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par

Reto Zach

RESUME

On a rédigé un code souple et conversationirel, NEPTUN, en lan-
gage FORTRAN IV pour l'ordinateur PDP-10 pour évaluer les conséquences,
pour 1l'homme, des radionuclides des chafnes alimentaires aquatiques. Le
code NEPTUN est basé sur un modéle d'équilibre du type 3 chafne linéaire
et calcule les concentrations dans les aliments aquatiques et les doses
transmises 4 1'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 invertébriés et les poissons. On peut
appliquer trente régimes différents et choisir cinq dossiers de facteurs
de doses différents. Ceux-ci comprennen. les facteurs de conversion de
doses pour les enfants en bas dge 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 éguivalent de cinquante ans d'exposition
chronique. A ce jour, seuls les calculs de doses ICRP 26 (stochasti-
ques) one &té appliqués. Le dussier 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 &cre 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 modéles existants de chalnes alimentaires aquatiques et
les sources de facteurs de concentrations génériques actuellement utili-
sés sont bri&vement examinés et les facteurs de doses basés sur les mé-
thodologies ICRP 2 et ICRP 26 sont comparés.
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NEPTUN: AN INTERACTIVE CODE FOR CALCULATING DOSES TO
MAN DUE TO RADIONUCLIBES IN AQUATIC FOOD CHAINS

by

Reto Zach

ABSTRACT

A flexible and inteructive 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 methodologles. 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 of 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 Il 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 cede in FORTRAN IV for the PDP-10 computer.
Like FOOD 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 drirking 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 conceantration factors
(Zach and Iverson, 1980), it is helpful to establish the sources of

these values currently used in various codes.



2. EXISTING CODES

Hoffman et al. (1977) aave 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 (1977), and Shaeffer and
Ethier (1979) have recently published a new code called AQUAMAN,

0f these codes ARRRG and the USNRC 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 accidertal and rou-
tine releases. CARDOCC is a partially documented code designed to 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 counsiders only freshwatar 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, snd AQUAMAN includes swim-

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

are not included in NEPTUN.



Since ARRRG and the USNRC 1.109 model are specifically Jdesigned
to evaluate iiquid reactor reieases, they contain very simple dilution
models. In these models, concentrated reactor effluent 1s 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 expiession

T., = CAfi/cwfi 1)

fi
where: T., = concentration factor for aquatic food type f and radio-~

fi
nuclide i (L/kg)

CAfi = concentration in edible portion of food type f of radio-
nuclide 1 under equilibrium conditions (Bq/kg)

CW_. = concentration in freshwater or salt-water surrounding

fi
food type f of radionuclide i (Bgq/L).

Since concentration factors are generally thought 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 ARRRG 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 concentratlon factors for AQUAMAN
were taken exclusively from Killough and McKay.
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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 Killough 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
files 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 clements.

Freke (1967) published concentration factors for 65 clements
for salt-water fish, crustaceans, molluscs and plants. Most of the ele-
ments considered are important in terms of fission products and ictivated
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 con:entra-
tions of fresh and salt water, and of freshwater and salt-water fish,
invertebrates znd plants. Since concentration factors are simply ratios
of concentrations in a given 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



water and food product cor:entrations. For comparison, elemental conren-
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 conditiongc. 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 ccamplete 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 carefuily 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 decned neces iary,

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

Calculativn of radiation doses to man due to aquatic food
types are straightforward and of the linear chain type. In their sim-



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

nlij " ci'Il'vij (2)

and for aquatic food ingestion

Dfij = Ci'If'Tfi'viJ (3)
where Dlij = dose from drinking water due to vadionuclide i and Jose

path j (Sv/a)

Ci = concentraiion in water of radionuclide i (Bq/L)
Il = ingestion rate of drinking water (L/a)
Vij = cose converslon factor for radionuclide i and dose path
5 (Sw/Bq)

Dfij = dose due to aquatic foed type f, radionuclide { and

dose path j (Sv/a)

1. = ingestion rate of aquatic food type f (kg/a).

In AQUAMAN equations 2 and 3 are u d. However, ARRRG 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, dcses can be calculated using

-A.t
Dpyj = Ci-Tp-Vyy-e 11 (4)

and for aquatic food ingestion

_ <At
Deyj = CpelpeTy-Vygee £ (5)



where Ai 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 (J) have been implemented. It
should be noted that in NEPTUN, f={2,3,4,5,6,7} since food type 1 is as~
signed to drinking water. In addition, subscript j can be ignored for
ICRP 26 (1977) stochastic dose calculatioms, since a sirgle 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 involwve 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 (CRIT) which has an absolute wvalue
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,
~80.0 35. In most cases, this low

the decay term (e ) has a value of 1.80°

value fully justifies che setting to zero of food concentrations and

doses.

5. DOSE FACTQORS AND CALCULATION OF TOTAL DOSES

NEPTUN includes two types of dose conversion factors (Vij)
which are based on ICRP 2 (1959) and ICRP 26 (1977) methodologies,

respectively.



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 radionuclide. Usually, at least seven 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

D (6)

D =D ..+ £1

ij 1ij £

™~

2
where TDij = 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

glven by
N
GTD, = & 1D (7)
where GTDj = the total dose for organ j and radionuclides

i={1,2,3....N} (Sv/a)

number of radir.uclides.

=
]

Note that the doses based on different organs cannot be added.
Hence ICRP 2 involves seéparate limits of exposure to the whole body and
each of the intermnal 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



effect varies with the dose, and for which a threshoid 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 dose factors are based on a series of dose factors
for individual organs (up to 1l different organs may be involved).
These organ dose factore are multiplied by weighting fuctors 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

7
™, =D,, + L D (8)
i 1i fo2 fi
where TD, = the total stochastic dose due to drinking water and the

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

Dli = stochastic dose due to drinking water from radionuclide
i calculated by equation &4 (Sv/a)

Dfi = stochastic dose due to aquatic food type f from radio-
nuclide i calculated by equation 5 (Sv/a).

The total stochastic dose for several radionuclides is given

by
N
GTD = £ 17D, )
. i
i=1
where GID = the total stochastic dose for radionuclides i={1,2,3...N}
(Sv/a).

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

exposure.
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ICRP 26 non-stochastic doses resemble ICRP 2 doses and, for
each rodionuclide, an entire series of separate organ doses must be cal-
wulated. These doses are based on the separate organ dose factors used
to calculate the etochastic dose factors. However, no weighing factors
or -~dditions are involved. As In the case of ICRP 2 doses, 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 cnce detailed dose factor files become available.

6. DOSE CONSEQUENCE RATIQS

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
Dfi)/ Cirw (103

4
SDR, =(D.. + I
iFw ( 1i £22
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where SDR = dose consequence ratin for radicnuclide i due to

iFw Sl
drinking water and food types 2 to 4 (Sv+L-a ~-Bg )

CiFw = freshwater concentration of radionuclide i (Bq/L)

and for salt-water

7
SDRy g, = I Dey [ Cygy an
f=5
where SDRiSw = dose consequence ratio for radicnuclide 1 due to food
types 5 to 7 (Sv-L~a-l'Bq-1)
C,gy = salt-vater concentration of radionuclide i (Bq/L).

It is important to note that dose consequence ratios are inde-
pendent of water concentration (C1Fw and ciSw) as long as the number of
food types, ingestion rates (I1 and If), dose factors (Vi) and all the

other model variables remain unchenged.

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 tne six aquatic food types for each radio-
nuclide.

(3) THCLD.DAT hold~up times for drinking water and the six aquatic

food types.
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(4) DIET.DAT -~ diets of man for drinking water and the six aquatic
food types.

(5) LABEL.DAT - labels for the output of model variables.

(6) NAME.DAT - labels for food anc diet types and names for dose

factor files.
(7) DO%.DAT - Battelle adult dose factors (Baker, 1977) for the
total body and six individual organs.

(8) A2ICR.DAT - adult dose fac:iors for the total body and six indi-
vidual c+~gans bused on ICRP 2 methodologies.

(9) CUSNR.DAT -  USNRC Regulatory Guide 1,109 (1977) dose factors for
infants.

(10) A26IC.DAT - stochastic dose facturs for adults (Johnson et al.,
1979) based on ICRP 26 (1977).

(11) C26IC.DAT - stochastic dose factors fer infants (Johnson et al.,

1977) based on ICRP 26 (1977).

7.1 NEP.F4 FILE AND INTERACTIVE DIALOG (Appendices A-1 and A-2)

During execution, NEP.F4 (Appendix A-~1) asks the user a series
of questions which must be answered., Some of these questions huve 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, '0O' will suppress the listing, 'l1' 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 'l', 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

Appandix A-2). '0' will suppress this option.



- 13 -

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' and those not chosen by '0'.
An option is provided, which allows specification of a new se:t of food
types, if a mistake has been made. Next the user must specify the diet.
In 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 this, 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 'l' will enable dose calcula-
tions to be madec. 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 dose 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 uto-
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 termipate execution. If dose calculations
have not been requested, 'l' will lead execution back to food type spe-
cification. If dose caiculations have been specified, it will lezad to
printing of a dose summary for all the radionuclides entered during a

given run.
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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 freshwacer and/or salt-water concentra-

tions, execution returns to radionuclide specification,

Normally execution is termirated 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

'1l' will cause termination of execution.

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

CFAC.DAT contains data for 271 radionuclides, The exact ra-
dionuclide symbol given in this file must be used when specifying radio-
nuclides during executlon, Each radionuclide is accompanied by seven

values., These are listed In the order

—

Radiological decay constant (\i in 1/h) which is converted in

NEPTUN to 1/d (see equations (4) and (5))
2. Concentration factor for freshwater fish (TZi in L/kg)
3. Concentration factor for freshwater invertebrates (T3i in L/kg)
4. Concentration factor for freshwater plants (Téi in L/kg)
5. Concentration factor for salt-water fish (TSi in L/kg)
6. Concentration factor for salt-water invertebrates (T6i in L/kg)

7. Concentration factor for salt-water plants (T7i in L/kg).
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The sources of these concentration factors are given in Appen-
dix A-3, Additional radionuclides can be readily added to CFAC.DAT,
provided the symbol used is unique and the radiological decay constant

and all rthe concentration factors are known,

7.3 THOLD.DAT FILE - HOLD-UP TIMES (Appendix A-4)

THOLD.DAT contains the hold-up times (t1 and te in 4) 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-
ifable. In HERMES (Fletcher and Dotson, 1971), no hold-up times were
defined for most food types other than non-commercial river fieh and
drinking water, which were assumed to have hold~up times of 3 and O
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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DIET.DAT FILE - DIETS {Appendix A-5)

~1
I~

DIET.DAT contains diets 1 to 30 for drinking water and the six
food types. The values listed are ingestion rates (L/d or kg/d) which,
during execution of NEPTUN, are converted to annual ingestion rates (Il
in L/a and I, in kg/:). 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 ARRRG (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, shellfiesh, and fresh
acean 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 water.

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 NAME.DAT FILE (Appendix &-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.PAT FTLE - FOOD DOSE FACTORS (Appendix 4-8)

The dose factors listed in DOS.DAT are for adults. They were
taken from FOOD II (Z2ach, 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/Bg (Vij) by

using a conversion factor of 0.00001 Sv/mrem per 0.037 Bg, pu_ or

2.7 x 1074 Sv-pCi-mrem_l-Bq—l.



- 18 -

7.8 A2ICR.DAT FILE - ICRP 2 ADULT DOSE FACTORS (Appendix A-9)

The dose factors listed in A2ICR.DAT were derived at WNRE using
ICRP 2 (1959) methodologies. Tht wvalues arce for rndults and for one year's
chronic ingestion at a uniform rate involving a 50-year dose commitment.
Thus, the dose factors in A2ICR.DAT are wery similar to those in DOS.DAT,
and the values are listed in the same 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 mrem/pCi. In NEPTUN the dose factors in
A2ICR.DAT are converted to Sv/Bg (Vij) by using a conversion factor of

0.00001 Sv/mrem per 37 000 Bq/uCi or 2.7 x 1070 Sv.uCi-mrem L-Bg~l.

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

The 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 Iin 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 (vij) by applying a conversion factor of 0.00001 Sv/mrem

per 0.037 Bg/pCi or 2.7 x T SV-pCi-mrem—l-Bq-l.

7.10 A26IC.DAT FILE - ICRP 26 ADULT DOSE FACTORS (Appendix A-11)

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 (Vi) by using a conversion factor of 0.0l Sv/rem p~: 37 000 Bq/uCi
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or 2.7 x 10-7 SvluCi-rem-l.Bq_l. AZ26IC.DAT also includes information on

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

also Jchnsor <t al,, 1979).

7.11 C261C.DAT FILE - ICRP 26 INFANT DOSE FACTORS (Appendix A-12)

The values listed in C26IC.DAT are stochastic dose factors for
infants (rem/uCi) and are otherwise analogous to the adult factors in
A26IC.DAT. They were taken from Johnson et al. (1979} and are based on
ICRP 26 models (1977), using one-year's chronic ingestion at a uniform

rate and a 50-year dose commitment.

8. QUTPUT

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 opcion 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



- 20 -

1. Concentration in edible portion of plant or animal product
(Bq/L or Bg/kg)., These values are based on equations (4) and
(5) before multiplying by ingestion rates (I1 or If) and dose

factors (vij)'

2. Ingestion rates (L/d or kg/d) as listed in DIET.DAT for the
specified diet. Ersentially, these values are converted dir-
ing execution to the yearly ingestion rates (Il and If) used

in equations (4) 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 alse includes total daily and

yearly radionuclide ingestion rates.

Provided dose calculations have been specified, the output for
each radionuclide 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 CUSiR.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 (Dlij and Dfij)' This is followed by
dose totals (TDij)’ and percentage contribution of these total doses to
the whole bedy and the six individual organs, to the grand total dose.
Although this grand total dose has no meaning, since individual doses
are not addicive, the percentages allow rapid assessment of the relative

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

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

stochastic doses for each of the specified food types (Dli and Dfi).
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This is followed by the total stochastic dose (TDi). 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,
NEPTUN 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 (TDij) for each radionuclide. This is fol-
lowed by the total doses due to all the radionuclides (GTDj), and a list
of pe:centage 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 (TDi) 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 4 (see equation (10)).
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2, Stochastic dose consequence ratio for radionuclide i due to
drinking water, and to freshwater food types 2 to 4 (SDRifw in

SV'L-a-l~Bq-l).

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

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

4, Stochastic dose consequence ratio for radionuclide i due to
salt-water food types 5 to 7 (SDRisw in Sv-L-a-l-Bq-l).

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.DAT 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

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 1is 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 5 specified
To question 7.
Back to question 5.
7. WHICH DIET TYPE? Specify diet number as implemented in
DIET.DAT,
e.g., '30" specifies test diet.
8. DOSE CALCULATIONS? 0 Directly to question 10.
1 To question 9.
9. WHICH DOSE FACTOR FILE? Specify dose factor file name as
listed in NAME.DAT,
e.g., 'DOS.DAT' specifies Battelle dose
factors.
10. NUCLIDE? 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.
0 Back to question 1,
1 If dose calculations have not been
specified, back to question 1; if
dose calculations have been specified,
summparies will be first printed out
and then to question 13.
9 End of execution
11. TFRESHWATER CONCENTRATION (Bq/L)? 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 amy or all of the food types
2-4 have been specified.
12. SALT-WATER CONCENTRATION (Bq/L)? Supply salt-water concentration and
then back to question 10.

13, TERMINATION? 0 Back to question 1.
1 End of execution.

1. LISTING OF FOOD TYPES?

2. LISTING OF DIET TYPES?

3. LISTING OF DOSE FACTOR FILE NAMES?

4, LISTING OF ALL MODEL VARIABLES?

5. WHICH FOOD TYPES?

HOrHOWKHROWVWFEFOWVELD

6. MISTAKES?

- O
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' |
: NAME - DAT CUSNR-DAT]| |
| |
| [LageL-0AT {n21cR-DAT| |
| |
[ |
: DIET-DAT — DOS- DAT =
| i
I R . S
r == Total body and organ
N k Subroutine }——}»dosqs for individual
Term'inal ! | RM?,in ! L2225 J | Puclides
i outine ™1 ________
MR F=====r1 L[ Subroutine [ | Stochostic doses for
I | DASE | individual nuclides
I NEP-F4 Iy
' :
|
! CFAC - DAT A261C - DAT "
| i |
| THOLD-DAT C261C-DAT I Food concentrations
i | for individual nuclides
! Dose summaries for
' I combined nuclides
—— e e e e e e |
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.
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APPENDIX A

OF NEP.F4 FILE

SAMPLE RUNS OF NEPTUN

LISTING

LISTING

LISTING

LISTING

LISTING

LISTING

LISTING

LISTING

LISTING

LISTING

OF CFAC.DAT FILE

OF THOLD.DAT FILE

OF DIET.DAT FILE

OF LABEL.DAT FILE

OF NAME.DAT FILE

OF DOS.DAT FILE

OF A2ICR.DAT FILE

OF CUSNR.DAT FILE

OF A26IC.DAT FILE

OF C26IC.DAT FILE

42

51

56

57

58

59

60

64

66

68

71
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A-1. LISTING OF NEP.F4 FILE

HEPTUM WAl CONCEIVED AHD WRITTEN BY PETOD JRCH OF
MTOMIC EMERSGY OF CANADM LIMITED AT THE WHITE THELL
el LEAR REZEARPCH ECTARLT ZHRMENT IH PIHAMA MAHTTOERA
It DECEMEER 1373,

HEPTUNM CHRLCULATES FRADIOHMUCLIDE COMCENTRATIOMY
I DRIMEIMG WATER AND Z1: ADUATIC FOOD TYPES
AMD THE REZLLTIMG DOZET TO MAM. HEPTUN CDMIIILTE

OF A MAINM ROUTIME AMD THE ZUEBROUTIMEZ DODZE AND

DAZE. IT ALx0 IMVDLWEL TEM DARTA FILEZ: DIET.IDATS
MAME. DATs LABEL.IATs THOLD.DATs CFAC.DAT: DDZ.IART.
ACICR.DATs CUZHRE, DATs L2610, DAT AMD ASSIC. DAT.

THE LAET FIYE FILEZ HFE DDZE FACTOR FILE: MHICH

AFE THARED WITH THE TERREZTRIAL FOOD' CHAIM MODEL
F00DIII CZEE PEFDRT AECL-£32050,

HEFPTUM HAS BEEM FULLY DDCUMEMTED IM RPEPDPT AECL-£45(

COMMOH “MT1e FILHs COMIs YMaMUC L s MUC 2« WED0 NCOUNT « 200

COMMON <MTE FILHA«FILNBsFILHC s FILHD«FILMES LY

commor T2 MHEARMEL s HAMEZ s LAURB CWIFMs CII S DCRs WTDOT

DIMEMTION THOT o VHOTIaHRME ] ¢To o s MAMES (2042 s HAME % (%0 1 S0
DIMEMSION FILHOE) cLRUECE2s 202 DUP (2 [IR T » TCOFF (7 o CONE €T 4
OIMEMEION MIDDCIO0er s X000 CI A Ta s TIDO T o PIROCI Q0 Ta s TPEDD <7
DIMENMZIDN LHLRCRY s ULEBCC 3 a L C @2 LD 11w DIETT CFa 300 s TR 01 1000 2
DIMEMSION WTDOS (100s20

INTEGER v

DATR FILMA-"DOI, I <+ FILHE~ " PU‘NR’ ,FILHCK“HEICE'f

DATAR FILHD D26 IC <« FILME- "

DATA ULA- 28 e ~olll_Br23e -
OFEH (UNIT=10sDEVICE="
OFEH UMIT=11sDEVICE="
OFEH LUNIT=1&.DEVICE=SS
OPEH CUNIT=13.DENVICE=" EQIMN s FILE="THOLD" .
OFEM CUNMIT=14«DEVICE=" EEQIN: « FILE="CFAC "
CRIT IZ CRITERION FOR PﬁE#ENTINh UHDERFLOW IM EXPOMNENTE
CRIT=30.0

FREADIMG DIET.DAT FILE - DIETE

Li=1

LT=11

READciQe1 00

FORMAT € 3

00 101 I=1s7

READCINs 102> cDIETTC(Ts s J=LL oL T

FORMAT 1 0« 1OF7. Q2

COMTIMUE

Le=Le+1a

LT=LT+10

IFLT.LE. 50 30 70O 11%

FEADIMG MAME. AT FILE - LAEREL

I e il 1le =~

E@IN +FILE="DIET" )
EQIM s FILE="MRME "
EQIN «FILE="LAEEL "
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HAME= OF FOOD TYPET

00 110 I=s1.7

READCILs 111 CHAMEL (T Joad=led
FORMAT « ZHS e A

COMT IMUE

MAMET OF LIET TYWPES

Dag 11& i=1. 20

READ 1121110 CHAMEZ(Is i =19
CONMT IMUE

HAMEZ OF DOZE FACTOR FILEZ

DO 1132 I=1+5

PEADC11s 1145 (HAMEZ <L les f=1415"
FORMAT C1SASH

CONMTIMUE

REARDIMNG LABEL.DAT FILE - LARBEL: FOFR OUTPUT OF MODEL “ARIAELEZ

D0 120 I=1s.22

RERD (121220 CLAUECL, 10 s A=ie 30

FORMAT (3RS

COMTINUE

READING THOLD. DAT FILE - HOLDUP TIMET
READCL2s L 220

FORMAT s

DO 130 I=1.7

READ ¢1 3¢ 1382 THIN

FORMAT (20X FS, 00

CONTINUE
TYPING HAME:Z OF FOOD TYPED
TYPE 140

FORMAT ¢~ "« "LISTING OF FOOD TYPE MHAMET (1.5 0OF 0+ 7
1 = LIZT I3 TYPED AND EXECUTION CONTINMUEL

? - LIET IE TYPED AND EXECUTION ZTOP:

00— MO LIST IZ TYPED AND EXECUTION CONTIMUES
ACCEFT 141+ IFTL

FORMRT <110

IFCIFTL.EG. 0 GO TO 148

TYPE 142

FORMART (" &

DO 144 I=1.7

TYPE 145« (MNAME1 cIsafr s t=159>

FORMAT (© “ s 3RS RS>

CONTINUE

IFCIFTL.EQ. 2 ZTOP

TYPE 462

FORMRAT {707 >

TYPING NAMES DF DIET TYPES

TYPE 190

FORMAT ¢ “« “LISTING OF DIET TYPE HAME: (1.2 OR
ACCEPT 141.1DT

IFCIDT.ER. 0 30 TO 151

TYPE 142

00 152 I=1.30

TYPE 145 tHANES (I Jiw J=19 )

-

g

3
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COMTIMUE

IFFLOT, g0 = ITOR

TrRE 4w

TyPInG (AMED OF DDZE FARCTOR FILES

TYPE 160

FORMAT ¢ o "LIZTIMG OF DOZE FARCTOR FILE MAMES <1,3 OF 00
ACCEFPT 141.1D0

IFCIDDL,EGQ. 00 G0 TO 161

TrPE 142

00 12 I=1+5

TYPE 162 CHAMEZ (Is 40 s J=14 150

FORMAT ¢~ ~« 1SASH

COMTIMUE

IFCIDO.ED. 30 EZTOP

TYPE 4&2

TrPIts ALL “ARIAEBLEE

TfPE 170

FORMAT <~ LIZTIMG OF ALL YAFRIREBLEY <1.% OR 0> 7 %5
ACCEPT 141.ILY

IFcILw. EQ, 00 30 TO 171

ATTIGHING YALUES TO OUTPUT FILE

D0 172 I=1.7

DUPCI r=THI

COMT IHUE

OuUP e =CRIT

WRITE (Ge 1430

WRITE (Bs L1720

FORMAT ¢ "« "ENERAL MODEL YARIAELEZ
WRITE (&s 1420

D0 174 I=1.2

WRITE(Es 175 CLAUBCIs dr e I=1s37 s OUP T
FORMAT ¢~ "+ 3ASFE, 33

COMTIMNUE

IFCILYW.ER. 2 ZTOP

WRITE CRedgl

CHO0Z IS FOOD TYPES

TYPE 200

FORMAT ¢~ “«“WHICH FODD TYPES 71 OR 0 IM A ZTRING: 7 %3
1 - FOOD TYPE CHO3EN <717 ZTAMDS FOR “YEZ 3
9 - FOOD TYPE HOT CHOSEM < 0- ZTAMDS FOR “ND“>»
R CEPT 203 ¢fNCIv o I=1470

FORMAT(FI1

LISZTIMG CHOSEN FOOD TYPES

TYPE 202

FORPMAT <" “« “THE FOLLOWIMG FOOD TYPES HAYE BEEM ZPECIFIED : )

k=0
DO 203 I=1.7
IFCYHOIy JER. O S0 TO 202

[T
IzRCey =]
COHTIMUE

HTOF=k



- 32 -

TiPE &ENds cTZRCI e I=114TOFY
FORPMAT i 7T 2

MIZTArE OPTIOH

TYPE 205

FORMAT ¢~ “« "MIEZTAKEL <0 OF 1+ *
HOCEPT 141.MIZT

IFMIET.ER, v 50 TO 20e

TY/PE 207

FORMAT ¢~ “TRY AGARIM"

50 70 171

DETERMIMING THE MUMEBER OF FREZHWATER FOOD TYPES
ITFW=0

oo eag I=1.H70P

IFCIZRCIN,LE. 42 ITFW=1TFlLI+]
CONHTIMUE

CHOZIMG DNIET [YPE

TYFE 210

FORMAT ¢ s "WHICH DIET TYPE ¢1-20x % 4.
ACCERPT 211 IDNE

FORMAT cIes

CHOD=IMG DOZE FARACTORE

TYPE 220

FORMAT ¢~ ~« DOZE CARALCULATIONT <1 DOP O« * %5
ACCEPT 141, I1DOSC

IFCIDOSC.ER, O 30 TO &21

TYPE 222

FORMAT ¢ “« “WMHICH DOTE FARACTORS ¢FILE MAME) + "%
ACCERPT 223«FILMNCIN sFILNCE)

FORMAT (2RSS

IMITIALIZING DOZE SUMMARY “YARIARLES
MHCOUNT=0

no 224 I=1+7

TEDOCIN=0.10

TREDOCI»=0, 0

CONTINUE

SETTING DIET YRALUES

0D 225 I1=1»7

IFCYNCIN JEQ, 0 50 TO 2ES
CONC(I+2)=DIETTC(I,IDIE>

COMTINUE

50 TO 231

TPE 2951

CHOZING MHUCLIDE

TYPE 230

FORMAT ¢ <« “WMHICH MUCLIDE 7 “%3
ACCEPT 2S0sNUCT . NUC2

FORMST C(ASs A2

IF cHUbZ1 ER. SHL SN HCOUMT B, O 50 TO 252
IF SHUCY L EQ, SHO o0 TO 2x2

I enuUCl, E0, SHL SACDL TIDXC ED, G0 30 TO &
IFHuCt e, SHL SHMDLIDDIC. .1y G0 TO 2

FORMAT (- ~+ “NO DOZE ZUMMARY POSZIBLE WITH ZERO HMUCLIDEZ-
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41

gl

RRE
232
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IS rHaC ], g0, SMd < ITOP

FEAROIME CFRC,DAT RN CEARCHING E0F MUCLIDE

FEAD GG i

CEAD TG I ENOSEATY (I L et Sy DCy (TCOFF Cl s 1S3
FOPMAT cASAZEZ, v tEF. O

ITFeMuC I ME, Mk 1 O, HUCe . HE. MUK 2> &0 TO 239
FEWIND 19

COUNTING THE HUMEBERP DF HUCLIDER

HCQU T =0T + 1

FO& [FIMEING WRTEF THE COMCEMTRATIOM FACTOR IZ ZET TO 1.4
TCOFF 111,41

30 TO 235

FEMIMD 13

CFECIFICATION OF A weOHs OF AN LML ISTED MUCLIDE ZYvMEBOL

ra

e HUCLIDE HOT IM CFAC.DAT FILE ~ TRY AGAIN

a0 10O

CETTING WATER COMTRMINATION LEVEL:

FFPEZHWAHTER

IFREIH=D

DO &40 I=1esdt

IFidH o €6, 1y IFREZH=

CONT INLE

TRLTWATER

1ML T=0

a0 &41 I=Se7

IFo/Hel v JEQ, 1Y TZALT=1

CONTINUE

CulIF =0, 0

Ci Zl=0, 0

IFCIFREIH, EQ, v 30 TO 24°

TVFE S92

FORMAT o7 « FREZHWATER COMCENTPATION (BO-L: ¥ “Eo
ROCERPT S99 CWIFW

FORMAT cF10, G

IFCIZALT.EC, 00 30 TO 242

T/FE &8

FORMAT ¢« "ZALTWATER CONCENTRATION <RO-L> 7 “E3
RCCERPT 249« ClWI i

IFaCWIFW, aT, 0, 0, OR.CWIEW, 6T, 2, 00 G0 TO 245

HO CONTAMINGTION SFECIFIED

TrRE &42

FORMAT ¢ "« "HO COMTAMIMATION ZPECIFIED - TREY AGAIM-:
s TO =231

COMYERTIMG DECAY COMZTAMT FROM 14 TO 1-D

Joz=nc

aC=nCezd, 10

IMITIACIZING MUCLIDE FECIFIC YARIAELEZE

ToOAN=0, 0

Tl D=1
LaEC=0

TALCULATING FODD COMCEMTRATION:

0
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DO 200 I=1e7
IFsvHely ER,. 00 30 1O =00

CETTING WARTER COMCEMTRATION
CMTECUTF

IFCl.GT. 4 CWl=sC]ZW

TEXTIMG FOR UMDEFFLDOL OF EXFPONHENT
UFLAOW=DCeTH T

IFCUFLOM, GT.CRITY 30 TO 01

COMC 2 Te La=C0]IoTCOFF r L@ i EWP e=LIFL Ol «
a0 TO 200

FOR YERY =HDORT-LIYED MUCLIDEZ LECAY DURIMG HOLDUF 10
AZZUMED TO EE COMPLETE

201 LIEC=1
COMC i T2 v=0, 0

300 CONTINE

: CALCULATING DRILY IMGESZTION FRTED AND TOTHL

00 202 I=is7

IFOYHOLy JEG. 0 a0 TO z02

COMC e 3v=COMC el e @lOHC Lo

TCOM=STCDMH+COMC e 20

COMT IMUE

CALCULATIMG IMTAEF FERCEMTRED ANMD TOTHL

DO =203 I=1s7

IFCYMely €0, 0 30 TO 202

IFCTCOMLER, O, (0 COMC CTeda=0, 0

IFCTCOM, 3T, 0, 00 COMC < T 00, 0 TCDH Z0MC 1 20

TRCOM=TPCDM+C0MC (I o

a0 CONTINUE
¢TCON=TCOMNe RS, &
WRITING INFUT DATR. FOOD COMCENTRATIOMI AMI COMHZUMETION RATE L
WRITE (R 1430
MR ITE CRa 00 MIJK L« HUES

Lt
%)

4400 FORMAT "~ s "HUCLIDE = " «ASsAZ:
WRITE 4010 ULA
<401 FORMAT 7 e 3@

WRITE (e 1430
IFSLREC.EQ. 0 30 TO 42
WRITE (Sed 15
413 FORMAT ¢ "« "FOF Z0OME OF ALL FODD TYFEZ DECAY DURIHG AHOLILE 7
WRITE Ched1 30
413 FOEMAT <7 "s "AZZIUMED TO BE COMPLETE DUE TO THE YERY THORT HALE
WRITE (S 435
129 FORMAT ¢~ 'LIFE AMD THE LENMGTH OF THE HOLDUF TIME- »
wlPITE (5a 1430
S IFCIFREZH.ED. 12 WMRITE <&+ 402r CUIFI
102 FORMAT ¢ <o "CONCENTRATION IN FREZHWATER
IFCISALT.ES. 1y WRITECSsd0=r il
403 FORMAT ¢ 7« "CONCENTERTION IM ZALTWARATER = «E11.5« (RO L+
WMRITE cae 142
WRITE vSadiign
404 FORMART ¢ "« TARELE OF COMNCENTRATIONT
WEITE S« 305 LE

TeE11.5 CBOL s




405
3 i
4017

S0

411
16
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FOFMST « CEEAL
WRITE ¢ J-4up- SHHMEZS CIDTIE e e d=F a3

FORMAT ¢ « DIET T(FE : .« ZAT AL

WRITE tEvdn7 .

FORMAT 70 « GG COMZUMPTION RATE

WRITE ige 313

FORMART ¢ * o 22ie BO-PGaROoL e o Zde b GoDel Do wete cRG-Te o200 F
1ECEMTAGET - »

WRITE ces 143

OO 410 I=1.7

IFCPH I JEQ, o 30 TO 410

WRITE (Eed s CHAME] (To Jee J=Tod s cCONC i Tab 0 et =10

FORMAT 7 5 3RS ACs 1 Zed s EL L. G s qiie FEL S

COMTIMUE

WRITE tEed12n TPDH TPCDOM

FORMAT ¢ (074 23e "TOTAL IHTAEE (BR-DV s 2F4.E10, e FE S

WRITE (BT nTlDN
FORMAT ¢ "o Zxs "TOTAL INTREE vEBE-FY T2 235«E10,9 0

WRITING MUCLILE ZPECIFIC “ARIAELES

IFCILY.ER, 00 G0 TD 413

WRITE cEed1gn

FORMAT ¢ 079 "HUCLIDE IPECIFIC YARIABLEZ

WERITE (G 1935

WRITE tBed 1, CLAUECRs lia 0=l 809008

FORMAT ¢ " w3AS«EL 0, 32

no 415 I=10.015

k=]-a

IFCMOEYLEQ, 10 WRITE (e dles (LALUB T o w J=12 3 TCOFF 7«
CONTINLE

IFCIDOZC.EQ, 1 G0 TO 4&s

WRITE (s 3620

=0 TO 231

SWMITCHING TO DDZE ZUERDUTIMES

IFFILNCLY JEQ.FILHILOF.FILM L2 JEQ.FILMEY GO TO qc0
SUBROUTIME DpOIE IS FOF DOT.DIRTe ASICR.DAT AND CUTHFE, DINT
CRLL DOSE

o0 1O =231

SUBROUTINE DIRSE IT FOF CSEICR.TAT AND ASeICE. DAT

CALL DAZE

=3 10 &

IFCFILMCLY (EQ.FILND.OR.FILNGLY JECR.FILHEs 0 TO 421
WRITING DOZE IUMMARY FOR DL_.DATs ASICR,DAT ANDC CUZNRE, IART
WRITE (Be 30
FORMAT <=~ “SUMMARY OF DDTES ¢34y 7

MEITE 5205y ULC

M=1

IFSFILNCIN JEQ.FILNEY M=2

IFGFILNCLY JEQLFILNCY M=3

WRITE S« 1IR3y (NAMEI (M Vo i=14 157

WRITE S e3 31

FORMAT O G 9 2Uxe " BODOVY - vdie GI-LLI o Zds THYROID s 3.6 EDME eds L
IVYER ¢ Sis "LUNG "+ 3 hIDNEl"
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47
19
34

1
1

1
0
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R ITE vme 14320
D0 332 [=1.(00NT

WMETE chmed =2 HIDDiTe v aMZDB a8 s c7D0CTs Jea U284 7
FORMAT O s d{SeqEe Bole TEF, 20

COMTIMUE

CALCILWATING AND WRITIMG DODZE TOTALZ
00 434 ]I=1eHCDUNT

00 435 U=1.7

TO0C 0 =TZD0¢ v +2D0¢Ts It

COMTIMUE

CONT IMUE

W ITE (Be 36 «TTDQC Vi e I=1a70
FORMAT ¢ 07 “TOTAL DOIEZ " s« TED. 35
CRALCULATING ANMD WRITING PERCENTAGES:
DO 3400 I=1+HCOUNMT

00 9441 =17

IFCTEZIDC s JEGL O, 00 30 TO 470
FpOvle n=c100, A-TIN0C A2 v eZT0 s 10
S0 7O 471

PrDOTede=0, 11

TRIDO v =TPEOOC 0 +PSDD T o A0

CONT TMUE

COMTIMUE

WRITE (e g3

FORMAT «* N7 e "PERCENTRABES 75

WEITE ¢5edaly LILD

FOFMAT ¢ “s11A1:

MEITE (hed 310

WRITE 5 14320

00 443 I=1sMHCOUNT

WRITE CEadddy MEDOCIs 1o sNEROCT o202 (PIDD (T Ao 1= 7
FORMAT ¢ "+ AS« A3 THea FFI. 2

COMT INUE

MREITE ‘3 34Sy (TEIDD L e U=S1s 72
FORMAT 07 "TOTAL "« 1 X FF3. 27

0 TO 446

WRITING DOZE SuMMRRY FOR C26IC,.DRAT AND AZEIC. DAT
WRITE (5302

WRITE o 405> ULL

=43

IFCFILMHCL) (ER.FILHEY M=S

WRITE (B 15832 CHAMEZ (Mo i e =14 152
WRITE ‘ae 3472

FORMAT (" 0- 9 17Xy "ETOCHASTIC 2 24 “PERCENTAGES >
CALCULATING TOTAL

DO 450 I=1sHCOUNT
T=D0C10=TED0C1>+ED0CIs 120

COMTINUE

CALCULATING PERCENTAGES

00 351 I=1sHCOUNT

P01l v=01 00, 3-TZD0C1 s v o XD0 0T 10
TREDDC1 =TPZDO:1»+PI00OI~ 1>




et

4o
e

i

CONTIMUE

eI TTs 00
WEITE Gl g
a3 37 I=
WRITE
FOFMAT v
COMTINLE

Fe 35D

- 37 -

"E:- FERCENTR5EZ AlD TOTAL

.u'DuHT
CoMTD0CTa e M0 a2 o ZDD e 1a «PEDOCTN 1Y

-f:!‘fu A P ER, Ze bl FE L &

WRITE (S dSdr TZDQ 1« TPEDO L

FORMAT (-

WEITING D0:

R ITE véa g
FOFMAT ¢ -
LTRATION «

MR TTE (o e 4050

TEZW=ITF W+

o TOTAL DDZE s THAED, ZaelieFi, 20

'E COMIEMIEMCE FATIDS

i

« DOZE CONZIEPUEMCE FATIOZ (DOTE «C¥-%r » WIRTER CUOMCEN
BQoLr

wLC

1

IFCIFREZH.ER. 1) WRITE R« (IR I e I=1« ITFU

FOFMAT -

« FREZHWATER FDOD TYPEZ :t "s412s

IFVIZALT.ER. 1y WR{TE (&322 IR (Lo I=IBILCHTOPY

FOPMAT © 7
WETTE €60 41
Wi T TE (50 16
WRTTE ¢6
FOFMAT O

MR TTE €6 s $36.

FORMAT 0
L+ RATIO

WRITE (6014
40 434 I=1

WRTTE T6s 435

lsﬁCPfI-C'
FORPRT o
CONTINUE

e " ZALTWATER FOOD TYPETZ 3 s ZI3H

CHAMEZ CIDIE s Joe J=1e s
CHAME 2 (M e I=) 0 |50

o FPETHWATER "2 21K " ALTWATER >
2 1S TTHTRKE 3% Tadide TPATIO TINTAKE ©3%-700 0 4K

« HCOLNT
S HZDOCTe 10 o HZDOCT & v MTIAZ cTo 1o s DCR T2 10 s TDOZ (1922

HAER, ZaBKIEDL FedHaED, 2

'J'l
II

A

TERMINATIMG EXECUTION

TVPE 440
FORPAT ¢ =~

HTCERT 141

« TEFMINATION DF E<ECUTION <1 OF 0» 7 “F
ITERM

IFCITERM.ER®. 0x 50 TO 232

ToR
£HI

CHLCULET ING

CUHEROUTINE
COMMON  <MT

COMMON -MTS
COMMON ET 3

DIMEMTION
OIMENTION
MEERCAL I guif]
J3NET 100
THTISER M
TITH B2

> DDZE: FOR DOZ.DAT. AZICR.DAT AHD  CUEZMR, DAT
plakei
1 FILMsCOMCY YHs HUZ 1 s HUCS o HED0 HCOLKMT « 200
2o FILMHAsFILNEs FILHC «FILHO«FILMES 1LY
22 MAMEL sHRAMEZ LAUE s CWIFD s CWT 20 s BCF s WTDOE
DOSFACT s DD T 712 TDOZ 73 » OPOZF (71 s PER (7D
FILM S « COMC CT o3 o YH P s NETD 010020 s ZDOC1 0070
HEME L ST edt a HAMEZ (T 1S d LALURE 2T S o« LWL B IS s DCR (I OO 2

MTODZ <1002

1s ~



100

141
1nz
102
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OFEM CMMIT=1Ss DEVICE="DIFK «ACCEIZZ= " TEQIN «DIALDG=FILN:
IHITIALIZING

20 106 I=1.7

ToOZ clv=0.0

COMTIMUE

TTDO:Z=0.0

COMYERTIMG INTHKE EBY MAM FROM 100 TO 17

DO 100 I=1.7

IFCYH eIy JER, O 30 TO 1040

COMC el e 20=COMC (s S o205, 25

COMTIMUE

READING DOTE FACTORF FILE AMD ZEARRCHIMG FOFP NHUCLIDE
RERDCLS -1n1,

FORMAT <~

RERDC1S -1ﬂLsEND 104 HUKLsHLEZs COGZFAC e =14 70
FORMAT CASsAZE2, D BED,

IFMUCT . HE.HUE Y, OR , HUCS . HE MUESY 0 TO 103

REWIND 1S

50 TO 110

FEWIMD 1S

SPECIFICATION DOF AM UNMLITTED HUCLIDE

TYPE 10SsFILMNcl s FILNHE
FORMAT ¢ Q-9 "HUCLIDE HOT IH .
CLOZE inIT=1%«DEMICE=" DIH oAl
HCOUM T=MHCOUMT -1

FETURM

IFOFILM Ly JEQFILHCY 6D TO 112

CONVYERTING DOZE FRCTORT DOF DOZ.DAT AMD CUIHE, DST
FROM MREM-F CI TO Z¥-EO

00 111 I=1sv7

QLOEZF cI =D0ZFR I
IDZFACI»=DOZFAcI e, Q000 -0, 037

COMTIMUE
0 TO 120
COMYERTING DOZE FACTDR: OF ASICRE.IDRT
FROM MREM-MICED CI TO ZVW<BQ

oo 112 I=1s7

ODOEFCI»=DOZFACT

DOFR (I =DOIFACI o0, OLQOO1- 27000, 0
CONTIMUE

CALCULATING DDZE: AMD TOTALZ

DO 140 I=1s7

IFCYHYIa JEQ. Dy 580 TOD 140

DO 141 J=1s7

DOSCIs Lo=CONC CIs 20 oDOZFA

TDOEC L =TOOS c I +D0Z 0T e L0

CONTIMUE

CONTIHUE

IAYIMG YALUET FOR DOZE ZUMMARY
H“ID-HFDHHT-I--HUEI

MEDD CHCOUHT « 20 =HUc 2

DO 150 I=1.7

2R

CEIZ= TE@IN «DIALDG=FILH.

e FILE - 00 DOZE CAHLCULATIAN

i



150

~

-39 -

DO HCOUNT Jo=TDOZ I

COMTIMUE

CRLCULATIMNG PEPCEMTRGE

DO 151 1=1+7

TTROZ=TTDOZ+TDOZCT X

COMT IMUE

DO 152 I=1.7

IFCTTDOZ. 5T, (. 0 =0 7O 152
PERCIF=0,10

50 1D 158

FPER¢I*=0100, 0-TTDOZ: «TDOZ (I
COMTINLE

WRITING TARELE OF DOZET FOR IMDIVIDUAL MUCLIDE:
WRITE (s 1503

FORMAT - 07« " TAELE DF DDZEE CZWoy oa
WRITE (S 121 ULE

FORMRT ¢~ “s21A1"

M=1

IFFILMHeLy JEB.FILME, M=&
IFCFILHCI JEQ.FILHCY M=3
WRITE (B 1422 (HRAMEZI My s U=14150
FORMAT ¢~ s 15AS)

WRITE (3 163

FORMAT ¢ 0 s S0 - BODY " a e "BI~LLT "o 30 THYROID s 20 BONE 19

1VER o Side "LLING e dis "KIOMEY >

WRITE (&8s 1640

FORMAT " 73

DD 159 I=1s7

IFCYNCID JEQ. 00 G0 TO 165

WREITE CBs 1563 (MAMEL (s dia 1=legdes (DOZcTobtiab=1a7s
FORMART ¢ "+ 3ASAZ TES. 20

COMT INUE

WRITE Gy 1AT2 (TDOZ L2 d=1s70
FORMAT ¢ "0+ 24s “TOTAL DOSE
WRITE (8» 1630 (PERCI> + I=1>»
FORMAT 07 s 24 “PERCENTAGES "2 3+ TF2. 20

IFCILY.EQ. 1> 50 TO 134

WRITE ¢5s 1210

FORMAT ("~ "»

CLOSE (UHIT=1S»IEVICE="DIK "+ ACCEZS="ZEQIN- « DIALOG=FILH
RETURN

WRITING MUCLIDE IPECIFIC DOZE YARIABLEX

WRITE(Ss 1700

FORMAT <07y "NUCLIDE IPECIFIC WwARIAEBLEZ
IFCM.EC.1.OR. M. EQ.E> WRITE(G+1730

FORMAT (709 38Ee " MREMAPICO CId "o 3ide (W B> 73
IFCM.ER. 3 WMRITE By 1745

FORMAT <707 ¢ 38Xs “ (MREM-MICRO 10 78 100 2% RGO 75

WRITE (Ss164

D0 171 I=1ésE2

K=I-15

WRITEC(S» 1722 (LRUBC(Is e =143 000ZF <k s DOIFFA K

4 TER, B

Ll
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1

101
10z

142

1S

g

10

FORMAT CIAHSCEI N, 31O eET T, 30

CAnTIrelE

ACTTE o P31

SLOZE U] T=E1S DEVICE= DIV «ACCEZI= ZEQIN o« DIALOG=F LN
FETURN

[ gid

CHLCULATING DDZE:S FOR ASEIC. AT AMD Cee]C. DAT
TUERQUTINE DHRZE

COMMOH cMT1 FILMaCONC » M MU L s HUC S s HZD0s HCOUMT s 2DD
COMMOM ~MTE FILMA«FILMEBSFILMHC s FILMIFILHE, ILY

COMMON ~MT 2. HAMEL «MAMEZs LALE» CUITFIds CYTI 28 DCRs WTDOS
JIMERZION DOZ (7

Or FILMCE: s COMC (T @ o M7 s HZDOC1 00220 s SN0 100 7
I0M MHAMEL €730 « HAME2 ¢S 150 « LAUR (S22 33 s LB 210« DCRP (100 &)
DIMEHZION WTDOZ 1 00s 20

IMTEGER M

DATH ULE-21e -~

APEH OUHIT=1S. DEVYICE="DIK «ACCEZZ="ZEQIN"» DIALOG=F ILN
IMITIALIZING

TOOZ=1, 0

COMYERTING INTAEE EBEY MAN FROM 1D TO 17

o0 100 I=sis7

IFc/Hel e EQ. 00 GO TO 100

COMC (] 20=CONC (T 20 @205, 2%

COMTINLIE

FEARDIMNG DOZE FRCTOR FILE AND ZEARCHING FOP HUCLILDE
FRERD 1S+ 1012

FORMAT .~

FEALCISs 102+END=1040 MUK 1sMLUKEDOZFA
FORMAT (RS A2« SN EL R, 00

IFCHUCE . HE . HUK L, DR MUCE . NE.HLIKEY 30 TO 14032

FEWMIND 15

50 7D 10e

FEWMIND 15

IFECIFICATION OF AM UMLIZTED NHUCLIDE

TYRFE 10SsFILH 1) «FILH 2N
FORMART ¢ 0° « “HUCLIIE HOT IN “+2
CLOZE <UMIT=15«DEVICE="DIK " +AC
HCOUNT=HCOUNT -1

FRETLIRH

CONVERTIMG DOZE FACTORE OF ARS:IC.DAT AMD C26IC.DAT
FROM REM-MICRO CI TO ZW-BO

anazF=00=FA

IDEZFA=DOSFAe (0, 01 <27000, 0

CALCULATIMG DO AMLD TOTALS

W TDOZ CHCOUWMT« 10 =0, 0

WTDOZ SHCOUNT s 220 =0, 0

o0 110 I=1s7

IFceHelEQR, 0 30 TO 110

STOTHAZTIC DOZE

A el v=C0MC c e 20 eD0ZFA

A5« "FILE - MO DOZE CALCULATIONSI >
CEZEZ="ZEQIN- s DIALOG=FILM»
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IF 1. LE. 4+ wTDOZ cHOUNT s 13 =WTDOS (NCOUNT « 13 +003 <1+
IF 1.5, 40 wTDOZ cHEOUNT » 21 =uiTDOZ <NCOUMT &4+ D03 (12
11 IONTINE
TUQ=u T D05 «HCOUNT y 1)+ THOS <HEDUNT 5 2
TAYING YALUES FOR DOSE SUMMARY
(4ZD0 CHCOUNT + 10 =HUC T
HEDO CHCOUNT » 25 =HUCE
300 ¢NCDUNT, 13 =TIOE
CALCULATING DOZE CONZERUENCE RATIOS
DCR CHCOUNT» 15=0, 0
IF CCWIFML GT. 0. 0% DCR CNCOUNT» 15 =WTDOI (HCOUNT » 13 /CLIIFY
DR <HCOUNT @3 =0, 0
IF CCWIEW. BT, 0. (0 DCR HCOUNT » 25 SUTDOS CNCOUNT » 25 ~CW T 3H)
WRITING THELE OF DOZES FOR INDIYIDUAL HUCLIDES
WRITE ¢6, 1200
120 FORMAT <07, TAELE OF DOSES (3%-¢s <
WRITE €6s 1213 ULE
121 FORMATCC 2 21A15
M=4
IFCFILNCLs L EQLFILNES H=5
WRITE ¢Eg 1323 (HAMER (Mo S s J=14 150
122 FORMATC" 4 1SAS)
WRITE (£ 1230
123 FORMAT ¢ 07« 17 “STOCHASTIC
WRITE (65 124
124 FORMAT (S
D0 135 I=1.7
IFcyNeTvLED. 00 50 TO 135
WRITE €60 1EE0 CHAMELCLs oo d=15 355 DOZ CID
126 FORMAT ¢ < 3AS:A2:€9. 2
125 CONTIMUE
WRITE €6y 137

“s "TOTAL DOSE»S{+E€9. 3

127 FORMAT v 0
IFCILY.EG. LYy o0 TO 140
WEITE S 1410
141 FORMAT O =70
CLOZE UNIT=1S. DEVICE="DEK "¢ ACCERS="ZEDIN » DIRLOG=F ILM)
FRETURM
N WRITIHNG MO IDE ZPECIFIC DOZE YARIABLES
149 WRITE CRs 1300

taa FORMAT ¢ 07y "HUCLIDE ZPECIFIC “ARIABRLES )

WRITE VS« 1310 ODDZF
"ETOCHARSTIC DOZE FACTOR =“:E%.2, " (REM-MICRO CI>

131 FORMAT ¢~ 00°
WRITE €613
1z FORMAT £ <4 3Fs "= 263, 35 ©  CIW/RAD 75

MRITE (e 1415
TLOTE UMIT=15 DEYICE="DI6 " «ACCEDT= " ZEDIM « DIALOG=F ILM)

FETURH

il
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SAMPLE RUNS OF NEPTUN

A-2.
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AIRLTIXNE 03 IndIne s315aa1p WIS S1yy jo ::aguHmQ* B
‘. v
ol
1
I
[
LA
L
t+
P
I

LS V- 18 cr 1 ZAWHH 3440 L3I0 A0 9WILSIT

TLHEA
Tle3nHT

HZ 14
FLANETS

HIId g
3Pk ST AMTAG

— T T

Toe v 40 &7y I3WHM 3421 0004 40 SHILE1D
(HOTLAD3x] 434 L]

SHITDN .

td dau »32

JIHSTEEW TOTa10
S ALl Iik’y

GE HLIOIM A1 437 °



S-SRV UN T}

W 00 g ) Ba ot e

i fy (e 2 T g (0 Tu Tu Ta fg e =

P

TEZT D

LIZTIMG OF DOZE FRCOTOR FILE MAMES

IET

‘1e3 OR Qx + 1

pOZ.DAT - EXPANDED BATTELLE DOZE FACTOR FILE

CUENREL DAT
AS IR, DAY
CESLC. DAT
B25IC.DRT

= IMFANT

~ ICRP
- ICRP
- ICRP

4
5
o
=43

LIZTING OF ALL WARIABLEZ «1-3 OF

GEMERAL MODEL “ARIAEBLEZ:

HOL P
HALDUPe
HALDUP
HOL DF
HOLDUP
HGLDUF
NG
SITERION

1 fa 3 Ny =

DRt 30 8

TIME
TIME
TIME
TIME
TIME
TIME
T1ME

“OF

FDOR
FOR
FOR
Far
FOR
FOR
=ar

FREVENTING UnRERFLOW

DOZE FACTORE UIMRC REG GUIDE 1:310%-10 CTR-S0 AFPP,
BDILT DOZE FRCOTORS

INFAMT DOZE FRCTORS
5 ADULT DODZE FRCTORS

LUCEENCEE |

DRINEING WATER «D» 1,00
Fbl FIZH <D2 14, aa
Fll INYERTZ 2. 0a
Fib PLANTZ 40, ad
I FIZH <D» 20, Q0
WO INVERTE vDv Sa, an

N

FLANT S <D

100, 5%
20,00



WHILH FOND TYREZ f R 9 IM A ZTRING 7 1111111
THE F0L Outlns FOOD TYPEZ HAYE EBEEM ZFECIFIED @
1 & 2 3 5 & 7

MIZTAEEZ <0 DR 1+ 7 0

WHICH DIET TYPE (1-20x ¥ 320

DOTE CALCULATIONZ ¢1 OF 9y ¥ 1

WHITH DOZE FACTO ‘FILE MAME: 7 DOZ.DAT

WHICKH HUCLIDE 7 Cz137

FREZHWATER COMCEMTRATION (BO-Ly ¢ 2.0

DALTWATER COMCEMTRATION cBo-Ly ¥ 4.0

(1)

HUACLUIDE ¢ CZ13F
EX T T2 Y Y2 )

COMCEMTRATION IH FREZHWATER = ,Z000GE+01 CBO-L:
COMICEMTRATION IM ZALTWATER = ,40000E+40]1 CEG-L>

THELE OF COMCEMTRATIOME

DIET TYPE ¥ 30 TEZT DIET

COMZUMFTION FATE
CEO R BRSO ik Dl De cRQ D

DRIMEIMG WATER
oo FIIH

ol IMYERT S

Sl PLAMTZ

ol FIZH

ol IHVERTE
THOBLANT T

101 3E+0L

R R ]
L 1edE=-0
UE -1

N g ad Ty v
1

PRI

-1T

TATHL INTALE B D

LIS ESNE
TITAL INTAVE BO. v LI SIES Y

and six internal organs.

FECEMTRAGES

.]»
wt
.

=
b ]

—
.

 Tro Mg o,

. .
DO Sl (TR )

— ) o

100,00

DOS.DAT, CUSNHR,.DAT and A2ICR.DAT involve subroutine DNSF and separate doses to the whole body
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rCLIDE ZPECIFIC

ANIALOGICAL DECAY COMEITAWNT <1 H»

TAkLE OF DDIE:

“YARIABLEZ

2 COMC FRCTOR FOR FW FIZH Lfﬁh- .40
3 COMC FRCTOR FOR FW INVERT gy .10
4 COMC FRCTOR FOR FLAMT <L .3
S TOMC FRCTOR FOR ZM FIZH L. o 2
& COMC FRCTOR FOR S IMVERTS (L<EGH EﬂuﬂE+ﬂL
Y ooOM: FRCTOR FOR =t PLAMT: : ]

p0z. AT ~ EXFARDED BHTTELLE DOZE FRCTOR FILE

F ‘u,‘
=
[=1)]
n
whh
T

B T PR NN T

ToTAL

FIZH

INVERTE

FLANTZ
FIZH

IMYERTE

PLANT S

DRINKIMG WATER

DOZEE

FERCENTAGEX:

ML TDE

DOZE
DO:E
DOSE
DOTE
hize
Daze
DAZE

FacTOR
FACTOR
FRACTOR
FRCTOR
FRCTOR
FRCTOE
FACTOR

IFECIFIC

FOR
FOR
FOR
FOR
FOR
FOF
FOR

EQDyY SI-tLI THYROID EQHE LIVER LUHG

.BSéE—US s $E2E-0E , HOOE+DD
CE-04 (2Z2E-0S . GUDE+Q0
.lh*E—ﬂF LERIE-NZ L, 000E+00
CETIE-NT L R3SE-Q2 | QOOE4aQ
LS2SE-0S L G02E-08 , D00E+00
L 12SE-0S JP14E-OTF L QU0E+OD
SHIE-DE FIIE-mT L DOOE+GU

JS2E-04 | Z22E-0F . 000E+0N

21.%7 1.07 0,00 21,
YRR IRRLEZ

CMEEM-PICO C

rODY SASTNE-04
RI-LLI SS110E-0S
THYROLID DOUﬂt*"n
PONE I BE-09
LIVER “%nE—u4
LG o “—u%
I DHEY —i3

~0% L 145E-04 J133E-05 .6

—i4 L V34E-04 L TIVE-OS

-0s L ZERE-08 .thE—O’
17 L 114E-08 | 104E-07
03 L 140E-04 | 122E-0S

. I14E~-US . 2ETE-DG
0 W 3$1E-0n , 3LE-O7

L111E=-032 L 101E-049

o 36,03 3. 3%
I OIS RO

.1134E-D?

3E-07

ouune+nn

11RSE-D7
.19$?E-DF
TRZE-N3
. 53 1E~-N3

HIDNEY

LARFE-OGY
«SITE-05
. 1339€-05
. 145E~05

47 E-04

19.61
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UATCH MUCLIDE 7 ZR30
FRESHWATER COHCEMTRATION CBO-L> ¥ 2.0
TALTWATER COMCEWTRATIOM (BL-Ly F 5.0

mIZL IDE = ZRSN
r00000000

COMCENTRATION IM FREZHWATER = , I0000E+01 <R -LD
COMZEMTRATION IM ZALTWATER = .c0000E+01 (RO-L>

TARLE OF CONCENTRATIONE

DIET TYPE : 30 TEZT DIET

Etc.
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A ECH MUCLIDE 7 )

JUMMARY OF DOZES (2w -y
PESPLPPPP0P5 25000000000
D3z, AT - EXPANDED BATTELLE O0ZE FACTOR FILE

eQLovY Gl-rid THYRALD EOHE CIVER LLiG e L sE Y

137 LANAE+ND | &S ng SAMIE-TG LA TZE-u
e LOODE+GD L2 04 LOONEXDD | QONEent
I e L 131E-D: . 4 0 I, DODE+FDD (1 DEE-NS
235 LON0DE+DD L1 az LONNE+QD L] 3 k
=il LBAGE+OD L2 s L OOUE+Qn

TOTAL DOZE= SAOEE~03 L 113E-03 191E-03F , ZZVE-0Z (112E-03 (101E-04 L 131E-0Z

PERCENTRGES

_l!7.-

THYROLD EONHE LIvER Lur: t IDHEY

S B

Bl.7% G, a0 SO, 14 3,16 100, 00 26, 04
ZR3IN 15.7% 0, a0 13, 04 LR 0, 00 0, 0
11321 a, 32 1ag, g a1z 0,53 [T a, 3n
U235 22,02 ., 30 &3, 0 0, a0 0,00 T2.35
Pz 33 a4, a5 9,00 DU 0. 31 L] G.13
TATAL 100,90 100,00 100,00 100,00 100,00 180,00 1ou, oy

TERMINATION OF EXECUTION <1 OR 6» 7 0



B

LISTING OF FODD TYPE MAMES <19 OR 0 * O

LISTING OF DIET TYPE MAMES 1,2 GR O 7 @

LIZTING OF DOSE FARCTOR FILE MAMEZ ¢1.3 OR 03 * 0

LIZTING OF ALL YARIABLES (1.9 OR 0» ¥ O

WwHICH FOOD TYPES <1 OR 0 IM & ZTRINGY 7 110401

THE FOLLOWING FOOD TYPES HAYE EEEN ZPECIFIED 3
1 2 3

MIZTHRKEZ <0 OR 12 7 0

WHICH DIET TYWPE <1-300 7 20

DOZE CALCULATIONZ <1 OF 03 7 1

WMHICH DOZE FACTORE <FILE HMAME: 7 ASSIC, DAT

WHICH MUCLIDE ¥ C2137

FREZHWATER COMCENTRATION <BO-L> * .0

IALTWATER COMCEMTRATION <BO-Ly ¥ 5.0

ML IDE 2 CELET
sss00000e

TOHCEHTRATION INM FREZHWATER LEDNDUOE40L RO L -

COMCENTRATION IN ZALTWATER = SO000E+01 CBO L.

I

TABLE OF CONCEMNTPATIONS

O1ETY TWRE 3 30 TEST DIET

COHZUNPTION FRTE

CERERY BO L RS (T (B VEG D
I DRINEIMN: WATER LEONOE+N] CIO1ZE+N]
& ol FIGH EEE L1ATNE-0Y
TOTab FIEM

L 1adog-al

TOTAL INTAvE vBD D
TATAL T g vROD -

A261C.DAT and C26IC.NDAT involve subroutine DASE and a single stochastic

FECENTARE T

3
4

1

o e

100, an

dose.
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ITOCHAETIC

L DRIMEIHG WRTER L 27SE-04
ZOFW FTEH L1I3E-02
ST G LAT1E=-04

TOTAL OO:E o LEZE-02

MHICH HUCLIDE ¥ ZRA0

FREZHWATER COMCEMTRATION cBr-Ly» 7 2.0

TALTWATER COMCENTRATION YRO-L

AaCLIRE v 2RO
L2 2 2222 2 24

CONCEMTRATION IN FREZHWATER
COMCEMTRATION IM ZALTWATER

Ete.

LCONODNE+ 0]
s EON00E4+ 0]

CBO Ly
CROL e
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ARy OF DOZEL I
(FE AT 2222223 2 2 2 2 2 3
A0, DAT ~ ICRF 26 AT DOZE FRCTORT

ITOCHAZTIE FERCEMTRAGEZ

o

— e
[ I SROURSS A
.

L AT 3E-0S
L PORE-O2R

Lo SE-04

.
o T
SR AR

TITAL DOTE LAZTE-N3 10, i

OOTE COMZEQUENCE RRTIOT
LB 000000045000000048
TRETHWATER FOOD TVFET
AL THATER FOOD TWRET ¢
DIET TYRE @ 20 TE: DIeT
A DT DAY ~ ICRP 26 ADULY DOZE FRACTOR:

COOTE CIW 0o

1<

FREZHWRATER
IHTAKE W “ATIO

CI1ET
IR
1131
pEELS

PLIZ322

LITEE-TY
CILTRE~UY

LERAE-G
L19SE-04
L 3AZE-nS
L2ASE-09
JASOE-04

TERMINATIAN OF E<ECUTION

‘1 OF
TTaP

IR}

. §

.

.

MATER COMCEMTRATION

CRGo

— Og -

ZALTHATEFR
INTAHVE o 2

111E-14
IZIE- e

JATTE-GE

1aRE-04d
iASE~-09

Y

FATIO

o

SSE-US
J1EITE-R
L RETE~03
LAZLE-NS
L SIGE-0S
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A-3. LISTING OF CFAC.DAT FILE

o, . Sl il Tl u ' .

1 H Fl1Id VHSERTD  FLANTS Ty TR St
Te -t N RS
L ARE+GE
AR+
L NE + 54
LETE+ON
SeTE-0E

DLE~GL d, A1E-a1 N, 0D~
OOE+00 1, NOE+n] 2, 0E+0}
GRE+0E 3, 0FFE+NE 4, TSE+G
SUE+NS 1, SOE+NS 1, 2SE+04
OOFE+0] 1, DOE+0E 2, JOE+un
NOE+0] 1. TOE+] L OUE+ 02
AOGE+01 1, TOE+1] . HAE+0Z
OOE+0S 1, A0E+NS GOE+NG
OOE+0S 1, OnE+0S JUE + 0
QOE+00 1, DOE+0N
OOE<+ (i TOE+ (11

H3 S 1E = e
BEL1D A4E-11
C14 RE- 03
M1 2 ITE+NON
F13 TRE-G1
HR22 OIE-0%
HA24 LEEE-0E
P32 G2E-0z
P22 14E-0Z
HF 23 FIE-07
RR31 FAE-01

SORE+ 05 1, S e
SAEE+OY )
TOE+0d 1, dud«ay
1
o

T e

P L |

PRTY N

XIS IR T
. R

CONE+OD

INE+ N0

—
.

:"H'*ruﬁJJwLng.—rUL

XURY FR U AT (TR ARTPPIRTU RN A Sy

1
1
1

v e e Loome Lok be e e iy Ty e oae fa o g
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1
1
1
1
1 -
! 1
i 1.
CH31 SOZE-1R S 00E+0) 3, ZRE+UES ] .OﬁE—Ul 1
ZC4S5 FASE-O8 2, 00E+DE 1, JOE+0Z ] & 1.
CRSY 1,04E-02 4, 00E+0] &, ANE+01 4. 4.HHE+HL S aNEen:
MHSS FLIGE-GT 1L QOE-GQS 3, anE+0d 1, A0E+04 £ 'E+u; 1, g+ a4 I
M5 SLAE~01 1L ONE+0Z 4, A0E 04 :_uug+|4 L Lo uilEsng &0 w0y
FESS SLHIE-NS 1, DOE+OZ B, Z0E+0 1,10 > (T BTN INTE e}
FES? .3BE-UG 1, ADE+OE JUE+NT 1. ke Tl ey
cgsvy 1. UFE-04 &, N0E+n1 ONE+NE &, UIE+NE 1, . Jaovent
cass 4. 05E-04 &L ODE+0) Ong«+ng &, 00E+0e |, Pefiale
Caen 1.S0E-0S &, COE+D] AOE+08 S, ANE+0& 1, GNgwul fot e
HIS3 FUABRE~LO 1, QUE+QE TOE+0S S, N0E+NY 1, 008 +a2 ENE AT,
I3 TORLE-OF 1L QOE+NE g+ 02 S, 00 1, a0g+an Toele
HI&S S.FSE-01 1, 00E+0Z 1, N0E+02 T, AOE+ 0L e '
[ AT TLdRE-0S &, DUE+OS UOE+NZ 1, AOE+AE A .o -
ZHES 1.1=E—ﬂ4 1.a0E+0Z ang+ad 1, WOE c 1ot "o
SHE3M 3.2 1, 00E+02 1, DOE+04 1. GlE+0S & fadien
JHeR P 1. NE+03 QOE+04 ], Q0E+Z 2 1ot e, -
SETR 1. 1. 5TE-NS =sTE+OS L, DOE+NE 4 1o -
BRE2 1. = 4. 1TE+OZ ] QOE+0) 1.5 -
BRE2 2 3. IFE+0Z QOAE+N] 1, SSE-NE 1.5, ~
ERa4 1.3 4. 1FE+ 2 QAE+ AL 1, S94E-02 1,547 -
1.4 4. 1TE+O2 ] QONE+0]l 1. 34E-12 P ]
e 1.ODE+00 1, 00E+00 3, Q0E+00 {1, J0E+00 1.1 -
1.9 LLADE+00 1 O0E+n0 f, Q0E+O0 1. Q9FE+010 Tad e <1
7.3 1.00E+00 1, 00E+00 §, JAE+O0 1, 2IE+ 010 1.1 -
S.47 1LO0E+00 §, Q0E+00 1, O0E+00 1, JAE+00 1o«
. 33E 1_nu¢+uu 1.anE+aa (. A0E+00 1. 90E+00 1. -
1.31€E il. duE*un JQOE+0 f. Tenltien
1.95E-03 2, 90E+03 o 1,027 [
1.63€E-15 c.00E+OS i i
2. ISE+Q0 2. 00E+03 1 [
2. THE+DD 2, 0 1 1
S.TIE-03 S : ol
SR30 ILTIE-GS S Lo ADE+ 08 .
IR F.IE-02 S 1. 29%E+A- . -
RIS 2.98E-01 3_H|P+HH {, TiE+> = -



T332
Toa

TC101

RUTOZ
R OS
Fily e
RH1 0%
RH1T 08

PILOT
PDL O
A1 1aM
AGL11

CD11EM
CD115M
S 1an

TE123mM
TE129
TE121M
TEL 321
TE132
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TE134
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I131
1122
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1134
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WO S b O g

. DSE~02
15E~01
“'E 1
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-
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te e
w
0 S
m
[}
L

?IE 10
S0~ 03
FOE~US
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SOE-03
FIE~-04
SSE~-04

3TE~N2
<ES0L-04
S4E-01
I1E~-0S
BEE+QQR
CRIE~-DT
. S1E~-01
SOE~-Q1
BSE~-12
SIE-~-02
SIE~-DZ
AZE~01
- 2' E-”L
T IE~-DT

e ZUNTT R VAR N I RV VN BV (T RO R I (TR RN R o1
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MR XTN
CTUE+ O]
TOE+(]

2ZE+OL
. OE + (44
O0E+04
QNE+ (g
J0E+04
ang+01
L OOE+01
CSOE+0]
SOE+0Y
SOE+01
QOE+O3
1, 00E+01
1, 00E+01
UE+T]
ONE+NY
GaE+N1
T+l
Ile+00
J1E+ DG
OQE+ D2
OOE+ 02
O0E+03
LOOE+D3
J.O0E+032
‘.UHE+IE
UDE+I3
]

IR R NN TR MU T (T3 SO (U gUR £Y T
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e e g
. s e

—— g
v e .

s ot Tu fu e fu
e e .

l.uOE+uu
1. 0RE+00
1. OnE+nQ

4., QDE+D2*
4., ODE+ Nk
4, QOE+0*
4, D0E+03x
4, O0E+ Ok
4., QOE+02k
4, J0E+ O
4, ORE+OSX
4. DDE+0%
4, 0OE+Qck

1.50E+01
1.50E+01
1.50E+a1
1.59E+01
1.S0E+U1
1.30E+4]

S B KD R RN RN NN R R
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[Paree
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hohen
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DAE S0

TNE+1s 5
DN Lo

GAE -+
HHE+H~

QOE+ N2
anE+0z
ONE+NZ
DOE+01
OOE+N01
QAE+ 1
QOE+00
OOgE+010
UOg+02
UUE+02
AOE+ (I
Nag+ng
Hog+0s
AnE+02
AOE+ZS

L ERES O
LERE D2

QOE+DZ
QOUE+02
QOE+032
QOE+0=
NNE+ 03
QOE+03
GOE+3
GaE+01
ang+iy
anE+01
O0E+01
10E+0S

10E+0S -

10E+DS
10E+0OS
1OE+0S
LOE+0S
10E+05
10E+0S
10E+0DS
LuE+DS
QOE+00
A9E+N0
AGC+090
JUE+a30
UOE+ 010
QOE+DD

W P g s Tu T P T o fa da
e e e e e

—
DR

AN+
NIcE e
JMEL 0
Qg et
O+ 0
[R1f =
anE+nz
DUE+DZ
ONE+ 02
OOE+ 02

QAg+0z
NHE+0Z
GOE+ 1]

L HOE+]

NDOE+10]
ang+ng
NOE+0Z
ANE+ S
GOE+ 02
GOE+ QS
NOE+ 02
ROE+ G
GOE+ QS
DOE+N
GQOE+D
DAE+n 2
QOE+ 0
ANE+ RS
QoE+D2
QOE+NDS
AIE+ S
SOE+02
SOE+0Z

SOE+DZ

SOE+03

QOE+N3 %1,
QOE+QF ],
GOE+0Z% 1,
QOE+03% 1.
QUE+(3 1,
QOE+02= 1,
0 DE+NZ3k ] -
QOE+03% 1,
QOE+03% 1,
QOE+02 1,

QuE+01
ONE+01
Hut+dl

4, AOE+01
d.anE+G]

L TAEw

Sz ey

) IE‘ ": +.}
I, GNE-0]
S OREL QS
Z.NNE+NE
I
o

, MOE+ LS
. g+ 34
WOE+ N4
G+ 04
. ONE+ 04
1. 00E+0]
1, 00E+01
1. QOE~+1]
1. A0E+01
1.00E+0})
1. Q0E+N0Y
1. 00+
1, G0E+0%
1. a0E+0]
1. G0E+0]
1. 00E+0)
1, QOE+11}
I BzE+0Z

LOOE+0 3
JONE+N:
LUANE+GE
OO+
OO+ 01
L OOE+G]
LOOE+0]
4, DOE+N]

fo o Fo ot Lt T Gt
.

1. 00E+01
1.92E+01
1. 23E+41
1. aaz+a]
1.0E+01
1.490E+0]

P I TR ]
R TE R e
PRI TR )

LAaLen

. e s

v

tr e T Tu To TU To Mo O Ol L e et e s pn e P Tor T ma e — e e

LI S S S S

N R N R e s b ke e B Ty

OOE+01x
QUE+01% 1,
ONE+01* 1,
QOE+01x1,
QoE+ni*x g,
O0E+01% ],
OOE+N1% ],
QOE+01% 1,
ANE+nNix1,
OOE+Ni%1,

noE+0=
QOE+0}
O0E+11]
AOE+01
CGOE+ &

L OE+ G2
L aE+0e
L NE+OZ

NOE+6G]
GUE+]
agE+01
anE+01
AGE+N]

CONE+NZ

ONE+NZ
AOE+03
ANE+0z
OQRE+0Z
AOE+0Z
TRE+0 2
HIE+GZ
2IE+02
SNE+NS

LONUE+OS

O0g+03
DOE+0Z
QOE+03
OOE+03
QoE+0z
Qag+0an
ageE+n0n
QOE+QN
QUE+ON
DOE+0S
DOE+ S
QGE+0S
NOE+ 0%
qane+0us
O0E+ 05
(aE+05
GRE+0S
OGE+ 0%
anE+0S
OaE+al
a0e+01
102+01
E+1
\NE+0 ]
AOE+N]

(R TR
P I e Y O

TR Y I
CAAEw
S, NOE+ 13
S, DUE+
SLNOE+0
Z,HaE+0 2

1. 00E+07
1. 00E+02
1. 00nE+z
1.00E+03

1., OOE+"11}
1, aaE+01
F.O0E+0
J.00E+N 3
G, 00E+n0:
S, UE+OZ
SLOUE+N
S aNEwa
SLANE+ S
S e s
S ONE+ N3
;.ﬂnF’h7
LAnE+NZ
S OnE+n 2
1.00E+02
1.00E+012
1. 00Z+02>
1. 00E+02
1. 00&+ 02
1. U0E+402
1. 00E+n02

r-

1.45€+u
1.45E+10:
1.4%E+

1. 4:E+,:
1. 00E+10 3%
1 O0E+01 2%

1. 00E+0%%
1 OnE+0z*
1. 00E+0 =%
1.00E+015%
1.00E+q2*
1.00E+uz
1.00E+02%
G, O0E+0Z

3. O0E+07=

JIE+03

4. o
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LANE+N] ANE+032

1155 199601 1.S0NE+01 S, J0E+00 3, D0E+01 §, aGg+0}
i LA lE=0L L anE.an 1,040 1 JAES0G P, ANE+ 00 0B+ Qag+uQ
Ik DLOOE=aZ 1, VAESGD L a0E+ 00 | GO« G anE+ 0} unE+ N J9E+00
L e T S DY T =R = | FU IS Y RAT=R X LNV I IO I TR RV I G RV - ) | L DOE + 04 QIAg+0{

QOE+00Q
L MOE+0Q
OOE+ (1
L OOE+G0

HYE+ 11
UOE+ 00
AAE+ 01
QO+ G

SLTEE#N0 L 00E+00 1, GOE+O0 1, DOESTN 1, QOE+0O
TLORE-0F 1L 00E+QD 1, DRE+OD OO+ 1, 0AE+0DD
1, 05E+01 1, 00E+00 1, nE+OD OQOE+00 1, QOE+(0
QOE+00 1, QOE+0N

SRR

U mn e e e pm e e Lo
* a4 a4 e e s a

T FU T Fis T P me s s o e e 1y

. 1
. 1
ViE 400 1, DAE+O0 1, ONE+QD 1,
[y IRE=-A1 A ONE+NZ 1L NOE+NZS 2, 00E+01 F, O0E+0] QOE+01 2 00NE+0]
[, .EE-0S 4, QOE+0Z 1, OOE+NE 2, 00E+01 2, 00E+01 2, Qle+0) 2, Q0E+0]
[ LodE-11 4L 00E+02 1, O0E+NZ 2, N0E+01 2L 00E+01 SO O00E401 2. 00E+01
T SEE-0Z J UNE+AZ 1. QOE+0Z 2. 008+01 L, 00E+0] 2, 00E+G) S, 008+01
SLHIE-00 4, N0E+0S 1L ONE+O2 ., DUE+01 3. A0E+0 LO0E40] 2, 00E+N0]
SHE+OD 4. 00E+0Z 1, QOE+LZ 2, DOE+01 L Q0E+01 2, 00E+0f 2, 008+01
ATE+00 4, UOE+0OE 1. U0E+NS 2. 00E+01 2, 00g+01 2, QOE+01 &, 0JE+0]
EIE+01 4, QOE+O0 2, GRE+0Z S 00E+02 1L 00E+0) [, QOE+0Z2 S, 0GE+(Z2
’ AAE-O1 G, 00E+0N 2, O0E+0Z2 S, Q0E+02 1. 00F+01 1, GRE+02 S.00E+02
EAl46 LERE-0Z L, 00E+QD F2, Q0E402 S, O00E+02 1, B0E+0L 1, ONE+02 G, QOE+0Z
ER141 SYE+N0 L a0E+00 2, QOE+02 S, AUE+0Z 1, QOE+QL 1, QOE+UE S.O0E+0E
B ZAE4N0 3, QOE+O00 2. DOE+0E S, O0E+08 1, G0E+OL |, GOE+0Z2 S, QOE+ (S
LAIS0 TRE-02 ZLSOE+0L 1, O0E+L2 SO0NE402 2.90E+0L 1, O00E+0E S, 00E+03
LHia1 JIE-01 ZL,S0EXNT £ S, QDE+N: LENE+NY 1L O0E+0Z S, 00E+032
LAt ge E-01 2.S0E+NT S, 00E+ SLGOE+N] 1L O0E+02 S, O00E+03
CE141 S,E0E-U4 Z,GOE+O] 5. GOE+ E.GOHE+OL QL u0E+02 S, O0E+N0Z
CEL43 CLANE~-0Z 2, T0E+0] S,ONE«0R S, SNE+0] L, O0E+D3 S, QOUE+UZ
CEL44 1.02F~04 2, GUE+0] 1, 00E+02 S, AOE+32 2, S0E+01 1, 00E+03 S, 00E+03
PRI SLLRE-03 ZLSNE+0L 1L 00E+0Z S5, 00E+03 S.SOE+01 1, 00E+032 S, 0UE+0Z
FR134 SLHIE+G0 SOSOE+GL L ORE+0T SO UNE+OR SLSOE+O1 1 DOE+D3 S, 0UE+GE
Hirl 34 1.SRE—-2N 2.T0E+01 1, Q0E+03 S, 00E+02 2.S0E+01 1, 00E+03 S, 00E+02
147 CLEIE-0R S,00E+01 1, Q0NE4032 S, O0E+03 2.50E+01 1, 00E+02 S, 00E+02
FH147 FLOIE-0S 2,S0E+01 1, A0E+AY S, 00E+QG3 2 S0E401 1, 00E+02 S, 00E+0%
FRL3EM w2 SLSNE+OY 1, OOE+0 LOOE+OZ SLSOE+R] 1L ODEFQZ SO 00E+D2
Friiaa 5 SLSOE+0L 1 00E+03 TLO00E4+02 S.SGE+NL 1L O0E+0Z S, 00E+03
Pri1g3 1 SLSO0E+0L 1L O0E+03 SOO00E4+03 SLS0OE+0L 1, OOE+03 S, 00E+02
P15 SLAGE-NS Z.SO0E+0L 1L 00E+03 SOO0E+0E 2, 50E+01 1. 00E+0Q3 S, 00E+032
a7 T.35E—168 Z.SOE+0] 1,005+03 SO 00E+02 2, S50F+01 1, 00E+03 S, 00E+03
IMLSt TeHIE-07 S.S0E+01 1 00E+03 S, Q0E+02 S.S0E-01 1, 00E+03 S, 00E+03
M9 1. —-02 SLS0E+01 1,00E+02 SOG0E+02 2,S0E+0] 1. 00E+03 S, 00E+032
[ = —-0a Z.S0E+-01 1, 00E+02 SOO0E+02 2,SOE+01 1.00E+03 S, 00E+032
ElSa FIBE-D5 S.S0E+ND 1LO00E+0D SLOO0E4G3 2, S0E+01 1L 00E+03 S,O0Z2E+02
EUISS 1.65E-05 Z.S0E+01 1, 00E+032 S.00E+03 2. S0E+01 1. 00E+403 S, 02E+03
El1Se 1.30E-02 2.S0E+01 1. GOE+0Z S, 00E+02 2, S0E+01 [, 00E+02 S, 00E+02
TE1SND J.AE-04 2, S0E+01 1, D0E+OD SOO0E+03 2.SO0E+0L 1, 00E4+02 S, 00E+032
HO1sEM  S,.SIE-05 2,30E+01 1, 00E+02 S, 00E+03 2, S0E+01 1.00E+032 S, O00E+02
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3 {.UaE+02 2.2 1. 00E+0Z
1

SANE+02 I 00E+NE 1L, ODE+03
FLO0E+02 1, 00E+03 1.00E+02

Tu
m
+
=
fu
(=]
ﬁ
+
o

SOOE+OZ 1L A0E+0



- 54 -

A0+ L OOE+OnN ORpE+00n ONE+Q0 1, OOE+00
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L HOEs 2 DOE+10]

PEZ N U] Oz, FoME+0Z 1L, 00E+03 1L Q0E+DE
=z I B TR T 4+ 2, INE+02 {, G0E+R2 |, 00E+03
g1 PR R D 4+t P, ddE+05% 1, SaE+0] 1, ANE+ SR 0NE+0S*
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21z LEOE+0L 3, ONEHOS* L, GOE+0SA L, SOE+NT 1, QOE+OS ¥, uug+aS*
Bl LSNESOL 1L ANE+OSH L, QOE+OSH T SOE+0] 1L ROE+OS XL, a0g+0S K
F1Z LSOEHNL 1L, O0E+0SK L OOE+GS* L, SUE+N] 1. AGE+OS ¥ OAE+NS ¥
[Ty LONE+DL 2, 00E+04 S 00E+03 L, 00DE+NZ 2, 00E+04 2, QOE+QR
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=0 SOOE+GO1 2, 00E+D3 &, 00E+03 2, 00E+0Z 2, O0E+04 2, 0DE+02
2 SLO0E+01 2, 00E+08 S, 00E+0Z 2, 00E+02 2, ADE+04 2, N0E+03
S.ONE+O] Z,00E+04 2 00E+GZ 2, 00E+0Z 2, O0E+04 S, 00E+02
SO0+ S, 00E+03 S, 00E4+02 2, QO0E+0Z 2L 00E+04 2, 00E+02
S.O0E+0] S, A0DE+04 &, GOE40Z 2, O0E+02 2. 00E+04 2, G0E+0Z
1.S0E+01 S 00E+00 3, Q0E+01 1, Q0E+0] S, A0E+0] 4, QOE+03
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Pit2ac SeaIE~I0 ZLTAE400 3, OUE+0S Z.TAE+0E B, S0E+01 1 e e A E

[ TR 3] 1,4ut-u1 C+00 ], HIE+ QS JIoE Ty THE+TCU T, el w-end
S ENT) EJ S0 ), AUE S ¥, SAE+n2 SAT ], g e T e
H241 1 ZOENE+NL TLAlESTE S TAEY 0] ) AdE+ 0D Tl e R
AMZ42ZM S Z.S0E+N01 1, SLONE+GE 2, R0E+0L 1, O0E+03 S, ﬂ"u:'vu'-
A3 4 S.SOE+GY 1, SLONE+OZ 2 SO0E+GL ), OOE+NZ

HAMe4 2 1 SLSOE+0L 1, SLO0E+NE S SOUE+Q1 1, OOE+0z

crede 1 CLSOE+] 1. S.00E+OZ 2.5“E+H1 1.00E+0%

24z & cLe0E+0L 1 = HHEMI- : 1 3

orzdd 4 S.S0E+D] 1,4 ] 1

DR P A k] S.ONE+0Y 1 = 1

M2 4~ 1 SNE+N1 1 K 1

M2 4 +11 1 o t

C r!.:45 2 2 +01 1 K 1

CF2Ss 2L01E-05 2. 50E+01 1

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 UCRL-50564
Lawrence Livermore Radiation Laboratory, University of California,
Livermore, California, Rev. 1, except 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(E5.0)).
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HALDUP TIME:

Fhi
Fhi
Fu
sid
p

Sht

EXI0 Y. I T YR N

changed.

DRIMKING WATER

FIZH
INVERTY
PLAMT®
FIZH
INYERTE
PLANTZ
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LISTING OF DIET.DAT FILE

DAY E

1,0
$0, 0
.0
30,0
20, 0
a0, 0
100,0

Values in this file are examplary only. They can be readily
The format used in NEP.F4 is (20X, F¥5.0).

continued....
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11 ie 13 14 15 1< 17 1= 13 ()
1
3
a
21 22 &3 kL) 295 e 27 i 232 2q
1 1,31 30
o 0.0137
E 0, 0002
4 dLoaaal
5 T, led
= L0353
s R YR T

The values of diet 30 are exemplary only. The numbers in the vertical columns refer ta
food types and those in the horizontal rows to diet types. The latter correspond to the numbers

in the NAME.DAT file, Diets 1 to 29 can be readily implemented. The format used in NEP.F4 is
(10X, 10F7.0).

o=V

(popRiduod) IATI3 JvA 1310 A0 ONIISI

-IS_
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A-6. LISTING OF LABEL.DAT FILE

HOLDUF TIME FOR DRIMeIMS WRTER oD
HOL DU TIME FOF Fid FITH e
HALDUP TIME FOR Fil JHYERTE <D
HOLDuUF TIME FOR Fl PLAMT: Do
HOLOLP TIME FOR W FIEZH (Do

HOLDIP TIME FDR W IMWERTE (D)
HOLDP TIME FOR 2 PLAMTZ (D
CRITERIOM FOR PREVENTIMG UMDERFLOU
RADIDLOGICAL DECAY COMEZTANT (1-H»
COMC FACTOR FOR FW FISH (LK
COMC FACTOR FOR FW IMYERTE (L.
COMC FACTOR FOR Fll PLANT <L-<KI5:
COHC FACTOR FOR Zu FIZH o :
COMC FRCTOR FOR W INVERTEZ ¢ 2]
FoCOMC FACTOR FOR =W PLANTS ¢ 5
DOZE FACTOR FOR BODY

DOZE FACTOR FOR SI-LLI

D3ZE FACTOR FOR THYROID
DOZE FACTOR FOR BOME

DOSE FACTOR FOR LIVER

DOZE FACTOR FOR LUNG

DOSE FACTOR FOR KIDNEY

o ogn fye e

R

4 T fa g fu

The format used in NEP.F4 is (8AS).
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A-7. LISTING OF NAME.DAT FILE

DRINKING WRTER
Fid FIZH

Fid [MYERTS

Fld PLANT S

i oFITH

I IMVERTS

IW TLANTS

et BN B SRRV (T

gl e g Dy o,

oL

et Pt (ot T T Doy Fus Ton Tox Fus Tt bt ;s s bt sa s b pa

3 TEXT DIET

DA:.DAT ~- EXPAMDED BATTELLE DOZE FACTOR FILE

CUZHR,DAT — IMFANT DOZE FACTORE UIHRC REG GUIDE 1:1409-10 CTR-S0 APP,
ASICR.DAT — ICRP 2 ADULT DDIZE FACTOR:

CESIC. AT - ICRP 28 IMFANT DOZE FACTORE

ASSIC.OAT —~ ICRP 2% ADULT DOZE FRCTORE

*# 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 is (15A5). The
formats used in NEP.F4 for food types and diet names is (3A5,A2), and for
dose factor file names (1545).

I
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A-8. LISTING OF BOS.DAT FILE

EWPANDED PATTELLE DOSE FACTOR FILE (MREM/P CI>

BODY GI-LL] THTROID BONE LIVER LUJHG K I DNEY
M3 1.O7PE~G? 1. QPE-07 1.0TE-07 0, 00E+00 1, 07E-G7 1. 07E-G7 1. GPE-GT7
BE1O 3.03E~032 &,B3E-05 0, 00E+00 T, 4TE-07 1,T2E-0G7 0, DOE+QG0 2, 1GE~UP
ci4 D.ASE~07 S.4SE~-07 S.ASE-07 2. 23E-08 S.45E-07 S.45E-07 S.45E-07
M1z 3. 3SE-03 2, 35E-09 2, 3TE~-09 2, 29E-09 2, 3SE-0% 3, 35E-09 2. IWE-03
F13 B.ACE-03 1.29E-02 0, 00E+0Q A Z2E~-07 O, QUE+GG O, QOE+GG O, GRE+ 00
HAz2 1.660E-05 1,65E~0%5 1,68E-0T 1.6EE~0S 1,66E-0S5 1.66E-0% 1.56E-05
MAZ4 2. 25E-06 2,.2%E-06 2,25E~06 2.25E-08 Z,.2SE-08 2.2SE-06 2.2SE-0n
P2 TCOZE-06 2, 1TE-0S 0, 00E+00 1.22E-04 IFE-Q0S 0, QDE+00 0, Q0E+0n0
P2z 1.41E-0n Z.E3E—-(e 0, GOE+(0 2, 7FE-0S : G, O0E+0G G, GOE+DD
AR I3 O AGE+DC G, BOE+D0 O, COE+00 O, OOE+00O 1 O, D0E+00 0, QUE+0N
ARS 1 N OGE+DG 0, DOE+Q0 O, DOE+O0 O, QQE+DO 0, DAE+Q0 O, DCE+QO 0, GOE+010
ARG SLETE-O07 1,24E-07 0, DO0E+00 2, S3E~-08 O, QONE+QD O, DOE+00 0O, QuE+Nn
3045 CLEGE-OF S, 21E-05 0, Q0E+0D 3, 3BE-0F A, LFE-03 O, QDE+OD 2, 3ZE-ud
CRS1 C.3BE-09 5, 03E-07 1,4CE~-09 O, 00E+00 0, QRE+DQ 3, 16E-09 S, 24E-1 0
MHSS 2L16E-07 1,.40E-0S 0, Q0E+00 O, QOE+0D 3, 1SE~-H8 0, OOE+00G 1, ZZE~ 0
MG S.NGE-D2 JLETE-08 Q, QOE+00 O, QUE+00 3, ISE-O7 0, OQE+O0 |, deE~u?
FESS 1. 06E=07 1, 00E=0 0, DUE+ND 3, 32E-08 S, 43E-07 1,99E-07 G, ROE+NG
FESS F.23E-08 2, S0E-05 0, QOUEHON 2,9RE~-08 R, STE~06 &, 35E~0s8 O, D0OE+010
cose S,ANE=07 3, 44E~D8 0O, DOE+QN 0, OOE+DD |, EIE-07 O, NOE+D0 0, DOE+(O0
coss 1.81E~0e 1,S1E-0S 0, 00E+Q0 D, QRE+NQ 7, 20E-G7 0, DOE+00 0, 00c+00
[welxy F.S4E-068 4, 0CE~-OS D, 00E+Q0 D, D0E+00 2, 0oE-06 O, QOE+O0 0, DOE+0(Q
IS C.7F2E-07 &, F0E-QF O, 00E+Q0 1, 33E-0e 7,S0E~-07 0, 00E+Q0 0O, 00E+00
HI& T.AEE-07 1.32E-06 0, Q00E+Q0 1,33E-05 1,3¢E-08 0, J0E+O0 0, gNgE+0D0
HIES 2.12E-02 1.THE-DS 0L, DOE+0Q S, E2E-07 &, 360E-02 0, OOE+00 (1, 00g+010
I.P0E-03 FLLIOE-08 0, DOE+D00 O, GOE+00Q 3, 20E-03 0, 00E+00 2, 109E-07
2.03E~08 A, TOE~-Q& 0, DO0E+Q0 2, 00E-05 1, 1SE-0S O, 00E+00 &, PTE~- s
I.PSE~OR S.49E-0S 0, 00E+Q0 1,63E-0F7 4, 07E-07 0, BOE+00
1, 2TE=0% 2, 38E~0% 0, 00E+00 1. 03E-02 1,37E-03 0, 008+00 1,
G, 20E~-0F S5, 323E-07 O, Q0E+0Q0 0, DOE+O0 2, 23E-06 O, QDE+O0 4,
S.OGE~OS 2,S9E-08 O, Q0E+00 O, OQE+00 O, O0E+ 00 O, QUE+O0 O, Q0+ 00
4, D1E-03 S.FRE~-n3 0, 00E+00 0, QOE+0D O, QAE+00 0, Q0E+00 0O, Qng+an
S.C1E-03 4, 03E~-13 0, 00E+00 4, QOE+a0 0, S0E+00 0, AOE+00 0, OGE+ 01D
S IIE~-02 G 00E+00 0, 0AE+00 O, O0E+00 O, O0E+00 0, DAE+00 0, Q0E+un
O, NOE+0Q 0, QOE+00 0, DAE+00 O, QGE+00 0, QGE+O0 O, DOE+00 O, OOE+ 110
0, Q0E+00 0, OOE+OQ 0, D0E+00 O, QOE+DO O, OOE+O0 0, QOE+00 0, DaE+UN
. QOE+00 O, NOE+ND O, DOE+OQN 0, DOE+00 O, QRE+QD O, O0E+00 0, J9E+0:0
GOE+0 . 0, Q0E+Q0 O, NOE+Q0 O, 00E+00 O, QOE+00 O, QOE+00 0O, 005+un
NOE+O0 O, QOE+QQ O, QOE«+Q0O 0, 00E- Z. O, Q0E+00 O, Q0E+00 0, OQug+an
QOE+Q0 0, QOE+Q0 O, A0E+00 O, D0E+0D O, GNE+00 0, QOE-+Q0 0, Q0E+00
J1E-05 4, 16E-0s Q. QOE+00 0, 00E+00 1, 93E-05 0, 00E+00 0, Q0E+0G0
S2E-04 S5,.7RE-0F 0. Q0E+00 0, QDE+00 3, Z1E-0a 0, O0E+00 O, Q0&+01
S1E=-02 2. 38E-12 0. 00E+00 O, uDE+00 &, 02E-03 0, 00E+00 0, GOE+01
SSE-02 2.33E-21 0.00E+00 A, 00E+00 &4, A0E-02 0, O0E+Q0 O, ONE+O0
OE-05 4. 3FE-05 0, BAE+00 2. $7E-04 O, QOE+O0 O, DOE+0G0 O, O0E+ 01
$3E-05 1. 02E-04 O, 00E+Q0 1.<2E-04 O, 00E+00 O, QODE+00 O, GoE+an
S5E-07 2.3F3E-0S 0, 00E+00 3,230E-05 0, POE+00 O, DOE+QO O, GHE+ i
SIE~-0R 3, 20E-0S 0, Q0E+QD 2, 159E-06 O, DOE+00 "0, GOE+G0 0, DOE+00
S5SE-10 1.02E~-04 0, (Q0E+00 3.S51E-03 0, 00E+00 0, 00E+00 0O, 00E+00
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o, GnE-01 0, angE-01

O, A0E-01 0, nag-a1
1.S8E+01 &.25E+0]

. ORE+0]1 AL ESE+N]
S.REX0L 2, 25E+01
ZO11E~-01 1.B7E+0nN
G.E3EXDY B, ZTE+U]
1.25E+00 =, 35E+01
2 11E+01 &, 3SE+(O]
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L, s =)
[ R TEE B |
N R Ty |
g =0

TIE - 1)
U, NOE -~y
a, NGE-111
0. ang-01
L UNE=-N1
o, HE=0}
1, MTUE-01
t, HOE-11]
., nng-n1
0, HOE-01
CHNE=-01
o, nng-=-a1
D, OugE-01
a, noE-uy
A, OrE=11]
0, BoE-01
. QUE-01

1, ZTE+n)
§, ZTF -t
LA TE~u
4,0 rE~ ]
0, NOE-~n1
SSE+ 10
IAE+ (S

1.
4

.ﬁOE-DJ

TUE~D1
TE+OZ

.4

LATE+ NS
4TE+OZ
L ATESOL
ATESOS
LITESOY
. ZIE+OE

.

B B e R (e S AR SR

gLk -y

e, ool e

[ EIT
1, Onf iy
£, Qs -y
G, i -0
0, NOE =11
O, NHE-1
0, auE -0
i, OnE -1}
Q. OangE-n1
a, anE -0}
fil, ATng~-01
0, 0nE-ay
0, anct-n1

o, ANE-nN1

The format used in NEP.F4 is (A5, A3, Et.0, 6£E9.0).

BT

[ EEE I ¢
[T
[ A L Y
S, TTUE -y
T, SPOE ~1t]
S, DngE -]
. g =01
A, e =11
RIS
T, aag -1l
G, noug-n1
S, poagE -0l
O, NOE-01
G, gis-al
a, HOeE-01
0, aog -l
0, AE -1
1, e -y
AR RIS |
IR TR T D |

g 4 -
e Thma
[
i, 0y ]
T, N =g
(IR SVIEEE R
NS TITEE B
GO, - g
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A-10. LISTING OF CUSNR.DAT FILE

IMFANT DOSE FRCTIORS USHRC REG GUIDE 1:1D3-10 CTR-%0) (MREM/P CI)
BODv SI-LLl] THYROID BOHE LIVER LLING ETDNE*

HZ B, 05E-07 2, 02E-07 2, 0RE-07 0, 00E-01 2, 0XE-07 3, NFE~07 3, MZE-07
C14 S, mE-(s a.nFE-ﬁ# LY T AITE-0S S, 08E-08 S, OnE~0E S, 0g-0n
MAZE FOBIE-0TF S, 2IE-0% H,BIE-0T F,HIE-05 F,32E-0S H.RIE-05 9, 22E-05
ARG a, DOE-N1 QOUE-Q1 a, DOE-(1 QUE-01 0, 00E-01 0, 00E~0) 0,4
BieC T} 1.83E-03 SZE-O0S 0, D0E-10] TSE-02 S.41E-02 0, Q0E~0)1 3, SeE-03
CRS1 1.31E-02 OF 2, Z0E-032 OOE-N1 HHE-nl 1.73E~-02 2, 01E—-0H
MS9 4. S1E-OS Z1E-0e O, 00E-01 D0E—-01 : 0. 00E~-01 4, 31E-(
FES= 12E-09 2.SFE-09 0, 00E-Q1 2. (2E-0S 1.S3E~0S 0, 0aE-0)
cosE FRE-08 S,9FVE-0e 0, O0E-01 0, DDE-O1 2 . 00E~(1 0, 40E-ay
(a2 LSSE-OS STE-0S 0, 00E-01 0, 00E-D1 1 O, QDE~01 O, 0dE-ir]
SreS FE-0F S, Z2E-0% 4, Q0E-01 1. S3E-0S S, Z1E-0S 0, Q0E-01 X, (e£-05
OUE-01 O, NNE-01 0, QUE-01 4, QoE-O01 0, GOE-08 O, QOE~0) O, 00E~0)
NOE-1 OOE-0GY 0, QUE-01 O, Q0E=-01 0, QOE-O01 0, Q0E~-03 O, DIE~0]

D, ONE~01 O, GOE=-D1 0, OOE~O1 O, DOE--u]

.

o,

) D Ty
.

VI ST -L'
o
-
-
m
|
o
o

.
)

e Dy O Py
T

Den il YU CUREY O PR
e
.

N, NGE-01 O, QDE-GY 0, OE-01 ¢

0, 00E-01 O, QOE-0t 0, a0E-a1 0, 00E-ul 0, DOE-0)1 0O, QnE~0) o, o0g-=ny
O, QOE-01 O, 00E=01 0, QOE-01 0, QOE-01 0, 00E=01 O, QOE~0Y 0, (g -]
O, 00E=-01 G, QUE=01 O, 00E-0) O, Q0E-0) 0, Q0E~=01 9, 0QE~=0L O, GuE -1}
o, GaE=11}
HOAE-01
S0E-0S

GUE=-DY 0, ODE 1) 0, QOE-0GY 0, QOE=01 O, Q0E~0Y O, GaE=a)
QOE=0F1 O, 00F=01 0, 00E-01 0, G0E=-01 0, QUag=naf1 0O, 0% -y
ARE=-DS 0, GOE-T)] ZLSIE-02 0, QOE-GUL (L GOE~G] O, Q-]
HE-ng 0, 00E-01 1.3SE-02 O, GO0E-01 0, DOE~O1 0, 0t -
LEOESDG O, QOE-0) 2, 8%E-02 0, 00E-01 O, O0E- O a, g -0y
JIOE=-0S O, 00E-01 fLE3E-00 0, 00€E-01 O, 00E~01 09, DuE-0}
,qug_uq O, A0E-01 2, QEE-GF S, 02E-02 0, BOE~01 S.41E-0Z
O, 00E-01 4,20E-03 1. 72E-02 0, 00E~01 1.2+

Fuo o= 0

£- 3

- i

O, GQE~01 1.43E-06 0, 00E-01 0, OG0E~-02

nJmiuqauhAMerlhrUU]Q<'.

[ORIXN LU DETVIN TSI (LI AR

ANE-101
a0E-021

OoE-01 ﬁ,unt—u1 O, AGE~01

OOE-01 0. ODE-0Y

=
.

I 1) G, 00E-01 2.31E-0S AOE-21 0, GOE-GY -5
) 13 : SLIE-UE SL99E-04 ZLEFE-08 O, 00E-G1 u.ulk—w'
. SIE-QE = 1.94E-03 1.32E-05 1, 19E-07F T.FEE-0e 0, 00~}
JISE-08 1L11E-0S TLadE-De &L 32E-09 FOTRE-05 0, N0E-01 0, g -]
SLISE-07 2L10E-05 S,.14E-07 1. 00E-0e 2, 25€-07F 0, G0E~01 2. 442 —in
TELSAPt Q. 00E-01 0.00E-0G1 0, 00E-01 0. Q0E-01 9, 00E-01 O, QGE-0Y a4, 038 ~01
TELZIM  1.S4E-0S S, 37E-05 Z,34E-0% 1. 00E-04 . 42E-05 0, 20E~01 2,S0E-04
TEL1 =2 FEIE~0S LRIE-0S 1.SSE-0S 2.O2E-0S 1, 0ZE-05 0, 00E~01 gl 44E-05
1135 0. O0E-01 0, 00E-01 4, 00S-01 0, Q-1 0. J0E-01 O, 0OE~a1 O, DE-01
1.59E-05 ¢4, 34E-07 1. IEE~-02 2.38E~-09 2 12E-05 0, QOE~01 2.S1E-0%5
1.38E-05 1.516-0 1. 10E-02 3.5%E-0S 4. 22E-15 0. 00E~01 4. 34~
S.33E-08 FL0EE-0 3, 1E-03 1LESE-0D 1LE2E-0S 0, 00E~-01 Z.14e-035
] 0. QOE=01 0, 0DE-01 A, Q0E-01 0, -01 G.00E~-01 G.uﬂL—ui

X 0

]

)
.

QOUE—a1 O, 00E-0Q1 O, QOE~01

]

ang-01 0. 00E-01

O, Q0E-31 Q. i I -
O, UDE~01 O, Q0E-0f 0. G0E-01 0, 00E-01 0, 00E-01 6, GOE~0] u.unt-ul
O, 00E-a1 0.00NE-01 0, 00E-01 0, 00E-91 O, 00E-01 0, 00E-01 O, J0E-01
0. ONE-01 9. G0E-01 4, Q0E-01 0, GOE-O1 O, 00E-01 0. 00E-01 9, adF-01
D, 906—01 9, 00E-01 0, d0E-01 0. 00E-Q1 O, Q0E-01 0, 00E~-01 O, 905-0
FLIDE-0S 1, ME~-w 0, 00E-01 3, FFE-04 FLO2E-04 7LACE~-0S 1. E1E-04
S.NE-0S 2LASE-06 9, 00E-01 4,.93E-05 1, ISE-04 1. 10E~05

4, S0E-05 1. FE- O, Q0E-01 S.S2E-04 5. 11E-04 6.64E~-05 1.63E-04




EEIER
LA

Tl

AR AN]
SRS S
IR
[ G I %
[eRRE )

BlE~as
JoldE-nH
HnEE-0d
l.&TE~07
ﬂ DOE -]

SOE=0O7
. BEE-0S
ceSE-04

LAERE-02
E-u4
OE-0g
,unE-ﬂl

LOOE-]
'_Illlt-ll]_
2o 0E-NS
L SHE-0S
S4E-05
RZE-O7

PR~ 04
A 10E- 0
FLSRE=-0S

= : PRI I’n —y ﬁ

B U RN

G-
2, TTE-NG
R X Sl
1.71E~-04
L OnE=i1]

GE- 04

3
)
S ZIE-0%
=
k=

T RAE-0T
L. S1E-0S

o ZTE-C
a, O0E-01
a, nOE-01
0, agE-01
STE-0%
n.A1E-0S
Co DH4E-0S

,
;
&
=
v
1. 4561
3
;
:
:
;

g - 05
3, 2IE-05

T BE- 05
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A, e
., -
1, o
o, g~y

0, OOE=01
O, HGE-~-01
fr, DOE=-011
, OOE-01
O, pE-N1
O, UGE~-101
i, N0E-11
a0E-01
0, TaE-10]
(. QE-01
QOE-101
0, O0E-111
0., ONE~-01
DOE=11]
G, O0E-01
0, DNg=111
o, ONE-NY

. T1E-03

E cE—Uﬁ
E -
- lie. 1,;;E-ur
GOE~D] 1, BOE-(]
o GE ~ i y,p,E—m
SATE~NZ 2, ZEE-0S
CEYE-02 1, EZE-N4
f, QOE—-(1
0, QOE -0y
0% 0, QQE-n01
nﬂh—n] 0, Q-3
aaE~01 0, GGE-GQ1
O, 00E-01 0, Q0E—11]
1. 24E~03 1.53E-043

= AN N O A Y VR U N

1.45E~-02 |, FTE-14
1,48E~02 1, 77E-04

1,30 -1
T.lEE-NG
1.29E-04
B, 1E€-04

4, 3BE-0%
1.92E-02
1. 37VE~04
1.22E~03

The format used in NEP.F4 is (A5, A3, E8.0, 6£9.0).

1oASE~-0r

nag-01
ang-ot

L UUE =iy

NaE -0
s -1y

CDOE-01
0L Oe—01

DE~-n01
Hag-01

1, 00E-01
0, DOE-11]
. E-11

ane—a0t

L NOE-"11
Do

-0y
Noug=-01
aog -0y

L ODE-Q1

anE-a1
HOE~-01

Gl —
u,llk-u1

U.hbéwul

QIE-9]
a, ang-nj
e~}
1.21E~-04
1.&z2E-03
1.23E~04
P
55E-n4

A -
&~ e,
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A-11. LISTING OF A26ICR.DAT FILE

ICRP2E STOCHASTIC DOZE FACTORS (REM-MICRD CI)
FOR ADILT <RECL-&540+ REY JAH 2% 30

H3 0,100€~-02
Cla n.131e~-02
HRS2 0, 113E-01
rA24 0. 300E-03
222 n.221E~-02
P2 . S45E-03
I35 0, T21E~0Z
D 13 0.

H]
0,1' 2~ 02

0, 43AE-0Z

0. S11E-02

0, 252E-0&

0. 447E-01

A, 447E-N2

. 1G3E-31

0, 372E-N2

0, 420E-0g

0,323e-0&

3, 321E-02

0. R2BE-02

0, 14SE+00 IMIL DAUGHTER <53
0. 110E-01

0,3 3E-02

0.

IMCL DRILWSHTER ©Z0

RLOE
O T
POLn7
A110m
Miez
TR122
IRr13g
RIS
TE123M
TE1ETF

TELSTM
TE133M
Telze
Iiz=

134

INCL DRUSHTER £33

[HCL DALGHTER =
IMCL [RUGHTER ¢
INCL DRUGHTER €2




IR B
SIS
RUCE R

0,597€~03
0. 104E~01
0, 21E~02
D2 3AZ~0Z
N, e22f~01
-lt.’E“'”"
0. 373E~02
0, 452E~01
D.E00E~0Z
0, 199E~02
0, 315E~02
0. &7FPE~02
0. 2VeE~02
. 2n2eE~nt
2. 101E~02
O, 5q40E~012
ﬂ.J e~ 02

L11EE~02
u.J41E—H*

o 1 Er01
D, THFE~-OZ
0,1 ’4F+I’l1

+ 00

ez

117E+01
L 1AFE+O]

LA ZOE+DS

=T,

o
LEFTE+RQD
3nu»+nu

- 69 ~

IMCL DALGHTER ¢ 3

IHMCL DAUGHTER ¢330

e
IMCL

THCL
IHCL
InL
ICL
IHCL
Moo
IHoL
IMCL

InCL
Ific
Iy
IrCe
IMCL
iMCL

THMCL

DALSHTER
DALIGHTER
DHIMGHTER
DAUGHTER

DALGHTER ¢ 2]

WHHHHTtF
DALIGHTER

RIS

IR H

%z AMD

RASE4 AMD

DALGHTER o

DALWGHTER o
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NEL Y N, Z27E+ON

PAZ31 N, 1eTE+OZ IHCL ACEETs THEET AND DALIGHTER ¢ -
PR&2Z 0, 18E8E-08 e dez:

Mg ] O, 200+ 0]

AM29 3 0. 132E+01

HR22? D, 323E+02

MFE223 . 122E-02

cMeee D.aTIE-1

Crzga 0., 11&E+1014

cM247? 0., 313E+02

The format used in NEP.F4 is (A5, A3, 2X, E10.0).
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A-12. LISTING OF C26IC.DAT FILE

ICRP2& ZTOCHAREITIC DDTE FACTORE «REM-MICRO CI
FOR IMFAMTE fHECL—654D- REW JAM 29 A0

H= LEAYE-N3

14 U 572E-02

. 255E-11

0,43226-02

0, 226e-M1

. 31 0e-02

0.14UE-HL

0.1”4E o
. IL. FE-01
0. 1:7E=-01
H,3FFE~01
0. 118E-02

0. 5
0, 1532E-02
d.20E—-01
U.ﬁﬁﬁE*UU IMCL DAUGHTER (2o

L1PE-O1
1* ZE-(01

24E-0O1 IMCL DRIIGHTER <2
A n.ﬁA4E 02
~H1H~ 0, 173E~-02

U RIT 0. 354E-011 IMCL DAUGHTER (3
=gy 0, 244E-03

Al1aM o, A2EE-0E

IM1E3 D.134-01

k122 0, 354E-01

TR1c4 0, 165E-0u1

ZR125 0, S0RE-02

TE12SM 0.9424e-02

TELZ2Y n.“ﬁRE nz

TE__. SE-101 IMCL DAUGHTER

. anE-ul IMCL DRLGHTER
A, 155E-01 INCL DAUGHTER (23
3 J.304E-02

1124 0. 213IE+T0

1125 0. 2ISE+0QD

I1za 0.S37eE+00

123 i ;

Itz23
1120
1121
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neSa2E-02
O, 102E+00
0., 132E-02
d.235E~-1011
0.562E-01
0, ISSE- 02
. 2eSE-N01
0,473E-01
0.142E-02 ,
n.SIE-02 IHCL DRUGHTER (2 ’
0, S43E~-02
0.370E-02

IMCL DAUGHTER (3

0. 140E-02
S 3IE- 02

0. S3IFE-02
0. 124E-02
0. 172E-02
0, 32IE+01
. 110E-01
. 104€~-02

H3z 03 0. S48E-02
Teang 0, 30E-02
FESLD 0. 130E+02 INCL ERIZ210s PO21D
EIZ10 n.114e-01 IMCL FOSLO
fO210 n.S3INE+NT
223 0. 245E+01 IMCL DAUGHTER (2
224 D.AI3E+N0 IHCL DAUGHTER ¢
229 0, 202E+01 IfMCL DRUGHTER
S .44 PE+OE INCL DARUGHTER
a3 0. 37SE+N2 L DAUGHTER ¢
227 0. 323E+D01 IMCL RA222 AND DRUGHTER %)
THES2 N, 364E+03 IHCL DALSHTER <30
TH=23 N.110E+02 INCL RAS2S AMD DRUGHTER ¢
TH230 DL1SE+QD
TH2 31 N.246E-02 IMcL PAZ221
THZ 32 t.200E+03 IMNCL RAZ23s THE2Z3 AMD DAUGHTEFR (%!
TH2 34 0, 233E-01 IMCL PRA234s L1234
A2 0, 322E+01 IMCL DRIUSHTER (2
RC2a? 0.421E+01 IMCL DRIUGHTER (22
U22e Q. 177E+0D2 INCL TH223s RAZZ4 AND DAUGHTEFR <%0
233 0. 4a7E+OD
L2393 0., $67E+ 04
U235 0, $23IE+00
L2 3 0.423E+00
232 0. 408E+00
P23 0.342E+01
P39 09, 377E+01
FU230 0.377E+01
PUS%1 0.570E-01 INCL AM241

PU242 0.362E+01



[, Z238+01
0, 154€+04
JLE10E =02
A0z
0, 173E+02
24TE+OZ

a. E-n&
1 S+00

ALy E+az
G, 312E+03

10 L
irHcL
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A

NEEY

I

HO

DAUGHTER ]

The format used in NEP.F4 is (A5, A3, 2X, E10.0).
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