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SUMMARY

The computer programs ARRRG and FOOD were Written to facilitate the
calculation of internal radiation doses to man from the radionuclides in the
environment and external radiation doses from radionuclides in the environment.

-

Characteristics of each code are:

e ARRRG--Radiation doses to man may be calculated for radionuclides released
to bodies of water from which people might obtain fish, other aquatic foods,
or drinking water, and in which they might fish, swim or boat.

The radiation doses from external exposure to contaminated water are
calculated using the basic assumption that the contaminated medium is
large enough to be considered an "infinite" volume relative to the range
of the emitted radiations.

e FOOD--Radiation doses to man may be calculated from deposition on farm or
garden soil and crops during either an atmospheric or water release of
radionuclides. Deposition may be either directly from the air or from
irrigation water. Fifteen crop or animal product pathways may be chosen.

e ARRRG and FOOD--Doses may be calculated for either a maximum-exposed
individual or for a population group. Doses calculated are a one-year
dose and a committed dose from one year of exposure. The exposure is
usually considered as chronic; however, equations are included to calcu-
late dose and dose commitment from acute (one-time) exposure.

The equations for calculating internal dose and dose commitment are
derived from those given by the International Commission on Radiological
Protection (ICRP) for body burdens and Maximum Permissible Concentration
(MPC) of each radionuclide.

The radiation doses from external exposure to contaminated farm fields or
shorelines are calculated assuming an "infinite" flat plane source of
radionuclides. A factor of two is included for surface roughness. A
modifying factor to compensate for finite extent is included in the
shoreline calculations. |
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Return of the form on the last page of this report is reauired in order
to remain on the Distribuiion List for future revisions of the model.
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INTRODUCTION

The computer programs ARRRG and FOOD were written as an enhancement of the
dose calculation capabilities of the Environmental Analysis Section of the
Ecological Sciences Department at Pacific Northwest Laboratory. This report

contains details of these programs.

The two programs described in this report are the most recent FORTRAN ver-
sions of ARRRG and FOOD. The numerical models for both programs have been in
existence for some time. Older versions of each code, written in BASIC, are
no Tonger maintained by PNL. The fundamental equatﬁons documented for ARRRG
(Soldat, et al. 1974) and for FOOD (Baker, et al. 1976, Brenchly, et al., 1977)
have been retained essentially unchanged. However, the program documentation
described in these references is no longer applicable. The new FORTRAN versions
are believed to be easier to use, more efficient users of computer resources,
and simpler to follow than the old BASIC codes. This report is a complete des-
cription of the new programs and the theory behind them.

The new programs permit rapid and consistent estimates of the radiation
dose and dose commitment to man resulting from radioactive materials released
to the environment. They are designed to calculate the dose and dose commit-
ment following an accumulation of radionuclides in the environment from one
year's ingestion of contaminated food products and from one year's external
radiation exposure.

The program ARRRG addresses aquatic exposure pathways. ARRRG can compute
doses for five ingestion pathways, such as fish, other aquatic animals or
plants, or drinking water, as well as three external pathways: swimming,
boating, or shoreline exposure.

The program FOOD addresses terrestrial exposure pathways. FOOD can compute
doses from fourteen food types and external exposure. Radionuclides may be
deposited on the ground or crops from either atmospheric deposition or irriga-
tion water. The type and amounts of crops grown around the point of release
determine which pathways are activated.



Both computer programs can be used to calculate one-year doses and dose
commitments from any one or combination of radionuclides for which sufficient
biological data are available. As many as five of 23 possible organs and
tissues, and mixtures of up to 100 radionuclides may be selected in any one
case.

The computer output of both codes consists of radiation dose and dose com-
mitment summaries to all chosen organs listed by exposure pathway and by radio-
nuclide. In addition, options exist for complete listing of dose contributions
by radionuclide for each pathway. The complete output includes radionuclide
concentrations in all ingested plant and animal material.



MODELS AND METHODS

In the programs ARRRG and FOOD the radionuclide concentrations in aquatic
and irrigated food products are based on the radionuclide concentrations in
the contaminated water (Soldat, et al., 1974). The water concentration is based
on the release rate of radioactive contamination and the characteristics of the
receiving water body. Formulae for the three most common reconcentration
situations for receiving water bodies are included in thevcomputer programs.

If there is no water reconcentration, for example, if the cooling water is
drawn from a river in which the outfall is downstream of the inlet, the recon-
centration factor is set to unity. A second option is available for the case
where the inlet is downstream of the outfall or so arranged, on a lake or
ocean site, that recirculation occurs. The third option models cooling water
drawn from a pond, lake, or reservoir which is connected to a larger body of
water or is fed by a stream.

A simple model is used in ARRRG to prediét the radionuclide concentration
in the sediments of a river or lake downstream from a discharge point. The
model is based on the assumption that there is a constant water concentration
for each year of the release. The deposition rate to the sediment is assumed
to be dependent only on the water concentration.

The concentrations of radionuclides in aquatic foods are directly related
to the concentration in water. They are calculated in ARRRG using equilibrium
ratios between the two concentrations, called bioaccumulation factors.

The model in FOOD for estimating the transfer of radionuclides (except for
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H and "'C) from air or irrigation water to plants through both leaves and soil
to food products was derived by Soldat for a study of the potential doses to
people from a nuclear power complex in the year 2000 (Soldat and Harr, 1971).

In FOOD, the source of contamination on farm land or garden plots may be
from airborne or waterborne radionuclide releases. In the absence of specific
data for sites where irrigation is used, sprinkler irrig&tion is normally assumed,
rather than surface irrigation, because the aerial spray produced leads to
foliar deposition resulting in higher radionuclide contamination in the plants.



Trickle irrigation systems can be simulated, if desired, by setting the foliar
retention factor in the program to zero. For atmospheric contamination, a
deposition velocity is assumed for the airborne radionuclides onto the plant
foliage and ground.

Concentration of radionuclides in plants depends on the concentrations in
the soil, air, and water. A plant accumulation factor is used in FOOD to relate
these concentrations. Concentration of radionuclides in farm animal products,
such as milk, meat, or eggs, depends on the animals' consumption of feed, forage,
and water containing radionuclides.

Two radionuclides, 3H and 14

C, are handled specially in FOOD. These two
are assumed to be in equilibrium with their surroundings. Thus the concentra-
tion of tritium or carbon-14 in the hydrogen or carbon in environmental media
(soil, plants, and animal products) is assumed to have the same specific activ-
ity as in the contaminating medium (air or water). The fractional content of
hydrogen or carbon in a plant or animal product is then used to compute the

concentration of tritium or carbon-14 in the food product under consideration.

External doses from radionuclides deposited in farm fields are calculated
assuming an infinite flat plane source model. A factor of two is included for
self-shielding by surface roughness. For a person standing next to a body of
contaminated water, the dose from nuclides deposited in the sediments is calcu-
lated using the same modé] as that used for farm fields, modified to a shore-
width factor. For persons swimming in contaminated water, the dose is calculated
using the basic assumption that the body of contaminated water is large enough
to be considered an "infinite medium" relative to the range of emitted
radiations. Persons boating on the water are assumed to be exposed to a dose
rate half that of swimmers.

Internal doses are calculated in both ARRRG and FOOD as a function of
radionuclide concentration in food products, as described above, ingestion rates,
and a radionuc]ide-specific dose factor. The dose factors are calculated for
both the one-year dose and the dose commitment. The dose commitment period
may be any number of years desired. The factors are based on the model of ICRP
Publication 2 (1959) for internally deposited radionuclides. The factors may
be calculated assuming either an acute or chronic uptake during the year.



The details of the mathematical models, computer codes, data libraries,
and input preparation are given in Appendices A through G. Sample problems are
given in Appendices H and I.
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APPENDIX A

DESCRIPTION OF MATHEMATICAL MODELS
This appendix contains descriptions of the mathematical models used in the
computer programs ARRRG and FOOD to calculate doses and dose commitments from

external exposure to and ingestion of radionuclides in the environment.

A.1 BASIC DOSE EQUATION

The fundamental equation for calculation of radiation dose to man from

radionuclides in the environment is:
D.. =C. UF.. (A.1)

_where:

Dijp ® the dose, or dose commitment, to organ j from radionuclide i
via exposure pathway p, rem,

C;, ® the concentration of radionuclide i in the medium of pathway p,.
pCi/kg or pCi/Q,

U e the usage, i.e. the exposure or intake rate of pathway p, kg/y,
2/yr, or hr/yr, and

F.._ ® a dose or dose commitment factor, a value specific to a given
organ j, pathway p, and nuclide i, that relates concentration and
usage to dose.

The three terms on the right of Equation A.1 are discussed in the sections
below. Equations tailored to each specific exposure pathway are derived from
Equation A.1. The principle difference between pathways is the manner in which
the radionuclide concentrations are calculated.



A.2 RADIONUCLIDE CONCENTRATIONS IN ENVIRONMENTAL MEDIA

Concentrations of radionuclides in air, water, soil, sediments and food
products are calculated as intermediate steps in the computer programs ARRRG
and FOOD. The concentrations in air and water are based on the annual releases
from the nuclear facility under study. Radionuclide concentrations in soil
and sediments are based on accumulation at the last year of facility operation,
presumably the highest value.

Concentration in Aquatic Media

Concentrations of radionuclides in water, on shoreline sediments, and in
aquatic food products are calculated from the annual average release rate from
the nuclear facility, the effluent flow rate, the mixing and dilution in the
receiving waters, and bioaccumulation factors for aquatic biota. Mixing and
dilution is characterized by a mixing ratio and a reconcentration factor.

The mixing ratio, Mp, accounts for the dilution of the liquid effluent
between the point of discharge and the point of exposure, and is best deter-
mined from site-specific hydrological studies. If the temperature increase
which results at the point of exposure solely from mixing is known, then the
mixing ratio is estimated from

T-T,
Moo= A (A.2)
P Ty -Tp

where:

TA e the ambient temperature of the receiving sink

Tp e the temperature which would exist at the point of exposure for
pathway p if no evaporation or radiation effects were present

TO e the temperature of the effluent at the outlet.

The value for Tp can be estimated from a plot of isotherms due to mixing only
in the receiving waters.

The reconcentration factor, Nj, accounts for the extent to which the
effluent is recycled through the nuclear facility. Both computer programs
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ARRRG and FOOD are designed to allow the user a choice of the following recon-
centration models:

1. If the cooling water is drawn from a cooling pond, small lake or
reservoir which is connected to a larger body of water or is fed
by a stream, then: |
At -1 g
ivc :
| . (F=-L) e
‘ T
2. If the cooling water intake is downriver from the outfall or on
a lake or ocean site and arranged such that recirculation occurs,
then:
[ At ]n + 1
‘ 1 -lge ¢
Ny = M (A.4)
i%c :
1 - ge
3. If there 1s no reconcentration, for example, if the cooling water is drawn
from a river in which the outfall is below the intake, then:
N1 » 1.0 . (A.5)
where:

A; ® pond turnover rate, sec ',

g ® recycle fraction (the mixing ratio at the point of intake), unitless,
F e coolant flow, fta/sec,

L o makeup flow (water drawn into the intake to replace losses), ft3/sec,

V e pond volume, ft3,

1

¢ e cycle time, hr,

1

| & decay constant, hr ', and

n e npumber of cycles during facility 1ifetime = plantt11fe (hr).

c
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These three models were chosen for the programs because they apply to the most
common reconcentration situations. Unusual cases could require that special
reconcentration formulas be added to the programs.

Equation A.4 is the closed form of the series

- 2 3 n
Ni—]+Gi+Gi+Gi+ ooooo +G

where Gﬁ =g exp(-xitc) for muclide 1.

Equation A.3, the most complex of the reconcentration models, is used for
sites on a cooling pond, lake or reservoir where the water is exchanged by
stream flow or connection with a larger body of water such as the ocean. It
can also be used for a system of cooling canals where a fresh dilution stream
(makeup) is injected into the inlet pipe along with the recycled water from
the cooling pond. From elementary considerations of mass balance, assuming
steady state conditions and instantaneous mixing in the cooling pond,

Equation A.4 is of the form of Equation A.5 with n»~ and with the recycle
fraction a function of hydrological parameters and the radionuclide decay
constant (see Figure A-1).

L
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FIGURE A-1. Reconcentration in a Reactor Effluent due to Recycling
Through a Cooling Pond
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Thus:
W -]

N, = |1- (F-l)e '° (A.6)
(F- 0 + V0 + D)

' <[

The volume, V, for Equation A.3 may be taken to be a series of canals, a
pond, small bay, small lake, etc. However, the model Toses credibility if V is
very large since instantaneous mixing in V was assumed; therefore, Equation A.4
should be used for large V.

Once the mixing ratio, Mp, and the reconcentration factor, Ni’ are deter-
mined, the water concentration, Ciw’ of radionuclide i, is found as:

Ciw = ]]]9Q1NiMp/Fr (A.7)

where:

1119 e a unit conversion factor from Ci/yr per ft3/sec to pCi/e,
Qi e the release rate of radionuclide i, Ci/yr, and
Fr e the annual average river flow rate, ft3/sec.

Concentrations of radionuclides in aquatic foods are directly related
to the concentrations in the water. Equilibrium ratios between the two con-
centrations, called bioaccumulation factors ih this report, are taken from
References 1 and 2 and are listed in the file BIOAC, presented in Appendix D.
The concentration in aquatic foods, Cip’ is related to the water concentration
as:

=C

Cip iwB (A.8)

ip
where:

B1.p o is the bioaccumulation factor for nuclide i and pathway p.
The concentrations of radionuclides in drinking water are also related
to concentrations in the river water. Water consumed by humans is subject to
a wide variety of types of treatment processing prior to consumption. Radio-
nuclides are removed with varying degrees of efficiency depending on the speci-

fic treatment used. Radionuclide removal efficiencies assumed for use in the
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computer program ARRRG are based on extensive experience with the alum-floc
process used at Richland and Pasco, Washington. These two cities are located
on the Columbia River downstream of the Hanford nuclear reservation. Water
samples have been collected at treatment plants both before and after pro-
cessing for a Eombined total of 12 years of operation.(3’4) From these
data, the fractions of contained radionuclides that pass through a water treat-
ment plant have been estimated. These fractions are presented in the data file
BIOAC, presented in Appendix E. They are used in similar fashion to Bip'
The calculaticn of sediment load, transport, and concentrations of radio-
nuclides associated with suspended and deposited materials is a complex problem.
For the program ARRRG, a simplified scheme for obtaining an order of magnitude
estimate of the concentration of radionuclides in sediments is used.(3’5) The
model assumes a constant water concentration during the duration of the release,
i.e. for the facility lifetime. The deposition rate of radionuclides to the
sediment is dependent only on the water concentration. Removal from the sedi-
ment is only by radioactive decay. This is described mathematically as:

dC,

1S _
- K - Gis (A.9)

where:

Cis ® the sediment surface concentration, pCi/mz,
K e a rate constant, 1iter/m2-yr, and
A; ® the decay constant of nuclide i, yr'].

The buildup of an individual radionuclide is:

-t

C. =KC. (1 -e ' )/ni (A.10)

18 'IW(

where t is the duration time of the release, yr.

In the original evaluation of Equation A.10, xi was chosen to be the
radiological decay constant, although the true value should include an unknown
"environmental" removal constant. The value of K was derived from radionuclide
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concentrations measured in water and sediment samples collected over a period
of years in the Columbia River between Richland, Washington and the river mouth
and in Tillamook Bay, Oregon, 75 km (47 miles) south of the river mouth.(6’7)
The value used is 25,300 £ - m? . yr'].(a) Radioactive daughter products are
allowed to build up in both the water and sediment. Once the release of radio-
nuclides to the river ceases removal from the sediments is assumed by radio-

active decay only,

External irradiation doses to people standing near the sediments are cal-
culated based on an infinite flat plane source model. To correct for the
actual geometry of a river bank or other beach, shore width factors(3’8) ar
used. Shore width factors, W, suggested for use with ARRRG, are given in
Table A-1. These are multiplicative factors used to describe the effective
surface contamination, Cis’ as:

e

C,. =C; W (A.11)

_ TABLE A-1. Shore Width Factors

Exposure Situation Shore Width Factor (W)
Discharge canal bank 0.1
River shoreline | 0.2
Lake shore 0.3
Nominal ocean site 0.5
Tidal basin 1.0
2

(a) A value for a constant K 2-m” d'], was originally derived as about 102 for

an equation of the form
-Ast

_ i
Cig = KC, Tpi(T-e ')

where Tp. = 1n Z/Ai, days.

Conversion gf TR1 in days to Aj in years'] leads to the value of

25,300 Lem~¢eyr-1 used for Equation A.10 in ARRRG. Three "significant"
digits are carried to assure that the ARRRG code yields answers comparable
to those obtained with the older expression. The answer is, however, still
only an order of magnitude estimate of the sediment surface concentration.
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Dose factors for persons swimming in contaminated water are calculated
using the water concentration of radionuclides, and the assumption that the
water is an infinite medium with respect to the range of the emitted radia-
tions. The radiation dose rate to people boating on this water is assumed to
be half that for swimmers.

Concentrations in Terrestrial Media

The models presented for estimating the transfer of radionuclides from
irrigation water or air through leaves and soil to plants or farm products
were derived by Soldat for a study of the potential doses to people from a
nuclear power comp]ex.(9

The source of the radionuclide contamination of terrestrial foods is,
either directly or indirectly, uptake through roots from contaminated ground
and either deposition from the atmosphere or deposition from the contaminated
water used for sprinkler irrigation. Local air concentrations are based on a
factor which has units of concentration per unit release rate, (x/Q'), and which
must be ca]cu]ated‘separate1y and input to the program FOOD. Water concentra-
tions for irrigation are calculated in FOOD as described above for ARRRG. In
the absence of site-specific data for cases where irrigation is used, sprinkler
irrigation is assumed, rather than surface irrigation, because the aerial spray
leads to foliar deposition of radionuclides. This results in a higher radio-
nuclide concentration in the plants (and in the animals consuming them) then
does trickle or surface irrigation. Surface irrigation systems can be simu-
lated by setting the foliar retention factor in the program to zero.

Radionuclides are assumed to accumulate in the soil from continuous depo-
sition from contaminated air or irrigation water. The program FOOD can con-
sider either mode separately. The deposition rate from air is given by:

_ 71—
d; =3.15 x 10"V, (A.12)

A-8



where:

the deposition rate of radionuclide i, pCi/m-yr,

di .

3.15 x 10/ e a conversion factor of sec/yr,
i} e the annual average air concentration, pCi/m3, and
Vdi e the deposition velocity of nuclide i, m/sec.

For irrigation water, the deposition rate is:
d. =C, I (A.13)
where:

Ciw e the irrigation water concentration of radionuclide i,
pCi/2, and

[ e the annual average irrigation rate, z/mz-yr.

The concentration of radionuclide i in soil at the end of the 1ife of the
releasing nuclear facility is:

-hst

C.. =4d;(1 -e ! Y/

is i i (A.14)

where:

C e the soil concentration of radionuclide i, pCi/mz, and

is
t e the life of the nuclear facility, yr.

The accumulation of radionuclides is assumed to be contained in the top 15 cm

9)

of soi].( Removal from the upper soil layer is by radioactive decay only.

The concentration of radionuclides at the time of harvest in terrestrial
vegetation from direct deposition is:

“Ap.t
- Eive

and the concentration at harvest from root uptake is:

A-9



C'r =C, B, /P (A.16)

i is iv
where:
Cid e the vegetation concentration from direct deposition, pCi/kg,
Cir e the vegetation concentration from root uptake, pCi/kg,

r e the fraction of direct deposition retained on plant foliage,
dimensionless, taken to be 0.25,

T. e the factor for translocation of externally deposited radionuclides
to edible parts of plants, dimensionless. For simplicity it is
taken to be independent of radionuclide and set to 1.0 for leafy
vegetables and fresh forage, and to 0.1 for all other produce,

including grain,

£ ® the effective environmental removal constant for plants, day'].
AEi =Xt Aw’ where Aw is the weathering constant, taken to be
0.693/14 days,

Y e the plant yield, kg (wet weight)/mz,

B., ® the concentration ratio for plant uptake of radionuclide i, pCi/kg
(wet weight) per pCi/kg (dry soil),

P e the soil "surface density," kg (dry soi])/mz, taken to be 224 kg/mz,(g)

and

te e time of crop exposure above ground during one growing season, yr.

Thus, the concentration in farm- or garden-grown crops, Civ’ is:

-Aith
Ciy = [Cid + Cis] e (A.17)
where th is the holdup time between harvest and consumption. The first term

in the bracketed expression represents the concentration in the plant derived
from direct deposition during the growing season. The second term in the
expression represents uptake by plant roots and reflects the total accumulated
concentration, from releases during the nuclear facility lifetime corrected for
radioactive decay, at the time of harvest.

A-10



The radionuclide concentration in an animal product such as meat, milk or
eggs is dependent on the amount of contaminated feed or forage eaten by the
animal and its intake of contaminated water. The following equation describes

the ca]cu]ation.(g)
Cia - Sia[ciFQF * Cianaw:I (R.18)
where:

Cia e the concentration in animal product, pCi/% or pCi/kg,

Sia e the transfer coefficient of radionuclide i from daily intake
of animal to edible portion of animal product, pCi/2 (milk)
per pCi/d or pCi/kg (animal product) per pCi/d,

CiF e the concentration of nuclide i in feed or forage, pCi/kg, cal-
culated from Equation A.17, above,

QF e the consumption rate of contaminated feed or forage by animal,
kg/d,
Ciaw e the concentration of nuclide i in water consumed by animals,
pCi/%, assumed to be equal to Ciw’ and
Qaw e the consumption rate of contamined water by animal, 2/d.

The second set of terms in the brackets in Equation A.18 is omitted if the
animal does not drink contamined water. Default values of the animal con-
sumption rates used in the program FOOD are listed in Table A-2.

TABLE A-2. Consumption Rates(g) of Feed and Water
by Farm Animals

Feed or Forage(a) Water
(kg/day) (2/day)
QF Qaw
Milk Cow . 55 (fresh forage) 60
Beef Cattle 68 (dry feed) 50
Pig 4.2 (dry feed) 10
Poultry (chickens) 0.12 (dry feed) 0.3

(a) Equivalent fresh weight used to ensure proper calculation of
radionuclide intake by animal.

A-11



Values for plant concentration ratios and animal product transfer
coefficients are listed by chemical element in the FOOD input library
FTRANSLIB, described in Appendix D and Tisted in Appendix E. Plant concentra-
tion factors are taken from UCRL-50163, pt. IV(]O) and supplemented with radio-
nuclide data as explained in Reference 8. The Titerature yielded coefficients
of transfer from feed to animal products for a lTimited number of radionuclides.
For those radionuclides lacking data, comparisons were made with the behavior
of chemically similar elements in man(]1) and animals. In some instances, where
other data are lacking, transfer coefficients are set to 9.9 x 10'4. The most
complete 1listing of transfer coefficients to be found is that for milk in
Reference 9. The milk transfer coefficients given in this reference were
intended to be maximum or "worst case" values. The authors imply by reference
to ]311, that average values would be about one-half of their listed values.

As a result, the milk transfer values in FTRANSLIB for elements lacking
specific radionuclide data are one-half of those found in Reference 9.

Some experimental data are available on the transfer of several radio-

(12) Some of these literature sources are

nuclides for chicken, eggs and meat.
referenced in HERMES.(Q) Unfortunately very 1ittle data are currently avail-
able on the transfer of radionuclides to beef and pork. Uncontrolled studies
90 131

Sr, I and

and the EPA National Environmental Research Center at Las Vegas has

have been performed on the principal constituents of fallout,
137~ (9)
Cs,

an ongoing study of radionuclides in cattle and milk.

The radionuclides tritium and carbon-14 behave differently in the environ-
ment than most radionuclides. A special specific activity model is therefore
used. The concentration of tritium or ]4C is environmental media (soil, plants
and animal products) is assumed to have the same specific activity (pCi of radio-
nuclide per kg of stable element) as the contaminating medium (air or water).

The fractional content of hydrogen or carbon in a plant or animal product is

then used to calculate the concentration of tritium or 14

C in the food pro-
duct under consideration. Hydrogen content in both the water and nonwater
(dry) portion of the food product is used to calculate the tritium concentra-
tion. The model assumes that plants obtain all their carbon from airborne
carbon dioxide and that animals obtain all their carbon through ingestion of

plants.



Because plants acquire most of their carbon from the air, it is difficult
to model the transfer of this radionuclide to vegetation when ]4C is present
only in the water used for irrigation. Since we have not yet determined the
transfer of carbon from water to the air or soil, we have conservatively
assumed that plants obtain all their carbon from irrigation water. Such an
assumption could lead to plant concentrations which are high by about an
order of magnitude or more. To date no operating nuclear facilities have

13¢ in their Tiquid effluents.
14

been identified which specify releases of
However, this pathway could exist from migration of 'C into ground water

from long-term storage of nuclear wastes.

The concentration of tritium in vegetation, C3 , is calculated as:
HV

(A.19)

where:

C e the concentration of tritium in the environmental water, pCi/%; for

3
HW a water release C3Hw represents concentration in irrigation water;

for an airborne release C3yy = air concentration in pCi(3H)/m3 T
absolute humidity in Q/m3.

FhV e the fraction of hydrogen in total vegetation (see Table A-2). The
coefficient 9 converts tritium concentration in environmental water
to concentration in hydrogen.

The concentration of tritium in the animal product, C3Ha’ is:

HF Haw

F (A.20)
FthF * Qaw/9 ha

C =
3Ha

[C3 Q + C3  Quy



where:

C e the concentration of tritium in feed or forage, pCi/kg calculated

3
HF by Equation A.19 above, where now C3yr = C3HV'

FhF o the fraction of hydrogen in animal feed, where now FhF = Fhv (grain),

Fha o the fraction of hydrogen in animal product (see Table A-2), and

C3 o the concentration of tritium in animal drinking water (set to 0

Haw unless there is a release of water).

Similarly, the concentration of ]4C in vegetation, C14CV’ is:
C =C F - (A.21)
]4CV ]4CN cv
where:
C14 e the concentration of ]40 in the environmental medium + carbon concen-
CW tration in that medium, pCi ]4C/kg C. C14Cw represents pCi]4C/2 +
carbon concentration in irrigated water, kg/2; for water release
and pCi ]4C/m3 + carbon concentration in air, kg/m3, for air release,
and
FCV ® the fraction of carbon in total vegetation.

14

The concentration of "'C in the animal product is:

Cig Q-+ C Q
= ]4CF F MCaw aw F (AZZ)

C
Ca "erlE + Foy ca

14

For an air release Cig = 0, and since F_ is very small compared to FCF’
Caw cwW
Equation A.22 reduces to:

F
Ciqg. =C —Eé> (A.23)
14¢a ]4CF<FCF |

Table A-3 Tists the various parameters and fractions, needed for Equations
A.19 through A.23, that are used in the computer program FOOD.



TABLE A-3. Fractions of Hydrogen and Carbon in Environmental Media,
Vegetation, and Animal Products

Carbon Hydrogen Carbon(a) Hydrogen(b)

Food or Fodder Water (dry) _ (dry) (we;);;, F(wetg
f f F o,

W c h cv’ ca hv’ "na
Fresh fraits, vegetables and 0.80 0.45 0.062 0.090 0.10
grass
Grain and stored animal feed 0.12 0.45 0.062 0.40 0.068
Eggs 0.75 0.60 0.092 0.15 0.11
Milk 0.88 0.58 0.083 0.070 0.1
Beef 0.60 0.60 0.094 0.24 0.10
Pork 0.50 0.66 0.10 0.33 0.11
Poultry 0;70 0.67 0.087 0.20 - 0.10 -
AbsoTute humidity . . . . . . . . .. .. ... 0.008 2/m>
Concentration of carbon in water . . . . . . 2.0 x 1073 kg/l(c)
Concentration of carbon in air. . . . . . . .. 1.6 x ]0_4 kg/m3
Fraction of soil which is carbon. . . . . . . . 0.03 '
Soil moisture . . . . . . . .. e e e e 0.1 2/kg
(a)~FCv or Fca = fc a - fw)
(b) Fpy Or Fra = F/9+ £,00 - f))

{c) Assumes a_typica] bicarbonate concentration of 100 mg/%

(d) Assumes a typical atmospheric C0, concentration of 320 ppm, .

A.3 USAGE PARAMETERS

Usage refers to duration of exposure to external sources of radiation and
to intake rates of ingested food and water. . The usage depends on the specific
exposure pathway and situation. The type and amount of crops grown around the
site of a nuclear facility determines which terrestrial pathways are considered.
The presence of liquid effluents determines which, 1% any, of the aquatic path-
ways or irrigation pathways are activated. The hypothetical "maximum-exposed
individual" has usage rates higher than an average individual, to realistically
maximize potential dose. For population dose calculations, the usages of the
average adult are assumed for the entire exposed population. Usage values are
input to both the program ARRRG and the program FOOD.



A.4 DOSE AND DOSE COMMITMENT FACTORS

The form of the dose or dose commitment facfor used depends on the expos-
ure pathway considered. For external radiation exposure, the dose is received
only during the first year of exposure. However, for ingestion pathways the
radionuclides may accumulate in the body and one year of exposure may result
in a dose received over many years. Thus, there are different equations for
the two types of exposure. There are also special models for some organs and
for some radionuclides.

A.4.1 External Exposure Dose Factors

For calculating external dose factors from water immersion, the penetrating
power of the radiation emitted determines whether it contributes to skin dose
only, or to both skin and total-body dose. Beta and gamma radiation which can
penetrate 0.07 mm of tissue is considered to contribute to skin dose. Radia-
tion that can penetrate 50 mm of tissue is considered to contribute to total-
body dose (and dose to internal organs). The dose factors for immersion are
derived assuming that the contaminated water is an infinite medium compared with
the range of the emitted radiations.

Under this assumption, the energy emitted per gram of water equals the
energy absorbed per gram of water. Corrections are applied for differences in
energy absorption between tissue and water, physical geometry of the specific
exposure situation, and the conversion from MeV per disintegration per gram
to rem. The resulting dose factor, input to ARRRG from the file GRDFLIB, are
presented in Appendix E. The units are mrem/hr per pCi/liter.

Material deposited from the air or from irrigation water onto the ground,
or from water onto shoreline sediments, represents a large, uniform, thin
sheet of contamination. The factors for converting surface contamination in
pC1’/m2 to gamma dose at one meter above a uniformly contaminated plane are
also presented in file GRDFLIB in Appendix E. The units are mrem/hr per pCi/m2
of surface. Both FOOD and ARRRG use these factors.

The total dose and dose commitment from one year's exposure to external
radiation are equal, since the absorption of radiation ceases with the end of
exposure. The dose is calculated as:



No. of
radionuclides

Lo = . .. A.24
Disp }E: CipYpFijp (A.24)
i=i
The organ, j, is either skin or total-body. Doses for other internal organs
are set equal to that for total-body.

A.4.2 Internal Exposure Dose Factors

Unlike the dose from external exposure, the dose from ingestion of radio-
nuclides can be received by an individual for a period of many years after the
initial intake. The intake may be either one-time (acute) or continuous
(chronic). The computer codes ARRRG and FOOD both use the same models for cal-
culating dose and dose commitment factors. These factors relate an intake of
radionuclides to the dose received during the year of ingestion, a one-year
dose, and to the integrated dose received over a period of many years due to
that one-year's ingestion, a dose commitment. The dose and dose commitment
factors are calculated in ARRRG and FOOD from more basic nucliear and metabolic
data.

The dose model used is derived from the originally given by the Inter-
national Commission on Radiological Protection(]]) for body burden and maximum
permissible concentration.‘ For the ICRP model, effective decay energies for
radionuclides are calculated based on the assumption that the entire quantity
of a given radionuclide is Tocated at the center of a sperical organ with an
appropriate effective radius. Metabolic parameters for the standard man(]3)
are used. ‘

Separate equations are required for dose and dose commitment factors for
both acute and chronic ingestion. The equation for dose to organ r from an

acute intake of radionuclide i, Fi?p (t2),bis:
F.2 (t,) = 1.87 x 107%E. .f (1 - e-xeitz) (A.25)
ijp' 2 . ij wij ""X;}ME"‘"" .

where:



Fi?p(tZ) e the dose or dose commitment factor for radionuclide i, ingested
through pathway p, to organ j, accumulated over a period of time
t2 (years), rem/pCi,

1.87 x 1072 o a conversion factor for

. 7
-8 g-rad (5.037 dis){3.15 x 10" sec
<1‘602 x 10 MeV ) ‘ sec-pc;>( year )’

Eij e the effective decay energy of radionuclide, in organ 3, Mev,

fwij e the fraction of radionuclide i ingested reaching organ j,

Aoj ® the effective removal constant, related to the biological half-
time, Tbi’ and the radiological half-life, TRi’ as:
1

Aei = 0.693(TR1 + Tbi)/TRini’ in years ',

Mj @ the mass of organ j, grams. Organ masses used in ARRRG and
FOOD are taken from ICRP—23.(]3) They are listed in Table A-4.

TABLE A—4. Metabolic Data for GI Tract Model

Organ
mass Reference
Organ (grams) Number
Total-body 70,000 1
Body water 63,000 2
Kidney 310 3
Liver 1,800 4
Spleen ' 180 5
Bone . 7,000 6
Fat 13,500 7
Lung 1,000 8
Adrenals 14 9
Testes 35 10
Ovaries 1 11
Skin 2,600 12
Brain 1,400 13
Muscle 28,000 14
Prostate 16 15
Thyroid 20 16
Pancreas 100 17
Heart (a) 330 ]8
GI-genera1( ) 0 19
GI-stomach (a) 250 20
GI-small intestine ) 400 21
GI-upper large intestine(g) 250 22
GI-Tower large intestine 135 23

(a) Masses for GI are contents of compartment



Equation A.25 can be used to calculate both the one-year dose and the dose
commitment, using appropriate values for t2, since following an acute intake
the amount of radionuclide in the body is controlled only by biological elimi-
nation and radioactive decay. The equation for dose from a continuous exposure
for one year is:

f ..E;. Ast, A (t,-ty)
-2 wijij [ ei 2 ei‘"2 "l
C - -
FiSplty) = 1.87 x 10 —MT%T_T't1Aei +e e (A.26)
jveil
where now:
Fi?p(tz) e the dose or dose commitment factor for radionuclide i, pathway

p, and organ j, from chronic ingestion of 1 pCi over a period
of t], for a dose time of t2, rem.

t] e the intake (ingestion) time, taken to be one year, and
t2 e the dose or dose commitment time, usually 1 and 50 or 70 years.

The computer programs ARRRG and Food account for special cases which
deviate from Equations A.24 or A.25. For the radionuclides 3H and ]4C, the
doses for the organs tota]—body and bone are calculated as above. Since these
radionuclides distribute evenly throughout the rest of the body, the doses for
all other organs are set equal to that for total-body. For isotopes of nitro-
gen and sodium, all organs 1nc1udiﬁg bone are set to total-body. The GI tract
model also differs from Equations A.24 or A.25.

The GI tract is modeled as a four-compartment system with plug flow. The
portions of the GI tract are assumed to be irradiated by radionuclides in the
contents of each compartment. Since the residence time of the radionuclide in
the GI is short, the dose in any one year is equal to the dose commitment for
that year. The dose factor per picocurie ingested is calculated as:

) _ “A:Th.
f*. 1 2J

oo = 256 x 10°LM 11

ijgp €0 X i (A.27)

where:

2.56 x 10_5 ® a unit conversion factor equal to



' -8\ g-rad \{0.037 diS \(86400 sec
<]'602 x 10 > MeV ><§ec-pC1 )(\ day >/2

The factor of 2 in the denominator accounts for the distribution
of the radionuclide in the contents of the GI. In other words,
the dose is to the inner wall of the organ from radionuclides in
the contents,

Ty ® the travel time of the contentS of the compartment j through that

J
compartment, days,

sz e the travel time to the entrance of the compartment j, days, and

qu e the fraction of the total quantity of radionuclide i that is not
absorbed or decayed prior to reaching the entrance of compartment j.

Values of the travel times to and through each of the four compartments of the
GI tract are given in Table A-5.

TABLE A-5. Metabolic Data for GI Tract Model
Travel Time Travel Time

in Organ to Organ
Organ (hours) (hours)
Stomach 1 0
GI-Small Intestine
GI-Upper Large Intestine 8 5
GI-Lower Large Intestine 18 13

A-20
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APPENDIX B

ARRRG AND FOOD SUBROUTINE DESCRIPTIONS

The models described in Appendix A are incorporated into the computer codes
ARRRG and FOOD, which are programmed for the UNIVAC 1100/44 in ASCII FORTRAN. A
number of the subroutines are used in common for the two codes. Short descrip-
tions of the functions of each subroutine in ARRRG and FOOD are given in this
appendix. Programs using each subroutine are indicated.

MAIN (ARRRG)

-The main program of ARRRG calls the other subroutines to perform the calcu-
lations requested by the user. The data library reading subroutines are called
and all other input data is read by the main proéram. (Required input data is
explained in detail in Appendix F.) The main program is designed for flexibil-
ity and ease of running related calculations. Many cases may be run using an
input of control or inventory data. The main program also controls the calling
of the environmental and dose calculating subroutines.

There are no common or equivalence statements. A1l input to subroutines is
through the calling sequence.

MAIN (FOOD)

The main program of FOOD performs the same functions as the main program
of ARRRG. The two codes are structurally similar, but FOOD uses some sub-
routines specifically tailored for the terrestrial food pathways, so the main
programs differ slightly.

RLIBIN (ARRRG and FOOD)

Subroutine RLIBIN reads the master file of isotope names and half-lives
from the radionuclide master data Tibrary.
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OLIBS (ARRRG AND FOOD)

Subroutine OLIBS reads biological data from the organ data library. It
also checks for library consistancy with the radionuclide master library read
by RLIBIN.

BLIBIN (ARRRG)

Subroutine BLIBIN reads bioaccumulation factors from the library for
aquatic organisms in salt and fresh water. It also reads a factor for cleanup
of drinking water by water treatment plants.

FLIBIN (FOOD)

Subroutine FLIBIN reads the terrestrial food transfer coefficient library.

SLIBIN (ARRRG)

Subroutine SLIBIN reads dose factors from the library for external expos-
ure from radionuclides in soil and in water. It also checks for consistency
with the master radionuclide Tlibrary read by RLIBIN.

GLIBIN (FOOD)

Subroutine GLIBIN for FOOD is similar to subroutine SLIBIN for ARRRG,
except it reads only the factors for external exposure from radionuclides in
soil.

ZEROR (ARRRG and FOOD)

Subroutine ZEROR is used to set the values of real number assays to real
zero.

ZEROI (ARRRG and F0OD)

Subroutine ZEROI is used to set the values of integer number arrays to
integer zero.



IDNUC_(ARRRG and FOOD)

Subroutine IDNUC checks the nuclides from the input source term against
the radionuclide master library read by RLIBIN. If a nuclide is unidentifi-
able, the programs abort. The subroutine also initializes the input inventory

array.

OPCHCK (ARRRG)

Subroutine OPCHCK counts the number of organs and aquatic release exposure
pathways chosen for the calculation. If no organs or no exposure pathways are
initialized, the program aborts.

OFCHCK (FOOD)

Subroutine OFCHCK for FOOD is similar in structure and function to sub-
routine OPCHCK for ARRRG, except it counts organs and terrestrial exposure

pathways for the calculation.

SETDAT (ARRRG)

Subroutine SETDAT selects data required for the calculation from that
read by the 1library reading subroutines and creates condensed data arrays.
This subroutine also adjusts units on the input data to make it compatible
with the later calculations. If no data is available for a nuclide, a message
is printed and the radionuclide is dropped, but the program is not aborted.

SETDAT (FOOD)

Subroutine SETDAT for FOOD is similar in structure and purpose to that
for ARRRG. Since it handles different types of data, it is compiled separately,
but referred to by the same name.

QAPAGE (ARRRG)

Subroutine QAPAGE performs no calculations. It prints back the options
chosen and parameters used in the dose calculation. It allows the user to
check his input and verify the problem run.
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QAPAGE (FOOD)

Subroutine QAPAGE for FOOD is similar in structure and function to that
for ARRRG, but prints different option lists.

DFCALC (ARRRG and FOOD)

Subroutine DFCALC uses the biological data from the ofgan data Tibrary to
prepare dose and dose commitment factors for ingestion pathways for each radio-
nuclide used in the calculation. The dose factors are organ specific. Dose
factors may be calculated for either chronic or acute uptake. There is a
separate model for organs of the GI tract. There are also special cases for
3H, ]4C, ]3N, and 22 24

factors are set equal to that for total-body, except those for bone for 3H and
14
C.

Na and “'Na. For these radionuclides, all organ dose

DOZE (ARRRG)

Subroutine DOZE calculates that environmental concentrations of radionuc-
lides from the aquatic release inventory. A reconcentration factor may be
calculated in one of three ways. Water and shoreline sediment concentrations
are found from the reconcentration ratio, flow rate, and mixing rate of the ‘
receiving water body. Radionuclide concentrations in aquatic foods are
derived from the water concentrations.

DOSE (FOOD)

Subroutine DOSE calculates the environmental concentrations of radionuc-
lides in the terrestrial exposure pathways. If the initial inventory is for
an atmospheric release, an air concentration is calculated and soil and plant
concentrations are derived from it. If the initial inventory is for a liquid
release, water concentrations are calculated as in Subroutine DOZE for ARRRG.
Soil and plant concentrations derived from irrigation with the contaminated
water are calculated. There are special specific activity models included for
tritium and for carbon-14.
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DOZCAL (ARRRG)

Subroutine DOZCAL in ARRRG calculates doses and dose commitments from
ingestion of contaminated aquatic food products and exposure to contaminated

shoreline and water. It also sets up arrays for the output routine.

DOZCAL (FOOD)

Subroutine DOZCAL in FOOD calculates doses and dose commitments from
ingestion of contamined farm crops and from exposure to contaminated soil.

DOSOUT (ARRRG)

Subroutine DOSOUT in ARRRG prints summary and complete output dose and
dose commitment tables for all aquatic exposure pathways.

DOSOUT (FOOD)

Subroutine DOSOUT in FOOD prints summary and complete output dose and
dose commitment tables for all terrestrial exposure pathways.
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APPENDIX C

FOOD FLOW DIAGRAMS

ARRRG _AND
1. FOOD S
2. FOOD -
3. ARRRG
4. ARRRG

ubroutine Hierarchy

MAIN
SETDAT
DFCALC
DOSE
DOZCAL
DosouT

Subroutine Hieracrchy

- DOZE
- DOZCAL



MAIN (FOOD)

C-1

RLIBIN FLIBIN | OLIBS GLIBIN
1 1
ZEROR | { ZEROI
ZEROR IDNUC OFCHCK SETDAT
1
ZEROR
I | 1
QAPAGE DFCALC DOSE
| L
DOZCAL DOSOUT
1 1
'ZEROR ZEROR




MAIN (FOOD)
PROGRAM

[

Initialize
Variables

Y

Call RLIBIN
to Read Library
of Radionuclide Data

A]

Call FLIBIN
to Read Library of
Food Transfer Coefficients

Y

Call OLIBS
to Read Library
of Organ Data

¥

Call GLIBIN
to Read Library of
External Dose Factors

- 1

Read Title and
Namelist Variables
for This Case

prns——— N Xt = 4

1"
w

e NEXt

1 Next = 1 or 2

Call ZEROR to
Initialize Release
Array

Y

Read New
Release
Inventory

Is Number
of Nuclides
Out of Range?

Print
Message and
Stop

Yes
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¥

Call IDNUC
to Identify
Input Nuclides
and Flag

|

e

Call OFCHCK
to Count Organs
and Food Types

A

Call SETDAT to
Organize Input and
Generate Condensed

Data Arrays

L]

Call QAPAGE to
Print all Input
Data and Indicate
Control Options Used

Y

Call DFCALC to
Generate Dose Factors
for Chosen Nuclides
and Organs

Y

Call DOSE to Determine
the Concentrations of
Nuclides in the Environment

and in Food Products

Y

Call DOZCAL
to Calculate Doses
from Farm Products
and External Exposure

Yy

Call DOSOUT
to Print Output
Dose Tables

Is

Next > 1?

No

Yes
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Subroutine SETDAT

]

Initialize
Variables

]

< Do Loop on IL = Nuclides from Master Library ><_. —

L

Is This
Nuclide Desired?

<

)
Yes
Y

Is There Organ
Data for this
Nuclide?

Yes
Y

Set Data Dependent
Only on Nuclide

—

Set Organ
Dependent Data

!

Is There
Food Data for
This Element

No

>N0~ 20

Print
Message
and Stop

|
Yes
y
Set Data
Dependent Only
on Element
Y
Set Food Transfer
Coefficients
by Pathwa
Y way l]9|
Print "No Data"
Message
Y
20 Eliminate Nuclide
from Consideration
Increment

Nuclide Index




!

Set Number of
Nuclides in
Reduced Arrays

Positive
Results?

No Stop
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Subroutine DFCALC

K]

Initialize Constants

-

<Do Loop on INUC = Number of Nuclides ><_

1::iDo Loop on IORG = Number of Organs

D

=

Set Effective
Half-Life

|

<

Is This Organ
In GI-Tract?

||
No
Y

Is Ingestion
Acute or Chronic?

{200

\

L
Acute
Y

Chronic
Y

Calculate Acute
Dose and Dose
Commitment Factors

Calculate Chronic
Dose and Dose
Commitment Factors

I200|

Set GI
Dose Factors

Is Nuclide
N or C?

No
Y

>—Yes_—>—@

Is Nuclide
N or Na?

}— Yo emmmm—g-—R5 ()0

|
No

400
\_/

Set Factors for
A11 Organs Except
Bone Equal to
Total Body

J




500

Set Factors for
A1l Organs Equal
to Total Body

J

/

r

Increment Organs

L

Increment Nuclides

&

(o) — ]
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I Subroutine Dose I

IDEP
IDEP = 1 IDEP = 2
Set Air Set Water
Concentration Concentration
Based on one of
Three Reconcentration
Models
Y
Define PLTCON
for Animal -Pé:s?g%e
Food Pathways

!

1::7 Do Loop on IFD = Number of Food Pathways

!

Zero Leaf and
Plant Variables

!

( Do Loop on INUC = Number of Nuclides

!

Is This Nuclide
< Tritium? >—Yes-—> 000

1
No
Y

Is this Nuclide
< Carbon-147 )‘ Yes ===\ 50

\
No

IDEP

IDEP = 1

Set Soil and Leaf
Concentrations
from Air Deposition

T

IDEP = 2

Set Soil and Leaf
Concentrations from
Irrigation Deposition

- g

Y

Set Edible Food
Concentrations

1000

Set Soil, Air, Water,
and Plant Concentrations
for Tritium Model
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for Carbon-14 Model

Increment
Nuclide

l1 500| w
Set Soil, Air, Water,
and Plant Concentrations

Increment
Food Type
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Subroutine DOZCAL

!

Zero Arrays

and Totals

k]

Calculate

External Doses

]

Total

External Doses
in Same Array

]

Do Loop on IFD = Number of Pathways >4- —'

!

Do Loop on INUC

i

= Number of Nuclides ><—-| |

!

AWAYA

Do Loop on IORG

Number of Organs

S |

!

Calculate

Internal Doses
and Commitments

!

Total Internal
Doses and Commitments

R

Increment Organ

I
I
|
I
J

Increment Nuclide

INUC

Increment Pathway

R
|

-




Subroutine DOSOUT
Y

Initialize Constants

(Do Loop on IFD = Number of Pathways><_ —
ma
Calculate Intermediate

Dose Totals by Nuclide
for Each Organ

I
I
L |
I

Increment Pathway

(_I{_D)_______

Print Short Summary
Table of Doses

Y

Print Short Summary
Table of Contribution
by Nuclide

!

Print Table of
External Doses

T

Is the Complete No
Qutput Desired?

|
Yes
Y

Print Complete Output Tables
by Pathway
by Organ
by Nuclide with
Percent Contribution
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ARRRG MAIN

] 1 | 1
RLIBIN OLIBS BLIBIN SLIBIN
1
ZERCR | | ZERC!
| 1 | ]
ZEROR IDNUC OPCHCK SETDAT
1
ZEROR
1 1 l
QAPAGE DFCALC DOZE
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Subroutine DOZE

k|

Calculate Reconcentration
Ratios Using One of
Three Models

1]

< Do Loop on IFD = Number of Exposure Pathways >" -1

!

<

Do Loop on INUC = Number of Nuclides

!

Calculate Water
Concentrations

!

Is This Internal EXTerNa] —
or External Path?

Internal
Y

/

pe

Calculate Aquatic

Food Concentration

Calculate Environ-
mental Concentration

) |

——

‘ Y

Increment Nuclides

INUC

Increment Pathways

IFD

— — —————— —

—




Subroutine DOZCAL

T

Zero Variables

=

Calculate Ingestion
Doses by Pathway,
Nuclide and Organ

!

Calculate External

Doses by Pathway to

Total Body and Skin
by Nuclide

!

Calculate Ingestion
Totals by Nuclide
and Organ

L]

Calculate Totals
by Organ and
Pathway

!

Calculate External
Skin Dose by
Pathway

|

Calculate External
Total Body Dose by
Pathway
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APPENDIX D

DATA LIBRARY DESCRIPTIONS

Three data libraries are used by both ARRRG and FOOD:

1) RMDLIB - a radioruclide decay data library,
2) ORGLIB - an organ data library, and
3) GRDFLIB - an external exposure dose factor library.

In addition, ARRRG requires:

4) BIOAC - a bioaccumulation factor library,
and FOOD uses

5) FTRANSLIB - a food transfer coefficient library.

The data in the libraries is set up such that additional data on changes to
existing data may be made with little difficulty. Listings of the libraries
are given in Appendix E.

RADIONUCLIDE MASTER DATA LIBRARY--RMDLIB

The RMDLIB contains all radiological decay data used by ARRRG and FOOD.
The 1ibrary is organized into roughly two sections. The first section con-
tains radionuclides which are not members of decay chains, and also radionuc-
1ides singled out from chains with the "+D" (plus daughters) designation. Data
entries in the first section are arranged by increasing atomic number. The
second section of the library contains radionuclides organized into decay
chains, ordered under the radionuclides highest in the chain. The RMDLIB con-
tains about 280 entries.

ARRRG and FOOD use only the radionuclide identifier and half-life infor-
mation from RMDLIB. Other data in the library is ignored. Data contained on
each card image of RMDLIB is:
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Column 1 Alphabetic element symbol

Column 2 Atomic weight, also metastable and/or "+D" designation
Column 3 Radiological half-life, days

Column 4 Relative position in decay chain

Column 5 Precursor in decay chain

Column 6 Branching ratio from primary precursor

Column 7 Alternate precursor in decay chain

Column 8 Branching ratio from alterante precursor

The RMDLIB FORTRAN format is (A.2, A6, E10.2, 212, F7.4, 12, F7.4).

ORGAN DATA LIBRARY--ORGLIB

The ORGLIB contains data used in ARRRG and FOOD for dose calculations to
specific organs from ingested radionuclides. Data is arranged in blocks by
nuclide. The blocks are ordered to be compatible with the RMDLIB chain order.
Data in each block is arranged by organ index. The organs for which data are
potentially available are:

Organ Index Organ Name
1 Total body
2 Body water
3 Kidneys
4 Liver
5 Spleen
6 Bone
7 Fat
8 Lungs
9 Adrenals
10 Testes
11 Ovaries
12 Skin
13 "Brain
14 Muscle
15 Prostate
16 Thyroid
17 Pancreas
18 Heart
19 GI
20 Stomach
21 Small intestine
22 Upper large intestine
23 Lower large intestine

D-2



For most entries, only data for organs number 1, 3, 4, 6, 20, 21, 22, and 23
are included. The data contained on each card in the ORGLIB 1ibrary is as
follows:

Column 1 Alphabetic element symbol

Column 2 Atomic weight, also metastable and/or "+D" designation
Column 3 Organ index (1 - 23)

Column 4 Biological half-1ife, days

Column 5 fw--fraction of ingested nuclide reaching organ of interest
Column 6

F’Z--fraction_from blood to organ of interest (not used by
FOOD or ARRRG) |

Columns 7,8,9 Effective energy absorbed per disintergration in adult organs
(MeV). Columns 8 and 9 are only used for organ 8 (lungs).

The ORGLIB FORTRAN format is (A2, A6, 12, 6E8.2).

EXTERNAL RADIATION DOSE FACTOR LIBRARY--GRDFLIB

The external radiation dose factor file contains factors used in ARRRG and
FOOD to calculate skin and total-body doses from exposure to radionuclides in
the environment. FOOD uses only the factors for dose from exposure to con-
tamined ground. ARRRG uses both the factors for exposure to contaminated ground
and for immersion in contaminated water. A third set for submersion in con-
taminated air is not used by either code. There are currently entries for 186
radionuclides, arranged in the order of RMDLIB.

The data contained on each card of the GRDFLIB library is as follows:

Column 1 Alphabetic element symbol

Column 2 Atomic weight, also metastable and/or "+D",

Columns 3-4 Soil contamination external dose factors for skin and total
body, (mrem/yr per pCi/mz),

Columns 5-6 Swimming external dose factors for skin and total body, (mrem/yr
per pCi/e), and

Columns 7-8 Air submersion dose factors for total body and skin (mrem/yr
per pCi/m3).

The GRDFLIB FORTRAN format is (A2, A6, 6E9.2).
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AQUATIC BIOACCUMULATION FACTOR LIBRARY--BIOAC

The bioaccumulation library contains the factors used by ARRRG relating
the concentration of nuclides in aquatic biota to the concentration of the
nuclides in the water. There are separate factors for fresh and salt water.
Also included is a factor for the clean-up of drinking water in water treat-
ment plants. The library contains entries for 63 elements.

The 1ibrary is organized as:

Column 1 Alphabetic element symbol

Columns 2-5 Bioaccumulation factors for fish, crustacea, molluscs, and
algae for salt water (pCi/kg per pCi/%)

Columns 6-9 Bioaccumulation factors as above for freshwater

Column 10 Drinking water cleanup factor.

The FORTRAN format is (A2, 9F9.1).

FOOD TRANSFER COEFFICIENT LIBRARY--FTRANSLIB

The FTRANSLIB contains factors used in FOOD relating concentrations of
elements in soil to concentrations in farm products produced on that soil, and
relating concentrations in animal feed to concentrations in animal products.
The Tibrary has entries for 63 elements arranged by increasing atomic number
compatible with the order of RMDLIB. The data contained on each card in the
FTRANSLIB is as follows:

Column 1 Alphabetic element symbol

Column 2 Elemental deposition velocity, m/sec

Columns 3-8 Food transfer coefficients for plants (dimensionless; pCi per
gram plant (wet)/pCi per gram soil), milk (day/liter), eggs,
beef, pork, and poultry (day/kilogram).
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RMDLIB
ORGLIB
FTRANSLIB
BIOAC
GRDFLIB
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FOOD



Radionuclide Master Data Library (RMDLIB)

RADIONUCLIDE MASTER DATA LIBRARY, 15 MARCH 78, BA NAPIER

H 3 4,51E+3 1 0O 0
BE10 S.84E+8 1 O 0
C 14 2,091E+6 1 0 0
N 13 6.92E-3 1 0 0
F 18 7.62E~2 1 0 0
NA22 9.50E+2 1 0 0
NA2L 6.25E~1 1 0 0
P 32 1.43E+1 1 © 0
P 33 2.44E+1 1 0 0
AR39 9.835+4 1 0 0
ARL] 7.61E-2 1 0 0
CAL] 5.11E+7 1 0 0
SChb 8,38E+1 1 0 0
CR51 2.77E+1 1 0 1}
MNS4 3.12E+2 1 0 0
MNS S 1.07E-1 1 0 0
FESS 9.80E+2 1 0 0
FES59 4,45E+1 1 D 0
COo57 2.71E+2 1 0 0
CO58 7.08E+1 1 0 0
Co60 1.92E+3 1 0 0
N159 2,74E47 1 0 0
NIG3 3.51E+4 1 0 0
NI&ES 1.05E-1 10 0
Cuby 5.29E-1 1 0 0
ING5 2.44E+2 1 0 0
AS76 1.10E+0 1 0 0
SE79 2.37E+7 1 0 0
BRS?2 1.47E40 1 0 0
BR834D 9.96E-2 1 0 0
BRBY 2.21E-2 1 0 0
KR90 3.74E-4 1 0 0
KR91 1.13E-4 1 © 0
RB86 1.87E+1 1 0 0
RBB9+D 1.06E-~2 1 9 0
SR894+D 5.06E+1 1 0 0
SR90+D 1.04E+4 1 0 0
SR91+D 3.,96E~1 1 0 0
SR924D 1.136-1 1 0 0
Y 91M+D 3.45E-2 1 0 0
ZR93+D 5.59E+8 1 0 0
ZR954+D 6.40E+1 1 0 0
ZR974D 7.04E-1 1 0 0
MO9S 3 3.65E+4 1 0 0
M0994+D 2.75E+0 1 0 0
TC101 9.86E-3 1 0 0
RU103+D 3.94E+1 1 0 0
RU1054D 1.85E~1 1 0 0
RU106+D 3.68E+2 1 0O 0
PD107 2.37E+9 1 @ 0
AG110M+D 2.52E+2 1 O 0
AGl111 7.45E+0 1 0 0
CD113Mm L,G7E+3 1 O 0
SN117M 1.40E+1 1 O 0
SN11gM 2.50E+2 1 0 0
SN121M 2.7BE+4 1 0 0
SN123 1.29E+2 1 0 0
SN1254D 9.6UE+D 1 O ]
SN126+D 3.65E+7 1 0 0
S8l24 6.02E+1 1 O 0
SB125+D 1,01E+2 1 © 0
TE123M 1,17E+2 1 0O 0
TE127M4D 1.09E+2 1 0 0
TE129M+D 3.36E+1 1 0 0
TE131M+D 1.25E+0 1 © 0
TE1314D 1.74E-2 1 0 0
TE1324D 3,26E40 1 0 0
TE133M4D 3.856-2 1 0O 0
1 130 5.15E~1 1 0 0
I 1314D B.04E+D 1 O 0
1 13540 2.75E-1 10 0
€S13%6 1.31E+1 1 0 0
CS13740 1.10E+4 1 0 0
CS1394D 6.53E-3 1 0 0
BAl40+D 1.28E+1 1 © 0
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Radionuclide Master Data Library (RMDLIB)

CE1434D 1.38E+0 1 0 0
CElL4L44D 2.84E+2 1 O i}
PM148M+D 4,13E+1 1 0 0
PM149 2.21E+40 1 0 0
SM153 1.95€+0 1 0 0
EUl52 4,G7E+3 1 0 0
EULS53 1.84E+0 1 0 0
FUlsSy 314643 1 0 0
EU155 1.81E+3 1 0 0
EU156 1.52E+1 1 0 0
GD153 2.42E+2 1 0 0
TB160 7.23E+1 1 0 0
HO166M 4,38E+5 1 0 Q
W 181 1.40E+2 1 0 0
W 185 7.51E+1 1 0 0
HG203 L.HBE+1 1 0 0
PB210+4D 8.14E+3 1 0 0
BI1210+C 5.01E40 1 © 0
RN222+4D 3.82E40 1 0 0
RA2234D 1.14E+1 1 0 Q
RA224+D 3.66E+0 1 O 0
RA2254D 1.48E+1 1 0 0
RA226--D 5.84E+5 1 0 0
RA2284D 2,10E+3 1 0 0
AC2274D 7.95E+3 1 0 0
TH227+4D 1.87E+1 1 0 0
TH228+D 6.99E+2 1 0 0
TH230+D 2.81E+7 1 0 0
TH2324D 5.13E12 1 0 0
PA2314D 1.18E+7 1 0 0
U 232+D 2.62E+4 1 0 [i]
U 233+4D 5.79E+7 1 0 0
U 234 8.91E+7 1 0 0
U 2354D 2.58E11 1 0 0
U 236 8.556+9 1 0 0
U 238+D 1.65€12 1 0 0
NP237+D 7.82E+8 1 0 0
PU236 1.04E+3 1 0 0
PU237 4,56E+1 1 0 0
PU24 14D 5.26E+3 1 0 0
CM246 1.73E46 1 0 0
CM2474D 5.70€E+9 1 0 0
CM248 1.24E+8 1 0 0
CF252 9.64E+2 1 0 0
INB O™ 5.73E-1 10 0
IN5 G 3.96E-2 2 1 1.0 0
8RE32 9,96E-2 1 0 0
KRB83M 7.62E-2 2 1 1,0 0
BR85S 1.99E-3 1 0 0
KRBSM™ 1.87E-1 2 1 1.0 0
KRRS5 3.92E+43 3 2 0.211 O
KRB7 5.30E-2 1 0 0
RB87 1.72€13 2 1 1.0 0
KRRR 1.186E-1 1 0 0
RBE® 1.24€-2 2 1 1.0 0
KRB8Q 2.20E-3 1 0 0
RBRY 1.06E-2 2 1 1.0 0
SREY 5.06E+1 3 2 1.0 0
Y 8GM 1.86E~-4 4 3 0.0002 0
SR90 1.04E+4 1 O 0
Y 90 2.67E+40 2 1 1.0 0
SR91 3.96E-1 10 0
Y 91M 3.456-2 2 1 0.58 0
Y 91 5.85E+1 3 2 1.0 1 0.42
SR92 1.13E-1 1 0 0
Y 92 1.486-1 21 1.0 0
Y 93 4.21E-1 10 0
ZR93 5.59E+8 2 1 1.0 0
NBG3M 4.57E+3 3 2 0.25 0
ZR95 6.40E+1 1 0 0
NBGSM 3.61E40 2 1 0,007 O
NBG5 ~. 3,52E+1 3 2 1.0 1 0.993
ZR97 7.04E-1 1 0 0
NBG7M 6.94E~-4 2 1 0.9u4b
N89g7 5.01E-2 3 2 1.0 1 n.054
M09 9 2.756+0 1 0 0
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Radionuclide Master Data Library (RMDLIB)

TCY9M 2.51E-1 2 1 0.858 0
TC99 7.78E+47 3 2 1.0 1 0.132
RU103 3.94E+1 1 0 0
RH103M 3.90E-2 2 1 .0025 O
PD103 1.70E+1 3 2 1.0 1 0.9975
RU10S 1.856-1 10 0
RH105M 5.21E-4 2 1 0.28 O
RH105 1.47€+40 3 2 1.0 1 0.72
RU106 3.68E+2 1 0 0
RH106 3.46E-4 2 1 1.0 0
PD109M S.43E-5 1 0 0
PD109 5.61E-1 2 1 1.0 0
AG109M 4.58E-4 3 2 1.0 0
AG110M 2.52E+2 1 0 0
AG110 2.85E-4% 2 1 0.0113 0
IN114M 5.00E+1 1 0 0
IN11Y B.33E-4 2 1 1.0 0
CD115M 4.46E+0 1 0 0
cD115 2.23E40 2 0 0
INI15M 1.88E~-1 3 2 1.0 0
IN115 2.19E17 4 3 0.963 1 1.0
SN125 9.64E+0 1 0 0
SB125 1.01E+3 2 1 1.0 0
TE125M 5.80E+1 3 2 0.23 0
SN126 3.656+7 1 0 0
SB126M 1.326-2 2 1 1.0 0
$8125 3.756-1 3 2 0.14 O
58127 3.85E+0 1 O 0
TE127M 1.09€+2 2 1 0.139 0
TE127 3.90£-1 3 2 0.976 1 0.851
TE129M 3.35641 1 0 0
TE129 4.83E-2 2 1 1.0 0

1 125 5.73E+9 3 2 1.0 0
TE131M 1.25640 1 © 0
TE131 1.74E-2 2 1 0.222 0

I 131 B.04E+0 3 2 1.0 1 0.778
XE1Z1M 1.19E+1 4 3 0.0109 0
TE132 ' 3,26E+0 1 0 0

I 132 9.58E-2 2 1 1.0 0
TE133M 3.85E-2 1 0 0
TE133 8.64E~3 2 1 0.13 0

1 133 8.67E-1 3 2 1.0 1 0.87
XE133M 2.19E+0 4 3 0.029 0
XE133 5.24E+40 5 4 1.0 3°0.971
TE134 2.90E~2 1 0 0

I 134 3.656-2 2 1 1.0 0
CS134M 1.21E-1 1 0 0
CS5134 7.53E42 2 1 1.0 0

I 135 2.75E-1 1 0 0
XE135M 1.095-2 2 1 0,166 D
XE135 3,78E-1 3 2 1.0 1 0.834
€s13s 8.40E+8 4 3 1.0 0
XE137 2.66E-3 1 0 0
s5137 1.10E+4 2 1 1.0 0
BA137M 1.776-% 3 2 0.94% 0
XE138 9.84E-3 1 0 0
€s138 2.24E-2 21 1.0 0
XE139 4.98E-4 1 D 0
€S139 6.535«3 2 1 1.0 0
8A139 5.74LE-2 3 2 1.0 0
XE140 1.856-4 1 0 0
€S140 7.64E-4 2 1 1.0 0
BA1LO 1.28E+1 3 2 1.0 0
LALIG4D 1.68E+0 4 3 1.0 i
BA1Y1 1.276-2 1 0 0
LALLY 1.64E-1 2 1 1.0 0
CE141 3.25E+1 3 2 1.0 0
BA142 7.43E-3 1 0 0
LAIL2 6.44E~-2 2 1 1.0 0
CE143 1.38E+0 1 © 0
PR143 1.36E+1 2 1 1.0 0
CE1l4Y 2.84E+2 1 0 0
PR1U4Y 1.20E-2 2 1 1.0 0
NDI4Y 8.77E17 3 2 1.0 0
ND147 1.11E+1 1 0 0
PM1L47 9.58E+2 2 1 1.0 0
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Radionuclide Master Data Library (RMDLIB)

PM148M 4.13E+1 1 0 0
PM148 5.37E+0 2 1 1.0 0
PM151 1.18E+0 1 © 0
SM151 3.29E+4 2 1 1.0 0
W 187 9.95E-1 1 0 0
RE187 1.83E13 2 1 1.0 0
TH230 2.Bl1E+7 1 0 0
RA226 5.84E45 2 1 1.0 0
RN222 3.82E+0 3 2 1.0
PB210 8.14E+3 4 3 1,0 0
BI210O 5.01E+0 5 4 1.0 0
P0210 1.38E+2 6 5 1.0 0
U 232 2.62E+4 1 0 0
TH232 4L,16E13 2 0 0
RA228 2.10E+3 3 2 1.0 o
AC228 2.55E-1 4 3 1.0 0
TH228 6.99E+2 5 4 1.0 1 1.0
RA224 3.66E+0 6 5 1.0 0
PB212 4.43E-1 7 6 1.0 0
B1212 4.20E~2 8 7 1.0 0
U 235 2,5%E11 1 0 0
TH231 1.06E+0 2 1 1.0 0
PA231 1.19E+7 3 2 1.0 0
AC227 7.95E+3 4 3 1.0 0
TH227 1.87E+1 5 & 0.9862 0
FR223 1.51E-2 6 4 0.0138 0O
RA223 1.14E+1 7 5 1.0 5 1.0
u 237 6.75E+0 1 0 0
NP237 7.82E+8 2 1 1.0 0
PA233 2.70E+1 3 2 1.0 0
U 233 5.79E+7 &4 3 1.0 0
TH229 2.6BE+6 5 4 1.0 0
RA225 1.48E+1 6 5 1,0 0
AC225 1.00E+1 7 6 1.0 0
U 238 1.65E12 1 0 0.0 0
TH234 2.41E+1 2 1 1.0 0
PA23uM B.13E-4 3 2 1.0 0
PA23L 2.81E-1 4 3 0.0013 ©
AM242M 5.55E+4 1 0 0
AM242 6.68E-1 2 1 1.0 0
cMa2k2 1.63E+2 3 2 0.827 0
PU242 1.41E+8 4 2 .173 0
NP238 2.18E+0 S 0O 0
PU238 3.21E+4 &6 5 1.0 3 1.0
CM244 6.61E+3 1 0 0
PU24L 3.02E10 2 0O 0
U 240 5.88E-1 3 2 0.999 O
PU240 2.39E+6 4 3 1.0 11.0
CM247 5.70E+9 1 0 0
cM24L3 1.04E+4 2 O 0
PU243 2.08€-1 3 1 1.0 0
AM2LE 2.70E+6 4 3 1.0 2 0.0024
NP239 2.36E40 S5 4 1.0 0
PU239 B.O1E+6 5 5 1.0 2 0.9976
CM245 3.10E+5 1 0 0
PU241 5.26E+3 2 1 1.0 0
AM241 1.58E+45 3 2 1.0 0

0



ORGAN DATA LIBRARY (ORGLIB)

22

22

1.0+1

1.8+2
1.2 +2
2.7+2
4,.5+2

10.

12.

99.
8.08+2
1.45+3

1.10+1

1.10+1

257.
18.

1.15+32

257.

257.
18.
1.15+3

257,

1.0b4+4
1.8+4

30.0
75.0
36.0
33.0

616,
516.
5156,

1.0

2.00-3
6.00 -5
2.00-4
5.40-4

© O

O
oo

.75
.05
. 375

.53-2

.75
.05
.38

+53-2

.60
54

.10~3
. 20-5
J15=4
.20-4

—
o

o
[Vlr~3

.0058
L0058
.208
.209
.209
1.045
. 209
.209
.208
. 209
.209
054
.27
054
.054
.054
.054
054
143
.86
Jh62
.54
.54
.89

HER R O e D = 00 000 O
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CRS51
CR51
CRS51
CRS51
CRS1
CR51
MNS Y
MNS 4
MNS Y
MNSY
MN 54
MNS 4
MNS 4
MN 54
MN56
MN556
MN56
MN56
MNS56
MN 56
MNG 6
MN55
FESS
FESS
FESS
FESS
FESS
FE55S
FESS
FESS
FESS
FES59
FE59
FES9
FES9
FES59
FES59
FES59
FES9
FESQ
Cco57
co57
Co57
CO57
Cco57
co57
Cco57
co057
cos57
cose
Co58
C058
Ccos8
co58
CO58
CO58
CcO58
Co58
CO60
ceh0
co60
060
ool 1]
cobo
C060
050
Co60
N159
NI59
N159
NIS9
N159
NIS59
NIS9
NIi59
NIG3

ORGAN DATA

15 616,
16 hAl6.
20
21
22
23

1 17.
L} 25.
8

17 5.70

20
2]
22
23
1 17.
4 25,
8

17 5.70

20
21
22
23
1 800.
4 554,
5 600.
6 1680,
8 3200.
20
21
22
23
1 B800.
4 554,
5 600.
b 1680.
8 3200.
20
21
22
23
1 9.590
4 9,50
5 9.50
8
17 9.50
20
21
22
23
1 9.5¢0
4 9.50
5 9.50
8
17 9.50
20
2]
22
23
1 9.50
4 9.50
5 9.580

1 667,
4 500.
6 800.

1 667.

LIBRARY (ORGLIB)

J45-5
D.45~5

.10
.02

.003

.10
.02

.003

.10
.013
002
.010

.002

.10
013
.002
.01
002

L300
.007
420 -3

600 -3

.300
.007
L420-3

.h00-3

L300
.007
420-3

.600-3

L300
.020
.150

.300

.90-3
.90-3

1.0
.24

.03

1.0
.13
.02
.10
.02

1.0
.13
.02

.02

1.0
040
J140-2

1.0

L0841
3.6-3
.014
. 025
L0053
L0053
.512
227
+230
.130
.230
.510
122
122
1.810
1,236



NI63
NI163
N163
NIG3
NIG3
N163
N163
N165
N165
N165
NI65S
N165
N165
N165
N165
cuby
CUbk
cubh
cusy
cusy
cuby
cubh
CusH
cush
cusy
cusGh
INGS
INGS
INBS
ZNGS
IN5S
ZN5S
INGS
INGS
ZNBS
ZNBS
IN5SS
ZN5S
ZNH 5
ZN5S
ASTG
ASTH
ASTH
AS76
AS75
ASTH
AS76
AS76
S€79
SE79
SE79
SE79
SET79
SE79
SE79
SE79
BRB82
BRE?2
BRB2
8R82
BR82
BR82
RB86
R886
RB8H
R385
RB256
RB86H
RB'H
RBRS
RB26
RBBS
SRG0+D
SRG0+D
SRGO+D
SR90+D

ORGAN DATA LIBRARY (ORGLIB)

A
6

500.
800.

667.
500.
800.

80.

16.

150.
2.

800.
80.

933,

149,

91.
1300.

270,
107.
1950.
14,
25.

280.
550,
550.

11.

24,

4000.
4000.

.020
.150

.300
.020
.150

.280
.010
.020
.020

.003
.003

.100
00k
.035
015

.900-4
L400-4
.030
.005
.003

.03¢C
.300-3
.900-3

.9

.05

W3
.0225

070
.500

1.0
.070
.500

1.0
.050
080
.070

.010
.010

1.0
L
.350
.150

.900-3
J400-3
.300
.060
.030

1.0
.010
.030

.04
.07

1.0
.05
. 004

450
.003

1.0
+300

E-7

.021
.105
.021
.021
.021
.021
.021
940
.752
3.176
1,20
1.2
1.4
685
.686
«251
.166
.181
.170
.190
.210
.170
.19
.25
L1556
156
341
113
<153
149
.150
L0556
.056

042
042
L0L2
042
. 042
~0L2
042
.0L2
1.715
.850
.85
1.8
532
.522
.706
674
.660
.660
.700
650
.66
.70
.663
.6563
1.137
5.650
1.305
777

042

042



SR90+D
SR904D
SR904+D
S®91+D
SR91+D
SRY914D
SR91+D
SR914D
SR91+D
SR914D
SR92+4D
SR92+D
SR92+D
SR924D
SRG2+D
SRQ2+D
SR92+D
ZRQ934D
ZR934D
ZR934D
ZR93+D
ZRG 34D
ZR93+D
ZR93+D
ZRG34D
ZRG34D
ZR934D
ZR954D
ZR954D
ZRY54D
ZRS854D
ZR954D
ZR954D
ZR954D
ZRAG54D
ZR954D
ZRG54D
ZR974D
ZRG74D
ZRG7+D
ZR97+D
ZR97+4D
ZR974D
ZR97+D
ZR97+D
ZRG974D
ZR974D
MOG3
M09 3
MO93
M09 3
M093
MO93
MOG3
M09 3
MO994D
M099+D
M099+D
M0994D
M099+D
MQOG4D
MO99+D
M0399+D
TCl01
TC101
TC101
7C101
TC101
TC101
TCl01
TC101
RU103+4D
RU103+4D
RU103+D
RU103+40
RU103+D

ORGAN DATA LIBRARY (ORGLIB)

21

22

23

1 4000,
5 4000.
8

20

21

22

23

1 4000.
6 4000,
8

20

21

22

23

1 450.
3 900.
4 320.
5 800.
61000.
8

20

21

22

23

1 450,
3 900.
4 320,
5 900,
51000.
8

20

21

22

23

1 450,
3 900,
4 320,
5 900,
61000.
8

20

21

22

23

1 5.

3 3.
445,

8

20

21

22

23

1 5.0

3 3.0
445.0

8

20

21

22

23

1 1.0
3 20.0
4 30.0
6 25.0
20

21

22

23

1 7.30
3 2.50
5 15.0
8

20

.7

.300 1.0
210 .700
.300 1.0
.210 .700
.100-3 1.0
.200-5 .020
.700-5 .070
.600-5 ,006
.350-4  .360
.100-3 1.0
+200-5 ,020
.700~-5 .0780
.600-5 ,006
.360-4  ,360
.100-3 1.0
.200-5 ,020
.700~-5 .070
.600-5 .006
.350~4 ,350
.8 1.

.06 .08
.08 W1

. 800 1.0
.060 .080
080 100
.500 1.0
005 .01
.15 -2 .003
.001 .002
.030 1.0
L0056 .200
.240-2 .080

E-8

777
777
777
1.834
b5.47
1.15
.68
.98
777
0.777
2.601
8.602
1.75
45
.96
1.867
1.867
.023
.020
024
.025
110
.019
.019
.019
019
.019
1.09
.510
.589
450
1.30
327
.32
.57
.238
.238
2.11
1.485
1.594
1.50
6.3
1.55
.94
1.2
1.406
1,406
.0u8
L0438
.0u8
048
048
.048
048
4,77 =2
547
W45
478
470
)
48
43
LY
.697
L5043
.570
570
524
524
524
.524
408
.203
.639
.263
.21

1.9

.020

47

.25

L048

470

024

.56

048

470

.26



RU103+4D
RU103+D
RU103+D
RUL105+0
RU1054D
RU105+D

ORGAN

21

22

23
1 7.30
3 2.50
516.0

RU105+D 8
RU105%D 20
RU105+0 21
RU105+D 22
RU105+D 23
RU106+D 1
RU105+D 3
RU1064D
RU1064D 8
RU1064D 20
RU106+D 21
RUL106+D 22
RU106+4D 23
PO107 1
PD107 3
PD107 4
PD107 8
PD107 20
PD107 21
PD107 22
PD107 23
AG110M+D 1
AG110M+D 3
AGl10M+D 4
AG110M+D 6
AG110M+D 8
AG110M+D20
AG110M+D21
AG110M+D22
AG110M+D23

AG111 1 5.0
AG111 3 10.0
AG111 4 15.0
AG111 5 30.0
AG111 g8

AG111 20

AG111 21

AG111 22

AG111 23

CD113M 1 200.
CD113M 3 300,
CD113m 4 200,
CD113M 8

CD113m 20

CDL13M 21

CDhl13m 22

CD113M 23

SN123 1 .35 42
5N123 4 .70 +2
SN123 5 .10 +3
SN123 8

SN123 15 3542
SN123 16 L7042
5N123 20

SN123 21

SN123 22

SN123 23

SN125+D 1 35.0
SN12540 4 70.0
SN125+D 6100,
SN125+D 8

SN125+D 15 35,
SN125+D 16 70.
SN125+D 20

SN125+D 21

SN125+D 22

SN125+D 23

SN126+D 1 35.
SN126+D 4 70,
SN1256+D 6100,

030
.006
.240-2

010

.200-3
.300-3
.500-3

.010

.200-3
.300~3
.500-3

.0025
2.5 -b
1.9 -3

.05
5.00-4
.02

v o
]
W F

.050
.500-3
.020

.800~4
.500-5

DATA LIBRARY (ORGLIB)

.38
.176
176
1,063
.780
3.325

1.0
.200
.080

020
.030
.050

1.0
.020
.030
.050

.10-3

1.0
010
.300

.160-2
.100~3

1

795
72
.98
574
574
1.534
1.447
7.078
1.40
1.40
1.40
1.40
1.436
.0089
.0089
.0089
.0089
.0089
.no8g
.0089
.0089
1.697
614
.803
1.129
L840
.BL
1.7
W51
Wu77
.383
372
374
84
.380
.38
40
.37
370
.200
.200
.200
L1184
184
.184
.200
. 200
.522
.522

2.611

.522
522
.522
.522
.522
.522
. 522
. 946
«911

4,482

.930
.940

. 892

.90

.0089

L1984

.94

.91

L0089

184



ORGAN DATA LIBRARY (ORGLIB)

SN12h+D 8
SM12h+D 15 35,
SM1254D 16 70,
SN1264+D 20
SN12h+D 21
SN12h+D 22
SN125+D 23
S$83124 1 38.0
S8124 4 38,0
S8124 65100.0
S3124 8100.0
S$3124 16 4.0
SB124 20
SB124 21
S$3124 22
S8124 23
S8125+D 1 38,0
SB125+D 4 35.0
SB125+D 6 100,
S3125+D 8 100.
SB125+D 16K 4.
SB125+D 20
SB1254+D 21
SB125+D 22
S81254D 23
TE127M+D 1 15,
TE127M+D 3 30.
TE127M+D 4 30,
TE127M+D 5 30,
TE127M+D 6 30.
TE127M4+D 8
TE127%4D10 30.
TE127M+D16 9,
TE12744020
TE127M4D21
TE1Z27M+D22
TE127M4D23
TEI29M+D 1 15,
TE129M+D 3 30,
TE129M4+D 4 30,
TE129~4D 5 30,
TE12SM+D 6 30,
TE129M4+D 8
TE129M+D10 30.
TE1Z9M+D16 9.
TE129%+D20
TE129M+D21
TE129M+D22
TE129M4D23
TE131M4+D 1 15.
TE131M+D 3 30,
TE131M+D 4 30,
TE131M+D S 30,
TE131M+D 5 30,
TE131M+D 8
TE131M4D10 320,
TE131M+016 G,
TE121M4+D20
TE131M4D21
TE131M+D22
TE1I1M+D23
TE131+D 1 15,
TE1Z1+D 3 30,
TE1314+D &4 30,
TE131+D 5 30,
TE131+D & 30,
TE131+C 8§
TE131+D 10 30,
TE131+D 16 9.
TE131+D 20
TE13140 21
TE131+D 22
TE131+4D 23
TE132+D 1 15,
TE1324D 3 30.
TE122+4D0 &4 30.

JROO-4
5.0 ~6

. 030
.600-4
.003
.900-3
.900-6

.03
.600-4

.0009
.900-5

.93
. 250
.320
010
L2502
.023

«750-3
.250-3

L2580
.020
010
.250-2
.023

.750-3
.250-3

.25

a2
<

.01
.0025
.023

. 75~3
«25-32

.250
020
.01n

.160-2
.0001

1.0
.No02
.100
030
.300~4

1.0
070
.050
.010
.090

003
.001

1.0
070
050
010
050

.003
001

1.0

070
050
.010
.090

.N03
001

1.0
W07
.05
.01
.09
.003
.001

. 237
.237
. 237
.320
1.185
.256
310
225
083
.089
.237
237
.655
616
625
.780
2.985
<795
.690
603
.10
.11
610
.610
2.316
1.449
1.621
.800
5.953
L7563
1.317
1.317
.73
2.32
1.181
1.181
1.35°
1.009
1.091

.23

.32

.12

.83



ORGAN DATA LIBRARY (ORGLIB)

TE132+D 5 30.
TE132+D & 30,
TE132+D 8
TE1324D 10 30.
TE132+D 16 G,
TE1324D 20
TE132+D 21
TE132+4D 22
TE132+4D 23

I 131+0 1 100,
1 131+D 3 7.
1 13140 4 7.
1 13140 5 7.
1 1314D 5 14,
I 131+D 8

I 131+D 10 7.
1 131+D 16 100.
I 131+D 20

1 13140 21

1 131+D 22

1 131+D 23

I 135+D 1 100,
I 13540 8

I 1354D 16 100.
1 135+D 20

1 13540 21

1 135+4D 22

1 13540 23

CcS13% 1 115,
€s135 3 42,
€5134 4 90,
€5135 5 98.
€S136 6 140,
CS136 8 140,
€S135 14 140,
€sS138 20

€S136 21

€S134 22

€s136 23
SA140+4D 1 65.0
BA140+D 3 8§.50
BAl4O+D 4 G775,
BA140+D S5 13,0
BAl140+D 6 65.0
BA140+D 8
BA1LO+D 142000,
BAIL4O0+D 20
BA140+4D 21
BA14O+D 22
BA140+D 23
CE1434D 1 553,
CE143+D 3 563,
CE143+4D 4 293,
CE143+4D 51500,
CE143+D 8
CE143+4D 20
CE143+D 21
CE143+D 22
CE1434D 23
CEl1444D 1 5583,
CE1444D 3 563.
CEI4L44D 4 293,
CEl44+D 51500,
CE1L444D 8
CE14L4+D 20
CEl444D 21
CEl44+D 22
CEl4L44D 23
PM148M+D 1 656,
PM148M4D 3 656,
PMI148M4D 4 656,
PM148M4+D 6 1500,
PM]148M+D 8
PM148M4+D20
PM148M4+D21
PM148M4+D22

.250-2
.023

.750-3
.250-3

.050
+500-5
.300-4
.250-5
035

.150-3

.100-3
.200-5
+250-4
.300-4

.100-3
.200-5
.250-4
.300-4

.10-3
.20-5
.60-5
35-4

.010
.090

003
001

.170

1.0
.010
070
.005
. 040
.003
400

1.0
.100-3
.500-3
.500-4
700

.003

1.0
.020
.250
300

1.0
.020
.250
L300

1.0
.02
.06
W35

1.090
3,544
1.22
L8114
814
1.28
2.17
.901
.801
J43h
.277
.305
0.27
1.102
.305
.236
. 236
.30
UL
. 257
257
1.483
<990
.503
.70
.12
.802
802
1.467
.583
AY
.290
1.295
.350
.650
.35
hS
469
L4659
2.354
1.378
1.548
1.20
5.139
2751
2.30
L34
W4Lo
. 354
. 354
.933
L7985
.818
3.791
.562
.818
.933
468
458
1,313
1.295
1.298
6.443
1.30
1.3
1.3
1.3
1.292
1.481
.629
. 784
2.067
.784
L7804
1.481
531

.79

.85



ORGAN DATA LIBRARY (ORGLIB)

PM14RM+D23

PM149
PM149
PM149
PM149
PM149
PM149
PM149
PM14g
PM149
EUl52
EVU152
EU152
EU152
EV1S2
EU152
EU152
EU152
EU152
EUISL
EVISH
EU154
EUl5Y4
EU1S5Y
EU154
EUlSY
EV1SY
EULSY
EU155
EU155
EU1S55
EUISS
EULSS
EULSS
EVU1S55
EUISS
EU155
EU156
EU156
EU156
EV156
EU156
EU156
EUISH
EU156
EUL56
GD153
GD152
GD153%
GD153
GD153
GD1532
GD153
GD153
TB160
T8160
TB160
TE160
T8160
T2160
18160
TB160
HO166M
HO166M
HO166M
HO166M
HO166M
HO166M
HO166M
HO166M
HO1566M
181
181
181
181
121

T EE X X

1 656,
3 656.
4 656,
651500.
8

20

21

22

23
1 635,
31480,
4 127,
61500,
8

20

21

22

23
1 635,
31480,
4 127,
61500.
8

.100-3
L200-5
600-5
.350-4

.100-3
.300-5
.250-4
L3504

.100-3
+300~5
+250-4
.360-4

20

21

22

23

1 635,
31480,
4 127,
51500.
8

20

21

22

23

1 635,
3 1480,
4 127,
5 1500.
8

20

21

22

23

1 550.
4 450,
61000,
8

20

21

22

23

1 670,
3 700,
61000,
8

20

21

22

21

1 750, 1.0

3 800, 2.0

4 875. 6.0 =5
61000, Hok

.100-3
.300-5
2504
J360-4

.10-3
+30-5
25-4
364

.100-3
.120-4
S450-4

.100-3
.300~5
. 500~4

100
.005
007

.531
1.0 L3177
.020 L3374
.060 L374
L350 1.863
440
L4y
.54
.373
.373
1.0 .66
.030 .33
.250 .33
L350 W45
L3130
.71
.88
.20
.20
1.0 .965
.030 0,487
.25 .570
.360 1.595
.570
.57
.965
L428
428
1.0 .160
.030 .095
.250 .095
.360 .280
.095
.095
.16
.075
.075
1.0 1.09
.03 .637
.25 .715
.36 2.399
.715%
.715
1.09
W581
.581
1.0 .170
L1290 .099
L450 .230
.099
.099
.17
.072
L072
1.0 .B50
L0390 L4500
.600 1.1
.480
.48
.85
.34
.34
1.0 L810
.02 .320
.06 .370
LB L5400
.37
.37
.81
.20
.20
1.0 3.300-3
L0690 3.200-3
.070 .01k
3,200-3
3.200-3

W37

37



181

181

181

185

185

185

W 185

W 185

W 185

W 185

W 185

HG203

HG203

HG203

HG203

HG203

HG203

HG203

HG203

HG203

PB210+D
P8210+0
PB210+D
PB210+D
PB210+D
PB210+D
PB210+D
P8210+D
PB210+D
81210+D
B12104D
8121040
B1210+D
BI210+D
B1210+4D
B1210+D
B1210+D
BI1210+D
BI1210+4D
RA224+D
RA2244D
RA2244D
RA2244D
RAZ2244D
RAZ244D
RA224+D
RA225+D
RA225+D
RA225+D
RA2254D
RA225+D
RA225+D
RA225+40D
RA225+D
RA225+4D
RA226+D
RA2265+4D
RA226+D
RA226+D
RA2264+D
RA22h+D
RA225+D
RA228+D
RA228+D
RA2284D
RA2284D
RA2284D
RA228+D
RA228+D
AC227+4D
AC227+D
AC2274D
AC227+D
AC227+D
AC2274+D
AC2274D

TEEXEILEX

ORGAN DATA LIBRARY (ORGLIB)

10.
4.5
13.5
10.

—
wWowrw,m
woooo

6 154, +2

6 16L. +2

5 164, +2

6 164, +2

240, +2
240, +2
240, +1
355, +2

.100
.006
007

0.63
0.22
0.09
0.01

.080
.010
L0064
.020

.010
.003
.150-2
.100-3
.300-3

L300
.150

.30

6.0 -4

.12 -3
W15

.300
.030

. 300
.030

.100-3
.100-5
.500-4
J300-4

1.0
.060
.070

1.0
140
.080
.280

1.0
.300
.150
010
.030

1.0
.500

1.0
.002
0402
.50

1.0
010
.500
.300

E-13

3.300~3
3,200-3
3,200-3
136
L1356
.682
140
14
S
.135
.136
0.25
0.15
0.17
0.15
0.17
0.17
0.25
0.14%
0.14
5.20
10,0
10.
29,
.157
027
. 045
460
W60
10,
19
13.
17.
Lo,
.795
W40
W40
W40
.40
2.80 +2
2,80 +2
+2494+3

.
[N

.

[CREC. RV RV RN, R RV I N S SN

..

+2
+2
+2
+2
+2

cocooo

¢ e s e e .

.

WW W WRONRORORN &£ 8

<0 +2
2 +1
2 +1
0 +3
89 +1

14,

15.

.28 +3

2,50 +2

W22 +2

2.10+2

43,

L3,

.28+3

2.50+2

J1b43

3.2 +2



AC227+4D
AC227+D
TH227+4D
TH227+4D
TH227+D
TH227+4D
TH227+4D
TH227+4D
TH227+4D
TH227+4D
TH227+4D
TH228+D
TH22840D
TH228+D
TH2284D
TH2284D
TH2284D
TH2284D
TH2284D
TH2284D
TH2304D
TH2304D
TH230+D
TH230+D
TH230+D
TH2304D
TH230+D
TH230+D
THZ2304D
TH2324D
TH232+C
TH2324D
TH2324+D
TH2324D
TH2324D
TH2324D
TH23240D
TH2324D
PA2314D
PA231+4D
PA2314D
PA2314D
PA2314D
PA2314D
PA2314D
PA231+D
PA2314D
23240
232+D
2324D
23240
232+D
232+D
232+D
2324D
23340
23340
23240
23340
23340
23340
23340
234

234

234

234

234

234

234

234

235+D
2354D
23540
2354D
2354D
23540

cCCcccccocaccccccocccccdc

cCcC

cccCccccccc

ORGAN DATA LIBRARY (ORGLIB)

570.
220.
570,
365.

570.
220.
570.
365,

570.
220,
570.
365.

570.
220.
570.
355,

410,
510.
580.
365.

100,
15.0
300.

+2
+2
+2
+2

+2
+2
+2
+2

+2
+2
+2
+2

+2
+2
+2
+2

+2
+2
+2
+2

S*U 23340

3
6
8
20
21

15.
300.

.100~3
«500~5
.500-5
+700-4

.100-3
.500~5
.500-5
L700-4

.100-3
.500-5
.500-5
.700-4

.100-3
.500-5
+500-5
.700-4

1.0
.100-3
J400-5
.500-5
J450-4

.010
.110-2
.110-2

1 100.
.110-2
.110-2

1.0
.050
.050
700

1.0
050
.050
.700

1.0
.050
.050
.700

1.0
,050
.050
700

1.0

040
050
450

1.0
110
.110

.010
.110
.110

1.0
<110
.110

640
640
.200+3
.61 +2
.61 +2
+990+3
82742
N1
.69
4,30
4,3
223043
.56 +2
.56 +2
+870+3
«110+3

B g e S

ou
WU
W4
L4

L8042
L480+2
JUBO+2
W24243
J4R042
47
47
W47
47
.62 +2
bl 42
41 42
.27043
41042
W40
W41
.40
.40
1.40 +2
78.0
5.3 41
7.50 +2

50.

2.50 +2
.500+2
49
.Lg
.49
W49

49,
49,

2.40 +2
J4g9042
.48
.49
W48
WL

46,
45,

2.30 +2
JUE 42
.56
.77

.28 43 +33+3

<31 43 3343

JU4804+2 L4842

41042 .55+2

.52 +2 .70+2
\

76042 «1942

50.

45 42 Lu642



ORGAN DATA LIBRARY (ORGLIB)

U 23540 22 1.0 .61
U 235+4D 23 1.0 .61
U 235 1 100. .010 1.0 L7.

u 21% 3 15, .110~2 ,110 L7.7
U 235 6 300. .110-2 .110 2.30 +2
U 236 8 47.

U 235 20 45
U 235 21 45
U 236 22 W45
U 235 23 W45
U 238+D 1 100. .01 1.0 43.0
U 238+D 3 15, 1.1 -3 0.11 43.0
U 238+4D 5 300, 1.1 =3 0.11 220.0
U 238+D 8 43.0
U 238+4D 20 1.0 0.43
U 238+D 21 1.0 0.43
U 238+D 22 1.0 0.43
U 238+D 23 1.0 0.43
NP237+4D 1 390. 42 .100-3 1.0 L9,

NP2374D 3 540, 42 .300-5 .030 49.
NP2374D 4 1.46+4 4,50-5 450 49,
NP237+4D 6 355. +2 .450-4 450 2.50 +2

NP237+D 8 L490+2 49042 L4942
NP2374D 20 .50
NP237+D 21 .52
NP2374D 22 .62
NP2374D 23 .62
PU2356 1 650, +2 .30 -4 1.0 61.
PUZ3E 3 320. +2 .60 -6 .02 60.
PU236 4 146, +2 1.35-5 45 60.
PU235 5 355, 42 1,35-5 .45 3,12 +2
PU235 8 .60 .60 .61
PL236 20 L3-4 1.0 .0 .61
PU235 21 L3-4 1.0 .0 Lh1
PU236 22 L3-8 1.0 .0 .61
PU215 23 L3-4 1,0 .0 .61
PU237 1 650, +2 .300-4 1.0 .038
PU237 3 320. 42 .600-6 .020 .024
PU237 4 145, +2 1.35-5 450 .027
PU237 6 355, +2 1.35-5 ,450 .068
PU237 8 .027
PU237 20 .027
PU237 21 .038
PU237 22 .022
PU237 23 .022
PU2414D 1 550, +2 .300-4 1.0 2.262
PU2414D 3 320. +2 .600-% .020 2.372
PU2414D 4 146. +2 1.35-5 450 .999
PU2L1+D 5 355. +2 1.35-5 450 14,
PU2414D 8 L133-1 .030 .18
PU2414D 20 L3-b 1.0 .0 L011
PU241+D 21 L3-4 1.0 .0 .012
PU2414+D 22 L3-4 1,0 .0 .011
PU2L14D 23 L3-4 1.0 .0 L011
CM246 1 240, +2 .100-3 1.0 56.0
cM2u46 3 240, +2 .200-5 .020 55.0
CM246 4 150, +2 .450-4 450 55.0
CM245 6 355. +2 .450-4 300 2.78 +2
CM2Lb 8 56.0
cM245 20 .54
CM2u56 21 > L5
CH2u6 22 .54
cMaub 23 o4
CM247+D 1 240, +2 .100-3 1.0 55.0

CM2474D 3 240. +2 2.0 -5 .020 55.0
CM2474D 4 150. +2 .45 -4 .450 55.0
CM247+4D 6 365. +2 .45 -4 450 2.70 +2

CM247+D 8 55.0 55.0 55.0
CM247+4D 20 .71

CM2474D 21 71

CM247+D 22 W71

CM2L74D 23 W71

CM248 1 240. +2 .100-3 1.0 L,53 +2

cM248 3 240, +2 2. -6 .020 4.53 +2

CM248 L 146, +2 4.5 -5 .45 4,53 +2

cmau8 6 165, +2 .45 -4 .45 22.44 +2



CM248
CM248
cM248
cM2u8
cM248
CF252
CF252
CF252
ZNH QM
ZNGGM
ZINBOM
ZNH QM
ZN59M
ZNGGM
INGIM
ZNBIM
ZNHIM
INSOM
ZNGOM
ZNG9M
ZNBGM
ZNHIM
ZN6Q
INGG
ING9
ING9
ZNG9
ING 9
IN69
ING9
ZN6S
ING9
ZNA9
ZNh 9
ING9
INGSY
RB87
RB87
RBE7
R287
RB87
RBE7
RB87
RB87
RBR7
RB87
S089
SRE9
SR89
SR8
SRE9
sreg
SR89
SRGO
SR90
SRQ0
SRGN
SR90
SRQO
SR90
Y 90
an
g0
90
30
90
Y 90
SRG1
SR91
SR91
SR91
SRg]
591
SRO1
Y 91M
Y 91M

- < < < =<

8
20
21
22
23

1

6

oo

1
6

ORGAN DATA LIBRARY (ORGLIB)

650. +2
365, +2

933.
149,
g1.
1300.

270.
107.
1950.
14,
25,

933,
149,
91.
1200.

270,
107.
1950.
lu,
25,

b5,
63.
LS.

13045
.180+5

[ AUT IR

e e

4000,
4000,

RTINS
.180+5

<130+5
.180+5

L14045
.180+5

2100-4 1.0
.135-4 45
.100 1.0
.00 040
.035 +350
.015 150
.900-4 .,900-3
J400-4 ,400-3
030 .300
.006 .060
.003 .030

.100 1.0

.00k 040

035 .350
.015 150
.900-4 ,900-3
L400-4  LL0OO-3
.030 L300
.006 .060
.002 030

1.0 1.n
.050 .050
004 004
450 450
003 .003
L300 1.0

210 .700
1.0 0.0
1.0 0.9
1.0 0.n
1.0 0.0

.3 1.0

20225 .30n0

.7
.100-3 1.0
.750-4  ,750

1.0
.300 1.0
.210 .700
.100-3 1.0
W750-4 750

E-16

L.53 +2
11.45
11,45
11.45
11.45
.210+3
J1104+4
.210+3
610
L35
456
1.852
JLhry
430
<0430
640
430
450
.13
.27
J412
J412
.328
.328
.328
1.638
.370
.370
370
.370
.370
J370
.328
. 328
.328
.328
090
.090
.090
.090
.090
.050
. 090
.090
.090
.090
.555
2.75
. 550
0.555
555
.55%
.555%
1.137
5.650
1.305
777
777
777
777
.817
4.%555
. 890
.80
. 89
.917
.917
1.834
6.47
1.15%
.6
.98
W777
0.777
.067
3.325

+ 50

+50



PR LT EEE
Vel
—

NEBg3M
NBg3IM
NBGIM
NB Q1M
NBGIM
NB g 3M
NBG3IM
NBg3M
ZR9S
ZR95
ZRG5
ZR9S
ZR95
ZR95
ZR95
ZRY5
ZR95
ZR95
NBGS
NRGS
NB35
NB95S
NB95
NBSS
NB9S
N895
NB95
N3 95
ZR97
ZR97
ZR97

ORGAN DATA LIBRARY (ORGLIB)

8
20
21
22
23
1 L140+5
6 .180+5
8
20
21
22
23
1 .130+5
6 .18045
8
2
21
22
23
1 .140+5
65 LJ1R0+5
8
20
21
22
23
1 J14045
5 ,180+5
g
20
21
22
23
1 450,
3 9040.
-4 320,
5 900,
5 1000,
8
20
21
22
23
1 76N,
3 760.
4 Bu5,
5 95.
61000.
8
20
21
22
23
1 450,
3 900,
4 320.
5 900.
61000,
8
29
21
22
23
1 760,
3 760.
4 840.
5 95.
51000,
2
20
21
22
23
1 450
3 500
4 320

J100-3
750-4

.300
210

.100-3
J750=4

.100-3
. 750~4

.,100~3
.200-5
.700-5
.500-6
.360-4

.100-3
+200-~5
.900~5
.800-5
.380-4

.100-3
.200-5
.700~5
.500~5
.350-4

.100-3
.200-5
.900-5
.800-5
.380-4

.100-3
.200~5
.700-~5

1.0
.750

1.0
.700

1.0
.750

1.0
.750

1.0
.029
070
.006
L350

1.0
.020
.090
.00R
.380

1.0
.020
070
L0056
.360

1.0
.020
.090
.008
.380

1.0
.020
.070

L1540
.59
.59
.107
107
.612
3.049
«59
.59
.59
.61
.61
2.601
8.602
1.75
45
.95
1.857
1.867
1.589
7.257
1.50
1.5
1.6
1.475
1.475
1.54¢
7.957
1.50
1.5
1.7
1.602
1.602
023
.020
024
025
.110
.019
.019
.019
019
.019
.030
.030
.030
.038
.078
.038
.038
.038
.030
0390
1.09
.510
.589
J460
1.30
327
.32
«57
.233
.233
.525
.207
L2682
.200
457
. 260
.26
W51
.166
L1565
2.11
1.485
1.594

b2 .68
1.9 1.9
1.50 1.50
.020 024
a7 .55



ZR97
ZR97
ZR0Q7
ZrR97
ZR97
ZR97
ZR97
NBG7
N2 g7
NBQ7
NBS7
NB97
NB97
NBG7
NBG7 N\
NBQ7
NB297
M0OG G
MO9S
M099
MO9S
M09 9
M0O99
M09 9
MO99
TCA9M
TC95M
TCH9M
TC99M
TCOOM
TCO9M
TCO9M
TCAa9M
T€99
TC99
TCOo9
T€99
T€99
TCOG
TC96
TCS9
TC€99
TC99
RU193
RU103
RU103
RU103
RU1D03
RU103
RU1G3
RU103
RH103M
RH103™
RH103M
RH1N3M
RH103M
RH103M
RH103™
RH103M
RH103M
RH103M
PC1C3
PD103
PD103
PD1C3
PD103
PD103
PD103
PD103
PD103
RU105
RU105
RU10S
RU105
RU1QS5
RU105

ORGAN DATA LIBRARY (ORGLIB)

5 900.
61000.
8
20
21
22
23

1 760.

3 760.

4 8B40,

5 85,

6 1000.

8
20
21
22
23

1 5.0

3 3.0

L 45,

8
20
21
22
23

1 1.0

3 20.0

4 30.0

6 25.0
20
21
22
23

1 1.0

3 20,

L 30.

6 25.

& 5.0
12 10,
20
21
22
23

1 7.30

3 2,50

5 16,0

8
20
21
22
23

1 10.4

3 28.0

L 18,2

5 20.8

5 16.6

8
20
21
22
23

1 5.0

3 30.0

L 19.0

5 15.0

8
20
21
22
23

1 7.30

3 2.50

5 16.

8
20
21

.600-5
J360-4

.100-3
.200-5
.900-5
.800-6
L320-4

.800
. 060
.080

500
.005
W15 =2
.001

.50
.500
005
.150-2
001
450-3
.005

.50
030
.006
2402

.200
006
.008
002
.010

.020
.020
.002

.030
.006
.240-2

006
.360

1.0
.020
.090
.008
.380

.200
.080

1.0
2030
.040
010
.050

1.0
.080
.090
.010

E-18

470 47

.263 .26

.064

.795 .90

1.6

47

.26

L0654

+91



RU105
RU105
RH105
RH105
RH105
RH10S
RH105
RH105
RH105
RH10S
RH105
RH105
RU106
RU106
RU106
RU106
RU105
RU106
RU10A
RU106
PD109
PD109
PD109
PD109
PD109
PD109
PD109
PD109
PD109
AGl10M
AG110M
AG110M
AG110M
AG110M
AG110M
AGl10M
AG110M
AG110M
IN114M
IN114M
IN114M
IN114M
IN114m
IN114M
IN114M
IN114M
INI14M
IN114M
IN114M
IN114M
CD115M
CD115M
CD115SM
CD115M
CD115M
CD115M
CD115M
CD115M
cD115S
CD115s
co11s
cD115
[4>3BE]
CD115
CD115
CcD11S
IN115M
IN115M
IN11SM
IN115M
IN115M
IN115M
IN1ISM
INI115M
IN115M
IN115M

ORGAN DATA LIBRARY (ORGLIB)

22
23
1 10.4
3 28.0
4 1R.2
5 20.8
5 16.6
8
20
21
22
23
1 7.30
3 2.50
515.0
8
20 .030
21 .030
22 .030
23
1 5.0
3 30.0
4 19.0
5 15.0
8
20
21
22
23
1 5.0
310.0
415.0
630.0
8
20
21
22
23
1 48,0
3 60.0
4 58.0
5 48.0
6 57.0
8
12 67.0
16 8.40
20
21
22
23
1 200,
3 300.
4 200,
g
20
21
22
23
1 200.
3 300.
4 200
8
29
21
22
23
01 48.0
3 50.0
4 58.0
05 48.0
6 57.0
3
12 67.0
16 8.40
20
21

.200 1.0
.005 030
.008 040
.002 .010
.010 050
020 1.0
.006 .200
.240-2 .080
1.0 0.0
1.0 0.0
1.0 0.0
.97

.200 1.0
020 .080
.020 .090
.002 .010
.010 1.0
.200-3 .020
.300-3 .030
.500-3 .050
.002 1.0
JR00-4 040
.280-3 L 140
Juon-4 .020
.340-3 .170
.350-3 .180
.R00-6 .400-3
.250-2 1.0
.250-3 .10
+190-2 +750
.250-2 1.0
.250-3 .1
.190-2 .750
.002 1.0
.800-4 040
.280-3  .140
Lho0-4 .020
L380-3 0 .170
.350-3 .180
.800-5 .400-3

574
574
2213
.181
.186
.190
847
.019
.190
.20
.177
177
1.534
1.447
7.078
1.40
1.40
1.40
1.436
1.436
.375
373
374
420
42
W42
42
373
.373
1.697
614
.803
1.129
L840
.84
1.7
477
477
.970
+930
.940
-930
4.50
. 940
.900
.920
.94
.97
.93
.93
.610
610
.310
.610
.20
.26
.61
.51
.710
.560
.580
.650-18
.38
45
.36
.35
.260
.1990
.200
.190
740
.77-18
140
.160
.20
.26

.610

.38-16

.39-16

.610

.39-15

+39-15



INI15M
IN115M
IN115S
IN115
IN115S
IN115S
INI115S
IN115
IN115
IN115
IN115
IN115S
IN115
IN11S
SN125§
SN125
SN125§
SN125
SN125
SN125
SN125
SN125
SN125
SN125
SB125
$812%
SR125
S8125
8125
SB125
SB125
S2125
SB125
TE125*%
TE125%
TE125M
TE125M
TE125%
TE125%
TE125M
TE125M
TE125M
TE125M
TE125M
TE125%
SN12h
SN125
SN125
SN1256
SN125
SN126
SN125
SN126
SN126
SN125
53125
SB8125
SB126
S812%
$8126
§B125
S312%
SB126
S$8125
SR127
SR127
SB127
SB127
s2127
SE127
SB127
$B8127
sel127
TE127M
TE127M
TE127M

ORGAN DATA LIBRARY (ORGLIB)

22
23

1 48,0 002

3 60,0 L800-4
4 52,0 .280-3
5 48,0 LL00-4
6 57.0 .340-3
2

12 67.0 .360-3
16 B.40  .800-5
20

21

22

23

1 35,0 .050

4 70,0 .500~3
5100, .02

8

15 35,0 .800-4
15 70.0 .500-5
20

21

22

23

1 30, .03

u 380, LA00-4
61000, .003

£

16 4.0 .900-5
20

21

22

23 .93

1 15.0 .250

3 30,0 .020

4 30.0 .01

5 30,0 .250-2
6 30, L023

8
10 30, .750-3
15 9. .250-3
20
21
22
23

1 35, .05

4 70, .0005
5100, .02

8

15 35, L800-4
16 70. 5.0 -5
20

21

22

23

1 %8, .03

b 38 5.0 -5
6100, .003

8

16 4.9 g -7
20

21

22

23

1 3R, .03
uoo3m, 6.0-5
6 100, .003

8

16 o, 9.-7
20
21

22

23

115.0 .250

3 30.0 .020

4 30,0 010

1.0
L0L0
140
.020
170

.180
.400-3

1.0
L010
.300

J160-2
.100-3

1.0
.002

.300-4

1.0
.070
.050

E-20

18
.18
.170
170
.170
.170
.850
170
170
170
.17
17
17
17
946
.911
4,482
.930
L9490
.R80
.892
.892
.892
.892
L3567
221
.623

94

.23

.26

.95



ORGAN DATA LIBRARY (ORGLIB)

TE127M 310. .250~2 ,010 .320
TE127M 310.0 .023 .090 1,185
TE127M <256
TE127M 30.0 .750-3 ,003 .310
TE127M 9. .250-3  ,001 .225
TE127M .083
TE127M .089
TE127M .237
TE127M .237
TE127 15. .250 1.0 236
TE127 30. .020 .070 .235
TE127 30. .010 .050 235
TE127 30. .250-2 ,010 L 240
TE127 30. .023 .080 1.175
TE127 . 240
TE127 30, .750-3  ,003 . 240
TE127 9.0 .250-3 ,001 235
TE127 .24
TE127 .28
TE127 .24
TE127 . 235
TE129M 15. .250 1.0 6565
TE129M 30.0 .020 .070 .615
TE129M 30. .010 .050 625
TE129M 30. .250-2 ,010 .780
TE129M 30. .023 .090 2.985
TE129M .795
TE129M 30, .750-3 .003 .590
TE129M 9. .250-3 ,001 503
TE129M .10
TE129M .11
TE129M .610
TE129M .610
TE129 15.0 250 1.0 598
TE129 30. .020 .070 .552
TEL129 310, .010 .050 .561
TE129 30, .250-2  ,010 .680
TE129 0. .023 .090 2.6565
TE129 .730
TE129 30. .750-3  ,003 .600
TE129 9. .250-3 ,001 .539
TE129 .73
TE129 .98
TE129 546
TE129 . 546
1 129 100. 1.0 1.0 8.72 -2
1 129 7. .040 .040 8,76 -2
1 129 7 .120 .120 7.59 -2
1 129 7. .005 .005 077
1 129 14, .070 .070 L316
1 129 .082
1 129 10 7.0 .005 .005 .068
1 129 16 100. .300 .300 6.52 =2
1 129 20 .082
I 129 21 .089
1129 22 L0694
I 129 .05 .0694%
TE131M 15. . 250 1.0 1.50
TE131M 30. .020 .070 .810
TE131M 30. .010 .050 .970
TE131M 30, .250-2  .010 .800
TE131M 30 .023 .090 2.60
TE131M .763
TE131M 30. .750-3 .003 .69
TE131M 9. .250~-3 ,001 .690
TE131M .73
TE131M 1.2
TE131M .55
TE131M .55
TE131 1 15. .25 1.0 1,358
TE131 3 30, .02 .07 1.009
TE131 4 30, .01 .05 1.091
TE131 6 30, .027% .09 4.6656
TE121 8 1.13
TE13] 10 30, .75-3  .003 1.01
TE131 16 9. .25-3  .001 1.010

E-21



TE131
TE131
TE131
TE131
1131
1131
1 131
1 131
I 131
1 131
1135
I 131
1 131
1 131
I 131
1 131
TE132
TE132
TE132
TE132
TE132
TE132
TE132
TE132
TE132
TE132
TE132
TE132
I 132
132
132
132
132
132
132
132
132
132
132
132
133
133
133
123
133
133
133
134
134
134
134
134
134
T 134
CS134M
CS134M
CS13LM
CSI3uM
CS134m
CS13um
CS13um
CS134M
CS134M
CS134M
CS134M
CS134
CS134
CS134
CS134
Cs134
CsS134
CsS134
CS5134
Cs13y
CsS134
CS1%y

GRS U  UED D D U U D U iy

ORGAN
20

21

22

23

1 100. 1.0

3 7. L0k

4 7. 12

5 7. .005

6 14, .07

8

10 7 .005
16 100. .300
20 5.0-2
21 5.0-2
22 5.0-2
23 5.0~2
115, . 2590

3 30. 020

4 30. olc0

5 30. 250-2
6 30. 023

g

10 30. .750-3
16 9.0 +250-3
20

21

22
23

1 108, 1.0

3 7.0 .o40

4 7.0 120

5 7.0 .005

65 14,0 070

8

10 7.0 .005
16 100. L0890
20 5.0-2
21 5.0-2
22 5.0-2
23 5.0-2
1 100. 1.0

8

15 100, . 225
20 5.0-2
21 5.0-2
22 5.0-2
23 5.0-2
1 100 1.0

8

16 100 040
20 5.0-2
21 5.0-2
22 5.0-2
23 5.0-2
1 115. 1.0

3 L2, 010

4 S0. .070

5 98, .005

6 140, .040

8

14 149, uop
20
21
22
23

1 115.0 1.0

3 42.0 .010

4 90.0 .070

5 98.0 .005

5 lu0. .oLg

g 140. 003
14 140, 400
20
21
22
23

DATA LIBRARY

1.0
070
050
.010
.090

.003
.001

1.0
0490
120
.005
.070

.005
.090

040

1.0
.010
.070
.005
040
.003
400

E-22

(ORGLIB)

1.13
1.36
.805
L8055
L43h
277
.305
0.27
1.102
.300
.23
.236
.30
b
. 257
.257
2.169
1.09
1.282
.960
3.544
1.04
.730
814
.13

1.107
1.107
.180
.082
.122
130
417
.927-1
.260
.092
.011
L0548
L0548
1.152
L4839
.606
Ju60
1.247
+570
1.1
W57

405
405

.78

W12

.20

.30



I 135
I 135
1 135
1135
T 135
1 135
1135
CS135
CS135
€S135
CS135
CS135
CsS135
€sS135
€s135
Cs135
CS135
CsS135
Cs137
CS137
€s137
Cs137
€5137
Cs137
csS137
€sS137
CsS137
€5137
Cs137
Cs138
cs13e
Cs13¢
€s13¢
€s13¢e
Cs138
Cs138
Cs138
CS138
CsS138
CS138
€S5139
€S5139
CS129
€s139
CS139
CS139
CS139
CS139
CS139
€S139
Cs139
BAlLD
BA14O
BAL1LO
BAlLO
BAlLD
BA14O
BAlLO
BAl4Q
BA14D
BA14O
BA14LO
LALLD
LALLD
LALLY
LAL1LD
LA1GLO
LALTGLO
LAlGLO
LALLD
BAl4]
BAlL]
BAlL]
BA1G]
BAlL]
8A141]

1 100.
3

16 100.

20

21

22

23
1 115,
3 4z,
4 90,
5 98.
6 140,
8 140.

14 1490,

20

21

22

23
1 115,
342,
L g0,
5 98,
6 140.
8 140.

14 1490,

20

21

22

23
1 115,
3 42,
4 9o0.
5 98.
6 140,
8

14 1490,

20

21

22

23
1 115,
342,
4 90,
5 98.
b 140.
8

14 140

20

21

22

23
1 65.0
3 8.50
4 975,
5 13,0
5 65.0
8

142000.

29

21

22

23
1 500.
4 400,
61000,
8

20

21

22

23
1 65.
3 £.5
4 975,
5 13,
6 55,
g

ORGAN DATA LIBRARY (ORGLIB)

1.0

.010
.070
.005
040
.003
.400

.05

1.0
.01
.07
.005
.04

40

1.
.01
.07
.005
.0k

050
.500-5

.300-4
.250-5

035
«150-3

.0001
.150-4
L400-4

.05
»500-5
.300-4
.250~5
035

1.0
010
.070
.005
.040
.003
400

1.0
.010
.070
.005
040
.003
400

1.0
W01
.07
005
.0k

W40

1.
.01
.07
.D0S
LN

oA

1.0
.100-3
.6500-3
.500-4
.700

003

1.0
.150
400

1.0
10-3
603
.50-4
o7

E-23

1.483
.99
.503
.70
12
.802
.802

5.58

6.58

6.58
.066
.329
L0656
.0656
.066
L0556
.066
. 0656
.594
+359
.400
.370

1.365
410
+590
W41
«59
.329
.329

2.289

1.454

1.596

1.45

5.842

1.6

2.29

1.6

2.29

1.352

1.352

2.711

2.557

2,584

2.55

12.5

2.58

2,71

2.58

2.71

2.53%

2.535

2.360

1.379

1.548

1.20

5.136
.751

2.30
.34
.40
.354
« 354

1.889

1.160

3.53%

1.10

1.1

1.9
.903
.903

2.365

2.115

2.147

2.116

10.04

2.147

-2
-2
-2

1.1

1.4



BAlL]
3A14]
BA1G41
BALG]
BAl4]
LAL41]
LAI4]
LAI4]
LA14]
LAIL]Y
LAIL]
LA14]
LA14]
CE141
CE14]
CE14]
CE141
CE14]
CE141
CE141
CE141
CE141
BA1L?2
BA1L?2
BA1L2
BA1L2
BA142
3A142
BA142
BA142
BAl42
BAIL2
BALL2
LAL142
LAIL2
LALIL2
LALIL2
LALL?2
LAIL?2
LA1Y?
LA14?2
CE143
CE143
CE143
CE1L43
CE143
CE143
CE143
CE143
CE143
PRI1L3
PRIUL3
PRIUS
PRILY
PR143
PRIU3
PR143
PRIU43
PRI43
CElky
CElub
CEluY
CElbb
CElut
CElub
CEll4b
CEllb
CElh4b
PolLL
PRI4Y
PRILY
PRIUG
PRIUY
PRIUG
PRILY
PRI1LY

ORGAN
142000.
20
21
22
23

1 500.

4 400,

61000.

8
20
21
22
23

1 563,

3 563,

4 293,

51500.

8
20
21
22
23

1 65,

3 £.5

4 975,

5 13.

6 55.

8
14 2000.
20
21
22
23

1 500,

4 400,

6 1000.

8
20
21
22
23

1 563,

3 553,

4 293,

61500,

8
20
21
22
23

1 75.0

3 750,

4 375,

61500,

8
20
21
2
23

1 563,

3 563,

4 293,

51500.

8
20
21
22
23

1 75,

1750,

4 375,

61500,

g
20
21
22

DATA LIBRARY (ORGLIB)

.150-3

L0001
L150-4
400~

.100-3
.200-5
2504
J300-4

.05
.500~-5
.300-4
.250-5
.035

1503

L0001
L15-4
L40-1

.100-3
.200-5
+250-4
.300-4

.100-3
J200-5
.200-4
JAL00-4

1002
.200-5
.250-4
+300-4

.10-3
.20-5
L20-4
Y

.003

1.0
.15
W40

1.000
020
.250
.300

1.0
L100-3
.600-3
.500-4
.7

1.0
.15
40

1.0
020
.250
L300

1.0
020
.200
400

1.0
020
. 250
300

W02
.29
40

E-24

2.355
2,147
2.3565
1.129
1.129
.951
942
4.680
942
942
.951
.938
.938
v 221
194
.199
.928
+180
.18
221
.161
.191
3.409
2.022
2.257
2,022
7.755
2.257
3.409
2.257
3.409
1.855
1.855
2.133
1.39
4,718
1.39
1.39
2.133
1.135
1.135
933
.795
.618
3.791
562
.818
.933
458
Jub8
J3206
324
324
1.618
-320
.32
W32
.32
.324
1.313

1.151

.79

.85



PR1LY
ND1uy
ND1uy
ND1uG
ND14y
ND1GLY
ND1bLG
ND1GLG
ND1GLYG
ND1bLG
ND14L7
ND1GL7
HD147
ND147
ND147
ND147
ND1L7
ND1GL7
ND147
PM147T
PM147
PM147
PM147
PMIL7
PM147
PM147
PM147
PM147
PHM14LEM
PM1438M
PM148BM
PM148M
PM148M
PMI4LSM
PM148M
PM148M
PY148M
PM148
PM1G4S
PM148
PMILE
PM14R
PM148
PM1GE
pM148
PM14®
PM151
PM151
PM151
PM1IS1
PM151
pPM151
PM151
PM151
pPM151
SM151
SM151
SM151
§M151
SM151
SM151
SM151
SM151
SM151
v 187
W 187
W 187
W 187
W 187
W 187
w 187
w 187
RE1R7
RE187
RE187
RE187

ORGAN

23

1 656.
3 655,
4 131,
61500.
8

20

21

22

23

1 655,
3 656.
4 131.
51500,
S

20

21

22

23

1 655.
3 655,
4 655,
651500,
8

2n

21

22

23

1 655,
3 556,
4 654,
6 1500.
8

20

21

22

23

1 655,
3 656,
4 656,
6 1500.
8

20

21

22

22

1 654,
3 656.
4 556,
A 1500.
8

20

21

22

23

1 656,
3 656,
4 187,
61500,
8

20

21

22

23

.100-3 1.0
.500-5 .050
.500-4 500
.350-4  ,350
.100~-3 1.0
.500-5 .050
.500-4  .500
.350-4 .350
.100-3 1,0
,200-5 ,020
.500-5 .060
.350-4  .350
.10-3 1.0
.20-5 W02
.60-5 .06
V350 35
.10-3 1.0
.20-5 .02
.60-5 .06
+35-4 +35
W13 01,
.25 .02
.h=5 .08
35-4 .35
.100-3 1.0
.200~-5 .020
+350-4 L350
L350-4 ,350
.100 1.0
L0065 .060
.007 .n70
.500 1.0
.005 .010
.005 010

E-25

DATA LIBRARY (ORGLIB)

1.191
20.0
20.0
20.0
100.
20.
.19
.19
.19
.19
.381
.319
«330
1.5560
.290
<29
.37

.282
.282

5.980-2
6.980-2
6.980-2
.349
.059
5.980-2
6.980-2
5.980-2
5.980-2
1.481
.629
LT84
2,067
L784
.784
1.481
.531
.531
1.065
.857
.857
3,627
.857
.857
1.065
.783
.783
L4TY
.359
.379
1.594
.379
. 379
47h
. 345
. 345
L042
L0L42
Ny
.130
L042
042
L0462
L041
L041
.572
L1t
1.558
44D
b
.68
.356
.354
.012
.012
L0652
.012

.290

.069

L4k

W31

059

A



RE187
RE187
RE187
RE137
RE187
RE187
TH230
TH230
TH230
TH230
TH230
TH230
TH230
TH230
TH230
RA226
RA225
RA226
RA226k
RA226
RA226
RA226
PB210
PB210
PB210
PB210
PB210
P8210
PB210
PBE210
P3210
31210
B1210
81210
81210
B1210
B1210
B1210
B1210
B1210
81210
PO210
PO21n
PO210
pPC210
PO210
PO210
PO210
PC210
PG210

PO210

u 232
232
232
232
232
232
232

cccCcccc

TH23%2
TH222
TH2122
TH232
TH2%2
TH232
TH232
TH23%2
TH232
RA223
RA228
RA228
RA228R
RA228
RA228
RA228
AC228

ORGAN
12 25,0
16 3.0
20
21
22
23
1 570, +2
3 220, +2
4 570. +2
5 355, 42
8
20
21
22
23
18100,
6 164, +2
8
20
21
22
23
11450,
3 531.
418580,
63550,
8
20
21
22
23
1 5.0
3 5.0
4 15.9
5 10.0
6 13.3
8
20
21
22
23
1 30.
3 70.
4 41,
5 &0,
6 24,
8
20
21
22
23
1 100.
3 15.0
5 300,
8
20
21
22
23
1 570. +2
2 220. +2
4 570. +2
6 365, +2
8
20
21
22
23
18100.
6 1564, +2
4
20
21
22
23
1 240, +2

DATA LIBRARY

130 . 250
.350-2 .007
.100-3 1.0
.500-5 .050
.500-5 .050
.700-% ,700
.300 1.0
030 .100
.080 1.0
.010 140
L0064 .080
.020 .280
010 1.0
.003 .300
.150~2 150
.100-3  .010
.300~3 .030
.060 1.0
004 070
.010 170
002 040
.006 100
010 1.0
J11n-2 .110
.110-2  .110
.100-2 1.0
.500-5  ,050
.500-5 .050
.700~4  ,700
1.0
.300 1.0
.030 .100
.100~3 1.0

E-26

(ORGLIB)

.012
.012
012
.012
.012
.012
Ju80+2
J480+2
L480+2
J24243
JB80+2
L7
47
L7
L7
.110+43
11043
.110+3
3.70
3,70
3.70
3.7
5.20
10.0

48042

14,

2.80 +2
1.10 +2
1,20 +3
55242
W54
W54
.53
.53
W62 +2
b1 42
W41 +2
27043
J410+2

76042

J410+2

WAl
W40
40
2.3
1.9
716
.63
.63
.63
.53
.230+3

+2
+2
W22 +2

b3,

4842

1943

.655+2

1443



ORGAN DATA LIBRARY (ORGLIB)

3 240,
4 240.
6 355,
8

20

21

22

23

1 570.
3 220.
4 570,
6 365.
8

20

21

22

23
18100.
6 164.
8

20

21

22

23
11460,
3 531.
41950.
63650.
8

20

21

22

23

1 5.0
3 6.0
4 15.0
5 10.0
6 13.3
8

20

21

22

23

1 100.
3 15,
6 300.
g

20

21

22

23

1 570.
3 220.
4 570.
5 355.
8

20

21

22

23

1 4lo.
3 510.
4L 580,
6 355.
8

20

21

22

23

1 240,
3 240.
4 240,
6 355.
8

20

21

+2
+1
+2

+2
+2
+2
+2

+2

+2
+2
+2
+2

+2
+2
+2
+2

+2
+2
+1
+2

.100-5
.500-4
«300-4

.100-3
.500-5
.500-5
.700-4

.300
«150

.010
.003
+150-2
.100-3
.300-3

.010
«110-2
J110-2

L100-3
.190-5
.500-4
.300-4

.010
2500
300

1.0
.050
.050
.700

1.0
.500

1.0
140
.080
.280

1.0
.300
«150
.010
.030

1.0
110
110

1.0
.050
L 050
700

1.0
04D
.D50
450

1.0
.010
.500
L300

55042
56042
.970+3
.897
T4
1.1

.62
.62

L 23043
.56 +2
.56 42
.9704+3
11043

0 +2

NN E EE

49+3

rEe

e e s e s 4+ s e e«

ORNRNRN®EOE & & &
=3
+
~

o
~
.

0 +2
2 +1
2 +1
0 +3
8

E-27

'

+31 43

.28 +3

83.0

J45 42

.110

.52 +2

2.10 +2

3343

L2843

83.0

46542

J110

.7042

3.2 +2



AC227
AC227
TH227
TH227
TH227
TH227
TH227
TH227
TH227
TH227
TH227
RA223
RA223
RA223
RA223
RA223
RA223
RA223
RA223
RA223
NP237
NP237
NP237
NP237
NP237
NP237
NP237
NP23%7
NP237
PA233
PA233
PA233
PA233
PA233
PA2123
PA233
PA233
PA233
U 233
233
233
213
233
233
233
233
TH229
TH223
TH229
TH229
TH229
THZ229
TH229
TH229
TH229
RA225
RA22S
RA225
RA225
RA225
RA225
RA22S
RA225
RA225
AC225
AC225
AC225
AC225
AC225
AC225
AC225
AC225
AC225
U 238
u 238
U 23R

ccccccc

ORGAN

22
23

1 570. 42
3 220. +2
4 570. +2
6 355. +2
8
20

21

22

23

18100,
310,

4 10.

& 164, 42
8

20

21

22
23

1 330. +2
3 640, +2
4 1465, +3
6 355. +2
8
20
21
22
23

1 410, +2
3 510, +2
4 580, +2
5 365. +2
8
20
21
22
23

1 100,

3 15.0

6 300.

8
20
21
22
23

1 570. +2
3 220, +2
4 570. +2
6 730, +2
8
20
21
22
23

18100.

3 10,

4 10.

6 1654, +2
8
20
21
22
23

1 240, +2
3 240, +2
4 240, +1
5 730, +2
8
20
21
22
23

1 100.

3 15,

6 200.

DATA LIBRARY (ORGLIB)

.100-3
.500-~5
.500-5
,700-4

.100-3
.300-5
4.50-5
L4504

.100-3
L400-5
.500-5
L450-0

L0190
.110-2
.110-2

.100-3
.500-5
+500-5
.700~4

.30
6.0 -4

W12 =3

.15

640
A4
1.0 20043
.050 W61 42
050 .61 42
.700 .890+3
J82742
b4
.69
4,30
4.3
1.0 2.75 +2
.002 2.75 +2
L.0 -4 2,75 42
.500 2.75 +2
28.0 41
3.7
3.8
3.7
3.7
1.0 Ly,
.030 49,
450 49,
450 2.50 +2
49042
.50
.52
.62
.62
1.0 .32
] .15
.050 .18
<450 W41
.18
.18
.32
.13
.13
1.0 50.
.110 50,
.110 2.50 +2
50042
49
49
Lu4g
.49
1.0 33043
.050 49 42
.050 L9 42
700 L4043
227043
4.0
4.0
4.0
4,0
1.0 2.80 +2
.002 2.50 +2
L040-2 2,50 42
.59 2,80 +2
2,50 +2
3.5
3.5
3.5
3.5
1.0 2,80 +2
.01 2,80 42
.50 2.80 +2
.30 1.39 +3
2,70 +2
3.3
3.3
3.3
3.3
1,0 43.0
0,11 43,0
0.11 220,0

W28 43

.490+2

+2704+3

2,50 +2

2,70 +2

23343

«27+3

2.5042

2.704+2



2383
238
238
238
U 238
TH234
TH2 34
TH23Y
TH234
TH234
TH234
TH234
TH234
TH23Y4
AM242M
AM242M
AM242M
AM242M
AM242M
AM242M
AM242M
AM242M
AM242M
AM242
AM242
AM242
AM2042
AM242
AM24 2
AM24 2
AM242
AM242
CM242
CM242
cM242
cM242
cMm2L2
cM242
CM242
cM242
CM242
PU242
PU242
PU242
PU242
PU242
PU242
PU242
PU242
PU242
PU238
PU238R
PU238
PU238
PU238
PyU238
PU238
PU238
PU238
CM244
cM2L4L
cM244
CM244
CM24y
cM2Ly
cM24y
cM2Ly
cM24y
CM24b
CM244
PU2L4L
PU24Y
PU24L
PU2u4YL
PU24L
PU2LY

cccc

ORGAN DATA LIBRARY (ORGLIB)

570.
570.
570.
365.

200.
270.
146,
365,

200.
270.
146,
365.

240.
240,
150.
365,

650.
320.
1456,
355,

240,
240,
150,
355,

1.
1.

650.
320.

+2
+2
+2
+2

+2
+2
+2
+2

+2
+2
+2
+2

+2
+2
+2
+2

+2
+2

+2

]
[T it o S

+
+2
+2
+2

0+8
0+8

+2
+2

14,643

365,

+2

.100-3
.300-5
4,50-5
L.50-5

.100-3
.200-5
J450-4
+450-4

.300-4
.600-5
1.35-5
1.35-5

— s

00-3
.200-5
La450-4
S450-4

[
W oo
ot
v O o

1.0
050
.050
.700

1.0
.030
J450
450

1.0
.030
450
450

1.0
.020
450
L8450

1.0
.N20
450
L8450

1.0
.020
45
45

E-29

43.0
0.43
0.43
0.43
0.43

.91
.90
.90

4.5
.900
.90
.91
.90
.90

61.

60.5

57.

3.02 +2
L340 .13 42 L4042
.019
037
.73
.730

67.0

66.0

63.0
3.40 +2

L 540 L1342 L4042
W22
.22
.20
.20

80.0

78.0

78.0
4,0 +2

67,0 63,0 54,0

.62
.62
.62
.62

51.

51.

51.

2.50 +2

51.0

.510
.510
.510
.510

57.

57.

57.

2,80 +2

57.0

.55
.55
.57
.57
5¢8.

58.

58.

2.90 +2

650.0 60, 60.

-3 5.0 +1
-3 6,0 +1

.59
.59
.59
.59
58.4
5.4
58.4
2.92 +2
58.4 58.4 58.4
.76



PU2LY
PU24 L
PU24L
PU240
pU240
PU240
PU240
PU240
PU240
PU240
PU240
PU240
CM247
cM247
cM247
cM247
CM247
cM247
CM247
cM2L7
cM247
cMaL3
cM243
cM242
cM243
cM243
CM243
CM243
cM243
CM2412
PU243
PU243
PU243
PU243
PU243
PU243
PU243
PU243
PU243
aM243
AM243
AM243
AM243
AM243
AM243
AM243
AM243
AM243
NP239
NP239
NP239
NP239
NP239g
NP239
NP239
NP239
NP239
PU239
PU239
PU239
PU239
PU239
PU239
PU239
PU239
PU239
CM245
CM245
CM245
CM245
CM245
CM245
crM2us
CM245
cM245
PU241

ORGAN DATA LIBRARY

21
22
23
1
3
y
6
8
20
21
22
23

650. +2
320. +2
146, +2
365. +2

o s e .
W

240, +
240, +2
150, +2
365, 42

240, +2
240, +2
150, +2
365. +2

650, +2
320. +2

1.5+4
365, 42

200, +2
270. +2
146, +2
355. +2

390, +2
640, +2
1.46 45
365. +2

650. +2
320, +2
146, +2
365, 42

550, +2

L300-4 1
.600-6
1.35-5
1.35-5

00-3 1

.100-3 1
.200-5
S450-4
L4504

£300-4 1,

.100-3 1,

.300-5
L450-4
L450-t

.100-3 1
.300-5
4.50-5
J450-4

.300-4 1
.500-5
1.35-5
1.35-5

J300-4 1

E-30

.0

.020
450
450

.0
.0
.0
.0
.0
.020
450
450

.0

.02
450
450

0
.020
W45
W45

0

.030
450
J450

.0

.030
450
450

.0

(ORGLIB)

.76
.76
W76
53.0
53.0
53.0
2.70 +2
53.0
.53
W53
.53
.53
55.
55.
55.
2.70 +2
55.0
.71
W71
W71
W71
60.0
60.0

2.99 +2
60,

2.70 +2
54.0

53.0
53.0
53.0
2.70 42
53.0
520
.520
.520
.520
56.0
56.0
56,0
2,80 +2
55.0
.57
.61
.55
.55
2,252

55.0

55.0

60.

54.0

.15

55.0



PU241]
PU24]
PU241
PU24]
PU241
PU24]
PU241
pPU241]
AM241
AM241
AM241]
AM241
AM241
AM241]
AM241
AM241
AM241]

3
[
5
8
20

21
22
23
1
3
L
6
8
20
21
22
23

ORGAN DATA LIBRARY (ORGLIB)

320.
145,
365.

+2
+2
+2

+2
+2
+2

.600-5
1.35-5
1,35-5

.020
450
450

.0
.0
.0
.0
1.0
.030

J450-4 450
J450-4  .450

E-31

2.372
. 999
14,
«133-1
.011
.012
.011
011
57.
57.
57.
2.80 +2
57.0
.56
.59
.58
.58

.030

.18



FOOD TRANSFER COEFFICIENTS (FTRANSLIB)
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2.5€E-12
2.7€-11
1.9€-09
7.8E-10
1.0E-10
6.0E-09
S.4E-09
1,1E-09

.0E+00
7.7E-10
1.8E-09
4,0E-11

.0E+00
4,.8E-11
1.0E-08
1.0E-08
6.6E-09
1.1E-11
8., 4E-10
7.5€E-10

.0E+00
2.0E-08
4.,5E-09

.0E+00

.0E+00
1,2€E-09
1,96-08
7.3E-10
1.,4E-08
JOE+DO
.0E+00
.0E+00

3.8E-10
7.6E-06
8.6E-09
8.9E-09
2.1E-12

.0E+00
1.3E-11

L0E+00
1.3E-08
1,5E-09
8.9E-09
8.4E~11
1.3€E-08
1.2E-08
2.0E-09
5.1E~-10
8.9E-09
7.8E-12
3.0E~09
2.2E-09
2.bE-12
5.7E~12
7.3E-12
1.,3E-09
2,1E-13
3.5E-10
1.4E-09
4,6E-12
1.0E-12
2.2E-09
6.8E-09
6.6E-0R
2.9E-09

.0E+00
1.3E-11

L0E+00

.0E+00

LO0E+0D

LO0E+00

L0E+00

.0E+00
3.5E-09

.0E+00

.0E+00
2.2E-12
2.4E-11
1.6E-09
5.7E-10
8,2E-13
5.1E-09
4,6E-09
9.6E-10

JOE+0N
5,6E-10
1.5E-00
3.5E-11

.0E+00
3.5E-11
9.0E-09
8.9E-09
5.7E-09
1.0E-11
7.1E-10
4.5€E-10

.0E+00
1.76-08
3.7E-05

L0E+00

L0E+00
1.0E-09
1.6E-08
65,2E-10
1.2E-08

.NE+00

.0E+00

.0E+00

1.1E-07
2.8E-06
2.8E-06
2.8E-05
6.8E-10
7.9E-08
3.6E-07
3.5€~07
5.0E-06
1.3E-05
3.5E-06
6.3E-08
5.0E-06
4,8E-06
5.3E-07
1.6E-07
3.5E~05
4, LE-09
4.8E-06
7.0E-07
1.1E-09
2.,9E-09
1.26-08
3.8E-07
3.1E-09
9.3E-07
L.5E-07
9.5€-11
3.3E-09
7.5E-07
L,7E-07
1.7E-05
1.2E-05
2.8E-07
9.4E-09
1.1E-06
5.1E-07
1.88-07
4L.5E-06
2.5E-08
7.7E-06
3.6E-06
5.8E-06
1.56-07
9.6E-07
5.7E-07
2.0E-06
1.4E-06
3.0E-09
1.6E-06
1.9E-06
2.7E-07
2.6E-10
3.0E-07
1.9E-06
3.4E-07
.0E+00
1.5€-08
5.0E-0¢
.3E-06
LBE-06
L7E-07
.0E-07
.3E-0R
5.6E-08
5.5E-06
1.5€E-05
1.0E-07
1.1E-07
3.5E-07
5.5E~06
1.9€-07
3.5E-05
1.0E-06
7.9€-07
1.1E~08

NN
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9.0E-08
2.1E-06
2.4E-06
2.4E-05
5.3E-10
3.2E-10
3.0E-09
2.7E-09
3.2E-06
4,0E-07
2.6E-06
1.9€-08
3.3E-06
3.LE-05
L. LE-07
1.3E-07
2.6E-06
1.2E-09
3.4E-06
5.0E-07
4,56c-10
1.0E-09
1.2E-09
3.0E-07
3.0E-12
7.4E-08
3.5E-07
6.1E-11
1.1E-10
4.7E-07
3.1E-07
1,4E-05
7.5-07
1.6E-09
2.4E-11
1.4E-08
2.8E-07
4,7E-09
2.7E-05
1.2€-10
L.SE-06
1.2E-06
4.BE-05
5.4LE-10
1.3E-0R
6.7E-09
4.bE-07
1.9E-07
2,2E-11
1.4E-06
1.26-06
2.4E-07
1.3E-10
1.7E-07
3.8E-07
9.3E-09
.0E+00
3.7E-09
1.8E-08
2.4E-06
1.5€-06
2.8E-09
1.96-07
1.7E~-08
5.2E-05
4, 4E-006
9.6E-07
6.0E-08
5.7E-0%
2.5E-07
4,2E-06
1.6E~07
2.9E-G6
7.6E~07
L.5E-07
6.6E-11

(GRDFLIB)

5.0E-05
9,.BE-07
2.0E+400
2.0E+400
2,5E-10
1.4E-10
2,7E-09
1.3E-09
1.5E-06
2.0E+00
2.0E+400
2.0E+00
1.5E-05
2.0E+00
2.0E+00
2.0E+00
2.0E+00
5.5E-10
2.0E400
2.0E+00
2.0E-10
4,7E-10
5.2E-10
1.4E-07
1.2E-12
3. LE-OR
1.4E-07
2.8E-11
3.6E-05
2.0E+00
2.0E+00

L0E+00
3. 4E-N7
7.1E-10

L0E+00
6.7E-09
1.3£-07
2.2E-093
1.3E-06
2.0E+00
2.1E-06
5.6E-07
3,8E-06
2.4E-10
5,1E-09
3.1E-09
2.1E-07
8.7E-08
9.2E-12
5.4E-07
5.6E-07
1.1E-07
5.8E-11
7.8E-08
1.7E-07
4,3E-09
2.0E+00
1.76-09
1.35-05
5.0E-05
6,7€E-07
1.2E-09
8,7E-08
1.86-08
2.8E-09
2.0E-06
L. LE-07
2.7E-08
2.56-08
1.2E-07
2.0E-06
7.3E-08
1.%E-06
3.56-07
2.1E-07
2.8E-11

5.,6E-05
1.5E-06
3.0E+0N
3.0E+00
3.2E-10
7.28-08
3.4E-07
3.3E-07
2.9E-06
3.0E+00
3.0E400
3.0E+00
2.9E-06
3.0E+00
3.0E+00
3.0E+00
3.0E+00
1.9E-09
3.0E+00
3.0E+00
4,8E-10
1.3E-09
5.3E-09
1.56-07
1.3€-09
8,1E-07
2.1E-07
4,2E-11
4,0E-02
3.0E+00
3.0E+00

.0E+00
6.8E-07
2,5E-07
7.6E-10
9,7E-07
3.2E-07
1.6E-07
2.7E-06
3.0E+00
4,7E-05
2.7E-06
2,2e-06
1.3E-07
8,6E-07
5.2E-07
1.6E-05
1.2E-06
1.2E-09
7.5E-07
1,1E-06
1.3E-07
2.4E-08
1.8E-07
1.56-05
3.0E-07
3.0E+00
1.1E-08
8.6E-0Y
8.0E-05
9.0E-07
1.6E-07
5.3E-07
3.9E-08
4L,RE-08
2,7E-06
8.8E-07
6.0E-08
6.9E~08
1.9€-07
2.9E-06
9.1E-08
1.7E-06
5.0E-07
4.9E~-07
8,8E-09



XE117
CcSs137
XE138
cs138
BA139
LAL1LO
Balil
LAlL]
CEl4]
BA1L42
LALL2
PR143
CElhy
PRI1UL
ND147
PM147
pM1LR
PHM151
SM151
W 187
TH230
RA225
RN222
PE21¢
R1210
PC210
u 222
TH232
RA228
TH22¢®
U 235
PA231
AC227
U 237
NP237
PA233
U 233
TH22G
AC225
U 23¢
THZ 34
AM242M
CM242
PU242
NP21Q
PuU238
cM244
PU2bLb
PLU240
cM243
AM2LZ
NP212Q
PU23¢G
cM245
araul

EXTERNAL RADIATION DOSE

L0E+00
4,9E-09
.0E+00
2. 4E-NA
2,7E-09
1,76-08
4.9E~-09
2,8E~10
5.2E-10
§.0E-09
1.8e-0¢

.0E+00
3.7E-10
2.3E-10
1,2€-09

L0E+00
$.3E-09
2.3E-09
2.1E-10
3.6E-09
1.0E-10
1.5E-08
1.5e-0%
1.7E-11
.0E+00
5.2E-14
2.78-11
4,0E~09
1.4E-08
1.0E-n8
2.1E-00
2.7z-09
2.4E-09
2,.32-08
1.6E-0G
1.5E-09
L58-11
J7E~03
LEE-08
J3E-10
.3E-10C
L8E-10
J3E-11
JHE-11
«2E-0G
JBE-11
LBE-11
9.6E-10
1.,8E-11
1.4E-G9
1.58-00
1.1E-00
7.7E-12
1.22-09
2.5E~12

e N

— N R

JO0E+00
4.2E-0G

JO0E+ND
2.1E-0°8
2.4E-09
1,5E~0R
b.35-09
2.5E-10
5.5E~10
7.9E-06
1,58-0°

LOE+0D
3.2E-10
2.0E-1D
1.0E-N5

+0E+DO
4.hZ-09
2.2E-09
4,%E-11
3.1E-09
7.86-12
1.3E-n8§
1.38-0°
1.3E-11

JOE+0C
5.4E-14
2.5E-12
3.0E-09
1.26-08
8.9E-06
1.3E~-09
2,2E-09
2.0E-09
1.3E-0%
1.45-09
1.3€-0¢
S.7E-12
2.2E-00

1.hE-00

1.1E-12
2.8E-0¢
1.7E-12
2.9E-12
8.92-10
1.38-12
1.2E-00
1.3E-09
3.5E-10
7.9€-13
5.5E-10
1.8e-10

Z.1E-0A
1.4E-05
I.L4E-06
5.7E-06
1.0E~06
5.3E-0h
2.4E-06
1.0E-06
2.4E-07
3.0E-06h
5.9€-056
2.8€-07
1., 4E-06
1.2E-06
5.0E-07
1,3E-08
2.0E-06
8.L4E-07
1.9€E-09
1.2E-05
4.4E-09
5.0E-05
5.0E~-05
3.6E-07
3.56-07
1.7E~11
1.1E-09
4,8E-06h
4, BE-05
3.58-06
3.88-07
7,0E-07
5.35-07
3.4E~07
4,5£-07
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1.38-~07
2.2E-06
4,5E~06
1.56-0%
8.6E£-08
5.6E~08
2.8e-07
7.58-11
1.1E-05
5.,0E~07
2.6€E-10
8.3£-07
1.25-09
3.3E-06
3.2€-05
2.0E-0G
Z.7E-09
1.5E~11
4,5E-10
3.4E-06
3.4E-05%
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5.
2,
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1.
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7.

b,
2.
1.
3.

5.

2.
2.
3.
5.
1.
1.
2.
1.
2.
2.
2.
2.
2.
1.
Z,
2.
1.
1.
8.
b
2.
2.
3.
S,
b,
1.
5.
2.
6.
1.
2.
[
1.
1.
1.

2E-07
7E-07
NE-N5H
BE-05
7E~-0R
9E-05
2E-07
3E-09
gE-08
0E-06
0E-06
SE-10
0E-08
fE-08
3E-07
1e-11
28-07
3E-07
7JE-06
8E-07
5€~10
5E-0H
5E-0h
7E-09
3E-09
0E~-12
0E-10
0E+0D
0E+00
0E+0D
Le-07
0E+NC
0E+310
2E-07
LE-O07
56-06
7E-10
0E+00
geE+0D
YE-NB
RE-0S
EE-05
hE-10
1E-11
SE-07
8E-11
2E-1C
0E+00
5E-11
28-07
LE-N7
1E~07

1.8E-06
7.0E~07
4.88-06
3.1E-06
£.9€E-07
2,7€-06
1.6E-06
9.2E-07
1,55-07
1.56-06
3, 1E~05
2.5€E-07
1.,2€-06
1.2E-06
3.1E-07
1.2E-08
1.2E-06
S.0E-07
3.38-05
6.3E-07
1.9€-09
2.9E-06
2.9€E-06k
3.4E~07
3.3e-07
9.5E-12
4.8E~10
3.0E+00
3.0E+00
3.0E+00
1.8E-07
3.0E+00
3.0E+N0
1.56-07
2.1E-07
3.0E-0°%
1.3E~06
3.0E+00
3.0E+00
8.1E-907
1.6E-04
1.8E-02
2.1E-00
1.6€-09
5.78-067
1.7E-05
1,7E-09
3.0E+400
1.7€E-049
1.3E-07
2.58-07
2.1E-07
7.0E-10
4.3E-02
2,7E-08
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THIS CODE CALCULATES RADIATION DOSES FROM LIOUID RELEASES
ANNUAL DOSE AND DOSE COMMITMENT TO INDIVIDUALS OR POPULATIONS
FOR EIGHT EXPOSURE PATHWAYS

VERSION 1.0 18 APRIL 1978 BAN RLR

DIMENSION TITLE1(20),TITLR(20),TITLO(C20), TITLR(LD),TITLS(20)
DIMENSION ELT(300),AW(300),TR(300)

DIMENSION FWL(2000),TB(2000),E(2000),10(2006),1BEG(300), END(300)
DIMENSION BIOACI1(9,100),BELTC100),ELTOC100),AwW0(100)

DIMENSION ELTIC100),AWI(100),QC100),Q0(300)

DIMENSION REL(100),KORG(5),KPTHWY(8), TRAD(100),TBI0(100,5),
JENC100,5),FW(100,5),BI0ACF(5,100)

DIMENSION T2(2),DFACC100,5),DCFACC100,5)

DIMENSION RECON(100),RM(8),FDCON(E8,100),HLDUP(8),EXTCON(S,100)
«,WAT(100,8)

DIMEMSION DINT(®,100,5),DCINT(8,100,5),USAG(8),TTIDOS(100,5),
LTTIDC(Cl00,5),DEXT(8,100,5),SLDFACC100C,2), )
LSWDFAC(100,2),ETTDOS(100,5),TOTDOS(100,5), TOTDCC100,5),DINTN(S,5),
DCINTN(8,5),DEXTN(8,5),D0OSE(5),D0SCM(5),DPSKINCR),DPBODY(R)
DIMENSTON SHORDF(300,2),SWIMDF(300,2)

CHARACTER DD¥8,AW%6,AWOH6, AWI*6
MAMELIST INPUT LIST

NAMEL1ST/INPUT/NEXT,KPTHWY, 1AC,T2,KORG, IREC,CELO,FLO,VOL,TOR,CTIN,
.RCYF,PLIFE,RM,HLDUP, SW,USAG, POP, I5ALT,1POP, IPCNT
., THNFRD

NMAX=100
POP=1.0
ISTRT=0

READ INPUT CARD DATA

1 READ(5,100,END=99) TITLEL
READ(5, INPUT,ERR=97)
IF(NEXT.GE.4)GO TO 95
IF(NEXT,EQ.3)G0 TO 2

ASSIGNS REQUIRED DATA FILES
[FCISTRT,EQ.1)GO TO 3
ISTRT=1

CALL ASGA(L, IHNFRD)

READ DATA LIRRARY FOR MASTER NUCLIDE INDEX AND RADIOLOGICAL HALF-LIFE

CALL RLIBINCELT,AW,T®,NUC,TITLR)
READ D2GAN DATA LIBRARY
CALL OLIBS(NUC,ELT,Aw,10,T8,5wWL,E,IBEG,1END,TITLO)
REA SI10ACCUMULATION DATA LIBRARY
CALL BLISIN(BELT,NBELT,RI0AC]1,TITLR)
READ SHORLINE AND SWIMMING DOSE FACTORS
CALL SLIBIN(NUC,ELT,AW,SHORDF,SWIMDF,TITLS)
3 CONTINUE
START OF CALCULATION
READ NEW RELEASE INVENTORY
READ(S,200,END=09) NIN,FINV
CALL ZEROR(C109,Q)
CALL ZEROR(300,Q0)

IF NUMBER OF NUCLIDES IS OUT QF RANGE, PRINT ERPOR MESSAGE AND STOP
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JF(NIN.GT.NMAX,OR.NIN,LT.1) GO TO 98
READ(CS, 300,END=99)CELTICI), AWICI),0C1), 1=1,NIN)

IDENTIFY INPUT RADIONUCLIDES
CALL IDNUC(NUC,ELT,AW,ELTI,AWI,Q,Q0,NIND
COUNT ORGANS AND PATHWAYS
2 CALL OPCHCK(KCRG,NORG,KPTHWY,NPT)

SET DATA ARRAYS FOR DOSE CALCULATION ACCORDING TO NUCLIDES,ORGANS,
AND EXPOSURE PATHWAYS SPECIFIED ON INPUT

CALL SETDAT(NUC,AW,ELT,TR,TB,E,FwL,00,REL,FINV,KORG,KPTHWY,NORG,
JNPT,N2ELT,8ELT,BI1CAC],BI0ACF,NONUC,AWO,ELTO, TRAD,TRIO, 10,EN, IBEG,
.1END,FW, SHORDF , SWIMDF, SLDFAC, SWDFAC, ISALT)

WRITE QUALITY ASSURANCE PAGE

CALL QAPAGE(TITLEL,TITLR,TITLO,TITLB,TITLS,KPTHWY,1AC, NPT,
.NO®G,KORG, IREC,CFLO,FLO,VOL,TOR,CTIM, RCYF, PLIFE, T2, 8M, HLDUP, SW,
LUSAG,POP ,NONUC, AWG,ELTO,REL,FINV,DD, ISALT,1POP)

CALCULATE DOSE FACTOR FOR CURREMNT INVENTORY AND OPGANS

CALL DFCALCCTRAD,TBIO,F¥,EN,NONUC,NORG, 1AC,T2,D5A%, DCFAL,KORG,
LELTO)

CALCULATE FOOD CONCENTRATION FACTORS

CALL DOZE(NONUC,REL, IREC,CFLO,FL3,VOL,TOR,TRAD,CTIM,RCYF,
JPLIFE,NPT,KPTHWY,RM, BIOACF ,HLDU?, SW, EXTCOMN,FDCON, WAT , RECON)

CALCULATE DOSE FROM FOOD CONCENTRATION, EXTERNAL AND IMTEPNAL DF,S

CALL DOZCAL(KPTHWY,DFAZ,DINT,FDCON,USAG,POP,DCINT,DCFAC,
LTTIDOS, TTIDC,DEXT,EXTCON, SLDFAC, SWDFAC,ETTDOS, NORG,NONUC, TOTDOS,
.TOTDC,KORG, NPT, DINTN,DCINTN,DEXTN, DOSE,DOSCM, DPSKIN, TTSK N,
.DPBODY, TTRODY)

WRITE OUTPUT REPOPTS
CALL DOSOUT(TITLE1,DD,ELTO,AW0,NORG,KORG,NPT,NONU.  KPTHWY,
DINT,DCINT,DEXT,TRAD,REL,WAT,CFLO, 5%, DINTN,DCINTN, DEXTN, HLDUP,
.USAG,R™,FDCOM,BIOACF, TOTDOS, TOTDC ,ETTDOS, EXTCON, DOSE, DOSCM,
.DPSKIN,TTSKIN,RECON,ISALT,1POP,DPBODY, TTBODY, T2, 1PCNT)
IF(NEXT.GE.2)G0 70 1
NORMAL EXIT 95,STOP
95 PRINT 400
CALL ASGA(2,0)
STOP
INVENTORY ERROR IN SPECIFICATION OF NUMRER OF NUCLIDES,
98 PRINT 500,NMIN,NMAX

CALL ASGA(Z2,0)
sToP

END OF INPUT CARD FILE, STOP
99 PRINT 600

CALL ASGA(2,0)

STOP
NAMELIST INPUT ERROR, S5TOP
97 PRINT 700

CALL ASGA(2,0)

ST0OP

FORMAT STATEMENTS
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100 FORMAT(20AL)

200 FORMAT(I3,E10.2)

300 FORMAT(A2,A6,4%X,E8,2)

400 FORMAT(IH1,!' END OF INPUT FOR THIS RUN')

500 FORMAT(1H1, 'ERROR IN NUMBER OF NUCLIDES INPUT, NONUC =',I15,' MAXI
JMUM ALLOWED 1S°,14)

600 FORMAT(IH1,' END OF FILE ON INPUT, STOP')

700 FORMAT(1H1,' ERROR ON INPUT NAMELIST, STOP')
END
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SUBROUTINE RLIBINCELT,AW,TR,NUC,TITLR)
DIMEMNSION ELT(300),AwW(300),TR(C300),TITLR(20)D
CHARACTER AWH6

READ(10,200,END=99) TITLR

200 FORMAT(20A4)

READ AND COUNT NUCLIDE ID AND HALF~LIFE DATA FROM UNIT 10

NUC=0

NUC=NUC+1

READ(C10,100,END=99) ELT(NUC),AW(NUC), TR(CNUC), TEND
IFCIEND.GT.0) GO TO 1

NUC=NUC-1

IF(NUC.GT.300) GO TO 68

IF(NUC.LT.1) GO TO 98

RETURN

PRINT ERPOR MESSAGES AND STOP

98 PRINT 300, NUC

00 FORMAT(1H1,'IMPROPER NUMBER OF NUCLIDES

39
lo00
400

.18

CALL ASGA(2,0)
STOP

PRINT 400

FORMAT(AZ2,A6,E10.2,12)

FORMAT(1H1, 'END OF FILE ON MASTER LISRAPY UNIT 10')
CALL ASGA(2,0)

STOP

END
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SUBROUTINE OLIBS(HUC,ELT,AW,10,TR,FwWL,E,1BEG, TEND,TITLO)

THIS MODULE READS DATA FROM THE ORGAN DATA LIBRARY

DIMENSION ELT(300),AW(300),FWL(2000), IBEG(300), IEND(300)
DIMENSION T8(2000),E(2000),10(2000)

DIMENSION TITLO(C20),E1(3)

CHARACTER AW¥6,A%B

SET DATA ARRAYS TO ZERO

CALL ZEROI(2000,10)
CALL ZEROI(NUC, 1END)
CALL ZEROI(NUC,I1BEG)
CALL ZEROR(2000,FWL)
CALL ZEROR(2000,7B)
CALL ZEROR(2000,E)

INITIALIZE CONTROL INTEGERS

NC=1
1P=0
NOLD=0
1ER=0

READ ORPGAN LISBRARY TITLE CARD

READ(11,100,END=99) TITLO

100 FORMAT(20AL)

C
C
C

200

1

2

3
c
C
C
c
C
C
C
c
C

6
c
C
C

7

READ FIRST DATA CARD

READ(11,200,END=99) EL,A,IOR,TBI,FWI,F2PI,(EICI),1=1,3)
FORMAT(A2,A6,12,6E8.2)

1F(EL.NE.ELT(NC).OR.A NE.AW(NC)) GO TO &

IF(IOR.EQ.1) GO TO 2

1IF(NOLD.NE.NC) GO TO 7

GO TO 3

IF(NC.GT.1) IEND(NOLD)=IP

NOLD=NC

IREG(NC)=IP+]

1P=1P+1

SET DATA FOR CURRENT NUCLIDE AND ORGAN

FWLCIP)=FWI

TB(IP)=T8I

10(1P)=10R

ECIP)=EIC1)

IFCEIC3).6T.0.) ECIP)=EI(3)

READ NEXT DATA CARD

READ(11,200,END=99) EL,A,JOR,TBI,FWI,F2PI1,CEICI),1=1,3)
GO TO 1

INCREMENT NUCLIDE INDEX NC

NC=NC+1
IF(NC.GT.NUC) GO TO 98
GO 70 1

ERROR IN OPGAN LIBRARY DATA ORDER

PRINT 200,NC,NOLD,EL,A,ELT(NOLD), AW(NOLD)

300 FORMAT(1HL, 'ERROR IN ORGAN DATA LIBRARY INPUT, NC, NOLD

[aNaNe)

.

' NUCLIDE INPUT 1S ',A2,AH/' NUCLIDE NOLD 1S ',A2,AR)
CALL ASGA(2,0)
STOP

UNIDENTIFIED NUCLIDE OR OTHER PROBLEM

98 WRITE(H,401)EL,A,NC
FORMAT(® UNABLE TO IDENTISY NUCLIDE ',A2,A6,' NUCLIDES CHECKED

401

&

=t,15,! -=STOP')
CALL ASGA(2,0)
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STOP
c
C END OF FILE ON ORGAN DATA LIBRARY
C

99 IF(NOLD.GT.0) IEND(NOLD)czIP
IF(NC.GT.1) RETURN
PRINT 400,NUC,NC,NOLD,IP
400 FORMAT(1HL,'END OF FILE ON ORGAN DATA LIBRARY!'/
.' NUCLIDES IN MASTER LIBRARY =',I4/' CURRENT NUCLIDE INDEX =!',14/
' PREVIOUS NUCLIDE INDEX =',Iu4/' DATA ARRAY INDEX =',15)
CALL ASGA(2,0)
STOP
END
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SUBROUTINE BLIBIN(BELT,NBELT,BICACL,TITLB)

THIS SUBROUTINE READS THE BIOACCULULATION DATA LIBRARY

DIMENSION BIOAC1(9,100),TITLB(40),BELT(100)

NB=1

READ TITLE INFORMATION

100

READ(14,100,END=99)TITLB
FORMAT(20A4)

READ DATA RECORDS

1

ON

99
300

READ(14,200,END=2)BELT(NB), (BIOACI(I,NED,1=1,9)
NB=NB+1

GO TO 1

END~-OF-FILE, RETURN

NBELT=NB-1
RETURN

END~OF~FILE ON TITLE CARD READ, PRINT ERROR MESSAGE AMD STOP

PRINT 300
FORMAT(1Hl,' END~-OF-FILE ON TITLE CARD READ, BIOACCUMULATION LIERA

%RY, STOP')

FORMAT(A2,8Fg,1,F6.1)
CALL ASGA(2,0)

sToP

END
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SUBROUTINE SLIBIN(NUC,ELT,AW,SHORDF,SWIMDF,TITLS)
THIS SUBROUTINE READS DATA FROM THE EXTERNAL DOSE FACTOR LIBRARY

DIMENSION ELT(300),AW(300),SHORDF(300,2),SWIMDF(300,2),TITLS(20)
CHARACTER AWH6G, W6

INITIALIZE ARRAYS AND CONTROL INTEGERS

NC=1

[P=D

DO 10 1=1,2

D0 10 J=1,30
SHORDF (J,1)=

0
0.0
10 SWIMDF(J,1)=0.0

READ TITLE CARD
READ(16,100,END=99) TITLS
READ DATA FROM FILE
2 READ(16,200,END=98)EL,W,SHORS, SHORTE, SWHS, SWMTE
1 IFCEL.NE.ELT(NC).OR.W.NE.AW(NC)) GO TO 6
IP=1P+1
IFCIP.GT.300) GO TO 97
SET DATA FOR CURRENT NUCLIDE
SHOPDF(NC, 1)=SHORS
SHORDF (NC, 2)=SHORTR
SWIMDF (NC, 1)=5wWMS
SWIMDF(NC,2)=5WMTB
READ NEXT DATA CARD
GO 70 2
INCREMENT NUCLIDE INDEX
6 NC=NC+1
IF(NC.GT.NUC)GOTO 97
GO 70 1
ERROR IN LIBRARY ORDER OR SIZE, PRINT MESSAGE AND STOP
97 PRINT 300,IP,NC
CALL ASGA(2,0)
STOP
END-QOF-FILE ON DATA READ
G8 IF(IP.GT.1) RETURN

IF EMPTY,PRINT MESSAGE AND STOP

PRINT 400
CALL ASGA(2,0)
STOP

END-OF-FILE ON TITLE READ, STOP

99 PRINT 500
CALL ASGA(2,0)
STOP

FORMAT STATEMENTS

100 FORMAT(20A4)

200 FORMAT(A2,A6,LEQ,2)

300 FORMAT(1M1,' PROBLEM IN EXTERNAL DF LIB READ',/,
.' NUCLIDES FOUND =t15,/,' NUCLIDES CHECKED FROM MASTER LIBRARY =!
., 15,1 sTOP!)

LCO FORMATCIHI,' EXTERNAL DOSS FACTOR LIBRARY EMPTY, STOP!)

500 FORMAT(1H1,' EXTERNAL DOSE FACTOR LISRARY TITLE READ ERROR,STOP')
END
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SUBROUTINE IDNUC(MUC,ELT,AW,ELT],AWI,Q,Q0,NIN)

THIS MODULE IDENTIFIES NUCLIDES IN INPUT INVENTORY

DIMENSION ELT(300),AW(300),ELTIC100),AWI(100),0(100),Q0(300)

CHARACTER AWH#6,AWI*6
INITIALIZE COUNT INDEX ON UNIDENTIFIED NUCLIDES

50 CONTINUE
[STOP=0

LOOP ON NUCLIDES INPUT, TEST AGAINST MASTER LIST.

DO 3 IN=1,NIN
DO 1 IL=1,NUC
ILMN=]L
IFCELTCIL) NELELTICIND) GO TO 1
TFCAWCIL) L EQ.AWICINDD) GO TO 2
1 CONTINUE

NO MATCH IN LIBRARY FOR INPUT NUCLIDE. PRINT NAME OF UNKNOWN NUCLIDE

ISTOP=ISTOP+1
PRINT 100, ELTICIN),AWI(CIN)
GO T0 3

SET MASTER INVENTORY ARRAY QO.

2 QOCILN)=QCIN)
3 CONTINUE
IFCISTOP.LT.1) RETURN

PRINT TOTAL NUMBER OF UNKNOWM NUCLIDES AND STOP.

PRINT 200, ISTOP
100 FORMAT(I1HO, 'UNIDENTIFIED NUCLIDE ',A2,A%)
200 FORMATCIHO, 'THERE WERE UNIDENTIFIED NUCLIDES,
CALL ASGA(2,0)
STOP
END
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SUBROUTINE OPCHCK(KORG,NORG,KPTHWY,NPT)

THIS SUSROUTINE COUNTS ORGANS AND EXPOSURE PATHWAYS SPECIFIED

DIMENSION KORG(S5),KPTHWY(8)
1570P=0
50 CONTINUE

COUNT ORGANS INDICATED FOR DOSE CALCULATIONS

NORG=0

DO 10 I=1,5

IF(KORG(1).GT.0INORG=NORG+I
10 CONTINUE

COUNT EXPOSURE PATHWAYS REQUESTED FOR DOSE CALCULATIONS

NPT=0

DO 11 1=1,8

IF(KPTHWY(I).GT.0JDNPT=NPT+1
11 CONTINUE

PRINT ERROR MESSAGES IF NO ORGANS OR NO PATHWAYS SPECIFIED

IF(NORG.GT.0)GO TO 12
15TOP=1

12 1IF(NPT.GT.0)GO TC 13
15T0P=15TOP+2

13 IF(ISTOP.EQ.1)PRINT 100,NORG
IF(ISTOP.EQ.2)PRINT 200,NPT
IFCISTOP.EO.3)PRINT 300,NORG,NPT
IF(ISTOP.EQ.D)RETURN
CALL ASGA(2,0)
STOP

FORMAT STATEMENTS
100 FORMAT(1H1,' NO ORGANS SPECIFIED, NORG=z=',15)
200 FORMAT(1H1,' NO PATHWAYS SPECIFIED, NPT =',15)

300 FORMAT(1H1,*' NO ORGAMS OR PATHWAYS SPECIFIED~-NORG,KORG
END
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SUBROUTINE ZEROR(N,A)
C TH]S MODULE SETS N VALUES OF ARRAY A TO REAL ZERO,

DIMENSION A(1)
DO 1 J=1,N
A(JY)=0.

1 CONTINUE
RETURN
END
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SUBROUTINE ZEROI(M,K)
C  THIS MODULE SETS N VALUES OF ARRAY K TO INTEGER ZEROQ.
DIMENSION (1)
DO 1 J=1,N
K(J)=0
1 CONTINUE
RETURN
END
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SUBROUTINE SETDAT(NUC,AW,ELT,TR,TB,E,FwWL,00,REL,FINV,KORG,KPTHWY,
.NORG,NPT,NBELT,8ELT,RI0AC1,BI0OACF,NONUC,AWO,ELTO, TRAD,TB10,10,EN,
.1BEG,1END,FV, SHORDF , SWIMDF, SLDFAC, SWDFAC, ISALT)

THIS SUBROUTINE PREPARES CONDENSED DATA ARRAYS FOR DOSE CALCULATIONS,
THE RELEASE INVENTORY IS MODIFIED BY THE FACTOR FINV,

DIMENSION AW(300),ELT(300),TR(300),TB(2000),E(2000),FWL(2000)
DIMENSION AWO(CI00),ELTOCI00),TRAD(100),TBIOC100,5)

DIMENSION Q0(300),REL(100),KORG(5),KPTHWY(8),10(2000)
DIMENSION BELT(100),810AC1(9,100),BI10ACF(5,100),SWIMDF(300,2)
DIMENSION EN(C100,5),IBEGC300),1END(300), SHORDF(300,2)
DIMENSION SLDFAC(100,2),SWDFAC(100,2),FwW(100,5)

CHARACTER AW¥6,AWOHE
INITIALIZE ARRAYS AND CONTROL INTEGERS

1 CONTINUE
CALL ZEROR(100,TRAD)
CALL ZEROR(S500,TBIO)
CALL ZEROR(100,AWO0)
CALL ZEROR(100,ELTO)
CALL ZEROR(100,REL)
CALL ZEROR(500,BI0ACF)
INUC=0
IF(FINV.LE.Q)FINV=1.0

LOOP ON MASTER NUCLIDE LIST

DO 20 IL=1,NUC
1IFCQOCIL).LE.0.0)GO TO 20
IF(IBEG(IL).EQ.0)GO TO 18

GNORE NUCLIDE IL IF NO SOURCE INVENTORY OR NO ORGAN DATA
OTHERWISE INCLUDE NUCLIDE IL IN DATA ARRAY POSITION INUC

INUC=INUC+]
SET NUCLIDE-DEPENDENT DATA FOR CURRENT NUCLIDE

ELTOCINUC)=ELTCIL)
AWOCINUC)=AW(IL)
TRAD(INUC)=TR(CIL)
RELCINUC)=QOCIL)*FINV

MULTIPLY BY ,001 TO CHANGE UNITS TO REM FROM MREM

SLDFACCINUC,1)=SHORDF(IL,1)%0.001

SLDFACCINUC, 2)=SHORDF(CIL,2)%0.,001

SWDFACCINUC,1)=SWIMDF(IL,1)%0.001

SWDFAC(INUC,2)=SWIMDF(IL,2)%0.001
FIRST FIND ELEMENT

DO 7 1E=1,NBELT
IEK=1E
1F(ELTOCINUC).EQ.BELT(CIEDDGO TO 8
7 CONTINUE
PRINT 20C,ELTCIL),AW(IL)
INUC=1NUC~-1
GO TO 20
8 DC 11 1P=1,NPT
JPT=KPTHWY(1P)
1IF(JPT.GE.5)GO TO 9
KPT=JPT
IFCISALT.EQ.O)KPT=KPT+4
BIOACF(1P,INUC)=BIOACI1(KPT,1EK)
GO 70 10
9 IF(JPT.NE.5)GO TO 10
BIOACF(IP,INUC)=BIOACI(9,1EK)
10 CONTIMNUE
11 CONTINUE

SET ORGAN~DEPENDENT DATA FOR SELECTED ORGANS FOR CURRENT NUCLIDE

11=1BEG(CIL)

E-49



o000

[eXaNe)

la Nl

ARRRG LISTING

12=1ENDCIL)

DO 5 10G=1,NORG

00 3 11=11,12

IK=11

IF(KORG(IOG).EQ.IOCII)IGO TO &
3 CONTINUE

GO TO § -
4 FWCINUC, T10G)=FWL(IKD

ENCINUC, 106)=ECIK)

TBIOCINUC,106)=TB(IK)
5 CONTINUE

G0 TO 20 -

PRINT MESSAGE FOR ELIMINATING NUCLIDE BECAUSE NO ORGAN DATA

19 PRINT 100,ELTCIL),AW(CIL)

20 NONUC=INUC
IF(NONUC.LE.0)GO TO 98
RE TURN

FORMAT STATEMENTS

100 FORMAT(1H1,' NO DATA IN ORGAN LIBRARY FOR NUCLIDE ',A2,A5,'. THIS
.NUCLIDE DROPPED')

200 FORMAT(1HI,' NO DATA FOR ELEMENT ',A2,AH,'IN BIOACCUMULATION FACTO
.R LIBRARY, THIS NUCLIDE DROPPED,')

T00 FORMAT(1H1,' NONE OF THE INPUT NUCLIDES HAVE DATA IN THE LIBRARIES
., NUC =',15,*'. STOP,')

[

98 PRINT 300,NONUC
CALL ASGA(2,0)
99 sSTOP
END
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SURROUTINE QAPAGE(TITLET,TITLR,TITLO,TITLR,TITLS,KPTHWY, 1AC, NPT,
.NORG,KORG, IREC,CFLO,FLD,VOL,TOR,CTIM,RCYF,PLIFE,T2,RM,HLDUP, SW,
LUSAG,POP,NONUC, AWD,ELTO,REL,FINV,DD, 1SALT, IPOP)

THIS SURROUTINE CREATES AN ORGANTZED LISTING OF ALL PERTINENT INPUT
PROBLEM PARAMETERS

DIMENSION TITLE1(20), TITLRC20),TITLOC20), TITLRC40),TITLS(20)
SIMENSTON KPTHWY(8),KORG(5),T2(2),RM(8),HLDUP(8),USAG(R), UNITS(8)
DIMENSION AWO(100),ELTOC100),REL(I00),ONAME(23), PNAME(S)

CHARACTER AWO#6,ONAMEH10,PNAMEH10, TYPE®7,TT*8,DD%8, UNITSH7
CHARACTER WATRH5,TPOP%]10

DATA (PNAME(CI),I1=1,8)/'FISH!, "CRUSTACEA', "MOLLUSCS"', *PLANTS',
J'DRINK, H20', "SHORELINE', 'SWIMMING', 'BOATING'/

DATA (ONAME(CID,1=1,23)/'TOTAL BODY', 'RODY WATER!', 'KIDNEYS',
LVLIVER'Y, "SPLEEN', *BONE', 'FAT!, 'LUNGS"', 'ADRENALS', ' TESTES',
LYOVARIES', 'SKIN', "BRAIN', '"MUSCLE', 'PROSTATE!, ' THYROID', 'PANCREAS',
LUHEARTY, 'GIt, 'STOMACH', "SMALL INT', 'UPPER LARG', 'LOWER LARG'/

CALL ADATE(DD,TT)

WRITE(H,1)DD,TITLEL

1 FORMAT(IHI,S6X,*' ##:% QA
.' ARRRG, VERSION 1.0, 1
CALL IDLINE

. PAGE ##uNt 33X tRUN ON ',A8,/,50X,
AUGUST 78',/18X,' CASE TITLE: ',20A4)

WATR='FRESH®
IF(ISALT.NELODWATR=! SALT!
TPOP=z' MAX., IND.'
IFCIPOP.NE.O)TPOP='POPULATION?
TYPE=' ACUTE!
IFCIACLEQ.ODTYPE='CHRONIC!
WRITECE,2)TPOP, TYPE,WATER
2 FORMAT(27X,' TYPE OFf DOSE CALCULATED: ',Al1N0,1X,A7,%' INGESTIOM AND
LEXTERNAL EXPOSURE',/,40X,*' FOR LIOUID RELEASES OF RADIONUCLIDES IN
. ',A5,7 WATER', /)

WRITE(B,3)TITLR,TITLO, (TITLR(1),1=1,20),TITLS

3 FORMAT(SX,' ¥x% DATA LIBRATIES USED ',/,8X,' RADIONUCLIDE LIRRARY:
. ',20A4,/,10X%,' ORGAN DATA LIBRARY: ', 20Ak4,/,5X,' BIOACCUMULATION
LLISRARY; T 20Ak4,/,7X,' EXTERNAL D.F, LIBRARY:',62044,/)

DATA (UNITS(I),1=1,8)/'(KG/YRD', "(KG/YRD', "(KG/YR)', ' (KG/YRD?,
G HCL/YRD Y, V(HR/YRDT, V(HR/YRD, Y (HR/YRD Y/

WRITE(H,4)
4 FORMAT(S5X, ' ##:# PATHWAY DATA USED',/,20X, 'PATHWAY',THhO, "MIXING RAT
.10', 750, 'HOLOUP (DAYS)',TR5, 'USAGE UNITS',/,20X,80('=1))
DO 100 IP=1,NPT
JP=KPTHWY(IP)
100 WRITE(E,5)PNAME(CJP),RM(IP),HLDUP(IP),USAGCIP),UNITS(UP)
5 FORMAT(20X,A10,3C10%,1PEL10.2E2),2X,A7)

WRITE(H, 6 )(ONAME(KORG(T)), I=1,NORG)
5 FORMAT(/,5X, ' i ORGANS CONSIDERED',/,5(10%,A10))

WRITECS, 7)CELTOCID,AWO(I),PEL(ID, I=1,NONUC)

7 FORMAT(/,5X," 3% NUCLIDES CONSIDERED:',/,10X%,5("NUCLIDE RELEASE
VUL TX), /9%, 5CELT. WT. (C1/YR)',HX),//,(10X,5(A2,1X,A6,1X,1PEE.2
LE2,6X)))

WRITE(H,®)FINV,IREC,PLIFE,CFLO,POP,FLO,T2(1),VOL,T2(2),T2R,S¥,CTIM
.,RCYF

8 FORMAT(/S5X,' %% SITE SPECIFIC DATA USED',T70,!'#%% RECONCENTRATION
. DATA USED',/,13%, 'INVENTORY MODIFICATION FACTOR: ',E10,2E2,TQ7,'M
LODEL USED: ',12,/,T22,'FACILITY LIFE (YEARS): *,E10.2E2,T90,'COOLA
JNT FLOW RATE: ',E10.,2E2,/,T33,'POPULATION: ', E10.2E2,T78, 'COOLANT
JMAKEUP FLOW (FT3/SEC): ',E10.2€2,/,T25,'DOSE TIME (YEARS): ',E10.2
JE2,T50, 'POND VOLUME (FT3): ', E10.252,/,T15,'DOSE COMMITMENT TIME (
.YEARS): 'E10.2E2,T94, 'TURNOVER RATE: ',F10.,2E2,/,TBY, 'SHORE WIDTH
.FACTO2: ',E10.2E2,/,T92,'CYCLE TIME (HR): ',E1D0.,2E2,/,
.TG1, 'RECYCLE FRACTION: ',E10,2E2)
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WRITE(6,9)
9 FORMAT( 15X
mRE0 Gy VR
L34X, 00

INPUT PREPARED BY:',15X,'DATE:',/,34x%, 3t
330 7/ 16X, INPUT CHECKED B8Y:', 15X, 'DATE:
v'5x'|:: ::::1)

'/r

RETURN
END
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S SUBROUTINE CALCULATES DOSE FACTORS FOR INGESTION AND
EXPOSURE TO CONTAMINATED GROUND.

SUBROUTINE DFCALC(TRAD,TBIC,FW,EN,NONUC,NORG,1AC, T2,
EDFAC,DCFAC,KORG,ELTO)

REAL*Y4 MASS(23)

DIMENSION DFAC(100,5),DCFACC100,5),EN(C1RD,5),T2(2)
DIMENSION TEFF(100,5),TRAD(C100),TRI0(100,5),Fw(100,5)
DIMENSION KORG(5),TRTM(4),TP(L),ELTO(100)

TRAVEL TIMES, FRACTIONAL DAYS

DATA (TRTM(I),I1=1,4)/.0417,.1657,,3333,,7500/

C TRAVEL TIMES TO GI ORGANS, FRACTIONAL DAYS

DATA (TP(1),1=1,4)/0.0,.0417,.2083,.5417/
DATA T1/1.0/

C ICRP-23 ORGAN MASSES OR GI ORGAN CONTENTS MASS

300

99

OOy

400

401

[aNaNel

500

501
100

DATA (MASS(I),I=1,23)/70000.,600.,310,.,1800.,180,,7000.,13500.,
£1000.,14%,,35,,11,,2600,,1400.,28000,,16,,20.,100,,330,,0.,259.,

.400.,250.,135,/

DO 100 INUC=1,NONUC

50 100 IO0RG=1,NORG

JORG=KORG(IORG)

TEFFCINUC,10RG)=TRADCINUC)*TBIO(CINUL, ICRG)/(TRAD(INUC) +
ETBIOCINUC,IO0RG))

IF(KORG(IORG).GE.20)G0 TO 200

IF (IAC .E0.0) GO TO 300

DFACCINUC, 10RG)=0.074*ENCINUC, IORGIHTEFF(INUC, IORG)
§FW(INUC,IO0RG)H*(1.0-EXP(~0.693/TEFFGINUC,10RGI*T2(1)%3565.25))/
EMASS(JORG)*0.001

DCFACCINUC, I0RG)=0.074*ENCINUC, TORG)XTEFF (INUC, JORGD™
EFWCINUC, IORG)*(1,0-EXP(-0.693/TEFFCINUC, 10GI®T2(2)%365,25))/
EMASS(JORG)H0.001

GO TO 99

DEACCINUC, IORG)=2,92E-4%FW(INUC, IORGI®EN(CINUC, IORG)*
EC(TEFF(INUC,10RG)*%2)%(0,H93/TEFF(INUC,I0RGI*T1%#365,25+
EEXP(-0.693/TEFF(INUC, I0RG)I*T2(1)%255,25)-EXP(-0.693/TEFF(INUC,
EI0RG)#(T2(1)-T1)%365,25))/MASS(JORG)¥*0,001
DCFACCINUC,10RG)=2.92E~4H¥FW(INULC, IORGIHENCINUC, IORG)H
§(TEFF(INUC, I0RG)®#2)%(0.593/TEFF(INUC, IORGIH*T1%365,25+
CEXP(-0.H03/TEFF(INUC,1026)%T2(2)%355.25)-EXP(-0.693/TEFF(INUC,
EIORG)*(T2(2)-T1)#365,25))/MASS(JORG)*0.001

GO TO 99

10R=JDRG-19
DFACCINUC,IORG)=0.0256%TRTM(IORD¥EN(CINUC, 10RG)*FW(INUC, 10RG)*
EEXP(-0.593/TRAD(INUC)*TP(IOR))/MASS(JDRGI®0.001

DCFACCINUC,I10RE)=0,0256%TRTM(IOR)HENCINUC, IORPGI*FW(INUC, IORG)¥

SEXP(=0.5C3/TRADCINUC)I®TP(IOP))/MASS(JORGD®0.001
CONTINUE

HztH !

C='C !

N=tN

NA= INA!

IFCELTOCINUC) LEQ.H,OR,ELTOCINUC).EC.C)G0 TO 40O
IFCELTCCINUC).EQ.N.ORLELTO(INUC).EQ.NADGO TO 500
GG TO 100

SPECIAL CASE FOR H-3,C-14

1F(JORG.EQ.H)GO TO 100

DO 401 1=1,NORG
IF(KORG(ID.NE.1)GO TO 401
DFAC(CINUC, 1ORG)=DFAC(CINUC, 1)
DCFAC(CINUC, 10RG)=DCFACCINUC, 1)
GO TO 100

CONTINUE

SPECIAL CASE FOR N-13,MA-22,NA-24

DO 501 I=1,NORG
I1F(KORG(ID.NE.1)G0 TO 501
DFACCINUC, 1ORG)=DFACCINUC, 1)
DCFAC(CINUC,I0RG)=DCFAC(CINUC,I)
CONTINUE

CONTINUE

RETURN

END
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C THIS SUBROUTINE CALCULATES THE CONCENTRATIONS IN THE
C FOOD AND EXTERNAL
SURROUTIMNE DOZE(NOMNUC,REL,IREC,CFLO,FLO,VOL,TOR,TRAD,CTIM,RCYF,
EPLIFE,NPT,KPTHWY,RM,RI0ACF ,HLDUP, 5W,EXTCON,FDCON,WAT ,RECON)
DIMENSION RELC100),RECONCI008),TRADCLID0),KPTHWY(8),RM(E)
DIMENSION FDCON(8,100),R10ACF(5,100),HLDUP(R),EXTCON(S,100)
DIMENSION WAT(100,8)
C CALCULATE RECONCENTRATION FORMULA
1 CONTINUE
DO 50 INUC=1,NONUC
I* (RELCINUC) .EQ. 0) GO TO 50
I (IREC .EQ. 3) GO TO 100
IF (IREC .EQ. 2) GO TO 150
RECONCINUC)=1,/(1.,=-(CFLO-FLO)/(CFLO+VOL®TOR)®EXP(-0.593/
ETRAD(INUC)HCTIM®0,0417))
GO TO 50
150 RECONCINUCD=(1.~(RCYFREXP(~-0.693/TRADCINUCIHCTIMH:N, O0417))
EH¥F(PLIFE#B765./CTIM41,))/(1,=RCYFREXP(-0.693/TRAD(CINUC)®
SCTIMH0.0417))

GO TO 50
100 RECONCINUC)=1.0
50 CONTINUE
C CALCULATE WwWATER CONCENTRATIOM PCI/L

DO 200 IFD=1,NPT
IF (KPTHWY(IFD) .EQ. 0.) GO TO 200
DC 250 INUC=1,NONUC
WATCINUC, IFD)=REL(INUC)®RECONCINUC)®eM(IFD)*1119,11/CFLD
IF (KPTHWY(IFD) .EC. 6) GO TC 26h0
IF (KPTHWY(IFD) ,EQ. 7) GO TO 270
IF (KPTHWY(CIFD) .EQ. 8) GO TO 280
C CALCULATE FQOD COMNCENTRATION PCI/KG
FOCONCIFD, INUC)=BIOACF(IFD, INUC)®WAT(INUC,IFD)®EXP(~-0,593/
ETRAD(CINUC)#HLDUP(IFD))
GO TO 2590
C CALCULATE EXTERNAL CONCENTRAT]OM
250 WATCINUC, IFD)=WATCINUC, IFD)HSWH100,
EXTCONCIFD, TNUC) =WAT(IMUC, [SDIHEXP(~0.693/TRAD(CINUC)®HLDUP(IFD))
E5%(1.~EXP(~0.693/TRAD(INUC)®PLIFE®355,25))%TRAD(CINUC)

GO To 2% i

270 EXTCONCIFD, INUC)=WATCINUC, IFD)HEXP(~0,H593/TRADCINULCIHHLDUPCIFD))
G0 TO 250

280 EXTCONCIFD, INUCD=WAT(INUC, IFD)HZEXP(-0.693/TRAD(CINUC)*HLDUP(IFD
/2.

250 CONTINUE

200 CONTINUE
RETURN
END
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SUBROUTINE DOZCAL(KPTHWY,DFAC,DINT,FDCON,USAG,POP,DCINT,DCFAC,
§TTIDOS,TTIDC,DEXT,EXTCON, SLDFAC,SWDFAC,ETTDOS,NORG, NONUC,
§TOTDOS, TOTDC,KORG , NPT, DINTN,DCINTN,DEXTM,DOSE, DOSCM, DPSKIN,
§TTSKIN,DPRODY,TTBODY)

C DOSE CALCULATIONS

DIMENSION KPTHWY(8),DFAC(100,5),DINT(8,100,5),FDCON(CE,100)

DIMENSION USAG(8),DCINT(8,100,5),DCFAC(100,5),TTIDOS(1NG,S5)

DIMENSION TTIDC(100,5),DEXT(8,100,5),EXTCON(S,100),
5SLDFAC(C100,2),K0RG(S)

DIMENSION SWDFAC(100,2),ETTDOS(100,5),TOTDOS(180,5),TOTDC(100,5)

DIMENSION DINTN(S8,5),DCINTN(8,5),DEXTN(C8,5),DINTNP(5),DCNTNP(5)

DIMENSION DEXTNP(5),DOSE(5),DOSCM(5),DPSKIN(®),DPBODY(8)

C ZERO TOTAL VARIABLES

CALL ZEROR(S500,TTIDOS)

CALL ZEROR(S500,TTIDC)

CALL ZEROR(S00,ETTDOS)

CALL ZEROR(S500,TOTDC)

CALL ZEROR(S500,TOTDOS)

CALL ZEROP(LO,DINTN)

CALL ZEROR(CH40,DCINTN)

CALL ZEROR(H40,DEXTN)

CALL ZEROR(S5,DINTNP)

CALL ZEROR(S,DCNTNP)

CALL ZEROR(S5,DEXTNP)

CALL ZEROR(S5,DOSE)

CALL ZEROR(S5,DOSCM)

CALL ZEROR(S8,DPSKIN)

C INTERNAL DOSE

DO 100 IFD=1,NPT

IF (KPTHWY(IFD) ,EC. 0 .OR., KPTHWY(IFD) .GE. 6) GO TO 100

DO 110 INUC=1,NONUC

DO 120 10RG=1,NORG

IF(KCRG(I0RG) .EQ. 12) GO TO 120

DINTCIFD, INUC, 10RG)=FDCONCIFD, INUC)HUSAG(IFD)®DFAC(INUC, IORG)*POP

DCINT(IFD, INUC, IORG)=FDCON(CIFD, IHUC)*USAG(IFD)*DCFACCINUC, I0RGIPO
.P

TTIDOSCINUC, IORG)=TTIDOSCINUC,10RG) + DINT(IFD, INUC,I10RG)

TTIDCCINUC, 10RG)=TTIDCCINUC,IORG) + DCINTCIFD,INUC,I0RG)

120 CONTINUE
110 CONTINUE
100 CONTINUE
C EXTERNAL DDSE--TOTAL BODY AND SKIN

DO 200 IFD=1,NPT

1F (XPTHWY(IFD) .EQ. 0 .OR. KPTHWY(IFD) .LT. 5) GO TO 2n0

DC 210 I10RG=1,2

DO 210 INUC=1,NONUC

IF (KPTHWY(IFD) ,GT. 6) GO TO 250

DEXTCIFD, INUC,10RG)=EXTCON(CIFD, INUC)®USAGCIFD)XSLDFACCINUC,I0RG)
£XPOP

GO TO 250

250 DEXTCIFD, INUC,10RG)=EXTCONCIFD, INUC)¥USAGCIFD)H*SWDFAC(IMUC, 10RG)
§¥POP

260 ETTDOS(INUC, IORG)=ETTDOS(INUC,10RG) + DEXT(IFD,INUC,TORG)

210 CONRTINUE ’

200 CONTINUE

C TOTAL DOSE, INTERNAL ONLY

DO 300 INUC=1,NONUC

DO 210 10RG=1,NORG

IF (KORG(IORG) .EQ. 12) GO TO 310

TOTDOSCINUC, IORGD=TTIDOS(INUC,10RG) +
ETOTDOSCINUC, 10RG)

TOTDCCINUC, IORG)=TTIDC(INUC, IORG)+TOTDCCINUC, 10RG)

210 CONTINUE

300 CONTINUE

C DOSE TO ORGAN RY PATHWAY

C DOSE COMMITMENT TO ORGAN BY PATHWAY

DO 400 I0RG=1,NORG

IF (KORG(CIORG) .EQ.12) GO TO 400

DO 410 IFD=1,NPT

IF(KPTHWY(IFD) JEQ. 0) GO TO 410

DO 420 INUC=1,NONUC

IF (KPTHWY(IFD) ,GE. &) GO TO 430

DIMTNCIFD,10RG)=DINMTN(IFD,TO0RG) + DINT(IFD, INUC, 10RG)

DCINTNCIFD, 10RG)=DCINTNCIFD,10R5) + DCINT(IFD, INUC, TORG)

GO TO 420

430 CONTINUE
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DEXTNCIFD, ICRG)I=DEXTNCIFD, 10RGD+ DEXT(IFD,INUC, 2)

420 CONTINUE
IF (KPTHWY(IFD) .GE. 6) GO TO 440
DINTNP(IORG)I=DINTNP(IORG) + DIMTN(CIFD,IORG)
DCNTNP(T1ORG)=DCMTNPCIORG) + DCINTM(IFD,IORG)
GO TO 410

440 CONTINUE .
DEXTNP(IORG)=DEXTNP(IORG) + DEXTN(IFD,10RG)

410 CONTINUE
DOSECIORGI=DINTNP(IORG)
DCSCMCIORG)=DCNTNP(IORG)

400 CONTINUE

C DOSE TO SKIN BY PATHWAY
DO 450 IFD=1,NPT
1F (KPTHWY(IFD) .LT. 6) GO TO 450
DO 440 INUC=1,NONUC

460 DPSKINCIFD)=DPSKINCIFD) + DEXT(IFD,INUC,1)
TTSKINZTTSKIN + DPSKINCIFD)

450 CONTINUE

C EXTERNAL DOSE TC TOTAL BODY RBY PATHWAY

C
DO 550 1FD=1,NPT
IF(XPTHWY(IFL) .LT. 6) GO TO 550
DO 550 INUC=1,NONUC

560 DPRODY(IFD)=DPROCY(IFD)+DEXT(IFD, INUC,2)
TTRODY=TTBODOY+DPBODY(IFD)
550 CONTINUE

RE TURN
END
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SUBROUTINE DOSOUT(TITLE1,DD,ELTC,AWN,NORG,KCRG,NPT,NONUC,KPTHWY,
EDINT,DCINT,DEXT, TRAD,REL,WAT,CFLO,S¥W,DINTN,DCINTN,DEXTN, HLDUP,
EUSAG,RM,FDCON,BIOACF,TOTDOS, TOTDC,ETTDOS,EXTCON,DOSE, DOSCM,
2DPSKIM, TTSKIN,RECON, ISALT, IPOP,DPSODY,TTRODY, T2, IPCNT)

DIMENSION ELTO(100),AW0(100),0NAME(23),PNAME(R),KORG(5)

DIMENSIOM KPTHWY(R),DINT(®,100,5),DCINT(R,100,5),DEXT(&,100,5)

DIMENSION DINTN(8,5),DCINTN(8,5),DEXTN(8,5),D0SE(5),D05CHM(5)

DIMENSION TRAD(100),REL(100),WAT(100,8),DPSKIN(®),TOTDOS(100,5)

DIMENSION TOTDC(100,5),ETTDOS(100,5),EXTCON(E,100)

DIMENSION HLDUP(8),T2(2),USAG(8),FDCON(CE,100),RM(R)

DIMENSION BIOACF(5,100),DPB0DY(8),TITLEI(20),RECON(CIO00)

DIMENSION AM(2),D1(5),D2(5)

CHARACTER AM37

CHARACTER DD*8

CHARACTER AWO®*6

CHARACTER ONAMEX10

CHARACTER PNAME]Q

DATA AM(1),AM(2)/' REM ', *HMAN-REM'/

DATA (PNAME(1),1=z1,8)/'FISH', 'CRUSTACEA', "MOLLUSCS!', "PLANTS?,
E'DRINK. H20', 'SHORELINE', *SWIMMING', 'BOATING'/

DATA (ONAME(1),1=1,23)/'TOTAL BODY','BODY WATER' 'KIDNEYS?',
§'LIVER', 'SPLEEN', 'BONE', 'FAT!, 'LUNGS', 'ADRENALS!', 'TESTES!,
E'OVARIES!', 'SKIN', 'BRAIN' TMUSCLE','PROSTATE', 'THYROID', 'PANCREAS!
E,'HEART!', 'G11, *STOMACH', 1 SMALL INT*®,'UPPER LARG','LOWER LARG'/

SUMMARY TABLE--DOSE TO ORGAN 8Y PATHWAY

OO0 0

M=1
IF(IPOP.NE.OIM=2
1 CONTINUE
PRINT 20, TITLE1l,DD
20 FORMAT(1H1,4X,20AL,10X,A8)
PRINT 21
21 FORMAT(1HO, *ARRRG', 10X, 'VERSION 1.0%,10X,'1 AUGUST 78')
PRINT 22, AM(M),T2(1)
22 FORMAT(1HO, 'DOSE TO ORGAN BY PATHWAY (',A7,')°',
.' FOR A PERIOD OF ',1PE8.,2E2,' YEARS')
PRINT 31
31 FORMAT(22X, 'EXTERNAL',L0X, ' INTERNAL',/,
L B0CY-1),5%,70(0 1))
PRINT 23, (ONAME(KORG(IORG)), 10RG=1,NORG)
23 FORMAT(1HD, *PATHWAY ' gX 'SKIN',8X, 'TOTAL BODY',8X,5CA10,5X),/)
DO 210 IFD=1,NPT
IF (KPTHWY(IFD) ,GE, 6) GO TO 220
PRINT 24, PNAME(KPTHWY(IFD)),(DINTN(CIFD,I0RG),10RG=1,NORG)
24 FORMAT (1X,A10,36X,5(1PE8B.1E2,7X))
GO TO 210
220 PRINT 26, PNAME(KPTHWY(IFD)),DPSKIN(IFD),DPRODY(IFD),
L(DEXTN(CIFD,10RG),102G=1,NORG)
25 FORMAT (1X,A10,4X,1PE8.1E2,8%,1PES,1E2,8X,5C1PES.1E2,7X))
210 CONTINUE
DO 100 1=1,NORG
D1{1)=DCSECI)+TTRODY
100 D2(1)=DOSCM(I)+TTRODY

PPINT 25, TTSKIN,TTBODY,(DI(IORG), 10RG=1,NORG)
25 FORMAT(1HO, 'TOTAL',9x%,1PES.1E2,8%,1PES.1E2,8X,5C1IPER.1E2,7X))
c
C SUMMARY TABLE--DOSE COMMITMENT TO ORGAN B8Y PATHwWAY
c
PRINT 20,TITLE1, DD
PRINT 21
PRINT 20, AM(M),T2(2)
39 FORMAT (1HO, 'DOSE COMMITMENT TO ORGAN BY PATHWAY,(',A7,')',
.' FOR A COMMITMENT TIME OF ',1PEQ.2E2,' YEARS')
PRINT 31

PRINT 23, (ONAME(KORG(IORG)),10RG=1,NORG)
DO 310 I1FD=1,NPT
1F (KPTHWY(IFD) .GE. 62 GO TO 320
PRINT 24, PNAME(KPTHWY(IFD)), (DCINTN(IFD,I0RG), I0RG=1,NORG)
GO TO 310
320 PRINT 26, PNAME(KPTHWY(IFD)),DPSKINCIFD),DPBODY(IFD),
V(DEXTN(IFD,10RG), 10RG=1,NORG)
310 CONTINUE
PRINT 25,TTSKIN,TTBODY,(D2CI0RG), IORG=1,NORG)

~
~
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C SUMMARY TABLE~--DOSE AND DOSE COMMITMENT TO ORGAN BY NUCLIDE

C

4o

41

42

uy

410

45
400

45

420

OO0 00

50

51

52

53

54

520
55

PRINT 20, TITLE1,DD

PRINT 21

PRINT 40

FORMAT (1HO, 1DOSE AND DOSE COMMITMENT TO ORGAN 8Y NUCLIDE,

. EXTERNAL DOSES SEPERATE')

DO 400 10RG=1,NORG

PRINT 41,0NAME(KORG(IORG)),CFLO

FORMAT (//,1X,410,10X, 'COOLANT FLOW = ',1PE8.1E2,'CURIC FEET/SEC')
PRINT 42

FORMAT (//,' NUCLIDE',8X, 'HALF-LIFE', 3X, "RELEASE',RX, 'DOSE !,
§6X, %1, 4%, 'DOSE COMM! , 4X, %)

PRINT 43, AM(M),AM(M)

EORMAT (17X, 'DAYS',6X,' CI/YR',6X,A7,10X,A7,/,1X,70Ct%'))

DO 410 INUC=1,NONUC

IDPER=TOTDCSCINUC, 10RG) /DOSECIORG)*100.,

IDCPER=TOTDC(INUC, I0RG)/DOSCM(IORG)*100,

PEINT 44,ELTOCINUC), AWOCINUC), TRADCINUC),RELCINUC), TOTDOS(INUC,
§10RG), IDPER, TOTDCCINUC, IORG), IDCPER

FORMAT (1X%,A4,AH,S5X,1PE8.1E2,3X,1PE8 1E2,4%,1PE8.1E2,3¥%,13,3X,
.1PE8.1E2,
E4X%,13)

CONTINUE

PRINT &5, DOSE(JORG),DOSCM(10RG)
FORMAT(T4O,7('=*),T57,7('~"),/,2X,'TOTAL',22X,2(9X,1PER.1))
CONTINUE

PRINT 46,CFLO

FORMAT(//,1X, '"EXTERNAL DOSE', 16X, 'COOLANT FLOW = ',1PE8.1E2,'CUB
.IC FEET/SEC.'")

PRINT 47

47 FORMAT(//,"' NUCLIDE',8X, "HALF«LIFE',3X, 'RELEASE ", 4X,

LTSKIN DOSE',3X,1%',4X,'T,8, DOSE',4X, %)

PRINT 43, AM(M),AM(M)

DG 420 1NUC=z1,NONUC

1SDPER=ETTDOSCINUC,1)/TTSKIN®100,
12DPER=ETTDOS(INUC,2)/TTBODY*100

PRINT 4L,ELTOCINUC),ANOCINUC), TRADCINUC),RELCINUC),ETTDOSCINUC, 1)
&, 1SDPER,ETTDOSCINUC, 2), 18DPER

CONTINUE

PRINT 45, TTSKIN, TTBODY

COMPLETE TABLE--DOSE AND DOSE COMMITMENT TO ORGAN

3Y PATHWAY AND NUCLIDE

INTERNAL PATHWAY

PRINT 20,T}TLE1,DD

PRINT 21

PRINT 50

FORMAT(1H2, 'DOSE AND DOSE COMMITMENT')
DO S00 1FD=1,NPT

1F (KPTHWY(IFD) .EQ. 0 .OR. KPTHWY(IFD) .GE. 5) GO TO 500
IFCIFD.NELLDPRINT 2

FORMAT(1H1)

PRINT 51, PNAME(KPTHWY(1FD))

FORMAT(/,5X,A10,/,5¥%,10('="'))

PRINT 52,HLDUP(IFD),USAGCIFD),RM(IFD)

FORMAT(//,' HOLDUP = ',1PE®,1E2,10X, 'CONSUMPTION = ',1PEB.1E2,
£10X, "MIXING RATIO = ', 1PER.1E2)

DC 510 10RG=1,NORG

IF (KORG(CIORG) .EQ. 12) G2 TO 510

PRINT 51,0NAME(KORG(IORG))

IF (KPTHWY(IFD) LEQ. 5) GO TO 520

PRINT 53

FORMAT(/,' NUCLIDE',7X, 'HALF~LIFE',3X, "RELEASE"! 4X, 'WATER?,
&' CONC',3X,'RECON',3X,'BlOACF',5X,'CONC',6X, 'DOSE"?,6X, 1%,
E4X, '*DOSE COMM',3X,'%')

PRINT 54, AM(M),AM(M)

FORMAT(16X, 'DAYS!,7X,* CI/YR',5X,'PC1/L ',6X,'FAC', 14X,
E'PCI/KG!Y ,UX,A7,9%,A7,/,1X,110( %1))

GO TO 530

PRINT &5

FORMAT(/, "' NUCLIDE',7X, 'HALF-LIFE"',3X, 'RELEASE"', X, '"WATER !
§'CONC',2X, 'RECON', 3X, "H20 CU',5X, 'CONC', 86X, 'DOSE!,6X, 1%

’

’
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EuX, 'DOSE COM', 4X,'%")
PRINT 55, AM(M),AM(MD
56 FORMAT(16X, 'DAYS',7X,' CI/YR',8X,'PCI/L ', uX,'FaC',
SUX, "FACTORY,4X, "PCI/KG',uX,A7,9%,A7,/,1X,110( %))
530 DO 540 INUC=1,NONUC
IDPER=DINT(IFD, INUC, IORG)/DINTNCIFD, IORG)*100,
IDCPER=DCINT(IFD, INUC, IORG)/DCINTNCIFD, [ORG)*100.
IFCIDPER.GE.IPCNT)GO TO 59
IF(1DCPER.LT.IPCNT)GO TO 540

59 PRINT 57,ELTOCINUC),AWOCINUC), TRAD(CINUC),RELCINUC),WAT(INUC,IFD),
ERECONCINUC),B10ACF(IFD,INUC),FDCON(IFD, INUC),DINTCIFD, INUC,10RG),

§IDPER,DCINT(IFD, INUC,I0RG), IDCPER

57 FORMAT(1X,Al4, A6, 3(4X,1PER,1E2),3(1X,1PE8,1E2),
£3X,2(1PE8B.1E2,2X%,13,4X))

540 CONTINUE

PRINT 58, DINTN(CIFD,IORG),DCINTNCIFD, 10RG)

58 FORMAT(T?78,7('=1),10x%,7('=*),/,2X,'TOTAL",69X,2(1PES.1,9X))

510 CONTINUE

500 CONTINUE

C

C EXTERNAL PATHWAY

C

DO 550 IFD=1,NPT

[F (KPTHWY(IFD) .EQ. 0 .OR, KPTHWY(IFD) .LT. 6) GO TO 550
PRINT 2

PRINT 51,PNAME(KPTHWY(1FD))

PRINT 60,HLDUPCIFD),USAG(IFD),RM(8),SW

60 FORMAT(/,' HOLDUP = ',F5,.1,10X, 'USAGE(HR/YP) = ', 1PEf,1,10X,
§'MIXING RATIC = ',0PF6.3,10X,'SHORE WIDTH FACT., = ',F5.3)

PRINT §1, AM(M)

61 FORMAT(/, ' NUCLIDE"', 7%, 'HALF~LIFE",®X, '"RELEASE", 7X, 'WATEP !
§,'CONC!',7X, 'RECON', 3X, 'SHORELINE CONC',3X,'DOSE AND DOSE *,
EYCOMMITMENT(C ',A7,' D)')

PRINT 62
62 FORMAT(15X, 'DAYS!, 12X, ' CI/YR',10X,'PCI/L ',10X,'FAC",

£9X, YPCI /M2 8X, 'SKIN' , 7X, 1%, 4X,'T BODY',6X,'%",/,1X,123( %))

DO 570 INUC=1,NONUC

1SPER=DEXTCIFD, INUC,1)/DPSKINCIFD)*10N,
I’PER=DEXT(IFD, INUC,2)/DEXTN(IFD,1)%100.
[FCISPER.GE.IPCNTDGO TO 65
IFCIBPER.LT.IPCNT)GO TC 570

55 PRINT 63,ELTOCINUC),AWOCINUC), TRAD(INUC),RELCINUC),WAT(INUC,IFD),

GRECONCINUC),EXTCONCIFD, INUC),DEXTCIFD,INUC, 1), 15PER,DEXT(IFD,
EINUC,2), IRPER
63 FORMAT(1X,A2,A6,6(6X,1PES.1E2,1X),15,1PE11.1,2X,15)
570 CONTINUE
PRINT 64,DPSKINCIFD),DEXTNCIFD, 2)

64 FORMAT(TS1,7C!~1),30X,7C'~1),/,2X, ' TOTAL', 74X, 2(8X,1PE8,1E2))
550  CONTINUE

RETURN

END
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TH1S CODE CALCULATES RADIATION DOSES FROM AIRBORNE RELEASES FOR
INGESTION OF CONTAMINATED FOODSTUFFS AND FOR EXPOSURE TO
CONTAMIMNATED GROUND

DIMENSION TITLR(20),TITLF(60),TITLOC20),TITLG(20)

REAL*4 LFCON(15,100)

DIMENSION AIRCON(15,100),PLTCON(C15,100),WATCON(C15,100)
DIMENSION KFDTYP(15),XxQ(15),GRWP(15), YELD(15),R1RR(15),HLDUP(15)
DIMENSION CON(15),T2(2),KORG(5)

DIMENSION REL(C100), TRAD(C100),DPVL(100),FDTC(15,100),TBI0(C100,5)
DIMENSION FW(100,5),ENC100,5)

DIMENSION ELT(300),Aw(300),TR(300),DVEL(70),FTRC(6,70),FELT(70)
DIMENSION 10(2000),IBEG(300),1END(300)

DIMENSION T8(2000),E(2000),FwWL(2000),AW0(C100),ELTOC100)
DIMENSION TITLE1(20),ELTIC100),AWIC100),QC(100),Q0(300)
DIMENSION DFGRD(100,5),DFAC(100,5),DCFACC100,5),SLCON(15,100),
.EDBCON(15,100),DOSGRD(1060,5),DINT(15,100,5),DCINT(15,100,5),
.TOTDOS(100,5),T0TDCC100,5)

DIMENSION GRDF(308,2),TRNS(15)

CHARACTER AWH®6,AW0%6,TT#8,DD¥8

CHARACTER AWI¥H

NAMELIST INPUT LIST
NAMELIST/INPUT/NEXT,KFDTYP, XQ,GRWP,YELD,RIRR,HLDUP,CON, IDEP,CFLD,
.RM,FLO,VOL,TOR,CTIM,PLIFE,EXTIM,KORG,T2,1AC,IREC,POP,IPOP,
.10UT, TRNS, 1PCNT
NMAX=100
POP=1.0
ISTRT=0
READ INPUT CARD DATA

1 READ(S5,100,END=99) TJITLE1L

READ(S, INPUT,ERR=97)
IF(NEXT.GE.4.) GO TO 85
17 (NEXT.E0.3) GO TO 2
IF(ISTRT.EQ.1DG60O TO 3
ISTRT=1

ASSIGNS REQUIRED DATA FILES

CALL ASGF(1)

READ DATA LIBRARY FOR MASTER NUCLIDE INDEX AND RADIOLOGICAL HALF LIFE
CALL RLIBINCELT,AW,TR,NUC, TITLR)
READ FOOD TRANSFER COEFFICIENT DATA LIBRARY
CALL FLIBINCNFELT,FELT,DVEL,FTRC, TITLF)
READ ORGAN DATA LIBRARY
CALL OLIBS(NUC,ELT,AW,10,7B,FWL,E,IBEG, IEND, TITLO)
READ GROUND DOSE FACTOR LIBRARY
CALL GLIBINCNUC,ELT,AW,GRDF,TITLG)
START OF CALCULATION FOR NEXT CASE

3 CONTINUE
READ NEW RELEASE INVENTORY

CALL ZEROR(100,Q)
CALL ZEROR(300,Q0)
READ(S, 200,END=99) NIN,FINV
IF NUMBER OF NUCLIDES IS OUT OF RANGE PRINT ERROR MESSAGE AND STOP

IF(NIN.GT.NMAX.OR.NIN.LT.1) GO 70 98
READ(5,300,END=99) (ELTICI),AWICI),QCI),I=1,NIN)
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d
C IDENTIFY INPUT RADIONUCLIDES
C
CALL IDNUC(NUC,ELT,AW,ELTI,AW],Q,Q0,NIN)
d
C COUNT ORGANS AND FOOD TYPES
d
2 CALL OFCHCK(KORG,NORG,KFDTYP,NFT)
d
C SET DATA ARRAYS FOR DOSE CALUCATION ACCORDING TO NUCLIDES, ORGANS
C AND FOOD PATHS SPECIFIED ON INPUT.
d
CALL SETDAT(NUC,AW,ELT,TR,TB,E,FWL,Q0,REL,FINV,KORG,KFDTYP,
.NORG,NFT,NFELT,FELT,DVEL,FTRC,DPVL,FDTC,NONUC,AWO,ELTO, TRAD,TBIO,
.10,EN, 1BEG, IEND,DFGRD, GRDF ,FW)
d
C WRITE QUALITY ASSURANCE PAGE
d
CALL QAPAGE(TITLELl,TITLR,TITLF,TITLO,TITLG,KFDTYP,XQ,GRWP,
.RIRR,HLDUP,CON,IDEP, IAC,PLIFE,EXTIM,KORG, T2, IREC,POP, TRNS,NFT,
.YELD,NORG,NONUC,ELTO,AW0O,REL,FINV,DD, IPOP,
.CFLO,RM,FLO,VOL,TOR,CTIM)
d
C CALCULATE DOSE FACTOR FOR CURRENT INVENTORY AND ORGANS.
d
CALL DFCALC(TRAD,TBI0,FW,EN,NONUC,NORG,1AC,T2,DFAC,DCFAC,KORG,
LELTO)
d
C CALCULATE FOOD CONCENTRATION FACTORS
d
CALL DOSE(IDEP,NFT,NONUC,IREC,CFLO,FLO,VOL,TOR,CTIM,PLIFE,RM,
.SLCON,EDBCON,KFDTYP,ELTO,REL, XQ, TRAD, YELD, GRWP,DPVL, TRNS,
.RIRR,FDTC,HLDUP,PLTCON, WATCON,ATRCON,LFCON)
d
d
C CALCULATE DOSE FROM FOOD CONCENTRATION AND DOSE FACTORS
d
CALL DOZCAL(NONUC,NORG,KORG,NFT,CON,POP,EXTIM, SLCON,EDBCON,
.DOSGRD,DINT,DCINT,TOTDOS, TOTDC,DFAC,DCFAC,DFGRD,KFDTYP)
d
C WRITE OUTPUT REPORTS
pe
CALL DOSOUT(NFT,NORG,NONUC,ELTO, TRAD,REL,I0UT,CON,XQ,RIRR,HLDUP,
.TRNS,PLIFE,TITLELl,DINT,DCINT,TOTDOS, TOTDC,DOSGRD,KORG, DD, AWO,
.WATCON,AIRCON,PLTCON,KFDTYP,LFCON,1POP,T2,1PCNT)
d
IF(NEXT.GE.2)60 TO 1
c
C NORMAL EXIT 9§
C
95 PRINT 400
CALL ASGF(2)
STOP
C

C INVENTORY INPUT ERROR IN SPECIFICATION OF NUMBER OF NUCLIDES.

98 PRINT 500, NIN, NMAX
CALL ASGF(2)

STOP
C
C END OF INPUT CARD FILE
c

99 PRINT 600

CALL ASGF(2)

STOP
C

97 PRINT 1009
1009 FORMAT(' ERROR ON NAMELIST INPUT!)
CALL ASGF(2)
STOP

c
C FORMAT STATEMENTS
c
100 FORMAT(20AL)
200 FORMAT(I3,E10.2)
300 FORMAT(AZ2,A6,4X,E8.2)
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400 FORMAT(IHL,'END OF INPUT FOR THIS RUN')
500 FORMAT(1H1,*ERROR IN NUMBER OF NUCLIDES INPUT, NONUC =',15,' MAXI
«MUM ALLOWED 1S',14)

600 FORMAT(1H1,'END OF FILE ON INPUT, STOP')
END
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SUBROUTINE RLIBINCELT,AW,TR,NUC,TITLR)
DIMENSION ELT(300),AW(300), TR(300),TITLR(20)
CHARACTER AWbH

READ(10,200,END=99) TITLR

200 FORMAT(20AL)D

READ AND COUNT NUCLIDE ID AND HALF~-LIFE DATA FROM UNIT 10

NUC=D0

NUC=NUC+1

READ(10,100,END=99) ELT(NUC),AW(NUC), TR(NUC), IEND
IFCIEND.GT.0) GO TO 1

NUC=NUC=-1

IF(NUC.GT.300) GO TO 98

IF(NUC.LT.1) GO TO 98

RETURN

PRINT ERROR MESSAGES AND STOP

98
300

99
100
400

PRINT 300, NUC
FORMAT(1H], ' IMPROPER NUMBER OF NUCLIDES IN MASTER LIBRARY,

L18)

CALL ASGF(2)
STOP

PRINT 400

FORMAT(A2,AB,E10.2,12)

FORMAT(1H], 'END OF FILE ON MASTER LIBRARY UNIT 10')
CALL ASGF(2)

STOP

END
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SUBROUTINE FLISIN(NFELT,FELT,DVEL,FTRC,TITLF)

TH!S MODULE READPS A FOOD TRANSFER FACTOR LIBRARY

SET

DIMENSION FELT(70),DVEL(70),FTRC(6,70), TITLF(60)
ELEMENT COUNT INDEX NE

NE=1

READ TITLE INFORMATION

100

READ(12,100,END=99) TITLF
FORMAT(20A4)

READ NEXT DATA CARD

1

[ol]

ON

99
400
300

READ(12,300,END=2) FELT(NED,DVEL(NE),(FTRC(I,NED,I=1,6)
NE=NE+1
GO 70 1

END OF FILE ON DATA CARD READ, RETURN

NFELT=NE-1
RETURN

END OF FILE ON TITLE CARD READ PRINT ERROR MESSAGE AND STOP

PRINT 400

FORMAT(1H1,'END OF FILE AT TITLE CARD ON FOOD DATA LIBRARY')
FORMAT(A2,7E9.2)

CALL ASGF(2)

STOP

END
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SUBROUTINE OLIBS(NUC,ELT,AW,10,T8B,FWL,E,IBEG,1END,TITLO)

THIS MODULE READS DATA FROM THE ORGAN DATA LIBRARY

DIMENSION ELT(300),AW(300),FwWL(2000), IBEG(300),1END(300)
DIMENSION TB(2000),£(2000),10(2000)

DIMENSION TITLO(20),EI(3)

CHARACTER AWH6,A%E

AL2=ALOG(2.)

SET DATA ARRAYS TO ZERO

CALL ZEROI(2000,10)
CALL ZEROI(NUC, IEND)
CALL ZEROI(NUC, IREG)
CALL ZEROR(2000,FwL)
CALL ZEROR(2000,TB)
CALL ZEROR(2000,E)

INITIALIZE CONTROL INTEGERS

RE

100

RE

200
1

3

SE

RE

IN

6

ER

7

UN

98

401

NC=1
1P=0
NOLD=0
1ER=0

AD ORGAN LIBRARY TITLE CARD

READ(11,100,END=99) TITLO
FORMAT(20A4L)

AD FIRST DATA CARD

READ(11,200,END=99) EL,A,IOR,TBI,FWI,F2P1,(EI(I),1=1,3)
FORMAT(A2,A6,12,6E8.2)

IFCEL.NE.ELT(NC).OR.A.NE.AW(NC)) GO TO 5

IFCIOR.EQ.1) GO TO 2

IF(NOLD.NE.NC) GO TO 7

GO TO 3

[F(NC.GT.1) I1END(NOLD)=IP

NOLD=NC

IBEG(NC)=IP+1

I1P=IP+]

T DATA FOR CURRENT NUCLIDE AND ORGAN
FWL(IP)=FWI

TBC(IP)=TBI

10CIP)=IOR

ECIP)=EI(1)

IFCEI(3).6T.0.) ECIP)=EI(3)
AD NEXT DATA CARD

READ(11,200,END=99) EL,A,IOR,TBI,Fwl,F2PI1,(EICI),I=1,3)
GO TO 1

CREMENT NUCLIDE INDEX NC
NC=NC+1

IF(NC.GT.NUC) GO TO 98

GO TO 1
ROR 1IN ORGAN LIBRARY DATA ORDER

PRINT 300,NC,NOLD,EL,A,ELT(NOLD),AW(NOLD)

300 FORMAT(1H1, *ERROR IN ORGAN DATA LIBRARY INPUT, NC, NOLD =',215/

.' NUCLIDE INPUT 1S ',A2,A6/' NUCLIDE NOLD 1S ',A2,A6)
CALL ASGF(2)
STOP

IDENTIFIED NUCLIDE OR OTHER PROBLEM
WRITE(6,401)EL, A,NC

FORMAT(' UNABLE TO IDENTIFY NUCLIDE ',A2,A6,' NUCLIDES CHECKED
& =',15,' ~-=-STOP')
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CALL ASGF(2)

STOP
C
C END OF FILE ON ORGAN DATA LIBRARY
C

99 TF(NOLD.GT.0D IEND(NOLD)=IP
IF(NC.GT.1) RETURN
PRINT 400,NUC,NC,NOLD,IP
400 FORMAT(1H1,'END OF FILE ON ORGAN DATA LIBRARY'/
.' NUCLIDES IN MASTER LIBRARY =', I4/' CURRENT NUCLIDE INDEX =',i4/
.'" PREVIOUS NUCLIDE INDEX =',I4/' DATA ARRAY INDEX =',IS5)
CALL ASGF(2)
STOP
END
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SUBROUTINE GLIBIN(NUC,ELT,AW,GRDF,TITLG)

THIS SUBROUTINE READS DATA FROM THE EXTERNAL DOSE FACTOR LIBRARY

[aNelNe]

DIMENSION ELT(300),AW(300),GRDF(300,2),TITLG(20)
CHARACTER AW¥6
CHARACTER W6

C
C INITIALIZE ARRAY AND CONTROL INTEGERS

[«
NC=1
1P=0
00 10 I=1,2
DO 10 J=1,300
10 GRDF(J,1)=0.0
C
C READ TITLE CARD
C

READ(13,100,END=99)TITLG
100 FORMAT(20A4)

c
C READ DATA FROM FILE
c
2 READ(13,200,END=98)EL,W,GRDF],GRDFJ
200 FORMAT(A2,A6,2X,E7.2,2X,E7.2)
1 IFCEL.NE.ELT(NC).OR.W.NE.AW(CNC)) GO TO 6
1P=1P+1
IFCIP.GT.300) GO TO 97
c
C SET DATA FOR CURRENT NUCLIDE
c
GRDF(NC, 1)=GRDF
GRDF(NC, 2)=GRDFUJ
c
C READ NEXT DATA CARD
c
GO TO 2
d
C INCREMENT NUCLIDE INDEX
c
6 NC=NC+1
IF(NC.GT.NUC) GO TO 97
GO TO 1
d
C ERROR IN DATA LIBRARY ORDER OR SIZE
c
97 PRINT 301,1P,NC
301 FORMAT(' PROBLEM IN GROUND DOSE FACTOR LIBRARY READ',/,
&' NUCLIDES FOUND = ',15,/,' NUCLIDES CHECKED FROM MASTER LIBRARYE
£ = 1,15, STOP?1)
CALL ASGF(2)
STOP
d
C END OF FILE ON DATA READ
d
98 IFCIP.GT.1)RETURN
PRINT 302

302 FORMAT(' GROUND DOSE FACTOR LIBRARY EMPTY--STOP!')
CALL ASGF(2)

STOP
C
C END OF FILE ON TITLE READ--STOP
C

99 PRINT 303

303 FORMAT(' GROUND DOSE FACTOR TITLE READ ERROR~-STOP')
CALL ASGF(2)
STOP
END
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SUBROUTINE OFCHCK(KORG,NORG,KFDTYP,NFT)

THIS MODULE COUNTS ORGANS AND FOOD TYPES SPECIFIED

DIMENSION KORG(5),KFDTYP(15)

COUNT ORGANS INDICATED FOR DOSE CALCULATIONS

NORG=0
0O 10 I=1,5

IF(KORG(I).GT.0) NORG=NORG+1

10 CONTINUE

COUNT FOOD TYPES REQUESTED FOR DOSE CALCULATION

NFT=0
DO 11 I=1,15

IF(KFDTYP(I).GT.0) NFT=NFT+1

11 CONTINUE

PRINT ERROR MESSAGES

IN NO ORGANS OR FOOD TYPES SPECIFIED

IF(NORG.GT.0) GO TO 12

PRINT 100, NORG
CALL ASGF(2)
sToP

12 IF(NFT.GT.0) RETURN

PRINT 200, NFT
CALL ASGF(2)
STOP

FORMAT STATEMENTS

100 FORMAT(1H1, 'NO ORGANS SPECIFIED, NORG = ',14)
200 FORMAT(1H1, "NO FOOD TYPES SPECIFIED, NFT = ',1I4)
END
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SUBROUTINE ZEROR(N,A)
C THIS MODULE SETS N VALUES OF ARRAY A TO REAL ZERO.
DIMENSION A(1)
DO 1 J=1,N
ACU)=0. /
1 CONTINUE
RETURN
END
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SUBROUTINE ZEROI(N,K)
€ THIS MODULE SETS N VALUES OF ARRAY K TO INTEGER ZERO.
DIMENSION K(1)
DO 1 J=1,N
K(J)=0
1 CONTINUE
RETURN
END
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SUSOOUTINE IDMUC(MUC,ELT, AW, ELTI,AW],Q,00,NIN)

THIS MODULE IDENTIFIES NUCLIDES IN INPUT INVENTORY

DIMENSION ELT(300),AW(300),ELTIC100),AWIC100),0C100),00(300)

CHARACTER AVWH6,AWI#H
INITIALIZE COUNT INDEX ON UNIDENTIFIED NUCLIDES

1STOP=0

LOOP ON NUCLIDES INPUT, TEST AGAINST MASTEP LIST.

DO 3 IN=1,NIN
DO 1 IL=1,NUC
ILN=IL
TFCELTCIL).NELELTICIND) GO TO 1
IFCAWCIL)LEQ.AWICIND) GO TO 2
1 CONTINYE

NO MATCH IN LIBRARY FOR INPUT NUCLIDE. PRINT NAME OF UNKNOWN NUCLIDE

ISTOP=1STOP+1
PRINT 100, ELTICIN),AWI(CIN)
GO TO 3

SET MASTER INVENTORY ARRAY QO,

2 QOCILN)=QCIN)
3 CONTINUE
IFCISTOP.LT.1) RETURN

PRINT TOTAL NUMBER OF UNKNOWN NUCLIDES AND STOP,

PRINT 200, ISTOP
100 FORMAT(1HD, "UNIDENTIFTED NUCLIDE *,A2,AH)
200 FORMAT(1HO, 'THERE WERE UNIDENTIFIED NUCLIDES,
CALL ASGF(2)
sSTOP
END
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SURROUTINE SETDAT(NUC,AW,ELT,TR,TB,E,FWL,00,REL,FINV,KONG,KEDTYP,
.NORG,NFT,NFELT,FELT,DVEL,FTRC,DPVL,FDTC,NONUC,AWO,ELTO, TRAD, T8I0,
.10,EN, 182G, IEND,DFGRD, GRDF, FW)

THIS MODULE PREPARES CONDENSED DATA ARPAYS FOP DOSE CALCULATIONS.
THE INVENTORY 1S MODIFIED BY THE FACTOR FINV.

DIMENSION AW(300),ELT(300),TR(3N0),TB(2000),EC2000),FwL(2000)
DIMENSION AWOC100),ELTOC100),TRADCI00),TRIOC100,5),LFTC15)
DIMENSION QO0(C300),REL(CI00),KORG(5),KFDTYP(15),10(2000)
DIMENSION FELT(?0),DVEL(?0),FTRC(H,70),D8VL(10N),FDTCC15,100)
DIMENSTON EN(C100,5),1BEG(300), IEND(200),DFGRD(100,5),
LGRDF(300,2)

DIMENSION FW(100,5)

CHARACTER AVH6

CHARACTER AWO¥E

DATA LFT/1,1,1,1,1,1,1,1,1,2,3,4,5,6,0/

INITIALIZE VALID NUCLIDE COUNT, INUC, AND OTHER DATA ARRAYS

INUC=0

CALL ZEROR(100,TRAD)
CALL ZEROR(50P,TBIO)
CALL ZEROR(1500,FDTC)
IF(FINV.LE.O.) FINV=1,0

LOOP ON MASTER NUCLIDE LIST.

DO 20 IL=1,NUC
IFCOOCIL).LE.D.) GO TO 20

IGNORE NUCLIDE IL IF INVENTORY 1S ZERC OR IF THERE 1S NO ORGAN DATA
IFCIBEGCIL).LE.O) GC TO 19

INCLUDE NUCLIDE IL IN DATA ARRAY POSITION INUC
INUC=INUC+]

SET DATA THAT DEPENDS ONLY ON NUCLIDE

AWOCINUC)=AW(CIL)
ELTOCINUC)=ELTC(CIL)
TRADCINUC)=TRCIL)
RELCIMUZ)=00CIL)HFINY
DFGRDCINUC,1)=6RDECIL, 1)
DFGPDCINUC,2)=GRDF(IL, 2D

SET DATA F0OP SELECTED QRGANS FOR CURRENT NUCLIDE

11=1REGCIL)
12=1ENDCIL)
DO 5 10G6=1,NORG
DO 3 I1=11,12
IX=11
[F(KORG(INE).EQ.IO(CIID) GO TO 4
3 CONTINUE
GO TO 5
4 FWCINUC, TOG)=FWL(IK)
ENCIMUC, T0G)=ECIK)
TEIOCINUC,10G)=TB(IXK)
5 COMTIMUE

SET DATA FOR SELECTED FOOD TYPES FGR CURRENT NUCLIDE RY ELEMENT,
FIRST FIND ELEMENT,
DO 7 IE=1,NFELT
1EK=1E
IFCELTCIL).EQ.FELTCIE)) GO TO B8
7 CONTINUE
PRINT 200, ELTCIL),AWCIL)
GC TO 99
8 OPVL(INUC)=DVEL(IEK)

SET FOOD TRANSFER COEFFICIENT

DC 9 IFD=1,NFT
IF(KFOTYP(IED),E0.15) GO TO 9
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KFO=LFT(KFDTYP(IFD))
FDTCCIFD, INUC)=FTRC(XFD,1EK)
CONTINUE

GO TO 20

DATA IN ORGAN LIBRARY, ELIMINATE THIS NUCLIDE,

PRINT 100, ELTCILD,AW(CIL)
NONUC=INUC

IF(NONUC.LE.DD GO TO 98
RETURN

FORMAT STATEMENTS

100 FORMATCIHO, 'NO DATA IN ORGAN LIRRARY FOR NUCLIDE ',A2,A5,' THIS NU

.CLIDE DROPPED!')

200 FORMAT(1HO, 'NO DATA FOR ELEMENT IN FOOD DATA LI®RARY, STOP, ', ,A2,

LAB)
300 SORMAT(1HO, 'NONE OF INPUT NUCLIDES HAVE DATA IN LIRRARIES, NUC = !
1)
NO DATA FOR ANY NUCLIDES IN IMPUT INVENTORY,
08 PRINT 300, NONUC
99 CALL ASGF(2)
STOP
EMD
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SUBROUTINE CAPAGE(TITLE],TITLR,TITLF,TITLD,TITLG,KFDTYP,XQ,GRWP,
ERIRR,HLDUP,CON,IDEP,IAC,PLIFE,EYTIM,KORG,T2,1REC,POP, TANS,NFT,YELD
., NOPG ,NONUC,ELTO, AUN, REL,FINV,DD, IPOP,

LCFLO,RM,FLO,VOL, TOR,CTIM)

DIMENSION TITLEL1C20), TITLR(C20),TITLEC20),TITLOC20), TITLG(20)

DIMENSION KFDTYP(15),%xQC15),G6PWP(15),RINARCIS),HLDULCIS),CONC1S5)

DIMENSION KORG(5),T2(2),TRNSC15), YELN(15),ELTOC100),AW0(CIN0),
EREL(C10D0),PNAME(15),0NAME(23)

CHARACTER AWDH6H,TTHS,DD¥ Y, PNAMER]N, ONAMERLD, TYPERT  PATHES
CHARACTER "TPOP:10

DATA(PHMAME(T), 1=1,15)/'LEAFY VEG.','0.A.G.VEG,','POTATOES",
§'OT.RT.VEG.', '"BERRIES' , *MELONS!', "ORCH,FRUIT!, "WHEAT",
E1CT.GRAINT, YEGGS', *MILK', '"BEEF ', "PORK', "POULTRY', "EXTERMAL "'/

DATA (OMAME(ID,I=1,23)/'TOTAL BODY!','PODY WATER',6 'KIDNEYS',
E'LIVER', "SPLEEN', "ADNE, 'FATY 'LUNGS!', 'ADDENALSY , 'TESTES?,
E'OVARIES!, "SKINY, '"BRAIMN! TMUSCLE', 'PROSTATE', "THYRQID', ' PANCREAS!
&, 'HEART! 1G], 'STOMACH", "SMALL INT', 'UPPER LARG!', 'LOWER LARG'/

CALL ADATE(DD,TT)

WRITECS,1)D0, TITLEL

FORMAT(IH], 56X, H#H¥ Q.A., PAGE ¥uX' 33X IRUN ON ',A8,/,50X,
£' FOOP, VERSION 1.0, 1 AUGUST 78¢%,/18X,' CASE TITLE: 1,2044)
CALL IDLINE

TPOP=' MAX, IND,!
TIFCIPOP.NE.ODTP2P-'POPULATION?

TYPE=' ACUTE!

JFCIAC,EC.O)TYPE="CHRONIC!

PATH='WATER!

IF(IDEP EC,1)PATH="' AlD!

WRITE(S, 2)TYPE,PATH, TPOP

FORMAT(33IX,' TYPE OF D3SST CALCULATED: ',A7,' IMGESTIOM AND EXTERNA
L EXPOSURE',/,4EX,' FOR ' AS,' PATHWAY, ',Al0,/)

WOITECS,3)TITLe, (TITLF(I1),1=1,20),TITLO, TITLG

SORMAT(5X, ' HH% DATA LIRRASIES USED:',/,8X,' RADIONUCLIDE LIZRARY:
¢ 1,2084,/,' F00D TRANEFEFR FACTOR LIBRARY: ',204L4,/,10X," ORGAN DAT
ga Li3Raqy: ',2044,/,2),' GROUND DOSE FACTOR LIRRATY: 1,2084,/)

WRITE(CH, L)
FORMET (5, ' ##:# FGOD DATA USEN:',/,8X,' FOOD TYPE',9X,'X/0Q',4X,

£'GROWING PERICD YIELD IRR. RATE HOLDUP con
ESUMPTION  TRANSLCCATIOM!',/,22X,' (SEC/MZ) (DAYS) ¢
EXG/MHETY (L /MEH2/MONTH) (DAYS) (KG/YRY', /)

DO 16 J=I1,NFT
WRITECS, SIBPNAMECKEDTYP(I)),X0(1),50wP(1),YELD(I),RIRRCI),
EHLDUPCID),CONCI), TRNS(T)
FORMAT(PX,A10,7(5X,1PE10.2E2))
WRITE(S,5)(ONAME(KORG(IDD), 1=21,M0RG)
6 FONMAT(/,5X, ' #H¥ ORGANS COMSIDERED:',/,10¥%,5(10%,410),/)

WRITEZ(6,7)CELTOCI),AWO(CI),RELCI), I=1,NDNUC)

FORMAT(/,5X%, " 333 MUCLIDES CONSINERED !, /,10X,5("NUCLINE RELE
LX), /8%, 5CTELT. WT. (c1/ymd)r,6%),//,(10X,5CA2,1%,A5,1X,1PE
LE2,5X)))

ASE
%2

WRITECS, 8)FINV,IREC,PLIFE,CFLD,PORP,SLD,T2(1),VOL,T2(2),TOR,
CEXTIM,CTIM
8 FORMAT(/SX, 'HENNSITE SOECIFIC DATA USED!,T70, 'HENIRECONCENTRATION
LDATA USED',/, 13X, 'INVENTORY MNADIFICATION €ACTAR: ', 1PEIN.2E82,T67,
.TMODEL USED: ', 13%,/,T22,'FACILITY LIFE (YEARS): ',1PEL1N.252,T90,
.'CODLANT FLOW RATE: ',1PE10.2E2,/,T33, POPULATION: 1,1PE10.2E2,T7%
., "COOLANT MAKEUP ELOW (FT3/SEC): ',1PE10.2E2,/,T2%,
L'DOSE TIME (YEARS): 1,
L1PE10.2E2,TG0, 'POND VOLUME (FT3): ',1PE1N.2E2,/,T15,
.1DOSE COMMITMENT TIME (YEARS): ',1IPE10,2€2,T94, ' TURNOVER RATE: t,
CIPE1D.2E2,/,T16, "EXTERNAL EXPOSURE TIME (HR): ',1PE1G.2E2,T92,
LTCYCLE TIME (HR): ', 1PE10.2E2

WRITE(S,S)

9 FORMAT(//,20%,"INPUT PREPARED BY:',15X, 'DATZ: ', /, 38X, 16( %), 56X,
SA0(TEYY, /7, 21X, VINPUT CHECKED BY: ' 15X, 'DATE: ", /,38%,15( %), 58X,
.10(|K|)>
RETURN
END
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S SUBROUTINE CALCULATES DOSE FACTORS FOR INGESTION AND
EXPOSURE TO CONTAMINATED GROUND.

SUBROUTINE DFCALC(TRAD,TBIO,FW,EN,NONUC,NORG, IAC, T2,
EDFAC,DCFAC,KORG,ELTO)

REAL*4 MASS(23)

DIMENSION DFAC(100,5),DCFACC100,5),ENC100,5),T2(2)
DIMENSION TEFF(100,5),TRAD(100),TBIOC100,5),Fw(100,5)
DIMENSION KORG(5), TRTM(4),TP(4),ELTOC100)

TRAVEL TIMES, FRACTIONAL DAYS

DATA (TRTM(I1),I=1,4)/.0417,.1667,.3333,.7500/

C TRAVEL TIMES TO GI ORGANS, FRACTIONAL DAYS

DATA (TP(1),1=1,4)/0.0,.0417,.2083,.5417/
DATA T1/1.0/

C ICRP-23 ORGAN MASSES OR Gl ORGAN CONTENTS MASS

300

99

C

DATA (MASSC1),1=1,23)/70000.,600.,310.,1800.,180.,7000.,13500.,
£1000.,14.,35.,11.,2600.,1400.,28000.,16.,20.,100.,330.,0.,250.,,

.400.,250.,135,/

DO 100 INUC=1,NONUC

DO 100 I10RG=1,NORG

JORG=KORG(IORG) -

TEFF(INUC, IORG)=TRADCINUCI*TBIOCINUC, 10RG)/(TRADCINUC)+
§TBIOCINUC,10RG))

IF (KORG(IORG) .GE. 20)GO TO 200

IF (1AC .EQ.0) GO TO 300

DFACCINUC,I0RG)=0.074*ENCINUC, IORGI®TEFF(INUC, 10RG)*
§FW(CINUC, IORG)*(1.0-EXP(-0.693/TEFF(INUC,IO0RGI*T2(1)%365.25))/
EMASS(JORG)*0.001

DCFACCINUC, IORG)=0.074*ENCINUC, IORGI*TEFF(INUC, IORG)#
§FW(CINUC, IORGD#(1.0~EXP(-0.693/TEFFCINUC, IORGD*T2(2)%365.25))/
EMASSC(JORGI#0.001

GO TO 99

DFACCINUC,10RG)=2.92E~4*FW(INUC, IORGI*ZENCINUC, IORG)¥
§(TEFF(INUC, IORG)*#2)%(0.693/TEFF(INUC,10RG)*T1%#365.25+
SEXP(-0.693/TEFFCINUC,IORG)#T2(1)%365.25)-EXP(~0.693/TEFF(INUC,
EIORGI*(T2(1)-T1)%365.25))/MASS(JORGI*0.001

DCFAC(CINUC, IORG)=2.92E-43FW(INUC, IORGI®EN(CINUC, IORG)*®
S(TEFF(INUC, IORG)*%2)%(0.693/TEFF(INUC,I0RG)*T1%365.25+
SEXP(-0.693/TEFF(INUC,IORGI*T2(2)%365.25)-EXP(~-0.693/TEFF(INUC,
§I0RGI*(T2(2)-T1)*365.25))/MASS(JUORGI*0.001

GO TO 99

10R=JORG-19

DFACCINUC, IORG)=0.0255%TRTMCIOR)*ENCINUC, IORGI*FW(INUC, I0RG)*
EEXP(-0.693/TRADCINUCI®TP(IOR))/MASS(JORGI*0,001

DCFACCINUC,10RG)=0.0256%TRTM(IORIZENCINUC, IORGI*FW(INUC, I10RG)¥

EEXP(-0.693/TRADCINUCI#TP(IOR))/MASSC(JORG)I®*0.001
CONTINUE

H=tH ¢

C='C

Nz=IN ¢

NA= TNA? :
IFCELTOCINUC).EQ.H.OR.ELTOCINUC).EQ.C)GD TO 400
IFCELTOCINUC).EQ.N.OR.ELTO(INUC).EQ.NAXGO TO 500
GO TO 100

C SPECIAL CASE FOR H-3,C-14

C
400

401
c

C SP
c

500

501
100

1F(JORG.EQ.6)GO TO 100

DO 401 I=1,NORG
1IF(KORGCI).NE.1)GO TO 401
DFACCINUC, IORG)=DFACCINUC, 1)
DCFAC(INUC, IORG)=DCFAC(INUC, 1)
GO TO 100

CONTINUE

ECIAL CASE FOR N-13,NA-22,NA-24

DO 501 1=1,NORG
IF(KORG(I).NE.1)GO TO 501
DFACCINUC, IORG)=DFACCINUC, 1)
DCFACCINUC, IORG)=DCFAC(CINUC, 1)
CONTINUE

CONTINUE

RETURN

END
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C ROUTIME FOR AIR AND WATER CONCENTRATION
SUBROUTIME DOSE(IDEP,NFT,MONUC, IREC,CFLO,FLO,VOL,TO®,CTIM,
EPLIFE,RM,SLCOM,EDBCON,KFDTYP,ELTO,REL, XQ, TRAD, YELD,GRWP,DPVL,
ETRNS,RIRR,FOTC,HLOUP,PLTCON, WATCON,AIRCON,LFCON)
REAL®4 LFCON(15,100)
DIMENSION AIRCON(C15,100),RECONCI00),WATCONC100)
DIMENSION SLCON(15,100),EDBCON(C15,100),PLTCONC15,100)
DIMENSION ELTO(C100),KFDTYP(15), REL(100),xQ(15),TRAD(C100),
EDPVL(1C0), TRNS(15),RIRR(1S),FDTC(15,100),HLDUP(15)
DIMENSION YELD(15),G6RWP(15)
DATA TENV,DEPER,SLDN/14.,.25,224./,CHKNGC,CHKNWC /.12, .3/
DATA COWGC,COWWC/55,,60./,8FFC,BFWC/68,,50./,PIGGC,PIGWC/4.2,10./
00 101 I=1,NONUC
WATCON(1)=0.0
DO 101 JU=1,NFT
101 AIRCON(CU,1)=0.0
1F (IDEP LEC. 1) GO TO 50
IF (IDEP .E0.Z) GO TO 60
C CALCULATE AIR CONCENTRATION PCI/M%%3
50 DC 100 IFD=1,NFTY
1F (XFOTYP(IFD) .EQ. 0) GO TO 100
DO 110 INUC=1,NONUC
ATRCONCIFD, INUC)=RELCINUC)#XQCIFD)*]1 E12%3,169E-8
110 CONTINUE
100 CONTINUE
JF (IDEP .EQ. 1) GO 7O 150
C CALCULATE WATER CONCENTRATION PCI/LITER
60 DO 200 INUC=1,NONUC
I¥ (IREC .EQ. 2) GO 70O 51
IF (IREC .EQ. 3) GO TO 52
RECOM(INUC)=1,/(1.-(CFLO-FLO)/(CFLO+VOL*TOR)
EXEXP(~0.5C3/TRADCINUC)®CTIM®0,.0417))
GO TC 200
51 RECONCINUC)=(1.-(VOLHEXP(-0,693/TRADCINUCIHCTIMEN,.0417))
ERR(PLIFERB765,/CTIM+1.))/(1.-VOL¥EXP(-0.693/TRAD(INUC)®
SCTIMRO,0417))
GO TO 200
2 RECONCINUZ)=1.
0 WATCONCINUC)=1119.11#RECONCINUCIHRELCINUC)HRM/CFLO

[+

FIND AN INDEIX TO GIVE CORRECT FDTC 7O USE IN PLTCON
FOR NON-PLANT PATHWAYS: IPL

OO0 0y

150 CONTINUE
D0 10 I=1,NFT
TF(KFOTYP(I).GT.9)G0 TO 10
1PL=1]
GO TO 11

10 CONTINUE

IF THERE ARE NC PLANT PATHWAYS, PRINT MESSAGE AND STOP

[aNeNel

PRINT 12
12 FORMAT(1H1,' THIS CODE WILL NDT RUN WITHOUT AT LEAST!,
.' ONE PLANT PATHWAY~-STOP')
sTOP
11 CONTINUE
DO 300 1FD=1,MNFT
DO 301 INUC=1,NONUC
PLTCONCIFD, INUC)=0.0
LFCONCIFD, INUC)=0.0
SLCOMCIFD,INUC)=0.0
301 EDPCONCIFD,INUC)=0.0
ENVDC=0,0
TAIR=0.0
CAIR=0.0
GRCON=0.0
DO 399 INUC=1,NONUC
H = 'H
IF (ELTOCINUC) .NE. H) GO TC 310
GO TO 1000
310 C = 'C !
IF (ELTO(CINUC) .NE. C ) GO TO 330
GO TO 1500
330 ENVDC=0.,693/TENV + 0,563/TRAD(INUC)
IF (IDEP .EQ. 2) GO TO 340
LFCONCIFD, INUC)=DEPFR*TRNSCIFD)*AIRCONCIFD, INUCDH*DPVL(INUC)H
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E(1.-EXP(-ENVDCHGRWP(IFN)))/(YELD(IFD)HENVDC)I#86LODO,
SLCONCIFD, INUC)=AIRCONCIFD, INUC)#DPVL(INUCD®(1.-EXP(-0.693/
ETRAD(INUCDH®PLIFE®355))/(0.,A93/TRADCINUC)D/SLDM“RALOO.,
IF (IDEP .EQ. 1) GO TO 320
340 LFCONCIFD, INUC)sLFCONCIFD, INUC)+DEPFRETRNS(IFD)XWATCON(CINUC)
EXRIRPRCIFD)/2.635563 (1. ~EXP(~ENVDCHGRWP(IFD)))/(YELDCIFD)
EXENVDC)#B6LON
SLCONCIFD, INUC)=SLCONCIFD, INUC)+WATCONCINUC)®RIRR(IFD)/2,.635E5%
6§(1.~EXP(-0.693/TRAD(INUC)®PLIFE®355,25))/(0.693/TRADCINUC)D/
ESLDON®85400
320 IF (KFDTYP(IFD) .EQ. 15) GO TO 400
PLTCONCIFD, INUC)=LFCON(CIFD, INUC)+SLCONCIFD, INUC)*FOTCCIPL, INUC)
IF(KFDTYPCIFD) .GT, 9)GO TO 350
ED2CONCIFD, INUC)=PLTCONCIFD, INUCIH¥EXP(~N,633/TRAD(INUCD*HLDUP
§CIFD))
GO TO 40O
350 IF(KFDTYP(CIFD) .EQ. 11) GO TO 370
IF(KFDTYP(CIFD) .EQ. 12) GO TO 375
IF(KFDTYP(IFD) .EQ. 13) GO TO 380
IF(KFDTYP(IFD) .EQ. 14) GO TO 385
EDRCONCIFD, INUC)=(CHKNGCH#PLTCONCIFD, INUC)+CHKNWCHWATCONCINUC))
EHFDTCCIFD, INUCIHEXP(~0,633/TRAD(INUC)*HLDUP(IFD))
G0 TO 400 ‘
370 EDBCON(CIFD, INUC)=(COWGCHPLTCONCIFD, INUCD+COWWCHWATCONCINUC) )
EFDTCCIFD, INUC)HEXP(=0,693/TRAD(INUC)®HLDUP(IFD))
GO TO 4090
375 EDBCONCIFD, INUC)=(BFFCEPLTCONCIFD, INUCD+BFWCHWATCONCINUC) D#
EFDTCCIFD, INUC)HEXP(~0,693/TRAD(INUC)*HLDUP(IFD))
GO TO 400
380 EDBCCNCIFD, INUC)=(PIGGCHPLTCONCIFD, INUC)+PIGHWCH#WATCONCINUC) )%
EFDTCCIFD, INUC)®EXP(~0.683/TRAD(INUC)*HLDUP(IFD))
GO TO 400
325 EDBCONCIFD, INUC)=(CHKNGCHPLTCONCIFD, INUC)+CHKNWC®WATCONCINUC))
EXFDTCCIFD, INUC)HEXP(-0.683/TRAD(CINUC)*HLDUPCIFD))
GO TO 400
C TRITIUM PLANT CONCENTRATION
1000 CONTINUE
DATA Hl,H2,H3,H4,HS5,HHh,H7,HE/G,,.00%,.0h25,.083,.004,
£.10,.087,.092/,Wl,W2,W3,W4,W5,Wh,v7,w8/,80,.12,.80,.88,.60,
§.50,.70,.75/
IF (IDEP .EQ. 2) GO TO 450
C CALCULATE TRITIUM AIR CONCENTRATION PC1/KG OF H
TAIR=ATRCONCIFD, INUCDH®H] /H2
C CALCULATE PLANT CONCENTRATION - LEAF ROUTE PCI/KG
LFCONCIFD, INUCY=TAIPX(W1/H1+(1.,~W1)5H3)
C CALCULATE SOIL CONCENTRATION PCI/KG
SLCONCIFD, ITHUC)=ATIRCONCIFD, INUC)®Z1/H2
IF (KFOTYP(IFD) ,EO. 15) GO TO 400
PLTCONCIFD, INUC)=LFCONCIFD, INUC)+SLCONCIFD, INUCI®FDTC(IPL, INUC)
IF (IDEP .EQ. 1) GO TO 500
C CALCULATE TRITIUM WATER CONCENTRATION PCI/KG QF H
450 TWAT=WATCONCINUCD#H1
LFCONCIFD, INUC)=TWAT*(W1/H1+(1l.=-W1)%H3)
SLCONCIFD, INUC)=SLCONCIFD, INUC)+WATCONCINUC)I®Z]
PLTCONCIFD, INUC)=PLTCONCIFD, INUC)+LFCONCIFD, INUC)+
ESLCON{IFD, INUC)*FDTCCIPL, INUC)
IF (KFDTYP(IFD) .EO. 15) GO TO 400
500 IF (KFDTYP(IFD) .LT. 8) GO TO 550
1F (KFDTYPCIFD) .GT. 9) GO TO 500
LFCONCIFD, IMUC)=LFCONCIFD, INUCDH#(W2/H1+(1,-W2)¥H3)/
E(WL/HI+(1 ., ~W1)¥H3)
PLTCONCIFD, INUC)=LFCONCIFD, INUC)
550 EDSCONCIFD, INUC)=PLTCONCIFD, INUC)#EXP(~0.693/TRADCINUC)*
E§HLDUP(CIFD)D
GO TO 400
C CALCULATE ANIMAL PRODUCTS CONC\ENTRATION *
C CALCULATE TRITIUM GRAIN CONCENTRATION PCI/KG
600 GRCON=(W2/H1+(1.=W2)%H2) /(W1 /H1+(1.-W1D%H3)
IF(KFDTYPCIFD) .EQ. 11)GO TO 610
IF (KFDTYP(IFD) .EQ. 12) GO TO 520
IF(KFDTYP(IFD) .EO. 13) GO TO 530
IF(XFDTYP(IFD) .EQ. 14) GO TC 540
LFCONCIFD, INUC)=LFCONCIFD, INUC)¥#GPCON
PLTCONCIFD, INUCD=LFCONCIFD, INUC)
EDBCONCIFD, INUC)=(CHKNGCHPLTCONCIED, INUC)+CHKNWCHWATCONCINUC) )/
E(CHKNGCH (W2 /H14(1 . =W2)RHT)+CHKNWC /HI DH(WR /HY+( 1. ~W3D#HS)
GO TO 40D .
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610 LFCONCIFD, INUC)=LFCONCIFD, INUCI®(¥WR/HL14+(]1.-W3)*
§H3)/(W1/H1I+ (1. ~W1D¥HT)
PLTCONCIFD, INUC)=LFCONCIFD, INUC)
EDACONCIFD, INUC)=(COVGCHPLTCONCIFD, INUC)+COWWCHWATCOM(INUC))/
E(COWGCH(WI/HI+ (1. ~W3)H#HI)+COWWC/HIDH(WU/HT+ (1. -WU)*HU)
GO TO 400
620 LFCONCIFD, INUC)=LFCONCIFD, INUC)*GRCON
PLTCONCIFD, INUC)=LFCONCIFD, INUC)
EDBCONCIFD, INUC)=(BFFCHPLTCON(CIFD, INUC)+BFWCHWATCONCINUC) )/
E(BFFCH(W2/HI+ (1. =W2)*HID4BFWC/HIDI¥(W5/H1+(1.=W5)%HS)
GO TO 400
630 LFCONCIFD, INUC)=LFCON(CIFD, INUCD®GRCON
PLTCONCIFD, TNUC)=LFCONCIFD, INUC)
EDRCONCIFD, INUC)=(PIGGCHPLTCONCIFD, INUC)+PIGWCHWATCONCINUL) )/
E(PIGGCH(W2/HI+ (1, =W2)¥HI)4PIGUWC /H1DH¥(WA/HT+(1 . =W5)5HE)
GO TO 400
540 LFCONCIFD, INUCD=LFCONCIFD, INUC)®GRCON
PLTCONCIFD, INUC)=LFCONCIFD, INUC)
EDRCONCIFD, INUC)=(CHKNGCH*PLTCONCIFD, INUC)+CHKNWC *ATCAN(INUC) )/
E(CHKNGCH(WZ/H14+( 1. =V2)¥H3)+CHKNWC /HI ) H (W7 /H1+ (1 . =W7D%HT)
GO TO 400
C CARBON-14 PLANT CONCENTRATION
1500 CONTINUE
paTA CO,C1,C2,C3,C4,C5,C6,C7,C8,C9/2,1E-5,1,5E-4,,11,
£.40,.11,.069,.24,.33,.20,.15/,21,22/.10,.03/
IF (IDEP ,EO. 2) GO TO 700
C CALCULATE C-14% A1R CONCEMTRATION - PCI/KG OF C
CAIR=AIRCON(CIFD, INUC)/C]
C CALCULATE C-14 PLANT COMCENTRATION - LEA® ROUTE
LFCONCIFD, INUC)=CAIR®C?2
SLCONCIFD, INUC)=CAIR®Z2
IF (KFDTYP(IFD) .EQ. 15) GO TO 400D
PLTCONCIFD, TNUC)=LFCONCIFD, INUC)+SLCONCIFD, INUC)#FDTC(IPL, INUC)
1F (IDEP .EQ. 1) GO TO 750
C CALCULATE C-14 WATER COMZENTRATION - PCI/XG OF C
700 CWAT=WATCONCINUC)/CH
LFCONCIFD, INUC)=CWATHC2
SLCOMCIFD, INUC)=SLCONCIFD, THUC)+CWATZ2
PLTCONCIFD, INUC)=LFCONCIFD, INUC)+SLCONCIFD, INUCIH#FDTC(IPL, INUC)
§+PLTCONCIFD, 1NUC)
1¢ (KFDTYP(IFD) .EO. 15) GO TO 400
756 IF (KFDTYP(IFD) .LT. &) GO TO 760
IF (KFDTYP(IFD) .GT. §9) GO TO 800
LFCONCIFD, INUC)=LFCON(CIFD, INUC)*C3/C2
PLTCOMCIFD, INUC)=LFCONCIFD, INUC)
760 ENRBCONCIFD, INUC)=PLTCONCIFD, INUC)
GO TO 400
800 1F (KFDTYP(IFD) .EO. 11) GO TO 810
IF (XFOTYP(IFD) .EC, 12) GO TO 820
1F (KFDTYP(IFD) .EQ. 13) GO TO 830
IF (XFDTYP(IFD) .EC. 14) GO TO 8490
LFCONCIFD, INUC)=LFCONCIFD, INUCIHC3/C2
PLTCONCIFD, INUC)=LFCONCIFD, INUC)
EDBCONCIFD, INUC)=PLTCONCIFD, INUL)/C3¥%CO
GO TO 400
810 LFCONCIFD,INUC)=LFCONCIFD, INUCI®CH/C2
PLTCONCIFN, INUC)=LFCONCIFD, INUC)
EDRCONCIFD, INUC)=PLTCONCIFD, IMUC)/CHCS
GO TO 400
820 LFCONCIFD, INUC)=LFCONCIFD, INUCI®C3/C2
PLTCONCIFD, INUC)=LFCON(IFD, IMUC)
ENRCONCIFD, INUC)=PLTCONCIFD, INUC)/C3HCH
GO TO 400
830 LECONCIFD, IMUC)=LFCONCIFD, IHUC)®C3/C2
PLTCONCIFD, INUC)=LFCONCIFD, INUC)
EDBCONCIFD, INUC)=PLTCOMCIFD, INUC)®C3CT
GO TO 40N
g40 LFCONCIFD, INUC)=LFCONCIFD,INUC)RC3/C2
PLTCONCIFD, INUC)=LFCONCIFD, INUC)
EDBCONCIFD, INUC)=PLTCON(CIFD, INUC)/C35CR
490 CONTINUE
369 CONTINUE
IF (KFDTYP(IFD) .EQ. 15) GO TO 906
300 CONTINUE
900 RETURN
END
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THIS SUBROUTINE CALCULATES THE RADIATION DOSE FROM
FROM INGESTION OF CONTAMINATED FARM PRODUCTS AND
EXPOSURE TO CONTAMINATED GROUND
SUBROUTINE DOZCAL (NONUC,NORG,KORG,NFT,CON,POP,EXTIM,SLCON,EDBCON
& ,DOSGRD,DINT,DCINT,TOTDOS, TOTDC,DFAC,DCFAC,DFGRD,KFDTYP)
DIMENSION DOSGRD(100,5),DFAC(100,5),DFGRD(100,5),DINT(15,100,5)
DIMENSION SLCONC15,100),EDBCON(CLS,100),KFDTYP{155,CONCIS)
DIMENSION KORG(5)
DIMENSION DCINT(15,100,5),DCFACC100,5),TOTD0S(100,5),TOTDC(100,5)
C DOSE FROM EXPOSURE TO CONTAMINATED GROUND
DATA SLDN/224./
CALL ZEROR(S500,TOTDC)
CALL ZEROR(500,T0TDOS)
CALL ZEROR(7500,DINT)
CALL ZEROR(7500,DCINT)
DO 60 I=1,NFT
IF(KFDTYP(I) .NE. 15)G0 TO &0
DO 100 INUC=1,NONUC
DOSGRD(INUC,1)=DFGRDCINUC,1)%#SLCONCI, INUC)*SLDN®EXTIMSPOP®.001
100 DOSGRD(INUC, 2)=DFGRD(INUC, 2)%SLCON(CI, INUC)*SLDNXEXTIM*POP*,001
60 CONTINUE
o USE UNUSED ARRAY SPACE FOR EXTERNAL TOTALS
DOSGRD(1,3)=0.0
DOSGRD(1,4)=0.0
DO 150 INUC=1,NONUC
DOSGRD(1,3)=DOSGRD(1,3)+DOSGRD(INUC, 1)
DOSGRD(1,4)=DOSGRD(1,4)+DOSGRD(INUC, 2)
150 CONTINUE
C INTERNAL DOSE DUE TO INGESTION OF CONTAMINATED FARM PRODUCTS
DO 200 IFD=1,NFT
IF (KFDTYP(IFD) .EQ. 0.) GO TO 200
IF (KFDTYP(IFD) .EQ. 15.) GO TO 200
DO 300 INUC=1,NONUC
DO 300 10RG=1,NORG
IF (DFAC(CINUC,I0RG) .EQ. 0.) GO TO 300
DINT(CIFD, INUC, IORG)=DFAC(CINUC, IORG)H¥EDBCONCIFD, INUC)*CONCIFD)*
EPOP
DCINTCIFD, INUC, IORG)=DCFAC(INUC, ICRGIXEDBCONCIFD, INUCDI*CON(CIFD
£)¥POP
TOTDOSCINUC, IORG)=TOTDOSCINUC, IORG)+DINT(IFD, INUC, IORG)
TOTDCCINUC, IORG)=TOTDCCINUC, TORG)+DCINT(IFD, INUC, I0RG)
300 CONTINUE
200 CONTINUE
RETURN
END

OO0
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SUBROUTINE DOSOUT(NFT,NORG,NONUC,ELTO,TRAD,REL,IOUT,

§CON, XQ,RIRR,HLDUP, TRNS,PLIFE, TITLE],DINT,DCINT, TOTDOS,
§TOTDC,DOSGRD,KORG, DD, AWO, WATCON,AIRCON,PLTCON,KFDTYP,LFCON,

.1POP,T2,1PCNT)

REAL#*4 LFCON(15,100)

DIMENSION KORG(5),WATCON(100),AIRCON(15,100),PLTCON(15,100)

DIMENSION KFDTYP(15), TDDOSE(5),T2(2)

DIMENSION DINT(15,100,5),DCINT(15,100,5),D0SE(4,5),D0SCOM(4,5),
ETTDOSE(S5),0ONA(S),FNAME(4L),ELTO(100), TRAD(100),RELC100),CON(C15),
§TOTDOS(100,5),TOTDC(100,5),D0SGRD(100,5),PNAME(15),%Q(15),
ERIRR(C15),HLDUPC15), TRNS(15),0NAME(23), TITLE1(20),AW0(100)

DIMENSION AM(2)

CHARACTER AM®7

CHARACTER DD*8
CHARACTER AWO¥6
CHARACTER ONAME®10
CHARACTER FNAME#®7
CHARACTER PNAME®*10
CHARACTER ONAX1D

DATA (FNAME(I),1=1,4)/'PRODUCE", *EGGS ', 'MILK ', *MEAT v/
DATA (PNAME(I),I1=1,15)/'LEAFY VEG.','0.A.G. VEG','POTATOES ',
€'OT.RT.VEG."', 'BERRIES ', "MELONS ','ORCH.FRUIT!', '"WHEAT ',

S'OT,GRAIN', 'EGGS!, *MILK', 'BEEF ', "PORK', 'POULTRY!', 'EXTERNAL'/
DATA (ONAME(1),1=1,23)/'TOTAL BODY', 'BODY WATER','KIDNEYS',
§ILIVER', *SPLEEN', "BONE', 'FAT', "LUNGS"', *ADRENALS', "TESTES',
E'OVARIES', *SKIN', *BRAIN', *MUSCLE', 'PROSTATE!, 'THYROID!, * PANCREAS®
E,"HEART','GI", 'STOMACH', "SMALL INT','UPPER LARG','LOWER LARG'/
DATA AM(1),AM(2)/" REM ', "TMAN-REM'/

M=1

IFCIPOP.NE.O0)M=2

CALL ZEROR(20,DOSE)

CALL ZEROR(20,DOSCOM)

C CALCULATE INTERMEDIATE DOSE TOTALS FOR SUMMARY PAGE

140

104
100

150
C

DO 100 IFD=1,NFT
1F (KFDTYP(CIFD) .EO. 0) GO TO 100

IF (KFOTYP(IFD) .LT. 10) 6O TO 110

IF (KFDTYP(IFD) .EO. 10) GO TO 120

IF (KFDTYPCIFD) .EQ. 11) GO TO 130

IF (KFOTYPCIFD) .LT. 15) GO TO 140

GO TO 100

DO 101 10RG=1,NORG

DO 101 INUC=1,NONUC

DOSE(1, 10RG)=DOSE(1, I0RGI+DINT(IFD, INUC, IORG)
DOSCOM(1, IORG)=DOSCOM(1, 10RG)+DCINT(IFD, INUC, I0RG)
GO TO 100

DO 102 I0RG=1,NORG

DO 102 INUC=1,NONUC

DOSE(2,10RG)=DOSE(2, IORG)+DINT(I¥D, INUC, 10RG)
DOSCOM(2, 10RG)=D0SCOM(2, 10RG)+DCINTCIFD, INUC, 10RG)
CONTINUE

GO TO 100

DO 103 I10RG=1,NORG

DO 103 INUC=1,NONUC

DOSE(3,10RG)=DOSE(3, 10RG)+DINT(IFD, INUC, 10RG)
DOSCOM(3, IORG)=DOSCOM(3, IORGI+DCINT(IFD, INUC, I0RG)
CONTINUE

GO TO 100

DO 104 10RG=1,NORG

DO 104 INUC=1,NONUC

DOSE(4, IORG)=DOSE(4, IORG)+DINTCIFD, INUC, IORG)
DOSCOM(Y4, I0RG)=DOSCOM(4, IORG)+DCINTCIFD, INUC, 10RG)
CONTINUE

CONTINUE

DO 151 I=1,NORG

TTDOSE(I)=0.0

TDDOSE(1)=0.0

DO 150 10RG=1,NORG

DO 150 ID=1,4
TDDOSE(IORG)=TDDOSECIORG)+DOSCOM(ID, 10RG)
TTDOSECIORG)=TTDOSE(TORG)+DOSE(ID, 10RG)

C SHORT SUMMARY

C

6us

PRINT 649
FORMAT(1HI)
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FOOD LISTING

PRINT 13, TITLE1l,DD
13 FORMAT(U4X,20Ak4, 10X,A8)
PRINT 14
14 FORMAT (1HD,'FOOD',10X,'VERSION 1.0', 10X,'l AUGUST 78')
WRITE(6,650) AM(M),T2(1)
650 FORMAT(///,!' #%% DOSE SUMMARY, ',A7,' FOR ',1PE8.1E2,' YEARS
g u)
DO 160 I10RG=1,NORG
160 ONA(C1ORG)=ONAME (KORG(IORG))
PRINT 10, (ONACIORG),10RG=1,NORG)
10 FORMAT (1HO0, 14X, 5CA10,5X),/)
DO 170 J=1,k4
PRINT 11, FNAME(J),(DOSE(J,10RG), 10RG=1,NORG)
11 FORMAT (1H ,A7,5X,5C1PE10.2E2,5X))
170 COMTINUE ‘
PRINT 12,(TTDOSE(CIORG),10RG=1,NORG)
12 FORMAT (/,' INT. TOTAL',2X,5C1PE10.2E2,5X))
PRINT 16,DCSGRD(1,3),D0SGRD(1,4)
16 FORMAT(/,' EXTERNAL DOSE TOTALS',10X,'SKIN',5X,
'*TOTAL BODY',/,28X,1PE9.2E2,4X,1PEY,2E2)
PRINT 15, TITLE1l,DD
15 FORMAT(/////,4%,20A4,10X,A8)
PRINT 14
WRITE(6,651) AM(M),T2(2)
651 FORMAT(///,? 33 DOSE COMMITMENT SUMMARY, ', A
E' FOR A COMMITMENT TIME OF ',1PE8.1E2,' YEARS =xut¥
PRINT 10, (ONA(IORG),IORG=1,NORG)
D0 180 u=1,4
PRINT 11,FNAME(J), (DOSCOM(J, 1ORG), I0RG=1,NORG)
180 CONTINUE
PRINT 12, (TDDOSE(IORG),IORG=1,NORG)
PRINT 16,D0SGRD(1,3),D0SGRD(1,4)

c
C SUMMARY BY NUCLIDE
c
PRINT 20
20 FORMAT (1H1, 'SUMMARY OF NUCLIDE CONTRIBUTORS')
PRINT 13,TITLE1,DD
PRINT 14
PRINT 21
21 FORMAT(1MD,' ALL FOOD PRODUCTS!')
DO 200 [0RG=1,NORG
TDORG=0.0
TDCORG=0.0

DO 210 INUC=1,NONUC
TDORG=TDORG+TOTDOS(INUC, 10RG)

210 TDCORG=TDCORG + TOTDC(INUC,IORG)
ONA(]ORG)=ONAME (KORG(IORG))
PRINT 22, ONA(CIORG)

22 FORMAT(C///,1X,A10)
PRINT 23
23 FORMAT(1M , 'NUCLIDE',6X, "HALF-LIFE',4X, *RELEASE', 7X, 'DOSE?,

E8X,'%',5X, 'DOSE COMM',5X,'%')
PRINT 24, AM(M),AM(M)
24 FORMAT(1H ,15X,'DAYS',8X,'CI/YR!',5X,A7,14X,A7,/)
DO 250 INUC=1,NONUC
IDPER=TOTDOS(CINUC, IORG)/TDORG#100
IDCPER=TOTDCCINUC, 10ORG)/TDCORG*100
1F (IDPER .GE. IPCNT) GO TO 260
IF (IDCPER .LT.IPCNT) GO TO 250
250 PRINT 25, ELTOCINUC),AWOCINUC), TRADCINUC),REL(CINUC),
§TOTDOSCINUC, IORG), IDPER, TOTDC(INUC, IORG), IDCPER
25 FORMAT (1X,A4,A6,3X,1PEB.2E2,5X%,1PE8.2E2,2(5X,1PE7.1E2,5X,13))
250 CONTINUE
PRINT 26, TDORG,TDCORG
26 FORMAT (1K ,'TOTAL',3u4X,1PE7.1E2,13%X,1PE7.1E2)
200 CONTINUE
o

C CHART FOR EXTERNAL DOSE

c
PRINT 27

27 FORMAT (///,' EXTERNAL DOSE',/)
PRINT 28

28 FORMAT(1H , 'NUCLIDE',6X, 'HALF-LIFE',4X, 'RELEASE', 65X,
§3X,'DOSE-SKIN',3X,'%',3X, 'DOSE-TOT BODY',1X,'%',/)
TDGRD1=0.0
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FOOD LISTING

TDGRD2=0.0
DO 225 INUC=1,NONUC
TDGRD1=TDGRD1 + DOSGRD(INUC,1)
225 TDGRD2=TDGRD2 + DOSGRD(INUC,2)
DO 230 INUC=1,NONUC
IDPER1=DOSGRD(INUC,1)/TDGRD1%100.
IDPER2=DOSGRD(INUC,2)/TDGRD2%100D.
1F(IDPER] .GE. IPCNT) GD TO 235
IF(IDPER2 .LT. IPCNT) GO TO 230
235 PRINT 29,ELTDCINUL),AWOCINUC), TRADCINUC),REL(CINUC),
§DOSGRD(INUC, 1), IDPERY,DOSGRD(INUC, 2), IDPER2
29 FORMAT(1H ,AY4,A6,3(5X,1PE8B.2E2),3%,13,5X,1PE8.2E2,3X,13)
230 CONTINUE
PRINT 30, TDGRD1,TDGRD?2

30 FORMAT(1H ,'TOTAL',36X,1PE8.2E2,11X,1PEB.2E2) -
¢

C COMPLETE INFORMATION LISTING -- OPTIDNAL

C

If (10UT ,EQ. 0) GO TO 399

DO 300 IFD=1,NFT

PRINT 649

IFCIFD.EQ.1)PRINT 13,TITLE]

IFCIFD.EQ.1)PRINT 14

IF(KFDTYP(IFD) .EO. O .OR. KFDTYP(IFD) .EQ. 15) GO TO 390
PRINT 36,PNAME(KFDTYP(IFD)),CONCIFD),XQCIFD),RIRR(IFD),
EHLDUP(IFD), TRNS(IFD),PLIFE

36 FORMAT(1X,A10,/,1%,10('='),' CONSUMPTION = *,1PE8.2£2,750,
§' X/Q = ',1PE8.2E2,

.T80,' IRRIGATION RATE = ',1PE8,.2E2,/,T12,' HOLDUP = !,
.1PE8.2E2,750,
.' TRANSLDCATION = *,1PE8.2E2,780,' PLANT LIFE (YRS) = ',
.1PEB.2E2)
DO 325 10RG=1,NORG
TONUC=D0.0
TDCNUC=0.0
DO 350 INUC=1,NONUC
TDNUC=TDNUC + DINT(IFD,INUC,10RG)
360 TDCNUC=TDCNUC + DCINT(IFD, INUC, 10RG)

ONA(IORG)=0ONAME (KDRG(IORG))D
1FLAG=0
IF(TDCNUC.LE.D)GO TO 325
PRINT 37,0NA(IORG)
PRINT 31
PRINT 32, AM(M),AM(M)
IFLAG = 1

500 CONTINUE

37 FORMAT(//,1X,A10,/)

31 FORMAT(IH ,'NUCLIDE',6X, 'HALF-LIFE"',4X, 'RELEASE',LX,
E'CONCENTRATION',10X,' FRACTION ',6X, 'PLANT?, 7X, 'DNSE"',8X, %",
510X, 'DOSE COMM!',5X,'%')

32 FORMAT(1H ,15X,'DAYS',8X,'Cl1/YR',5X, 'WATER',5X, 'AIR",7X,
E'LEAF', 4X, 'ROOT!, 7X,'CONC',6X,A7,18X,4A7,/,1X,130( %))

D0 350 INUC=1,NONUC

FL=LFCONCIFD, INUC)/PLTCONCIFD, INUC)

FR=(1.-FL)

KDPER=DINT(CIFD, INUC, 10RG)/TDNUC*100D

KDCPER=DCINT(IFD, INUC,10RG)/TDCNUCH100

IF(KDPER .GE. IPCNT) GO TO 370

IF(KDCPER .LT. IPCNT) GO TO 350

370 CONTINUE

PRINT 34,ELTOCINUC),AWOCINUC), TRADCINUC),RELCINUC), WATTON
& CINUC),AIRCONCIFD, INUC),FL,FR,PLTCONCIFD, INUC),DINT(IFD, INUC,
E10RG),KDPER,DCINTCIFD, INUC, I0RG),KDCPER

34 FORMAT(1X,A4,A6,5%,2(1PES.2E2,2X),2(1PE7.1E2,3X),2(1PEY.1E2,2X),
62X,2(1PE7.1E2,5X),13,10X,1PE7.1E2,5X%X,13)

350 CONTINUE

IFCIFLAG.EQ.1DPRINT 35, TDNUC, TDCNUC

35 FORMAT(88X,7(*'=-'),T114,7(*=*),/,1X, ' TOTAL',B82X,1PE7.1E2,18X,
.1PE7.1E2)

325 CONTINUE

300 CONTINUE

399 RE TURN

END
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APPENDIX F

INPUT PREPARATION AND DISGNOSTICS FOR ARRRG

The input data required by ARRRG for the calcualtions falls into four
categories: program control, reconcentration, site, and release parameters.
The program control, reconcentration, and site parameters are input through
the namelist. The radionuclide release parameters are formatted input. The
rest of the data required by ARRRG for the calculations is contained in four
data Tibraries that are accessed by the code (see Appendix E), thus elimi-
nating much effort in preparing the input.

This appendix describes in detail the variables input to ARRRG, their use,
and the manner in which they are entered. The code has some self-generated
diagnostics if an error is made on input. These are discussed after the input
parameters. An ARRRG sample problem and input deck are presented in Appendix H.

ARRRG DATA CARD DESCRIPTIONS

Card 1--Title Card

An entire card in Format 20A4. Words entered here are reprinted as a title
on the output pages. Each following case requires either a title or a blank
card.

Cards 2 to N--Namelist Data Cards (one or more namelist cards)

The minimum data for each case consists of one title card (Card 1), one or
more cards using the Namelist format (Cards 2 to N). The first Namelist card
(Card 2) must be blank in Column 1, $INPUT in columns 2-7, followed by at least
one blank, followed by data items. The data items are separated by a comma, -
and the last data item must be followed by a $END. The data items must have
one of the three following forms:

1. Variable name = constant, where the variable name may be either subscripted

or not.
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2. Array name = set of constants (separated by commas). The number of
constants must not exceed the number of elements in the array and they
must be in the same order as the array is in storage, i.e., the first
subscript changes most rapidly.

3. Subscripted variable = set of constants (separated by commas). This

form results in the set of constants being placed in consecutive array
elements, starting with the element designated by the subscripted
variable. Again, the number of elements in the array between the given
element in the array and the last element in the array.

The namelist variables retain their values throughout the execution of
the program and need not be respecified unless a change is wished. The name-
1ist input variables are shown in the following 1ist:

ARRRG NAMELIST VARIABLES

A. Program Control Parameters.
1. NEXT: This variable controls the isotopic data input after the NAMELIST
read. There are 4 options corresponding to NEXT = 1, 2, 3, 4.

NEXT = 1: Read isotopic data, do computations, and end.

NEXT = 2: Read isotopic data, do computations, and prepare to do
another case.

NEXT = 3: Use previously input isotopic data, do computations, and pre-
pare to do another case (NEXT = 3 cannot be used on a first
case).

NEXT = 4: Stop.

2. IAC: Key for type of dose calculated.
IAC = 0 (default) Chronic
IAC = 1 Acute (accidental)

H

3. KORG(5): Numeric definition of organs considered, up to 5 allowed.

Number Organ
1 Total Body
2 Body Water
3 Kidneys
4 Liver
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5.
6.

5 Spleen

6 Bone

7 Fat

8 Lungs

9 Adrenals

10 Testes

11 Ovaries

12 Skin

13 Brain

14 Muscle

15 Prostate

16 Thyroid

17 Pancreas

18 Heart

19 GE

20 Stomach

21 Small Intestine

22 Upper Large Intestine
23 Lower Large Intestine

T2(2): Dose and Dose Commitment Times (years)

PLIFE: Facility lifetime (years)

IPCNT: The percent cutoff for reporting results. The output sub-
routine will print all contributors above the IPCNT cutoff.
Defaults to zero. This option is useful in reducing output
of Tong runs.

B. Reconcentration Parameters

7.

IREC: Key for reconcentration model used.

IREC = 1, cooling water is drawn from a cooling pond, small lake or
reservoir which is connected to a larger body of water or is fed by
a stream. Requires NAMELIST variables CFLO, FLO, CTIM, VOL and TOR
(described below) be included.

IREC = 2, the cooling water inlet is downriver from the outfall, or
on a lake or ocean site arranged such that recirculation occurs.
Requires that NAMEL;ST variables CTIM and RCYF be included.

IREC = 3, no reconcentration, RECON = 1.

CFLO: Coolant flow in ft3/sec.

FLO: Makeup flow, ft3/sec (water drawn into the intake to replace
losses).
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10:
11.
12.
13.

CTIM: Cycle time, hours.
TOR: Pond turnover rate, inverse seconds.
VOL: Pond volume, ft3.

RCYF: The recycle fraction (the mixing ratio at the point of intake).

C. Site Parameters

14.

15.

16.

17.

18.

19.
20.

21.

IPOP: Key for population considered

IPOP = 0 (default) Maximum Individual (POP = 1.0)

IPOP = 1 Population

POP: Population size; defaults to 1.0 for use with default IPOP = O,
Maximum Individual

ISALT: Key for bioaccumulation factors

ISALT = 0 fresh water factors

ISALT = 1 salt water factors. Note that if ISALT = 1, the drinking
water pathway should logically not be used.

KPTHWY(8): Key for definition of exposure pathways for which to do

computation.
Number Pathway
Fish
Crustacea
Molluscs

Water plants

Drinking water

Shoreline external exposure
Swimming external exposure
Boating external exposure

O~NO TP WN —

RM(8): Mixing ratio at each of the corresponding dose pathways
(dimensionless)
HLDUP(8): Holdup (days) for each of the corresponding pathways.
USAG(8): Usage for each of the exposure pathways; kg/yr for edibles,
2/yr for drinking water, and hr/yr for external exposure.
SW: Shore Width Factor for external exposure pathways.

D. RELEASE PARAMETERS (Cards N + I to M)

The release cards are used to characterize the source term. The first

card supplies the number of nuclides to be read and a modification factor,
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if desired. The remaining cards give the nuclide name and release rate in
Ci/yr.

Card N + 1 supplies NIN and FINV; FORMAT 13, E10.2 FINV defaults to 1.0 if
left blank. ,

The following cards hold [ELTI(I), AWI(I), and Q(I), I = 1,NIN] FORMAT
A2, A6, 4X, E8.2.

The formats of ELTI and AWI must precisely match those of RMDLIB, otherwise

a match cannot be made.

A sample input deck listing is provided in Appendix H.

ARRRG SELF-GENERATED DIAGNOSTICS

If an error or anomaly is detected, the program ARRRG will write an infor-
mative message. These come from several places in the code. These are Tisted
below, with some hints as to what might be wrong. The 1ist is ordered by

originating routine.

MAIN

1. END OF INPUT FOR THIS RUN. Normal termination.

2. END OF FILE INPUT, STOP. The code was expecting another case, but ran
out of data cards.

3. ERROR IN NUMBER OF NUCLIDES INPUT, NONUC = XXX, MAXIMUM ALLOWED IS XXX.
There were either zero or too many inventory cards.

4, ERROR ON INPUT NAMELIST, STOP. Something in the namelist may be misspelled.

RLIBIN

5. IMPROPER NUMBER OF NUCLIDES IN MASTER LIBRARY, NUC = XXXX.
6. END OF FILE ON MASTER LIBRARY UNIT 10.

These two indicate a problem with the radionuclide master data library.

OLIBS

7. ERROR IN ORGAN DATA LIBRARY INPUT, NC, NOLD = XXX, NUCLIDE INPUT IS XXXXX,
NUCLIDE NOLD IS XXX. There is an error in the order of the organ data
library compared with the radionuclide master data library.

F-5



8. UNABLE TO IDENTIFY NUCLIDE XXXXX, NUCLIDES CHECKED = XXX--STOP. There is
a nuclide in the organ library that is not in the master Tlibrary.
9. END OF FILE ON ORGAN DATA LIBRARY.
NUCLIDES IN MASTER LIBRARY = XXX.
CURRENT NUCLIDE INDEX = XXX.
 PREVIOUS NUCLIDE INDEX = XXX.
DATA ARRAY INDEX = XXX.

The organ data file ended before any data could be obtained.

SLIBIN

10. EXTERNAL DOSE FACTOR LIBRARY TITLE READ ERROR, STOP.
11. EXTERNAL DOSE FACTOR LIBRARY EMPTY, STOP.
12. PROBLEM IN EXTERNAL DF LIBRARY READ

NUCLIDES FOUND = XXX.

NUCLIDES CHECKED FROM MASTER LIBRARY = XXX, STOP.

These three messages indicate a problem with the external dose factor file.

BLIBIN

13. END OF FILE ON TITLE CARD READ,
BIOACCUMULATION LIBRARY, STOP.

IDNUC

14. UNIDENTIFIED NUCLIDE XXXXX.
15. THERE WERE UNIDENTIFIED NUCLIDES,
ISTOP = XXX. There is an error in the input source term.

OPCHCK

16. NO ORGANS SPECIFIED, NORG = XXX.
KORG was probably omitted from Namelist.

17. NO PATHWAYS SPECIFIED, NPT = XXX.
KPTHWY was probably omitted from Namelist.

18. NO ORGANS OR PATHWAYS SPECIFIED, NORG, KORG = XXX, XXX.
Both KORG and KPTHWY were omitted.
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SETDAT

19. NO DATA IN ORGAN LIBRARY FOR NUCLIDE XXXX. THIS NUCLIDE DROPPED.

20. NO DATA FOR ELEMENT XXXXX IN BIOACCUMULATION FACTOR LIBRARY, THIS NUCLIDE
DROPPED.

21. NONE OF THE INPUT NUCLIDES HAVE DATA IN LIBRARIES, NUC = XXX. Program
terminated.
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APPENDIX G

INPUT PREPARATION AND DIAGNOSTICS FOR FOOD

The input data required by FOOD for the calculations falls into four
categories: program control, reconcentration, site, and release parameters.
The program control, reconcentration, and site parameters are input through
the Namelist. The radionuclide release parameters are formatted input. The
rest of the data required by FOOD for the calculations is contained in four
data libraries that are accessed by the code (see Appendix E), thus eliminating

much effort in preparing the input.

This appendix describes in detail the variables input to FOOD, their use
and the manner in which they are entered. The code has some self-generated
diagnostics if an error is made on input. These are discussed after the input
parameters. A FOOD sample problem and input deck are presented in Appendix I.

FOOD DATA CARD DESCRIPTIONS

Card 1--Title Card

An entire card in Format 20A4. Words entered here are reprinted as a
title on the output pages. Each following case requires either a title or a
blank card.

Cards 2 to N--Namelist Data Cards (One or More Namelist Cards)

The minimum data for each case consists of one title card (Card 1) and
one or more cards using the Namelist format (Cards 2 to N). The Namelist for-
mat is described in Appendix F. The Namelist input variables are shown in the
following list:
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FOOD NAMELIST VARIABLES

A.

Program Control Variables:

1.

NEXT:

NEXT
NEXT

NEXT

NEXT

. IDEP:

IDEP
IDEP

. IAC:

IAC
IAC

. I0UT:

I0UT
I0UT

. IPCNT:

. T2(2):

This variable instructs the program what to do after the name-
1ist data has been read. It controls isotopic data input. There
are 4 options corresponding to NEXT = 1, 2, 3, 4.

1. Read isotopic data, do computations and end.

2. Read isotopic data, do computations and prepare to read
another case.

3. Use previously input isotopic data, do computations, and
prepare another case. (NEXT = 3 cannot be used on a first
case.)

4, Stop.

Key for the type of radionuclide deposition mechanism.
1. Atmospheric deposition pathway.
2. Water deposition (irrigation) pathway

Key for type of dose calculated
0 (default) Chronic ingestion
1 Acute (accidental) ingestion

Key for output
0 (default), summary output
1 summary output plus complete 1listing

The percent cutoff for reporting results. The output subroutine
will print all contributors above the IPCNT cutoff. Defaults to

zero. This option is useful in reducing output of long runs with
I0UT = 1.

The dose and dose commitment times, yrs.

. KORG(5): Choice of organs, by number:

Number Organ
1 Total body
2 Body water
3 Kidneys
4 Liver
5 Spleen
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6 Bone

7 Fat

8 Lungs

9 Adrenals

10 Testes

11 Ovaries

12 Skin

13 Brain

14 Muscle

15 Prostate

16 Thyroid

17 Pancreas

18 Heart

19 GI

20 Stomach

21 Small intestine

22 Upper large intestine
23 Lower large intestine

B. Reconcentration Variables

8.

10.

11.
12.
13.

IREC: Reconcentration model used. Al1 of this category may be
omitted if IDEP = 1.

IREC = 1, cooling water is drawn from a cooling pond, small lake or

reservoir which is connected to a larger body of water or is fed by

a stream. Requires namelist variables CFLO, FLO, CTIM, VOL, and TOR

be included (described below).

IREC = 2, the cooling water inlet is downriver from the outfall or on
a lake or ocean site arranged such that recirculation occurs.
Requires namelist variables CTIM and VOL be included.

IREC = 3, no reconcentration, RECON = 1,

. CFLO: coolant flow in ft3/sec.

FLO: makeup flow, ft3/sec (water drawn into the intake to replace
losses).

CTIM: Cycle time in hours.

TOR: Pond turnover rate in inverse seconds.
3

VOL: for IREC
for IREC
ratio at the point of intake).

1, VOL is the pond volume in ft

1]

2, VOL is the recycle fraction (the [unitless] mixing
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14,

RM: The mixing ratio, used in calculating the water concentration of
released radionuclides.

C. Site Parameters

15.
16.

17.

18.

19.

20.

21.

PLIFE: The facility lifetime in years.

IPOP: Key for population considered
IPOP = 0 (default) Maximum Individual
(POP) = 1.0)

IPOP = 1 Population

POP: Population size, defaults to 1.0 for use with default IPOP,
maximum individual.

KFDTYP(15): Numeric definition of the food types for which to do
the computations.

Number Food Type
1 Leafy vegetables
2 Other above-ground vegetables
3 Potatoes
4 Other root vegetables
5 Berries
6 Melons
7 Orchard fruit
8 Wheat
9 Other grain
10 Eggs
11 Milk
12 Beef
13 Pork
14 Poultry
15 External doses

XQ(15): The air concentration per unit release (x/Q in sec/m3) of
radionuclides at the growing site of the corresponding food
type.

GRWP(15): The growing period in days of the corresponding food type.
For animal products this is the growing period of the feed
that the animal eats.

YELD(15): The yield 1in kg/m2 of the corresponding food type.
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| 22. RIRR(15): The irrigation rate in z/m2 month of the corresponding food
type.

23. HLDUP(15): The holdup period in days of the corresponding food type.

24. CON(15): The consumption rate in kg/yr or %/yr of the corresponding
food type.

25. TRNS(15): The translocation factor of the corresponding food type.

26. EXTIM: The external exposure time hours. (The time an individual
spends being exposed to nuclides on contaminated farm ground).

CARDS N + 1 TO M--RELEASE PARAMETERS

The release cards are used to characterize the nuclide source term. The
first card supplies the number of nuclides to be read, and a modification
factor. The following cards give the nuclide name and release factor in
Ci/year.

Card N + 1 contains NIN and NINV, FORMAT I3, E10.2. FINV defaults to 1.0 if
lTeft blank. The following cards contain (ELTI(I), AWI(I) and Q(I), I = 1, NIN)
FORMAT A2, A6, 4X, EB.Z2.

The formats of ELTI and AWI must precisely match those of RMDLIB, other-
wise a match cannot be made.

A sample input deck 1isting is provided in Appendix I.

FOOD SELF-GENERATED DIAGNOSTICS

If an error or anomaly is detected, FOOD will write an informative message.
These come from several places in the code. These are listed below, with some
hints as to what might be wrong. The list is ordered by originating routine.

MAIN

1. END OF INPUT FOR THIS RUN. Normal termination.
2. END OF FILE ON INPUT, STOP. The code was expecting another case, but ran
out of data cards.
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3. ERROR IN NUMBER OF NUCLIDES INPUT, NOMUC = XXX, MAXIMUM ALLOWED IS XXX.
There were either zero or too many inventory cards.
4, ERROR ON NAMELIST INPUT. Something may be misspelled.
RLIBIN
5. IMPROPER NUMBER OF NUCLIDES IN MASTER LIBRARY, NUC = XXXX.
6. END OF FILE ON MASTER LIBRARY UNIT 10.
These two indicate a problem with the radionuclide master data library.
FLIBIN
7. END OF FILE AT TITLE CARD ON FOOD DATA LIBRARY. There is no data in the
Food Transfer Coefficient File.
OLIBS
8. ERROR IN ORGAN DATA LIBRARY INPUT, NC, NOLD = XXX, NUCLIDE INPUT IS XXXXX.
NUCLIDE NOLD IS XXX. There is an error in the order of the organ data
Tibrary compared with the radionuclide master data library.
9. UNABLE TO IDENTIFY NUCLIDE XXXXX, NUCLIDES CHECKED = XXX -- STOP. There
is a nuclide in the organ library that is not in the master library.
10. END OF FILE ON ORGAN DATA LIBRARY.
NUCLIDES IN MASTER LIBRARY = XXX.
CURRENT NUCLIDE INDEX = XXX.
PREVIOUS NUCLIDE INDEX = XXX.
DATA ARRAY INDEX = XXX.
The organ data file ended before any data could be obtained.
GLIBIN
11. GROUND DOSE FACTOR TITLE READ ERROR--STOP
12. GROUND DOSE FACTOR LIBRARY EMPTY--STOP.
13. PROBLEM IN GROUND DOSE FACTOR LIBRARY READ

NUCLIDES FOUND = XXX
NUCLIDES CHECKED FROM LIBRARY = XXX, STOP.
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These three messageé indicate a problem with the external dose factor file.

IDNUC

14. UNIDENTIFIED NUCLIDE XXXXX.
15. THERE WERE UNIDENTIFIED NUCLIDES, ISTOP = XXX.

There is an error in the input source term.

OFCHCK

16. NO FOOD TYPES SPECIFIED, NPT = XXX.

KFDTYP was probably omitted from NAMELIST.
17. NO ORGANS SPECIFIED, NORG = XXX.

KORG was probably omitted from NAMELIST.

SETDAT

18. NO DATA IN ORGAN LIBRARY FOR NUCLIDE XXXXX. THIS NUCLIDE DROPPED.
19. NO DATA FOR ELEMENT IN FOOD DATA LIBRARY, STOP. XXX.
Program terminated.

20. NONE OF THE INPUT NUCLIDES HAVE DATA IN LIBRARIES, NUC = XXX.
Program terminated.
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APPENDIX H

ARRRG SAMPLE PROBLEM

To illustrate the use of the computer code ARRRG, two sample problems are
presented here. The first illustrates the general use of the code and the
second illustrates the flexibility of use.

The first problem includes the dose to five organs of an individual living
by and obtaining food from a river, just downstream of a nuclear facility that
has been releasing radionuclides to the water for 30 years. The second illus-
trates the effect this same nucfear plant would have on the population of a
city farther downstream. Input for the first problem is:

Namelist
Parameter Value Remarks
NEXT 2 Program control variable
KORG Organ identifier:
Total body
6 Bone
Lungs
16 Thyroid
23 GI-LLI
T2 1 Dose time, years
50 Dose commitment time, years
PLIFE 30 Facility lifetime, years
IPCNT 1 One-percent cutoff.
IREC 3 No reconcentration
CFLO 1.0 x 10° River flow rate, cfs
IPOP 0 or default Maximum Individual

H-1



ISALT

KPTHWY

RM

HLDUP

USAG

SW

0 or default

~N O O W —

0.3
0.1
0.9
0.9
0.8

1.0
2.0
0.1
0.1
0.1

40.
10.
730.
500.
100.

0.2

H-2

L 4

Fresh water release

Exposure pathways:
Fish

Crustacea

Drinking water
Shoreline exposure
Swimming

Mixing ratio:

Holdup time, days

kg/yr of fish
kg/yr of crayfish
2/yr of water
hr/yr on the beach
hr/yr swimming

River bank.



Other

Parameters Value Remarks
NIN 5
ELTI, AWI, Q H 3 100. Release terms, Cilyr
C 14 25.
I 129 1.
CS 137 .
U 238 0.1

The input for Problem Two, assuming it is run concurrently with Problem
One, is quite simple. Any namelist variables not reinitialized are carried
over from the first problem.

Namelist _

Parameter Value Remarks
NEXT , 3 Program control
IPOP 1 Population case
POP 2.5E5 Regional Population
KPTHWY | Exposure pathways:

1 Fish
5 Drinking water
6 Shoreline
7 Swimming
8 Boating
RM 5 % 1.0 Mixing ratios
USAG | 0.05 kg/yr fish:
3 440 L/yr water
17 hr/yr on the beach
10 hr/yr swimming
5 hr/yr boating

The sample input card stream and ARRRG output resulting are presented.
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ARRRG SAMPLE PROBLEM

ARRRG,

aress

1 AUGUST 7R

b1 Q .A. PAGF
VERSION 1.0,

CASE TITLE: ARR2G SAMPLE PROARLFM ONE-MAXIMUM INDIVIDUAL DNWMSTREAM, S0 YR COMMITMENT

EXECUTING HANFORD*ARRRG(1).ABS CREATED ON MARCH 13,
TYPE OF DOSE CALCULATED:

FOR LIQUID RELEASES OF RADIONUCLIDES

#3232 DATA LIRRATILES USED
RADIOMUCLIDE LIBRARY:
ORGAN DATA (. IRRARY:
BIOACCUMULATION LIBRARY:
EXTERNAL D.F. LIBRARY:

v aras
P

sn

PATHWAY DATA USED

RADIONUCLINHE MASTE® DATA LIRRARY,
ORGAN DATA LIRBRARY
BIOACCUMULATION FACTOR LIBRARY FOR FOOD,PARLM, MAXI

1980 AT 14:24:11
MAX .,

IND ., CHRONIC INGESTION AND EXTERMAL EXPOSURE

IN FRESH WATER

15 MARCH 7R, BA NAPIER
UPDATED AY RAN 8/10/79 %=

PATHWAY MIXING RATIO
FISH 3.00€-01
MOLLUSCS 1.00FE-01
DRINK. H20 9.00E-01
SHOREL INE 9.00E-01
SWIMMING 8.00E-01
®1RX QRGANS CONSIDERED
TOTAL BODY BONE LUNGS
32X ONUCLIDES CONSIDERED:
NUCLIDE RELEASE NUCL IDE RELEASE
ELT. WT. ci1/yr) ELT. WT. CAVALY!
H o3 1.00E+02 cC 14 2.50E401
SITE SPECIFIC DATA USED
INVENTOPY MODIFICATION FACTOR: .10E+01
FACILITY LIFE (YEARS): .30E+02
POPULATION: .10E+01
DOSE TIME (YEARS): .10E+01
DOSE COMMITMENT TIME (YEARS): .S0E+02
INPUT PREPARED RY: DATE:

INPUT. CHECKED 13Y:

RECYCLE FRACTIOM:

RUN ON 050780

RA NAPIER
GRDFLIR FOR FOOD, 15 MARCH 197%, BA NAPIER unn
HOLDUP (DAYS) USAGE UNITS
1.00E400 4.00E+01 (KG/YR)
2.00F400 1.00E+01 (KG/YR)
1.00E-01 7.30€402 (L/YR)
1.00E-01 5S.00E+02 (HR/YR)
1.00E-01 1.00€+02 (HR/YR)
THYROID LOWER LARG
NUCL I DE RELEASE NUCLIDE RELEASE NUCLIDE RELEASE
ELT. WT. (c1/vyr) ELT. WT. (C1/YR) ELT. WT. (C1/YR)
1 129 1.00E+00 CcS 137 2.00E400 U 238 1.00F-01
BH RECONCENTRATION DATA USED
MODEL USED: 3
COOLANT FLOW RATE: .1E+05S
COOLANT MAKFUP FLOW (FT3/SEC): .00
POND VOLUME (FT3): .00
TURNOVER RATE: .00
SHORE WIDTH FACTOR: .20€400
CYCLE TIME (HR): .00

.00
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ARRRG SAMPLE PROBLEM

APRRRG SAMPLE PRORBRLEM ONE-MAXIMUM INDIVIDUAL DOWNSTREAM, 50 YR COMMITMENT 0sn780
ARPRG VERSION 1.0 1 AUGUST 78
DOSE TO ORGAN BY PATHWAY ( REM ) FOR A PERIOD OF 1.00F+00 YEARS

EXTERNAL INTERNAL

PATHWAY SKIN TOTAL BODY TOTAL RODY BONE LUNGS THYROID LOWER LARG
FISH 3.1E-04 6.0F-04 1.26-04% 1.RE-04 9.7£-05
MOLLUSCS 1.5E-068 h.2E-05 1.4E-05 1.76-058 1.4E-05
DRINK. H20 7.5€E-06 1.2E-05 2.3€E-06 2.7E-04 2.1E-06
SHOREL INE 6.0E-05 5.0E-0NS 5.0E-05 S.0E-05 5.0E-05 5S.0E-05 5.0€-05
SWIMMING 2.7E-08 1.8F-08 1.8€-08 1.8€E-08 1.8€-08% 1.86-08 1.8E-08
TOTAL 6.0E-05 5.0E-05 3.9€-04 7.3E~-04 1.9E-04 5.2E~04 1.6E-04

ARIRG SAMPLE PROBRLEM ONE-MAXIMUM INDIVIDUAL DOWNSTREAM, S0 YR COMMITMENT 0RN7RN
ARRRG VERSION 1.0 1 AUGUST 78
DOSE COMMITMENT TO ORGAN BY PATHWAY,( REM ) FOR A COMMITMENT TIME OF 5.00FE+01 YEARS

EXTERNAL INTERNAL

PATHWAY SKIN TOTAL RODY TOTAL nODY BONE LUNGS THYROID LOWER LARG
FISH h.7E-0Y4 8.7E-04 1.6E-04% 2.3E-0" 1.0E-04
MOLLUSCS 1.6E-0S 7.5E-05 1.5€-056 1.6E-05 1.5E-05
DRINK ., H2D 1.2e-05 2.0E-05 3.2€E-06 h.3E-04 2.2E-06
SHORELINE 6.0E-05 5.0E-05 5.0E-0S 5.0E-05 5.0E-05 £.0E-05 5.0E-05
SWIMMING 2.7E-08 1.86-08 1.8E-0¢8 1.8E-08 1.8E-08 1.8£-08% 1.8£-08

TOTAL 6.0E-05 5.0E-05 5.5E-04 1.0E-03 2.2E-014 7.3E-04% 1.7E-0"4



ARRRG SAMPLE PROBLEM

ARRRG SAMPLE PRORBLEM ONE-MAXIMUM INDIVIDUAL DOWNSTREAM, S0 YR COMMITMENT nsn7%0

9-H

ARRRG VERSION 1.0 1 AUGUST 78
DOSE AND DOSE COMMITMENT TO ORGAN BY NUCLIDE, EXTERNAL DOSES SEPERATE
TOTAL BODY COOLANT FLOW = 1.0E+0LCUBIC FEET/SEC
NUCLIDE HALF-LIFE RELEASE DNOSE % DOSE COMM %
DAYS ClL/YR REM REM
R} 3 4.SE+03 1.0E+02 4L . BE-07 0 4 .HhE-07 o]
B 14 2.1E+0H 2.5E+01 1.0E-04 29 1.0E-04 20
I 129 S.7E+09 1.0E+00 4.7€6-07 0 7.3€-07 0
CS 137 1.1E+04 2.0E400 2.4E-04 70 3.9E-04 78
u 238 1.7E+12 1.0E-01 1.86-07 0 2.%E-07 0
TOTAL 3.4-004 5.0-004
S0ONE COOLANT FLOW = 1.0E+04CUBIC FEET/SEC
NUCLIDE HALF-LIFE RELEASE DNSE % DOSE COMM %
DAYS CI/YR REM REM
H 3 4.56403 1.0E+02 .0 0 .0 0
C 14 2.1E+06 2.5E+01 4. 4E-0% fly 5.2E-04 53
I 129 5S.7E+09 1.0E400 2.5E-07 0 2.6E-07 0
cs 137 1.1E+04 2.0E+00 2.4E-0 35 4.4E-04 45
V] 238 1.7E+12 1.06-01 1.5€E-0h ] 4,7E-0h ]
TOTAL H.8-004 9. h-000
LUNGS COOLANT FLOW = 1.0E+04CURIC FEET/SEC
NUCLIDE HALF-LIFE RELLEASE DOSE % DOSE COMM %
DAYS Ci/YR REM REM
H 3 4.5E403% 1.0E402 4.4E-07 0 4 . RE-07 0
C 14 2.1E400 2.5E+01 1.0E-04 77 1.0E-04 59
I 129 5S.7E+09 1.0E+00 .0 0 .0 0
CcS 137 1.1E4+04 2.0E+00 3.8E-05 27 5.9FE-05 4o
U 238 1.7E+12 1.0E-01 .0 0 .0 0
TOTAL 1.4-004 1.7-00%
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ARRRG SAMPLE PROBLEM

THYROID COOLAMT FLOW = 1.0E+04CURIC FEET/SEC

NUCLIDE HALF~LIFE RELEASE DOSE % DOSE COMM %
DAYS Cl/YR REM REM

H 3 4.5E+03 1.0E+402 4.4E-07 0 4.RE-07 0

C 14 2.1E+406 2.5E+01 1.0E-04 21 1.0E-04 15

! 129 S.7E+09 1.0E+00 3.7E-04 78 5.7E-04 84

cs 137 1.1E+0Y4% 2.0E+00 .0 0 .0 0

v 238 1.7E+12 1.0E-01 .0 0 .0 0

TOTAL 4.7-00% 6.R%-004

LOWER LARG COOLANT FLOW = 1.0E+04CURIC FEET/SEC

NUCLIDE HALF-LIFE RELEASE DOSE % DOSE COMM %
DAYS Cl/YR REM REM

H 3 L.S5E+03 1.0E+02 L.4E-07 0 4.6E-07 0

C 14 2.1E405 2.5E+401 1.0E-04 R7 1.0E-04 88

I 129 5.7E+09 1.0E+00 3.9€-08 0 3.9E-0R 0

cs 137 1.1E4+04 2.0E+00 1.3E-05% 11 1.3E-05 11

v 238 1.7E+12 1.0E-01 3.7E-07 0 3.7E-07

TOTAL 1.1-004 1.2-004

EXTERNAL DOSE COOLANT FLOW = 1.0E+04LCUR [C FEET/SEC,

NUCLIDE HALF-LIFE RELEASE SKIN DOSE % T.8. DOSE %
DAYS CI1/YR REM REM

H 3 L.5E+403 1.0E+402 .0 0 .0 0

C 14 2.1E406 2.5E+401 8.56-10 0 .0 0

I 129 S.7E+09 1.0E+00 5.76E-06 9 3.4E-06 h

cs 137 1.1E4+04 2.0E+00 5.4E-05 90 4.hE-OS a3

v 238 1.7E+12 1.0E-01 8.3E-10 0 65.6E-11 0
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ARRPG SAMPLF PROBLEM OME-MAXIMUM
ARR2G VERSION 1.0
DOSE AND DOSE COMMITMEMT

HOLDUP = 1.0E+00 CONSUMPTI

TOTAL BODY

NUCL IDE HALF-LIFE RELEASE
DAYS CI/YR

C 14 2 1E+06 2.5E+01
CcS 137 1.1E+04 2.0E+00

NUCLITDE HALF-LIFE RELEASE
DAYS CI/YR

C 14 2. 1E+06 2.5E+401

cS 137 1.1E+04 2.0E+00

TOTAL

LUNGS

NUCLIDE HALF-LIFE RELEASE
DAYS Cr/yr

C 14 ?.1E+06 2.5E+01
cCS 137 1.1E+404 2.0E+00

TOTAL

THYROID

NUCLIDE HALF-LITFE RELFEASE
DAYS r'l/YR

BRI TR RPiai e

C 14 2. 1E+OG 2.5E+01

T I P R N

TR R Y R T Y R R R R TR]

ARRRG SAMPLE PROBLEM

INDIVIDUAL DOWNSTRLCAM,

1 AUGUST 7R

ON = L4.,0E+01

WATER CONC RECON
PCL/L FAC

8.4E-01 1.0F+00 %,
6.76-02 1.0E+00 2.

WATER CONC PECON
PCI/L FAC

8.ME-01 1.0FE+00

6.76E-02 1.0E+4+00 2.

WATER CONC RECON
PCt/L FAC
S.QE—OI 1 0F+00 4
A.7E-02 1.05+400 2

WATER CONC RECOM
PCI/L FAC

HEiatat il eieH

sasNIs eI a

50 YR COMMITMENT

MIXING RATIO = 3

RIOACF CONC
PC1/KG

6E+03  3.9F+03
0E+03  1.3E402

BRTOACF CONC
PCI/KG

IR S R eI srarssIsaeaty

4 ,RE+03 3. 9F+01

NE+03 1.3E+02

B10ACF CONC
PCI/KG

ararags

LOE40% 0 3.9F403
.0E+03 1.30+02

31OACF CONC
PFI/Kr

s RN S e ae arusas
Pl Sttt i

8.4FE-01 1.0E+00 4 .AR5+03 3.9% +03

Parssrsanrsasnrar

LO0E-D1]

8.5E-NS
2.3E-04

DOSE
REH

8 5[ 0%
3.7E-0%

DNSE
oEM

.

f,5E-05%

9
30

?7

P R R R R TR TR TR R TR

el

"7

saanR

050780

DOSE COMM
REM

8.RE-OS
3.8E-04

4.7-004

DOSE COMM
REM

18
81

%

%

R P T P PR

h . Y4E-0L
§.3E-01

NNSE COMM
REH

R 8F 0q
6H.8F-0F%

NOSE COMM
REM

8.RE-0%

s srvessurasss e as
PRSI 1

50

49

2

o vsas

[YRTSTRTET R

56
43

37

%

T
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ARRRG SAMPLE PROBLEM

I 129 5.7E+09 1.0E400 3.4E-02 1.0E+400 1.5E+01 5.0£-01 9.3€E-05% 52 1.5€E~-0% h?2

TOTAL 1.8-004 2.3-004

LOWER LARG

NUCLIDE HALF-LIFE RELEASE WATER CONC RECON RIOACF CONC NDOSE % DOSE COMM %
DAYS CI/YR PCI/L FAC PCI/KG REM REM

HRISTH s s

C 14 2.1E+06 2.5E401 8.46-01 1.0E+00 %.6E+03 3.9E+03 8.5€-05 87 B .RE-DS 87
cs 137 1.1E+404 2.0E+00 6.7E-02 1.0E+00 2.0E403 1.3E+402 1.3€-05 12 1.3E-05 12

TOTAL 9.7-005 1..0-004%

R P T T DT Y B D R R Y TR T TR TR TR TR EYS NI NI NI I Az arNsisasarararasyrarssse et
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ARRRG SAMPLE PROBLEM

MOLLUSCS
HOLDUP = 2.0E+400 CONSUMPTION = 1.0E+01 MIXING RATIO = 1.0E-01
TOTAL R0ODY
NUCL1DE HALE-LIFE RELEASE WATER CONC RECON 810ACF COMC DOSE % DOSE COMM %
DAYS Cl/YR PCI/L FAF PC1/KG QEM REM
C 14 2 1E+0ﬁ 2.5E401 Z.RE—OI 1.0E+00 9.1E+03 2.5E+03 l.hF ns 93 1.5E-05 89
cs 137 1.1E+04 2.0E+00 2.2E-02 1.0E+400 1,0E+02 2.2E400 9.KE-07 5 1.65-056 9
TOTAL 1.5-005 1.5-005
BONE
NUCLIDE HALF-LIFE RELEASE WATER CONC RECON RI10ACF CONC % DOSE COMM %
DAYS CI/YR P”l/l FAC PCI/KG
C 1h 2. 1E+06 2. 5E+01 2. RE 01 1 0E+00 9.1E+03 2 9F+03 5.1E-05 98 7.3E-05 96
cs 137 1.1E+04 2.0E+400 2.2€6-02 1.0E+00 1.0E402 2.2E400 9.7€£-07 1 1.8E-06% 2
TOTAL 5.2-005 7.5-005
LUNGS
NUCLIDE HALF-LIFE RELEASE WATER CONC RECON BT0OACF CONC DOSE % DOSE COMM %
DAYS CI/YR PCI/L FAC PCI/KG REM REH
C. 14 2 1E+05 2.5E401 2. ﬂE 01 1.0E400 9.1E+403 2.5E403 1.4E-05 a8 1.5E-05 99
cs 137 1.1E+04 2.0E+400 2.2E-02 1.0E+00 1.0E402 2.2E400 1.5€-07 1 2.86-07 1
TOTAL 1.h-005 1.5-905
THYROLID
NUCLIDE HALT —LIFE RELEASE WATER COMNC RECOHN RI0OACF comMe NNSE % NNSE COMM %
DAYS CI/YR PCI/L
C 14 2.1E+0N0 2.5E+401 2.%E-01 I1.0E+00 9Q.1E40% 2.5E403 1.4F-05 R 1.5€£-05 78

I 129 5.7E400 1.06+00 1.1E-02 1.02400 S5.0FE+00 5.6A7-072 ?2.6F-0hK 15 %.0E-0% 21

TOTAL 1.7-005 1.0-n0%
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LOWER LARG

NUCLIDE HALF-LIFE
DAYS

PP b

c 14 2.1E+0h

asssarusarar

RELEASE

C1/YR

2.5%E+01

naeay

ARRRG SAMPLE

WATER CONC RECON

2.86-01 1.05+00

PC1/L FAC

PROBLEM

BI0ACF

9.1E+403

Arsrasssarases

CONC

PC1/KG

HRIH

2.56+407%

DOSE
REM

1.4E-05 99

DOSE CNMM

3sssar s nesessery

%
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DRINK. H20

HOLDUP = 1,0E

TOTAL 80DY

NUCLIDE
H 3
C 14
I 129
cs 137
U 238
TOTAL
SONFE
NUCL EDFE
14
1 129
cs 137
U 238
TOTAL
LUNGS
NUCLIDE
H 3
C 14
() 137
TOTAL
THYROID
NUCLIDE

~-01

HALF~LIFE
DAYS

.55403
2.1E+406
5.7€E+409
1.1E+04
1.76E412

HALF-LIFE
DAYS

2. 1F+06
5.7E+09
1.1E404
1.7E+12

HALF-LIFE
DAYQ

Q §E+0!
2.1E406
1.1E+0%

HALF-LIFE
DAYS

Ssarasarcearsanss
rersisiirsiuan

CONSUMPTION =

RELEASE
Cl/YR

1.0E402
2.5€+01
1.0E+00
2.0E+00
1.0E-01

RELEASE
Cl/YR

1.0E+00
2.0E400
1.0E-01

RELEASE
C1/YR

1.0€402
2.5E+01
2.0E+400

RELEASE
cr/ye

searsarsrateny

ARRRG SAMPLE PROBLEM

WATER CONC
PCI/L

1.NE+01
2.52400
1.0E-01
2.0E-D1
1.0€E-02

WATERQ CONC
pCI/L

2.5E+400
1.0E-01
2.0E-01
1.0E-02

WATER CONC
PCl/L

1.0E+01
2.5E+00
2.0E-01

WATER CONC
PCI/L

7.3E+02

RECON
FAC

1 0E+N0

1.0E+00
1.0E+0D0
1.0E+00
1.0E+00

RFCON
FAT

SPNsas s arararasssnras

PRI I S I IR IR TR L S R LM IR T 1 {11

- 2.5E401

1.0E+00
1.0E+00
1.0E+0D
1.0E+00

RECNON
FAC

ST
HLiaun

1.0E400

1.0E+00
1.0E+00

RECON

FAC

MIXING RATIO =
H20 CU CONG
FACTOR PC1/XG
1.0E400 1.0E+01
1.0E+00 2.5E400
8.0E-01 8.1E-02
9.0E-01 1.8€-01
7.06E-01 7.1F-03
H?0 CU CONC
FACTO® PCI/KG
1 nE+nn 7 SE+nn
8,0E-01 8.1E-02
9.0E-01 1.RE-0!
7.0E-01 7.1E-03
H20 CUy CONC
FACTOH PFI/V
1.0E400 1.0E5+01
1.0E400 2.5E+00
9.0E-01 1.RE-01
H20 CU cone
FACTOR PCI/KG

9.0€E-01

NOSE
REM

4.4E-06
1.%€-07
5.7€E-0%
1.3€-06

DNSE
QFM

4b.3E- n7
1.0€E-06
9.0E-07

pE I I 1 N I R L L

seaataraiestl

% DOSFE COM
REM

5 b.SE-07

13 1.0E-05%
4 5.4E-07
74 9.4E-0h
1 2.3e-07
1.2-005
% DOSE CNM
REM
3R 5. 7E Oﬁ
1 1.9€-07
9 1.1£-05
11 3.9E-05k
2.0-00%
% DOSE COM
PEM
1% Q.Sh—07
43 1.0E-06
3R 1.7€-06
3.2-005
% NDNSE CNM
REM

oo

26

52
19

senarsens
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ARRRG SAMPLE PROBLEM

s as ez arap s s nn s

AN N

989790 42 40 80 a0 RE el N2y,
SRHHNRAUANUNNAAARAXARAIRIAN

| 129 S.7E409 1.0E+400 1.0E-01 1.0E+00 8.0F-01 8.1€-02 2.7E-04 99 4. 3E~04 99

NUCLIDE HALF-LIFE RELEASE WATER CONC RECON H20 CU CONC DOSE % DOSE COM 4
DAYS CI/YR PCI/L FAC FACTOR REM REM
4.56403 1.0E+02 1.0E+01 1.0E+00 1.0E+00 4.3E-07 20 4 .SE-07 20
2.1E405 2.5E+01 2.5E400 1.0E400 1.0E+00 2.5E+400 1.0E-06 I+ 8 1.0E-05 48
5.7E40G9 1.0E+00 1.0E-01 1.0E+00 R.0E-01 B8.1E-02 2.9€E-08 1 2.9E-08 1
1.1E+04 2.0E+00 2.0E-01 1.0E400 9.0E-01 1.R%E-01 3.1E~-0n7 14 3.1E-07 14
V.7E+12 1.0E-09 1.0E-02 1.0E400 7,0E-01 7.1E-0% 3I.1€E-07 15 3.1E-07 14

2.1-00h 2.2-006




vL-H

ARRRG SAMPLE PROBLEM

SHORELINE

HOLDUP = .1 USAGE(HR/YR) = 5.04002 MIXING RATIO = .00n0 SHORE WIDTH FACT., = .200
NUCL1IDE HALF-LIFE RELEASE WATER CONC RECOM SHORELINE CONC DNSE AND DOSE COMMITMENT( REM )]
FAC PCl/M”"? SKIN 3 T BODY %
I 129 5 7E+09 1.0E+00 2.0E+00 l.ﬂE+00 1.5E+0b 5.7E-Uﬁ 9 3.4~ 005 5
CcS137 1.1E+00L 2,0E+00 b.0E+00 1.0E+400 2.2E+404 5.4E-05 90 4.6-005 93
TOTAL 6.0E-05 5.0E-05
SWIMMING
HOLDUP = .1 USAGE(HR/YR) = 1.04002 MIXING RATIO = .000 _ SHORE WIDTH FACT. = .200
NUCLIDE HALF-LIFE RELEASE WATER CONC RECON SHORELINE CONC DOSE AND DOSE COMMITMENT( REM )
DAYS CI/YR PCI/L FAF PCl/M'"Z SKIN % T RODY %
C 14 2 l=+nﬁ 2 5E+01 2.2E+00 1.0‘+00 2.2E+Uﬂ 8.5E-10 3 .0 0
I 129 5.7E+09 1.0€E+00 9.0E-02 1.0E+400 9.0E~02 3.0E-10 1 1.5-010 0
CS137 1.1E4+04 2.0E+400 1.8E-01 1.0E+00 1.8€-01 2.56-08 92 1.R-008 98
U 238 1.76+12 1.0€E-01 9.0E-03 1.0E+00 9.0E-03 8.3E-10 3 5.6-011 0
TOTAL 2.7E-08 1.8E-08



SL-H

ARRRG SAMPLE PROBLEM

HEX QLA, PAGE HuX RUN ON 050780
ARRRG, VERSION 1.0, 1 AUGUST 78
.CASE TITLE: ARRRG SAMPLE PROBLEM TWO-POPULATION DOWNSTREAM, 50 YR COMMITMENT
EXECUTING HANFORD®ARRRG(1).ABS CREATED ON MARCH 13, 1980 AT 14:24:1]
TYPE OF DOSE CALCULATED: POPULATION CHRONIC INGESTION AND EXTERNAL EXPOSURE
FOR LIQUID RELEASES OF PADIONUCLIDES IN FRESH WATER

®¥ DATA LIBRATIES USED
RADIONUCLIDE LIRPARY: RADIONUCLIDE MASTER DATA LIBRARY, 15 MARCH 7R, BA NAPIER

ORGAN DATA LISRARY: wHR OPGCAN DATA LIRRARY UPDA ED RY BAN B/10/79 nRR
BIOACCUMULATION LIRBRARY: BIQACCUMULATION FACTOR LIRRARY FOR FOOD,PA3LM,MAXI RA MAPJER
EXTERNAL D.F. LIBRARY: wRx GROFLIB FOR FOOD, 15 MARCH 1978, RA NAPIER e
PATHWAY DATA USED
PATHWAY MIXING RATIO HOoLDUP (DAYS) USAGE UNITS
FISH 1.00E+00 1.00F4+00 5.00E-02 (XG/YR)
DRINK. H20 1.00E400 2.00E400 4 40E+02 (L/YR)
SHORELINE 1.00FE400 1.00E-01 1.70E401 (HR/YR)
SWIMMING 1.00E400 1.00E-01 1.00F+01 (HR/YR)
BOATING 1.00€400 1.00E-01 5.00E400 (HR/YR)
#iE ORGANS CONSIDERED
TOTAL BODY BONE LUNGS THYROID LOWER LARG
#EX ONUCLIDES CONSIDERED:
NUCLIDE RELEASE NUCLIDE RELEASE NUCLIDE RELEASE NUCLIDE RELEASE NUCLIDE RELEASE
ELT. WT. cr/ymd ELT. WT. cr/yr) ELT. WT, cr/yr) ELT. WT. (cr/yr) FLT. WT, (CI/YR)
H 3 1.00E402 C 14 2.50E401 1 129 1.00E400 CS 137 2.00FE400 U 23R 1.00E-01
#ROSITE SPECIFIC DATA USED RN RECONCENTRATION DATA USED
INVENTORY MODIFICATION FACTOR: .10E+01 MODEL USED: 3
FACILITY LIFE (YEARS): .30F+02 COOLANT FLOW RATE: .10E+05
POPULATION: .25E406 CNOLANT MAKFEUP FLOW (FT3/SEC): .0
DOSE TIME (YEARS): .10E+01 POND VOLUME (FT3): .0
DOSE COMMITMEMT TIME (YEARS): .50E402 TURNOVER RATE: .0
SHORE WIDTH FACTOR: .20E+00
CYCLE TIME (HR): .0
RECYCLE FRACTION: .0

TNPUT PREPARED BY:

INPUT CHECKED BRY:
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ARRRG SAMPLE PROBLEM

ARRRG SAMPLE PROBLEM TWO-POPULATION DNWNSTREAM, 50 YR COMMITMENT 0507%0
ARRRG VERSION 1.0 1 AUGUST 7%
DOSE TO ORGAN BY PATHWAY (MAN-REM) FOR A PERIOD OF 1.00F+00 YEARS

EXTERNAL INTERNAL

PATHWAY SKIN TOTAL RODY TOTAL R0ODY RONE LUNGS THYROID LOWER LARG
FISH 3.35-01 6.3E-~01 1.3e-01 1.8E-01 1.0E-01
DRINK. H20 1.3E+00 1.9E+00 3.9€-01 4.6E+D1 3.5E-01
SHORELINE 5.7E-01 4.7e-01 4.7e-01 4.7€-01 4.7¢£-01 h.7E-01 4.7e-01
SWIMMING 8.5E-0k 6.2E-04 5S.7TE~04 5.7E-04 5.7E-04% 5.7E-04 5.7E-0k4
ROATING 2.1E-0h 1.4E-04 1.4E-04 1.4E-04 1.4E-0N 1.4E-04 1.4E-04
TOTAL 5.7e-01 4.7€-01 2.1E+00 3.0E+00 9.9E-01 4.hE+01] 9.2€-01

ARRRG SAMPLE PRORLEM TWO-POPULATION DOWNSTREAM, 50 YR COMMITMENT 050780
ARRPRG VERSION 1.0 1 AUGUST 78
NDOSE COMMITMENT TO ORGAN BY PATHWAY,(MAN-REM) FOR A COMMITMENT TIME OF S,00E+01 YEARS

EXTERNAL INTERNAL

PATHWAY SKIN TOTAL RODY TOTAL 80DY BONE LUNGS THYROID LOWER LARG
FISH 4. 9E-01 9.0E~01 1.RE-01 2.4€-01 1.0E-01
DRINK. H20 2.0E+00 3.3E+00 5.3E-01 7.1E£+401 3.6E-01
SHORELINE 5.7E-01 4.7€e-01 4.7e~01 4.7€-01 4.7€-01 4.7e-01 4.7e-01
SWIMMING 8.5E-04 6.2€6-~-04 5.7E-04 5.7E-04 S.7E-04 S.7E-04 S.7E-04
BOATING 2.1E-04 1.4E-04 1.4E-04 1.4E-04 1.4E-04 1.4E-04 1.4E-04
TOTAL 5.7€-01 4.7€e-01 2.9F+00 4,7E+00 1.2F+400 7.72F+01 9.4E-01



ARRRG SAMPLE PROBLEM

ARPRG SAMPLE PROBLEM TWO-POPULATION DOWNSTREAM,
ARRRG VERSION 1.0 1 AUGUST 78
DOSE AND DOSE COMMITMENT TO ORGAN RY NUCLIDE,

50 YR COMMITMENT 050780

EXTERNAL DOSES SEPFERATE

TOTAL RODY COOLAMNT FLOW = 1.0E404CURIC FEET/SEC

L1-H

NUCL IDE HALF-LIFE RELEASE DOSE % DOSE COMM %
DAYS CI/YR MAN-REM MAN-REM
H 3 L.SE+03 1.05402 7.2E-02 th 7.5e-02 3
C 14 2.1E406 2.5E+01 2.6E-01 16 2.7E-01 10
I 129 5.7E+09 1.0E+00 5.RE-02 3 9.1E-02 3
cs 137 1.1E+04 2.0E+400 1.2E+00 74 2.0E+00 80
u 238 1.7E+12 1.0E-01 2.5E-02 1 3.9e-02 1
TOTAL 1.6+000 2.5+000
BONE COOLANT FLOW = 1.0E+04CUBIC FEET/SEC
NUCL ! DE HALF-LIFE RELEASE DOSE % DOSE COMM %
DAYS Ct/YR MAN-REM MAN-REM
H 3 4.SE+03 1.0E402 .0 0 .0 0
C 14 2.1E+06 2.5E+01 1.1E+00 43 1.3€+00 31
I 129 5.7E409 1.0E+00 3.0E-02 1 3.2E-02 y
cs 137 1.1E+04 2.0E+00 1.2E+400 46 2.2€+00 52
u 238 1.76+412 1.0E-01 2.1E-01 8 H.HE-01 15
TOTAL 2.6+4000 4.2+000
LUNGS COOLANT FLOW = 1.0E+04CURBIC FEET/SEC
NUCLIDE HALF-LIFE RELEASE DOSE % DOSE COMM %
DAYS Cl/YR MAN-REM MAN~REM
H 3 4.5E+03 1.0E+02 7.2E-02 13 7.5E-02 10
14 2.1E+06 2.5E+01 2.hE-01 49 2.7€-01 38
I 129 5.7E+09 1.06E+0D .0 0 .0 0
cs 137 1.1E+04 2.0E+00 1.9€-01 ?R‘ 3.5E-01 50
u 232 1.7E4+12 1.0E-01 .0 0 .0 0
TOTAL 5.2-001 5.9-001
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THYROID
NUCL I DE HALF-LIFE
DAYS
H 3 u.5E+03
C 14 2.1E+06h
! 129 5.7E4+09
cs 137 1.1€404
U 23R 1.76+12
TOTAL
LOWER LARG
NUCLIDE HALF-LIFE
DAYS
H 3 Q 5E+03
C 14 2.1E4+0h
I 129 S.7E+09
cs 137 1.1E+04
U 238 1.7E+12
TOTAL
EXTERNAL DOSE
NUCLINDE HALF -LIFE
DAYS
H 3 4, 5E+03
C 14 2.1E+06
1 129 5.7E+409
csS 137 1.1E+04
U 238 1.7E+12
TOTAL

ARRRG SAMPLE PROBLEM

COOLANT FLOW =

RELEASE
clr/yem

248 N2 ss e Ns NS s 4y s an as
PRRIIRNNA

193

1.0E+02
2.56401
1.0€+00
2.0E+400
1.0E-01

COOLANT FLOW =

R

BN S

RELEASE DOSE

Cl/YR MAN RFM

1.0E+02 7.2E—0?

2.5E+01 2.6E-01

1.0E+00 4.9€E-03

2.0E4+00 6.56-02

1.0E-01 S.3E-02

4.5-001

COOLANT FLOW = 1

RELFASE SKIN DNSE

CI/YR

1.0E+02

2.56+401

1.0E+00

2.0E+00 5.1€-01

1.0E-01 3.3E-05

1.0E+0U4CUBIC FEET/SEC

-

DOSE
MAN - QEM

TR ST S TRTRTEYY seres sy

7.2~ 02
2.6E-01
4.5E+01

b.6+001

%

DOSE COMM

MAN-REM

R R S P P I

PO I I

7.56-02
2.7€-01
7.1FE+01
.0
.0

7.2+4001

1.0E+04CURIC FEET/SEC

%

16
56

1
14
11

.0E+0LCUR

HE SIS i1

DOSE COMM

MAN REH
7.5€-02
2.7e-01
4.9€-03
6.5€-02
5.3E~07?

4 ,6-001

IC FEET/SFEC.

T.R. DOSE

4.7-001
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ARRRG SAMPLE PROBLEM TWO-POPULATION DOWNSTREAM,

ARRRG VERSION 1.0
DOSE AND DOSE COMMITMENT

HOLDUP = 1.0E+00

TOTAL BODY

HALF-LIFE
DAYS

2. 1E+ﬂﬁ
1.1E+04

HALF-LIFE
DAY§

eserarssiiaray sratane

2. 1E+0G
cs 137 1.1€+04

NUCLIDE HAILLF-LIFE

DAYS

C 14
cS 137

2 1F+0R
1.1E+04

TOTAL

THYROID

NUCLIDE HALF-LIFE

DAYS

C 1y 2. 1F+0r

AR

CONSUMPTION =

RELEASE
C]/YD
2. 5E+01
2.0E+00

RELEASE
CI1/YR

srarerssesanas
saunny

2.5€E+01
2.0E+400

RELEASE
CI/YR

2.56E4+01
2.05+00

RELEASE
RATALS

2 5E+01

PRI IRIEY:

sl ALy

ARRRG SAMPLE PROBLEM

1 AUGUST 78

5.0E-02

WATER CONC
PC]/L
2.8€+00 1.
2.2e-01 1

WATER CONC
PCI/L

L0E+00

50 YR COMMITMENT

MIXING RATIO =

RECON BIOACF CONC

FAC PCl/KG

R R R R R R R R T R R T T

1. 3E+0h

0E+00 4.HE+03

2.0E+03 G4.SE+02

RECON BIOACF CONC
FAC PC1/KG

R R R R R R R R R R R R R R TR TR R RIS T R TR R T

2.8E+4+00 1
2.2E-01 1

WATER CONC
PCIN

2. ﬂE+00 1
2.26-01 1

WATER CONC
PCI/L

2 97+00 1.

LOE4DQ
.0E+Q0

4 ,6E403
2.0E403

1.3E+0h
4.56402

RECON BI0ACF CONC
FAC PC1/XG

.0E+00
.NE+00

4.hE+03
2.0E403

1.3E+04%
4,5E+02

RECOM RIOACF CONC

FAC PFI/VG

0E+00  L4.RE+03 1 ?F+OH

1.0E+00

DOSE
HAN QEM

8. 8E nz
2.4E-01

DNSE

3.9e-01
2.4€6-01

DNSE
MAN QEM

DNSE

Q Rr - 07

MAN QEM

MAN nEM

050780

% DNSE COMM %
MAN REM

26 9.2€-02 18
73 4.0E-N1 81

% NDOSE COMH %
MAN-REM

N R e N P R R T N R
SIS S A LI 2 R M I 1

51 4.hE-01 50

39 4.5E-01 49

% DOSE COMM %

HA‘\' REM

30 7.0E-02 43

% NDOSE COMM %

MA‘J QEM

R R TR TS Y

.

69 9 2F n? 56

arse s aras sureN sty

¥4 Q.?F na 37
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ARRRG SAMPLE PROBLEM

I 129 5.7E409 1.0E+00 1.1E~01 1.0E+00 1.5E401 1.7E+00 9.7E-02 52 1.5E-01 62

TOTAL 1.8-001 2.4-001

LOWER LARG

NUCL i DE HALF-LIFE RELEASE WATER CONC RECON BIOACF CONC DOSE % DOSE CNMM %
DAYS Ci/YR PCI/L FAC PCL/KG MAN-RQREM MAN-REM

C 14 2.1E+06 2.5E401 2.8E400 1.0E400 4. AF+03 1.3E+0h 8.8E-02 27 9.2E-02 87

cs 137 1.1E+0Y 2.0E400 2.2€E-01 1.0E+400 2.0E+403 4.5E+02 1.3€-02 12 1.36-02 12

TR 2328582 842 s 82 NS Ne AP NS AP aS N 42 80 5 Ss 2 SR A2 A2
rEANN SLATINTH NN RN RN NN RS

TOTAL 1.0-001 1.0-001
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ARRRG SAMPLE PROBLEM

DRIMK. H20

HOLDUP = 2.0E+00 CONSUMPTION = L 4E+0Q2 MIXING RATIO = 1.0E+00
TOTAL BRODY
NUCL IDE HALF-LIFE RELEASE WATER CONC RECON H20 CuU CONC DNSE % DOSE COM %
DA CI/YR PCi/L FAC FACTOR PC1/XG MAN-
H 3 i ,5E+03 1.0E+02 1.1E+01 1.0E400 1.0E+400 1.1F+01 7.2E-07?
C 14 2.1E+06 2.5E+01 2.8E+00 1.0E400 1.0E+00 2.8E+00 1.7€E-01
i 129 5.7E+09 1.0E+00 1.1E-01 1.0E+00 8.0E-01 9.0E-02 5.BE-02 4 9.1E-02 4
cs 137 1.1E+04 2.0E+00Q 2.2E-01 1.0E+400 9.0E-01 2.0E-01 9.5E-01 74 1.6E+400 80
U 23R 1.7E+12 1.0E-01 1.1€-02 1.0E+00 7.0E-01 7.8E-073 2.5€-02 1 3.9E-02 1
TOTAL 1.3+4000 2.0+000
RONE
NUCL IDE HALF-LIFE RELEASE WATER CONC RFECON H20 CU CONC DOSE % DOSE COM %
DAYS CI/YR PCI/L FAC FACTOR EM MAM-REM
C 14 2.1E+0k 2.5E+01 2.8E+00 1.0E+00 1.0E+00 2.8E+00 7.4E-01 38 8.8E-01 26
1 129 5.7E+09 1.0E+00 1.1E-01 1.0E400 8.0E-01 9.0€E-02 3.0E-02 1 3.2E-02 0
cs 137 1.1E+04 2.0E+00 2.2E-01 1.0E4+00 9.0E-01 2.0E-01 9.6E-01 49 1.8E+00 52
U 238 1.7E+12 1.0E-01 1.1E-02 1.0E400 7.05-01 7.8£-07% 2.1E-01 11 h.RE-01 19
TOTAL 1.9+000 3.3+4000
LUNGS
NUCL IDE HALF-LIFE RELEASE WATEP CONC RECON 420 CU CONC DOSE % DOSE COM %
CI/YR PCI/L FAC FACTOR PCI1/KG
H 3 4.5E+03 1.0E+402 1.1E401 1.0E+00 1.0E+400 1.1E+01 7.2€E-02 1R
C 14 2.1E+06 2.5E+01 2.RE+00 1.0E+00 1.0E4+00 2.8E+400 1.7e-01 43
cs 137 1.1E+0h 2.0E+00 2.28-01 1.0E+400 9.0E-01 2.0E-01 1.5€-01 3R
TOTAL 3.9-001
THYROID
NUCLIDE HALF -1FE RELEASF WATER CONC PECOM H20 CY CONC DOSFE % NNSE CNM %

DAYS ct/ye PCL/L FAC FACTOR PCT /%G MAN-DEM MAN-QEM
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ARRRG SAMPLE PROBLEM

R I R R I R R R R R D R T R R T R R R Tt TR R Y Y Yy Y R R R N A R N I

1 129 5.7€E+09 1.0E+00 1.1E-01 1.0E+00 R.0E-01 9.0E-02 4.5€E+01 99 7.1E401 939

TOTAL 4,.6+001 7.14001

ST AP P Nz A e NI AR N2 SP AR Lr s s us ar ar AF 4L AL A8 S
MR HM SRS IS SR RS0

LOWER LARG

NUCL1DE HALF-LIFE RELFASE WATER CONC RECON H20 CU CONC DOSE % D0SE COM %
DAYS ci/ye PC1/L FAC FACTOR PCI/KG MAN-REM MAN-REM

R R R Y TR T R R TSR TR TR R T RN sssssrer

1 8 4F NP NE NS NS AR N NS S B0 NP 4 B N2 NS A2 S5 40 AP RS Al SE AL TP AP NP NS AL VL NS 4O A 40 s
PHMHM T AT I P A R IR LR L R TR M IR T ST AL B 1 B 1 2 H

20252
ARNnanNan

1.0€E+402 1.1E+401 1.0E+400 1.0E+400 1.1E+01 7.2E-02 20 7.5€-02 20

H 3 4.5E+03

C 14 2.16406 2.5E+01 2.8€400 1.0E+00 1.0E+00 2.8€+400 1.76-01 48 1.86-01 48
1 129 5.7E409 1.0E+00 1.1E-01 1.06+00 8.0E-01 9.0E-02 4.9€E-03 1 4.9£-03 1
csS 137 1.1E+04 2.0E400 2.2E-01 1.06E+00 9.nE-01 2.0FE-01 5.2E-02 14 5.2E-02 14
U 23R 1.76+12 1.0E-01 1.1E-02 1.0E4+00 7.0E-01 7.%E-03 5.3E-02 15 5.3E~02 14

TOTAL 3.5-001 3.6-001



€¢-H

ARRRG SAMPLE PROBLEM

SHOREL INE

HOLDUP = .1 USAGE(H2/YR) = 1.74001 MIXING RATIO = .000 SHNPE WINTH FACT. = .200
NUCL IDE HALF-LIFE RELEASE WATER CONC RECON SHORELINFE CONC DOSE AND DOSE COMMITMENT( MAN-REM )
DAYS cl/yer PCL/L FAC PCT/MEH2 SKIN % T BODY %
I 129 5.7E+09 1.0E+00 2.2E400 1.0E+00 1.7E+04 . 5.4E-N2 9 3.3-002 H
CsS137 1.1E+04 2.NE+00 4.5€+400 1.0E+00 2.5E+04 S.1E-01 a0 4.4-001 93
TQTAL 5.7€E-01 4.7E-01
SWIMMIMNG
HOLDUP = .1 USAGE(HR/YR) = 1.1 -001 MIXING RATIO = .000 SHORE WIDTH EACT. = .200
NUCL IDE HALF~LIFE RELEASE WATER CONC RECON SHORELINE CONC DOSE AND DOSE COMMITMENT( MAN-REM )
DAYS Ci/YR PCL/L FAC PCI/M SKIN % T BODY %
c 14 2.1E+06 2.5€E+01 2.8E400 1.0E+00 2.8E+00 2.7E-05 3 .0 0
I 129 5.7E+09 1.0E+00 1.1E-01 1.0E+00 ‘ 1.1E-01 9.2E-0h 1 4.8-006 0
cs137 1.1E+04 2.0E+00 2.2E-01 1.0E+400 2.2e-01 7.86~04 92 5.6-00% 9%
U 238 1.7E+12 1.0E-01 1.1E-02 1.0E+00 1.1E-02 2.RE-05 3 2.1-0046 0
TOTAL R.SE-04 5.7E-04
BOATING
HOLDUP = .1 USAGE(HR/YR) = 5.0+4000 MIXING RATIO = .000 SHORE WIDTH FACT., = .200
NUCLIDE RELEASE WATER CONC RECON SHORELINFE CONC DOSE AND DOSE COMMITMENT( MAN-REM )
CI/YR PCl/ FA PC 1/ M= IN % %
C 14 2.1E+0h 2.5E+401 2.8E400 1.0E+00 1.4E+400 6.HE-06 3 .0 0
I 129 5.7E409 1.0E+400 1.1E-01 1.0E+400 5.hE~02? 2.3E-06 1 1.2-00% 0
CS137 1.1E404 2.0E400 2.2€-901 1.0E+00 1.1€-01 2.0E-04 92 1.4-004 98
U 238 1.7E+12 1.0E-01 1.1E-02 1.0F+00 5.hE-03 H.5E-00 3 5.2-007 0
TOTAL 2.1E-04 1.4E-0%

END OF INPUT FOR THIS RUN
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FOOD SAMPLE PROBLEM




APPENDIX I

FOOD SAMPLE PROBLEM

To illustrate the use of the computer code FOOD, two sample problems are
presented here. The first illustrates the general use of the code, the second
illustrates the flexibility of use.

The first problem includes the dose and dose commitment to five organs
of an individual living down-wind of a nuclear facility that has been releasing
radionuclides to the atmosphere for 30 years. The second illustrates the effect
the same plant would have on a regional population if the radionuclide release
were to a river instead of to the air.

Input to the first problem is:

Namelist
Parameter Value Remarks
NEXT 2 Program control parameter
IDEP 1 ' Atmospheric release
I0UT 0 Summary output only
T2 1 Dose time, years
50 Dose commitment time, years
PLIFE 30 Facility release time
KORG Organs considered:
1 Total body
B 6 Bone
Lungs
16 Thyroid
23 GI-LLI

I-1



KFDTYP

XQ

GRWP

YELD

HLDUP

TRNS

~N W =

11
12
15

8 1.4 x 10

5% 90.
30.
90,

1.5
4.0
2.0
1.0
0.84
1.3
0.84

10.
10.

3 % 1.
15.

1.0
4 % 0.1

1.0

0.1

Food types:

Leafy vegetables
Potatoes

Fruit

Grain

Eggs

Milk

Beef

External

Air concentration
per unit release
at the maximum
individual's
residence (sec/m”)

Growing period, days

Yields of crops, kg/mz.

Holdup times, days
between harvest and
consumption

Translocation factors



CON 30. Consumption rates, kg/yr
180.
330.
80.
30.
250.
40.
EXTIM 4383. External exposure for

12 hours per day for
one year.

Other :
Parameters Value Remarks

NIN 5

ELTI, AWI, Q H 3 100. Release term, Ci/yr
C 14 25,
I 129 1.
CS 137 .
U 238 0.1

The input for sample Problem Two, assuming it is run concurrently with
Problem One, is quite simple. Any namelist variables not reinitialized are
carried over from the first problem. The input is:

Namelist
Parameter Value Remarks
NEXT 3 Program control
IDEP 2 Liquid release
1POP 1 Population case
POP 2.5 x 105 Regional population
XQ 8 » 0.0 No atmospheric release
RIRR 8 » 150 Irrigation rate, z/mz/mo.

I-3



CON

EXTIM
IREC
CFLO
RM

15.
110.
65.
70.
20.
200.
20.

2920.

1.0 x 10

1

.0

The average person eats
less than the "maximum"
individual.

Assume no reconcentration
River flow rate, cfs

Mixing ratio

The sample input card stream and resulting FOOD output are presented.

I-4
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FOOD SAMPLE PROBLEM

®ER QL A, PAGE Mu¥ RUN ON 050780
FO00n, VERSION 1.0, 1 AUGUST 7R ‘
CASE TITLE: FOOD SAMPLE PROSBLEM ONE-MAX]MUM INDIVIDUAL, AIR PATHWAYS, 50 YR COMMITMENT
EXECUTING HANFORD*FOOD(1).ARS CREATED ON MARCH 13, 1980 AT 14:u46:36§
TYPE OF DOSE CALCULATED: CHRONIC INGFSTION AND EXTERNAL EXPOSURE
FOR © AIR PATHWAY, MAX. IND,

#RE DATA LIBRARIES USED:
RADIONUCLIDE LIBRARY: RADIONUCLIDE MASTER DATA LIBPARY, 15 MARCH 78, BA NAPIER

FOOD TRANSFER FACTOR LIBRARY: s FOOD TRANSFER COEFFICIENT LIRRARY 2/27/7% BA NAPIER Hs
ORGAN DATA LIBRARY: LS ORGAM DATA LIBRARY UPDATED RY BAN 8/10/79 s
GROUMD DOSE FACTOR LIBRARY: Ry GRDFLIB FOR FOOD, 15 MARCH 1978, BA NAPIER
FOOD DATA USED:
FOOD TYPE X/Q GROWING PERIOD YIELD IRR. RATE HOLDUP CONSUMPTION TRANSLOCATION
(SEC/M%%3) (DAYS) (KG/M3%3) (L/M¥%322 /MONTH) (DAYS) (XKG/YR)
LEAFY VEG. 1.40E-07 9.00E401 1.50E400 .00 1.00E+00 3.00E401 1.00E+00
POTATOES 1.40€E-07 9.00E4+01 4.00E400 .00 1.00FE401 1.80E+02 1.00E-01
ORCH.FRUIT 1.40€E-07 9.00E+01 2.00E400 .00 1.00E+401 3.30E402 1.00E-01
OT.GRAIN 1.40E-07 9.00F401 1.00£400 .00 1.00£400 8.00E+01 1.00E-01
EGGS 1.40E-07 9.00€401 8.40E-01 .00 1.00E+00 3.00E401 1.00E-01
MILK 1.40€-07 3.00E401 1.30E400 .00 1.00E400 2.50E402 1.00E+00
BEEF 1.40E-07 9.00E+01 8.40E-01 .00 1.50E401 4.00E+01 1.00E-01

EXTERNAL 1.405-07 .00 .00 .00 .00 .00 .00

R¥2 ORGAMS CONSIDERED:
TOTAL BODY BONE LUNGS THYROQID LOWER LARG

arares

NUCLIDES CONSIDERED:

NUCLIDE RELEASE NUCLIDE RELEASE NUCLIDE RELEASE NUCLIDE RELEASE NUCLIDE RELEASE
ELT. WT. (ct/yer) ELT. WT. (Cr1/YrR) ELT. WT. (Cr/yrm) ELT. WT. (CI/YR) ELT. WT, (C1/YR)
H 3 1.00E+02 C 14 2.50E401 1 129 1.00E400 CS 137 2.00F400 U 238 1.00E-01
HEUNSITE SPECIFIC DATA USED HARHRCCONCENTPATION DATA USED
INVENTORY MODIFICATION FACTOR: 1.005+00 MODEL USED: 0
FACILITY LIFE (YFARS): T.00E401 COOLANT FLOW RATE: .00
POPULATION: 1.00E+00 COOLANT MAKFUP FLOW (FT3/SEC): .00
DOSE TIME (YEARS): 1.00E+00 POMD VOLUME (FT3): .00
DOSE COMMITMENT TIME (YEARS): 5.00E401 TURNOVER RATE: .00
EXTERNAL EXPOSURE TIME (HR): 4.3RE+03 CYCLE TIME (HR): .00
IMPUT PREPARFED RBY: DATE:

INPUT CHECKEN 3Y:
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FOOD SAMPLE PROBLEM

FOOD SAMPLE PROBLEM ONE-MAXIMUM INDIVIDUAL, AIR PATHWAYS, 50 YR COMM]TMENT

F 00D VERSION 1.0 1 AUGUST 78
®EI DOSE SUMMARY, REM FOR 1.0E+00 YEARS RaE
TOTAL BODY BONE LUNGS THYROQ1D LOWER LARG

PRODUCE 6.53E-05 1.74E-04 3.80E-05 1.51E-02 3.92€-05
EGGS 1.99€-06h 7.h5E~06 1.73E-06h 1.Hh2E-04 1.75E-06
MILK 2.62E-05 4.24E-0S5 R,01E-0% 9.67€-03% 8.38E-0Ah
MEAT 7.41E-06 1.89€E-05 3.98E-0h 1.51E-03 3.98E-06
INT. TOTAL 1.01E-04 2.43E-04 5.17€-05 2 .h4E-02 5.33£-05
EXTERNAL DOSE TOTALS SKIN TOTAL BODY

2.68E-04 1.95E-04

FOOD SAMPLE PROBLEM ONE-MAXIMUM INDIVIDUAL, AIR PATHWAYS, 50 YR COMMITMENT
FO0OD VERSION 1.0 : 1 AUGUST 78

%% DOSE COMMITMENT SUMMARY,  REM  FOR A COMMITMENT TIME OF S5.0E+01 YEARS 3%

TOTAL BODY BONE LUNGS THYROI1D LOWER LARG
PRODUCE 8.42E-05 2.16E-04 4.07€E-05 2.3hE-02 4.07€E-05
EGGS 2.20E-06 9.12E-06 1.R1E-06 2.53E-04 1.R2E-06
MILK 3.R1E-~05 5.46E-05 9.23E-06 1.52E£-02 8.67€E-06
MEAT 9.8%E-06 2.365-05 4.37€E-06 2.%8E-03 4.13E-06k
INT. TOTAL 1.34E-0Y4 3.03E-04 5.61E-05 b.14€E-02 5.53E-05
EXTERNAL DOSE TOTALS SKIN TOTAL BODY

2.68E-04 1.95E-04

0507%0

050780
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FOOD SAMPLE PROBLEM

SUMMARY OF NUCLIDE CONTRIBUTORS

FOOD SAMPLE PROBLEM ONE-MAXIMUM IMDIVIDUAL, AIR PATHWAYS, 50 YR COMMITMENT 050780
FOO0D VERSION 1.0 1 AUGUST 78
ALL FOOD PRODUCTS

TOTAL BODY
NUCLIDE HALF-LIFE RELEASE DOSE % DOSE COMM %
DAYS CI/YR REM REM
H 3 4.51E+03 1.00E+02 2.2E-06 2 2.3E-06 1
C 14 2.09E+06 2.50E+01 4.7E-05 46 t.QE-05 36
i 129 5.73E409 1.00E+400 3.4E-05 33 5.3E-05 39
cs 137 1.10E+0"% 2.00E+00 1.8€E-05 18 3.0E-05 22
U 238 1.65E+12 1.00E-01 3.1E-07 0 4.RE-07 0
TOTAL 1.0E-0"% 1.3E-04
3ONE
NUCLIDE HALF-LIFE RELEASE DOSE % DOSE COMM %
DAYS CI/YR REM REM
L
H 3 4L.51E+03 1.00E+402 .0 0 .0 0
C 14 2.09E+06 2.50E+01 2.0E-04 8y 2.4E-04 79
1 129 5.73E+09 1.00E+00 1.8€-05 7 1.9E-05 3
cs 137 1.10E+04 2.00E400 1.8E-0°% 7 3.4E-05 11
U 238 1.h5E+12 1.00E-01 2.7E-06 1 8.2€E-06 2
TOTAL 2.4E-04 3.0E-04
LUNGS
NUCLTDE HALF-LIFE RELEASE DOSE % DOSE COMM %
DAYS CI/YR REM REM
H 3 L.S1E+03 1.00E+02 2.2E-06 4 2.3E-06 4
C 14 2.09E4+06 2.50E4+01 4.7€-05 90 4.9E-05 856
I 129 5.73E+09 1.00E+00 .0 0 .0 0
cs 137 1.10E+04 2.00E+00 2.9E-0h 5 5.3E-0h 9
v} 23R8 1.65E412 1.00€E-01 .0 0 .0 0
TOTAL 5.2E-05 5.hE-05
THYROID
NUCLIDE HALF-LIFE RELEASE DOSE % DOSE COMM %

DAYS CI/YR REM REM
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H 3

C 14
1 129
cSs 137
U 238
TOTAL
LOWER LARG
NUCLITDE
H 3

C 14
1 129
cs 137
U 238
TOTAL

EXTERNAL DOSE

NUCLIDE
H 3

C 14
1 129
cs 137
u 233
TOTAL

4.51E+03
2.09E+06
5.73€E+09
1.10E+04
1.65E+12

HALF-LIFE
DAYS

4,51E403
2.09E406
5.735+09
1.10E4+04
1.65E+12

HALF-LIFE

4.51£4+03
2.09E40K
5.73E£409
1.10E+0%
1.655412

FOOD SAMPLE PROBLEM

1.00€E+02
2.50E+01
1.00E+00
2.00E+00
1.00E-01

RELEASE
CI/YR

1.00E+02
2.50E+01
1.00E+00
2.00E400
1.00E-01

RELEASE

1.005+02
2.50E+401
1.00E+00
2.00E+00
1.00E-01

2.2e-06
4.7e-05
2.6E-02
.0
.0
2.6E-02

DOSE
REM

2.2E-06
4.7E-05
2.RE-05
1.0E-06
6.5€-07
5.3E-05

NOSE-

.00
.00

1.38F-
1.30E~

.00

2.58E-

0 2.3E-06 0
9 4,9E-05 0
99 4.1€-02 99
0 .0 0
0 0 0
4.1E-02
% DOSE COMM 3
REM
4 2.3E-06 4
87 4.9E-05 87
5 2.8€-06 5
1 1.0£-06 1
1 6.55-07 1
5.56-05
¢

!
T
SkItt % { PNSE-TOT B0DY %
A\,
!

0o .00 0

0 .00 n
o4 51 8.29E-05 LY
o4 48 1.12e-04 57

0 .00 0
o4 1.95€-04
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FOOD SAMPLE PROBLEM

FOOD SAMPLE PROALEM TWO-POPULATION, WATER PATHWAYS, 50 YR COMMITMENT 050720
FOo0D VERSION 1.0 I AUGUST 78

DOSF SUMMARY, MAN-REM FOR 1,0E+00 YEARS e

TOTAL BODY BONE LUNGS THYROID LOWER LARG
PRODUCE 8.94E4072 3.91€E403 8.92€+07? 1.13E403 R.92E4+02
EGGS S.48E+01 2.40E+02 5.47E+01 5.98E+401 S.47F+01
MTLK 2.54E402 1.11E+4073 2.52E+02 5.45E+02 2.52E+402
MEAT 8.50E+01 3.84E+402 8.7HE+01 1.17E+02 8.76E+01
INT. TOTAL 1.29E+403 5.h4E+03 1.29€+403 1.85E+03 1.29F+03
EXTERMNAL DOSE TOTALS - SKIN TOTAL BRODY
3.45E401 2.87E+01
FOOD SAMPLE PROBLEM TWO-POPULATION, WATER PATHWAYS, 50 YR COMMITMENT 050780
F0OOD VERSION 1.0 1 AUGUST 78

DNSE COMMITMENT SUMMARY, MAN-REM FOR A COMMITMEMT- TIME OF S5.0F+01 YEARS

TOTAL B0ODY BONE LUNGS THYROID LOWER LARG
PRODUCE 9.32E+02 4,h5E+03 9.29E+02 1.30E+03 9.29€E+02
EGGS 5S.70E+01 2.85E+02 5.70E+01 6.49E+01 5.70E+01
MILK 2.665+02 1.31E+403 2.63E+02 7.228402 2.52F4+02
MEAT 9.19k4+01 4.57E+02 9.13E+01 1.38E+02 9.12E+01
INT. TOTAL 1.35+03 6.70E+03 1.34E4073 2.22€E403% 1.34F403
EXTERMAL DOSE TOTALS SKIN TOTAL BODY

3.45E401 2.87E+01
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FOOD SAMPLE PROBLEM

SUMMARY OF NUCLIDE CONTR[RUTORS
FOOD SAMPLE PROABLEM TWO-POPULATIOM, WATER PATHWAYS, 50 YR COMMITMENT 050780
FO0ND VERSION 1.0 1 AUGUST 78
ALL FOOD PRODUCTS

TOTAL BODY

NUCLIDE HALF-LIFFE RELEASE NOSE % DOSE COMM %
DAYS Cl/YR MAN-REM MAN-QREM

H 3 4.51E+403 1.00E+02 7.4E£-02 0 J.7E-02 0

C 14 2.09E+06 2.50E+401 1.3E403 99 1.3€407% 99

| 129 5.73E+09 1.00E+00 7.2E-01 0 1.1E+00 0

cs 137 1.10E+04L 2.00E+00 4.1E4+00 0 5.9F4+00 0

U 23R 1.65E+12 1.00E-01 5.6E-07? 0 8.96-02 0

TOTAL 1.3€+403 1.36403

RONE .

NUCLIDE HALF-LIFE RELEASE DOSE % DOSE COMM % ’
DAYS CI/YR MAN-QEM MAN-REM

H 3 4.51E+03 1.00E+02 .0 0 .0 0

C 14 2.00F406 2.50E+01 5.AE+03 99 A.7E+03 99

I 129 5.73E+09 1.00E+00 3.REAOQL 0 h ,0E-01 0

cs 137 1.10E+04 2.00E400 4.1€400 0 7.7€+400 0

U 238 1.65E+12 1.00E-01 4.9e-01 0 1.5€E+00 1]

TOTAL S.HE+N3 6.7E+403

LUNGS

NUCLIDE HALF-L1FE RELEASE DOSE 4, DOSE COMM %
DAYS clr/ym MAN-REM MAM-REM

H 3 4.51FE4+03 1.00E+07? 7.4E-02 0 7.76-02 0

C 14 2.09E4+06 2.50E401 1.3E+403 99 1.3E403% 399

1 129 5.73E409 1.00E+00 .0 0 .0 0

cs 137 1.10E+04 2.00E400 6.5E-01 0 1.2€400 0

U 238 1.655E+12 1.00E-01 .0 0 .0 o

TOTAL 1.3F+03 1.36+073

THYROQID .

NUCLIDE HALF-LIFE RELEASE DOSE % NNSE COMM %

NDAYS CI/YR MAN-REM MAN-QEM
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H 3
C 14
1 129
cs 137
U 23%
TOTAL

LOWER LARG

NUCLIDE
H 3
C 14
I 129
cs 137
U 238
TOTAL

EXTERNAL DOSE

NUCLIDE
H 3
c 14
I 129
cs 137
U 238
TOTAL

END OF INPUT FOR THIS RUN

4.51E+03
2.09E+406%
5.73E+049
1.105+04
1.A5E4+12

HALF-LIFE
DAYS

4.51£+03
2.09E+06
5.73E+09
1.10E+04
1.65E+12

HALF-LIFE

4.51E+03
2.09€4+056
5.73E+09
1.10E+04
1.65E+12

FOOD SAMPLE PROBLEM

1.00E+402
2.50E+401
1.00E+00
2.00E400
1.00E-01

RELEASE
CI/YR

1.00€402
2.50E+01
1.00€E+00
2.005400
1.00€E-01

RELEASE

1.00E+02
2.50E+01
1.00E+00
2.00E+0N
1.0PE-01

7.4E-02
1.3E+403
5S.AE+02
N
.0
1.%€6403

DOSE
MAM-REM

7.4E-02
1.3E403
6.0€E-02
2.2€-01
1.2€-01
1.3€403

DOSE-SKIN

.00

.60
3.30E+00
3.12E+01

.00
3.45E401

ha
30

Do O0Wwo

%

o DWW Do

7.76-02
1.3E40% )

B.RE+02 19

.0
.0
?2.2€E407%

DOSE COMM %
MAN-REM

7.78-02
1.3E+403 9
f.0E-02
2.2€-01
1.26-01
1.35403

DOSE-TOT 90DY %

.00
.00
1.98€4+00
2.67E401 9
.00
2.7€E+01

o0 owvwo

DWW INO O
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FOOD SAMPLE PROBLEM

* Q.A. PAGE Hu¥ QUN oM

FOOD, VFRSION 1.0, 1 AUGUST 7%
CASE TITLE: FOOD SAMPLE PRONLEM TWO-POPULATION, WATER PATHWAYS, 50 YR COMMITMENT
EXECUTING HANFORDMFOOD(1).ABS CREATED ON MARCH 13, 10980 AT 14:46:36
TYPE OF DOSE CALCULATED: CHRONIC INGESTIOM AND FXTERNAL EXPOSURE
FOR :WATER PATHWAY, POPULATION

#iHE DATA LIABRAPIES USED:
PADIONUCLIDE LIBRARY: RADIONUCLIDE MASTER DATA LIRRARY, 15 MARCH 78, NA NAPIER

FOOD TRANSFER FACTOR LIRRARY: s FOOD TRAMSFER CONEFFICIENT LISRARY 2/27/78 RA NAPIER R

ORGAN DATA LI13RARY: ORGAN DATA LIBRARY UPDATED 3Y ABAN 8/10/79 ;

GROUND DOSE FACTOR LIBRARY: GRDFLIA FOR FOOD, 15 MARCH 197%, BA NAPIER

Nearar

FOOD DATA USED:

FOOD TYPE X/0 GROWIMNG PERIOD YIELD IRR, RATF HOLDUP CONSUMPTINN
(SEC/MHRT) (DAYS) (KG/M#%3) (L/M#R2/MONTH) (DAYS) (XG/YR)
LEAFY VEG. .00 9.00E+401 1.50E+00 1.50E+02 1.00E+00 1.50E+01
POTATOES .00 9.00E+01 4,.00E400 1.50E+02 1.00E401 1.10E402
ORCH,FRUIT .00 9.00E+01 2.00E+00 1.50E402 1.00F401 5.50F+01
OT.GRAIN .00 9.00E+01 1.00E400 1.50E+402 1.00E400 7.00E401
EGGS .00 9.00E+01 8 .40E-01 1.50E4+02 1.00E+00 2.00E+01
MILK .00 3.005401 1.30E400 1.50E+07? 1.00E400 2.00€402
3FEF .00 9.00E401 R.40E-~01 1.50E4+02 1.50F+01 2.00E401
EXTFEMAL .00 .00 .00 1.50F+0? .00 .00

areses

ORGAMS COMSIDERED:
TOTAL RODY BONE LUNGS THYROID LOWER LARG

NUCLIDES CONSIDERED:

NUCL IDE RELEASE NUCLIDE RELFASE NUCLIDE RELEASE NUCLIDE RELEASE NUCLIDE
ELT. WT. (cr/yed ELT. WT. (c1/vye) ELT. WT. (C1/YR) ELT. WT. (CE/YR) ELT. WT.
H 3 1.00E+02 C 14 2.50E+401 1 129 1.00E400 CS 137 2.00E+00 u 23°%
HREXSITE SPECIFIC DATA USED HERHOFCONCENTRATION DATA USED
INMVENTORY MODIFICATION FACTOR: 1.00E+400 MODEL USED: 3
FACILITY LIFE (YEARS): 3.00E+401 COOLANT FLOW RATE: 1.0¢
POPULATION: 2.50E+05 COOLANT MAKEYP FILOW (FT3/SEC): .0
N DOSE TIME (YEARS): 1.00E+00 - POND VOLUME (FT3): .0
DOSE COMMITMENT TIME (YLCARS): 5.N0E401 TUIMOVER RATE: .0
EXTEQNAL EXPOSURE TIME (HR): 2.92E+403 CYCLF TIMF (HR): .0

INPUT PREPARED 3Y: DATE:

INPUT CHECKED RY:

s sk us Ne N ur s ar 1t s sy s

TRANSLOCATION

m

050780

1.00€E+400
1.00E-01
1.00E-01
1.00E-01
1.00E-01
1,00E+00
1.00E-01
.00

RELEASE
ci/ye)

1.00E~01
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