'';

INCL

INCL IiflUGHTEP <S>
IMCL HrïUGHTER <S>
lliCL IiflUi5HTEP':S:>
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1132
1133
II 34
1135
C î 1 34
C :: 1 35
C: i36
CÎ137
BRI 3 3
BR 14 0
MM 4 7
LH14 0
CE 141
CE 144
Pr-1147
E>J 15.2
tU 154
EU 155
t'Bl-i'9

•1.1-35

IP t ?S
••*'•: 1 9 7
iHiJi1 Ci 3

•-Bi-10

KHc'iE'4

rHJ'3O

Mi 34

°Uiî4 0

0
0
ft

0
0
Ci
0
0
0
0
0
0
0,
0,
Cl.

0.
C l .
."I

l'I.

0.
0.
0.
0.
0.
Û .
Ci.

o.
o.
Ci.

0 .
Ci.

0.

c».
o.
0 .
Ci.

0 .
Ci.
0 .

o.
0 .
n.

o.
o.

,—
1

Cl.

o.
j .

.597E-03

.104Ë-01

. Î31E-03

. iî34£-0£

. <i3Sf£-01
F c! ' E "• ("i c!

.459E-01

.iOOE-03

. l'35E-0£
•415E-02
.677E-Q2
. £76E~0c:
. iSOSE-Ol
.101E-02
. 640E-02
, 5>:3Ë-0i:
, l l,2E-0£

!l5£E+of
•?5:?E-0I'
•377E-0 3
3J:'-?E-Cliï'
1-.96Ê-03
31£E+01
74,'E-ûi:
174Ç+CU
37SE+0 0
131E+00
4 7-3E+00
1 09E+0i2
9Ï2E+01
159E+01
5 36E+02
134E+01
7iît.E+ 0i£'
97 0E-03
7'ô5E+0c
3t. l t -01
11?£+ 01
1-37E+01
1 ? 0b + O£
•£'77t+0 0
•E77E+0 0
^hOt+OO
£.(1, |-|£+|-|f|

•541E+0G
3-31E+0 0
4 -:fiF + ûO

IHCL HflUi5HTEP<.">

IH C L II H U G H T E P ( S '

IHCL B l i i l O s PDclO
IHCL PD.il 0

IHCL xlflUPHTEP '• ".'
IHCL DflUGriTEP <•;••'•
IHCL DHUGHTEP '• S.'
IHCL DRUGHrEP''!:•
IHCL iihiuGHrER'.:: '
IHCL *fi!?i?3 RHIi IiRUGHTEP < S •
IMCL I ' H U G H T E R ' 3 •

IHCL I?RC'£'5 RHD HflUGHTEP Cj:-'

IHCL PRc-31
IHCL &fi£33' TH.?c'8 RHD DRUC
IHCL Pflc-34. IJ234
IHCL W.'GHTEP '• Î . 1

IHCL II R L l G H T E R '•' S.'
IMCL THc'c'S" RH&54 HMD DRUG

J . 4 3 ' i t+ 00

i . 4 ! 3L- + I-|-;I
TILL
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Pfl£ 3 3

HP53?

CT1244

0. I6?E+O'i

9.2Û0E+01
0.19£E+01
0.333E+02
Q.1S3E-0S

0. U£E + 0i
0.319E+0S

INCL

The format used in NEP.F4 is (A5, A3, 2X, E10.0).
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A-12. LISTING OF C26IC.DAT FILE

JCPP26 STOCHASTIC IiDSE
FDR INFANT
H 3
Cl 4
MH22
MHcp4
P32
P33
" " : ~i

SC4fi
CP51
ri1M'ri4
FE"-
'•'•-•'?

: J -. :;
: >.• i

i ' . -•

." ~ ~T

"•R'3'5
" h' 3 *

i'9O
i151
NF'95
'•1Q99
TC99
i?'J 1 0 3
P.J106
PD1 07

Sr'l23M

SB 123
IB 124
SSI 25
Tt125M
TE 127
TEI27M
TE129M
TE 1 32
1123
1124
112 J
1126
1123
1129
113 0
1131

g
0
0
0
0
Ci
ri

Ci

0
0
i j

Cl

0
0
o
i

i

n
Ci

o
0
0
0.
o.
Cl.
; i .

0 .
0 .
0.
0.
' . 1 .

0-
0.
0.
0.
Ci.
0.
0.
0.
0.
0.
0.
0.
0.
Û .

0.
0.
r

CAECL-654 0
.294E-0 3
.573E-02
.265E-01
.4 33E-02
.236E-01
.310E-02
.140E-02
.275E-02
. 133E-0.3
.152E-02
.174E-02
. U9E-CU

117E-01
9 77E-CU
11 SE-02
277E-CU
139E-CU
•?flSE-n£
139E-01
16 3E-Q2
2 04Ê-01
555E+0 0
191E-01
132E-01
6â9E-02
294E-01
564E-03
174E-02
464E-01
244E-03

134E-01
464E-01
165E-01
506E-02
434Ê-02
295E-02
622E-01
6 OSE-01
165E-01
5 04E-02
313E+00
246E+00
597E+00
275E-03
98 7E+0 0
46.2E-01
430E+00

FACTORS (REM'MICRO
• REV

IMCL

IMCL

INCL

IMCL
INCL
INCL

JAM 25 -3d

DAUGHTER CS.'

DAUGHTER-::.S.>

DAUGHTER(S'

DAUGHTER <S.'
DAUGHTER <S>
DAUGHTER Ci:)

CI'
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1132
1133
1134
1135
Cil 34
c:i 35
CS136
C3137
BR133
BR 14 0
MO 147
LR14O
CEI 41
CE 144
PM14 ?
EU 152
EU 154
EU 155
i'B169
Ml 85 "
1*192
Hbt'37
H 3,503
TL 3 04
PB210
BI210
PD21 0
Pfl223
PR2£4
Pfl225
RR2£6
Rfl22S
7X227
TH223
TH2£9
TH2 3 0
TH231
TH2 32
TH234
RC225
RC227
|J232
U233
U234
U235
U236
Û233
PU233
PU239
PU24O
PU241
PU242

0.532E-02
0.102E+00
0.132E-02
O.236£-Cil
0.562E-01
Ci. 924E-02
0.265E-01
0.4 73E-01
0.143E-02
0.591E-02
0.543E-02
0.970E-02
0.355E-02
0.233E-01
0.140E-02
0.639E-02
0.597E-02
0.134E-02
0.172E-02
0.929E+01
0.110Ê-01
0.104E-02
0.546E-02
0. 3OIE-02
0.13 0E+02
0.114E-01
0.530E+01
0.246E+01
0.933E+00
0.302E+01
0.447E+Û2
0.375E+02
0.428E+01
0.364E+03
0.110E+02
0.195E+03
0.246E-02
0.200Ê+03
0.239E-01
0.322E+01
0.431E+01
0.177E+02
0.467E+00
0.467E+00
0.439E+00
0.439E+00
0.406E+00
0.342E+01
0.377E+01
0.377E+01
0.670E-01
0.362E+01

IMCL

IMCL

IMCL
IMCL

IMCL
IMCL
IMCL
INCL
IMCL
IMCL
IMCL
IMCL

IMCL
IMCL
IMCL
INCL
IMCL
IMCL

INCL

DflUGHTER <S.) '

DflUGHTEP<$>

BI210? PD210
PDP10

DflUGHTER <S.»
DflUGHTEP <S>
DflUGHTER<S>
DftUGHTEP <S>
DflUGHTERCS)
Rfl£23 RMD DfiUGHTER •:;.'
DflUGHTER <S)
Rfl£25 flMD DflUGHTER<S>

Pfl£31
Rfl£23? TH223 flMD DflUGHTEP
Pft£34, U234
DflU'5HTER (S'y
EflUGHTER CS>
TH£23s Rfl£24 FIMH DflUGHTER

flM241
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'.I. ;•';.'?£ + 01
0 . 1 5 4 E + 04 i r K L fv'237- T H c ' ^ 7 ftHD
•J. i lCc-Oi1 1MCL '.Ic':-:';:

Rrti'43 0. 1
DP£3,7 0.3
r<pL=' ;•'? 0. 15'r
CM243 i.i. ' ; : -H

' 1 . 1 '11
• j . 313

The format used in NEP.F4 is (A5, A3, 2X, E10.0).



JSSN 0067-0367 ISSN 0067-0367

To identify individual documents in the series

we have assigned an AECL- number to each.

Please refer to the AECL- number when

requesting additional copies of this document

from

Scientific Document Distribution Office

Atomic Energy of Canada Limited

Chalk River, Ontario, Canada

KOJ1JO

Pour identifier les rapports individuels faisant partie de cette
série nous avons assigné un numéro AECL- à chacun.

Veuille* faire mention du numéro AECL -si vous

demandez d'autres exemplaires de ce rapport
au

Service de Distribution des Documents Officiels
L'Energie Atomique du Canada Limitée

Chalk River, Ontario. Canada
KOJ 1JO

Price: S5.00 per copy prix: $5.00 par exemplaire


