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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: 

• 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. 

• 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. 

• 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 required in order 
to remain on the Distribl:iion List ~or future rev;sions of t~e 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 longer maintained by PNL. The fundamental equations documented for ARRRG 
(Soldat, et ale 1974) and for FOOD (Baker, et ale 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 ingest~on of contaminated food products and from one year's external 
radiation exposure. 

The program ARRRG addresses aquatic exposure pathways. ARRRG can conlpute 
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 £an 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. 
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Both computer programs can be used to calculate one-year doses and dose 
commitments from anyone or combination of radionuclides for which sufficient 

biological data are available. As many as five of 23 possible nrgans and 
tissues, and mixtures of up to 100 radionuclides may be selected in anyone 
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. 
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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 the computer 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 predict 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 radionuclidesin 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 
3H and 14C) 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 irrigation is normally assumed, 
rather than surface irrigation, because the aerial spray produced leads to 
foliar deposition resulting in higher radionuclide contamination in the plants. 
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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. 

Concentrati~n of radionuclides in plants depends on the concentrations in 
the soil, air, and water. A plant accumulation factor ii 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 14C, 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-14in 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 model 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~ ~elative 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 inbothARRRG and FOOD as a function of 
radionuclide concentration in food products, as described abov~, ingestion rates, 
and a radionuclide-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. 
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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 de~criptions of the mathematical models used in the 
computer programs ARRRG and FOOD to calculate doses and dose commitments from 
external exposure to and ingestion ot' 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: 

where: 

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

(A.l ) 

C .• the concentration of radionuclide in the medium of pathway p, lp 
pCi/kg or pCi/£, 

Up • the usage, i.e: the exposure or intake rate of pathway p, kg/y, 
£/yr, or hr/yr, and 

FijP • 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.l are discussed in the sections 
below. Equations tailored to each specific exposure pathway are derived from 
Equation A.l. The principle difference between pathways is the manner in which 
the radionuclide concentrations are calculated. 
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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, M , accounts for the dilution of the liquid effluent . p 
between the point of discharge and the point of exposure, and is best deter-
mined from site-specifi~ 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 

(A.2) 

where: 

TA • the ambient temperature of the receiving sink 

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

TO • 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, Ni, 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 coo 1 i ng water is drawn from a coo 1 i ng pond,' sma 11 lake or 
reservoir which is connected to a larger body of water or is fed 
by a stream, then: 

-). t ]-1 
_ [ . (F - L) e 1 c 

Hi - 1 - F + vX 
T 

If the cooling water intake is downrtver from the outfall or on 
a lake or ocean·s1te and arranged such that recirculation occurs, 
then: 

r -A t ] n + 1 
1 _ ge i C . 

N 1 • ""--.......... - ----:--: .... 
-Ai t 

1 - ge c 

(~.3) 

(A.4) 

3. If there is no reconcentration. for example, if the cooling water is drawn 
from a river in which the outfall is below the intake, then: 

(A.5) 

where: 

g. recycle fraction (the mixing ratio at the point of intake), un1tless, 

F. coolant f1ow, ft3/sec, 

L. makeup flow (water drawn into the intake to replace losses). ft 3/sec, 

V. pond volume. ft3, 

AT. pond turnover rate. sec-', 

tc. cycle time. hr, 

Ai. decay constant, hr-'. and 

n. number of cycles during facility lifetime • .e1ln\l1fe (hr). 
. c 



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 

N. = 1 + G. + G. 2 + G. 3 + ..... + G. n 
1 1 1 1 1 

where ~ = g exp( -Ai t c) for .nucl ide i. 

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~l). 

l. 

-..!-I 
INTAKE LINE 

REACTOR 

EHLU£HT LINE 
LA~GE 

VOLUI"E 
__ -_-_ -- 0, .AiEl< 

-
FIGURE A-l. Reconcentration in a Reactor Effluent due to Recycling 

Through a Cooling Pond 
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Thus: 

[
-A, t .] -1 ) , c 

N =. 1 _ (F - L e 
i . (F - L) + V(AT + ~) 

(A.6) 

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 loses 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: 

where: 

1119 • a unit conversion factor from Ci/yr per ft3/sec to pCi/~, 
Q .• the release rate of radionuclide i, Ci/yr, and 

, 3 
Fr • the annual average river flow rate, ft /sec. 

(A.7) 

Concentrations of ~adionuclides in aquatic foods are directly related 
to the concentrations in the water. Equilibrium ratios between the two con
centrations, called bioaccumulation factors in 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, C. , is related to the water concentration 

'p 
as: 

C. 
'p 

where: 

B .• is the bioaccumulation factor for nuclide i and pathway p. 
'p 

(A.8) 

The concentrations of radion~clides 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 ~ombined 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 calculation of sedi~ent 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. lS _ 
-dt - KC. - C. A. 

lW 1 S 1 

where: 

Cis • the sediment surface concentration, pCi/m2, 

K • a rate constant, liter/m2-yr, and 
Ai • the decay constant of nuclide i, yr- l . 

The buildup of an individual radionuclide is: 

-A.t 
C. = KC. (1 - e 1 ) II. i 

1S 1W 

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

(A. 9) 

(A.10) 

In the original evaluation of Equation A.10, Ai was chosen to be the 
radiological decay constant, although the true value should include an unknown 

"env ironmental" 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- 2 • yr- l . (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 ~re cal
culated b?sed 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) are 

used. Shore width factors, W, suggested for use with ARRRG, are given in 
Table A-l. These are multiplicative factors used to describe the effective 

surface contamination, Cis' as: 

(A.l1) 

TABLE A-l. Shore Width Factors 

Ex~osure Situation Shore Width Factor {W} 
Discharge canal bank O. 1 
River shoreline 0.2 
Lake shore 0.3 
Nominal ocean site 0.5 
Tidal basin 1.0 

(a) A value for a constant K ~.m-2d-l, was originally derived as about 102 for 
an equation of the form 

-A.t 
C. = KC. TR. (1 - e 1 ) 

1 S lW 1 

where TR. = ln 2/1.., days. 
1· 1 

Conversion ~f TRj in days to Ai in years- l leads to the value of 
25,300 ~·m- ·yr- I 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 i~, 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 complex. (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/QI), and which 
must be calculated separately and input to the program FOOD. Water concentra
tions for irrigation a~e 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: 

7-d. = 3.15 x 10 x·Vd· 
11' 

A-8 
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where: 

d. 
1 

• the deposition rate of radionuclide i, pCi/m2-yr, 

3.15 x 107 • a conversion factor of sec/yr, 

x· 1 
• the annual average air concentration, pCi/m3, and 

• the deposition velocity of nuclide i, m/sec. 

For irrigation water, the deposition rate is: 

where: 

d. = C. I 
1 lW 

C. • the irrigation water concentration of radionuclide i, 
lW 

pCi/9-, and 

I • the annual average irrigation rate, 9-/m2-yr. 

(A.13) 

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

where: 

Cis • the soil concentration of radionuclide i, pCi/m2, and 

t • the life of the nuclear facility, yr. 

(A.14) 

The accumulation of radionuclides is assumed to be contained in the top 15 cm 
of soil. (9) 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: 

~ -Ie. t ) 
C d T 1 - e E1 e /'E1. YV id = i r v II. (A. 15) 

and the concentration at harvest from root uptake is: 
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where: 

Cid • the vegetation concentration from direct deposition, pCi/kg, 

C. • the vegetation concentration from root uptake, pCi/kg, 
lr 

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

(A.16) 

Tv • 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 -1 

AEi = Ai + AW' where AW is the weathering constant, taken to be 
0.693/14 days, 

Yv • the plant yield, kg (wet weight)/m2, 

B .• the concentration ratio for plant uptake of radionuclide i, pCi/kg 
lV 

(wet weight) per pCi/kg (dry soil), 

P. the soil IIsurface density,1I kg (dry soil)/m2, taken to be 224 kg/m2,(9) 

and 

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

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

-A .th 
Civ = [C id + CiS] e 1 (A.l7) 

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 calculation. (9) 

where: 

(A.1S) 

Cia • the concentration in animal product, pCi/£ or pCi/kg, 

S. • the transfer coefficient of radionuclide i from daily intake la 
of animal to edible portion of animal product, pCi/£ (milk) 
per pCi/d or pCi/kg (animal product) per pCi/d, 

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

QF • the consumption rate of contaminated feed or forage by animal, 
kg/d, 

C. • the concentration of nuclide i in water consumed by animals, law 
pCi/£, assumed to be equal to Ciw ' and 

Qaw • the consumption rate of contamined water by animal, £/d. 

The second set of terms in the brackets in Equation A.1S 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(9) of Feed and Water 
by Farm Animals 

Feed or FOrage(a) Water 
(kg/dazl (£/da~l 

OF °aw 
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. 
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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 listed in Appendix E. Plant concentra
tion factors are taken from UCRL-50l63, pt. IV(lO) and supplemented with radio

nuclide data as explained in Reference 8. The literature yielded coefficients 
of transfer from feed to animal products for a limited number of radionuc1ides. 
For those radionuclides lacking data, comparisons were made with the behavior 
of chemically similar elements in man(ll) and animals. In some instances, where 

-4 other data are lacking, transfer coefficients are set to 9.9 x 10 . The most 
complete listing 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 II wors t casel! values. The authors imply by reference 
to 131 1, that average values would be about one-half of their listed values. 
As a result, the milk transfer values in FTRANSL1B 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
nuclides for chicken, eggs and meat. (12) Some of these literature sources are 
referenced in HERMES. (9) Unfortunately very little data are currently avail

able on the transfer of radionuclides to beef and pork. Uncontrolled studies 
have been performed on the principal constituents of fallout, 90Sr , 131 1 and 
137Cs ,(9) and the EPA National Environmental Research Center at Las Vegas has 

an ongoing study of radionuclides in cattle and milk. 

The radionuc1ides 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 14C 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 14C 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. 
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Because plants acquire most of their carbon from the air, it is difficult 
to model the transfer of this radionuclide to vegetation when l4C 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 
been identified which specify releases of l4C in their liquid effluents. 
However, this pathway could exist from migration of l4C 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 • the concentration of tritium in the environmental water, pCi/~; for 3HW 
a water release C3HW represents concentration in irrigation water; 
for an airborne release C3HW = air concentration in pCi(3H)/m3 ~ 
absolute humidity in ~/m3. 

Fhv • 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: 

(A.20) 
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where: 

C3 • the concentration of tritium in feed or forage, pCi/kg calculated 
HF by Equation A.l9 above, where now C3HF = C3HV. 

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

Fha 0 the fraction of hydrogen in animal product (see Table A-2), and 

C3 • the concentration of tritium in animal drinking water (set to 0 
Haw unless there is a release of water). 

Similarly, the concentration of l4C in vegetation, C14CV' is: 

where: 

C = C F 14CV 14CW cv (A.2l) 

the concentration of l4C in the environmental medium 7 carbon concen
tration in that medium, pCi l4C/ kg C. C14CW represents pCi14C/~ 7 

carbon concentration in irrigated water, kg/~; for water release 
and pCi 14C/ m3 7 carbon concentration in air, kg/m3, for air release, 
and 

F • the fraction of carhon in total vegetation. cv 

The concentration of 14C in the animal product is: 

(A.22) 

For an air release C14C = 0, and since Few is very small compared to FCF' 
aw 

Equation A.22 reduces to: 

C14 = C14 (FFca\ 
Ca CF cFI (A.23) 

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

A-14 



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 ~ (dri: ) (wet) (wet) 

-r;- fc fh F cv' F ca Fhv ' F na 
., 

Fresh fruits, 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 

Mil k 0.88 0.58 0.083 0.070 0.11 

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 

Absolute humidity • 3 .0.008 Q,/m 

Concentration of carbon in water .2.0 x 10-5 kg/Q,(c) 

Concentration of carbon in air. .1.6 x 10-4 kg/m3(d) 

Fraction of soil which is carbon. .0.03 
Soil moisture. .0.1 Q,/kg 

(a) Fcv or Fca = fc (1 - fw) 

(b) Fhv or Fha = Fw/9 + fh(l - fw) 

(c) Assumes a typical bicarbonate concentration of 100 mg/Q, 

(d) Assumes a typical atmospheric CO2 concentration of 320 ppmv' 

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, if 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. 
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A.4 DOSE AND DOSE COMMITMENT FACTORS 

The form of the dose or dose commitment factor 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.l 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, inp~t to ARRRG from the file GRDFLIB, are 
presented in Appendi x E. The units are mrem/hr per pCi /1 iter. 

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 

pCi/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: 
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No. of 
radionuclides 

DijP = L CipUpFijp 
i = i 

(A.24) 

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 nuclear and metabolic 
data. 

The dose model used is derived from the originally given by the Inter
national Commission on Radiological Protection(ll) 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 located at the center of a sperical organ with an 
appropriate effective radius. Metabolic parameters for the standard man(13) 
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, F.~ (t2), is: 

. . 'J p 
-Aei t 2 

. a ( ) -2 (1 - e ) F"J'p t2 = 1.87 x 10 E .. f.. A ~1 , J W1J e; j 
(A.25) 

where: 
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Fi!p(t2) • 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.B7 x 10-2 • a conversion factor for 

( 1.602 x lO-B g-rad)/o.037 di~\(3.l5 x 107 sec), 
MeV \ sec-pCr} year 

Eij • the effective decay energy of radionuclide, in organ j, MeV, 

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

Aei • the effective removal constant, related to the biological half

time, Tbi' and the radiological half-life, TRi' as: 

Aei = 0.693(TRi + Tbi)/TRiTbi' in years- l , 

Mj • the mass of organ j, grams. Organ masses used in ARRRG and 
FOOD are taken from ICRP-23. (13) They are listed in Table A-4. 

TABLE A-4. ~~etabol ic Data for GI Tract Model 
Organ 

mass Reference 
Organ {grams} Number 

Total-body 70,00n 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 11 11 
Skin 2,600 12 
Brain 1,400 13 
Muscle 28,000 14 
Pros tate 16 15 
Thyroid 20 16 
Pancreas 100 17 
Heart (a) 330 18 
GI-general(a) 0 19 
GI-stomach ( 250 20 
GI-sma11 intestine a) ( 400 21 
GI-upper large intestine(~~ 250 22 
GI-lower large intestine 135 23 

(a) Masses for GI are contents of compartment 
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Equation A.25 can be used to calculate both the one-year dose and the dose 
commitments using appropriate values for t 2, 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: 

2f .. E .. ~ -A .t2 -A .(t2-tl )] 
F c (t ) = 1.87 x 10- W1J lJ t A • + e el -e el (A.26) 
ijp 2 M.>..2 'Lle1 

J • el 

where now:.· 

F.: (t2) • the dose or dose commitment factor for radionuclide is pathway 
1 J P 

p, and organ js from chronic ingestion of 1 pCi over a period 
of t ls for a dose time of t 2, rem. 

tl • the intake (ingestion) time, taken to be one year, and. 

t2 • 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 l4C, the 
doses for the organs total-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 including 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 anyone year is equal to the dose commitment for 
that year. The dose factor per picocurie ingested is calculated as: 

-A .T 2 · 
f* E 1 J 5Tl' .... e 

F .. = 2.56 x 10- J ~1J lJ 
1 J P .. 

J 
(A.27) 

where: 

2.56 x 10- 5 • a unit conversion factor equal to 
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(1 602 10-~ g-rad)(0.037 ~iS)(~6400 sec\/2 
. x ) MeV \sec-pCl \ day / 

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 isto the inner wall of the organ from radionucl ides in 
the contents, 

Tlj • the travel time of the contents of the compartment j through that 
compartment, days, 

T2j • the travel time to the entrance of the compartment j, days, and 

f~ .• the fraction of the total quantity of radionuclide i that is not 
lJ 

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. t~etabo 1 i c Data for GI Tract Model 
Travel Time Travel Time 

in Organ to Organ 
Organ {hours} (hours} 

Stomach 0 
GI-Sma 11 Intestine 4 1 
GI-Upper Large Intestine 8 5 

GI-Lower Large Intestine 18 13 
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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 1ibrary;reading subroutines are called 
and all other input data is read by 'the main program. (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. All 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 library. 
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OlIBS (ARRRG AND FOODl 

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

by RUBIN. 

BUBIN (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. 

FUBIN (FOOD) 

Subroutine FlIBIN reads the terrestrial food transfer coefficient library. 

SUBIN (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 
\r/ith the master radionuclide library read by RUBIN. 

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 ~OOD-L 

Subroutine ZERO! is used to set the values of integer number arrays to 
integer- zero. 
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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 library 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 organ data library 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• l4C• l3N• and 22Na and 24Na . For these radionuclides. all organ dose 

factors are set equal to that for total-body, except those for bone for 3H and 
l4C. 

DOZE (ARRRG) 

Subroutine DOZE calculates that environmental concentrations of radionuc
lides from the aquatic Y'elease 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 

ARRRG AND FOOD FLOW DIAGRAMS 

1. FOOD Subroutine Hierarchy 

2. FOOD - MAIN 
- SETDAT 
- DFCALC 
- DOSE 
- DOZCAL 
- DOSOUT 

3. ARRRG Subroutine Hieracrchy 

4. ARRRG - DOZE 
- DOZCAL 
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MAIN (FOOD) 
PROGRAM , 

Initial ize 
Variables , 
Call RUBIN 

to Read Libra ry 
of Radionuclide Data 

J 
Call FLIBIN 

to Read Library of 
Food Transfer Coefficients 

t 
Call OUBS 

to Read Library 
of Organ Data , 
Call GUBIN 

to Read Library of 
External Dose Factors 

1 

Read Title and 
Namelist Variables 

for This Case 

Next _. 4 

~ Next = 3 

Next = 1 or 2 

Call ZEROR to 
Initialize Release 

Array , 
Read New 
Release 

Inventory -t 
Is Number 

Yes~ 
Print 

of Nuclides Message and 
Out of Range? Stop 

I 
No 

~ 
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t 
Call IDNUC 
to Identify 

Input Nuclides 
and Flag 

T 
Call OFCHCK 

to Count Organs 
and Food Types , 
Call SETDAT to 

Organize Input and 
Generate Condensed 

Data Arrays 

t 
Call QAPAGE to 
Print all Input 

Data and Indicate 
Control Options Used 

t 
Call DFCALC to 

Generate Dose Factors 
for Chosen Nuclides 

and Organs 

t 
Call DOSE to Determine 
the Concentrations of 

Nuclides in the Environment 
and in Food Products , 

Call DOZCAL 
to Calculate Doses 
from Farm Products 

and External Exposure 

t 
Call DOSOUT 

to Print Output 
Dose Tables , 

Is y,,-(y Next > 1? 

I 
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Subroutine SETDAT 

Initial ize 
Variables 

Do Loop on IL Nuclides from Master Library 

Is This 
Nuclide Desired? 

Yes 

Is There Organ 
Data for this 

Nuclide? 

Yes 

Set Data Dependent 
Only on Nuclide 

Set Organ 
Dependent Data 

Is There 
Food Data for 
This Element 

Yes , 
Set Data 

Dependent Only 
on Element 

Set Food Transfer 
Coefficients 

by Pathway 

Increment 
Nuclide Index 

NO----.~ 

NO---"'I~~ 

No---i 

Print "No Data" 
Message 

Eliminate Nuclide 
from Consideration 

-- -- -- -- -- -- -- --
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Set Number of 
Nucl ides in 

Reduced Arrays 

es e 
No .8 
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Subroutine DFCALC 

Initialize Constants 

Do Loop on INUC = Number of Nuclides 

Do Loop on IORG = Number of Organs 

Set Effective 
Half-Life 

Is This Organ 
In GI-Tract? 

No 

Is Ingestion 
Acute or Chronic? 

Acute 

Calculate Acute 
Dose and Dose 

Commitment Factors 

Is Nuclide 
N or C? 

~Jo 

------- , 

Chronic 

Calculate Chronic 
Dose and Dose 

Commitment Factors 

Set GI 
Dose Factors 

I 
I I 
I I 
I I 
I I 
I I 

I 
I 
I 
I 
I 

<:, _______ I_~ __ ~~~;-~-~-~-e------~~yes------~t~~ 

I 
I 
I 
I 
I 
I 
I 
I 

No 
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Set Factors for 

All Organs Except 
Bone Equal to 
Total Body J , 



Increment Organs 

t 
I 

~(:J ----...~ORG ~NUC 
Set Factors for 

All Organs Equal 
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to Total Body 

_____ J 

I 
I 
I 
I 
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Set Air 
Concentration 

Define PLTCON 
for Animal 

Food Pathways 

IDEP = 2 

Set Water 
Concentration 

Based on one of 
Three Reconcentration 

Models 

I f no t ----..C::\ 
Possible~ 

Number of Food Pathways 

Do Loop on INUC Number of Nuclides 

IDEP = 

Set Soil and Leaf 
Concentrations 

from Air Deposition 

No 

IDEP = 2 

Set Soil and Leaf 
Concentrations from 

Irrigation Deposition 

1000 

Set Soil, Air. Water, 
and Plant Concentrations 

for Tritiulll ~10del 
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I 
I 
I 
I 
I 
I 
I 
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t---f""'-----
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Subroutine DOZCAL 

Zero Arrays 
and Totals 

Calculate 
External Doses 

Total 
External Doses 

in Same Array 

Do Loop on IFD = Number of Pathways 

Do Loop on INUC Number of Nuclides 

Do Loop on IORG = Number of Organs 

Calculate 
Internal Doses 
and Commitments 

Total Internal 
Doses and Commitments 
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Subroutine DOSOUT 

Initialize Constants 

Do Loop on IFD = Number of Pathways 

Calculate Intermediate 
Dose Totals by Nuclide 

for Each Organ 

Print Short Summary 
Table of Doses 

Print Short Summary 
Table of Contribution 

by Nuclide 

Print Table of 
External Doses 

I 
I 
I 

__ I 

NO-8 
Yes 

Print Complete Output Tables 
by Pathway 

by Organ 
by Nuclide with 

Percent Contribution 
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Subroutine DOZE 

Calculate Reconcentration 
Ratios Using One of 

Three Models 

Do Loop on IFD Number of Exposure Pathways 

Do Loop on INUC = Number of Nuclides 

Calculate Water 
Concentrations 

Internal 

Calculate Aquatic 
Food Concentration 

Externa 1 __ ..., 

Calculate Environ
mental Concentration 

-, 
--.1 
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Subroutine DOZCAL , 
Zero Variables , 

Calculate Ingestion 
Doses by Pathway, 
Nuclide and Organ 

t 
Calculate External 
Doses by Pathway to 
Total Body and Skin 

by Nuclide 

-' 
Calculate Ingestion 
Totals by Nuclide 

and Organ 
t 

Calculate Totals 
by Organ and 

Pathway 

• Calculate External 
Skin Dose by 

Pathway 

t 
Calculate External 
Total Body Dose by 

Pathway 

8 
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APPENDIX 0 

DATA LIBRARY DESCRIPTIONS 

Three data libraries are used by both ARRRG and FOOD: 

1) RMDLIB - a radionuclide 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 library is organized into roughly two sections. The first section con
tains radionuclides which are not members of decay chains, and also radionuc
lides singled out from chains with the "+0" (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: 

0-1 



Column 1 Alphabetic element symbol 

Column 2 Atomic weight, also metastable and/or "+0" 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 radionuc1ides. 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 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

0-2 

Organ Name 
Total body 
Body water 
Kidneys 
Liver 
Spleen 
Bone 
Fat 
Lungs 
Adrenals 
Testes 
Ovaries 
Skin 
Brain 
Muscle 
Prostate 
Thyroid 
Pancreas 
Heart 
GI 
Stomach 
Sma 11 i ntes ti ne 
Upper large intestine 
Lower large intestine 



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 library is as 

foll ows: 

Column 
Column 2 
Column 3 
Column 4 
Column 5 
Column 6 

Alphabetic element symbol 
Atomic weight, also metastable and/or "+D" designation 
Organ index (1 - 23) 
Biological half-life, days 
fw--fraction of ingested nuclide reaching organ of interest 
F'"2--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 
Column 2 
Columns 3-4 

Columns 5-6 

Alphabetic element symbol 
Atomic weight, also metastable and/or "+D", 
Soil contamination external dose factors for skin and total 
body, (mrem/yr per pCi/m2), 
Swimming external dose factors for skin and total body, (mrem/yr 
per pCi/9,), 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 library is organized as: 

Column 1 
Columns 2-5 

Columns 6-9 
Column 10 

Alphabetic element symbol 
Bioaccumulation factors for fish, crustacea, molluscs, and 
algae for salt water (pCi/kg per pCi/~) 
Bioaccumulation factors as above for freshwater 
Drinking water cleanup factor. 

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

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 library 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 
Column 2 

Columns 3-8 

Alphabetic element symbol 
Elemental deposition velocity, m/sec 

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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Radionuclide Master Data Library (RMDLIB) 

RADJONUCLJOE MASTER DATA LIBRARY, 15 MARCH 78, BA NAPIER 
H 3 4.51E+3 1 0 0 
BEI0 5.84E+8 1 0 0 
C 14 2.091E+& 1 0 0 
N 13 &.92E-3 1 0 0 
F 18 7.62E-2 1 0 0 
NA22 9.50E+2 1 0 0 
NA24 &.25E-l 1 0 0 
P 32 1. 43E+l 1 0 0 
P 33 2.44E+l 1 0 0 
AR39 9.83E+4 1 0 0 
AR41 7.51E-2 1 0 0 
CMl 5.11E+7 1 0 0 
5C4& 8.38E+l 1 0 0 
CR51 2.77E+l 1 0 0 
."INS4 3.12E+2 1 0 0 
"INS'S 1. 07E-l 0 0 
FE55 9.8GE+2 0 0 
FE59 4.45E+l 0 0 
COS 7 2.71E+2 0 0 
C058 7.08E+l 0 0 
C050 1.92E+3 0 0 
NI59 2.74E+7 0 0 
NI53 3.51E+4 0 0 
NI55 1.05E-l 0 0 
CU54 5.29E-l 0 0 
ZN&5 2.44E+2 0 0 
ASH 1.10E+0 0 0 
5E79 2.37E+7 0 0 
BRS2 1.47E+O 0 0 
BRB3+D 9.96E-2 0 0 
BRB4 2.21E-2 0 0 
KR90 3.74E-4 0 0 
KR91 1.13E-4 0 0 
RB86 1.87E+l 0 0 
RB89+D 1.06E-2 0 0 
5R89+D 5.06E+l 0 0 
SQ90+D 1.04E+4 0 0 
5'191+D 3.96E-l 0 0 
5R92+D 1.13E-l 0 0 
Y 91"1+D 3.45E-2 0 0 
ZR93+D 5.59E+8 0 0 
Z1'195+D 6.40E+1 0 0 
ZR97+D 7.04E-1 0 0 
"1093 3.&5E+4 0 0 
M099+D 2.75E+0 .n 0 
TC 101 9.SOE-3 0 0 
RUI03+D 3.94E+l 0 0 
RUIQS+O 1.85E-l 0 0 
RU106+D 3.68E+2 0 0 
POI07 2.37E+9 0 0 
AGl1nM+0 2.52E+2 0 C 
AG111 7.45E+0 0 
CD11 ~'\ 4.97E+3 0 
SN117M 1.40E+l 0 
SNl191", 2.50E+2 0 0 
SN121M 2.78E+4 0 0 
SN123 1.29E+2 0 0 
5NI25+::J 9.64E+0 0 0 
SN126+0 3.65E+7 0 0 
S8124 6.02E+l 0 0 
58125+0 1.01E+3 0 0 
TE1231-' 1.17E+2 0 0 
TE127"1+0 1.09E+2 0 0 
TE129"1+0 3.3&E+l 0 0 
TEI31M+D 1.25E+0 0 0 
TE131+0 1.74E-2 0 0 
TEI32+D 3.26E+0 0 0 
TE133M+0 3.85E-2 0 0 
J 130 5.15E-l 0 0 
I 131+0 8.04E+O 0 0 
J 135+0 2.75E-l 0 0 
C 5 135 1.31E+l 0 0 
C5137+D 1.10E+4 0 0 
CS139+0 5.S3E-3 0 0 
BAl uO+O 1.28E+1 0 0 
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Radionuclide Master Data Library (RMDLIB) 

(E143+0 1. 38E+0 0 0 
CE144+0 2.84E+2 0 0 
PM148M+0 4.1310+1 0 0 
PM149 2.21E+0 0 0 
SM153 1.95E+0 0 0 
EU152 4.97E+3 0 0 
EU153 1.94E+0 0 0 
ElI154 3.14E+3 0 0 

EU155 1.81E+3 0 0 
EU156 1.52E+1 0 0 
G0153 2.42E+2 0 0 
TB160 7.23E+1 0 0 
H016SM 4.38E+5 0 0 
W 181 1.40E+2 0 0 
IN 185 7.51E+l 0 0 
HG203 4.60E+l 1 0 0 
PB210+0 8.14E+3 1 0 0 
81210+0 5.01E+0 1 0 0 
RN222+0 3.82E+0 1 0 0 
RA223+0 1.14E+1 1 0 0 
RA224+0 3.65E+0 1 0 0 
RA225+0 1.48E+l 1 0 0 
RA226·-0 5.84E+5 1 0 0 
RA228+0 2.10E+3 1 0 0 
AC227+D 7.95E+3 1 0 0 
TH227+0 1. 87E+l 1 0 0 
TH228+0 0.99E+2 1 0 0 
T",230+0 2.81E+7 1 0 0 
TH232+0 5.13E12 1 0 0 
PA231+0 1.19E+7 1 0 0 
u 232+0 2.52E+4 1 0 0 
U 233+0 5.79E+7 1 0 0 
U 234 8.91E+7 1 0 0 
U 235+0 2.59E11 1 0 0 
U 235 8.55E+9 1 0 
U 238+0 1.65E12 1 0 
NP237+D 7.82E+8 1 0 
PU236 1. 04E+3 1 0 
PU237 4.56E+1 1 0 
PU241+D 5.26E+3 0 0 
C~1246 1.73E+o 0 0 
CM247+0 5.70E+9 0 0 
CM248 1.24E+8 1 0 0 
CF252 9.64E+2 1 0 0 
ZN69"1 5.73E-1 1 0 0 
ZN69 3.96E-2 2 1 1.0 0 
9"83 9.96E-2 1 0 0 
KR83M 7.62E-2 2 1 1.0 0 
9R85 1.99E-3 1 0 0 
KR851" 1.87E-l 2 1 1.0 0 
KP.~5 3.92E+3 3 2 o • 211 0 
KRR7 5.30E-2 1 0 0 
RB87 1.72E13 2 1 1.0 0 
KR~8 1.18E-1 1 0 0 
RB88 1.24E-2 2 1 1 .0 0 
KR89 2.20E-3 1 0 0 
RB89 1.06E-2 2 1 1.0 0 
SR89 5.05E+l 3 2 1.0 0 
y 89M 1.80£-4 4 3 0.0002 0 
SR90 1.04E+4 1 0 0 
y 90 2.67E+O 2 1 1.0 0 
SR91 3.96E-l 1 0 0 
y 91M 3.45E-2 2 1 o . 5 g 0 
y 91 5.85E+1 3 2 1 .0 1 0.42 
SR92 1. 13E-1 1 0 0 
y 92 1.48E-1 2 1 1.0 0 
Y 93 4.21E-1 1 0 0 
ZR93 5.59E+8 2 1 1.0 0 
NB93M 4.97E+3 3 2 0.25 0 
ZR95 6.40E+1 1 0 0 
N8<r5M 3.61E+0 2 1 o . 007 0 
NB95-- 3.52E+1 3 2 1.0 1 0.993 
ZR97 7.04E-1 0 
N897M 0.94E-4 0.945 
NB97 5.01E-2 1.0 n.054 
M099 2.75E+0 0 
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Rad i onuc 1 i de Master Data Library (RMDLIB) 

TC99M 2.S1E-I 2 1 0.81)8 0 
TC99 7.78E+7 3 2 1.0 I O. 132 
RUI03 3.94E+I I 0 0 
RHI03M 3.90E-2 2 1 .0025 0 
PDI03 1.70E+I 3 2 1.0 I 0.9975 
RUIOS 1. 85E-l 1 0 0 
RHI05M 5.2IE-4 2 1 0.28 0 
RHI05 1.47E+0 3 2 1.0 1 0.72 
RUI06 3.68E+2 1 n 0 
RHI06 3.46E-4 2 1 1.0 0 
PDI09M 5.43E-5 I 0 0 
PDI09 5.&IE-l 2 1 1.0 0 
AGI09M 4.58E-4 3 2 1.0 0 
AGII0M 2.52E+2 1 0 0 
AGIIO 2.85E-4 2 1 0.0113 0 
IN114M 5.00E+l 1 0 0 
IN114 8.3310-4 2 I 1.0 0 
C0115!", 4.4SE+0 I 0 0 
COliS 2.23E+O 2 0 0 
IN115M 1.88E-l 3 2 1.0 0 
IN115 2.19E17 4 3 0.963 1 1.0 
SN125 9.64E+0 1 0 0 
58125 1.01E+3 2 1 1.0 0 
TE 125M 5.80E+I 3 2 o .23 0 
SNI26 3.65E+7 1 0 0 
5BI2liM 1.32E-2 2 1 1.0 0 
5BI25 3.75E-l , 2 0.14 0 
S8127 3.RSE+0 1 0 0 
TE 12 71': 1. 09E+2 2 1 0.139 0 
TE 127 3.90E-I 3 2 0.975 I o • 8 S I 
TEI29", 3.3SE+I I 0 0 
TE 12 9 4.83E-2 2 I 1.0 0 
I 12~ 5.73E+9 3 2 1.0 0 
TEI31M 1.25E+O 1 0 0 
TE131 1.74E-2 2 I o • 222 0 
I 131 8.04E+0 3 2 1.0 I 0.778 
XE131M 1.19E+I 4 3 0.0109 0 
TE132 3.26E+0 1 0 0 
I 132 9.S8E-2 2 1 1.0 0 
TE 133M 3.8SE-2 1 0 0 
TE133 8.S4E-3 2 1 O. 13 0 
I 133 8.67E-I 3 2 1.0 I 0.87 
XE 133M 2.19E+0 4 3 o .029 0 
XE133 5.24E+0 5 4 1.0 3 o .97 I 
TE134 2.90E-2 I 0 0 
I 134 3.6510-2 2 I 1.0 0 
C5134M 1.21E-I 1 0 0 
C5134 7.53E+2 2 I 1.0 0 
I 135 2.75E-I 1 0 0 
XE135M 1. 09E-2 2 1 0.165 0 
XE135 3.78E-l 3 2 1.0 1 o .834 
C5135 8.40E+8 4 3 1 .0 0 
XEI37 2.6SE-3 1 0 0 
:5137 1.IOE+4 2 1 1.0 0 
BAI37M 1. 77E-3 3 2 0.941i 
XEI38 9.84E-3 1 0 
C5138 2.24E-2 2 I 1.0 
XE139 4.98E-4 1 
C5139 6.53~-3 2 1.0 
SA139 5.74E-2 3 1.0 
XEI40 1.R5E-4 1 0 0 
C5140 7.64E-4 2 1 1.0 0 
BAI40 1.28E+I 3 2 1.0 0 
l.A140 1.68E+0 4 3 1.0 0 
BA141 1.27E-2 I 0 0 
l.A141 1.64E-l 2 I 1.0 0 
CEI41 3.25E+I 3 2 1.0 0 
BAI42 7.43E-3 I 0 0 
LAI42 6.44E-2 2 I 1.0 0 
CE143 1. 38E+0 I 0 0 
PRI43 1.3GE+I 2 1 1.0 0 
CEI44 2.84E+2 1 0 0 
PRI44 1.20E-2 2 I 1.0 0 
NOl44 8.77EI7 3 2 1.0 0 
NOl47 !.IIE+l I 0 0 
PT"147 9.SBE+2 2 1 1.0 0 
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Radionuclide Master Data Library (RMDLIB) 

PMI4~M 4.13E+l 1 0 0 
PMI48 5.37E+0 2 I 1.0 0 
PMI51 1.18E+0 1 0 0 
SM151 3.29E+4 2 I 1.0 0 
w 187 9.95E-l I 0 0 
RE187 1.83EI3 2 1 1.0 0 
TH230 2.81E+7 I 0 0 
RA226 5.84E+5 2 I 1.0 0 
RN222 3.82E+0 3 2 1.0 
PB 21 0 8.14E+3 4 3 1.0 0 
B 1210 5.01E+0 5 4 1.0 0 
P0210 1.38E+2 6 5 1.0 0 
U 232 2.62E+4 I 0 0 
TH232 4.16E13 2 0 0 
RA228 2.10E+3 3 2 1.0 0 
AC228 2.55E-l 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 
PB 212 4.43E-l 7 6 1.0 0 
8 I 21 2 4.20E-2 8 7 1.0 0 
U 235 2.59El1 1 0 0 
TH231 1.06E+0 2 1 1.0 0 
PA231 1.19E+7 3 2 1.0 0 
AC 227 7.95E+3 " 3 1.0 0 
TH227 I.8lE+l 5 4 0.9862 0 
FR223 1.51E-2 6 4 0.0138 0 
RA223 1.14E+l 7 5 1.0 6 1.0 
U 237 6.75E+0 1 0 0 
NP237 7.82E+8 2 1 1.0 0 
PA233 2.70E+l 3 2 1 .0 0 
u 233 5.79E+7 4 3 1.0 0 
TH229 2.68E+6 5 4 1.0 0 
RA225 1.48E+l 6 5 1.0 0 
AC225 1.00E+l 7 6 1.0 0 
U 238 1. 65E12 1 0 0.0 0 
TH2'14 2.41E+l 2 I 1.0 0 
PA234M B.13E-4 3 2 1.0 0 
PA234 2.81E-l 4 3 0.0013 0 
AM242~1 5.55E+4 1 0 0 
AM242 6.68E-l 2 1 1.0 0 
CM242 1.63E+2 3 2 0.827 0 
PU242 1.41E+8 " 2 .173 0 
NP238 2.18E+0 5 0 0 
PUB8 3.21E+4 6 5 1.0 3 1.0 
CM244 6.61E+3 1 0 0 
PU244 3.02El0 2 0 0 
U 240 5.88E-l 3 2 0.999 0 
PU240 2.39E+6 4 3 1.0 1 1.0 
CM247 5.70E+9 1 0 0 
CM243 1.04E+4 2 0 0 
PU243 2.05E-l 3 I 1.0 0 
AI",243 2.70E+6 4 3 1.0 2 0.0024 
NP239 2.36E+O 5 4 1.0 0 
PU239 8.91E+o " 5 1.0 2 0.997& 
CM245 3.10E+5 1 0 0 
PU241 5.26E+3 2 1 1.0 0 
AM241 1.58E+S 3 2 1.0 0 

0 
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ORGAN DATA LIBRARY (ORGUB) 

H 3 1. 0 + 1 1.0 1 . 0 .0058 
H 3 .0058 
BE1D 1 1 .8 + 2 2.00-3 1.0 .209 
3El0 3 1.2 +2 6.00 -5 0.03 .209 
BEl n 4 2.7+2 2.00-4 O. 1 .Z09 
BEl 0 5 4.5+ 2 6.40-4 0.32. 1.045 
9E10 8 .209 
9El0 20 .209 
BE10 21 .209 
9El0 22 .209 
BEla 23 • Z,o 9 
C 14 1 10. 1.0 1.0 .054 
C 14 5 40. 0.025 0.OZ5 .27 
C 14 7 12. o • 5 o • 5 .054 
C 14 20 .054 
C 14 21 .054 
C 14 22 .054 
C 14 23 .054 
N 13 1 90. 1 • 0 1. 143 
F 18 1 8.08+2 1.0 1.0 0.85 
" 1 g 6 1.45+3 o • 53 Q • 53 1. 462 
F 18 8 o . 54 
F 1 g 20 0.54 
F 1£ 21 o • gg 
F 1 ~ 22 0.39 
F 18 23 0.39 
~A22 1 1.10+1 1.0 1 .0 1. 51 3 
NA22 8 O. 8 
!~A 22 20 1. 513 
"JA22 2 1 1. 51 3 
NA22 22 1. 51 3 
NA22 23 1. 51 3 
NA24 1 1.10+1 1.0 1.0 2.725 
NA24 8 1.5 
~Jl\ 2 4 20 1.5 
NA24 21 2.7 
NA24 22 1.0 
NA24 23 1.0 
p 32 257 • • 75 1.0 .696 
p 32 4 18. .05 o .07 .695 
f' 32 6 1.15+3 .375 o • 50 3.459 
P 32 8 .090 
p 32 13 257 . .53-2 .007 .690 
p 32 20 .&95 
p 32 21 .696 
p 32 22 .695 
p 32 23 .69S 
p 33 1 257. • 75 1.0 .0853 
p 33 4 1 8 . • 05 0.07 .0853 
p 33 6 1. 1 5+ 3 • 38 0.20 0.426 
p 33 8 .0853 
p 33 1 ., 257. .53- 2 .007 .0853 
p 33 20 .0853 
P 33 21 .0853 
p 33 22 .0853 
p 33 23 .0853 
eA41 1 1.64+4 .60 1.0 .0036 
CAllI 6 1.8+4 .54 o . 9 .0035 
CA41 3 .003 S 
CA41 20 .0036 
CA41 21 .0035 
CA41 22 .0035 
C A4 1 23 .0036 
5C46 1 30 • 0 .10-3 1.0 1.333 
5C46 3 75.0 .20-5 .02 .512 
5C46 4 35.0 .15-4 .15 .654 
5C46 5 33.0 .20-4 . 20 1. 101 
5C45 8 .640 
SC4S 20 .640 
5(46 21 1.3 
5C45 22 \ .409 
5C45 23 .409 
C'<51 1 616 . .005 1.8 .01 9 
CR51 SIS. .13-4 .27-2 .007 
CP5I SIS. .20-3 . n 4 .014 
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ORGAN DATA LIBRARY (ORGLI B) 

CR51 15 51 ~ . .45-5 .90-3 .084-1 
CR51 15 1i16. 0.45-5 .90-3 3.6-3 
C R51 20 .014 
CR51 21 .025 
CR51 22 .0053 
CR51 23 .0053 
MN54 1 17 • . 10 1.0 · 512 
MN54 4 25. .02 .24 .227 
MN54 8 .230 
MN54 17 5. 70 .003 .0:; • 130 
MN54 20 .230 
MN54 21 · 510 
MN54 22 • 122 
MN54 23 • 122 
M!'!56 1 17 • • 10 1.0 1. 81 0 
MN55 4 25. .02 .24 1.236 
M!'!56 8 1. 30 
f1N 5 6 1 7 5 .70 .003 .03 1. 10 
MN56 20 1.3 
MN56 21 1.9 
f1N56 22 1. 03 
.MN55 23 1. 03 
FE55 1 800. . 10 1.0 9 . 5 -3 
FE55 4 554. .013 • 13 9.5 -3 
FE55 5 500. .002 .02 ~. 5 -3 
Fo55 5 1680. .010 • 1 0 4.2 -2 
FE55 8 3200. .002 .02 9.5-3 
FE55 20 .0055 
FE 5 5 21 .0055 
FE55 22 .0065 
FE55 23 9.5-3 
FE 59 1 800. . 1 0 1.0 .835 
FE59 4 554 . .013 • 1 3 .439 
FE59 5 500. .002 .02 .340 
FE59 6 1680. .01 · 10 .946 
FE 59 8 3200. .002 .02 .420 
FE 59 20 .1<20 
FE 59 21 .810 
FE59 22 .298 
FE59 23 • 298 
C057 1 9.50 • 300 \ 1. 0 • 10 
C057 4 9.50 .007 .04 .063 
C057 5 9.50 .420 -3 .14-2 .045 
C057 8 .053 
C057 17 9.50 .600 -3 .002 .040 
C057 20 · 053 
C057 21 .090 
C057 22 .0495 
C057 23 4.9/j-2 
C058 1 9.50 .300 1 .0 .528 
C058 4 9 . 50 .007 .040 .292 
C058 5 9.50 .420-3 .140-2 • 220 
C058 8 .290 
C058 17 ').50 .600-3 .002 • 17 C 
C058 20 • 290 
C058 21 .610 
C058 22 • 169 
C058 23 · 169 
C050 1 9.50 .300 1.0 1. 575 
(050 4 9.50 .007 .040 .745 
C060 5 9.50 .420-3 .140-2 .550 
C050 8 .720 
C050 17 9.50 .500-3 .200-2 .440 
C050 20 .720 
C060 21 1. 50 
C060 22 .449 
C050 23 .449 
NI59 1 567. .300 1.0 7.7-3 
fJ 159 4 500. .020 .070 7.7-3 
N 159 6 800. • 150 .500 7.7-3 
NI59 8 .770-2 
NI59 20 .077-1 
NJ59 21 .077-1 
NI59 22 .077-1 
NIS9 23 7.7-3 
NI&3 1 557. .300 1.0 .02 I 
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ORGAN DATA LIBRARY (ORGLIB) 

Nl63 4 5 a a • .020 .070 .021 
NI!i3 6 800. .150 .500 .105 
Nl63 8 · 021 
NI63 20 .021 
NI(,3 21 • 021 
NI63 22 · a 2 1 
Nl63 23 .021 
Nl65 1 &67. .300 1.0 .940 
NI55 4 500. . 020 .070 · 752 
NI65 6 800. .150 .500 3. 176 
Nl65 8 1. 20 
Nl65 20 1.2 
Nl55 21 1.4 
NI65 22 .686 
NI!i5 23 .5E6 
Cu64 1 80. .280 1.0 .251 
CU&4 3 16 • .010 .050 .155 
CU64 4 150. .020 .080 .181 
CUS4 5 2. .020 .070 · 170 
CUS4 8 .190 
CU64 13 800. .00 3 .010 .210 
CUS4 18 80. .00 3 • a 10 · 170 
CUS4 20 .19 
CUS4 21 .25 
CUS4 22 · 156 
CU54 23 • 156 
ZN55 1 933. .100 1.0 .341 
ZN65 3 149. .004 .04 .113 
ZN65 4 91. .035 .350 .153 
ZN6S 6 130 0 . .015 • 150 .149 
ZN65 8 · 1 50 
ZN55 10 270. .900-4 .900-3 .055 
ZN55 11 107. .400-4 .400-3 .056 
ZN65 14 1950. · 030 .30 a · 320 
U,65 15 14. • 006 .050 • 055 
ZN55 17 25. • 003 .030 .084 
ZN55 20 · 15 
ZN55 21 .32 
ZNn5 22 .084 
ZN55 23 .084 
AS7G 1 280. .030 1 • a 1.3 
AS7S 3 550. .300-3 .010 1.1 
AS75 4 550. .900-3 .030 1.1 
AS75 8 1 . 10 
AS75 20 1.1 
A576 21 1.3 
AS75 22 1.1 
AS75 23 1.1 
S::79 1 11. .9 1. .042 
SE79 3 11. . 04 .04 .042 
SE79 4 24. .05 .07 • 042 
SE79 8 .042 .042 .042 
SE79 20 .042 
SE79 21 .042 
SE79 22 .042 
SE79 23 .042 
8R82 1 8.0 1.0 1.0 1. 715 
BRE2 8 .850 
8~82 20 5.0- 2 • 85 
!3R82 21 5.0- 2 1.8 
BR82 22 5.0- 2 .532 
BR82 23 5.0- 2 .522 
RB86 1 45. 1.0 1 .0 .705 
RB8S 4 53. .05 • 05 .574 
RB8S 5 45. .004 .004 .660 
R885 8 .6S0 
RB86 14 80. .450 .450 .700 
RB8S 17 6 O. .003 .003 .650 
R836 20 .56 
RB86 21 .70 
RB85 22 .663 
R885 23 .663 
SR90+D 1 4000. .3 1.0 1.13 7 
S1':90+D 6 4000. .0225 .300 5.650 
SR90+D 8 1. 305 
SR90+D 20 .777 
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ORGAN DATA LIBRARY (ORGLI B) 

SR90+D 21 .777 
SR90+D 22 .777 
S"90+D 2 3 • 7 • 7 7 7 
5R91+D 1 4000. .300 1 .0 1. 8 34 
SR91+D 5 4000. .210 .700 0.47 
SR91+D 8 1. 15 1.4 1.7 
SR91+D 20 .08 
SR91+D 21 .98 
SR91+D 22 .777 
SR91+D 23 0.777 
SR92+D 1 4000. .300 1.0 2.601 
SR92+D 6 4000. .210 .700 8.602 
SR92+D S 1. 7 5 1.9 1.9 
SR92+D 20 .45 
SR92+D 21 .')6 
SR92+D 22 1.867 
SR92+D 23 1. 867 
ZR93+D 1 450. . 100- 3 1.0 .023 
ZR93+D 3 900. .200-5 .020 .020 
ZR93+D 4 320. .700-5 .070 .024 
ZR93+D 5 900. .600-5 .006 .025 
Z R9 3+D 61000. .350-4 .360 .110 
ZR93+D 8 .019 .020 .024 
ZR93+D 20 .019 
ZR93+D 21 .019 
ZR93+D 22 .019 
ZR93+D 23 .019 
ZR95+D 1 450. .100-3 1.0 1. 09 
ZR05+D 3 goo. .200-5 .020 .510 
Z1<95+D 4 320. .700- 5 .070 .589 
ZR95+D 5 900. .600-5 .00» .4<;0 
ZR95+D 61 [J 0 0 . .300-4 .360 1. 30 
ZR95+D 8 .327 .47 .5 S 
ZR95+D 20 .32 
ZR95+D 21 .57 
ZR95+D 22 .238 
ZR95+D 23 .238 
ZR97+D 1 450. .100-3 1.0 2 . 11 
ZR97+D 3 900. .200-5 .020 1. 48 5 
ZR97+D 4 320. .700-5 .070 1 . 5') 4 
ZR97+D 5 900. .60 0- 6 .006 1. 50 
ZR97+D 61000. .350-4 .350 0.3 
ZR97+D 8 1. 55 1.5 1.6 
ZR97+D 20 .94 
ZR97+D 21 1.2 
ZR97+D 22 1 .40& 
ZR97+D 23 1 .400 
MOG3 1 5. .8 1 . .048 
~109 3 3 3. • 06 .0 g .04g 
M093 445. .08 .1 .048 
"1093 8 .048 .048 .048 
M093 20 • n 4 8 
M093 2 I .048 
~109 3 22 .048 
M093 23 4.77 -2 
MD99+D 1 5.0 .800 1.0 .547 
M099+D 3 3.0 .060 .ORO .45 
M099+D 445.0 .080 • 100 .478 
M099+D 8 .47 n .470 .470 
M099+D 20 .44 
MO,!9+D 21 .48 
/",099+D 22 .43 
M099+D 23 .447 
TCl 01 1 1 .0 . 500 1.0 .697 
TCl 0 1 3 20.0 .005 .01 .543 
TC 1 01 4 30.0 .15 -2 .003 .570 
TCIOI & 25.0 .001 .002 • 570 
TC 101 20 .524 
TC 101 21 .524 
TCl 0 1 22 .524 
TCl 01 23 .524 
RUI03+D 1 7.30 .030 1.0 .408 
RUI03+D 3 2.50 .00 G .200 .203 
RUI03+D <j 16.0 .240-2 .080 .639 
RU103+D 8 .253 .2S .26 
RUI03+D 20 .21 
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ORGAN DATA LIBRARY (ORGLIB) 

RUI03+D 21 • 38 
RUI03+D 22 · 176 
RUI03+D 23 · 176 
RUI05+D I 7.30 .030 1.0 1. 063 
RUI05+D 3 2.50 .006 .200 . 780 
RUI05+D 615.0 .240-2 .080 3.325 
RU I0 5(D 8 .795 .90 .91 
RUI05 D 20 .72 
RUI05+D 2 I .98 
RUI05+D 22 .574 
Ru105+D 23 .574 
RUI06+D I 7.30 .030 1.0 1. 534 
RUIO'i+D 3 2.50 .006 .200 1. 447 
RUIOo+D 616.0 .240-2 .080 7.078 
RUI06+D 8 1. 40 
RUIOf,+D 20 .030 I .0 0.0 1. 40 
RUI0b+D 2 I .030 1.0 0.0 1. 40 
RU106+D 22 .030 1.0 0.0 1.40 
RUIOE.+D 23 .97 1.436 
PDI07 I 5.0 .2 1.0 .0089 
PDI07 3 30 . Q .02 .08 .0089 
PDI07 4 19.0 .02 .09 · 0089 
PDI07 8 .0089 .0089 .0089 
PDI07 20 .0089 
PDI07 2 I .0089 
PDI07 22 .0089 
PDI07 23 .0089 
AGII0M+D 1 5.0 .0 I 0 1.0 1. 697 
AGIIO"1+D 3 10 .0 .200-3 · 020 .514 
AGIIO"1+D 4 15.0 .300-3 .030 .803 
AGllO"1+D 5 3 0 . 0 .500-3 • 0 5 0 I • I 29 
AGllOM+D 8 .840 
AGI10M+D20 .84 
AGI10M+021 1.7 
AGII0"1+D22 . 51 
AG 11 0/,,+02 3 .477 
AG111 I 5.0 .010 1.0 .383 
AGI!I 3 ! 0 . 0 .200-3 .020 .372 
AG!ll 4 ! 5.0 .300-3 .030 .374 
AG I ! ! 6 30.0 .500-3 .050 1. 84 
AG! I ! 8 · 380 
AGll1 20 .38 
AGlll 21 .40 
AG111 22 .37 
AG!!1 23 .370 
CD!!3M ! 200 . .0025 1.0 .200 
CDll W 3 300. 2.5 -4 O. 1 • 200 
C0113'1 4 200. 1.9 -3 o .75 · 200 
CD113M 8 · ! 84 .1 Q4 .184 
CD113M 20 .184 
C0113M 21 .IS4 
COl13"1 22 .200 
CD1!3M 23 .200 
5NI23 1 .35 +2 .05 ! .0 .522 
SN!23 4 .70 +2 5.00-4 .01 .522 
5N123 5 • 1 0 +3 .02 .3 2.611 
5"1123 8 .522 
5"1123 1'; .35+2 .8-4 .16- 2 .522 
5N 123 ! ~ .70+2 .5-5 • 10-"\ .522 
5N123 20 .522 
5"1123 21 .522 
5"1123 22 .522 
5N123 23 • 522 
5"1125+0 1 35. 0 .050 ! .0 .946 
5N125+D 4 70.0 .500-3 .0 I 0 .911 
5N125+D 5 I 00. . 020 .300 4.482 
SNI25+D g .930 .94 1.0 
5N125+D 15 35. .800-4 .160-2 .940 
SN125+0 16 70. .500-5 • J 00- 3 .880 
5N125+D 20 .892 
5N125+D 21 .892 
5N125+D 22 .892 
5"1125+0 23 · ~ 92 
5NI2G+D 1 35. .05 1.0 1.3 
SNI26+D 4 70. .0005 · a I 1.1 
SN125+0 5100. .02 .3 4.0 
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ORGAN DATA LIBRARY (ORGLIB) 

SNI26+D 1.1 1.1 1.1 
SNI2f>+D 1 5 35 • .ROO-4 .160-2 .3 g 
s~n 2S+D 15 70. 5. 0 -6 • 0001 .08 
5N12S+0 20 1.1 
SNI2['+D 21 1.3 
SN 1 2\>+D 22 .2 
SNI2,,+D 23 .2 
59124 1 38 • 0 .030 1.0 1. 507 
S9124 4 38 • 0 .500-4 .002 .871 
S9124 ,,100.0 .003 • 100 2.356 
S8124 8100.0 .900-3 .030 .920 
591 24 16 4.0 .900-6 .300-4 .544 
58124 20 .92 
58124 2 I 1.5 
59124 22 .544 
58124 23 .644 
5B125+D 1 38.0 .03 1.0 • 3S 7 
58125+0 4 35.0 .600-4 .002 .221 
58125+0 5 100 • .003 .1 .623 
5'3125+0 8 100 • .0009 .03 .229 .23 .26 
58125+D Hi 4.0 .900-S .30D-4 • 137 
59125+D 20 .21 
58125+D 2 I .,4 
58125+0 22 • 16 
58125+0 23 • S 3 • I 59 
TEI27'1+D IS. .250 1.0 .237 
TEI27M+D 30 • • a 20 .070 .237 
TE127M+0 4 30. .010 .050 .237 
TE127M+O 5 30. .250-2 .0 I 0 • 320 
TEI2HI+D 6 30. .023 .090 I • I 85 
TEI27M+D 8 .256 .32 • '2 
E127",+0IO 30. .750-3 • no 3 .310 
TEI2HI+DIG 9. .250-3 .00 I .225 
TEl27"1+020 • 0 8 3 
TEl27M+D21 .089 
TEI27fJ,+022 .237 
TEI27~I+D23 .237 
TEJ29M+D 1 15. .250 1.0 .655 
T!:129 M +D 30. • 02 Q .070 .616 
TEI29~',+D 4 30. • 010 .0,0 .625 
T E12 grJ,+D 5 30 . .250-2 .0 I 0 .730 
TEI29M+D 6 30. .023 • n 9 0 2 .985 
TEI29~'I+D g .795 .83 .83 
TEI29',+DIO 30. .750-3 .003 .690 
TEI29~',+D16 9. .250-3 .00 I .603 
TE129":+D20 • 1 0 
iEI29'1+D21 .11 
TE129M+D22 .6 I 0 
EI29fJ,+D23 .6 I 0 
TEI31M+D 1 15. • 250 1 .0 2. 316 
TE 1 3 jr',+D 3 30. .020 .070 1. 449 
TEI31f'i+D 4 30. • 010 .050 1. ~ 21 
TEI3IM+D 5 30. .250-2 .0 I 0 .800 
TE131'1+D S 30. .023 .ogo 5.953 
TEI31'1+D 8 .7S3 .99 1 .0 
TEI31~1+DI0 30. .750-3 .n03 1 .317 
TEI3JM+DI5 9. .250-3 .00 I 1 .317 
TEI'lfJ+D20 .73 
TE l' P',+D21 2.32 
TE13IM,+D22 1. 181 
TEJ31M+D23 1. I 81 
TE131+D I IS • • 25 I .0 I • 35 P 
TE131+D 3 30 • • 02 .07 1. 009 
TE131+D " 30. .01 .05 1. 091 
TE131+D S 30. .0025 .01 I .009 
TE131+D 5 30. .023 • n 9 4.655 
TEI31+D 1. 13 
TE131+0 10 30. • 75- 3 .003 1. 0 I 
TEI31+D 16 9. • 25- 3 .00 I 1. n 1 n 
TEI31+D 20 5.7 +4 
TE131+D 2 I 6.7 +4 
TE131+0 22 6.7 +4 
TEI31+D 23 6.7 +4 
TE132+D 1 15. • 250 1.0 2. 159 
TEJ32+D 3 30. .02 D .070 I .090 
TE132+D 4 30 • • 0 I 0 .050 1. 282 
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ORGAN DATA LIBRARY (ORGUB) 

TEI32+D 5 30. .250-2 .010 1 • 090 
TE132+D 5 30. .023 .090 3.544 
TEI32+D 8 1. 22 1. 28 1. 28 
TEI32+D 1 n 30. .750-3 .n03 • 814 
TE132+D 1 G 9. .250-3 .001 .814 
TEI32+D 20 1. 28 
TE132+D 21 2. 17 
TEI32+D 22 .901 
TE132+D 23 .901 
I 131+D 1 100. 1.0 1.0 .434 
I 131+D 3 7. .040 .04 .277 
I 131+D 4 7. • 120 • 1 2 .305 
I 131+D 5 7. · 005 .005 o • 27 
I 131 +D 6 14. • 070 .07 1 • 102 
I 131+D 8 .305 
I 131+D 10 7. .005 .005 .236 
I 131+D 15 100 • • 300 .300 .235 
I 131+D 20 5.0-2 .30 
I 131+D 21 5.0-2 .44 
I 131+D 22 5.0-2 .257 

131 +D 23 5.0- 2 .257 
135+D 1 Ion. 1.0 1.0 1.433 
135+D 8 .990 1.1 1.1 
135+D 16 100. • 150 .170 .503 
135+D 20 5.0-2 .70 
135+D 21 5.0- 2 .12 
135+D 22 5.0- 2 .802 

I 135+D 23 5.0- 2 .802 
C5135 1 115. 1.0 1.0 1. 49 7 
C5136 3 42. .010 .010 .583 
C 5136 4 gO. .0 ?r .070 .742 
C5136 5 98. • 005 .005 .290 
C5135 5 140. .040 .040 1. 295 
C5136 8 140. .003 .003 • 350 
C5136 14 140. .400 .400 .650 
C5135 20 · 35 
C5136 21 • 65 
C5135 22 .469 
C 5 136 23 .459 
!3AI40+D 1 65.0 .050 1.0 2.354 
BAI40+D 3 8.50 .500-5 .100-3 1 • 379 
BAI40+D 4 975. .300-4 .500-3 1 • 548 
BAI40+D 5 13.0 .250-5 .500-4 1. 20 
BAI40+D 6 55.0 .035 .700 5. 139 
BAI40+D 8 • 751 1.4 1.4 
BAI40+D 142000. .150-3 .003 2.30 
BAI40+D 20 .34 
BAI40+D 21 .40 
BAI40+D 22 .354 
BAI40+D 23 .354 
CEI43+D 1 553. .100-3 1.0 .933 
CEI43+D 3 563. .200-5 .020 • 795 
CEI43+D 4 293. .250-4 .250 .818 
CEI43+D 51500. .300-4 .300 3.791 
CEI43+D 8 • 5 S 2 .79 .85 
CEI43+D 20 .818 
CEl43+D 21 .933 
CEl43+D 22 .468 
CEI43+D 23 .458 
CEI44+D 1 563. .100-3 1.0 1.313 
CEI44+D 3 563. .200-5 .020 1. 295 
CEI44+D 4 293. .250-4 .250 1 .29 P 
CEI44+D 51500. .300-4 .30 n 5.443 
CEl44+D S 1. 30 1. 30 1 . 30 
CEI44+D 20 1.3 
CEI44+D 21 1.3 
CEI44+D 22 1.3 
CEI44+D 23 1 .292 
PI-',148M+D 1 655. .10- 3 1.0 1. 4 81 
PMI48M+D 3 655. .20-5 .02 .629 
P'1l48"1+D 4 656. .60-5 • On .784 
PMI48M+D S 1500. .35-4 .35 2.057 
P"1148M+D 8 .784 
PM148M+D20 .784 
P~\l4RM+D21 1. 481 
PM148M+D22 · 531 
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ORGAN DATA LIBRARY (ORGLIB) 

P~1I4RM+D23 .53 I 
PMI49 I 65&. .100-3 1.0 .377 
Pi",149 3 6 56. .200-5 .020 • 3 7 4 
Pr-.149 4 &55. .&00-5 .060 .374 
Pr-',149 51500. .350-4 .350 1. 81) 3 
PMI49 8 .440 
PMI49 20 .44 
PMI49 21 .54 
PMI49 22 .373 
PMI49 23 .373 
EUI52 I 635. .100-3 1.0 .&6 
EUI52 31480. .300-5 .030 .33 
EUI52 4 127. .250-4 .250 .33 
EUI52 61500. .350-4 .350 .45 
EUI52 8 .330 
EU152 20 .71 
EU152 21 .88 
EUI52 22 • :, 0 
EU152 23 .20 
EUI54 I 635. .100-3 1.0 .955 
EUI54 31480. .300-5 .030 0.487 
EUI54 4 127 • .250-4 .25 .570 
EUI54 61500. .350-4 .350 1. 59 5 
EUI54 8 .570 
E U 154 20 • 57 
EUI54 21 .9&5 
EUI54 22 .428 
EUI54 23 .428 
EUI55 I 635. .100-3 1.0 • 150 
EUI55 ";1480. .300-5 .030 .095 
EUI55 4 127 . .250-4 .250 .095 
EUI55 51500. .3&0-4 .36'0 .280 
EUI55 8 .095 
EUI55 20 .095 
EU155 21 .16 
EUI55 22 .075 
EUI55 23 .075 
EUI56 I 635. .10-3 1.0 1. 09 
EU155 3 1480. .30-5 .03 .637 
EU155 4 127. .25-4 .25 .715 
EU156 5 1500. .35-4 .35 2.399 
EUI5& 8 .715 
EUI5& 20 .7 I 5 
EUI5& 2 I 1. 09 
EUI56 22 .58 I 
EUI56 23 • 581 
GDI53 I 550. .100-3 1.0 · 170 
GDI53 4 460. .120-4 . I 20 .099 
GDI53 61000. .450-4 .450 .230 
GDI53 8 .099 
GD153 2V .099 
GD I 5 ~ 2 I • 17 
GDI53 22 .072 
GDI53 23 .072 
T8160 I 570. .100-3 1.0 .850 
T8160 3 700. .300-5 .030 .400 
T8150 61000. .500-4 .600 1.1 
T8160 8 .480 
T'3160 20 .48 
TS 160 21 .85 
TBHO 22 .34 
TBI60 2~ .34 
HOI66"', I 7 5 0 . 1.0 -4 1.0 • 8 10 
H0165f' 3 800. 2.0 -') .02 .320 
H0161}f' 4 875. &.0 -5 .06 .370 
HOI6S,..., 51000. 6.4 -5 .64 .400 
HOI66~~ 8 .37 .37 .37 
HOl66M 20 .37 
HOI6!)M 2 I .81 
HOl65M 22 • 20 
HOI5n,"" 23 • 2 0 
w 181 I 1.0 • I 00 1.0 3.300-3 
w 181 4 4.0 .005 .060 3.200-3 
rI 181 5 9.0 • 007 .070 .01 F, 
W 181 8 3.200-3 
W HI 20 3.200-3 
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ORGAN DATA LIBRARY (ORGLI B) 

,I 181 21 3.300-3 
w 181 22 3.200-3 
w 181 23 3.200-3 
w In I 1.0 • 100 1.0 .135 
w 185 4 4.0 .006 .000 .135 
~: 185 fi 9.0 .007 .070 .682 
VI 185 g .140 
w 185 20 • 14 
W 185 21 .14 
W 185 22 • 1 35 
w 185 23 · I 36 
HG203 1 10. 0.63 1.0 0.25 
HG203 3 14 • 5 0.22 0.35 o .15 
HG203 4 13.5 0.09 o. 1 5 O. 17 
HG203 5 10. o • 0 I 0.02 o • 15 
HG2 0 3 8 o • I 7 
HG203 20 O. I 7 
HG203 21 0.25 
HG203 22 O. 14 
HG203 23 o • 14 
PB21o+D 11460. .0BO 1.0 5.20 
P9210+D 3 531. .010 .140 10.0 
PB210+D 41950. .0064 .080 10. 
P8210+D 53650. • 020 .280 29 . 
PB2IO+D B • 157 14. 43. 
PB210+0 20 .027 
PB210+D 2 I .045 
PB210+0 22 .460 
PB210+0 23 .460 
B1210+D I 5.0 .0 I 0 1.0 10 . 
81210+D 3 5.0 .003 .300 19 
61210+D 4 15 . 0 • 150-2 .150 13 • 
81210+D 5 10.0 .100-3 • 0 I 0 17 • 
81210+D <; 13. 3 • 300-3 .030 40 . 
81210+D 8 .795 15. 43. 
81210+0 20 .40 
81210+0 2 I .40 
61210+0 22 .40 
B1210+0 23 .40 
RA224+0 18100. .300 1.0 2.80 +2 
RA224+D G 154. +2 • I 50 .500 2.PO +2 
RA224+D 8 .249+3 .28 +3 .28+3 
RA224+D 20 4.2 
RA224+D 21 4.2 
RA224+D 22 4.2 
RA224+D 23 4.2 
RA22S+D 18100. .30 1.0 2.80 +2 
RA225+D 3 10 • 6.0 -4 .002 2.50 +2 
RA225+D 4 10. • 12 -3 .040-2 2.50 +2 
RA225+D 6 164. +2 .1 5 .50 2.80 +2 
RA225+0 R 2.50 +2 2. 50 +2 2.50+2 
RA225+D 20 3.5 
RA225+0 21 3.5 
RA225+D 22 3.5 
RA225+D 23 3.5 
RA22o+D 18100. .300 1.0 .110+3 
RA22G+D 6 164. +2 .030 • 100 .110+3 
RA226+D 8 .110+3 
RA226+D 20 3.70 
RA22o+0 21 3.70 
RA22~+D 22 3.70 
RA22G+D 23 3.7 
RA22B+D 18100. .300 I .0 2.3 +2 
RA228+D 6 164. +2 .030 • 100 1.9 +2 
RA228+D 8 .716 .22 +2 .14+ 3 
RA228+D 20 .<;3 
RA228+D 21 .63 
RA228+D 22 .53 
RA228+D 23 .63 
AC227+D I 240. +2 .100-3 1.0 2.0 +2 
AC227+D 3 240. +2 .100-5 .010 6.2 +1 
AC227+D 4 240. +1 .500-4 .500 6.2 +1 
AC227+D 6 355. +2 .300-4 • 300 1.0 +3 
AC227+D 8 .489 +1 2.10+2 3.2 +2 
AC227+D 20 .640 
AC227+D 21 .640 
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ORGAN DATA LIBRARY (ORGUB) 

~C227+D 22 .640 
AC227+D 23 .640 
TH227+D I 570. +2 .100-3 1.0 .200+3 
TH227+D 3 220 . +2 .500-5 .050 .51 +2 
TH227+0 4 570. +2 .500-5 .050 • G I +2 
TH227+0 6 365. +2 .700-4 .700 .990+3 
TH227+D 8 .827+2 .28 +3 .33+3 
TH227+D 20 .64 
TH227+D 21 .69 
TH227+D 22 4.30 
TH227+D 23 4.3 
TH228+D I 570. +2 .100-3 1.0 .23n+3 
TH228+D 3 220. +2 .500-5 .050 .56 +2 
TH228+D 4 570. +2 .500-5 .050 .56 +2 
TH228+0 6 355. +2 .700-4 .700 .970+3 
TH22S+D 8 .110+3 .31 +3 .3'1+3 
TH228+0 20 4.4 
T!-1228+0 2 I 4.4 
TH228+0 22 4.4 
TH228+0 23 4.4 
TH230+0 I 570. +2 .100-3 1.0 .480+2 
TH230+0 3 220 . +2 .500-5 .050 .480+2 
TH230+0 4 570. +2 .500-5 .050 .480+2 
TH230+0 & 365. +2 .700-4 .700 .242+3 
TH230+D 8 .4BO+2 .430+2 .48+2 
TH230+D 20 .47 
TH230+D 21 .47 
TH230+D 22 .47 
TH230+D 23 .47 
TH232+0 1 570. +2 .100-3 1.0 .62 +2 
TH232+D 3 220. +2 .500-5 .050 .41 +2 
TH232+0 4 570. +2 .500-5 .050 .41 +2 
TH232+D 5 3G5. +2 .700-4 · 700 .270+3 
TH232+D 8 .410+2 .410+2 .55+2 
TH232+0 20 .40 
TH232+D 21 .41 
TH232+0 22 .40 
TH232+0 23 1.0 .40 
PA231+D 1 4 10 . +2 .100-3 1.0 1.40 +2 
PA231+:J 3 510 . +2 .400-5 .040 79.0 
PA231+D 4 ~ B 0 . +2 .500-5 .050 5.3 +1 
P~231+0 G 355. +2 .450-1+ .450 7.50 +2 
PA231+D 9 .510+2 .52 +2 .70+2 
PA231+:J 20 .60 
PA231+0 2 1 .70 
PA231+D 22 .5<; 
PA231+0 23 .56 
U 232+0 I 100. .0 I 0 I .0 2. ~ 0 +2 
U 232+0 3 15.0 .110-2 · 110 I . 10 +2 
U 232+D 5 3D O. .110-2 .110 1.200 +3 
U 232+D .552+2 .760+2 .19+3 
U 232+0 20 .54 
U 232+0 2 I .54 
U 232+0 22 • 53 
U 232+D 5"U 233+D 1 100. . 010 1.0 50 • 
U 233+D 15 . .llO-2 • 110 50. 
U 233+[; G 300. .110-2 .110 2. 50 +2 
U 233+D 8 .500+2 
U n3+D 20 .49 
U 233+D 2 I .49 
U 233+D 22 .49 
U 233+:1 23 .49 
U 234 1 100 . • 0 I 0 1.0 49 • 
U 234 3 15 . .110-2 • llO 49 • 
U 234 5 300. .110-2 .110 2.40 +2 
U 234 8 .490+2 
U 234 20 1. 0 00 .1+8 
U 234 21 I. a 0 0 .49 
U 234 22 1. 000 .48 
U 234 23 1. 00 n .48 
U 235+D I 100. • 0 I 0 1.0 ~ 5 • 
U 235+0 3 15. .110- 2 .110 45. 
U 235+D Ij 300. .110-2 • lin 2. >; 0 +2 
U 235+D 8 .45 +2 .45 +2 .45+2 
U 235+D 20 1.0 .5& 
U 235+D 21 1.0 .77 
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u 235+D 22 1.0 • (, 1 
U 235+D 23 1.0 .61 
U 2% 1 100. .010 1.0 47. 
U 236 3 15. .110-2 .110 47.7 
U 235 0 300. • 110- 2 .110 2.30 +2 
U 236 8 47. 
U 235 20 ."5 
U 235 21 ."5 
U 236 22 ." 5 
U 236 23 .45 
U 238+D 1 100. .01 1.0 43.0 
U 238+D 3 15. 1.1 -3 0.11 43.0 
U 238+D 5 300. 1.1 -3 0.11 220.0 
U 238+D 8 "3.0 
U 238+D 20 1.0 0."3 
U 238+D 21 1.0 0."3 
U 238+D 22 1.0 0.43 
U 238+D 23 1.0 0.43 
NP237+D 1 390. +2 .100-3 1.0 4,). 
NP237+D 3 640. +2 .300-5 .030 49. 
NP237+D 4 1.46+4 4.50-5 .450 49. 
NP237+D (, 355. +2 .4'i0-4 .450 2. 50 +2 
NP237+D 8 .490+2 .490+2 .49+2 
NP237+D 20 .50 
NP237+D 21 .52 
NP237+D 22 .62 
NP237+D 23 .62 
PUB5 1 550. +2 .30 -4 1.0 [,1 : 
PU23S 3 320. +2 .60 -6 .02 60. 
PU236 4 146. +2 I. 35-5 .45 60. 
PU23fi (, 365. +2 1. 35- 5 .45 3. 12 +2 
PU235 8 • ~ 0 .&0 .61 
PlJ235 20 .3-4 ),0 .0 .51 
PU235 21 .3-4 1.0 .0 .51 
PU236 22 .3-4 1.0 · a .61 
pU23'i 23 .3-4 1.0 .0 .61 
PU237 1 (, 50. +2 .300-4 1 .0 .038 
PU237 3 320. +2 .600-6 .020 .024 
PU237 4 146. +2 1. 3 5- 5 .450 .027 
PU237 (, 3')5. +2 1.35-5 .450 .0 (, 8 
PU237 8 .027 
PU237 20 .027 
PU237 21 .038 
PU237 22 .022 
pU237 23 .022 
PU241+D 1 (,50 . +2 .300-4 1.0 2.262 
PU241 ... D 3 320. ...2 .600-6 • 020 2.372 
PU241 ... D 4 146. +2 1.35- 5 .450 .999 
PU241+D 5 355. +2 I. 35- Ii .450 14. 
PU241+D S · 1 33-1 .030 . 18 
PU241+D 20 .3-4 1.0 .0 .011 
PU241+D 21 .3-4 1.0 .0 .012 
PU241+D 22 .3-4 1.0 .0 .011 
PU241+D 23 .3-4 1.0 .0 .011 
CM246 1 240. +2 .100- 3 ),0 56.0 
CM246 3 240. +2 .200-5 · 020 56.0 
CI",245 4 150 . +2 .450-4 .450 56.0 
CI",245 6 355. +2 .450-4 .300 2.78 +2 
CM246 8 56.0 
CM245 20 .54 
CM245 21 • .54 
cr1245 22 .54 
C~',24G 23 .4 
CM247+D 1 240. +2 .100- 3 1.0 55.0 
CM247+D 3 240. +2 2.0 -5 .020 55.0 
CM247+D 4 150. +2 .45 -4 .450 55.0 
CM247+D 6 365. +2 .45 -4 .450 2.70 +2 
CM247+D 8 55.0 55.0 55.0 
01247+D 20 · 71 
CI",247+D 2 1 .71 
CM247+D 22 .71 
CM247+D 23 .71 
0',248 1 240 . ... 2 .100- 3 1.0 4.53 +2 
CM248 3 240. +2 2. -6 .020 4.53 +2 
01248 4 146. +2 4.5 -5 .45 4.53 +2 
CM248 6 355. +2 .45 -4 .45 22.44 +2 
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ORGAN DATA LIBRARY (ORGLIB) 
CM21>8 8 4.53 +2 
0121>8 20 11. 4 5 
C~21>8 21 11. 4 5 
CM248 22 11." 5 
CM21>8 23 11.1>5 
CF252 1 650. +2 .300-4 1.0 .210+3 
CF252 & 3S 5. +2 .135-4 .45 .110+4 
CF252 8 .210+3 
ZNS9t-', 1 933. .100 1.0 .610 
ZN59M 3 149. .004 .040 .435 
ZN69M 4 91. .035 .350 .456 
ZN69M 6 1300. .015 .150 1. 852 
ZN69M 8 .4B7 .50 .50 
ZNf,9~ 10 270. .900-4 .900-3 .430 
ZN69M 11 107. .400-4 .400-3 .430 
ZN6 9~1 14 1950. .030 .300 .640 
ZN69M 15 14. .006 .060 .430 
ZN59M 17 25. .003 .030 .450 
ZN69~~ 20 • 1 3 
ZNf,91' 21 .27 
ZNI09M 22 • I> 1 2 
ZN59M 23 .412 
ZN69 1 933. . 100 1 .0 .328 
ZN69 3 149. .004 .040 .328 
2N69 4 91. .035 .350 .328 
ZN69 6 1300. .015 .150 1. I) 3 8 
ZN69 8 .370 
ZN69 10 27 O. .900-4 .900-3 .370 
ZN69 11 107. .400-4 .400-3 .370 
ZN69 14 191)0. .030 . 300 .370 
ZN69 15 14. .005 .050 .370 
ZN69 17 25. .003 .030 .370 
Z",1)9 20 • 3 2 8 
ZNl.i9 21 .328 
ZN59 22 .328 
ZN69 23 .32e 
RB87 1 45. 1.0 1.n .090 
RB87 4 I) 3. • 0 ~ 0 .050 .090 
RBel 5 45. .004 .004 .090 
RaE7 8 .090 
R887 14 80. .450 .450 .090 
RBEl 17 50. .003 .003 .Ogo 
RB87 20 .090 
R987 21 .090 
'<887 22 .090 
RB87 23 .090 
SR89 1 .130+5 .300 1.0 • 555 
S~89 6 .180+5 .210 .700 2.7S 
SR89 8 .550 
SR8g 20 .3 1.0 0.0 0.555 
SR89 21 .3 1.0 O. a .555 
S'":?9 22 , 1.0 n.n • ~ 5 5 
SR89 23 .3 1.0 0.0 .555 
SR90 1 40no. .3 1.0 1 • 1 37 
SR90 6 4000. .0225 • 300 5.650 
5R90 8 1. 305 
SR90 20 .777 
5'<90 21 .777 
5>:90 22 .777 
SR90 23 .7 .777 
y 90 1 .1'<0+5 .100- 3 1 .0 · i 17 
Y go 5 .180+5 .750-4 .750 4. 55 
y 90 8 .890 
y go 20 .80 
y 90 21 .89 
y 90 22 .917 
y go 23 1.0 .917 
5R91 1 .130+5 .300 1.0 1.834 
5'<91 6 .180+5 .210 .700 6.47 
51<91 8 1. 15 1.4 1.7 
5R91 20 .5 E 
S~91 21 .9R 
5'<91 22 .777 
SR91 23 0.777 
y 911' 1 .140+5 .100-3 1.0 .967 
y 91M 6 .180+5 .750-4 .750 3.325 
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y 91M 8 .1 (, n .42 .oR 
y 91'\ 20 .59 
y 91M 21 .59 
y 91M 22 .107 
Y 91M 23 .107 
Y 91 1 .140+5 .100-3 1.0 .612 
y 91 6 .180+5 .750-4 .750 3.049 
y 91 8 .59 
y 91 20 .59 
y 91 21 .59 
y 91 22 .01 
Y 91 23 .51 
SR92 1 .130+5 .300 1.0 2.601 
SR92 6 .180+5 .210 .700 8.502 
SR9:' 8 1. 75 1.9 1.9 
SR92 20 .45 
SR92 21 .95 
SR92 22 1. 857 
SR92 23 1. 867 
Y 92 1 .140+5 .100-3 1.0 1. 589 
Y 92 I; .1~0+5 .750-4 .750 7.257 
Y 92 8 1. 50 
Y 92 20 1.5 
Y 92 21 1.5 
Y 92 22 1. 475 
Y 92 23 1. 475 
'( 93 1 .140+5 .100-3 1.0 1.64? 
Y 9~ 5 .1~0+5 .750-4 . 750 7.9S7 
y 93 1. 50 1. 50 1. 50 
y 93 20 1.5 
Y 93 2 J 1.7 
Y 93 22 1. 602 
y 93 23 1. 502 
ZR93 1 450. .100-3 1.0 .023 
ZR93 3 900. .200-5 .020 .020 
ZR93 4 320 • .700-5 .07-0 .024 
ZR93 5 900. .600-5 .005 .025 
ZP,93 5 1000. .360-4 .350 .110 
ZR93 8 .019 .020 .024 
ZR93 20 .0 J 9 
ZR93 21 .019 
ZR93 22 .019 
ZR93 23 .019 
N!l93M 1 76n. .100-3 1.0 .030 
NB9311 3 750. .200-5 .020 .030 
N~93"1 4 B 45. .900-5 .090 .030 
NS93/\ 5 95. .ROO-5 .OOR .038 
N8g 3M, 61000. .380-4 .380 .07 g 
N893"1 8 .038 
NB 9 3f\ 20 .038 
NB93M 21 • 0 ~ 8 
Ng93M 22 .030 
N993M, 23 .030 
ZR95 1 450. .100-3 1 .0 1. 09 
ZP.95 3 900. .200- 5 .020 . 510 
ZR95 '+ 320. .700-5 .070 .589 
ZR95 5 900. .600-5 .005 .4fiO 
ZP.95 61000. .350-4 .300 1. 30 
ZR95 8 .327 .47 .55 
ZR95 20 .32 
ZR95 21 .57 
ZR95 22 .233 
ZR95 23 .238 
N!'95 1 760. .100-3 1.0 .525 
N995 3 750. .200-5 .020 .207 
N'3 9 5 4 840. .900-5 .090 .2&2 
NB95 5 95. .800-5 .008 .200 
Ng95 5 I 000 • .380-4 .380 .457 
NB95 8 .250 
NB95 20 .26 
N'395 21 .51 
NB95 22 .156 
N'395 23 .155 
Z~97 1 '+50. .100-3 1.0 2.11 
ZR97 3 900. .200-5 .020 1 • '+ 8 5 
Z~97 4 320 . .700-5 .070 1.59'1 
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ZR97 5 900. .ooo-S .006 1. 50 
ZR97 61000. .350-4 .360 &.30 
Z'<')7 8 1. 55 1.6 1.5 
ZR97 20 .94 
ZR97 21 1.2 
ZR97 22 1.406 
ZR97 23 1.406 
NB97 1 760. .100-3 1.0 .897 
N997 3 760. .200-5 .020 .611 
NB97 4 840. .900-5 .090 • I.i 51 
NB97 5 95. .800-6 .008 .600 
NB97 6 1000. .3?0-4 .380 2.546 
NB97 8 .640 
NBS7 20 .&5 
N897 " 21 .87 
NB97 22 .575 
N~97 23 .575 
~109 S 1 5 .0 .800 1.0 .547 
M099 3 3.0 .050 .080 .46 
M099 4 45. .080 .1 .47R 
M099 8 .470 .47 .47 
M099 20 .44 
'1099 21 .48 
~1099 22 .447 
~1099 23 .447 
Te99" 1 1.0 .500 1.0 .084 
Te99M 3 20.0 .005 .01 .035 
Te99'1 4 30.0 • 1 5 -2 .003 .043 
TC99'·\ 6 25.0 .001 .002 .094 
Te99'1 2~ .029 
TC99M 21 .029 
Te9S!", 22 • 029 
TC99·'" 23 • 5 0 .029 
Te99 1 1.0 .500 1.0 .095 
TC99 3 20. .005 • 010 .095 
T(99 4 30. .150-2 .003 .095 
TC99 6 25. .0 n 1 .002 .475 
TC99 8 5.0 .450-3 .90-3 .094 
TC9~ 12 1 n • .005 .010 .470 
TCgS 20 .095 
Te99 21 .095 
TC99 22 .095 
Te99 23 .50 .095 
RU103 1 7. 30 .030 1.0 .408 
RU103 3 2.50 .006 .200 .203 
RU103 5 15.0 .240-2 .080 .639 
RUI03 8 .263 .26 .26 
RUI03 20 .21 
RU103 21 .38 
RU103 22 · 176 
RUI03 23 .170 
RH1 0 3.'1 1 10.4 .200 1.0 .055 
RHI03M 3 28 . 0 .005 .030 .054 
RH 10 3i", 4 1 8 • 2 .008 .040 • 0 5 5 
RH103M 5 20.8 .002 .010 .054 
RH103!'1 5 1 fi .6 .010 .0 SO .190 
RH103M 8 .055 
RH103"i 20 • 0 5 5 
RHI03'1 21 .055 
RHl nw 22 .053 
RHIG3"i 2 3 • 0 5 3 
PD1C3 1 5.0 .2 1.0 .064 
PD103 3 30.0 .020 .080 .051 
PD103 4 19.0 .020 .090 .063 
PD103 5 15.0 .002 .010 • 061 
PDI03 8 .062 .064 .0&4 
PDI03 20 .022 
PDI03 21 .023 
PDI03 22 .019 
PD103 23 .019 
RU10S 1 7.30 .030 1.0 1. 06 3 
RU105 3 2. 50 .006 .200 .780 
RU105 5 15. .240-2 .080 3.325 
RUI05 8 .795 .90 .91 
RUI05 20 .72 
RU105 21 .98 
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ORGAN DATA LIBRARY (ORGLI B) 

RUIOS 22 · S 7 4 
RUIOS 23 .S74 
RHIOS I 10 .4 .2 n 0 I .0 .213 
RHI05 3 28.0 .OOS .030 • 181 
RHIOS 4 lR.2 .00 g .040 .186 
RHiOS 5 20.8 .002 . 0 I 0 • 190 
RHIOS 5 16.6 .010 .050 .847 
RHI05 8 .019 
RHI05 20 .190 
RHIOS 21 .20 
RHI0S 22 .177 
RHI0S 23 .177 
RUI06 I 7.30 .030 1.0 1. S 34 
RUI0G 3 2.S0 .006 .200 1. 447 
RUlOn 515.0 .240-2 .080 7. 078 
RUl06 8 1. 40 
RUI05 20 .030 1.0 0.0 1. 40 
RUI06 21 .030 1.0 0.0 1. 40 
RUIOS 22 .030 1.0 0.0 1. 436 
RUI0G 23 .97 1. 436 
PDI09 1 5.0 .200 1.0 .37S 
PDl09 3 30.0 • 020 .080 .373 
PDIOg 4 1 9 • 0 .020 .090 .374 
pOlog S IS.O .002 .010 .420 
PDI09 8 .42 
PDI09 20 .42 
POI09 21 .42 
PDI09 22 .373 
PDI09 23 .373 
AGI10M I S.O .010 1.0 1. 697 
AGII0!", 3 I 0 .0 .200-3 .020 .614 
AGII0M 41 S • 0 .300-3 .030 .803 
AGIIO~1 630.0 .SOO-3 .050 1 • I 2 9 
AGIIOM 8 .840 
AGII0M 20 .84 
AGII0M 2 I 1.7 
AGI10M 22 .477 
AGI10M 23 .477 
IN114M 1 48.0 .002 1.0 .970 
INI14M 3 60.0 .~OO-4 .040 • 9 30 
IN114M 4 S 8.0 .280-3 .140 .940 
INI14M S 48.0 .400-4 .020 .930 
IN1141" 6 S 7.0 .340-3 .170 4.S0 
IN114M 8 .940 
INI14M 12 67.0 .350-3 . 180 .900 
INI14~\ 16 8.40 .800-6 .400-3 .920 
INI14M 20 .94 
INI14M 21 .97 
INI14M 22 .93 
INI14M 23 .93 
CD115M I 200. .2S0-2 1.0 .6 I 0 
CDI15M 3 300. .250-3 .10 .610 
C0115~1 4 200. .190-2 .750 • j 1 0 
CD115M 8 .610 .610 .610 
COl15M 20 .20 
CD115M 21 .26 
CD llS~1 22 .61 
C0115~1 23 .51 
CD 11 S I 200. .250-2 1.0 .710 
CD 115 3 300. .250-3 .1 • S 6 0 
CO 115 4 200. .190-2 .750 • S 8 0 
COl15 8 .6S0-18 .38-16 .39-IS 
CDI15 20 .38 
COlIS 21 .4 S 
CDllS 22 .36 
CD 11 S 23 .36 
INllS~1 01 48.0 .002 1.0 .260 
I Nil 5,., 3 50.0 .800-4 .040 • 190 
I N115"1 4 S 8.0 .280-3 .140 .200 
IN IISM 05 48.0 .400-4 .020 · 1 gO 
INI15~·1 6 S 7.0 .340-3 .170 .740 
INllSM g .77-18 .39-16 .39-15 
INIIW 12 67.0 .360-3 .180 · 140 
IN115M 16 8.40 .800-5 .400-3 .150 
IN 115M 20 .20 
INllSM 21 .26 
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IN115M 22 • 18 
INI15~, 23 • 18 
IN 115 1 48.0 .002 1.0 • I 70 
IN 1 1 5 3 50.0 .800-4 .040 .170 
I N1lS " S 8.0 .2g0-3 .140 .170 
IN 11 S 5 48.0 .400-4 .020 .170 
IN 115 5 57.0 .340-3 .170 .850 
I N1l5 • 170 
I Nl15 12 67. a .360-3 .180 • I 70 
I N1l5 16 8.40 .800-5 .400-3 .170 
IN 115 20 .17 
IN 115 21 • I 7 
IN 115 22 • 17 
I NIlS 23 • 17 
SN125 1 35.0 .050 1.0 .945 
5NI25 4 70.0 .500-3 .010 .911 
5NI25 5 100. .02 • 300 4.482 
5NI25 .930 .94 1.0 
5N125 15 35 • a .300-4 .1&0-2 .940 
SN125 15 70.0 .500-5 .100-3 .880 
SNI25 20 .892 
SNI25 21 .892 
5N125 22 .892 
5NI25 23 .892 
58125 1 3 PO. .03 1.0 .367 
58125 4 380. .1;00-4 .002 • 221 
58 125 'ilOOO. .003 • I .623 
55125 8 • 2 I I .23 .26 
55125 16 4.0 .900-5 .300-4 .137 
SB125 20 .21 
58125 21 .34 
58 125 22 • 16 
58125 23 .93 • 159 
TE125", 1 15.0 .250 1.0 • 114 
TE125" 3 30.0 .020 .070 • 11 2 
TE125~ 4 30.0 • 0 I 0 .050 • 113 
TE I 2 5~ 5 30.0 .250-2 .0 I 0 .140 
TEl 25'~ 6 3 O. .02' .090 .558 
TE1251~ 8 • 140 
TEl 25.'-' 10 30. .750-3 • 0 a 3 • 1 I 0 
TE125~. Hi 9. .250-3 .001 • 112 
TE125'1 20 • 14 
TE125~1 2 I • I 5 
TEI25f'. 22 • 112 
TEI25M 23 • I 12 
5N126 I 35. · as 1.0 1.3 
SN12S 4 7 a • .0005 • a 1 0 0 1.1 
5NI26 5 I 0 a • • 02 • 3 4 • 
5N12S S 1.1 1.1 1 • 1 
5N12f> 15 35. .800-4 .16-2 .q 
5N 125 16 70. 5. a -5 . a a 01 .38 
SN125 20 1 . 1 
5N126 21 1.3 
51\12~ 22 0.2 
5N12S 2, o • 2 
5912~ 1 38. • 03 1.0 1.4 
5812& 4 38 • G.O -5 .002 .95 
58126 6100. .003 o • 1 3. 3 
58126 8 .95 .9& .95 
5'l126 15 4.0 9. -7 3.0 -5 .70 
5'l125 20 .95 
5'3126 21 1.4 
58126 22 .78 
59125 23 .78 
S ~ 1 27 1 3 ~ • • 03 1 . n .905 
513127 4 3~. 6.0-5 .002 .627 
58127 5 100. • 003 • 1 2. 2 2~ 
Sg127 8 .527 
5~127 1& 4. 9.-7 3.0-5 .479 
56127 20 .627 
58127 2 I 1.4 
59127 22 .524 
5E127 23 .524 
TE 1 2 H~ 1 15.0 .250 1.0 .237 
TE127~ 3 30.0 .020 .070 .237 
TE127M 4 30.0 .010 .050 .237 
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TE127M 5 30.0 .250-2 .010 .320 
TE127M 6 30.0 .023 .090 1. 185 
TE1271' 8 .256 • 32 .32 
TE1271' 10 30.0 .750-3 .003 .310 
TE127M 16 9. .250-3 .001 .225 
TE 1 27M 20 .083 
TE127M 21 .089 
TE127M 22 .237 
TE127M 23 .237 
TE127 1 15. .250 1.0 .236 
TE127 3 30. .020 .070 .235 
TE127 4 3 O. .010 .050 .235 
TE127 5 30. .250-2 .010 .240 
TE127 6 30. .023 .090 1. 175 
TE 127 8 .240 
TE127 10 -3 O. .750-3 .003 .240 
TE 127 16 9. a .250-3 .00 1 .235 
TE127 20 .24 
TE127 21 .24 
TE127 22 .24 
TE127 23 .235 
TE12,)M 1 15. .250 1.0 .655 
TE129M 3 30.0 .020 .070 .516 
TE129M 4 3 O. • a 10 .050 .625 
TE129M 5 3 O. .250-2 • a 1 a .780 
TE129M 6 3 O. • 023 .090 2.985 
TE 129M 8 .795 • B 3 • B 3 
TE129M 10 30. .750-3 • a a 3 .590 
TE129M 16 9.0 .250-3 • 001 .003 
TE 129M 20 .10 
TE129M 21 .11 
TE129'1 22 .610 
TE 129M 23 .610 
TE129 1 15. a .250 1.0 .59~ 
TE129 3 3 O. .020 .070 .552 
TE129 4 3 O. • 010 .050 • 561 
TE129 5 3 O. .250-2 .010 .680 
TE129 6 3 a • • 023 .090 2.655 
TE129 8 .730 .73 .73 
TE 129 10 3 a • .750-3 .003 .600 
TE129 15 9.0 .250-3 • 001 .539 
TE 129 20 .73 
TE129 21 .98 
TE129 22 .546 
TE129 23 .546 
I 129 1 100. 1.0 1.0 8.72 -2 
I 129 3 7. a .040 .040 8.76 -2 
I 129 4 7. a .120 .120 7.59 -2 
I 129 5 7.0 .005 · 005 .077 
I 129 6 14.0 .070 • a 7 a .316 
I 129 8 • a 8 2 
I 129 10 7. a .00 5 · 005 .05~ 
I 129 16 100. • 300 .300 6.52 -2 
I 129 20 .082 

129 21 .089 
129 22 .0694 

I 129 23 .05 .0694 
TE13H', 1 15. • 250 1.0 1. 50 
TE13H', 3 30. .020 .070 .810 
TEl31/-" 4 3 0 . • 0 1 0 .050 .970 
TE 13 H1 5 30. .250-2 .010 .800 
TE131M 6 30. .023 .090 2.60 
TE13H1 8 .763 .99 1 . a 
TE131M 10 30. .750-3 .003 .69 
TE131M 16 9. .250-3 · 001 .690 
TE13U' 20 .73 
TE131M 21 1.2 
TE131M 22 .55 
TE131M 23 .55 
TE131 1 15. .25 1.0 1. 358 
TE 131 3 30. .02 .07 1. a 09 
TE 131 4 30. • a 1 .05 1. 091 
TE 1 31 6 30. .023 • n 9 4.665 
TE131 8 1. 1 3 
TE 131 10 3 O. .75-3 .003 1. a 1 
TE131 16 9. .25-3 • 001 1. 010 
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ORGAN DATA LIBRARY (ORGLI B) 
TE131 20 1. 13 
TE131 21 1. 35 
TE131 22 .805 
TE 131 23 .805 
1 131 1 100. 1 • a 1 .0 .434 
1 131 3 7. .04 .04 .277 
1 131 4 7. · 12 .12 .305 
I 131 5 7. .005 .005 0.27 
I 131 5 14. .07 .07 1. 102 
1 131 8 .300 
1 131 10 7. .005 .005 .23 
1 131 16 100. .300 .300 .236 
I 131 20 5.0-2 .30 
I 131 21 5.0-2 .44 
I 131 22 5.0-2 .257 
I 131 23 5.0-2 .257 
TE132 1 15. .250 1.0 2.159 
TE132 3 3 O. .020 .070 1. 09 
TE132 4 30. · 010 .050 1. 282 
TE 132 5 30. .250-2 .010 .950 
TE 132 5 3 a • · 023 .ogo 3.544 
TE 13 2 e 1. 04 1.1 1.1 
TE 132 10 30. .750-3 .003 .730 
TE132 16 9.0 .250-3 .001 • g 14 
TE 13 2 20 · 1 3 
TE 132 21 .21 
TE132 22 .90 1 
TE132 23 .901 
I 132 1 100. 1.0 1.0 1. 9 21 
1 132 3 7.0 .040 .040 .934 
1 132 4 7.0 · 120 .120 1 • 107 
1 132 5 7.0 .005 .005 .850 
I 1 32 6 14.0 • a 7 a .070 2. R 99 
1 132 8 • 100 
I 132 10 7. a .005 .005 .640 
I 132 15 loa. .080 .090 .577 
1 132 20 5.0-2 1.0 
I 132 21 5.0-2 1.7 
1 132 22 5.0-2 .810 
1 132 23 5.0-2 .810 
I 133 1 100. 1.0 1 .0 .830 
1 133 8 .656 .78 • PO 
1 133 IS 100. .225 .240 .498 
I 133 20 5.0-2 .54 
1 133 21 5.0-2 • R 4 
I 133 22 5.0-2 .534 
I 133 23 5.0-2 .534 
I 134 1 100. 1.0 1.0 2.66 
I 134 8 1. 10 
I 134 16 100. .040 .040 .923 
I 134 20 5.0-2 1.1 
1 134 21 5. 0-2 l.~ 

I 134 22 5.0-2 1 . 107 
1 134 23 5.0-2 1. 107 
C5134'1 1 115. 1.0 1.0 · 180 
C5134M 3 42. .010 • a 1 a .082 
C5134'1 4 go. .070 .070 · 122 
C5134."1 5 9R. • a a ~ .005 • 1 3 n 
(5134"'. 6 140. .040 .040 .417 
C5134f'. B .927-1 • 12 .30 
C5134" 1 4 11.0. .408 .400 .200 
C5134M 20 .092 
C 5 J 3 4 ~~ 21 • a 11 
(51341'1 22 .0548 
C5134~1 23 .0548 
C5134 1 115.0 1.0 1.0 1. 1 52 
(5134 3 42.0 • a 1 a • a 1 0 .489 
C5134 4 go.O • a 7 a .070 .606 
C 5 134 5 98.0 .005 .005 .460 
C5134 S 140. .040 .040 1. 247 
C5134 8 140. .oo~ .003 .570 
C5134 14 140. .400 .400 1.1 
C 5 134 20 .57 
C S 134 21 1.1 
C5134 22 .405 
C 5134 23 .405 
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ORGAN DATA LIBRARY (ORGLI B) 

I 135 1 100. 1.0 1.0 1.1;83 
135 8 .99 1.1 1.1 
135 16 100. • 150 • 170 . 503 
135 20 5.0-2 .70 
135 21 5.0-2 .12 
135 22 5.0-2 .802 

I 135 23 5.0-2 .802 
C5135 1 115. 1.0 1.0 5.58 -2 
C5135 3 1;2. .010 .010 6.58 -2 
C5135 I; 90. .070 .070 6. 58 -2 
C5135 5 98. .005 · 005 .066 
C5135 5 1 I; 0 • .01;0 .01;0 .329 
C5135 8 140. .003 .003 .066 
C5135 14 140. .400 .400 .066 
C5135 20 .065 
C5135 21 .056 
C5135 22 .066 
C513S 23 .065 
C5137 1 115. 1.0 1.0 .594 
C5137 3 42. .010 .010 .359 
C5137 4 ') O. .070 .070 .400 
C5137 5 98. .005 .005 • 370 
C5137 (, 140. .040 .040 1. 36 5 
C5137 8 11;0. .003 .003 .410 
C5137 14 140. .400 .400 .590 
C5137 20 .41 
C5137 21 .59 
C5137 22 .329 
C5137 23 .05 .329 
C513S 1 115. 1.0 1.0 2.289 
C5138 3 42. .01 • a 1 1.454 
C5138 4 90. .07 .07 1.596 
C5138 5 98. . 005 .005 1. 45 
C5138 6 140. .04 .04 5.842 
C5138 8 1.6 
C5138 14 140. .40 .40 2.29 
C5138 20 1.6 
C5138 21 2.29 
C5138 22 1. 352 
C5138 23 1. 352 
C5139 1 115. 1. 1. 2.711 
C5139 3 42. .01 .01 2.557 
C513~ 4 90. • 07 .07 2.584 
C5139 5 98. • 005 .005 2.55 
C5139 6 140. .04 .04, 12.5 
C5139 8 2.58 
C5139 14 140 . .4 .4 2.71 
C5139 20 2.58 
C513'l 21 2.71 
C5139 22 2.535 
C5139 23 2.536 
BAll;O 1 65.0 .050 1.0 2.364 
BAll;O 3 8.50 .500-5 .100-3 1. 379 
8A140 4 975. .300-4 .500-3 1 . 548 
8'1140 5 1 3 • 0 .250- 5 .500-4 1. 20 
BA11;0 5 55.0 .035 .700 5.139 
BAll;O 8 .751 1.4 1.4 
B'I140 142000. .150-3 • 003 2.30 
BA14Q 20 .34 
B'I1I;O 21 .1;0 
BA140 22 .354 
BAll;O 23 .'54 
LA140 1 500. .0001 1.0 1. 889 
LA140 4 400. .150-1; • 150 1 . 160 
LA140 61000. .400-4 .400 3.536 
LA140 8 1. 10 
LA140 20 I.! 
LA11;0 21 1.9 
LA!40 22 .903 
LA11;O 23 .903 
BA141 1 55. .05 1.0 2.365 
BA11;! 3 8.5 .500-5 .10-3 2. !1 'l 
BA141 4 975. .30G-4 .50-3 2.11;7 
BA!I;! 5 13. .250-5 .50-4 2.116 
BA14! 5 55. .035 .7 10.04 
SA!"l 2 • 1 I; 7 
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ORGAN DATA LIBRARY (ORGLI B) 

SA 141 142000. .150-3 .003 2 . 3 S 5 
SA141 20 2.147 
BAI41 21 2.365 
BA141 22 1 • 1 29 
BAI41 23 1. 129 
LA141 1 500. .0001 1.0 .951 
LAI41 4 400. .150-4 • I 5 .942 
LAI41 61000. .400-4 .40 4.680 
LAI41 8 .942 
LAI41 20 .942 
LAI41 21 .951 
LA.141 22 .938 
LA141 23 .938 
CEI41 I 563. .100- 3 1. 00 0 .221 
CE141 3 553. .200-5 .020 .194 
CE141 4 293. .250-4 .250 .199 
CE141 61500. .300-4 .300 .928 
CEI41 8 .180 
CEl41 20 • 1 8 
CEI41 21 .221 
CE141 22 · 191 
CE141 23 .191 
8,11142 1 65. .05 1 .0 3.409 
BAI42 3 8.5 .500-5 .100-3 2.022 
RA142 4 975. .300-4 .000-3 2.257 
BA142 5 13. .250-5 .500-4 2.022 
9,11142 5 55. .035 .7 7.755 
SA142 8 2.257 
BAI42 14 2000. .150-3 .003 3.409 
BA142 20 2. 257 
BA142 21 3.409 
BA142 22 1. 855 
9,11142 23 1 • 855 
LA142 1 50 n . • 0001 1.0 2.133 
LAI42 4 400. .15-4 • I 5 1. 39 
LA142 6 1000. .40-4 .40 4.718 
LA142 8 1. 39 
LA142 20 1. 39 
LA142 21 2.133 
LA142 22 1. 135 
LA142 23 1 • 135 
CEI43 1 563. .100- 3 1.0 .9,3 
CE143 3 553. .200-5 • n 2 ~ .795 
CE143 4 293. .250-4 .250 • 8 18 
CEI43 61500. .300-4 .300 3.791 
CEl43 8 .562 .79 • B 5 
CE143 20 • g I 8 
CE143 21 .933 
CE143 22 .46P 
CE143 n .4S8 
PRI4, J 75.0 .100-3 1.0 .324 
PRI43 3 750. .200-5 .020 .324 
PR143 4 375. .200-4 .200 .324 
PR143 61500. .400-4 .400 1. 618 
PR143 8 .320 
PR143 20 .32 
PRI43 21 .32 
PR143 22 .32 
PRI43 23 .324 
CE144 1 553. .100- 3 1.0 1. 31 3 
CEI44 3 5S3. .200-5 .020 1.295 
CEI44 4 293. .2,0-4 .250 1.298 
CE144 51500. .300-4 .300 5.44' 
CEI44 8 1. 30 1. 30 1. 3Q 
CEI44 20 1.3 
CEI44 21 1.3 
CEI44 22 1.3 
CE144 23 1.292 
po, 14 4 1 75. .10-3 1. 1. 205 
PR144 750. .20-5 .02 1. 193 
PR144 4 375. .20-4 .20 1. 195 
PRI44 6150n. .40-4 .40 5.944 
P'<144 8 1. 195 
PRI44 20 1. 195 
PRJ44 21 1. 20:; 
PRI44 22 1. 191 
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ORGAN DATA LIBRARY (ORGUB) 
PR144 23 1. 19 1 
N0144 1 656. .100-3 1.0 20.0 
'10144 3 G 55. .500- 5 .050 20.0 
ND144 4 131. .500-4 .500 20.0 
ND144 61500. .350-4 .350 100. 
NDl44 8 20. 
N0144 20 .19 
N0144 21 • 19 
NO!44 22 • 19 
ND144 23 .19 
ND!47 1 555. .100-3 1.0 .381 
NOl47 3 556. .500-5 .050 • 3! 9 
~J0147 4 131. .500-4 .500 .330 
ND147 51500. .350-4 .350 1. 550 
N0147 .290 .290 .31 
N0147 20 .29 
ND!47 21 • 37 
NDl47 22 .282 
ND147 23 .282 
PIn 47 1 655. .100-3 1 .0 0.980-2 
p~n 4 7 3 655. .200-5 .020 6.980-2 
PM!47 4 555. .&00-5 .060 5.980-2 
P~! 1 47 Sl'iOO. .350-4 .350 .349 
PI".147 S .059 .069 .0 S9 
PI"·147 20 5.980-2 
PM!47 21 6.980-2 
PM147 22 5.980-2 
PI1l47 23 5.980-2 
PI·!! 48"', 1 655. • ! 0 - 3 1.0 1. 4 B 1 
PMI4R~ 3 556. .20- 0; .02 .629 
PM148r1 4 o5f>. .60- 5 .05 .784 
PI",148M (, 1500 • .35-4 .35 2.0>'] 
P~1l48M 8 .784 
PM148M 20 .784 
P/',148/', 21 1 .481 
pr1148r1 22 • 531 
P"148M 23 • 5 31 
PMl48 1 555. · 10- 3 1.0 1. 065 
PM14R 3 656. • 20- 5 .02 .857 
PM148 4 656. .60- 5 .0& .857 
P~',14R 6 1500. .35-4 .35 3.627 
PM14R 8 .857 
PM148 20 .857 
p~q 48 21 1. 055 
PM148 22 .783 
PI'! 4 P 23 .783 
PM151 1 65"> • . ! - 3 1. .474 
PI",1 5 1 3 6 56. • 2- 5 • 0 2 • 3 59 
PM 1 5 1 4 S 'i~. .6- 5 .05 .379 
P'1 J 51 A J 0; 00. .35-4 .35 1 • 59" 
PIll 5 ) • 3 7 9 
PM15) 20 .379 
PI: 1 51 21 .474 
P~~ 1 51 22 .345 
P~', I 51 2" • 345 
SM151 1 655. .100-3 1.0 .042 
5~H 51 3 556. .200-5 .020 .042 
5~151 4 187. .350-4 .350 .042 
5f!l51 61500. .350-4 .350 • 130 
51-',151 8 .042 
5/',1 5 1 20 .042 
51"1 5 1 21 .042 
9~151 22 .041 
51"! 5 1 23 · 041 
~J 187 1 ! .0 • 100 1 .0 • 572 
W 187 4 4.0 .00 S .0&0 .414 
~I 187 & 9.0 • DO 7 .070 1 • 55 R 
W 187 8 .440 .44 .44 
\-1 187 20 .44 
w 187 21 .68 
~. 187 22 .356 
VI lPl 23 .35S 
RE! ?7 1 7.0 .500 1.0 .012 
RE187 4 14.0 .0 n 5 .0 1 0 .012 
RE187 I) 3.50 .005 • n 1 0 .052 
RE!87 8 .012 
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ORGAN DATA LIBRARY (ORGLIB) 

REIR7 12 25.0 .130 .250 .012 
RE187 16 3.0 .350-2 .007 .012 
RElS7 20 .012 
RE187 21 .012 
"E187 22 .012 
REIB7 23 .012 
THBO I § 7 0 • +2 .100-3 1.0 .480+2 
TH230 3 220. +2 .500-5 .050 .480+2 
TH230 4 570. +2 .500-5 .050 .'+80+2 
TH230 Ij 355. +2 .700-'+ .700 .242+3 
TH230 8 .480+2 .490+2 .48+2 
TH230 20 .47 
TH230 21 .'+7 
TH230 22 .47 
TH230 23 .47 
RA226 18100. .300 1.0 .110+3 
RA22S 5 164. +2 .030 • 100 .110+3 
RA22& 8 .110+ 3 
RA22~ 20 3.70 
RA22& 21 3.70 
RA22& 22 3.70 
RA225 23 3.7 
PB210 114&0. .080 1 • () 5.20 
PB210 3 53!. .01 0 .140 10.0 
PB210 41950. .0054 · a 80 10 . 
P'l210 63550. • 020 .280 29 • 
PB210 8 • 157 14. 4' . 
PB 2,1 0 20 .027 
PB210 21 .045 
PB210 22 .41;0 
P'l210 23 .4&0 
B I 21 0 1 5. a .010 1.0 10 .0 
B I 21 0 3 5.0 • 003 .300 19 • 
S I 210 4 15 .0 . 150-2 .150 13 • 
B I 210 5 10.0 . 100-3 .010 17 • 
B 1210 6 13.3 .300-3 . 030 40 • 
B 1 210 B .795 1, • 43. 
8 I 210 20 .40 
B I 210 21 .40 
8 I 210 22 .40 
B I 21 0 23 .40 
P0210 1 30. .050 1.0 55.0 
P021~ 3 70 . .004 .07 n 55. a 
P0210 4 41. .010 .170 55.0 
P0210 5 (,0. · 002 .040 55.0 
P0210 24. • 0 a 5 .1 no 275. 
P0210 B 55 . 0 
P0210 20 .53 
P0210 21 .53 
P0210 22 .53 
P0210 23 .53 
u 232 1 100. · 010 1.0 2.80 +2 
u 232 3 15.0 .110-2 • 110 1 • 1 0 +2 
U 232 Q 3 a 0 . • 1 10 - 2 .1 10 1 .20 +3 
U 232 8 .552+2 .760+2 .19+3 
U 232 20 .54 
U 232 21 .54 
U 232 22 · 53 
u 232 23 .53 
TH232 570. +2 .100-3 1.0 .62 +2 
T"232 2 2 0 . +2 .500-5 .050 · 41 +2 
TH232 ... 570. +2 .500-5 • n 50 .41 +2 
TH232 6 3&5. +2 .700-4 .700 .270+3 
TH232 8 .410+2 .410+2 .55+2 
TH232 20 .40 
TH232 21 .41 
TH232 22 .40 
TH232 23 1.0 .40 
RA228 18100. .300 1.0 2.3 +2 
RA228 6 154. +2 .030 .100 1.9 +2 
RA228 B .716 .22 +2 .14+3 
RA22~ 20 .03 
RA228 21 .53 
RA228 22 .53 
RA228 23 .S3 
AC22R 1 240. +2 .100-3 1.0 .230+3 
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ORGAN DATA LIBRARY (ORGLIB) 

AC228 3 240. +2 .100-5 .010 .550+2 
AC228 4 240. +1 .500-4 .500 .560+2 
AC228 6 355. +2 .300-4 .300 .970+3 
AC228 8 .897 2.2 +1 1.4 +2 
AC228 20 .74 
AC228 21 1.1 
AC228 22 .62 
AC228 23 .62 
TH228 1 570 . +2 .100-3 1.0 .230+3 
TH228 3 220. +2 .500-5 .050 .56 +2 
TH228 4 570. +2 .500-5 .050 .55 +2 
TH228 6 365. +2 .700-4 .700 .970+3 
TH228 8 .110+3 • 31 +3 .33+3 
TH228 20 4.4 
TH228 21 4.4 
TH228 22 4.4 
TH228 23 4.4 
RA224 18100. .300 1.0 2.80 +2 
RA224 6 164. +2 • 150 .500 2.80 +2 
RA224 8 .249+3 .28 +3 .28+3 
RA224 20 4.2 
RA224 21 4.2 
RA224 22 4.2 
RA224 23 4.2 
PB212 11450. .080 1.0 82.0 
PB212 3 531. .010 .140 81. 0 
PB212 41950. .640-2 .ORO S 3.0 
PB212 631;50. .020 .280 410.0 
P9212 8 79.9 83.0 83.0 
PB212 20 .24 
PB212 21 .29 
PB212 22 .22 
PB212 23 .22 
BI212 1 5 .0 .010 1.0 83.0 
B 1212 3 6 . 0 .003 .300 82.0 
BI212 4 15.0 .150- 2 .150 83. 0 
B 1212 5 10 .0 .100-3 .010 82.0 
B 1212 (, 13.3 .300-3 .030 .411+3 
B 1212 8 83.0 
B 1212 20 1.8 
BI212 21 2.2 
B 1 212 22 1.7 
B 1212 23 1.7 
u 235 1 100. .010 1.0 46. 
U 235 3 15. .11 0- 2 . 110 45. 
U 235 (, 300. .110-2 .110 2.30 +2 
u 235 8 .451+2 .45 +2 .45+2 
U 235 20 1.0 .56 
u 235 21 1.0 .77 
u 235 22 1.0 • I) 1 
u 235 23 1.0 .61 
TH231 1 570. +2 .100-3 1.0 • 180 
TH231 3 220 • +2 .500-5 .050 · 140 
TH231 4 570 . +2 .500-5 .050 • 160 
TH231 5 355. +2 .700-4 .700 · 550 
TH231 · 1 1 0 .110 • 110 
TH231 20 1.0 • 1 1 
TH231 21 1.0 .14 
TH231 22 1.0 .093 
TH231 23 1.0 .093 
PA231 1 410. +2 .100-3 1.0 1. 40 +2 
PA231 3 510 • +2 .400-5 .040 79.0 
PA231 4 5 go. +2 .500-5 .050 6.3 +1 
PA231 6 35 S. +2 .450-4 .450 7.50 +2 
PA231 8 .510+2 .52 +2 .70+2 
PA231 20 .60 
PA231 21 .70 
PA231 22 .56 
PA 2 31 23 .56 
AC227 1 240. +2 .100- 3 1.0 2.0 +2 
AC227 3 240. +2 .100-5 .010 5.2 +1 
AC227 4 240. +1 .500-4 . 500 6.2 +1 
AC227 6 365. +2 .300-4 .300 1.0 +3 
AC227 8 4.8 9 2. 1 0 +2 3.2 +2 
AC227 20 .,,40 
AC227 21 .540 
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ORGAN DATA LIBRARY (ORGLI B) 

AC227 22 .S40 
AC227 23 .S40 
TH227 1 570. +2 .100-3 1.0 .200+3 
TH227 3 220. +2 .500-5 .050 .61 +2 
TH227 4 570. +2 .500-5 .050 .61 +2 
TH227 6 355. +2 .700-4 .700 .990+3 
TH227 8 .827+2 .28 +3 .33+3 
TH227 20 .64 
TH227 21 .69 
TH227 22 4.30 
TH227 23 4.3 
RA223 18100. .300 1.0 2.75 +2 
RA223 3 10. 6.0 -4 .002 2.75 +2 
RA223 4 10. 1.2 -4 4.0 -4 2.75 +2 
RA223 S 164. +2 • 150 .500 2.75 +2 
RA223 8 28.0 +1 
RA223 20 3.7 
RA223 21 3.8 
RA223 22 3.7 
RA223 B 3.7 
NP237 I 390. +2 . 100-3 1.0 49 • 
"P237 3 640. +2 • 300-5 .030 49 • 
NP237 4 145. +3 4.50-5 . 450 49 . 
NP237 G 355. +2 .450-4 .450 2.50 +2 
NP237 8 .490+2 .490+2 .49+2 
NP237 20 .50 
NP237 21 • 52 
NP237 22 .62 
NP237 23 .62 
PA233 I 410. +2 .100-3 1.0 · 32 
PA2 33 3 510. +2 .400-5 .040 • 15 
PA233 4 580. +2 .500-5 .050 · 1 8 
PA233 5 355. +2 .450-4 .450 .41 
PA23; g .18 
PA233 20 .18 
PA233 21 .32 
PA233 22 .13 
PA233 23 .13 
U 233 1 100. .010 1.0 50. 
U 233 3 15.0 • 110-2 • 110 50 • 
U 233 6 300. .110-2 .110 2.50 +2 
U 233 8 .500+2 
U 233 20 .49 
U 233 21 .49 
U 233 22 .49 
U 233 23 .49 
TH229 1 570. +2 .100-3 1.0 .330+3 
TH229 3 220. +2 .500-5 .050 .49 +2 
TH229 4 570. +2 .500-5 .050 .49 +2 
TH229 6 730. +2 .700-4 .700 .940+3 
TH229 8 .270+3 .270+3 .27+3 
TH229 20 4.0 
TH229 21 4.0 
TH229 22 4.0 
TH229 23 4.0 
RA225 18100. .30 1.0 2.80 +2 
RA225 3 10. 0.0 -4 .002 2.50 +2 
RA225 4 10. • 12 -3 .040-2 2.50 +2 
RA225 6 154. +2 • 1 5 .5a 2.80 +2 
RA225 a 2. 50 +2 2.50 +2 2.50+2 
RA 225 20 3.5 
RA225 21 3.5 
RA225 22 3.5 
R~225 23 3. 5 
IICZ2S 1 240. +2 .001-1 1.0 2. a 0 +2 
AC225 3 240. +2 1.0 -6 .01 2.an +2 
AC225 4 240. +1 5.0 -5 .50 2.80 +2 
IIC 2 25 Ij 730. +2 3.0 -5 .30 1. 39 +3 
AC225 8 2.70 +2 2.70 +2 2.70+2 
AC225 20 3.3 
AC225 21 3.3 
AC225 22 3.3 
AC 2 2 5 23 3.3 
U 238 1 100. .01 1.0 43.0 
1I 238 3 15. 1.1 -3 O. 11 43.0 
U 23P 6 300. 1.1 -3 0.11 220.0 
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ORGAN DATA LIBRARY (ORGLIB) 

U 238 8 43.0 
U 238 20 1.0 o .43 
U 238 21 1.0 0.43 
U 238 22 1.0 0.43 
U 238 23 1.0 0.43 
TH234 1 570. +2 .100-3 1.0 .91 
TH234 3 570. +2 .500-5 .050 .90 
TH234 4 570. +2 .500-5 .050 .90 
TH234 6 365. +2 7.00-5 .700 4.5 
TH234 8 .900 
TH234 20 1.0 .90 
TH234 21 1.0 .91 
TH234 22 1.0 .90 
TH234 23 1.0 .90 
M1242M 1 200. +2 .100-3 1.0 61. 
A1",242M 2 7 O. +2 .300-5 .030 60.5 
At-',242M 4 145. +2 4.50-5 .450 57. 
AM242M 6 355. +2 4.50-5 .450 3.02 +2 
AM242M 8 .340 .13 +2 .40+2 
At-',242M 20 .019 
AM242M 21 .037 
AM242M 22 .73 
AM242M 23 .730 
M1242 1 200. +2 .100-3 1.0 57.0 
. AM242 3 270 . +2 .300-5 .030 65.0 
AM242 4 145. +2 4.50-5 .450 53.0 
AM242 5 355. +2 4.50-5 .450 3.40 +2 
M1242 8 .540 . 1 3 +2 .40+2 
AM242 20 .22 
M1242 21 .22 
AM242 22 .20 
AM242 23 .20 
CM242 1 240. +2 .100-3 1.0 80.0 
Cr--,242 3 240. +2 .200-5 .020 78.0 
CM242 4 150. +2 .450-4 .450 78.0 
CM242 5 365. +2 .450-4 .450 4.0 +2 
C1",242 R 53.0 63.0 54.0 
CI-'242 20 .62 
U',242 21 .62 
CM242 22 .62 
CM242 23 .62 
PU242 1 550. +2 .300-4 1.0 51. 
PU242 3 320. +2 .600-S .020 51. 
PU242 4 145. +2 1.35-5 .450 51. 
PU242 6 355. +2 1.35-5 .450 2. 50 +2 
PU242 8 51.0 
PU242 20 .3-4 1.0 .0 · 510 
PU242 21 .3-4 1.0 .0 .510 
PU242 22 .3-4 1.0 .0 .510 
PU242 23 .3-4 1.0 .0 • 510 
PU238 1 650. +2 .300-4 1.0 57. 
PU238 3 320. +2 .500-6 • 020 57. 
PU238 4 146. +2 1. 35- 5 .450 57. 
pU23R 6 355. +2 1. 3 5- 5 .450 2.RO +2 
PU238 8 57.0 
"U238 20 .3-4 1.0 o .0 .55 
PU238 21 .3-4 1.0 o • 0 .55 
PU238 22 .3-4 1.0 0.0 • 57 
PU238 23 .3-4 1.0 0.0 .57 
CM244 1 240. +2 .100-3 1.0 58. 
CM244 3 240. +2 .200-5 .020 5 R. 
CI-',244 4 150. +2 • 450-4 .400 58 • 
Ct-',244 6 355. +2 .450-4 .450 2.90 +2 
CM244 8 50.0 50. 60. 
01244 10 1 • 0 + 8 o • 5 -3 5.0 +1 
0',244 11 1.0+ 8 O. 1 -3 6.0 +1 
Ct-',244 20 .59 
CM244 21 .59 
Cr'.244 22 .59 
01244 23 .59 
PU244 1 650. +2 .300-4 1.0 58.4 
PU244 3 320. +2 .60 -5 .020 58.4 
PU244 4 14.6+3 1.35-5 .45 5 9 .4 
PU244 5 355. +2 1.35-5 .45 2.92 +2 
PU244 9 58.4 58.4 58.4 
PU244 20 .75 
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ORGAN DATA LIBRARY (ORGLI B) 

PU244 21 .7& 
PU244 22 .76 
PU244 23 .76 
PU240 1 & 50. +2 .300-4 1.0 53.0 
PU240 3 320. +2 .000-5 .020 53.0 
PU240 4 146. +2 1. 35- 5 .450 53.0 
PU240 0 355. +2 1. 35- 5 .450 2.70 +2 
PU240 8 53.0 
PU240 20 .3-4 1.0 .0 .53 
PU240 21 .3-4 1.0 .0 • 53 
PU240 22 .3-4 1.0 .0 • 5; 
PU240 23 .3-4 1.0 .0 .53 
C,.,,247 1 240. +2 .100-3 1.0 55. 
CM247 3 240. +2 2.0 -& .020 55. 
U',247 4 150. +2 .45 -4 .450 55. 
C,..,247 6 365. +2 .45 -4 .450 2.70 +2 
C"',247 8 55.0 55.0 5 5.0 
CI",247 20 · 7 1 
C""247 21 .71 
CM247 22 .71 
CM247 23 .71 
CI",243 1 240. +2 • 1 0 0- 3 1.0 GO.O 
C"'.243 3 240. +2 .200-5 . 0 2 0 60.0 
CM243 4 150. +2 .45D-4 .450 60.0 
CI",243 5 355. +2 .450-4 .450 2.99 +2 
U',243 8 50. 60. 60. 
CM243 20 .64 
CM243 21 .71 
CM243 22 • (, 1 
CM243 23 .51 
PU243 1 650. +2 .300-4 1.0 .37 
PU243 3 320. +2 .50Q-5 .020 .37 
PU243 4 1.5+4 1. 3 5- 5 .45 .25 
PU243 '1 355. +2 1.35-5 • 45 2 • 
PU243 g · 19 
PU243 20 .18 
PU243 21 .19 
PU243 22 .18 
PU243 23 .18 
A,~124 3 1 2 a O. +2 .100-3 1.0 54.0 
M1243 3 270. +2 .300-5 .030 54.0 
AM243 4 146. +2 .450-4 .450 54.0 
A,M243 5 355. +2 .450- 4 .450 2.70 +2 
Af',243 8 54.0 54.0 54.0 
AM243 20 .54 
A,"',243 21 · 55 
AM243 22 .68 
A'1243 23 .58 
NP239 1 390. +2 .100-3 1.0 .250 
NP239 3 640. +2 .300-5 .030 · 210 
NP239 4 1. 45 +5 4.50-5 .450 • 230 
NP239 6 355. +2 .450-4 .450 1. 070 
NP239 8 • 160 • 1 S . 16 
NP239 20 .1 G 
NP239 21 .22 
NP239 22 .22 
NP239 23 .22 
PU239 1 650. +2 .300-4 1.0 53.0 
PU239 3 320. +2 .600-5 .020 53.0 
PU239 4 14 S. +2 1. 35- 5 .450 53.0 
PU239 5 3S 5. +2 1.35-5 .450 2.70 +2 
PU239 53.0 
PU239 20 .3-4 1.0 o. a .520 
PU239 21 .3-4 1.0 0.0 .520 
PU239 22 • ~-4 1.0 0.0 · 520 
PU239 23 .3-4 1.0 0.0 • 520 
CM245 1 240. +2 .100-3 1.0 55.0 
CM245 3 240. +2 .200-5 • 020 56.0 
CM245 4 150 . +2 .450-4 .450 56.0 
CM245 6 365. +2 .450-4 .4~O 2.80 +2 
01245 g 55.0 55.0 55.0 
CM245 20 .57 
C,",245 21 • f, 1 
CM245 22 .55 
C'1245 23 .55 
PU241 1 650. +2 .30n-4 loU 2.252 
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ORGAN DATA LIBRARY (ORGLI B) 

PU241 3 320. +2 .600-5 .020 2.372 
pu241 4 145. +2 1. 35- 5 .450 .999 
PU241 6 365. +2 1. 35- 5 .450 14. 
PU241 8 .133-1 .030 . 18 
F'u241 20 .3-4 1.0 .0 .011 
PU241 21 .3-4 1.0 .0 .012 
PU241 22 .3-4 1.0 .0 .011 
PU241 23 .3-4 1.0 .0 .011 
AM241 1 200. +2 .100-3 1.0 57. 
M',241 3 27 o. +2 .300- 5 .030 57. 
AM241 4 146. +2 .450-4 .450 57. 
AM241 & 355. +2 .450-4 .450 2.80 +2 
AM241 8 57.0 
AM241 20 1.0 .56 
AM241 21 1.0 .59 
AM241 22 1.0 .58 
AM241 23 1.0 • 58 

E-31 



FOOD TRANSFER COEFFICIENTS ( FTRAN SLI B) 

:::::: FOOD TRA"ISFER COEFFICIENT LIBRARY 2/2717R SA NAPIER un .. 

ELT DEP. VEL. PLANT EGG MI LK BEEF PORK POULTRY 
M/SEC DAY/KG DAY/l DAY/KG DAY/KG DAY/KG 

H 0.0 o • 0 0.0 n.O 0.0 0.0 0.0 
BE 1.0-03 4.7-04 2.n-02 2.0-0f, 8.0-04 1.0-02 4.0- 0 1 
C 0.0 o • 0 0.0 0.0 0.0 0.0 0.0 
N 1.0-03 7.5+00 9.9-04 1.1-02 9.9-04 9.9-04 9.9-04 
F 1. 0-02 2.0-02 9.9-04 7.0-03 2.0-02 9.0-02 9.9-04 
NA 1. 0-03 5.0-02 2.0-01 4.0-02 5.0-02 1.0-01 1.0-02 
P 1.0-03 5.0+01 1. 0 +0 1 1. 2-02 5.0-02 5.4-01 1.9-01 
AR 0.0 o .0 o . 0 0.0 0.0 0.0 0.0 
CA 1.0-03 4.0-02 1.0+00 8.0-03 3.3-0~ 3.3-03 3.3-03 
SC 1.0-03 1.1-0' 9.9-04 2.5-05 S.0-03 1.0-02 4.0-03 
CR 1.0-03 2.5-04 9.9-04 1.1-03 9.9-04 9.9-04 9.9-04 
rlN 1.0-03 3.0-02 1. 0-01 1.0-04 5.0-03 2.0-02 1.1-01 
FE 1.0-03 4.0-0!; 1. 0- 01 6.0-04 2.0-02 5.0-03 1.0 - 0 3 
CO 1.0-03 9.4-03 1.0-01 5.0-04 1. 0- 0 3 5.0-03 1. 0-03 
NI 1. 0-03 1. 9-02 1.0-01 3.4-03 1.0-03 5.0-03 1.0-03 
CU 1.0-03 1. 3- 01 2.0-01 7.0-03 1. 0-02 1. 5-02 2.0-03 
zr-: 1.0-03 4.0-01 4.0-03 5.0-03 5.0-02 1.4-01 2.0-03 
AS 1.0-03 1. 0- 0 2 9.9-04 3.0-03 1.47-3 2.:.8-2 8.33-1 
SE 1 .0 - 0 3 1.3+00 2.1+00 2.3-02 1.0+00 4.5-01 3.7-01 
BR 1.0-02 7.6-01 1.6+00 2.5-02 2.0-02 9.0-02 4.0-03 
KR o .0 0.0 0.0 0.0 0.0 o . 0 O. C 
R3 1.0-03 1.3-01 3.0+00 1.0-02 1.5-01 2.0-01 2.0+00 
SR 1.0-03 2.0-01 4.0-01 1.5-03 3.0- n 4 7.3-03 9.0-04 
y 1.0-03 2.5-03 5.0-04 5.0-05 5.0-03 5.0-03 5.0-04 
ZR 1.0-03 1.7 - 04 1.2-03 2.5- 05 5.0-04 1.0-0' 1.0-04 
Ne 1.0-03 9.4-03 1.2-03 1.2-03 5.0-04 1.n-03 1.0-04 
~10 1.0-03 1. 3-01 4.0-01 4.0-03 1. 0-02 2.0-02 2.0-03 
TC 1. 0-03 2.5- 01 9.9-04 1.2-02 9.9-04 9.9-04 9.9-04 
RU 1.0-03 1.0-02 4.0-03 5.0-07 1.0-03 5.0-03 3.0-04 
RH 1.0-03 1 . 3+ 01 4.0-03 5.0-03 1.0-03 5.0-03 3.0-04 
PD 1.0-03 5.0+00 4.n-03 5.0-0' 1.0-03 5.0-03 3.0-04 
AG 1.0-03 1.5-01 9.9--04 2.5-02 9.9-04 9.9-04 9.9-C~' 
CD 1.0-03 3.0-01 9.9-04 5.2-05 1.6-02 1.0-02 1.6-02 
SN 1. 0-03 2.5-03 9.9-04 1. 3- 03 9.9-04 9.9-04 9.9-04 
SB 1.0-03 1.1-02 7.0-02 7.5-04 3.0-03 7.0-03 6.0-03 
TE 1.0-03 1.3+00 4.0-01 5.0-04 5.0-02 1. 0- 0 2 1. 0-02 
1 1. 0-02 2.0-02 1.6+00 1.0-02 2.0-02 9.0-02 4.0-03 
XE 0.0 o .0 o • 0 o . 0 o . 0 o . G 0.0 
CS 1. 0-03 2.0-03 5.0-01 5.0-03 3.0-02 2.6-01 4.5+00 
BA 1.0-03 5.0-03 4.0-01 4.0-04 5.0-04 1.0-02 5.0-04 
lA 1.0-03 2.5-03 2.0-03 2.5-05 5.0-03 5.0-03 4.0-03 
CE 1.0-03 5.0-04 3.0-03 1.0-05 1.0-03 5.0-03 5.0-04 
PR 1.0-03 2.5-03 4.0-03 2.5- 0<; 5.0-03 5.0-0 3 1.0-03 
ND 1.0-03 2.4-03 2.0-04 2.5-0~ 5.0-03 5.0-03 4.0-03 
PM. 1.0-03 2.5-03 7.0-03 2.5- 0<; 5.0-03 5.0-03 1.0-04 
SM 1.0-03 2.5-03 7.0-03 2.5-0; 5.0-03 5.0-03 4.0-03 
EU 1.0-03 2.5-03 7.0-03 2.5-0S 5.0-0' 5.0-03 4.0-03 
T8 1.0-03 2.5-03 7.0-03 2.5-0S 5.0-03 5.0-03 4.0-03 
HO 1.0-03 2.5-03 7.0-n 2.5-05 5.0-03 5.0-03 4.0-03 
Ii 1. 0-03 1. 8-02 9.9-~4 2.5-04 9.9-04 9.9-04 9.9-04 
HG 1.0-03 3.8-01 9.9-04 1.9-02 1. 0- 01 3.1 +00 1.1-02 
P3 1.0-03 6.R-02 9.9-04 1.0- 05 9.9-04 9.9-04 9.9-0" 
B1 1.0-03 1. 5-01 9.9-04 2.5-04 9.9-04 9.C)-04 9.9-04 
PO 1.0-03 9.0-03 9.9-04 1.2-04 9.9-04 9.9-04 9.9-04 
RN 0.0 o • 0 o . 0 o . 0 o . 0 0.0 O. a 
RA 1.0-03 1. 4- 03 2.0-05 2.0-04 ~1.9-04 9.9-04 9.9-04 
AC 1.0-03 2.5-03 2.0-03 2.5- 0 5 5.0-03 1. 0-02 4.0-0' 
TH 1.0-03 4.2-03 2.0-03 2.5-05 5.0-03 1.0-02 4.P-03 
PA 1.0-03 2.5-03 2.0-03 2.5 - 0 fj 5.0-03 1.0-02 4.0-03 
U 1 .0- 0 3 2.5-03 3.4-01 6.0-04 5.0-0' 5.0-04 1.2-03 
NP 1.0-03 2.5-03 2.0-03 2.5-06 5.0-03 1.0-02 4.0-03 
PU 1.0-03 2.5-04 2.0-03 2.5-0E 5.0-03 1.0-02 4.0-03 
AM 1.0-03 2.5-04 2.0-03 2.5-05 5.0-03 1.0-02 4.0-03 
01 1.0-03 2.5-03 2.0-0:" 2.5- 0 6 5.0-03 1.0-02 4.0-03 
CF 1 .0 - 0 3 2.5-03 2.0-03 7.5-07 5.0-03 1.0-02 4. 0-03 
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AQUATIC BIOACCUMULATION FACTOR LIBRARY (BIOAC) 

BIOI\CCU~';ULATION FACTO~ L1~~IIRY For FOOD, PA9Lf1, t·1AX I 8A NAPIE~ 

FISH CI1US. "OLL. ALGAE FISH CRUS. f·OLL. ALGAE F ACTO~ S 
H 1.0 1.0 1 .0 1.0 .9 • q .9 .9 1.0 
3E 1000.0 10000.0 10000.0 10000.0 2.0 H.a 10 . 0 20. a .2 
C 1.0 1 • a 1.0 1.0 4!ino.o ~lno.o 9100.0 4600. r 1.0 
N .0 • 0 .0 .0 .0 .0 • 0 .0 1.0 
F 4.0 4.0 4.0 1.0 10 • 0 100.0 100.0 2.0 .8 
NA 1.0 1.0 1.0 1.0 100. n 200 • 0 200.0 500.0 .9 
P 10000.0 10000.0 10000.0 100000.0 100000.0 20000.0 20000.0 500000.0 .4 
AR 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .0 
CA 10.0 10 .0 10 .0 1.0 "0.0 330.0 330.0 130 • 0 .2 
SC 100.0 30".0 300.0 1000.0 2. 0 1000.0 1000.0 10000.0 .3 
CR 1 00.0 1000.0 1000.0 1000.0 20.0 2000.0 2QOO.0 4000.0 .9 
MN 3000.0 10000.0 50000.0 10000.0 400.0 90000.0 90000.0 10000.0 .5 
FE 1000.0 4000.0 20000.0 5000.0 100. 0 3200.0 3200.0 1000.0 '. · . 
C8 100.0 lo0n~.0 300.0 100.0 50 • 0 200.0 200.0 200.0 .2 
NI 500.0 1 no. 0 100.0 100.0 100 • 0 1 no. n 10G.O 50 • 0 .2 
CU 1000.0 5000.0 5000.0 1000.0 50. 0 400.0 4~0.O 2n~0. 0 • S 
zr~ 5000.0 5000.0 50000.0 1000.0 2000.0 10000.0 100~O.O 20000.0 .4 
AS 300.0 300 • 0 300.0 300.0 300.0 3 Q 0 • 0 300 • .0 3 no. 0 .7 
SO: 1 0 • 0 10.0 10.0 100.0 170 • 0 178. r 170.0 1000.0 .8 
8R 3.0 10 .0 10.0 100 .0 420.0 330 • D 330.0 5 Q. 0 p 

K~ 1 .0 1 .0 1.0 1.0 I .0 1.0 I • 0 1.0 .0 
R8 30.0 50. 0 10.0 10.0 2000.0 1000.0 1000.0 1000.0 · ~ 
SR 1 • n 1.0 1.0 20.0 30.0 100.0 1 no. 0 500. n .2 
y 30 • 0 100.0 100 • 0 300.0 25.0 1000.0 1000.0 5000.0 .2 
Z~ 30.0 100.0 100 • 0 1000.0 3 • 3 S.7 ~. 7 1000.0 .7 
N9 100.0 200. C 200. n 100.0 30000.0 100 • 0 1 n n • 0 RnD.a • 7 
r-'.O 1 0 • 0 100 • 0 100.0 100. 0 10 • 0 10.0 10. 0 1000.0 .9 
TC 10.0 100.0 100.0 1000.0 15.0 5.0 5. n 4 n .0 .7 
RU 3. n 100. 0 100.0 1000.0 10 • 0 300 • 0 300.0 2000.0 .5 
RH 10.0 100. n 100.0 100.0 10 • 0 300.0 300. 0 200.0- • 5 
PD 10 • 0 100 .0 1 DO. 0 100.0 10.0 30 Q • 0 308.0 200.~ • 5 
AG 1000.0 5000.0 5000. Q 100n.0 2.3 770.0 77 O. Q 200.0 • 7 
CD 100.0 3QOO.O 10000.0 10000.0 ? no. n 20~O.O ~noo.o 1nOO.n • S 
5N 3.0 3.0 3.0 10 .0 3000.0 1000.0 1000.0 100. 0 • 7 
55 1000.0 1000. n 1000.0 10000.0 1.0 10 .0 10 . n 1500.0 
T!: 1 0 • 0 10 .0 100.0 10on.0 400.0 75.0 75.0 100 • 0 • ? 
I 20.0 1 0 0 • 0 1 0 0 • 0 10000.0 15.0 5 . J 5.0 40.0 • 8 
XE 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 • n 
CS 3 0.0 50 • 0 10 • a 10. n 2000.0 100.0 100.0 500.0 • ~I 
511 3. 0 3.0 3.0 100.0 4.0 200.0 200 • 0 500.0 .4 

LA 30.0 I 00.0 100.0 '100 • 0 25. 0 1000.0 1000.0 SODD.O .2 
CE 30.0 100 .0 100.0 3 a 0 • 0 1.0 1000.0 1000.0 40~0.0 .2 
p~ 100.0 1000.0 1000.0 1000.0 25 .0 1000.0 Inon.O 5000. n • 2 
NC) 100.0 1000.0 100n.n 1000.0 25 • 0 I DOD. 0 1000.0 5000.0 " 
PI-' i 00.0 1000.0 1000.0 1000.0 2S.0 100 n. 0 I noD. Q 5000.0 '. 

• L 

S :'I.~ Ion. 0 1000.0 1000.0 1000.0 25 • 0 1000.0 1000.0 5000.0 .2 
EU 100.0 lono.O 1000.0 100n.O 25. 0 10no.o IDOO.O snoo.O .2 
T5 100.0 10no.0 10no.O 1000.0 2 S • 0 1000.0 1000.0 'i nor. 0 .2 
hO 100.0 1000.0 1000.0 Inoo.O 25.0 1000.n 1000.0 5noo.O • 2 
~'I 10 .0 1 n • 0 10.0 100. a 1200.0 In.o 10.0 120".0 .9 
HG 1200.0 3 I 0 • 0 10000.0 34000.0 20000.0 20000. n 20000.0 34000.0 .5 
P3 30 n • 0 1000 • 0 InOO.n 5000.0 100.0 100.0 10n.O 2 n [1 • r .9 
51 1 S • 0 1000.0 IrOO.O 10000.0 1 5 • 0 10.0 In. n 1500.0 • ~j 
PO 300.0 5000.0 5000.0 2000.0 500.0 20000.0 20noo. n 2nnn.0 " R··l 1.0 1 .0 1 • n 1.0 57 • 0 1.0 1.0 1.0 .0 
RII SO.o 1 no. 0 100 • 0 100.0 50 .0 2 <; 0 • " 2 <; 0 .0 2000,.0 .7 
Ae 25. C 1000.0 1000.0 5000.0 25.0 100n.n Ino".o 5000.0 
TH 10000.0 2000.0 2000.0 3000.0 30 • 0 500 • 0 500.0 1 <; 0 n • 0 .7 
PA 10.0 10 • 0 10.0 S • n 11.0 11 0 • " 11 0.0 ll~n.o .7 
U 10 • 0 10.0 10 • 0 57.0 2.0 r,o. 0 So.o • 5 .7 
NP 10.0 10 • 0 1 n .0 6.0 1 n • 0 400. ~ 400.0 30 [l • n .7 
PL; 3.0 200 .0 200.0 1000.0 3. 5 100 • 0 PO .0 3 <; n .0 .7 
AI'-", 25. a 1000.0 1000.0 5000.0 2 ~ . 0 1000. n 1000.0 5000.0 .7 
U1 25.0 1000.0 1000.0 5000.0 25.0 1000.0 1000 • 0 :>000.0 • 7 
CF 2S.0 1000.0 1000.0 SoOO.O 25.0 1000.0 1000.0 5000.0 .7 
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EXTERNAL RADIATION DOSE LIBRARY (GRDFLI B) 

...... GRDFLIB FOR FOOD, 15 MARCH 19H, eA NAPIER .. .... 
H 3 .OE+OO .OE+OO .OE+OO .OE+OO .0::+00 .OE+OO 
BE10 .OE+OO .OE+OO 2.9E-07 .OE+OO 2.0E+00 3.0E+00 
C 14 .OE+OO .OE+OO 3.8E-09 .OE+OO 1.4E-11 3.5E-09 
N 13 8.8E-09 7.6E-0~ 2.6E-06 1.9E-05 8.5E-J7 1.4E-06 
F 18 B.OE-09 6.8E-09 2.3E-0& 1. 8E-0~ 8.2E-07 1.1E-06 
NA22 1.8E-0~ 1.5E-08 4.8E-06 4.0E-06 1.8E-06 2.3E-06 
NA24 2.9E-OR 2.5E-08 9.3E-06 7.BE-OS 3.5E-06 4.5E-06 
P 32 .OE+OO .OE+OO 6.8E-07 6.4E-09 3.0E-09 5.2E-07 
P 33 .OE+OO .OE+OO 2.2E-OB 9.9E-ll 4.3E-11 2.0E-08 
AR39 .OE+OO .OE+OO 1.3E-07 6.2E-IO 3.3E-10 1.2E-07 
AR41 .OE+OO .OE+OO 3.2E-06 2.4E-06 1.lE-06 1.6E-05 
CA41 4.0E-09 3.4E-09 8.5E-07 7.3E-07 2.0E+00 3.0E+00 
5C46 1.5E-OB 1.3::-0B 4.3E-06 3.7E-05 1.7E-06 2.0E-06 
CR51 2.6E-10 2.2E-IO 6.4E-08 5.2E-08 2.4E-08 2.9E-08 
MNS4 6.8E-09 5.8E-09 1.8E-06 1.5E-06 7.0E-07 8.IE-07 
MN56 1.3E-08 1.1E-08 4.6::-06 3.2E-Oo ;.5E-06 2.4E-05 
FE5S .OE+OO .OE>OO 3.6E-10 6.4E-11 3.5E-I1 1.6E-09 
FE59 9.4E-09 8.0E-09 2.oE-06 2.2E-05 1.0E-06 1.2E-O~ 

C057 1.0E-09 9.1E-10 2.7E-07 2.2E-07 1. OE-07 1.2E-07 
C058 8.2E-09 7.0E-09 2.3E-06 1.8E-06 8.2E-07 1.IE-05 
C050 2.0E-0~ 1.7E-OB 5.4E-05 4.5::-06 2.0E-O~ 2.5E-05 
NI59 .OE+OO .OE+OO 3.4E-09 2.3E-09 2.0E+00 3.0E+00 
NI 6 3 .OE+OO .OE+OO .OE+OO .OE+OO .OE+OO .OE+OO 
NI65 4.3E-09 3.7E-09 1.9E-06 1.0E-OS 4.8E-07 1.1E-05 
CU64 1.7E-09 1.5E-09 5.2E-07 3.7E-07 1.7E-07 2.8E-07 
ZN6S 4.6E-09 4.0E-09 I. 2E-06 1.1E-OS 4.9E-07 5.5E-07 
5E79 .OE+OO .OE+OO 3.2E-09 3.4E-11 2.8E-OS 3.3E-05 
BR82 2.2E-08 1.9E-O~ 5.3E-05 5.3E-05 2.4E-06 2.9E-06 
g~83+D 9.3E-l1 5.4E-1I 3.1E-07 1.7E-08 7.SE-OS 2.lE-07 
8R84 1.4E-OP' 1.2E-OF 5.3E-05 3.5E-O~ l.SE-05 3.0E-06 
RBR6 7.2E-IO 5.3E-10 8.510-07 1.7E-07 s.OE-OS ".8E-07 
RB89+C 1.8E-O~ 1.5E-OR 5.~E-0~ 4.5E-ns 2.1E-Of; 2.SE-05 
5'<89+0 5.5E-13 5.&E-13 5.4E-07 4.&E-09 2.1E-09 4.9E-07 
SR90+D .OE+OO .OE+OO 1.5E-07 5.4E-10 2.4E-10 1.3E-07 
5'<91+D 8.3E-09 7.IE-09 2.9E-05 1.9E-0<' 8.9E-07 1.SE-OS 
SR92+D 1.0E-OR 9.0E-09 3.IE-OS 2.5E-0<' I. IE-Dc; 1.3E-0<; 
y 91M+D 4.4E-09 3.8E-09 1.2E-0<; 1.OE-OS 4.6E-07 5.&E-07 
Z~S3+D .OE+OO .OE+OO .OE+OO .OE+OO 1.3E-05 1.6E-05 
ZR9S+D 5.8E-0C) 5.0E-09 1.8E-O', 1.5E-05 5.SE-07 S.4E-07 
ZR97+D 5.4E-09 5.5E-09 2.4E-05 1.5E-OS S.9E-07 1.4E-05 
1",093 9.3E-10 2.3E-1I 2.GE-OR 1.2E-09 2.0E+OJ 3.0E+00 
~\()99+D 2.2[-09 1.9E-09 9.1E-07 4.7E-07 2.2E-07 5.8E-07 
TC101 3.0E-09 2.7E-09 1.2E-0<' 6.8E-07 3.~::-07 7.6E-07 
RU103+D 4.2E-09 3.6E-OS 1.1E-06 8.9E-07 4.1E-07 4.9E-07 
RUI05+D 5.1::-09 4.5E-09 J. RE-05 J • 2E- 01; 5.4E-07 1.0E-Of, 
RU10~+D 1.8E-09 1.5E-09 I. 9E-06 3.8E-07 1.7E-07 1.5::-0 r 
PD107 .OE+OO .0(+00 .0::+00 .OE+OO 5.9::-07 6.9E-06 
AG 11 O~1+D 2.1E-O~ 1. SE-08 5.3E-ns 4.9E-05 2.2E-% 2.4E-05 
AG111 2.1E-10 1.8E-10 3.8E-07 4.U-08 2.2E-08 3.2E-07 
CDI1311 2.6E-12 2.E-12 1.4E-07 5.9::-10 1.2E-05 1.4E-04 
5N123 5.5E-08 .OE+OO 5.0E-07 .OE+OO 2.0E+OO 3.0E+00 
5N125+D 5.6E-10 5.7E-10 1.1E-05 1. 5E-07 7.3E-08 S.lE-07 
5N120+D 1.0E-OS 9.0E-09 6.0E-08 1.8E-Og 1.3::-05 S.5E-04 
59124 1.5E-09 1. 31:-88 4.5E-05 3.5E-06 1. SE-05 2.2E-0~ 
513125+D 3.5E-09 3.IE-09 'i.5::-07 7.SE-07 3.5E-07 4.5E-07 
TE127",+D 1.3E-12 I.IE-12 1.8E-09 2.5E-10 1.2E-IO 1.&::-09 
TEI29f'+D 9.0E-10 7.7E-IO 7.4£-07 2.IE-07 9.4E-08 5.7E-07 
TE131M+D 9.9E-09 8.4E-09 2. lE-06 2.2E-O& 1.0E-05 1.3E-05 
TE131+D 2.5E-OS 2.2E-09 I.SE-05 7.4E-07 3.4E-07 1.1E-06 
TE132+Cl 2.0E-09 1.7E-09 4.8E-07 4.0E-07 1. 3E-07 2.3E-07 
TE1331-'+D 1.7£-05 1.5E-08 5.0E-OS 3.9::-0S 1.8::-0 r, 2.4E-OG 
I 130 1.7E-08 1.4E-08 4.8E-OS 3.9E-0(, 1.SE-06 2.3E-OS 
I 131+D 3.4E-09 2.SE-OS 9.3E-07 7.8E-07 3.1E-07 4.9E-07 
1 135+D 1.4E-08 1.2E-08 4.0E-06 3.3E-05 1. Sf-OS 2.0E-06 
C513S l.7E-OB 1.5E-08 4.8E-05 4.1E-05 1. 9E- Of, 2.2E-05 
C5137+D 4.9!,-09 4.2E-09 1.4E-06 1. 0~-05 4.7E-07 7.0E-07 
C5139+D 7.2E-09 5.3E-OC; 3.2E-05 1.lE-05 8.0E-07 2.1E-06 
B.A140+D 2.4E-09 2.1E-09 7.5E-C7 4.9E-07 2.2E-07 4.4E-07 
CE143+D 2.5E-09 2.2E-09 1.0E-05 5.70-07 2.6E-07 6.3E-07 
CE144+D 3.7E-IO 3.2::-10 1.4E-Of' 2.SE-08 4.0E-08 1. 2E-O' 
PM14 Q M+D 8.2E-OB 1.4E-08 4.5E-05 3.7E-06 2.0E+00 3.0E+00 
p~n 49 2.9E-11 2.5E-11 3.5E-r7 1.5E-08 5.9E-09 3.1E-07 
SMI53 3.0E-10 2.7E-10 2.5E-07 5. 5~-O~ 3.0E-08 2.0E-07 
EU152 8.SE-09 7."E-09 <.IE-Oo 1.8E-05 1.3E-J5 2.5E-04 
EU154 9.0E-09 7.BE-09 2. lE-05 2.1E-OG , .. 6E-o< 5.5E-04 
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EU155 4.3E-10 3.8E-10 1.lE-07 9.0E-08 5.0E-OS S.oE-05 
EU150 8.7E-09 7.5E-09 2.8E-0& 2.1E-Oo 9.2E-07 1.5E-On 
T8100 1.0E-08 8.nE-09 2.8E-06 2.4E-O~ 2.0E+00 3.0E+00 
H0156M 1.0E-08 8.9E-09 2.2E-05 2.4E-05 2.0E+00 3.0E+00 
W 181 2.8E-12 2.lE-12 6.8E-10 5.3E-10 2.5E-10 3.2E-I0 
W 185 .OE+OO .OE+OO 7.9E-08 3.2E-I0 1.4E-I0 7.2E-08 
PA2I0+D 1.7E-ll 1.3E-ll 3.5E-07 3.0E-09 2.7E-09 3.4E-07 
81210+D .OE+OO .OE+OO 3.5E-07 2.7E-09 1.3E-09 3.3E-07 
RN222+D 1. 5E-OB 1. 3E-OB 5.0E-05 3.2E-05 1.5E-05 2.9E-06 
RA223+D 1. 8E-09 1.5E-09 1.3E-05 4.0E-07 2.0E+00 3.0E+00 
RA224+D 1.0E-0? 8.9E-09 3.5E-05 2.5E-06 2.0E+00 3.0E+00 
RA225+D 1. 2E-10 8.4E-ll &.3E-08 1. 9E-08 2.0E+00 3.0E+00 
RA22o+D 1.5E-08 1.3E-08 5.0E-05 3.3E-06 1.5E-05 2.9E-05 
Rt..22B+D 1.4E-08 1. 2E-OB 4.BE-06 3.4E-05 2.0E+00 3.0E+00 
AC227+D 2.4E-09 2.0E-09 6.3E-07 4.4E-07 2.0E+00 3.0E+00 
TH227+D 5.3E-I0 5.1E-I0 1.6E-07 1.3E-07 2.0E+00 3.0E+00 
TH22B+D 1.0E-08 8.9E-09 3.5E-05 2.5E-Oo 2.0E+00 3.0E+00 
TH230+D 1.0E-I0 7.8E-12 4.4E-09 1.2E-09 5.5E-I0 1.9E-09 
TH232+D 4.0E-09 3.0E-09 4.8E-Oo 3.4E-06 2.0E+00 3.0E+00 
PA231+D 2.7E-09 2.2E-09 7.0E-07 5.0E-07 2.0E+00 3.0E+00 
U 232+D 2.7E-ll 2.oE-12 1.1E-09 4.5E-I0 2.0E-I0 4.8E-I0 
U 233+D 7.5E-ll 5.7E-12 2.9E-09 1.0E-09 4.7E-I0 1. 3E-09 
U 234 5.lE-I0 7.3E-12 1.2E-08 1.2E-09 5.2E-I0 5.3E-09 
U 235+D 2.lE-09 1.3E-09 3.8E-07 3.0E-07 1.4E-07 1.9E-07 
U 235 1.3E-I0 2.lE-13 3.1E-09 3.0E-12 1.2E-12 1.3E-09 
U 238+D 5.3E-I0 3.5E-I0 9.3E-07 7.4E-03 3.4E-08 8.1E-07 
NP237+D 1.6E-09 1.4E-09 4.5E-07 3.6E-07 1.4E-07 2.lE-07 
PU241+D 6.8E-12 4.6E-12 9.5E-l1 6.1E-11 2.8E-l1 4.2E-ll 
CM246 1. 5E-11 1.0E-12 3.3E-09 1.1E-I0 3.6E-05 4.0E-02 
U'247+D 2.6E-09 2.2E-09 7.5E-07 4.7E-07 2.0E+00 3.0E+00 
CM24B 5.2E-09 6.8E-09 4.7E-07 3.1E-07 2.0E+00 3.0E+OO 
CF252 7.2E-08 6.6E-08 1.7E-05 1.4E-05 .OE+OO .OE+OO 
ZNS9 M 3.4E-09 2.9E-09 1.2E-05 7.5E-07 3.4E-07 6.8E-07 
ZN59 .OE+OO .OE+OO 2.BE-07 1. oE-09 7.lE-I0 2.5E-07 
K I< B 3" 4.2E-I0 1.3E-ll 9.4E-09 2.4E-ll .OE+OO 7.6E-I0 
BR85 .OE+OO .OE+OO 1.lE-06 1.4E-08 6.7E-09 9.7E-07 
KRS5M .OE+OO .OE+OO 5.1E-07 2.BE-07 1. 3E-07 3.2E-07 
KR85 .OE+OO .OE+OO 1. BE-07 4.7E-09 2.2E-09 1.5E-07 
KR87 .OE+OO .OE+OO 4.5E-06 2.7E-05 1.3E-06 2.7E-OG 
RB87 .OE+OO .OE+OO 2.5E-08 1.2E-I0 2.0E+00 3.0E+00 
KRB8 .OE+OO .OE+OO 7.7E-06 4.5E-06 2.1E-06 4.7E-05 
R888 4.0E-09 3.5E-09 3.6E-06 1. 2E-Oo 5.5E-07 2.7E-06 
KP.89 .OE+OO .OE+OO 5.8E-05 4.8E-05 3.8E-05 2.2E-06 
51<90 .OE+OO .OE+OO 1.5E-07 5.4E-10 2.4E-I0 1.3E-07 
Y 90 2.5E-12 2.2E-12 9.&E-07 1.3E-OR 6.1E-09 8.6E-07 
y 91 2.7E-11 2.4E-l1 5.7E-07 6.7E-09 3.lE-09 5.2E-07 
Y 92 1.9E-09 1.6E-09 2.0E-Oo 4.oE-07 2.1E-07 1.nE-OS 
y 93 7.8E-I0 5.7E-I0 1.4E-06 1.9E-07 8.7E-08 1. 2E-06 
N993M 1.0E-I0 8.2E-13 3.0E-09 2.2E-l1 9.2E-12 1.2E-09 
N!395 6.0E-09 5.1E-09 1.6E-Oo 1.4E-06 5.4E-07 7.5E-07 
NB97 5.4E-09 4.5E-09 1. 9E-0~ 1.2E-06 5.6E-07 1.1E-05 
TC99M 1.1E-09 9.6E-I0 2.7E-07 2.4E-07 1.1E-07 1.3E-07 
TC99 .OE+OO .OE+OO 2.5E-I0 1.3E-I0 5.8E-ll 2.4E-08 
RHI05 7.7E-I0 5.5E-I0 3.0E-07 1. 7E-07 7.8E-08 1. 8E-07 
RUI05 1.8E-09 1.5E-09 1.9E-06 3.~E-07 1.7E-07 1. 5E-05 
PDI09 4.0E-ll 3.5E-l1 3.4E-07 9.3E-09 4.3E-09 3.0E-07 
CDl151~ .OE+OO .OE+OO .OE+OO .0E+00 2.0E+00 3.0E+00 
TE 125M 4.8E-l1 3.5E-ll 1. 5E-08 3.7E-09 1. 7E-09 1.lE-OB 
5N125 1.0E-08 9.0E-09 5.0E-03 1. 8E-OR 1.3:-05 8.6E-04 
59126 1.0E-OR 8.9E-09 3.3E-06 2.4E-05 5.0E-05 B.OE-05 
56127 6.oE-09 5.7E-09 1.8E-06 1. 5E-05 5.7E-07 9.0E-07 
TEl27 1. lE-11 1. OE-l1 1. 7E-07 2.8E-09 1.2E-09 1.6::-07 
TE 129 8.4E-I0 7.1E-I0 7.0E-07 1.9E-07 8.7E-08 5.3E-07 
I 129 7.5E-I0 4.5E-I0 3.3E-OR 1.7E-08 1.8E-08 3.9E-08 
XE131M .OE+OO .OE+OO 5.6E-08 6.2E-09 2.8::-09 4.RE-08 
I 132 2.0E-OS 1.7E-OB 5.5E-06 4.4E-06 2.0E-06 2.7E-06 
I 133 4.5:-09 3.7E-09 1.5E-OS 9.6E-07 4.4E-07 8.8:-C7 
XE 133M .OE+OO .0E+00 1.oE-07 6.0E-08 2.7E-08 6.0E-08 
XEl P .0E+00 .OE+OO 1.1E-07 5.7E-08 2.5E-08 6.9E-08 
TE 134 1.2E-09 1.0E-09 3.5E-07 2.5E-07 1.2E-07 1.9E-07 
I 1 34 1.9E-08 1. 6E-08 5.5E-06 4.2E-06 2.0E-06 2.9E-05 
C5134M 7.3E-I0 o.2E-I0 1.9E-07 1.6E-07 7.3E-08 9.1E-08 
C5134 1.4E-08 1.2E-08 3.5E-05 2.9E-05 1. ~E-06 1.7E-06 
XE135~ .OE+OO .OE+OD 1.0E-06 7.nE-07 3.5E-07 5.0E-07 
XE135 .OE+OO .OE+OO 7.9E-07 4.5E-07 2.1E-07 4.9E-07 
C5135 .OE+OO .OE+OO 1.1E-08 6.6E-l1 2.8E-11 8.8E-09 
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XE137 .OE+OO .OE+OO 2. I E- 0" 2.7E-07 1.2E-07 I.RE-06 
C 5 137 4.9:-09 4.2E-Oc, 1.4:-05 1. DE-Of, 4.7E-07 7.0E-07 
XEI38 .OE+OO .0[+00 3.4E-O~ 2J,E-0" 3.0E-05 4.8E-06 
C 51 3P 2.4E-np 2.1E-OP 5.7E-Oo 4.0E-oS 1.RE-OS 3.1 E - 0':' 
BA13'l 2.7E-09 2.4E-09 1. DE-Of 7.7£-08 3.7E-08 S.9E-07 
LAI40 1.7E-OR 1.5E-OB 5.3E-01, 4.IE-0<; I.QE-05 2.7E-0':' 
B~141 4.9E-09 4.3E-09 2.4E-Of, I.IE-06 S.2E-07 1. 6E-05 
LAl4l 2.8E-I0 2.5E-10 1.0E-05 S.IE-OR 2.3E-09 9.2E-07 
CE141 r,.2E-I0 5. 5: - 1 0 2.4E-07 1.3E-07 5.9E-08 1.5E-07 
BAI42 9.0E-09 7.9E-09 3.0E-05 2.2E-0':' 1. DE-OS 1.5E-Oo 
LAI42 1.8E-02 1.5E-Oo 5.9E-05 4. 5E-O~ 2.0E-Oo 3.IE-06 
PRI43 .OE+OO .OE+OO 2.BE-07 1. SE-OS 7.5E-I0 2.5E-07 
CEl44 3.7E-l0 ~.2E-I0 1.4E-06 8.6E-fi3 4.0E-08 1.2E-06 
PRI44 2.3E-I0 2.0E-I0 1. :E-O~) 5.6E-no 2.oE-08 1.2E-06 
ND147 1.2E-09 1. QE-rs 5.0E-07 2.8E-07 1.3E-07 3.1E-07 
pl·n47 .OE+OO .OE+OO 1.3E-np 7.SE-ll 3.3E-II 1. 2E-08 
Pf~14 P 5.3E-09 4.'i~-rs 2.0E-Or) 1.1E-OS 5.2E-07 1.2E-06 
Pin 51 2.3E-09 2.2E-09 8.4E-07 5.0E-07 2.3E-07 5.0E-07 
SMI51 2.1E-I0 4.3E-l1 1.9E-09 2.SE-IO 2.7E-05 3.3E-05 
,J 187 3.6E-09 3.1E-09 1.2E-06 8. ,E-07 3.8E-07 6.3E-07 
TH230 1.0E-IO 7.8[-12 4.4E-09 1.2E-OQ 5.5E-lQ 1.9E-Oct 
RA22;' 1.5E-08 1.3E-OB 5.0E-OS 3.3E-05 1.5::-0'. 2.9E-06 
~N222 1.5E-08 1.3[-OP, 5.00-0S 3.2E-OS I .5 E- Q 'i 2.9E-OI; 
PB210 1.7E-ll 1.3E-l1 3.6E-07 3. DE-Or, 2.7::-09 3. ',E - 0 7 
'1 I 2 I 0 .OE+OO .OE+00 3.5E-07 2.7E-09 1.3E-09 3.3E-07 
P0210 S.2E-14 5.4::-14 1.7E-ll 1.5[-11 P.OE-12 9.5E-12 
U 232 2.7E-ll 2.6E-12 LIE-Do 4.GE-I0 2.0E-IO 4.8E-I0 
Hi232 4.0E-09 3.0E-09 4.8E-0'i 3.4E-06 2.0E+OO 3.01'.+00 
RA22 8 1.4E-08 1.2E-05 4.8E-O(' 3.4E-0'i 2.0E+00 3.0E+OC 
TH22E 1.0E-08 8.91:-09 3.5E-06 2.6::-0; 2.0E+00 3.0E+00 
U 235 2.IE-Oo 1.3E-ns 3.8::-07 3.0~-O7 1.4E-07 1.9E-07 
PA231 2.7£-09 2.20-00, 7.0E-07 5.0E-07 i.DE+00 3.0E+00 
AC227 2.4E-09 2.0E-09 5.3::-07 [ •• 4 ~- Cl7 2.0E+OO 3.0E+nr 
J 237 2.3E-OQ 1. :IE-OS 3.4E-07 2.6E-07 1.2E-07 I. SE-07 
~J p 2 37 1.6E-C'S, 1.4E-Og 4.5f-07 :I. aE-07 1.4E-07 2.1E-07 
PA2 3 3 1.5E-09 1.3E-09 4.00-07 3.3E-07 8. Sf-OS 3.0E-05 
U 233 7.SE-ll 5.7E-12 2.l::-0C' 1.0~-~S 4.7E-IO 1.,;:-09 
T'"i:29 2.7E-09 2.2E-09 1.3E-Oh 5.8E-07 2.0=+00 3.0E+00 
<Ie 225 1.8£-09 1.:)E-0~' 1. 1 '0-00 4.0E-07 2.0[+00 3.0E+00 
U 23f 6.3E-IO 3.5£-10 S. '£-07 7.4E-08 3.4:-08 8.IE-07 
Tr",2 34 1.3E-I0 1.1E-IO R.7e-D7 2.3E-OP ~.RE-05 1.6£-04 
M~24 2M 1.8E-10 2.6E-l1 1.6E-07 5.IE-09 4.FE-OS l.i\"E-02 
CM242 2.3E-11 5.5::-12 4.7E-09 3.4E-I0 1.5[-10 2.IE-09 
PU242 1.(,[-11 1.IE-12 3.6E-09 I.IE-I0 5.IE-ll 1.6::-09 
'JP2~~ 3.2E-O~J 2. BE-OS LIE-OS 7.7E-07 3.SE-07 5.7E-07 
PU238 l.~E-ll I.1,E-12 4.0E-09 1.5~-10 6.8E-l1 1.7E-0, 
C I~ 244 l.SE-ll 2.9:-12 3.00-09 2.6"-10 1.2E-I0 1.7E-09 
Pl; 2 4 4 9.6E-I0 8.9E-In 1.5:-07 1.3E-07 2.0E+OO 3.0E+00 
PU240 l.~E-ll 1.3::-12 4.0E-O~j 1.4E-10 n.5E-11 1.7E-09 
(1-',243 1.4 E - 0') 1.2E-Oc 2.90-07 2.5~-n7 1.2E-07 1.3E-07 
Af:243 1.5=-O~+ 1.3E-0~ 4.6E-07 3.lf-07 1. 4E-07 2.5E-07 
fJ D 239 1. IE-or! 9.5E-I0 3.7E-07 2.4E-07 1.1 E-07 2.1E-07 
PU239 7.7E-12 7.9E-!3 1.7E-09 1. 2::-Jr. 5. r:,,, - II 7.6E-IO 
CM24 S 1.2::-09 9.5E-IO 1.3E-07 9.5E-08 3.6::-05 4.3E-02 
AI~ 24 I 2.5E-l0 1.2E-10 5.1E-OB 3.9E-03 1. PE-oo 2.7E-OR 
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ARRRG LISTING 

C THIS CODE CALCULATES RADIATION DOSES FROM LIOUID ~ELEASES 
C ANNUAL DOSE AND DOSE COMMITMENT TO INDIVIDUALS O~ POPULATIONS 
C FOR EIGHT EXPOSURE PATHWAYS 
C 
C VERSION 1.0 18 APRIL 1~78 BAN RLR 
C 

C 

C 

DIMENSION TITLE1(20),TITLR(20),TITLO(20),TITLB(~O),TITLS(20) 
DIMENSION ELT(300),AW(300),TR(300) 
DIMENSION FWL(2000),TB(2000),E(2000),10(2000),IBEG(300),IEND(300) 
DIMENSION BIOAC1(9,lOO),BELT(10n),ELTO(100),AWO(100) 
DIMENSION ELTI(100),AWI(100),Q(lOO),QO(300) 
DIMENSION REL(lOO),KORG(S),KPTHWY(8),TRAD(lOO),TBI0(lOO,S), 

.EN(lOO,S),FW(lOO,S),BIOACF(S,lOO) 
DIMENSION T2(2),DFAC(100,S),DCFAC(lOO,S) 
DIMENSION RECON(100),RM(8),FDCON(8,100),HLDUP(8),EXTCON(8,lOO) 

.,WAT(lOO,8) 
DIMENSION DINT(8,lOO,5),DCINT(8,lOO,S),USAG(~),TTIDOS(lOO,S), 

.TTIDC(lOO,S),DEXT(8,100,S),SLDFAC(100,2), 

.SWDFAC(100,2),ETTDOS(lOO,S),TOTDOS(lOO,5),TOTDC(lOO,5),DINTN(8,5), 

.DCINTN(S,S),DEXTN(8,5),DOSE(S),DOSCM(S),DPSKIN(8),DPBODY(~) 
DIMENSION SHORDF(300,2),SWIMDF(300,2) 

CHARACTER DDKS,AWK6,AWOK6,AWI K6 

C NAMELIST INPUT LIST 
C 

NAMELIST/INPUT/NEXT,KPTHWY,IAC,T2,KORG,IREC,CFLO,FLO,VOL,TOR,CTIM, 
.RCYF,PLIFE,RM,HLDUP,SW,USAG,POP,ISALT,IPOP,IPCNT 

C 

c 

.,IHNFRD 

NMAX=lOO 
POP=l.O 
ISTRT=O 

C READ INPUT CARD DATA 
C 

C 

READ(5,lOO,END=99) TITLEI 
READ(5,INPUT,ERR=97) 
IF(NEXT.GE.4)GO TO 95 
IF(NEXT.EQ.3)GO TO 2 

C ASSIGNS REQUIRED DATA FILES 
IF(ISTRT.EQ.l)GO TO 
ISTRT=l 

C 

C 
C 

CALL ASGA(l,IHNFRD) 

C READ DATA LIBRA~Y FOR MASTER NUCLIDE INDEX AND RADIOLOGICAL HALF-LIFE 
C 

CALL RLIBIN(ELT,AW,Tq,NUC,TITLR) 
C 
C READ O~GAN DATA LIBRARY 
c 

CALL OLIBS(NUC,ELT,AW,IO,TB,FWL,E,IBEG,IEND,TITLO) 
C 
C REA SIOACCUMULATION DATA LIBRARY 
C 

CALL BLISIN(BELT,NBELT,BIOACl,TITLB) 
c 
C READ SHO~LINE AND SWI~MING DOSE FA~TO~S 

C 
CALL 5LIBIN(NUC,ELT,AW,SHORDF,5WIMDF,TITLS) 

c 
CONTINUE 

C 
C START OF CALCULATION 
C 
C READ ~EW RELEASE INVENTOQY 
C 

c 

READ(S,20n,END:9 Q ) NIN,FINV 
CALL ZEROP(lOQ,O) 
CALL ZEROR(30n,QO) 

C IF NUMBER OF NUCLIDES IS O~T OF R~~GE, P~INT EPPOQ ~ESSAGE ~ND STOP 
C 
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IF(NIN.GT.NI'AX.OR.NH!.LT.l) GO TO 98 
REA D ( 5, 300, E ND= 99) ( E L T I ( I ) , AW I ( I ) , O( I ) , I = I , N I ~l) 

C 
C IDENTIFY INPUT RADIONUCLIDES 
C 

CALL IDNUCCNUC,ELT,AW,ELTI,AWI,Q,QO,NIN) 
C 
C COUNT ORGANS AND PATHWAYS 
C 

2 CALL OPCHCKCKORG,NORG,KPTHWY,NPT) 
C 
C SET DATA A~RAYS FOR DOSE CALCULATION ACCORDING TO NUCLIDES,ORGANS, 
C AND EXPOSURE PATHWAYS SPECIeIED ON INPUT 
C 

C 

CALL SETDATCNUC,AW,ELT,TR,TB,E,FWL,OO,REL,FINV,KO~G,KPTHWY,NOPG, 

.NP7,N~ELT,8ELT,BIOACl,BIOACF,NONUC,AWO,ELTO,TRAD,TRIO,IO,EN,IBEG, 

.IEND,FW,SHORDF,SWIMDF,SLDFAC,SWDeAC,ISALT) 

C WRITE OUALITY ASSU~ANCE PAGE 
C 

C 

CALL QAPAGE(TITLEl,TITLR,TITLO,TITLB,TITLS,KPTHWY,IAC,NOT, 
.NOQG,KOPG,IREC,CFLO,FLO,VOL,TO~,CTJM,~CYF,PLIFE.T2,RM,HLDUP,SW, 
.USAG,POP,NONUC,AWO,ELTO,REL,FINV,DD,ISALT,IPOP) 

C CALCULATE DOSE FACTOq FOR CUq~ENT INVENTORY AND OPGaNS 
C 

CALL DFCALC(TRAD,TBIO,FW,EN,NONUC,NORG,IAc,T2,DeA~,DCFAC,KO~G, 
• ELTO) 

C 
C CALCULATE FOOD CONCENTRATION FACTORS 
C 

CALL DOZECNONUC,REL,IREC,CFLO,FLO,VOL,TOR,TqAD,CTIM,RCYF, 
.PLIFE,NPT,KPTHWY,RM,BIOACF,HLDUD,SW,EXTCON,FDCON,WAT,~ECON) 

C 
C CALCULATE DOSE FROM eOOD CONCENTRATION, EXTERNAL AND IIITEPNAL Df,S 

CALL DOZCAL(KPTHWY,DfA~,DINT,FDCON,USAG,POP,DCINT,DCFAC, 
.TTIDOS,TTIDC,DEXT,EXTCON,SLDFAC,SWDFAC,ETTDOS,NORG,NONUC,TOTDOS, 
.TOTDC,~ORG,NPT,DINTN,DCINTN,DEXTN,DOSE,DOSCM,DPSKIN,TTSKIN, 

.DPBODY, TTBODY) 
C 
C WRITE OUTPUT REPOPTS 
C 

CALL DOSOUT(TITLEl,DD,ELTO,AWO,NO~G,KORG,NPT,NONU(,KPTHWY, 
.DINT,DCINT,DEXT,TRAD,REL,WAT,CFLO,SW,DINTN,DCINTN,DEXTN,HLDUP, 
.USAG,R~,FDCON,BIOAC~,TOTDOS,TOTDC,ETTDOS,EXTCON,DOSE,DOSCM, 
.DPSKIN,TTSKIN,RECON,ISALT,IPOP,DPBODY,TTBODY,T2,IPCNT) 

C 
IF(NEXT.GE.2)GO TO 

C NO~MAL EXIT 95,STOP 
C 

c 

95 PRINT 400 
CALL ASGAC2, 0) 
STOP 

C INVENTO~Y ERROR IN SPECI~ICATION OF NUMBER O~ NUCLIDES, 
C 

C 

98 PRINT SOO,NMIN,NMAX 
CALL A5GAC2,0) 
STOP 

C END OF INPUT CARD FILE, STOP 
C 

C 

99 PRINT 600 
CALL ASGAC2,o) 
STOP 

C NA'1ELlST INPUT ERROR, STOD 
C 

C 

97 PRINT 700 
CALL /I.5GA(2,0) 
STOP 

C FORMAT STATEMENTS 
C 
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100 FORMATC20A4) 
200 FORMATCI3,EIO.2) 
300 FORMATCA2,Afi,4X,E8.2) 
400 FORMAT(lHl,' END OF INPUT FOR THIS RUN') 
500 FORMAT(lHl, 'ERROR IN NUMBER OF NUCLIDES INPUT, NONUC :',15,' MAXI 

.MUM ALLOWED 15',14) 
600 FORMAT(lHl,' END OF FILE ON INPUT, STOP') 
700 FORMAT(lHl,' ERROR ON INPUT NAMELIST, STOP') 

END 
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SUBROUTINE RLIBIN(ELT,AW,TR,NUC,TITLR) 
DI~ENSION ELT(,00),AW(,OO),TR(300),TITLR(20) 
CHARACTER AII"& 
READ(lO,200,END:99) TITLR 

200 FORMAT(20A4) 

C READ AND COUNT NUCLIDE 10 AND HAL~-LIFE DATA FRO~ UNIT 10 
C 

C 

NUC:O 
NUC"NUC+l 
READ(10,100,END=99) ELT(NUC),AW(NUC),TR(NUC),IEND 
IF(IEND.GT.O) GO TO 1 

2 NUC=NUC-l 
IF(NUC.GT.,OO) GO TO 98 
IF(NUC.LT.l) GO TO 98 
RETU~N 

C PRINT ERPOR ~ESSAGES AND STOP 
C 

98 PRINT HO, NUC 
'00 ~OR~AT(lHl, 'IMPROPER NUMBER o~ NUCLIDES IN MASTE~ LI9RAQY, NUC:', 

• I 8) 
CALL A5GAC2,O) 
STOP 

99 PRINT 400 
100 FORMAT(A2,A5,EIO.2,12) 
400 CORMAT(lHl, 'END OF cILE ON MASTER LIBRA?Y UNIT 10') 

CALL ASGAC2,O) 
STOP 
END 
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SUBROUTINE OLIRS(~UC,ELT,AW,IO,TR,FWL,E,IBEG,IEND,TITLO) 
C 
C THIS MODULE READS DATA FROM THE ORGAN DATA LIBRARY 
C 

C 

DIMENSIO~ ELT(300),AW(300),FWL(2COO),IBEG(30 n),IENDC300) 
DIMENSION TB(2000),E(2000),IO(2000) 
DIMENSION TITLO(20),EJ(3) 
CHARACTER AW~6,A~6 

C SET DATA ARRAYS TO ZERO 
C 

C 

CALL ZEROI(2000,IO) 
CALL ZEROI(NUC,IEND) 
CALL ZEROI(NUC,IBEG) 
CALL ZEROR(20nO,FWL) 
CALL ZEROR(2000,TB) 
CALL ZEROR(2000,E) 

C INITIALIZE CONTROL INTEGERS 
C 

C 

NC=I 
IP=O 
NOLD=O 
IER=O 

C READ ORGAN LI~RARY TITLE CARD 
C 

C 

READ(II,IOO,END=99) TITLO 
100 FORMAT(20A4) 

C READ FIRST DATA CARD 
C 

C 

READ(1I,200,END=99) EL,A,IOR,TBI,FWI,F2PI,(EI(I),I=l,3) 
200 FORMAT(A2,AS,J2,6E8.2) 

I IF(EL.NE.ELT(NC).OR.A.NE.AW(NC)) GO TO 5 
IF(IOR.EQ.I) GO TO 2 
IF(NOLD.NE.NC) GO TO 7 
GO TO 3 
IF(NC.GT.I) IEND(NOLD)=JP 
NOLD=NC 
18EG(NC)=IP+l 

3 IP=IP+I 

C SET DATA FOR CURRENT NUCLIDE AND ORGAN 
C 

C 

H/L(IP)=HIl 
TBCI P)=TB I 
IO(IP)=IOR 
E(IP)=EI(J) 
IF(EI(3).GT.O.) E(IP)=EI(3) 

C READ NEXT DATA CARD 
C 

C 

'<EAD(ll,200,END=99) EL,A,IOR,TSI,FWI,F2PI,(EI(I),I=I,3) 
GO TO 1 

C INCREMENT NUCLIDE INDEX NC 
C 

C 

6 NC=NC+I 
IF(NC.GT.NUC) GO TO 98 
GO TO I 

C ERROP IN ORGAN LIBRARY DATA ORDEr. 
C 

C 

7 PRINT 300,NC,NOLC,EL,A,ELT(NOLD),AW(NOLD) 
300 FOR~lAT(lHl, 'ERROR IN ORGAN D.ATA LIBRARY INPUT, NC, NOLD =',215/ 

.' NUCLIDE INPUT IS ',A2,A6/' NUCLIDE NOLD IS ',A2,A6) 
CALL ASGA(2,O) 
STOP 

C UNIDENTIFIED NUCLIDE OR OTHER PROBLEM 
C 

98 WRITE(6,401)EL,A,NC 
401 FORJIAT(' UNII.BLE TO IDENTI"Y NUCLIDE ',A2,A6,' NUCLIDES CHECKED 

& =', I 5,' -- STOP' ) 
CALL ASGA(2,O) 
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STOP 
C 
C END OF FILE ON ORGAN DATA LIB~Aqy 

C 
99 IF(NOLD.GT.O) IEND(NOLD)=IP 

IF(NC.GT.l) RETURN 
PRINT 400,NUC,NC,NOLD,IP 

400 FORMAT(lHl, 'END OF FILE ON ORGAN DATA LIB~ARY'I 

.' NUCLIDES IN MASTER LIBRARY =',14/' CURRENT NUCLIDE INDEX =',141 

.' PREVIOUS NUCLIDE INDEX =',14/' DATA A~RAY INDEX =',15) 
CALL ASGA(2,O) 
STOP 
END 
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SUBROUTINE BLIBIN(BELT,NBELT,BIOACl,TITLB) 
C 
C THIS SUBROUTINE READS THE BJOACCULULATION DATA LIBRARY 
C 

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

N8d 
c 
C READ TITLE INFORMATION 
C 

C 

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

C READ DATA RECORDS 
C 

c 

REA~(14,200,END:2)BELT(N8),CBIOAC1CI,NB),1:1,9) 
NB:NB+I 
GO TO 1 

C ON END-OF-FILE, RETURN 
C 

c 

NBELT:NB-1 
RETURN 

C IF END-Of-FILE ON TITLE CARD READ, PRINT ERROR MESSAGE AND STOP 
C 

99 PRINT 300 
300 FORMAT(IHI,' END-OF-FILE ON TITLE CARD READ, BIOACCU~ULATION LIBRA 

::RY, STOP') 
200 FORMAT(A2,8F9.1,FG.l) 

CALL ASGA(2,O) 
STOP 
END 
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SUBPOUTIN~ SLIBIN(NUC,ELT,AW,SHORDF,SHIMDF,TITLS) 
C 
C THIS SUBROUTINE READS DATA FROM THE EXTERNAL DOSE FACTOR LI8~ARY 

C 
DIMENSION ELT(300),AW(300),SHORDF(300,2),SWIMDF(3DO,2),TITLS(20) 
CHARACTER AW=6,w=6 

C 
C INITIALIZE ARRAYS AND CONTROL INTEGERS 
C 

C 

NC=l 
!P:O 
DO 10 I: 1, 2 
DO 10 J=l,300 
SHORDl'eJ, 1)=0.0 

10 SWIMD~(J,I)=O.O 

C READ TITLE CARD 
C 

READ(16,100,END=99) TITLS 
C 
C READ DATA FROM FILE 
C 

READe 16, 200, END=98 )EL, W, SHORS, SHORTE'., SWf:S, SWlnB 
IF(EL.NE.ELT(NC).OR.W.NE.AW(NC)) GO TO 5 
IP=IP+1 
IF(IP.GT.300) GO TO 97 

C 
C SET DATA FOR CURRENT NUCLIDE 
C 

C 

SHO~DF(NC,l)=SHORS 
SHO~DF(NC,2)=SHORTR 
S·,'il.'~DFenC,l )=SW~IS 

SWIMD~eNC,2)=SWMTB 

C READ NEXT DATA CARD 
C 

GO TO 2 
C 
C INCREMENT NUCLIDE INDEX 
C 

C 

6 NC=t~C+ 1 
IF(NC.GT.NUC)GOTO 97 
GO TO 1 

C ERROR IN LI~rARY ORDER OR SIZE, PRINT MESSAGE AND STOP 
C 

c 

97 PRINT 3DO,IP,NC 
CALL ASGA(2,O) 
STOP 

C END-OF-FILE ON DATA READ 
C 

58 IF(IP.GT.I) RETURN 
C 
C IF EMPTY,P~INT MESSAGE AND STOP 
C 

c 

PRINT 400 
CALL ASGAC2,O) 
STOP 

C END-O~-FILE ON TITLE READ, STOP 
C 

C 

99 PRINT 50n 
CALL ASGA(2, 0) 
STOP 

C FORMAT STATEMENTS 
C 

100 FORMAT(20A4) 
200 FORMAT(A2,A6,4E9.2) 
300 ~OR"1ATClH1,' PROBL~'" IN EXTERNAL DF L1~ ~EACl',I, 

.' NUCLIDES ~OUND ='15,1,' NUCLIDES CH~CKED FROM ~ASTEq LIBRAoy =' 

.,15,' STOP') 
400 ~ORMAT(lHl,' EXTERNAL DOS~ FACTOR LI8~ArY EMPTY, STOP') 
500 FORMAT(IHl,' EXTERNAL DOS~ FAeTOo LISqARY TITLE ~EAD E~ROR,STOP') 

END 
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SUBROUTINE IDNUC(NUC,ELT,AW,ELTI,AWI.Q.QO,NIN) 
C 
C THIS MODULE IDENTIFIES NUCLIDES IN INPUT INVENTORY 
C 

C 

DIMENSION ELT(300),AWC300),ELTI(100),AWI(100),O(lDO),QO(300) 
CHARACTER AW=6,AWI=6 

C INITIALIZE COUNT INDEX ON UNIDENTIFIED NUCLIDES 
C 

C 

50 CONTINUE 
ISTOP=O 

C LOOP ON NUCLIDES INPUT. TEST AGAINST MASTER LIST. 
C 

C 

DO 3 IN=l.NIN 
DO 1 IL=l.NUC 
ILN=IL 
IFCELTCIL).NE.ELTI(IN)) GO TO 
IF(AW(IL).EO.AWI(IN)) GO TO 2 
CONTINUE 

C NO MATCH IN LIRRARY FOR INPUT NUCLIDE. PRINT NAME OF UN~NOWN NUCLIDE 
C 

C 

ISTOP=ISTOP+I 
PRINT 100, ELTI(IN),AWI(IN) 
GO TO 3 

C SET MASTEA INVENTORY ARRAY QO. 
C 

C 

2 QO(ILN)=Q(IN) 
3 CONTINUE 

IF(ISTOP.LT.I) RETURN 

C PRINT TOTAL NUMBER 0" UN~NOW"! NUCLIDES AND STOP. 
C 

PRINT 200, ISTOP 
Ion FORMAT(1HO, 'WHDENTIFIED NUCLIDE' .A2,AS) 
200 FOR~'AT('lHO, 'THERE ,JERE UNIDENTIFIED NUCLIDES, ISTOP ='.14) 

CALL ASGA(2,O) 
STOP 
END 
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SUBROUTINE OPCHCK(KORG,NORG,KPTHWY,NPT) 
C 
C THIS SUBROUTINE COUNTS ORGANS AND EXPOSU~E PATHWAYS SPECIFIED 
C 

C 

DIMENSION KORG(S),KPTHWY(8) 
ISTOP:O 

50 CONTINUE 

C COUNT ORGANS INDICATED FOR DOSE CALCULATIONS 
C 

C 

NORG:O 
DO 10 I: 1,5 
IF(KORG(I).GT.O)NORG:NORG+I 

10 CONTI NUE 

C COUNT EXPOSURE PATHWAYS REQUESTED FOR .DOSE CALCULATIONS 
C 

C 

NPT:O 
DO I 1 I: 1 , g 
IF(KPTHWY(I).GT.O)NPT:NPT+l 

II CONTINUE 

C PRINT ERROR MESSAGES IF NO ORGANS OR NO PATHWAYS SPECIFIED 
C 

C 

IF(NORG.GT.O)GO TO 12 
ISTOP:l 

12 IF(NPT.GT.O)GO TO 13 
ISTOP=ISTOP+2 

13 IF(I5TOP.EQ.l)PRINT IOO,NORG 
IF(ISTOP.EQ.2)PRINT 200,NPT 
IF(ISTOP.EQ.3)PRINT 300,NORG,NPT 
IF(15TOP.EQ.0)RETURN 
CALL ASGA(2,O) 
STOP 

C FO~MAT STATEMENTS 
C 

100 FORMATClHl, , NO O!'!GANS SPECIFIED, NORG=',IS) 
200 FOKMAT(lHl,' tJO PATHW/lYS SPECIFIED, NPT :',15) 
300 FORMAT(lHI,' NO ORGANS OR PATHWAYS SPECIFIED--NDRG,KORG =',215) 

END 
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SUBROUTINE ZEROR(N,A) 
C THIS MODULE SETS N VALUES OF A~RAY A TO REAL ZERO. 

DIMENSION A(l) 
DO J J=J,N 
A(J)=O. 
CONTINUE 
RETURN 
END 
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SUBROUTINE ZE~OICN,K) 
C THIS MODULE SETS N VALUES OF ARRAY K TO INTEGER ZERO. 

DIMENSION ".:(1) 
DO I J:l,N 
K(J)=O 
CONTINUE 
RETURN 
END 
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SUBQOUTINE SETDAT(NUC,AW,ELT,TR,TA,E,FWL,OO,REL,FINV,KORG,KPTHWY, 
.NORG,NPT,NBELT,SELT,BIOACI,BIOACF,NONUC,AWO,ELTO,TRAD,TBIO,IO,EN, 
.IBEG,IEND,FW,SHORDF,SWIMDF,SLDFAC,SWDFAC,ISALT) 

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

C 

C 

DIMENSION AW(30n),ELT(300),TR(~OO),T8(2nOO),E(20nO),FWL(2000) 
DIMENSION AWO(100),ELTO(IOO),TPAD(IOO),TBIO(100,5) 
DIMENSION QO(300),REL(IOa),KOQG(S),KPTHWY(8),10(2000) 
DIMENSION BELT(IOO),810ACI(9,lOO),BIOACF(S,lOO),SWIMDF(300,2) 
DIMENSION EN(lOO,5),IBEG(300),IEND(300),SHORDF(300,2) 
DIMENSION SLDFAC(lOO,2),SWDFAC(100,2),FW(lOO,S) 

CHARACTER AW=e,AWO=6 

C INITIALIZE ARRAYS AND CONTROL INTEGERS 
C 

C 

CONTINUE 
CALL ZEROR(IOO,TRAD) 
CALL ZEROR(SOO,TBIO) 
CALL ZEROR(IOO,AWO) 
CALL ZEROR(lOO,ELTO) 
CALL ZEROR(IOO,REL) 
CALL ZEROR(SOO,BIOACF) 
UJUC = 0 
IF(FINV.LE.O)FINV=I.O 

C LOOP ON MASTER NUCLIDE LIST 
C 

C 

DO 20 IL=I,NUC 
IF(QO(IL).LE.O.O)GO TO 20 
IF(IBEG(IL).EQ.O)GO TO 19 

C IGNORE NUCLIDE IL IF NO SOURCE INVENTORY OR NO ORGAN DATA 
C OTHERWISE INCLUDE NUCLIDE IL IN DATA AQRAY POSITION INUC 
C 

INUC=INUC+I 
C 
C SET NUCLIDE-DEPENDENT DATA FOR CURRENT NUCLIDE 
C 

C 

ELTO(INUC)=ELT(IL) 
AWO(INUC)=AW(IL) 
TRAD(INUC)=TR(IL) 
REL(INUC)=QO(IL)=FINV 

C MULTIPLY BY .001 TO CHANGE UNITS TO REM FROM MREM 
C 

SLDFAC(INUC,l)=SHORDF(IL,l)=O.OOI 
SLDF AC (I NUC, 2)=SliORDF( I L, 2 )=0.00 I 
SWDFA(;(INUC,I)=SWIt~DF(IL,l)"O.OOl 

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

C 

DO 7 IE=1,N8EL T 
IEK=IE 
IFCELTOCINUC).EQ.8ELT(IE))GO TO 8 
CONTINUE 
PRINT 200,ELT(IL),AW(IL) 
INUC=INUC-l 
GO TO 20 
DO 11 IP=I,NPT 
JPT:KPTHWY( I P) 
IF(JPT.GE.S)GO TO 9 
KPT=JPT 
IF(ISALT.EQ.0)KPT=KPT+4 
BIOACF(IP, INUC)=1310AClCI(PT, IEK) 
GO TO 10 

9 IF(JPT.NE.5)GO TO 10 
BIOACF(IP,INUC)=BIOACI(9,IEK) 

10 CONTINUE 
11 CONTINUE 

C SET ORGAN-DEPENDENT DATA FOR SELECTED O~GANS FOR CURRENT NUCLIDE 
C 

11=IBEG(IL) 
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12:1 END(I L) 
DO , 10G=1,NORG 
DO ) I I = I 1 , I 2 
I K: II 
IF(KORG(IOG).EQ.IO(II))GO TO 4 
CONTINUE 
GO TO 5 

4 FW(INUC,IOG)=FWL(IK) 
EN(INUC,IOG)=E(IK) 
TBIO(I~UC,IOG):TB(IK) 

5 CONTINUE 
GO TO 20 

C PRINT MESSAGE FOR ELI~'INATING NUCLIDE RECAUSE NO ORGAN DATA 
C 

C 

19 PRINT 100,ELT(IL),AW(IL) 
20 NONUC:INUC 

IF(NONUC.LE.O)GO TO 98 
RETUl;ifIJ 

C FORMAT STATEMENTS 
C 

C 
C 

100 FORMATClHl,' NO DATA IN ORGlIN L1gRA~Y FOR NUCLIDE ',A2,AS,'. THIS 
.NUCLIDE D~OPPED') 

200 FORMAT(IHl,' NO DATA FOR ELEMENT ',A2,AS,'IN BIOACCUMULATION FACTO 
.R LIRRARY, THIS NUCLIDE DROPPED.') 

300 FORMAT(lHl,' NONE OF THE INPUT NUCLIDES HAVE DATA IN THE llgRARIES 
., NUC :', I" '. STDP.') 

98 P~INT 300,NONUC 
CAll ASGA(2,O) 

99 STOP 
END 
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SUBROUTINE QAPAGE(TITLEI,TITLR,TITLO,TITLe,TITLS,KPTHWY,IAC,NPT, 
.NORG,KORG,IREC,CFLO,FLO,VOL,TOR,CTIM,RCYF,PLIFE,T2,RM,HLDUP,SW, 
.USAG,POP,NONUC,AWO,ELTO,~EL,FINV,DD,ISALT,IPOP) 

C THIS SU~ROUTINE C~EATES AN ORGANIZED LISTING OF ALL PERTINENT INPUT 
C PR09LEM PA~AMETERS 
C 

C 

C 

C 

C 

C 

C 

c 

C 

c 

C 

C 

C 

DIMENSION TITLEl(2D),TITLR(20),TITLO(20),TITLB(40),TITLS(20) 
~IMENSION KPTHWY(8),KORG(S),T2(2),RM(8),HLDUPC8),USAGCP),UNITS(8) 
DI~ENSION AWO(IOO),ELTOCIOO),REL(100),ONAME(23),PNAME(8) 

CHIIRACTE~ A.WO"5,ONM'E"1 0, PNA"'E"lO, TYPE"7, TT"8, OD::8, UNITS::7 
CHA~ACTEQ WATR::5,TPOP::IO 

DATA (PNMIE(I),I=l,8)/'FIS'-I', 'CRUSTACEA', 'MOLLUSCS', 'PLANTS', 
.'DRP:K. H20','SHO'l.ELINE','SI·III'MING','BOATING'1 

DATA (DNA.ME(I),I=1,23)/'TOTAL BODY','AODY ~IATER','KIDNEY5', 
• 'LIVER',' SPLEEN', 'BONE', 'Ft,T', 'LUNGS', 'ADREN.IILS',' TESTES', 
• 'OVA q I E S ' , ' SI( IN' , 'B l(A IN' , 'MU SCL E ' , , PRO S TATE' , , THYRO I D' , , PANC REA S ' , 
• 'HEART', 'GI', 'STOMACH', 'SMALL INT', 'UPPEl( LA'l.G', 'LOWER LARG'I 

CALL ADIITE(DD,TT) 

Wl(ITE(6,1)~D,TITLEl 
FOR~',ATC1HI, SoX,' •••••• Q.A. PAGE ::::::0, 33X,' RUN ON ',A8, I, SOX, 

.' APqRG, VERSION 1.0, I AUGUST 78',/18X,' CASE TITLE: ',20A4) 
CALL 1~L1NE 

WATR='FRES!-i' 
IF(ISALT.NE.O)WIITR=' SALT' 
TPOP=' MIIX. IND.' 
IFCIPOP.NE.O)TPOP='PO?ULIITION' 
TYPE=' IICUTE' 
IF(IAC.EQ.O)TYPE='CHRONIC' 
WQITE(6,2)TPOP,TYPE,WIITD 
FORMIIT(27X,' TYPE Oc DOSE CIlLCULIlTED: ',AIO,lX,A7,' INGESTION AND 

• EXTERNAL EXPOSU"!E', I, 40X,' FOR L10UID I<ELEf,SES OF RIlDIONUCLlDES IN 
• ',AS,' WI\TE~',/) 

~RITE(6,3)TITLR,TITLO,(TITLR(I),I=I,20),TITLS 
3 FOR~~T(5X,' :::::: DATA LIB~ATIES USED ',1,8X,' RADIONUCLIDE LI~QA~Y: 

• ',20114,I,lOX,' Ol'GIlN D~TA L1BRA'!Y: ',20114,1,5X,' BIOACCU~\LlLATJNi 
.Lle~ARY: ',20A4,1,7X,' EYTE~NAL D.F. LIBRARY:',201\4,/) 

DA H (UN ITS ( I ) , I = I , B) I' (KG I YR) , , ' (K G I YR) , , ' (K G I YR) , , , (KG I Y R) , , 
.' (LlYR)',' (HR/YR)',' (HR/YR)',' (HR/YR)' I 

WRI TE(S, 4) 
4 FORnATCSX,' :;:::: PATHIIAY DATA USED', I, 20X, 'PATHWAY', T40, 'MIXING RAT 

.IO',TSO,'HOLDUP (DIIYS)',T8S,'USAGE UNIlS',1,20X,80('-'» 
DO 100 IP=I,1~PT 

JP=';PTHI.JY( I P) 
100 WRITE(6,S)PNAME(JP),RM(IP),HLDUP(IP),USAG(IP),UNITSCJP) 

5 FORMIIT(20X,AIO,3(lOX,IPEIO.2E2),2X,A7) 

WDITE(6,6)CONA~E(KORGCI»,I=I,NORG) 
S FOr;'~IITCI, 5X,' :::::: ORGlINS CONSIDERED', I, SClOY,AID») 

W~ITE(6,7)(ELTOCI),AWO(I),REL(I),I=I,NONUC) 

7 FORMIIT(/,5X,' :::::: NUCLIDES CONSIOERED:',I,lOX,S('NUCLIDE nELEIlSE 
.',7X),1,9X,5C'ELT. WT. (CI/YR)',oX),II,(lOX,5(1I2,lX,A6,lX,lPE8.2 
.E2,6X») 

W~ITE(6,·)CINV,IREC,PLIFE,CFLO,POP,FLO,T2(1),VOL,T2(2),TOR,SW,CTIM 
.,P.CYF 

8 FORMIITC/Sx,' :::::: SITE SPECIFIC OI\TII USED', T70, 0:::::: RECONCENTRIITION 
• DATil USE~',1,13X,'INVE'nORY "~O,)IcICATIO'J FACTOR: ',Eln.2E2,T97,'f! 
.ODEL USED: ',I2,I,T22,'FACILlTY LIFE (YEAP.S): ',EIO.2E2,T90,'COOLII 
.NT FLO .. ' RATE: ',E10.2E2,I,T33,'POPULATJON: ',EID.2E2,T7~,'COOLIINT 
.MI\KEUP FLOW (FT3/SEC): ',EIO.2E2,I,T26, 'DOSE TI~E (YEArS): ',EI0.2 
.E2,T90 'PO~D VOLUME (CT3): ',EJO.2E2,I,Tl~, 'DOSE COMMIT~ENT TIME ( 
.YEARS) 'EIO.2E2,T94,'TURNOVE~ ~ATE: ',EIO.2E2,I,T89,'SHORE WIDT>~ 
.FACTO~ ',EIO.2E2,I,T92,'CYCLE TH~E (HR): ',EIO.2E2,1, 
.T91,'~ CYCLE F~IICTION: ',EI0.2E2) 
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WRITE(6,9) 
9 FOR~'AT( 15X,' INPUT PREPJ\RED gy:', 15X,' DATE: ',I, 34X,' :::::::::::::::::::::::: 

• :: :::: I , 5 X, ' :::::::::::::::::::: I , I I , 1 5 X,' I N PUT C H E eKE D 9 Y : ' , I 5 X, ' D ATE: ' , I , 
• 34X,' ::::::::::::::::::::::::::::::, , 5X, '::::::::::::::::::::') 

RETURN 
END 
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C T~JS SU~ROUTINE CALCULATES DOSE FACTO~S FOR J~GESTION AND 
C EXPOSURE TO CONTAMINATED GROUND. 

SUBROUTINE DFCALC(TRAD,TRIO,FW,EN,NONUC,NORG,IAC,T2, 
&D~AC,DCFAC,KORC,ELTO) 

REAL"4 ~IASS(23) 
DIMENSION DFAC(100,5),DCFAC(100,5),EN(100,5),T2(2) 
DIMENSION TEFF(100,5),TRAD(100),T810(100,5),FW(100,5) 
DIMENSION KORG(5),TRTM(4),TP(4),ELTO(lQO) 

C GI TRAVEL TIMES, FRACTIONAL DAYS 
DA T A (T R HI ( I ), I : 1 , 4) / • 0417, • 11) 5 7 , • 33 3 3, . 7 500/ 

C TRAVEL TIMES TO GI ORGANS, FRACTIONAL DAYS 
DATA (TP(I),1:1,4)/0.0,.0417,.2083,.54171 

DATA T1/1.01 
C ICRP-23 ORGAN MASSES OR GI ORGAN CONTENTS ~IASS 

DA T A (~'A S S ( I ), I: 1 , 23) 17 0 0 0 0 • , 600. , 310. , 1 800 . , 180. , 7 n 0 0 • , 13500. , 
&1000., 14.,35.,11.,2600.,1400.,28000.,16.,20., 100.,330.,0.,250., 
.400.,250.,135.1 

DO 100 INUC:1,NONUC 
DO 100 IORG:1,NORG 
JORG:KORG(IORG) 
TEFF(INUC,IORG):TRAD(INUC)CT810(INUC,ICRG)/(TRAD(INUC)+ 

&TBIO(INUC,IORG)) 
IF(KORG(IORG).GE.20)GO TO 200 
IF (lAC .EO.O) GO TO 300 
DFAC(INUC,IORG):0.074CEN(INUC,IORG)"TE~F(INUC,IORG)" 

&FW(INUC,IORG)"(1.0-EXP(-O.693/TEFF(0NUC,IORG)"T2(1)"3 55.25))1 
&MASS(JORG)"O.OOI 
DCFAC(INUC,IORG):0.074"EN(INUC,IOPG)"TE~F(INUC,IORG)" 
&FW(INUC,10~G)"(1.0-EXP(-0.593/TEF~(INUC,10~G)"T2(2)"3 55.25))1 
&MASS(JORG)"O.OOI 

GO TO 99 
300 DFAC(INUC,IORG):2.92E-4"FW(INUC,IORG)"EN(INUC,IORG)" 

&(TEFF(INUC,IORG)""2)"(0.693/TEFF(INUC,IORG)"T1"355.25+ 
&EXP(-O.693/TEFF(INUC,IORG)"T2(1)"365.25)-EXP(-0.693/TEFF(INUC, 
&IORG)"(T2(1)-Tl)"355.25))/MASS(JORG)"O.OOl 

DCFAC(INUC,IORG):2.92E-4"FW(INUC,IOAG)"EN(INUC,IORG)" 
&(TEFF(INUC,IORG)""2)"(0.593/TEFF(INUC,IORG)"T1"365.25+ 
£EXP(-O.693/TEFF(INUC,IODG)HT2(2)"355.25)-EXp(-n.693/TE~F(INUC, 
&IORG)"(T2(2)-TI)C3S5.25))/MASS(JORG)"O.001 

GO TO 99 
200 IOR:JORG-19 

DFAC(INUC,IORG):0.0256"TRTM(IOR)"EN(INUC,IORG)"FW(INUC,IORG)" 
&EXP(-0.693/TRAD(INUC)HTP(IOR))/~A55(JO~G)=O.001 

DCFAC (I NUC, lOr.:; ):0.02 <;S::TRHI( 10 0 )::EN( I NUC, I O"G)"F\v( INUC, I (lRG):: 
&EXP(-O.6S3/TRAD(INUC)"TP(IOP))/~~55(JORG)"0.001 

99 CONTINUE 
H='H ' 
C:'C ' 
fJ:' N ' 
NA:'NA' 
IF(ELTO(INUC).EO.H.OR.ELTO(INUC).EO.C)GO TO 400 
IF(ELTO(INUC).EQ.N.OR.ELTO(INUC).EO.NA)GO TO 500 
GO TO 100 

C SPECIAL CASE FOR H-3,C-14 
C 

C 

400 IF(JORG.EQ.5)GO TO 100 
DO 401 I:I,NORG 
IF(KORG(I).NE.1)GO TO 401 
DFAC( INUC, 10RG):D~AC( INUC, I) 
DCFAC(INUC,IORG):DCFAC(INUC,I) 
GO TO 100 

401 CONTI NUE 

C SPECIAL CASE FO~ N-13,NA-22,NA-24 
C 

500 DO 501 l=l,NORG 
IF(KORG(I).NE.1)GO TO 501 
DFAC(INUC,IORG):D~AC(INUC,I) 
DC F AC ( I f!UC , I OP.G) :DC F AC ( I NUC, I ) 

501 CONTINUE 
100 CONTINUE 

R E TU R~! 
END 

E-53 

DFC00100 
DFC00200 
DFCn0300 

DFC00500 

DFC01100 
DFC01200 
DFC01300 
D~C01400 

D~C01500 

DFC01700 

DFC02400 

DFC03300 

DFC03800 

DFC03900 



ARRRG LI STING 

C THIS SUBROUTINE CALCULATES THE CONCENTRATIONS IN THE 
C FOOD AND EXTERNAL 

SU8ROUTINE DOZE(NONUC,REL,IPEC,CFLO,FLO,VOL,TOq,TRAD,CTIM,RCYF, 
&PLIFE,NPT,KPTHWY,RM,RIOA(F,HLDUP,SW,EXTCON,FDCON,WAT,PECON) 

DIMENSION ~EL(10n),RECON(lnO),TqAD(lnn),KPTHWY(8),RM(F) 
DIMENSION FOCON(8,100),210ACF(5,lDO),HLOUP(~),EXTCON(8,lnO) 
DIMENSION WAT(100,B) 

C CALCULATE RECONCENTRATION FORMULA 
1 CONTINUE 

DO 50 INUC=l,NONUC 
IF (REL(INUC) .EO. 0) GO TO SO 
IF (IREC .EO. 3) GO TO 100 
IF (IPEC .EO. 2) GO TO 150 
RECON(INUC)=I./(1.-(CFLO-FLO)/(CFLO+VOLcTOQ)CEXP(-O.S9 31 

&TRAD(INUC)CCTIM c O.0417) 
GO TO sn 

150 RECON(INUC)=(1.-(RCYFCEXP(-O.693/TQAD(INUC)=CTIM C n.0417» 
&gC(PLIFEc876S./CTIM+1.»/(I.-RCYFcEXP(-O.693/TRAD(INUC)C 
&CTIM c O.0417) 

GO TO 50 
100 RECON(INUC):I.O 
50 CO"!TINUE 
C CALCULATE WATER CONCENTRATIO"! PCI/L 

DO 20e IFD=I,NPT 
IF (KPTHWY(IFD) .EO. 0.) GO TO 20n 
DC 250 INUC=l,NONUC 
WA T ( IN 'JC , I" D) = PEL ( I NUC) C R E CON ( J NUC)"R '" ( J F D)" II 1 q • II 1 CF LO 
IF (KPTHWY(IFD) .EO. 5) GO TC 260 
IF (K?THWY(IFD) .EO. 7) GO TO 270 
IF (KPTHWY(IFD) .EO. 8) GO TO 280 

C CALCULATE FOOD CONCENTRATION PCI/KG 
FDCON(IFD,INUC)=BIOACF(IFD, INUC)CWAT(INUC,IFD)"EXP(-O.5931 

CTRAD(INUC)gHLDUP(IFD» 
GO TO 2,0 

C CALCULATE EXTERNAL CONCENTRATION 
250 ,IAT( INUC,I FD):WAT( INUC,I FD)::sw::IOO. 

EXTCON( IFD, INUC)=,g T( \lWC, I"D)"EXP(-O .593ITR~D( I~JUC)::HLDUP( IFr) 
&::Cl.-EXP(-0.693/1RAD(INUC)CPLIFEg3~'.25»gT~AD(INUC) 

GO TO 250 
2 7 0 E XTCO~~( I FD, I NUC ):,IA T( I r,l'C, I FD)::E XP( - 0.1)9 3ITRAD( I f,IUC)"HLDUP( I FD» 

G0 TO 250 
28 0 EXTCOf>J( I FO, I NUC )=WAT( I NUC, I FD)"EXP( -0. 693ITR~D( J NtlC)::HLDUD( I FD 

.»)f 2. 
250 CONTINUE 
200 COfJrINUE 

RETU~N 

END 
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SUBROUTINE DOZCAL(KPTHWY,DFAC,OINT,FDCON,USAG,POP,DCINT,DCFAC, 
&TTIDOS,TTIDC,DEXT,EXTCON,SLDFAC,SWDFAC,ETTDOS,NORG,NONUC, 
&TOTDOS,TOTDC,KORG,NPT,DINTN,DCINTN,DEXT~,DOSE,DOSCM,DPSKIN, 
&TTSKIN,DPAODY,TTBODY) 

C DOSE CALCULATIONS 
DIMENSION KPTHWY(8),DFAC(IOQ,S),DINT(8,100,S),FDCON(~,lnO) 
DIMENSION USAG(S),DCINT(8,IQO,S),DCFAC(lnO.S),TTIDOS(IOO,5) 
DIMENSION TTIDC(IOO,S),DEXT(8,IOn,S),EXTCON(8,10 n), 

&SLDFAC(100,2),KORG(S) 
DIMENSION SWDFAC(100,2),ETTDOS(100,S),TOTDOS(100,S),TOTDC(IOO,5) 
DIMENSION DINTN(8,S),DCINTN(S,S),DEXTN(8,S),DINTNP(S),DCNTNP(5) 
DIMENSION DEXTNP(S),DOSE(S),DOSCM(S),DPSKIN(8),DPBOOY(8) 

C ZERO TOTAL VARIABLES 
CALL ZEROR(500,TTIDOS) 
CALL ZEROR(SOO,TTIDC) 
CALL ZERO~(SOO,ETTDOS) 
CALL ZEROR(500,TOTDC) 
CALL ZEROR(500,TOTDOS) 
CALL ZEROP(40,DINTN) 
CALL ZEROR(40,DCINTN) 
CALL ZEROR(40,DEXTN) 
CALL ZEROR(5,DINTNP) 
CALL ZEROR(5,DCNTNP) 
CALL ZEROP-(5,DEXTNP) 
CALL ZEROR(5,DOSE) 
CALL ZEROR(5,DOSCM) 
CALL ZEROR(8,DPSKIN) 

C INTERNAL DOSE 
DO 100 IFD=I,NPT 
IF (KPTHWY(IFD) .EO. 0 .OR. KPTHWY(IFD) .GE. 6) GO TO 100 
DO 110 INUC=I,NONUC 
DO 120 10RG=I,NORG 
IF(KO~G(IO~G) .EO. 12) GO TO 120 
DINT(IFD,INUC,IORG)=FDCON(IFO, INUC)HUSAG(IFD)HDFAC(INUC,IO~G)HPOP 
DC I ~JT ( IF D, I NUC, I ORG) =F DCON( IF D, I IWC) H U 5 AG ( I FD) ::DCF AC ( I NUC, 10%):: PO 

.P 
TTIDOS( INUC, IORG)=TTIDOS(INUC, 10%) + DINT(lFD,INUC, IOKG) 
TTIDC(INUC,IORG)=TTIDC(INUC,IORG) + DCINT(IFD,INUC,IORG) 

120 CONTINUE 
lID CONTINUE 
100 CONTINUE 
C EXTERNAL DOSE--TOTAL BODY AND SKIN 

DO 200 IFD=I,NPT 
IF (KPTHWY(IFD) .EO. 0 .OR. KPTHWY(IFD) .LT. 6) GO TO 200 
::>0 210 IORG=I,2 
DO 210 INUC=I,NONUC 
IF (KPTHWY(IFD) .GT. 5) GO TO 250 
DEXT(IFD,INUC,IORG)=EXTCON(IFD,INUC)::USAG(IFD)=SLDFAC(INUC,IORG) 

&::POD 
GO TO 25n 

250 JEXT(IFD,INUC,IORG)=EXTCON(IFD,INUC)=USAG(IFD)HSWDFAC(INUC,IORG) 
&::POP 

250 ETTDOS(INUC,IORG)=ETTDOS(INUC, IORG) + DEXT(IFD,INUC,IO,G) 
210 CO,;TI,;ue . 
200 COI\;TINUE 
C TOTAL DOSE, INTERNAL ONLY 

DO 300 INUC=I,NONUC 
DO 310 IORG=I,NORG 
IF (KORG(IORG) .EO. 12) GO TO 310 
TOTDOS(INUC,IORG)=TTIOOS(INUC,IORG) + 

&TOTDOS(INUC,IORG) 
TOTDC(INUC,IORG)=TTIDC(INUC,IORG)+TOTDC(INUC,IO~G) 

310 COtnlNUE 
300 CONTINUE 
C DOSE TO ORGAN 9Y PATHWAY 
C DOSE COMMITMENT TO ORGAN 9Y PATHWAY 

DO 400 IO~G=I,NORG 
IF (KORG(IORG) .EQ.12) GO TO 400 
DO 410 IFD=I,NPT 
IF(KPTHWY(IFD) .EO. 0) GO TO 410 
DO 420 INUC=I,NONUC 
IF (KPTHWY(IFD) .GE. 5) GO TO 430 
JH'TN(JFD,JORG)=I)!lITN(IFD,IO%) + Di!'-!T(IFD,PJUC,IORG) 
DCINTN(IFD,IOqG)=DCINTN(IFO,IORG) + DCINT(IFD,INUC,IORG) 
GO TO 420 

430 CONTI NUE 
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JEXTN(IFO,IORG)=OEXTN(IFD,IORG)+ DEXT(IFD,INUC,2) 
420 CONTINUE 

IF (KPTHWY(IFO) .GE. 6) GO TO 440 
DINTNP(IORG)=DINTNP(IORG) + DINTN(IFD,IORG) 
DCNTNP(IORG)=DCNTNP(IORG) + OCINTN(IFD,IORG) 
GO TO 410 

440 CONTINUE 
DEXTNP(IORG)=DEXTNP(IORG) + DEXTN(IFD,IORG) 

410 CONTINUE 
DOSE(IORG)=DINTNP(IORG) 
OOSCM(IORG)=DCNTNP(IO~G) 

400 CONTINUE 
C DOSE TO S~IN BY PATHWAY 

DO 450 IFD=I,NPT 
IF (KPTHWY(IFD) .LT. 6) GO TO 450 
DO 450 INUC=l,NONUC 

460 DPSKIN(IFD)=DPSKIN(IFD) + DEXT(IFO,INUC,I) 
TTSKIN=TTS~IN + DPSKIN(IFD) 

450 CONTINUE 
C EXTERNAL DOSE TO TOTAL BODY ~Y PATHWAY 
C 

DO 550 IFD=l.NPT 
IF(KPTHWY(IFC) .LT. 5) GO TO 550 
DO 560 INUC=l,NONUC 

560 DPBODY(IFD)=DP80DY(IFD)+DEXT(IFD,INUC,2) 
TTQODY=TTBODY+DP~ODY(IFD) 

550 CONTINUE 
RETURN 
END 
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SUBROUTINE DOSOUTCTITLEl,DD,ELTO,AWn,NORG,KO~G,NPT,NONUC,KPTHWY, 

&DINT,DCINT,DEXT,T~AD,REL,WAT,CFLO,SW,DINTN,DCINTN,DEXTN,HLD0p, 
&USAG,RM,FDCON,BIOACF,TOTDOS,TOTDC,ETTDOS,EXTCON,DOSE,DOSCM, 
2DPSKIN,TTSKIN,PECON,ISftLT,lpnp,DP~ODY,TTRODY,T2,IPCNT) 

DIMENSION ELTOCIOO),AWOC100),ONAME(2~),PNAME(R),KORG(5) 
DIMENSION KPTHWYCR),DINT(~,lno,5),DCINT(R,10n,5),DEXTC8,IDO,5) 
DIMENSION DINTN(R,5),DCINTN(8,5),OEXTN(~,5),DOSEC5),DOSCMCS) 
DIMENSION TRAD(IOO),REL(IOO),WATCIOn,8),DPSKINC8),TOTDOS(IOn,S) 
DIMENSION TOTDC(IOn,5),ETTDOS(IOO,S),EXTCONC8,IOO) 
DIMENSION HLDUP(8),T2(2),USAGCR),FDCON(8,IOn),RMCR) 
DIMENSION ~IOACF(5,IOO),DPBODY(8),TITLEIC20),RECON(IOO) 
DIMENSION AM(2),DI(S),D2CS) 
CHARACTER AM::7 
CHARACTER DD"8 
CHA~ACTER AWO::5 
CHARACTER ONAME"IO 
CHARACTER PNAME::IO 
DATA AM(J),M'(2)/' RE~·. ','nAN-REM'/ 
DATA (pNAr~EC I), 1=1,8)/' FI S'i', 'CI"USTACEA', '~IOLLUSCS',' PLANTS', 

&'DRINK. H20','SHORELINE','SWIMMING','BOATING'/ 
DATA CONA.MECI),I=I,23)/'TOTAL 80DY','90DY \·IIl.TER','KIDNEYS', 

& ' L I V E R ' , ' S P LEE N ' , '90 N E ' , ' ~ AT' , ' LUNG S ' , ' Il. 0 R E N A L S ' , ' T EST E S ' , 
& 'OVA R I E 5' , ' SI( IN' , ' 9 RA IN' , 'MU SC L E ' , ' PRO S T.A T E ' , ' THY ~O I D' , ' PANC REA 5 ' 
&,'HEART','GI','STN'ACH','SMALL INT','UPPER LARG','LOI-IER LARG'/ 

C SUMMARY TABLE--DOSE TO ORGAN BY PATHWAY 
C 
C 

20 

21 

22 

23 

24 

220 

25 
2JC 

M:I 
IFCI P OP.NE.O)M=2 
CO'H I NUE 
PRINT 20, TITLEI,DD 
FORMAT(IHl.4X,20A4,IOX,A8) 
PRINT 21 
FOR'~AT(JHO,'ARRRG',IOX,'VERSION J.O',IOX,'I AUGUST 78') 
PRINT 22, A~CM),T2(1) 

FO~~1AT(JHa,'DOSE TO ORGAN 9Y PATHWAY C',A7,')', 
.' -OR A PERIOD O~ ',IPE8.2E2,' YEARS') 

PRINT 31 
31 FO~MAT(22X,'EXTErWAL',4nx,'INTERNAL',/, 

.40('-'),5X,70('-'» 
PRI~T 23,(ONAME(KORG(IORG»,IORG=l,NORG) 
FORMA T ( I H 0, ' PA THWA Y , , 9 X, ' SO( IN' , 8 X, ' TO TAL 80DY', 8 X, 5 ell, 1 0 , 5 X), j) 
DO 210 IFD=I,NPT 
IF CKPTHWYCIFD) .GE. 6) GO TO 220 
PRINT 24, PNAME(KPTHWY(IFD»,(DINTN(IFD,IORG),IORG=I,NORG) 
FORMAT (lX,AIO,36X,S(IPE8.IE2,7X» 
GO TO 210 
PRINT 26, PNAME(KPTHWYCIFD»,DPSKIN(IFD),DPBODY(IFD), 

.(DEXTN(IFD,IORG),IO::!G=l,NORG) 
FORMAT (IX,AIO,4X,lPE8.IE2,8X,IPE8.1E2,8X,5(IPE8.IE2,7X») 
CONTINUE 
DO IDa 1=l,NORG 
Dl(I):DCSECJ).TTBODY 

100 D2CI)=DOSCM(I).TTBODY 

25 
C 

POINT 25, TTSI(!tJ,TTBCJDY,CDICIORG),IORG:I,NORG) 
FORMA T ( I H 0, ' TO TAL' , 9 X, 1 P E 8 . I E 2 , 8 x, I PEg. I E 2, 8 X, 5 ( I P E ~ • IE 2 , 7 X) 

C SUMMARY TABLE--DOSE COMMITMENT TO ORGAN ~Y PATHWAY 
C 

PRINT 20,TITLE1,DD 
PRINT 21 
PRINT 30, A~(M),T2C2) 

30 FORMAT (IHO, 'DOSE COMMITMENT TO ORGAN BY PATHWAY,C',A7,')', 
.' FOR A COMMITMENT TIME OF ',IPE8.2E2,' HAD.S') 

PRINT 31 
PRINT 23,(ONAME(KORG(IORG»,IORG=l,NORG) 
DO 310 IFD=I,NPT 
IF (KPTHWY(IFD) .GE. 6) GO TO 320 
PRINT 24, DNM1E(KPTHWY(IFD),CDCI~nNCIFD,IORG),ICJ<:G=I,NORG) 
GCJ TO 310 

320 PRINT 25,PNAME(KPTHWY(IFD»),DPSKINCIFD),DPBODY(IFD), 
.(DEXTN(IFD,IORG),IO%=I,NORG) 

310 CONTINUE 
PRINT 25,TTSKIN,TTBODY,(D2CIORG),IORG=I,NORG) 

C 
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C SU!",MAO.Y TMLE--DOSE AND DOSE COMr-q n~EtJT TO ORGAN flY tlUCLlDE 
C 

PRINT 20, TITLE1,DD 
PRINT 21 
PRINT 40 

40 FORMAT (1HO, 'DOSE AND DOSE CO~MITMENT TO ORGAN SY NUCLIDE, 
• EXTERNAL DOSES SEPERATE') 

DO 400 IORG=1,NORG 
PRINT 41,ONAME(KOPG(IORG»,CFLO 

41 FORMAT C//,IX,AI0,10X,'COOLANT FLO,,: = ',IPE8.1E2,'CUI'-IC FEET/SEC') 
PRINT 42 

42 FORtl.l\T C/ /,' NUCLlDE',8X, 'HALF-LIFE', 3X, 'RELEASE', r)x, 'OOSE', 
&5X,'%',4X,'OOSE COM,'i',4X,",') 

PRINT 43, A"(M),AM(M) 
4 3 "0 '<Mil T (J 7 X, ' DA Y S ' , S x,' C 1 / Y 10 , , 5 X, A 7, lOX, A 7, / , I x, 70 ( , :: , ) ) 

DO 410 lNUC=l,NONUC 
IOPER=TOTDCS(INUC,IORG)/DOSE(IO~G)::100. 
IDCPER=TOTDC(INUC,10~G)/DOSCM(IORG)::100. 

pQINT 44,ELTO(INUC),AWO(INUC),TRAD(INUC),REL(INUC),TOTDOS(INUC, 
&IOAG),IOPER,TOTOC(INUC,IORG),IDCPER . 

44 FOR',AT (IX,A4,A~,5X,IPE8.1E2,3X,1PE8.1E2,4X,IPE8.1E2,3x,13,3X, 
.1PE8.1E2, 
&4X,13) 

410 CONTINUE 
PRINT 45, DOSE(IORG),DOSCM(IORG) 

45 FORMAT(T4G,7('-'),T57,7('-'),/,2X,'TOTAL',22X,2(9X,1PER.I» 
400 CONTINUE 

PRltlT 45,CFLO 
45 f'OPI":AT(I/,lX,'EXTEIl.N"'L DOSE',lSX,'COOLANT FLOl-i ',lPE8.1E2,'CU'l 

.IC FEET/SEC.') 
PRINT 47 

47 FOR"'.AT(//,' NUCLIDE',RX,'HALF-LIFE',3x,'RELEASE',4X, 
.'SKIN DOSE',3X,'%',4X,'T.'l. 00SE',4X,'%') 

PRINT 43, AM(M),AM(M) 
DO 420 I NUC= 1, NONUC 
ISDPER=ETTOOS(INUC,I)/TTSKIN::I00. 
I~DPER=ETTDoseINUC,2)/TT80DY::10D 
PRINT 44,ELTO(I~UC)."'WO(INUC),TRAD(INUC),REL(INUC),ETTDOS(INUC,l) 

& , I SDPE R, E TTOOS ( I NUC , 2), I SD;:>E R 
420 CONTInUE 

PRINT 45,TTSKIN,TTBODY 
C 
C COMPLETE TABLE--DOSE AND DOSE COM~ITMENT TO ORGAN 
C 
C 8Y PATHWAY AND NUCLIDE 
C 
C INTERNAL PATHWAY 
C 

PRINT 20,TITLEl,DD 
PRINT 21 
PRINT 50 

50 FO RMAT e 1 HG, 'DOSE AND DOSE COMM I TMENT' ) 
DD 500 IFD=I,NPT 
IF (KPTHWT(IFD) .EO. 0 .OR. KPTHWY(IFD) .GE. 6) GO TO 500 
1f'(IFD.NE.1)PRINT 2 
'O"~~AT( 1Hl) 
PRINT 51, PNAME(KPTHWY(IFD» 

5 1 "0 ~ '1A T ( / , 5 x, A 1 0, / , 5 x, 1 0 ( , = ' ) ) 
PRINT 52,HLDUP(IFD),USAG(IFD),RM(IFD) 

52 FOR~IATCI/,' HOLDUP = ',IPE8.1E2,IOX,'CONSUMPTIO" ',lPE8.1E2, 
& lOX, 'M I X I NG RA T I 0 = ',I P E 8 • 1 E 2 ) 

DO 510 IO·~=l,NORG 
IF (KORG(IORG) .EO. 12) GO TO 510 
PRINT 51,ONAME(KORGeIORG» 
IF (KPTHWY(IFO) .EQ. 5) GO TO 520 
PRINT 53 

53 FORMATe/,' tJUCLIDE',7X,'HALF-LIFE',3X,'RELEA.SE',4X,'~Jl>TER', 
&' CONC',3x,'RECON',3X,'B1DACF',5X,'CONC',5X,'DOSE',5X,'%', 
&4X,'DOSE COMi",',3X,'%') 

PRINT 54, AM(M),AM(M) 
54 FOR."IAT(16X,'DAYS',7X,' CI/YR',~X,'PCI/L ',6X,'FAC',14X, 

&'PCI/KG',4X,A7,9X,A7,I,IX,110('::'» 
GO TO 530 

520 pppn 55 
55 FORMAT(/,' NUCLlOE',7X,'HALF-LI'E',3X,'REl.EASE',4X,"iATER ' 

&'CONC',2X,'RECO"',3x,'H20 CU',5X,'CONC',6X,'DOSE',6X,'%', 
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56 

530 

59 

57 

540 

58 
510 
500 
C 

&4X,'DDSE COM',4X,'%') 
PRUJT 55; MI(rl),AM(M) 

ARRRG LI STING 

FOR ~IA T ( 16 x, 'D l\ Y 5 ' , 7 X,' C I / Y R ' , 8 x, ' PC I / L ',4 X, ' FA. C ' , 
& 4 X, 'F l\ C TOR' , 4 X, ' PC I / KG ' , 4 X, A 7 , 9 X, A 7, / , I X, II 0 ( , :: , ) ) 

DO 540 INUC=I,NONUC 
IDPER=DINT(IFD,INUC,IORG)/DINTN(IFD,IORG)~IOO. 
IDCPER=DCINT(IFD, INUC, 10RG)/DCINTN(IFD, 10RG)::IOO. 
IF(IDPER.GE.IPCNT)GO TO 59 
IF(IDCPER.LT.IPCNT)GO TO 540 
PRINT 57,ELTO(INUC),AWO(INUC),TRAD(INUC),REL(INUC),WAT(INUC,IFD), 

&RECON(INUC),910l\CF(IFD,INUC),FDCON(IFD,INUC),DINT(IFD,INUC,IORG), 
& I DPER, DC I tn( I FD, I NUC, I ORG), I DCPER 
FORMAT(IX,A4,A5,3(4X,lPER.IE2),3(IX,IPE8.1E2), 

&3X,2(IPE8.IE2,2X,13,4X» 
COIH I NUE 
PRI~T 5!,DINTN(I~D,IORG),DCINTN(IFD,IORG) 
FOR MA T ( T 7 8 , 7 ( , - , ), lOX, 7 ( , - , ) , / , 2 X, ' TOT A L ' , 6 9 X, 2 ( 1 P E 8 • I , 9 X ) ) 
CONTINUE 
CONTINUE 

C EXTERNAL PATHWAY 
C 

DO 550 IFD=I,NPT 
IF (KPTHWY(IFD) .EO. 0 .OR. KPTHWY(IFD) .LT. 6) GO TO 550 
PRINT 2 
PRINT SI,PNAME(KPTHWY(IFD» 
PRINT nO,HLDUP(IFD),USAG(IFD),RM(?),SW 

60 FOR~MT(/,' HOLDUP = ',F5.1,lnX,'USAGE(HR/yr» = ',IPEP.I,IOX, 
&'MIXI"IG RATIO = ',OPF6.3,IOX,'SHORE WIDTH FACT. = ',"5.3) 

PR HJT 51, AMUI) 
6 J FOR ~\A T CI " N U C LID E ' , 7 X, ' HAL F - L I "E ' , ~ X, ' r. E LEA 5 E ' , 7 X, ' \'1 ATE P , 

&,'CONC',7X,'RECOfl',3X,'SHORELINE CONC',3X,'DOSE Af~D DOSE' 
&'COW\lHIENT( ',A7,' )') 

PRINT 62 
62 FORfIAT(!5X,'DAYS',12X,' CI/YQ',10X,'PCI/L ',10X,'FAC', 

& 9 x, ' PC I / fl:::: 2 ' , g x, ' SK IN' , 7 X, '9;' , 4 X, 'T BOD Y , , 6 X, ' 'i ' • / ,IX, 1 2' C ' :: , ) ) 
DO 570 INUC=I.NONUC 
ISPEP=DEXT(IFD,INUC,I)/DPSKIN(IFD)"10n. 
IBPER=DEXT(IFD,INUC.2)/DEXTN(IFD,I)"IOO. 
IF(ISPER.GE.IPCNT)GO TO 5S 
IF(IBPER.LT.IPCNT)GO TO 570 

55 PQINT 53,ELTO(INUC),AWO(INUC),TRAD(INUC),REL(INUC),WAT(INUC,IFD), 
~RECON(INUC),EXTCON(IFD,INUC),DEXT(IFD,INUC,I),ISPER,DEXT(I"D, 
&INUC,2),IBPER 

6 3 " 0 R r'.A T ( 1 X • A 2 , A ~ • 6 ( 5 X, J PEg. 1 E 2 ,IX) • I 5 , 1 PEl 1 • 1 , 2 x. IS) 
570 CONTINUE 

P~INT 64,DPSKIN(IFD),DEXTN(IFD,2) 
6 4 FOR~1A T (T91 , 7C ' - , ), lOX, 7 ( , - , ). / , 2 X, ' TOTAL' , 74 x, 2 (8 x. 1 PE 8. 1 E 2» 
5 5 0 CONT I NUE 

RETURN 
END 
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c 
C THIS CODE C~LCULATES RADIATION DOSES FROM AIRBORNE RELEASES FOR 
C INGESTION OF CONTAMINATED FOODSTUFFS AND FOR EXPOSURE TO 
C CONTAMINATED GROUND 
C 
C 

C 

DIMENSION TITLR(20),TITLFCGO),TITLOC20),TITLGC20) 
REALK4 LFCON(IS,lOO) 
DIMENSION AIRCON(IS,lOO),PLTCON(lS,lOO),WATCON(lS,lOO) 
DIMENSION KFDTYP(lS),XQClS),GRWP(lS),YELD(lS),RIRR(IS),HLDUP(lS) 
DIMENSION CON(IS),T2(2),KORG(S) 
DIMENSION REL(IOO),TRADCIOO),DPVL(lOO),FDTC(lS,lOO),TBIO(lOO,S) 
DIMENSION FW(lOO,S),EN(lOO,S) 
DIMENSION ELT(300),AWC300),TR(300),DVELC70),FTRC(G,70),FELT(70) 
DIMENSION IO(2000),IBEG(;OO),IEND(300) 
JIMENSION TB(2000),E(2000),FWL(2000),AWOCIOO),ELTOCIOO) 
DIMENSION TITLEI(20),ELTI(100),AWI(100),Q(lOO),QOC300) 
DIMENSION DFGRD(IOO,S),DFACCIOO,S),DCFACCIOO,S),SLCON(lS,lOO), 

.EDBCONC15,lOO),DOSGRDCIOO,S),DINT(lS,lOO,S),DCINT(15,100,5), 

.TOTDOS(100,5),TOTDC(100,S) 
DIMENSION GRDF(300,2),TRNS(15) 
CHARACTER AWKG,AWO=G,TTKS,DD=S 
CHARACTER AWI K6 

eNAMELIST INPUT LIST 
C 

C 

NAMELIST/INPUT/NEXT,KFDTYP,XQ,GRWP,YELD,RIRR,HLDUP,CON,IDEP,CFLO, 
.RM,FLO,VOL,TOR,CTIM,PLIFE,EXTIM,KORG,T2,IAC,I~EC,POP,IPOP, 
.IOUT,TRNS,IPCNT 

NMAX=lOO 
POP: 1 .0 
lSTRT=O 

C READ INPUT CARD DATA 
C 

C 

READ(S,lOO,END=99) TITLEl 
READ(S,INPUT,ERR=97) 
]F(NEXT.GE.4.) GO TO 95 
1~(NEXT.EO.3) GO TO 2 
IF(ISTRT.EQ.l)GO TO 3 
ISTRT=l 

C ASSIGNS REQUIRED DATA FILES 
C 

C 
C 

CALL ASGF(1) 

C READ DATA LI8RARY FOR MASTE~ NUCLIDE INDEX AND RADIOLOGICAL HALF LIFE 
C 

CALL RLIBINCELT,AW,TR,NUC,TITLR) 
C 
C READ FOOD TRANSFER COEFFICIENT DATA LIBRARY 
C 

CALL FLIBIN(NFELT,FELT,DVEL,FTRC,TITLF) 
C 
C READ ORGAN DATA LIBRARY 
C 

CALL OLIBSCNUC,ELT,AW,IO,TB,FWL,E,IBEG,IEND,TITLO) 
C 
C READ GROUND DOSE FACTOR LIBRARY 
C 

CALL GLISIN(NUC,ELT,AW,GRDF,TITLG) 
C 
C START OF CALCULATION FOR NEXT CASE 
C 

3 CONTINUE 
C READ NEW RELEASE INVENTORY 
C 

C 

CALL ZEROR(lOO,Q) 
CALL ZEROR(300,OO) 
READ(S,200,END=99) NIN,FINV 

C IF NUMBER OF NUCLIDES IS OUT 0" RANGE PRINT ERROR MESSAGE AND STOP 
C 

IF(NIN.GT.NMAX.OR.NIN.LT.I) GO TO 98 
READ(5,300,END=99) (ELTI(I),AWI(I),Q(I),I=l,NIN) 
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C 
C IDENTIFY INPUT RADIONUCLIDES 
C 

CALL IDNUC(NUC,ELT,AW,ELTI,AWI,Q,QO,NIN) 
c 
C COUNT ORGANS AND FOOD TYPES 
C 

2 CALL OFCHCK(KORG,NORG,KFDTYP,NFT) 
C 
C SET DATA ARRAYS FOR DOSE CALUCATION ACCORDING TO NUCLIDES, ORGANS 
C AND FOOD PATHS SPECIFIED ON INPUT. 
C 

C 

CALL SETDAT(NUC,AW,ELT,TR,T8,E,FWL,QO,REL,FINV,KORG,KFDTYP, 
.NORG,NFT,NFELT,FELT,DVEL,FTRC,DPVL,FDTC,NONUC,AWO,ELT0,TRAD,T810, 
.IO,EN,IBEG,IEND,DFGRD,GRDF,FW) 

C WRITE QUALITY ASSURANCE PAGE 
C 

C 

CALL QAPAGE(TITLEl,TITLR,TITLF,TITLO,TITLG,KFDTYP,XQ,GRWP, 
.RIRR,HLDUP,CON,IDEP,IAC,PLIFE,EXTIM,KORG,T2,IREC,POP,TRNS,NFT, 
.YELD,NORG,NONUC,ELTO,AWO,REL,FINV,DD,IPOP, 
.CFLO,RM,FLO,VOL,TOR,CTIM) 

C CALCULATE DOSE FACTOR FOR CURRENT INVENTORY AND ORGANS. 
C 

C 

CALL DFCALC(TRAD,TBI0,FW,EN,NONUC,NORG,IAC,T2,DFAC,DCFAC,KORG, 
.ELTO) 

C CALCULATE FOOD CONCENTRATION FAGTORS 
C 

C 
C 

CALL DOSE(IDEP,NFT,NONUC,IREC,CFLO,FLO,VOL,TOR,CTIM,PLIFE,RM, 
.SLCON,EDOCON,KFDTYP,ELTO,REL,XQ,TRAD,YELD,GRWP,DPVL,TRNS, 
.RIRR,FDTC,HLDUP,PLTCON,WATCON,AIRCON,LFCON) 

C CALCULATE DOSE FROM FOOD CONCENTRATION AND DOSE FACTORS 
C 

C 

CALL DOZCAL(NONUC,NORG,KORG,NFT,CON,POP,EXTIM,SLCON,ED8CON, 
.DOSGRD,DINT,DCINT,TOTDOS,TOTDC,DFAC,DCFAC,DFGRD,KFDTYP) 

C WRITE OUTPUT REPORTS 
C 

C 

C 

CALL DOSOUT(NFT,NORG,NONUC,ELTO,TRAD,REL,IOUT,CON,XQ,RIRR,HLDUP, 
.TRNS,PLIFE,TITLEI,DINT,DCINT,TOTDDS,TOTDC,DOSGRD,KORG,DD,AWO, 
.WATCON,AIRCON,PLTCON,KFDTYP,LFCON,IPOP,T2,IPCNT) 

IF(NEXT.GE.2)GO TO 1 

C NORMAL EXIT 95 
C 

C 

95 PRINT 400 
CALL ASGF(2) 
STOP 

C INVENTORY INPUT ERROR IN SPECIFICATION OF NUMBER OF NUCLIDES. 
C 

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

C 
C END OF INPUT CARD FILE 
C 

C 

99 PRINT 600 
CALL ASG~(2) 
STOP 

97 PRINT 1009 
1009 FORMAT(' ERROR ON NAMELIST INPUT') 

CALL ASGF(2) 
STOP 

C 
C FORMAT STATEMENTS 
C 

100 FORMAT(20A4) 
200 FORMAT(13,EI0.2) 
300 FORMAT(A2,A5,4X,E8.2) 
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400 FORMAT(lHl,'END OF INPUT FOR THIS ~UN') 

500 FO~MAT(lHl,'ERROR IN NUMBER OF NUCLIDES INPUT, NONUC :',15,' MAXI 
.MUM ALLOWED 15',14) 

600 FORMAT(lHl,'END OF FILE ON INPUT, STOP') 
END 
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SUBROUTINE RLIBIN(ELT,AW,TR,NUC,TITLR) 
DIMENSION ELT(300),AWC300),TRC300),TITLRC20) 
CHARACTER AW"6 
READCIO,200,ENO=99) TITLR 

200 FORMAT(20A4) 

C READ AND COUNT NUCLIOE 10 AND HALF-LIFE DATA FROM UNIT 10 
C 

C 

NUC=O 
NUC=NUC+I 
READ(10,lOO,END=99) ELT(NUC),AW(NUC),TR(NUC),IEND 
IFCIEND.GT.O) GO TO 1 

2 NUC:NUC-l 
IF(NUC.GT.300) GO TO 98 
IF(NUC.LT.l) GO TO 98 
RETURN 

C PRINT ERROR MESSAGES AND STOP 
C 

98 PRINT 300, NUC 
300 FORMAT(lHl, 'IMPROPER NUMBER OF NUCLIDES IN MASTER LIBRARY, NUC:', 

• 18) 
CALL ASGF (2) 
STOP 

99 PRINT 400 
100 FORMAT(A2,A6,EIO.2,12) 
400 FORMAT(lHI,'END OF FILE ON MASTER LIBRARY UNIT 10') 

CALL ASG~ (2) 
STOP 
END 
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SUBROUTINE FLIBIN(NFELT,FELT,DVEL,FTRC,TITLF) 
C 
C THIS MODULE READS A FOOD TRANSFER FACTOR LIBRA~Y 
C 

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

NE=l 
C 
C READ TITLE INFORMATION 
C 

C 

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

C READ NEXT DATA CARD 
C 

C 

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

C ON END OF FILE ON DATA CARD READ, RETURN 
C 

C 

2 NFELT=NE-l 
RETURN 

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

99 PRINT 400 
400 FORMAT(lHl, 'END OF FILE AT TITLE CARD ON FOOD DATA LIBRARY') 
300 FORMAT(A2,7E9.2) 

CALL ASGF(2) 
STOP 
EN::> 
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SUBROUTINE OLIBS(NUC,ELT,AW,IO,TB,FWL,E,IBEG,IEND,TITLO) 
C 
C THIS MODULE READS DATA FROM THE ORGAN DATA LIBRARY 
C 

C 

DIMENSION ELT(300),AW(300),FWL(2000),IBEG(300),IEND(300) 
DIMENSION TB(2000),E(2000),10(2000) 
DIMENSION TITLO(20),EI(3) 
CHARACTER AW~G A~G 
AL2=ALOG( 2.) , 

C SET DATA ARRAYS TO ZERO 
C 

C 

CALL ZEROI(2000,10) 
CALL ZEROI(NUC,IEND) 
CALL ZEROI(NUC,IAEG) 
CALL ZEROR(2000,FWL) 
CALL ZEROR(2000,TB) 
CALL ZEROR(2000,E) 

C INITIALIZE CONTROL INTEGERS 
C 

C 

NC:I 
I P=O 
NOLD=O 
IEP.=O 

C READ ORGAN LIBRARY TITLE CARD 
C 

C 

READ(11,lOO,END=99) TITLO 
100 FORHAT(20A4) 

C READ FIRST DATA CARD 
C 

C 

READ(II,200,END=99) EL,A,IOR,TBI,FWI,F2PI,(EI(I),I=I,3) 
200 FORMAT(A2,A6,12,GE8.2) 

1 IF(EL.NE.ELT(NC).OR.A.NE.AW(NC)) GO TO S 
IF(IOR.EO.I) GO TO 2 
IF(NOLD.NE.NC) GO TO 7 
GO TO 3 

2 IF(NC.GT.I) IEND(NOLD)=IP 
NOLD=NC 
IBEG(NC):IP+I 

3 IP=IP+I 

C SET DATA FOR CURRENT NUCLIDE AND ORGAN 
C 

C 

FWL(IP)=FWI 
TIl(IP)=TBI 
10(IP)=IOR 
E(IP)=EI(1) 
IF(EI(3).GT.O.) E(IP)=EI(3) 

C READ NEXT DATA CARD 
C 

C 

READ(11,200,END:99) EL,A,IOR,TBI,FWI,F2PI,(EI(I),I=1,3) 
GO TO I 

C INCREMENT NUCLIDE INDEX NC 
C 

C 

G NC=NC+I 
IF(NC.GT.NUC) GO TO 98 
GO TO I 

C ERROR IN ORGAN LIBRARY DATA ORDER 
C 

C 

7 PRINT 300,NC,NOLD,EL,A,ELT(NOLD),AW(NOLD) 
300 FORMAT(IHI,'ERROR IN ORGAN DATA LIBRARY INPUT, NC, NOLO =',215/ 

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

C UNIDENTIFIED NUCLIDE OR OTHER Pr.OBLEM 
C 

98 WRITE(6,401)EL,A,NC 
401 FORMATC' UNABLE TO IDENTIFY NUCLIDE ',A2,A6,' NUCLIDES CHECKED 

& =', 15,' -- STOP' ) 
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CALL ASGF(2) 
STOP 

FOOD LI STING 

C END OF FILE ON ORGAN DATA LI8RARY 
C 

99 IF(NOLD.GT.O) IEND(NOLD)=IP 
IF(NC.GT.l) RETURN 
PRINT 400,NUC,NC,NOLD,IP 

400 FORMAT(lHl, 'END OF FILE ON ORGAN DATA LI8RARY'/ 
.' NUCLIDES IN MASTER LI8RARY :',14/' CU~RENT NUCLIDE INDEX =',14/ 
.' PREVIOUS NUCLIDE INDEX =',14/' DATA ARRAY INDEX :',15) 

CALL ASGF(2) 
STOP 
END 
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SUBROUTINE GLIBIN(NUC,ELT,AW,GRD',TITLG) 
C 
C THIS SUBROUTINE READS DATA FROM THE EXTERNAL DOSE FACTOR LIBRARY 
C 

C 

DIMENSION ELT(300),AWC300),GRDF(300,2),TITLG(20) 
CHARACTER AW:'G 
CHARACTER W::G 

C INITIALIZE ARRAY AND CONTROL INTEGERS 
C 

NC=I 
IP=O 
DO 10 I = I , 2 
DO 10 J=I,300 

10 GRDF(J,I)=O.O 
C 
C READ TITLE CARD 
C 

100 
C 

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

C READ DATA FROM FILE 
C 
2 
200 
1 

C 

READ(13,200,END=98)EL,W,GRDFI,GRDFJ 
FORMAT(A2,AG,2X,E7.2,2X,E7.2) 
IF(EL.NE.ELT(NC).OR.W.NE.AW(NC)) GO TO 6 
IP=IP+l 
IF(IP.GT.300) GO TO 97 

C SET DATA FOR CURRENT NUCLIDE 
C 

C 

GRDF(NC,l)=GRDFI 
GRDF(NC,2)=GRDFJ 

C READ NEXT DATA CARD 
C 

GO TO 
C 
C INCREMENT NUCLIDE INDEX 
C 
Ii NC=NC+l 

C 

IF(NC.GT.NUC) GO TO 97 
GO TO I 

C ERROR IN DATA LIBRARY ORDER OR SIZE 
C 
97 
301 

C 

PRINT 301,IP,NC 
FORMAT(' PROBLEM IN GROUND DOSE FACTOR LIB~ARY READ',/, 

&' NUCLIDES FOUND = ',15,/,' NUCLIDES CHECKED FROM MASTER LIBRARY& 
& = ',15,' STOP') 

CALL ASGF(2) 
STOP 

C END OF FILE ON DATA READ 
C 
98 

302 

C 

IF(IP.GT.l)RETURN 
PRINT 302 
FORMAT(' GROUND DOSE FACTOR LIBRARY EMPTY--STOP') 
CALL ASGF(2) 
STOP 

C END OF FILE ON TITLE READ--STOP 
C 
99 
303 

PRINT 303 
FORMA T(' GROUND 
CALL ASGF (2) 
STOP 
END 

DOSE FACTOR TITLE READ ERROR--STOP') 
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SUBROUTINE OFCHCK(KORG,NORG,KFDTYP,NFT) 
C 
C THIS MODULE COUNTS ORGANS AND FOOD TYPES SPECIFIED 
C 

DIMENSION KORG(5),KFDTYP(15) 
C 
C COUNT ORGANS INDICATED FOR DOSE CALCULATIONS 
C 

C 

NORG=O 
DO 10 1=1,5 
IF(KORG(I).GT.O) NORG=NORG+l 

10 CONTINUE 

C COUNT FOOD TYPES REQUESTED FOR DOSE CALCULATION 
C 

C 

NFT=O 
DO 1 1 1= 1 , 15 
IF(KFDTYP(I).GT.O) NFT=NFT+l 

11 CONTINUE 

C PRINT ERROR MESSAGES IN NO ORGANS OR FOOD TYPES SPECIFIED 
C 

IF(NORG.GT.O) GO TO 12 
PRINT 100, NORG 
CALL ASGF(2) 
STOP 

12 IF(NFT.GT.O) RETURN 
PRINT 200, NFT 
CALL ASGF(2) 
STOP 

C FORMAT STATEMENTS 
C 

100 FORMAT(IHl, 'NO ORGANS SPECIFIED, NORG = ',14) 
200 FORMAT(lHl, 'NO FOOD TYPES SPECIFIED, NFT = ',14) 

END 
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SUBROUTINE ZEROR(N,A) 
C THIS MODULE SETS N VALUES OF ARRAY A TO REAL ZERO. 

DIMENSION A(l) 
DO 1 J=l,N 
A(J):O. 

1 CONT! NUE 
RETURN 
END 
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SUBROUTINE ZEROI(N,K) 
C THIS MODULE SETS N VALUES OF ARRAY K TO INTEGER ZERO. 

DIMENSION K(l) 
DO 1 J=l,N 
K(J)=O 
CONTINUE 
RETURN 
END 
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SUB?DUTINE IDNUCCMUC,ELT,AW,ELTI,AWI,Q,OO,NIN) 
C 
C THIS MODULE IDENTIFIES NUCLIDES IN INPUT INVENTORY 
C 

C 

DIMENSION ELT(30n),AW(300),ELTICIOn),'WI(IOO),OCIOO),OO(300) 
CHARACTER Aw=6,AWI=6 

C INITIALIZE COUNT INDEX ON UNIDENTIFIED NUCLIDES 
C 

ISTOP=O 
C 
C LOOP ON NUCLIDES INPUT. TEST AGAINST MASTEP LIST. 
C 

C 

DO 3 IN:l,t\IN 
DO 1 IL=I,NUC 
ILN:IL 
IFCELT(IL).NE.ELTICIN)) GO TO 
IF(AWCIL).EQ.AWICIN)) GO TO 2 
CONTINUE 

C NO MATCH IN LIB~ARY FOR INPUT NUCLIDE. PRINT NAME OF UNKNOWN NUCLIDE 
C 

C 

ISTOP=ISTOP+l 
PRINT 100, ELTI(IN),AWI(IN) 
GO TO 3 

C SET MASTER INVENTORY ARRAY QO. 
C 

c 

2 QO(ILN)=QCIN) 
3 CONTINUE 

IF(ISTOP.LT.I) RETURN 

C PRINT TOTAL NUMBER OF UNKNOWN NUCLIDES AND STOP. 
C 

PRPJT 200, ISTOP 
100 "'ORMAT(lHO,'UNIDENTI"'IED NUCLIDE ',A2,A5) 
200 FClFU'AT(JHO,'TH::RE VlEP-E UNIDENTI"'IED NUCLIDES, ISTOP =',14) 

CALL A5G"'(2) 
STOP 
ENI:> 
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SU~~OUT1NE 5ETDAT(NUC,AW,ELT,Tq,TB,E,FWL,OO,REL,~INV,KO~G,KFDTYP, 
.NO~G,NFT,NFELT,FELT,DVEL,FTRC,DPVL,FDTC,NONUC,AWO,ELTO,T~AD,T~IO, 

.IO,EH,18EG,IEND,DFGRD,GRDF,FW) 
C THIS MODULE PREPARES CONDENSED DATA A~~_YS For DOSE CALCULATIONS. 
C THE INVENTORY IS MODIFIED BY THE FACTOR FINV. 
c 

C 

DIMENSION AW(300),ELT(300).TR(300).TB(2000).E(20nO),FWL(2000) 
DIMENSION AWO(IOO).ELTO(IOO).TRAD(IOn).T810(IO~.5).LFT(15) 
DIMENSION OO(300),REL(IOO),KORG(5),KFDTYP(15).10(20nO) 
DIMENSION FELT(70),DVEL(70),FTRC(5,70),DPVL(lon),FDTC(15,IOO) 
DIMENSION ENCIOO,5),IBEG(300),IEND(~OO),DFGRD(IOO,5), 

.GRDF(300,2) 
DIMENSION FW(IOD,5) 
CHARACTER A~:"& 
CHARAC TE R Alm"6 
DA TAL F T /1, 1 , 1 , 1 • 1 , 1 • 1 • 1 • 1.2. 3.4. 'i. I) ,0/ 

C INITIALIZE VALID NUCLIDE COUNT, INUC, AND OTHER DATA ARRAYS 
C 

C 

INUC:::O 
CALL ZE~OR(IOO,TRAD) 

CALL ZEROR(son,TBIO) 
CALL ZERO~(ISOO,FDTC) 
IF(FINV.LE.D.) FINV:::I.O 

C LOOP ON MASTER NUCLIDE LIST. 
C 

C 

DO 20 IL:::I,~!UC 

IF(OO(IL).LE.O.) GO TO 20 

C IGNO~E NUCLIDE IL IF INVENTORY IS ZERO 0" IF THERE IS NO ORGAN DATA 
C 

IF(I~EG(IL).LE.O) GO TO 19 

C INCLUDE NUCLIDE IL IN DATA A~qAY POSITION INUC 
C 

INUC=INUC+l 
C 
C SET DATA THAT DEPENDS ONLY ON NUCLIDE 
C 

C 

AWO(INUC):::AWCIL) 
ELTO(INUC):::ELT(IL) 
TRAD(INUC)=TR(IL) 
REL( It!UC):::00( IL)::" INV 
~~GPD(It!UC,l)=GRDC(IL,l) 

DFGPD(INUC,2):::GRDF(IL,2) 

C SET DATA FOP SELECTED O%o,NS FOR CURRENT NUCLIDE 
C 

C 

Il:IREG(IL) 
12=IEND(IL) 
;)0 5 IOG:::l,NORG 
DO 3 I I = I 1 , I 2 
I K= I I 
IF(KORG(IOG).E0.IO(II)) GO TO 4 
CONTI IJUE 
GO TO S 

4 cI';(INUC,IOG):::F:IIL(IK) 
EN(INUC.IOG)=E(IK) 
T810(INUC,IOG):::TB(IK) 
CC~:T I ~!UE 

C SET DATA FO~ SELECTED ~OOD TYPES FOQ CURRENT NUCLIDE 8Y ELE~ENT. 

C FIRST FIND ELEr1ENT. 

C 

DO 7 IE:::l.NFELT 
I EK::: IE 
IF(ELT(IL).EO.FELTCIE)) GO TO 
CONT ]iWE 
PRINT 200, ELT(IL),AW(IL) 
GO TO 99 
DPVL(INUC):::DVEL(IEK) 

C SET FOO~ TRANS"ER CCE"FICIENT 
C 

DO C) IFD:::I,N"T 
IF(KFDTYP(IFD).EO.lS) GO TO 9 
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KFD=LFT(KFDTYP(IFD)) 
FDTC(IFD,INUC)=FTRC(~FD,IEK) 

9 CONTINUE 
GO TO 20 

C NO DATA IN O~GAN LIBRARY, ELIMINATE THIS NUCLIDE. 
C 

C 

19 PRINT lOa, ELT(IL),AW(IL) 
20 NONUC:lNUC 

IF(NONUC.LE.O) GO TO 98 
RETURN 

C FORMAT STATEMENTS 
C 

C 

100 FORMAT(lHO, 'NO DATA IN ORGAN LIBRARY FOR NUCLIDE ',A2,AS,' THIS NU 
.CLIDE D~OPPED') 

200 FOR/IAT(IHO, 'NO DATA FOR ELnlENT IN FOOD DATA LI~~I\P'Y, STOP. ',,1\2, 
.M) 

300 FORMAT(IHO, 'NONE OF INPUT NUCLIDES HAVE DATA IN LIRQARIES, NUC = I 

• , I 3) 

C NO SlATA FOR ANY NUCLIDES IN IfIPUT INVENTO~Y. 

C 
98 PRINT 300, NONUC 
99 CALL ASGF(2) 

STOP 
END 
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C 

C 

C 
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SUBROUTI~E C'PAGE(TITLEI,TITLR,TITLC,TITLO,TITLG,KFOTYP,XQ,GRWP, 
& ~ 1 R D , H L D UP, CO'! , I [) E P, I A C , P L I FE, E v ~ 1 P. , I: 0 r G , T 2 , I r: E C , POP, T r. t·! 5 , N F T , Y E L D 
• ,~JO~G, ~ONlIC, ~L TO, A 11') , REL, F I r,'v, Df), 1 POP, 
.CFLO,R~,FLD,VOL,TOR,CTI~) 
JIME~SION TITLEl(20),TITLR(20),TITLF(20),TITLO(20),TITLG(20) 
DI~ENSION KFDTYP(15),XQC15),GRWP(I~),Rlr:~(15),HLDlIP(15),CON(15) 
D !t~E tJ S 1 ON 1(0% ( 5 ) , T 2 (2) , T'ms Cl 5) , YEL DC! 5) , EL TO C1 no), AlIO ( 1 no) , 
&REL(100),PN'~E(15),ONAME(23) 

CHARACTER ~WO=6,TT=8,DO=q,p~.ME=ln,ONA~E=IO,TYPEH7,PAT~=5 
CHARACTER 'TPOP::10 

D~.T" (P'IMIE ( 1 ), I: 1 , 15) I ' LEA" Y VE G • ' , ' 0 • A • G • VE G • ' , ' POT ATOE S ' , 
[; , aT • R T • VEG. ' , '8 ERR I E 5' , 'ME L 0'4S ' , ' aRC I-!. F '!U 1 T ' , 'I~HE AT' , 
& ' 0 T • G R A I tl' , ' EGG 5 ' , 'M ILK' , ' BEE F ' , ' PO R K ' , 'P 0 U L T P Y , , 'E X T ErN A L ' I 

DATA (O~:MIE( I), 1=1,23)1' TOTAL 800Y',' POOY WATER', 'KIDt,EYS', 
[; , LIVE" ' , ' 5P LEE N' , ' r ONE' , 'F AT' , ' LUNG S ' , 'AO~ E tJ AL 5' , ' TE 5 TE 5' , 
& 'OVt\~IES', 'SKIr,', '8RAI~!', '/1I'SCLE', 'P~OSTATE', 'THYROID', 'PANCREAS' 
&., 'H E A ~ T ' , 1 G I I I ' 5 T 0 ~1 A CHI , I 5 ~, ALL J;; T I , , UP po E r LA. R C; 1 , I L () ~\,:- '-:. LA R G t / 

CALL ADATE(DD,TT) 

\,:"1 TE(S,l )"r., TI TLEI 
FOR"AT(HU,5Sx,' :::::: O.A. PAGE ::::::',33X,'RUt.' ON ',Ag,I,S~X, 

&' FOOCl, VEr.SION 1.0,1 AUGI.'ST 7R',/18X,' C,"Sf TITLE: ',20A4) 
CALL IDL I >;E 

TPOO= I r111X. IND.' 
IFCJPOP.ME.n)TPJP:'POPULATIC~' 
TYPE:' ACUTE' 
IF(IAC.EO.G)TYP2='CHQO"IC' 
PATH= I I.,IATER I 

1=(I"EP.EO.l)PATH:' AJ~' 
W~ITE(5,2)TYPE,P~TH,TPOP 

=O"~It.T(33X,' TYPE O· DJSE CALCULATED: ',A7,' P·IGESTIor·; AND EXER~JA 
.L EXPOSClRE',I,4PX,' FOR :',A5,' PATH,iAY, ',AIO,/) 

',;r I T E (S , 3) T I TL D , (T I TL F ( J ) , I : I , 20) , T I TL 0, T I TL G 
coq~.AT(5X,' :::::: DA.TA LI',~",oIES L'SED:',I,8X,' RADIor'IIJCLlDE LI9<:A~Y: 

& ',2Q!:l4,/,' t=00~ T2A~,~SJ:'Er FACTO::; LI8~A~Y: ',20A4,/,lOX,' ORG,~N !J.o,T 
&, LI3RA'Y: ',2nA4,1,2X,' GROU~D DOSE FACTOq LI~QAny: ',2nA4,/) 

WRITEUJ,4) 
FO~IJ,t.T(5~,' :::::: FCJD D~TA USE"':',I,~x,' FO,)D TYPE' ,9X, 'XIO',SX, 

&'GROWING PERIOD YIELD IRR. RATE HOL"UP CO'; 
&SU~PTIO" TRA~SLOCATION',1,22X,' (SEC/~::::3) ([lAYS) ( 
&KG/~'o':::3) (L/'~::::2/MONTCl) (DAYS) (KG/YR)', /) 

00 1 n 1=1. ~JF T 
I n w 1": I T E ( S , S)? N Aft E ( ~ F [) TY pel) ) , x DC 1 ) , :: ~ \/ P ( I ) , Y E L !) ( I ) • R I R R ( I ) , 

C 

c 

c 

&HLDUD(I),CO~(I).TRNS(I) 
FORMATC"X,A10,7(5X,IPE10.2E2)) 
HD I T E ( (, , r, ) (0'< A "0 ( ~ 0 RG ( I ) ) , I = 1 , ~J O. G) 
"or"."T(/,'X,' ::::" O?Go'JS C0"SIr)E~Erl:',I,ln).',5(lCX,A10),/) 

.,::: IT:: ( 5, 7) (E L TOC! ) , A ~W( J ) , ~ EL( I ) , I = I ,~WNUC) 
F0~·~ATC/.5X/' ::;::: NUCLIDES cor:SIr)Er:E'):t,/,10X,5C''''~UCLlr;E RcLEh,SE 

.',7X),I,9X,5('ELT. I'IT. (CIIY~)',5x),II,(IOX,5(A2,IX,AS,lX,lPEP..2 

.E2,5X))) 

~nITE(5,0)=INV, I~EC,PLI~E/C~La/PO?,CLO,T2(1),V0L,T2(2),TQr, 

• EXT I ~. , C T I fj 
8 FO"'~AI(/5X,';;::::::SITE SOEClclC D'TA USEI)',T70,':::;::::'<i:C0NCE'.'T"oTIC'.' 

.DATA USE)',1,13X,'l'NE·.TO~Y >J()DIFICATION ·ACT':'~: ',IPElO.2E2,T97, 

.'f'·O)EL USEJ: ',I3,I,T22,'FACILlTY Ll~E (YEII,,5): ',IPEln.2::2,T90, 

.'COOLANT FLOVi ~ATE: ',IPEIO.2E2,I,T)3,'PCiPL:LATIOt:: ',IPE10.2E2,T7P 

., 'COOLANT MAKEUP FLOW (FT3/SEC): ',lPEIO.2E2,I,T2S, 

.' DOSE TH1E (YEAqS): " 

.lPE10.2E2,T90,'PONJ VOLl!~~E (FT)): ',lPEln.2E2,I,Tl5, 

.'DOSE CO"oI··.IH1!::i'T TIt1E (YEA~S): ',lPEl0.2E2,T94,'TU"':OVEO: RI'.TE: ' 

.IPE10.2E2,I,T15, 'EXTE~NAL EXPosurE TI~E (H~): ',lPE1G.2E2,T92, 
• 'CYCLE TI~E (Hq): ',IPEln.2(2) 

WC:;ITE(S,S) 
9 FOR'IATCI/,20X,'I'·IPUT prEPf.':ED gY:',1S).','DATE:',/,~PX,I'(':"),5X, 

.In('::'),11,21X,'lfJPUT CCloCKE:'> PY:',15X,'DATE:',1,38X,lo;('::'),5X, 

.10('::')) 

E"JD 
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C THIS SUBROUTINE CALCULATES DOSE FACTORS FOR INGESTION AND 
- C EXPOSURE TO CONTAMINATED GROUND. 

SUBROUTINE DFCALC(TRAD,TBIO,FW,EN,NONUC,NORG,IAC,T2, 
&DFAC,DCFAC,KORG,ELTO) 
REAL~_ MASS(23) 
DIMENSION DFAC(100,5),DCFAC(100,5),EN(100,5),T2(2) 
DIMENSION TEFF(100,5),TRAD(100),TBIO(100,5),FW(100,5) 
DIMENSION KORG(5),TRTM(_),TP(_),ELTO(100) 

C GI TRAVEL TIMES, FRACTIONAL DAYS 
DATA (TRTM(I),1=1,_)/.0_17,.1667,.3333,.7500/ 

C TRAVEL TIMES TO GI ORGANS, FRACTIONAL DAYS 
DATA (TP(I),1=1,_)/0.0,.0_17,.2083,.5_17/ 
DATA Tl/l.0/ 

C ICRP-23 ORGAN MASSES OR GI ORGAN CONTENTS MASS 
DATA (MASS(I),1=1,23)/70000.,600.,310.,1800.,180.,7000.,13500., 
&1000.,1_.,35.,11.,2600.,1_00.,28000.,16.,20.,100.,330.,0.,250.~ 
._00.,250.,135./ 

DO 100 INUC=I,NONUC 
DO 100 10RG=I,NORG 
JORG=KORG(IORG) -
TEFF(INUC,IORG)=TRAD(INUC)=TBIO(INUC,IORG)/(TRAD(INUC)+ 

&TBIO(INUC,IORG» 
IF (KORG(IORG) .GE. 20)GO TO 200 
IF (lAC .EQ.O) GO TO 300 
DFAC(INUC,IORG)=0.07_=EN(INUC,IORG)~TEFF(INUC,IORG)~ 

&FW(INUC,IORG)~(1.0-EXP(-0.693/TEFF(INUC,IORG)~T2(1)=365.25»/ 
&MASS(JORG)~O.OOI 
DCFAC(INUC,IORG)=0.07_~EN(INUC,IORG)=TEFF(INUC,IORG)= 

&FW(INUC,IORG)=(1.0-EXP(-0.693/TEFF(INUC,IORG)=T2(2)=365.25»/ 
&MASS(JORG)=O.OOI 

GO TO 99 
300 DFAC(INUC,IORG)=2.92E-_=FW(INUC,IORG)~EN(INUC,IORG)= 

&(TEFF(INUC,IORG)==2)~(0.693/TEFF(INUC,IORG)~Tl=365.25+ 
&EXP(-0.693/TEFF(INUC,IORG)=T2(1)=365.25)-EXP(-0.693/TEFF(INUC, 
&IORG)~(T2(1)-Tl)=365.25»/MASS(JORG)=0.OOl 

C 

DCFAC(INUC,IORG)=2.92E-_=FW(INUC,IORG)=EN(INUC,IORG)~ 
&(TEFF(INUC,IORG)~~2)=(0.693/TEFF(INUC,IORG)~Tl=365.25+ 
&EXP(-0.693/TEFF(INUC,IORG)~T2(2)=365.25)-EXP(-0.693/TEFF(INUC, 
&IORG)=(T2(2)-Tl)=365.25»/MASS(JORG)=0.001 

GO TO 99 
200 IOR=JORG-19 

DFAC(INUC,IORG)=0.0256~TRTM(IOR)=EN(INUC,IORG)=FW(INUC,IORG)~ 
&EXP(-0.693/TRAD(INUC)~TP(IOR»/MASS(JORG)=0.001 
DCFAC(INUC,IORG)=0.0256~TRTM(IOR)=EN(INUC,IORG)=FW(INUC,IORG)~ 

&EXP(-0.693/TRAD(INUC)=TP(IOR»/MASS(JORG)=0.001 
99 CONTINUE 

H='H ' 
C='C ' 
N='N ' 
NA='NA' 
IF(ELTO(INUC).EQ.H.OR.ELTO(INUC).EO.C)GO TO _00 
IF(ELTO(INUC).EO.N.OR.ELTO(INUC).EQ.NA)GO TO 500 
GO TO 100 

C SPECIAL CASE FOR H-3,C-l_ 
C 

_00 IF(JORG.EQ.6)GO TO 100 
DO _01 I=l,NORG 
IF(KORG(I).NE.I)GO TO _01 
DFAC(INUC,IORG):OFAC(INUC,I) 
DCFAC(INUC,IORG)=DCFAC(INUC,I) 
GO TO 100 

401 
C 

CONTINUE 

C 
C 

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

500 DO 501 I:l,NORG 
IF(KORG(I).NE.l)GO TO 501 
DFAC(INUC,IORG)=DFAC(INUC,I) 
DCFAC(INUC,IORG):DCFAC(INUC,I) 

501 CDNTINUE 
100 CONTINUE 

RETURN 
END 
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C ROUTINE F0R AIR AND WATER CONCENTRATION 
SU!ROUTINE DOSE(IDEP,NFT,NONUC,IREC,CFLO,FLO,VOL,TOD,CTIM, 

&PLIFE,RM,SLCOM,ED~CON,KFDTYP,ELTO,qEL,XQ,TRAD,YELD,GRWP,DPVL, 

&TRNS,RIR~,FDTC,HLDUP,PLTCON,WATCON,AIRCON,LFCON) 

AEAL~~ LFCON(15,100) 
DIMENSION AIRCON(15,100),RECON(100),WATCON(100) 
DIMENSION SLCON(15,100),ED!CON(15,IOO),PLTCON(15,IOO) 
DIMEMSION ELTO(100),KFDTYP(15), REL(100),XQ(15),T~AD(IOO), 

&DPVL(ICO),TRNS(15),RIRR(15),FDTC(15,IOO),HLDUP(15) 
DIMENSION YELD(15),GRWP(15) 
DATA TENV,DEpcP,SLDN/14.,.25,224./,CHKNGC,CHKNWC/.12,.3/ 
DATA COWGC,COWWC/55.,50./,B~FC,BFWC/6!.,50./,PIGGC,PIGWC/4.2,10./ 
DO 101 I=I,NONUC 
WATCON(I)=O.O 
DO 101 J=I,NFT 

101 AIRCO~(J,I)=O.O 
IF (IDEP .EO. I) GO TO 50 
IF (IDEP .EO.2) GO TO 50 

C CALCULATE AlP CONCENT~ATION PCI/~=~3 
50 DO 100 IFD=I,NFT 

IF (KFDTYP(IFD) .EQ. 0) GO TO 100 
DO 110 INUC=I,NONUC 
AIRCON(IFD,INUC)=REL(INUC)=XO(IFD)=I.EI2=3.169E-8 

110 CONTINUE 
100 CONTINUE 

IF (IDEP .EQ. 1) GO TO 150 
C CALCULATE WATER CONCENTRATION PCI/LITER 
&0 DO 200 INUC=I,NONUC 

IF (IREC .EO. 2) GO TO 51 
IF (IREC .EQ. 3) GO TO 5"2 
RECO:,( INUC)=I. / (I. -(CFLO-~LO)/(CFLO+VOL::TOR) 

&"EXP(-O.593/TRAD(INUC)::CTI~::0.0417» 
GO TO 200 

61 RECO~(INUC)=(I.-(VOL::EXP(-0.693/TRADCINUC)"CTIM"n.0417» 
&"::(PLlcE::B765./CTI~+I.»/CI.-VOL::EXP(-0.693/TRAD(INUC):: 
&:T1~~::0. 041]) 

GO TO 200 
62 RECON(INUC)=I. 
2 00 ':ATCO~i( I NUe)= 1119. II ::RECONC I NUC )::P.EL( I NUC)::~M/CFLO 
C 
C FIND AN IND~X TO GIVE COR~ECT FDTC TO USE IN PLTCON 
C FOR NON-PLANT P~,THWAYS: IPL 
C 

C 

150 CONTINUE 
DO 10 l=l,NFT 
IF(KFDTYP(I).GT.9)GO TO 10 
IPL=I 
GO TO II 

10 CO"JTINUE 

C IF THERE ARE NO PLANT PATHWAYS, PRINT MESSAGE AN~ STOP 
C 

PRltH 12 
12 FORMAT(IHl,' THIS CODE WILL NOT RUN WITHOUT AT LEAST', 

.' ONE PLANT PATHWAY--STOP') 
STOP 

II CONTltW<: 
DO 300 IFD=I,nFT 
DO 301 I NUC=1, NONlIC 
P LTC 0°, ( I F D, I N UC ) = 0 • 0 
LFCON(IFD,INUC)=O.O 
SLCON(IFD,INUC)=O.O 

301 EDECC~(ICD,INUC)=O.O 

ENliDC=O.O 
TAIR=O.O 
CAIR=O.O 
GRCON=O.O 
DO 399 INUC=I,NONlIC 
H = I H I 

IF (ELTO(INUC) .NE. H) GO TC 310 
GO TO 1000 

310 C='C' 
IF CELTOCINUC) .NE. C ) GO TO 330 
GO TO ISOD 

330 ENVDC=0.693/TENV + 0.593/TRAD(INUC) 
IF (IDEP .EQ. 2) GO TO 340 
LFCON(IFD,INUC)=DEPFR::TRNSCIFD)::AIRCON(IFD,INUC)"DPVL(INUC)" 
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&Cl.-EXPC-ENVDcnG~WPClF~)))/CYELD(IFD)CENVDC)=86400. 
SLCON(IFD,INUC)=AI~CON(IFD,INUC)::DPVL(INuc)n(I.-EXP(-0.893/ 

&TRAD( I NUC)=PLl FE:' 35 5)) / (0. s 9 3 /ToIlD( I NUC)) /SLD~!::~(;400. 
IF (JDEP .EQ. I) GO TO 320 

340 LFCON(IFD,INUC)=LFCON(IFD,INUC)+DEPFRnT~NS(IFD)KWATCON(INUC) 
&KRIRR(IFD)/2.635E6::(I.-EXP(-ENVDC::GRWP(IFD)))/(YELD(1FD) 
&::ENVDC)::85400 

SLCON(IFD,INUC):SLCON(IFD,INUC)+WATCON(INUC)=RIRR(IFD)/2.635E5= 
&(1.-EXP(-0.693/TRAD(INUC)=PLIFE=355.25))/(0.693/TRAD(INUC))/ 
&SLDN=85400 

320 IF (KFDTYP(IFD) .EQ. IS) GO TO 400 
PLTCON(IFD,INUC)=LFCON(IFD,INUC)+SLCON(IFD,INUC)=FDTC(IPL,INUC) 
IF(KFDTypeIFO) .GT. 9)GO TO 350 
ED9CON(IFD,INUC)=PLTCON(IFD,INUC)=EXp(-n.693/TRAD(INUC)::HLDUP 

&(IFD)) 
GO TO 400 

350 IF(KFDTYP(IFD) .EO. II) GO TO 370 
IF(KFDTYP(IFD) .EO. 12) GO TO 375 
IF(KFDTYP(IFD) .EO. 13) GO TO 380 
IF(KFDTYP(IFD) .EO. 14) GO TO 385 
EDRCON(IFD,INUC)=(CHKNGC::PLTCON(IFD,INUC)+C~KNWC=WATCON(INUC)) 

& ::FDTC (I F D, I NUC )"EXP( -0. f; 9 3!TRAD( I NUC) cHLDUP( I FD)) 
GO TO 400 • 

370 EDBCON(IFD,INUC)=(COWGC=PLTCON(IFD,INUC)+COWWC::WATCON(INUC))= 
&FDTC(IFD,INUC)=EXP(-0.593/TRAD(INUC)=HLDUP(JFD)) 

GO TO 400 
375 EDBCON(IFD,INUC):(9 CF CCPLTCON(IFD,INUC)+BFWC::WATCON(INUC))= 

&FDTC(IFD,INUC)=EXP(-0.693/TRAD(INUC)::HLDUP(IFD)) 
GO TO 400 

380 EDBCCN(IFD,INUC)=(PIGGC=PLTCON(IFD,INUC)+PIGWC=WATCON(INUC)):: 
&FDTC(IFD,INUC)CEXP(-0.693/T~AD(INUC)::HLDUP(IFD)) 

GO TO 400 
385 EDBCON(IFD,INUC)=(CHKNGC::PLTCON(IFD,INUC)+CHKNWC::WATCON(INUC)) 

&::FDTC(IFD,INUC)::EXP(-0.693/TRAD(INUC)::HLDUP(IFD)) 
GO TO 400 

C TRITIUM PLANT CONCENTRATION 
lOaD CONTINUE 

DATA HI,r<2,H3,H4,H5,HS,H7 ,HUg., .OOR, .OS25, .083, .Ogl!, 
& • I 0 , • 0 8 7 , • 09 2/ , WI, ';12 , Ii 3 , Iv 4 , Vi 5 , \v 6 , ,: 7 , W 8 1 • 8 0 , • I 2 , • 8 0 , • 8 P , • 6 0 , 
&.50,.70,.751 

IF (IOEP .E0. 2) GO TO 450 
C CALCULATE TRITIUM AIR CONCENTRATION PCI/~G OF H 

TAIR:AIRCON(IFD,INUC)=HI/H2 
C CALCULATE PLANT CONCENTRATION - LEAF ROUTE PCI/KG 

LFCON(IFD,INUC)=TAIP::(WI/HI+(I.-WI)::H3) 
C CALCULATE SOIL CONCENT~ATION PCI/KG 

SLCON(IFD,INUC)=AIRCON(IFD,INUC)::ZI/H2 
IF (KFDTYP(IFD) .EO. 15) GO TO 400 
PLTCON(IFD,INUC)=LFCON(IFD,INUC)+SLCON(IFD,INUC)HFDTC(IPL,INUC) 
IF (IDEP .EO. I) GO TO 500 

C CALCULATE TRITIU~ WATER CONCENTRATION PCI/KG OF H 
450 TWAT=WATCON(INUC)::HI 

LFCON(IFD,INUC)=TWAT::(WI/HI+(I.-WI)::H3) 
SLCON(IFD,INUC)=SLCON(IFD,INUC)+WATCON(INUC)HZI 
PLTCON(IFD,INUC)=PLTCON(IFD,INUC).LFCON(IFD,INUC)+ 

&SLCON(IFD,INUC)HFDTC(IPL,INUC) 
IF (KFDTYP(IFD) .EO. IS) GO TO 400 

500 IF (KFDTYP( IFD) .LT. 8) GO TO 550 
IF (KFDTYP(IFD) .GT. 9) GO TO 500 
LFCON( I FD, I '!UC )=LFCON( I FD, I NUe):: (W2/HI +( 1 . -\-12 )HH3) 1 

&(WI/HI+(I.-WI)=H3) 
PLTCON(IFD,INUC)=LFCON(IFD,INUC) 

550 EDSCON(IFD,INUC):PLTCON(IFD,INUC)::EXP(-0.693/TPAD(INUC)C 
&HLDUP(IFD)) 

GO TO 400 
C CALCULATE MnnAL PP-ODUCTS CONC\E'JTRATION . 
C CALCULATE TRITIUM GRAIN CONCENTRATION PCI/KG 
500 G~CO~=(W2/HI+(I.-W2)HH3)/(WI/HI+(I.-Wl)::H3) 

IF(~FDTYP(IFD) .EO. II)GO TO 610 
IF (~FDTYP(IFD) .EO. 12) GO TO S20 
IF(KFDTYP(IFD) .EO. 13) GO TO 530 
IF(~FDTYP(IFD) .EO. 14) GO TO S40 
LFCON( J FD, I 'I!.JC) =LF UH,( IF D, I ,JUC )::GPCON 
PLTCON(IFD,INUC)=LFCON(IFD,INUC) 
EDBCON(IFD,INUC)=(CHKNGC::PLTCON(IFD,INUC)+CHKNWC::WATCON(INUC))/ 

&(CHKNGC::(W2/HI+(I.-W2)=H~)+CHKNwr/HI)::(W~/HI+(I.-Wg)::H8) 
GO TO 400 . 
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610 LFCON(IFD,INUC)=LFCON(IFD,INUC)=(W3/HI+(I.-w3)= 
&H3)/(wl/Hl+(I.-WI)=H3) 

PLTCON(IFD,INUC)=LFCON(IFD,INUC) 
ED9CON(IFO,INUC)=(CO~GC=PLTCONCIFD,INUC)+COWWC=WATCON(INUC»/ 

&(cowGC=CW3/Hl+(I.-w3)=H3)+COWWC/HI)H(W4/HI+(I.-W4)HH4) 
GO TO '<00 

620 LFCON(IFD,INUC)=LFCON(IFD,INUC)HGRCON 
PLTCON(IFD,INUC)=L~CON(IFD,INUC) 
ED9CON(IFD,INUC)=(BFFC=PLTCON(IFD,INUC)+AFWC=WATCON(INUC»)/ 

&(BFFC=(W2/HI+(I.-W2)HH3)+B FWC/HI)H(W5/HI+(I.-w5)=H5) 
GO TO 400 

~30 LFCON(IFD,INUC)=LFCON(IFD,INUC)HG~CON 

PLTCON(IFD,INUC)=LFCON(IFD,INUC) 
EDBCON(IFD,INUC)=(PIGGCHPLTCON(IFD,INUC)+PIGWCHWATCON(INUC))I 

&(PIGGC=(W2/HI+(I.-W2)=H3)+PIGWC/HI)H(W~/HI+(I.-W5)=H5) 
GO TO 400 

54n LFCON(IFD,INUC)=LFCON(IFD,I~UC)HG~CON 
PLTCON(IFO,INUC)=LFCON(IFD,INUC) 
EOPCON(IFD,INUC)=(CHKNGC=PLTCON(IFD,INUC)+CHKNWC=WATCOII(INUC))/ 

&(CHKNGC=(W2/HI+(I.-W2)=H3)+CHKNWC/Hl)H(W7/HI+(I.-W7)=H7) 
GO TO '<on 

C CARBON-14 PLANT CONCENT~ATION 

1500 CO"iTINUE 
DATA CO,Cl,C2,C3,C4,C5,C6,C7,C8,Cg/2.IE-5,1.5E-4,.II, 

&.'<O,.1I,.0~9,.2,<,.;3,.20,.15/,Zl,Z2/.IO,.03/ 
IF (IDEP .EO. 2) GO TO 700 

C CALCULATE C-14 AIR CONCE~TRATION - PCI/KG OF C 
CAIR=AI~CON(IFD,INUC)/CI 

C CALCULATE C-14 PLANT CONCENTRATION - LEAc ROUTE 
LFCON(IFD,INUC)=CAIR=C2 
SLCON(IFD,INUC)=CAIR=Z2 
IF (KFDTYP(IFD) .EO. 15) GO TO 40n 
p ~ T CON ( IF D , I I'JUC ) =L F C ONe IF 0, I NUC) + SLCON ( I FD, I NUC)"F DTC ( I P L, I rwc ) 
IF (IDEP .EQ. I) GO TO 750 

C CALCULATE C-I'< WATER CO~:ENTRATIO~ - PCI/~G OF C 
700 :;;:AT:\lATCON( ]lJUC)/Cr, 

L~CON(IFD,INUC)=CWAT=C2 
SLCON(IFD,INUC)=SLCON(IFD,INUC)+CWAT=Z2 
PL T CON ( I FD, I NUC) = LF C ONe IF 0, I NUC)+ SLC O~J ( I FD, I NUC) "F DTC ( I P L, I NUC) 

&+PLTCON(IFD,INUC) 
IF (KFDTYP(IFD) .EO. 15) GO TO '<00 

750 IF (KFDTYP(IFD) .LT. 8) GO TO 750 
I~ (KFOTYP(IFD) .GT. g) GO TO ROO 
LFCON(IFD,INUC)=LFCON(IFD,INUC)"C3/C2 
PLTCON(IFD,INUC)=LFCON(IFD,INUC) 

760 ED~CON(IFD,INUC)=PLTCON(IFD,INUC) 
GO TO 400 

800 IF (KFDTYP(IFD) .EO. II) GO TO 810 
IF (KFDTYP(IFD) .EO. 12) GO TO 820 
IF (KFDTYP(IFD) .EO. 13) GO TO 830 
IF (KFDTYP(IFD) .EO. 14) GO TO 840 
LFcor"(IFD, INUC)=L~CON(JFO, INUC)"C3/C2 
PLTCON(IFD,INUC)=LFCON(IFD,INUC) 
EDBCONCIFD,lNUC)=PLTCON(IFD,INUC)/C3=C9 
GO TO 400 

810 LFCON(IFD,INUC)=LFCON(lFD,INUC)=C4/C2 
PLTCO~(IF~,INUC)=LFCON(IFD,INUC) 
EDQCON(I~D,INUC)=PLTCON(ICD,I~UC)/C4HC5 

GO TO .. 00 
820 LFCON(I F O,INUC)=LFCON(IFD,INUC)=C3/C2 

PLTCON(IFD,INUC)=LFCON(IFD,INUC) 
ED3CONCIFD,INUC)=PLTCON(IFD,INUC)/C3::C~ 
G8 TO 400 

830 LFCON(IFD,INUC)=LFCON(IFD,INUC)=C3/C2 
PLTCON(IFD,INUC)=LFCON(IFD,INUC) 
ED9CON(IFD,INUC)=PLTCON(IFD,INUC)=C3=C7 
GO TO 40n 

840 LFCON(IFD,INUC)=LFCON(IFD,INUC)=C3/C2 
PL TCON( IFD, INUC)=LFCO'J( IFD, INlIC) 
ED9CON(IFD,INUC)=PLTCON(IFD,INUC)/C3=CR 

400 CONTINUE 
399 CONTINUE 

IF (KFDTYP(IFD) .EO. 15) GO TO goo 
300 CONTI rWE 
900 RETURN 

ENCl 
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C THIS SUBROUTINE CALCULATES THE RADIATION DOSE FROM 
C FRO~ INGESTION OF CONTAMINATED FARM PRODUCTS AND 
C 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(lOO,S),DFAC(lOO,S),DFGRDCIOO,S)SDINTClS,lOO,S) 
DIMENSION SLCON(lS,lOO),EDBCONClS,lOO),KFDTYPClS ,CONClS) 
DIMENSION KORGCS) 
DIMENSION DCINT(lS,100,S),DCFAC(100,5),TOTDOS(lOO,5),TOTDC(lOO,S) 

C DOSE FROM EXPOSURE TO CONTAMINATED GROUND 
DATA SLDN/224.1 
CALL ZERORC500,TOTDC) 
CALL ZEROR(500,TOTDOS) 
CALL ZEROR(7500,DINT) 
CALL ZEROR(7S00,DCINT) 
DO 60 I:l,NFT 
IF(KFDTYP(I) .NE. lS)GO TO 60 
DO 100 INUC:l,NONUC 
DOSGAD(INUC,l)=DFGRD(INUC,I)HSLCON(I,INUC)HSLDNHEXTIM=POP=.OOI 

100 DOSGRD(INUC,2):DFGRD(INUC,2)=SLCON(I,INUC)=SLDNHEXTIM=POP=.OOI 
60 CONTINUE 

C USE UNUSED ARRAY SPACE FOR EXTERNAL TOTALS 
DOSGRDCl,3):0.0 
DOSGRD(I,4):0.0 
DO ISO INUC:l,NONUC 
DOSGRD(1,3):DOSGRD(1,3)+DOSGRD(INUC,I) 
DOSGRDCl,4):DOSGRDCl,4)+DOSGRDCINUC,2) 

ISO CONTINUE 
C INTERNAL DOSE DUE TO INGESTION OF CONTAMINATED FARM PRODUCTS 

DO 200 IFD:l,NFT 
IF (KFDTYPCIFD) .EQ. 0.) GO TO 200 
IF (KFDTYP(IFD) .EQ. IS.) GO TO 200 
DO 300 INUC:l,NONUC 
DO 300 IORG:l,NORG 
IF (DFAC(INUC,IORG) .EO. 0.) GO TO 300 
DINT(IFD,INUC,IORG):DFACCINUC,IORG)HEDBCON(IFD,INUC)=CON(IFD)= 

&POP 
DCINTCIFD,INUC,IORG)=DCFACCINUC,IORG)=EDBCONCIFD,INUC)=CON(IFD 

&)=POP 
TOTDOSCINUC,IORG)=TOTDOS(INUC,IORG)+DINT(IFD,INUC,IORG) 
TOTDC(INUC,IORG)=TOTDC(INUC,IORG)+DCINTCIFD,INUC,IORG) 

300 CONTINUE 
200 CONTINUE 

RETURN 
END 
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SUBROUTINE OOSOUT(NFT,NORG,NONUC,ELTO,TRAD,REL,IOUT, 
&CON,XQ,RIRR,HLOUP,TRNS,PLIFE,TITLEI,DINT,DCINT,TOTOOS, 
&TOTDC,OOSGRO,KORG,OO,AWO,WATCON,AIRCON,PLTCON,KFOTYP,LFCON, 
. I POP, T 2, I PCNT) 
REALR4 LFCON(15,100) 
DIMENSION KORG(S),WATCON(lOO),AIRCON(lS,lOO),PLTCON(lS,lOO) 
DIMENSION KFDTYP(lS),TDDOSE(S),T2(2) 
DIMENSION DINT(lS,100,S),DCINT(lS,lOO,S),DOSE(4,S),DOSCOM(4,S), 

&TTDOSE(S),ONA(S),FNAME(4),ELTO(100),TRAD(lOO),REL(lOO),CON(tS), 
&TOTDOS(lOO,S),TOTDC(lOO,S),DOSGRO(lOO,S),PNAME(lS),XQ(IS), 
&RIRR(lS),HLDUP(lS),TRNS(lS),ONAME(23),TITLEl(20),AWO(100) 

DIMENSION .AM(2) 
CHARACTER AMR7 

CHARACTER OD::8 
CHARACTER AWO"& 
CHARACTER ONAME::lO 
CHARACTER FNAMER7 
CHARACTER PNAMERIO 
CHARACTER ONARIO 

DATA (FNAME(I),1=1,4)/'PROOUCE','EGGS ','MILK ','MEAT ,/ 
DATA (PNAME(I),I=l,lS)/'LEAFY VEG.', 'O.A.G. VEG','POTATOES 

&'OT.RT.VEG.','BERRIES ','MELONS ','ORCH.FRUIT','WHEAT 
& 'OT .GRAIN',' EGGS', 'MILK', 'BEEF', 'PORK', , POULTRY',' EXTERNAL' / 

DATA (ONAME(I),I=I,23)/'TOTAL BODY', 'BODY WATER','KIDNEYS', 
& ' LIVER' , , SPL EEN' , 'BONE' , 'FAT' , 'LUNG S ' , 'ADRENAL S ' , , TE S TE S' , 
&'OVARIES' 'SKIN' 'BRAIN' 'MUSCLE' 'PROSTATE' 'THYROID' 'PANCREAS' 
&, 'HEART,,~GI"'STOMACH,,~SMALL INT', 'UPPER LARG', 'LOWER LARG'/ 

DATA AM(I),AM(2)/' REM ','MAN-REM'I 
M=l 
IF(IPOP.NE.0)M=2 
CALL ZEROR(20,DOSE) 
CALL ZEROR(20,DOSCOM) 

C 
C CALCULATE INTERMEDIATE DOSE TOTALS FOR SUMMARY PAGE 

110 

101 

120 

102 

130 

103 

140 

104 
100 

1 Sl 

150 
C 

DO 100 IFD=l,NFT 
IF (KFDTYP(IFD) .EO. 
IF (KFDTYP(IFD) .LT. 
IF (KFDTYP(IFD) .EQ. 
IF (KFDTYP(IFD) .EO. 
IF (KFDTYP(IFD) .LT. 
GO TO 100 
DO 101 1 ORG = I, NORG 

0) GO TO 100 
10) GO TO 110 
10) GO TO 120 
11) GO TO 130 
15) GO TO 140 

DO 101 1 NUC= I ,NONUC 
DOSE(I,IORG)~DOSE(l,IORG)+DINT(IFD,INUC,IORG) 
DOSCOM(l,IORG)=DOSCOM(I,IORG)+DCINT(IFD,INUC,IORG) 
GO TO 100 
DO 102 10RG=1,NORG 
00 102 INUC=I,NONUC 
DOSE(2,IORG)=DOSE(2,IORG)+DINT(IFD,INUC,IORG) 
DOSCOM(2,IORG)=DOSCOM(2,IORG)+DCINT(IFD,INUC,IORG) 
CONT I tWE 
GO TO 100 
DO 103 10RG=I,NORG 
DO 103 INUC=l,NONUC 
DOSE(3,IORG)=DOSE(3,IORG)+DINT(IFD,INUC,IORG) 
DOSCOM(3,IORG)=DOSCOM(3,IORG)+DCINT(IFD,INUC,IORG) 
CONTI NUE 
GO TO 100 
DO 104 10RG=1,NORG 
DO 104 INUC=l,NONUC 
DOSE(4,IORG)=DOSE(4,IORG)+DINT(IFD,INUC,IORG) 
DOSCOM(4,IORG)=DOSCOM(4,IORG)+OCINT(IFD,INUC,IORG) 
CONTINUE 
CONTINUE 
DO 151 I=I,NORG 
TTDOSE( I )=0.0 
TDDOSE(I)=O.O 
DO 150 IORG=l,NO~G 

DO ISO ID~I,4 

TDDOSE(IORG)=TDDOSE(IORG)+DOSCOM(ID,IORG) 
TTDOS~(IORG)=TTDOSE(IORG)+DOSE(ID,IORG) 

C SHORT SUM~IARY 

C 
PRINT 649 

549 FORMAT(lHl) 
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PRINT I}, TITLEI,DD 

13 FORMAT(~X,20A4,IOX,A8) 
PRINT 14 

lit FOR~IAT (lHO,'FOOD',IOX,'VERSION 1.0', 10X,'1 AUGUST 78') 
WQITE(6,650) AM(M),T2(1) 

650 FORMATC/II,' :::::: DOSE SUMMARY, ',Al,' FOR ',lPE8.IE2,' YEARS 
& ::::::,) 

DO 160 10~G=I,NORG 
160 ONA(IORG)=ONAME(KORG(IORG) 

PRINT 10,(ONA(IORG),IORG=1,NORG) 
10 FORMAT (IHO,lltX, 5(AIO,5X),/) 

DO 170 J:::I,4 
PRINT II, FNAME(J),(DOSE(J,IORG),IORG=I,NORG) 

II FORMAT (IH ,Al,5X,S(IPEIO.2E2,5X») 
170 CO~lTINUE 

PRINT I2,(TTDOSE(IORG),IORG=I,NORG) 
12 FORMAT (f,' INT. TOTAL',2X,5(1PEIO.2E2,5X» 

PRINT 16,DCSGRD(I,3),DOSGRD(I,4) 
16 FORMATCI,' EXTERNAL DOSE TOTALS',IOX,'SKIN',5X, 

. 'TOTAL BODY',1,28X,IPE9.2E2,4X,IPE9.2E2) 
PRINT IS, TITLEI,DD 

15 FORMAT(IIIII,ltX,20AIt,IOX,A8) 
PRINT lit 
WRITE(6,651) AM(M),T2(2) 

651 FORMATCI II, ' :::::: DOSE COMMITMENT SUMMARY, ',A7, 
E' FOR A COMMITMENT TIME OF ',IPE8.1E2,' YEARS ::""') 

PRINT la, (ONA(IORG),IORG=I,NORG) 
DO 18 0 J = I, It 
PRINT 11,FNAME(J),(DOSCOM(J,IORG),IORG=I,NORG) 

190 CONTINUE 

C 

PRINT 12, (TDDOSE(IORG),IORG:::l,NORG) 
PRINT 16,DOSGRD(I,3),DOSGRD(I,It) 

C SUMMARY BY NUCLIDE 
C 

PRINT 20 
20 FORMAT (IHI, 'SUMMARY OF NUCLIDE CONTRIBUTORS') 

PRINT 13,TITLEI,DD' 
PRINT 14 
PRINT 21 

21 FORMAT(IHO,' ALL FOOD PRODUCTS') 
DO 200 IORG=I,NORG 
TDORG:::O.O 
TDCORG=O.O 
DO 210 INUC=I,NONUC 
TDORG=TDORG+TOTDOS(INUC,IORG) 

210 TDCORG:::TDCORG + TCTDC(INUC,IORG) 
ONA(IO~G)=ONAME(KORG(IORG» 
PRINT 22, ONA(IORG) 

22 FORMAT(III,IX,AIO) 

23 

24 

250 

25 
250 

25 
200 
C 

PRINT 23 
F 0 R~\AT ( I H ,'NUC L I DE' , 5 X, 'HAL F - L I FE' , It X, ' RE LEA S E ' , 7 X, ' DOSE' , 

&8X,'%',5X,'DOSE COMM',5X,'%') 
PRINT 24, AM(M),AM(M) 
FORMAT(ltc ,ISX, 'D.t>,YS',9X, 'CI/YR',5X,A7,14X,A7,/) 
DO 250 INUC=I,NONUC 
IDPER=TOTDOS(INUC,IORG)/TDORC"lOD 
IDCPER=TOTDC(INUC,IORG)/TDCORG::IOO 
IF (IDPER .GE. IPCNT) GO TO 260 
IF (IDCPER .LT.IPCNT) GO TO 250 
PRINT 25, ELTO(INUC),AWO(INUC),TRAD(INUC),REL(INUC), 

ETOTDOS(INUC,IORG),IDPER,TOTDC(INUC,JO~G),IDCPER 
FO~MAT (IX,A~,A6,3X,IPE8.2E2,5x,IPE8.2E2,2(5X,IPE7.IE2,5X,I3» 
CONTINUE 
P~INT 20,TDORG,TDCORG 
FORMAT (IH ,'TOTAL',3~X,IPE7.1E2,13X,IPE7.1E2) 
CONTINUE 

C CHART FOR EXTERNAL DOSE 
C 

PRINT 27 
27 FORMAT (III,' EXTERNAL DOSE',/) 

PRINT 28 
28 "O~MAT(IH ,'NUCLlDE',6X,'HALF-L1FE',~X,'RELEASE',GX, 

&3X,'DOSE-SKIN',3X,'%',3x,'DOSE-TOT BODY',lX,'%',/) 
TDGRDl:::O.O 

E-8.1 



FOOD LI STING 

TDGRD2=0.0 
DO 225 INUC=l,NONUC 
TOGRDl=TDGRDl + DOSGRD(INUC,l) 

225 TI)G-RD.2=TDGR-D2 + DOSGRD( INUC,2) 
DO 230 INUC=I.NONUC 
IDPERl=DOSGRD(INUC,I)/TDGRDl~100. 

IDPER2=DOSG-R"DC!NUC ,.2) ITDGRD2::1 00. 
IF(IDP£Rl .GE. IPCNT) GO TO 235 
IF(IDPER.2 _.LT. IPCNT) GO TO 230 

235 PRINT 29,ELTO(INUC),AWO(INUC),TRAD(lNUC),REL(INUC), 
tDOSGRD(INUC,I),IDPERl,DOSGRD(lNUC,2),JDPER2 

29 FORM-ATCIH ,;r..lI,A6,3C5X,lPE8.2£2),3X,13,5x,lPE8.2E2,3X,13) 
230 CONTINUE 

PRINT 30, TDGRDl,TDG-RD2 
3D FORMATOH ,'TOTAL',30X,IPE8.2E2,lIX,IPE8.2E2) 
C 
C COMPLETE INfORMATION LISTING -- OPTIONAL 
C 

IF (lOUT .EO. D) ~O TO 3~9 
DO 300 IFD=I,NFT 
PRINT 649 
IF(IFD.EQ.l)PRINT 13,TITLEI 
IF(IFD.EO.l)PRlNT 14 
IF(KFDTYP(IFD).EO. 0 .OR. KFDTYP(IFD) .EQ. 15) GO TO 300 
PRINT 30,PNAME(KFDTYP(IFD)),CON(IFD),XQ(IFD),RIRR(IFD), 

&HLDUP(IFD),TRNS(IFD),PLIFE 
36 FORMAT(IX,AI0,I,lX,10('='),' CONSUMPTION = ',lPE8.2E2,T50, 

&' X I Q = " 1 PE 8 • 2 E 2 , 
.T80,' IRRIGATION RATE = ',lPE8.2E2,I,TI2,' HOLDUP = ' 
.lPE8.2E2,T50, 
• I TRANSLOCATION = 1 I IPE8.2'E2, T80,' PLANT LI'F.E (YRS) = 
.lPE8.2E2) 

DO 325 10RG=l,NORG 
TONUC=O.O 
TDCNUC=O.O 
DO 3S0 INUC=l,NONUC 
TDNUC=TDNUC + DINT(IFD,INUC,IORG) 

350 TDCNUC=TDCNUC + DCINT(IFD,INUC,IORG) 
ONA(IORG)=ONAME(KORG(lORG)) 
IFLAG=O 
IF(TDCNUC.LE.O)GO TO 325 
PRINT 37,ONA(IORG) 
PRINT 31 
PRINT 32, AM(M),AM(M) 
IFLAG = 1 

500 CONTINUE 
37 FORMAT(II,lX,AI0,/) 

31 FORMAT(lH ,'NUCLIDE',5x,'HALF-LIFE',4X,'RELEASE',lIX, 
&'CONCENTRATION',10X,' FRACTION ',oX,'PLANT',7X,'DnSE',8X,"', 
&10X,'DOSE COMM',5X,"') 

32 FORMIIT(lH ,15X, 'DAYS',RX, 'CI/YR',5X, 'WIITER',5X, 'AIR',7x, 
& ' LEAF' , 4 X, ' ROOT' ,7 x, ' C ONC • , 6 x, A 7, 1 B x, A 7, I, 1 x, 1 30 C ,:: , )) 

DO 350 INUC=l,NONUC 
FL:LFCON(IFD,INUC)/PLTCON(IFD,INUC) 
FR=(l.-FL) 
KDPER=DINT(IFD,INUC,lORG)/TDNUC::IOO 
KDCPER=DCINT(IFD,INUC,IORG)/TDCNUC::IOO 
IF(KDPER .GE. IPCNT) GO TO 370 
IF(KDCPER .LT. IPCNT) GO TO 350 

3;J CONTINUE 
PRINT 34,ELTO(INUC),AWO(INUC),TRAD(INUC),REL(INUC),WATCON 

&(INUC),AIRCON(IFD,INUC),FL,FR,PLTCON(IFD,INUC),DINT(lFD,INUC, 
&lORG),KDPER,DCINT(IFD,INUC,IORG),KDCPER 

34 FORMAT(lX,A4,Ao,5X,2(lPE8:ZE2,2X),2(lPE7.1E2,3X),Z(lPE7.1E2,2X), 
&2X,2(lPE7.1E2,5X),13,lOX,lPE7.1E2,5X,13) 

350 CONTINUE 
IF(IFLAG.EQ.l)PRINT 35,TDNUC,TDCNUC 

35 FOR MA T ( 8 8 X, 7 ( , - , ) , TIl 4 , 7 ( , - , ) , I, 1 X, ' TOTAL' , 82 X, I P E 7 • 1 E 2 , I 8 x) 
.IPE7.1E2) 

325 CONTINUE 
300 CONTINUE 
399 RETURN 

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 
t~e namelist. The radionuclide release parameters are formatted input. The 
rest of the data required by ARRRG for the calculations is contained in four 
data libraries 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 l--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
list input variables are shown in the following list: 

ARRRG NAMELIST VARIABLES 

A. Program Control Parameters. 

1. NEXT: This variable controls the isotopic data input after the NAMELlST 
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. lAC: Key for type of dose calculated. 
lAC = 0 (default) Chronic 
lAC = 1 Acute (accidental) 

3. KORG(5): Numeric definition of organs considered, up to 5 allowed. 

Number 
1 
2 
3 
4 

Total Body 
Body Water 
Kidneys 
Liver 

F-2 

Organ 



5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
lB 
19 
20 
21 
22 
23 

Spleen 
Bone 
Fat 
Lungs 
Adrenals 
Testes 
Ovaries 
Skin 
Brain 
Muscle 
Prostate 
Thyroid 
Pancreas 
Heart 
GE 
Stomach 
Small Intestine 
Upper Large Intestine 
Lower Large Intestine 

4. T2(2): Dose and Dose Commitment Times (years) 
5. PLlFE: Facility lifetime (years) 
6. 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 long 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 NAMELIST variables CTIM and RCYF be included. 

IREC = 3, no reconcentration, RECON = 1. 

B. CFLO: Coolant flow in ft3/sec. 

9. FLO: Makeup flow, ft3/sec (water drawn into the intake to replace 

losses). 
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10: 

11. 

12. 
13. 

CTIM: 
TOR: 
VOL: 
RCYF: 

Cycle time, hours. 
Pond turnover rate, inverse seconds. 
Pond volume, ft3. 
The recycle fraction (the mixing ratio at the point of intake). 

C. Site Parameters 

14. IPOP: Key for population considered 
IPOP = 0 (default) Maximum Individual (POP = 1.0) 
IPOP = 1 Population 

15. POP: Population size; defaults to 1.0 for use with default IPOP = 0, 
Maximum Individual 

16. 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. 

17. KPTHWY(8): Key for definition of exposure pathways for which to do 
computation. 

Number 
1 
2 
3 
4 
5 
6 
7 
8 

Pathway 
Fish 
Crustacea 
~10 11 uscs 
Water plants 
Drinking water 
Shoreline external exposure 
Swimming external exposure 
Boating external exposure 

18. RM(8): Mixing ratio at each of the corresponding dose pathways 
(dimensionless) 

19. HLDUP(8}: Holdup (days) for each of the corresponding pathways. 
20. USAG(8): Usage for each of the exposure pathways; kg/yr for edibles, 

£/yr for drinking water, and hr/yr for external exposure. 
21. 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 + supplies NIN and FINV; FORMAT 13, ElO.2 FINV defaults to 1.0 if 

left blank. 

The following cards hold [ELTI(I), AWI(I), and Q(I), 1= 1,NIN] FORMAT' 

A2, A6, 4X, EB.2. 

The formats of ELTI and AWl 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 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 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. 

RUBIN 

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, NOLO = XXX, NUCLIDE INPUT IS XXXXX, 
NUCLIDE NOLO IS XXX. There is an error in the order of the organ data 
library compared with the radionuclide master data library. 
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8. UNABLE TO IDENTIFY NUCLIDE XXXXX, NUCLIDES CHECKED = XXX--STOP. There is 
a nuclide in the organ library that is not in the master library. 

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 OF 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 Name1ist. The radionuc1ide 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--Tit1e 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--Name1ist Data Cards (One or More Name1ist 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 Name1ist for
mat is described in Appendix F. The Name1ist input variables are shown in the 
following list: 
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FOOD NAMELIST VARIABLES 

A. Program Control Variables: 

1. NEXT: This variable instructs the program what to do after the name

list data has been read. It controls isotopic data input. T'here 
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 read 

another case. 

NEXT = 3. Use previously input isotopic data, do computations, and 

prepare another case. (NEXT = 3 cannot be used on a first 
case, ) 

NEXT = 4. Stop. 

2. IDEP: Key for the type of radionuc1ide deposition mechanism. 

IDEP = 1. Atmospheric deposition pathway. 
IDEP = 2. Water deposition (irrigat1on) pathway 

3. lAC: Key for type of dose calculated 

lAC = 0 (default) Chronic ingestion 

lAC = 1 Acute (accidental) ingestion 

4. lOUT: Key for output 
lOUT = 0 (default), summary output 

lOUT = 1 summary output plus complete listing 

5. IPCNT: 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 
lOUT = l. 

6. T2(2): The dose and dose commitment times, yrs. 

7. KORG(5): Choice of organs, by number: 

Number 

1 
2 
3 
4 
5 

Organ 

Total body 
Body water 
Kidneys 
Liver 
Spleen 
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6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

B. Reconcentration Variables 

Bone 
Fat 
Lungs 
Adrenals 
Testes 
Ovaries 
Skin 
Brain 
Muscle 
Prostate 
Thyroid 
Pancreas 
Heart 
GI 
Stomach 
Sma 11 i ntes ti ne 
Upper large intestine 
Lower large intestine 

8. IREC: Reconcentration model used. All 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. 

9. CFLO: coolant flow in ft3/sec. 

3 (. 10. FLO: makeup flow, ft /sec water drawn into the intake to replace 
losses). 

11. CTIM: Cycle time in hours. 

12. TOR: Pond turnover rate in inverse seconds. 

13. VOL: for IREC = 1, VOL is the pond volume in ft3 

for IREC = 2, VOL is the recycle fraction (the [unitless] mixing 
ratio at the point of intake). 
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14. RM: The mixing ratio, used in calculating the water concentration of 
released radionuclides. 

C. Site Parameters 

15. PLIFE: The facility lifetime in years. 

16. IPOP: Key for population considered 
IPOP = a (default) Maximum Individual 

(POP) = 1.0) 
IPOP = 1 Population 

17. POP: Population size, defaults to 1.0 for use with default IPOP, 
maximum individual. 

18. KFDTYP(15): Numeric definition of the food types for which to do 
the computations. 

Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Food Type 

Leafy vegetables 
Other above-ground vegetables 
Potatoes 
Other root vegetables 
Berries 
Melons 
Orchard fruit 
Wheat 
Other grain 
Eggs 
~1il k 
Beef 
Pork 
Poultry 
External doses 

19. XQ(15): The air concentration per unit release (x/Q in sec/m3) of 
radionuclides at the growing site of the corresponding food 
type. 

20. 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. 

21. YELD(15): The yield in kg/m2 of the corresponding food type. 
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22. RIRR(15): The irrigation rate in ~/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 13, E10.2. FUN defaults to 1.0 if 
left blank. The following cards contain (ELTI(I), AWI(I) and Q(I), 1= 1, NIN) 
FORr~AT A2, A6, 4X, E8.2. 

The formats of ELTI and AWl must precisely match those of RMDLIB, other
wise a match cannot be made. 

A sample input deck listing 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, NONUC = XXX, MAXIMUM ALLOWED IS XXX. 
There were either zero or too many inventory cards. 

4. ERROR ON NAMELIST INPUT. Something may be misspelled. 

RUBIN 

5. mPROPER NUt~BER 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, NOLO = XXX, NUCLIDE INPUT IS XXXXX. 
NUCLIDE NOLO IS XXX. There is an error in the order of the organ data 
library 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. 

GUBIN 

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 messages 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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T2 

PLIFE 

IPCNT 

IREC 

CFLO 

IPOP 

APPENDIX H 

ARRRG SAMPLE PROBLEM 

Value 
2 

1 

6 

8 

16 

23 

1 Dose time, years 
50 Dose commitment time, years 

30 Facility lifetime, years 

1 One-percent cutoff. 

3 No reconcentration 

l.Ox 104 River flow rate, cfs 

o or default Maximum Individual 
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ISALT o or default Fresh water release 

KPTHWY Exposure pathways: 
1 Fish 
3 Crustacea 
5 Drinking water 
6 Shoreline exposure 

.. '. 7 Swimming 

RM Mixing ratio: 
0.3 

o. 1 

0.9 

0.9 

0.8 

HLDUP Holdup time, days 
1.0 

2.0 

0.1 

o. 1 

0.1 

USAG 4D. kg/yr of fi sh 
10. kg/yr of crayfish 

730. ~/yr of water 
500. hr/yr on the beach 
100. hr/yr swimming 

SW 0.2 River bank. 

.' 
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Other 
Parameters 

NlN 

EL TI, AWl, Q 

Value Remarks 

5 

H 3 100. Release terms, Ci fyr 
C 14 25. 
I 129 1. 

CS 137 2. 
U 238 0.1 

The input for Problem Two, assuming it is run concurrently with Problem 
One, is quite simple. Any name1ist variables not reinitialized are carried 
over from the first problem. 

Namelist 
Parameter Value Remarks 

NEXT 3 Program control 

lPOP 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· 
440 9.,/ yr wa ter 

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 

:::::: Q. A. PAGf :::::: 
ARQRG, VEQSION 1.0, 1 AUGUST 7A 

CASE TITLE: A"!R:;>G St.,~'PLE PRO~LFM ONE-11Al(I~1U~' INDIVIDUAL orl\mSTREM1, ';0 YR COMMITMENT 
EXECUTING ~ANFORD=ARRRG(I).ARS CREATED ON MARCH 13, 19RO AT 14:24:11 

TYPE OF DOSF CALCULATED: MAX. HID. CHRONIC INGESTION AND EXTElnlAL EXPOSURE 
FOR LIQUID RELEASES OF RADIONUCLIDES IN FRESH WATER 

=== DATA LIRRATIES USED 
RADIONUCLIDE LIBRARY: 

ORGAN DATA LI~RA~Y: 

OIOACCU~ULATION LIBRARY: 
EXTERNAL D.F. LIRRARY: 

:::::: PATt-iWAY DATA USED 
PATHWAY 

FISH 
MOLLUSCS 
L>RINK. H20 
SHORELINE 
SWIMMING 

...... O"G,I\NS CONS I DERED 
TOTAL BODY 

.... - NUCLIDES CONSIDERED: 

RADIONUCLIOE MASTED DATA LIRRARY, 15 MARCH 7R, ~A NAPIER 
__ A ORGAN DATA LIRRARY UPDATED RY RAN R/I0/79 -"-

BIOACCUMULATION FACTOR LIRRARY FOR FOOD,PARLM,MAXI RA NAPIER 
"_A GRDFLIR EOR FOOD, 15 MARCH lq7~, BA NAPIER __ A 

BONE 

M T X I NG R A TI 0 

L OOE-Ol 
1.00E-Ol 
9.00E-Ol 
9.00E-Ol 
R.OOE-Ol 

LUNGS 

I-jI)LDUP (DAYS) 

1.00E+00 
2.00E~00 

I.OOE-Ol 
I.OOE-OI 
1.00E-OI 

THYROID 

USI\r,f 

4.00E+Ol 
1.00E+OI 
7.~Of+02 

5.00E+02 
1.00E+02 

UNITS 

(KG/YR) 
(KG/YR) 
(L/YP) 
(HR/YR) 
(HR/YR) 

LO\~ER LARG 

RUN ON 050780 

NUCLIDE RELEASE NUCLIDE 
ELT. WT. 

RELEASE 
(C!lYR) 

NUCLIDE RELEASE NUCLIDE RELEASE NUCLIDE RELEASE 
ELT. WT. (CI/YR) 

H 3 1.00E+02 C 14 

--- SITE SPECIFIC DATA USED 
INVENTOoy MODIFICATION FACTOR: 

, FACILITY LIFE (YEARS): 
POPULATION: 

DOSE TIME (YEARS): 
DOSE COMMITMENT TIME (YEARS): 

INPUT PREPARED ~Y: 

INPUT. CHECKED 1Y: 

2.5010+01 

.10HOI 

.30E+01 

.10E+Ol 

.10E+Ol 

.50E+02 

DATE: 

DIITE: 
:::=:::::::::::::::::::::::::: 

ELT. WT. 

129 

,., ...... ,.,. .... ,. .. .. 
H ................... . 

.................... 
•• n ........ u •••••• 

(CI!YR) FLT. WT. (CT/YP) ELT. 

1.0010+00 CS 137 2.00E+OO U 

:::::: RF.CONCENT~AT\ON I)I\TII tlSF:D 
~10DEL USED: 

COOLANT FLOW qI\TE: 
COOLANT MIIKfUP FLOW (FT~/SEC): 

POND VOLUME (FT3): 
TURNOVE~ RATE: 

SHOPE WIDTH FACTOR: 
CYCLE TIME (Hq): 

WT. (CI/YR) 

23R 1.00E-Ol 

.IE+O'i 

.00 

.00 

.00 

.20E+00 

.00 
RECYCLE FRACTION: .on 



ARRRG SAMPLE PROBLEM 

ARRRG S~MPLE PRORLEM ONE-MAXIMUM INDIVIDUAL DOW~STPEAM, ~O YR COMMITMENT 0r;07!!0 
ARRRG VERSION 1.0 1 AUGUST 7R 
DOSE TO ORGAN ~Y PATHWAY ( REM ) FOR A PERIOD O~ 1.00E+00 YEARS 

EXTERNAL INTERNAL 
--------------------------------------- --------------------------------------------------------------------
PATHW.AY SKIN TOTAL AODY TOTAL RODY BONE LU"IGS THYROID LOWER LARG 

FISH 3.1E-04 6.0E-04 1 . ? E - 0 'I 1. RE-O'f 9.7£-05 
MOLLUSCS 1. C,E -0 r; f;.?E-O'; 1.4E-0r; 1.7E-O<' 1.4E-0r; 
DRI"IK. H2O 7.SE-0f; 1.2E-05 2.3E-06 2.7E-04 2.1E-06 
SHORELINFO 6.0E-05 5.0E-05 5.0E-05 5.0E-05 5.0E-05 5.0E-0C, 5.0E-05 
SW I ~IM I NG 2. lE-OR 1. RE-OR 1.8E-08 1.8E-08 1 . RE-O 'l 1. SE-OR I.BE-08 

TOTAL 6.0E-0<; ';.OE-05 3.'1[-04 7.3F.-0'f 1. ClE-O'f 5.2E-04 1. hE-04 

AR~RG SA~PLE PRORLEM ONFO-MAXIMUM INDIVIDU~L DOWNSTREAM, ~O YR COMMITMENT 0r;07RO 
ARRRG VERSION 1.0 1 AUGUST 7R 
DOSE COMMITMENT TO ORGAN AY PATHWAY,( REM ) FOR A COMMITMENT TIME OF 5.00[+01 YEARS 

EXTERNAL INTERNAL 
--------------------------------------- --------------------------------------------------------------------
PATH\~AY SKIN TOTAL RODY TOTIIL 'lODY RONE LUNGS THYROID LOWER LARG 

"ISH ' •• 7E-04 R.7E-04 1. hE-Olt 2.3E-0't 1.0E-04 
MOLLUSCS 1.'1E-or; 7.r;E-05 1.<;E-05 I.ClE-05 1.5E-05 
DRINK. H20 1.2E-05 2.0E-05 3.2E-0" 'f. ,E-O'f 2.2E-06 
SHOREL It~E &.OE-05 5.0E-05 5.0E-05 5.0E-or; <;.OE-or; r;.OE-05 5.0E-05 
SWHIMING 2.7E-08 1. SE-OR I.RE-O~ 1.8E-08 I.RE-OR I.RE-O!l 1 . !lE-O~ 

TOTAL fLOE-OS S.OE-Or; 5.5E-04 1.0E-03 ?2E-0'1 7.3[-Otl 1 .7 E - 0'. 



::r: 
I 

CT> 

ARRRG SAMPLE PROBLEM 

~PRRG SAMPLE PR08LEM ONE-MAXIMUM INDIVIDUAL DOWNSTREAM, ~O YR COMMITMENT 
ARRRG VERSION 1.0 1 AUGUST 7R 
DOSE AND DOSE COMMITMENT TO ORGAN BY NUCLIDE, EXTERNAL DOSES SEPERATE 

TOTAL f30DY 

NUCLI DE 

COOLANT FLOW 

HALF-LIFE 
DAYS 

RELEI\SE 
C LfYR 

1 .OE+0~CU8IC FEET/SEC 

DOSE DOSE COMM 
RU1 REM 

:: ::;;::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :: 

Ii 3 4.5E+03 1.0E+02 4.I+E-07 0 4.liE-07 0 
C 1~ 2.1E+Ofi 2.5E+Ol 1.0E-04 29 1 .0 E - 0'+ 20 
I 12') 5.7E+09 1.0E+00 4.7E-07 0 7.3E-07 0 
CS 137 1.1E+O~ 2.0E+OO 2.4E-04 70 ~.9E-O~ 7'1 
U 23R 1. 7E+12 1.0E-Ol I.RE-07 0 2.RE-07 0 

------- -------
TOTAL 3.4-004 5.0-004 

RONE COOLANT FLOW = 1. OE+0'+CU8 IC FEET/SEC 

'WCL I DE IiI\LF-LIFE RELEASE DOSE 't DOSE COHM 't 
DAYS CI/YR R E~1 R E~' 

:: :~ :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :: :: :: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: :::: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: 

H 3 
C 14 
I 12') 
C S 137 
U 23!l 

TOTI\L 

LUNGS 

NUCLIDE 

~.5E+03 

2.1E+01) 
5.7E+09 
1.1E+04 
1.7E+12 

1.0E+02 
2.5E+Ol 
1.0E+00 
2.0E+00 
1.0E-Ol 

C OOU\NT F L 0101 

HALF-LIFE 
DAYS 

RELEI\SE 
CI/YR 

.0 0 .0 
4.4E-0'-+ fi'~ 5.2E-04 
2.5E-07 0 2.&E-07 
2.4E-04' 35 4.4E-04 
1. '>E -0 I; 0 4. lE-OI; 

------- -------
Ii.R-004 <) • I) - 00 I, 

1.0E+04CU~Ir. FEET/SEC 

DOSE 
REM 

~ DOSE Cm1M 
Rnl 

o 
'i~ 

o 
45 

o 

:: :::::::::::::::::::::: :::::::::::::::::::::::::::::::: :::::::::::::::::::::: ::::::;::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

H 3 4.5E+03 1. OE+O 2 4.4E-07 0 4.1)1':-07 0 
C 14 2.1E+Ofi 2.'iE+01 1.0E-04 7? 1.0[-04 5t) 
I 129 5.7[+09 1.0[+00 .0 0 .0 0 
CS 137 1.1E+04 2.0E+OO 3.RE-0'i 27 c,.'lF:-0'i 1+ 0 
U 7311 1.7E+12 1.0E-Ol .0 0 .0 0 

------- -------
TOTAL 1 .4- 0 0'+ 1 . 7 - 00 '+ 



::c: 
I 
-.J 

THYROID 

NUCLIDE 

ARRRG SAMPLE PROBLEM 

COOLAtlT FLOW::: 1.0E+04CURIC FEET/<;f'C 

HALF-LIFE 
DAYS 

RELEASE 
CI/Y'? 

D()SE 
REM 

DOSE COM~1 

REl1 
., •• u" u .................... "U .................... u ........................... " ...... ., ........................................ , ... H· ......... U 
•••••• n ............. n ............................... n .......... U .................................................. n •••• n .......................... U ....... n •••• 

H 3 
C 14 
I 129 
C S 137 
U 238 

TOTAL 

LOWER LARG 

NUCLI DE 

4.5E+03 
2.1E+05 
5.7E+09 
1.IE+04 
1.7E+12 

1.0E+02 
2.<;E+Ol 
1.0E+00 
2.0E+00 
1.0E-Ol 

COOLANT FLO\1 

H.ALF-LIFE 
DAYS 

RELEASE 
CI/YR 

4.4E-07 0 4.GE-07 
1. OE-O'~ 21 1.0E-04 
3.7E-04 7R 'j. 7E-0'~ 

.0 0 • n 

.0 0 • n 
------- -------
4.7-004 f,. R-OO'~ 

1.0E+04CURIC FEET/SEC 

DOSE 
RE~1 

DOSE COI~M 

REM 

o 
1 Ii 
8'~ 

o 
o 

:~ :::: :: :: :: :: :: :: :: :: :: :: :: :: :! :: :: :: :: :: :: :: :: :: :::: :: :: :: :: :::: :: ;: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: 

H 3 4.5E+03 1.0E+02 4.4E-07 0 4.5E-07 0 
C 14 2.1E+05 2.5E+Ol 1.0E-04 1\7 1.0E-0'. Sf! 
I 129 5.7E+09 1.0E+00 3.9E-08 0 3.9E-01I 0 
CS 137 1.1E+04 2.0E+00 1.3E-0'; 11 1.3E-05 1 1 
U n8 1.7E+12 1.0E-Ol 3.7E-07 0 3.7E-07 0 

------- -------
TOTAL 1.1-00'~ 1.7-004 

EXTt=:fZNIl.L DOSE COOLIl.NT FLO'd = 1.0E+OlfCU" IC FEET/SEC. 

NUCLIDE HALF-LIFE RELEASE SKIN ,)OSE ~, T. R. DOSE 'J; 

DAYS CI/YR REM REM 
:::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

H 3 4.5E+03 1. OE+O 2 .0 0 .0 0 
C 14 2.1E+01i 2.<;E+Ol 11.~E-I0 0 .0 0 
I 129 5.7E+09 1.0E+OO 5.lE-011 <) 3.4E-OIi 5 
CS 137 1.1E+0~ 2.0E+00 5.4E-0~ flO 4.IiE-05 93 
U 23R 1.7E+12 1.0E-Ol 8.3E-I0 0 S.r,E-ll 0 

------- -------
TOTAL 1i.0-00<; 5.0-00'; 



::c 
I 

OJ 

ARRRG SAMPLE PROBLEM 
~R~RG SAMPLE PRORLEM ONE-MAXIMUM INDIVIDUAL DOWNSTREAM, ~O YR COMMITMENT 

ARR~G VERSION 1.0. 1 ~UGUST 7R 
DOSE AND DOSE COMMITMENT 

FISH 
===::====== 

HOLDUP = I. DE+DD 

TOTAL 80DY 
========== 

NUCLIDE HALF-LIFE 
DAYS 

CONSUMPTION = 4.DE+Dl 

RELEASE 
CI/YR 

I'IIITER CONC 
PCI/L FAe 

MIXING RATIO 

I'lIO~Cf' COIK 
PC I IKG 

3. o.E-O 1 

DOSE 
~EM 

D<;07RO 

DOSE COMM 
REM 

::::::::;:::::::::::;::::::::::::::::::::::;;:::::::::::::::::::::;:;:'::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::;:::::::::::::::::::!:::::::::::::::::::::::::::::::::::::::::::;: 

C (II 2.1E+Dr; 2.5E+Dl sLIIE-o.l 1.0E+OO 't.hE+03 ~.qE+03 8.~E-n~ 2r, 8.RE-Dc; 1 !:l 
CS 137 1 .1 E+0.4 2.o.E+Do. &.7F-D2 1 .OE+OO ?DE+()3 1 .3E+o.2 2.3E-o.4 73 ~.RE-o.4 Rl 

------- -------
TOTAL 3. 1-0.04 4.7-0o.'~ 

f30NE 
======::=== 

~HJC L I DE HALF-LIFE RELEASE WATEP CONC i:c'ECON I'llOACF CONe D0SE 't DOSE COMM 'l; 

DAYS CI/YR PCI/L FAC PCI/KG REM Rnl 
:: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :: :: :: :: ;: :: :: :: :: :: :c:: :: :: :: :: ;~ :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: :: ~: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ,: :: :: :::: :: :: :: :: 

C 111 2.1E+o.l) 2.5E+o.l II • " E -0. 1 1.0.1':+0.0. 't • hE +0 3 3.'lE+o.~ 3. 7E-o.~ 1)1 '1.4E-04 ';0. 
CS 137 1 .IE+o.'l 2.0E+o.o. 11.7E-o.2 1 .o.E+OD 2.0£+03 1 .3E+02 2. ~E-04 ~!l II. 3E-n'~ 49 

------- -------
TOTAL 5.0- 0 0'1 R.7-0o.~ 

Lur~GS 

==':':-======= 
NUCLIDE HALF-LIFE REUASE WA.TER CONC RECor~ '110I\C" CONe DOSE 't, DOSE CO~IM '1; 

DAYS CI/YR PCIIL FAC PC I /K(', R E~1 RD1 
:: :: :! :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :::: :: :::: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ~: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: 

C 14 2.1E+or, 2.5E+D1 8.4E-Ol 1 .OE+Oo. 4.r;[+03 3.<:Jf+o.·3 8.<;[-0.5 (, q R.RE-o.~ 55 
CS B7 1 .IE+04 2.0E+OO f'.7F:-02 1 .0[+00. 2.o.E+03 1 ~[+02 3.7E-O~ ,0. r,.R[-O~ 43 

------- -------
TOTAL 1.2-0011 1 .t;-OOll 

THY!;'OID 
====::===== 

NUCLIDE III\LF-LJFE RELICASE \.11\ TE~ CONC RECO~1 'lIOI\CF CONe DOSE 'l, I)OSE cm~r~ % 
OI\YS CI/YR PCI/L FAC PCI/I(C ~Et1 REtl 

:~ :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: 

C III 2.1E+Or, 2.5E+Ol 8.4E-o.l 1.0E+OO ~.r;[+o.1 3.9E+03 R.5E-Or, '17 37 



:r: , 
L.O 

17'1 

TOTlll 

lOWE~ lll~G 

NUCLIDE 

J.7E+OCJ 

HALF -Ll F E 
DIIYS 

I.OE+OO 

RElEASF 
CI/YR 

ARRRG SAMPLE PROBLEM 
3.4E-02 1.0E+00 1.~E+OI S.OF-OI 

WATER CONC 
PCI/l 

RECON 
FAC 

rJlOIICF CONC 
PCI/KG 

52 I.Sf-04 

1.8-004 2.3-004 

f)OSE DOSE CO~1M 

REM 
:: :: :: :: :: :: :: :: :~ :: :: ;: ;: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: ;: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: !: :: :: :: :: :: :: :: :: :: :: :: :: :: :! :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: 

C 14 
C 5 137 

TOTAL 

2.IE+Of, 
I.IE+04 

2.5E+OI 
2.0E+OO 

R.4E-OI 
r,.7E-02 

1.0E+OO ·~.fiE+03 
I.OE+OO 2.0h03 

3.CJE+O' 
1.'1E+02 

R.SE-OS 
1.3E-05 

9.7-005 

B7 
17 

R.RE-O~ 
1.3E-05 

1.0-004 

R7 
1 7 



::J: 
I 

--' 
0 

MOLLUSCS 

HOLDUP = 2.0E+00 

TOTAL rWDY 

NUCLIDE HAL"'-LJFE 
DAYS 

ARRRG SAMPLE PROBLEM 

CONSUMPTION = 1.0E+Ol 

RELICASE 
CI/YR 

WI\TER CONe 
PC IlL 

RECON 
F I\C 

~HXING QATIO 

"lIOI\CF CO~JC 

PCI/KG 

1.0E-Ol 

D()5F 
RE~1 

~ D'JSE COMM 
REM 

::::::;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::,::::::::::::::::::::::::::::::::::::::::::::::::::::: 

C 11~ 2.1E+0'1 2.5E+Ol 
CS 137 1.1F+OI, 2.0E+00 

TOTAL 

BONE 
--------------------

NUCLIDE HALF-LIFE RELEASE 
DA-YS CI/YR 

2.R"C-Ol 
2.7E-02 

WATER cnNC 
PC IlL 

I.OE+OO 
1.0E+00 

RECON 
F A( 

9.1E+03 
1.0E+02 

910llCF 

2.5E+03 
2.2E+OO 

CONe: 
PC I/KG 

1.IIE-Oli 
9.(,E-07 

1.~-00r; 

DOSE 
R F~1 

1.<;E-O~ 

1 • nE -0 n 

1.<;-005 

DOSE COMM 
REM 

:: ~: :: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: 
C I'. 2.1E+06 
CS 137 1.1E+04 

TOTI\L 

LUNGS 
========== 

NUC L I DE HALF-LIFE 
DAYS 

2.~E+Ol 

2.0E+OO 

RELEASE 
CI/YR 

2.I1E-Ol 
2.2E-02 

\'/ATER cmu: 
PC IlL 

1.0E+00 
1.0E+00 

RECON 
FAC 

9.1E+0~ 

1.0E+02 

R IOI\CF 

2.~E+03 

2.2E+00 

CONC 
PC I /KG 

6.1E-0~ 

9.7E-07 

S.2-00'i 

DOSE 
RF~1 

q'l 
1 

7.3E-O~ 

1 • I'IE -0 I) 

7.5-005 

DOSE COMM 
RHI 

ql) 

2 

:: ;: :: ;: :: :: :: :: :: :: :: ;: ;: :: :: ;: :: :: ~: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :: :: :: :: :: :! :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :: :: :; :: :: ;: !: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: !: :: :: :: :: :: :: :: :: :: :: :: :: :: 

C 14 2.1E+06 2.5E+Ol 2.RE-Ol 1.0E+00 9.1E+03 2.<;10+03 1.4E-0<; gil 1. 5E-O~ 9~ 

CS 137 1.1E+01~ 2.0E+OO 2.2E-02 1.0E+00 1.01':+02 1.2E+OO 1.5F:-07 1 2.11f':-07 I 
------- -------

TnlAL 1 • I, - 0 0 r; 1 . ~ -() 0 r; 

THYROI!) 
--------------------

~JlJC L I DE 11/\ L!C - L I "E RELEASE \-/ATE!:! COJ'JC R Fe OIJ ql()~CF CONe f)0SE r, f)0SE (mlM 1; 

OAYS CI/YR PC III FAr: PCI/>(C, !:! E~1 R01 
:: ::::::::::;::::::::::: :::::::::~ :::: :::: ::::::~::::::~ :::::::::::::::: :::::; :::::::::::::::::::: i:~::::::::::: ::::::::;:::;::::::: ::;::!:::;:::::~::;::::::: :::::::::::::::::::::::::::: :::::::::::: ;::::::::: :::::::: :::: 

C 
I 

TOTAL 

2.1E+OG 
0:;.7E+011 

2.~E+Ol 

1.0F:+OO 
2.RE-Ol 
1.1E-02 

1.0E+OO 9.1E+O' ?~f:+O' 
1.0E+OO S.OE+on S.r,~-02 

1.4E-05 
?t;F-or, 

1.7-no~ 

1.';10-05 I, .0 E - 0 t; 
7fJ, 
? 1 



LOWEI;' LI\RG 

NlJCL I DIO HALF -LJ F E 
DI\YS 

RELEASE 
CI/YR 

ARRRG SAMPLE PROBLEM 

V/,l\TER CONC 
PC IlL 

REC0N 
F fie 

q IOI\CF CONe 
PC I IKG 

DOSE DOSE ent-1M 

RE~' 
:: ::::::::::::!:::::::::::::::::::!:::::::::::::;::::::=:::::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::: :::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::: 

c 14 2.1E+OI", 2,SE+Ol 2.RE-Ol 1.0E+00 9.IE+0' 2.SE+0' 1.4E-0~ l.'iE-O'i gg 

TOTAL 1.4-00'i 1.5-005 



:J: 
I 
-' 
N 

ARRRG SAMPLE PROBLEM 
D~ INK. H20 
========== 

HOLDUP = 1.0E-Ol CONSUMPTION = 7.3E+02 MIXING ~ATIO = 9.0E-Ol 

TOTAL I)ODY 
=========~ 

NUCLIDE HALF-LI~E RELEASE WATER CONe RECON H20 CU CONC D05E 'DOSE COM , 
DAYS CI/Y~ PCI/L FAC FACTO~ PCI/KG REM REM 

:: :: ;~ :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: !: :: :: :: :! :: :: :: :: :: :: :~ :: :: :: :: :: ::!! :: :: :: :: :: :: :: :::: :: :: :: :: :! :: :: :! :: :: :: :: :: :::: :: ;: :: :: :: ~: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: :: :: :: :: :: !: :: :: :: 

H 3 11.)[+03 1 .OE+02 1 .0E+Ol 1 .OE+OO 1 .OE+OO 1 • OJ: +0 I 1+ . 3 E -07 ) 4.'5E-07 3 
C 14 2 .IE+Of, 2.5E+Ol 2.'5[+00 1 .OE+OO 1 .OE+OO 2.~E+00 1 .OE-Or, 13 1 .OE-O~ '3 
I 12'} ).7E+0,} 1 .OE+OO 1 .OE-Ol 1 .OE+OO R.OE-Ol ~.IE-02 3.4E-07 4 ).4E-07 4 
CS 1)7 1 .IE+04 2.fJE+OO 2.0E-Ol 1 .OE+OO 9.0E-Ol 1.8E-OI 5.7E-01) 74 <).4E-01; 80 
U 23 R 1 .7E+12 1 .OE-Ol 1 .OE-02 1.0E+00 7.0E-Ol 7.1E-0~ 1 .')E-07 1 2.3E-07 1 

------- -------
TOTI\L 7.~-00~ 1 .2-005 

'30NE 
========== 

NUC L11)F: HALF-L1 FE RELEASE WI\TER CONC PFCON H70 CU CONC I)OSE , DOSE crm % 
DI\YS CI/YQ.. PC I IL F /lr: F AC TOO PCI/KG <!EM ~EM 

:: ::;: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :! :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :: :::: ;! :: :: :: :: :: :: :::! :~ :: :: :~ :::: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: 

C 14 2.1E+0'i 2.5E+Ol 2."-E+OO 1 .OE+OO 1 .OE+OO 2.'5E+OO 4.4E-0'i 3" 'i.?E-Or, 2~ 

I 1 29 5.7E+09 I .OE+OO 1 .OE-Ol 1.0E+00 ~.OE-Ol 8.1E-0? 1 .'lE-07 1 1 .9E-07 0 
CS 137 1 1 E+O I, 2.0E+00 2.0E-Ol 1 .OE+OO <).OE-OI I.RE-Ol '). lE-Or, 1+ q 1 .1 E -0 ') 52 
U 23R I .7E+12 1 .(1E-Ol 1 .OE-02 1 . OE+OO 7.0E-ol 7 • lE-03 1 .~E-Of, 1 I 3.9E-0r, 1 q 

------- -------
TOTAL 1 .7-00<; 2.0-00~ 

LUNGS 
==-======-== 

NUCLIDE HALF-LIFE RELEASE WATEt< C O~IC RECON H2O ell C ONC DOSE , Of)SI: CO~I 'l; 
DAYS CI/YR PC I /L FAC F AC TO~ PCI/KG REH REH 

:: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ~: :: :: :: :: :: :: :: :: :: ;: :: :: :: :: ~::: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :~ :: :: :: :: ;: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: ;: :: :: 

H 3 4.5E+03 I.OE+02 1.0E+Ol 1. (1E+Of) 
C 111 2.1E+or, 2.'iE+01 2.)E+01) 1.0E+00 
CS 1,7 1 . 1 E+-O '+ 2.0E+00 2.0E-01 1.0E+00 

TOTI\L 

THY"OII1 
--------------------

NUCLID[ HI\LF-LIFE RELI:I\SE WATER cnNC ~EcnN 

DI\YS CI/YQ. PCI/L FAC 

1.0E+OO 
1.0E+00 
9.01:-01 

lf~f) CU 
F 1\( TOR 

1.0E+Ol 
2.~c+00 

1.IIE-Ol 

COW 
PC I /I(.,r; 

4.3E-07 
1.0E-OS 
'l.OE-07 

-------
2.3-00r, 

1 R 4.5E-07 14 
4, I.OE-06 33 
3!l 1.7E-0r, 52 

-------
3.2-00~ 

~ 



:x: 
I 
~ 

W 

ARRRG SAMPLE PROBLEM 

::~~::::::~;:::::::::~~::::::~~~~::~::::~::~::~=::::::::::::~~~::::::::::~::~~::=::::::::::~=~::::~::::::~~::::::::::~::::::::::::::::::::~::::::::::::::::::::::::::::::::~:::::::::::::::::: 

129 o;.7E+09 1.0E+OO I.OE-OI 1.0E+OO 8.0F.':-OI R.IE-02 'l.?E-Oq 99 '~. ~F.-Oq 9Cl 
------- -------

TOTAL 2.7-004 q.3-00!. 

LOWE'! LA~G 

========== 

NUClI DE HALF-LIFE RELEASE WATER CONC ~ECON H2O CU CONC DOSE 't I)OSE COM i 
DAYS CI/YR pel/L FAC F I\r. TOI:! PCI/K.G RE~1 REM 

::~::::=::::::::::::::~~~~~::~::=::~~~~::~~=~~~~~::::::=::=~~~::::::::::::~~~::::::::::::~::=::::::::=::::::::::::::::::::::::~::::::::::::~::::::::::::::::::::::::~::=::::::::=::=:: 

H "5 q.5E+03 I.OE+02 1.0E+Ol I.OE+OO 1.0E+00 I.OE+Ol q.3E-07 20 'L ';E-07 20 
C lq 2.1E+01; 2.5E+Ol 2.5E+OO 1.OE+00 1. OE+O 0 2.'iE+OO 1.0E-01i ,~ R I.OE-OIi ,~ II 

I 129 5.7E+O!l 1.OE+OO 1.OE-OI 1.OE+OO !l.OE-OI R .IE-02 2.9E-OR 1 2.9E-OR 1 
CS 137 1.lE+Oq 2.0E+OO 2.0E-Ol 1.OE+00 !l.OE-OI 1. RE-O I LIE-O? lq 3.IE-07 lq 
U 238 1.?E+12 1.0E-'" I.OE-02 1.OE+OO 7.0E-Ol ?lE-O~ 3 .IE-O? 1 'i 3.IE-O? lq 

------- -------
TOTAL 2.1-001i 2.2-00& 
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SHORELlNF: 
===~==:;=== 

W)LOUr = . 1 

NUCLI DE HALF-LIFE 
D~YS 

ARRRG SAMPLE PROBLEM 

U5AGF:(H~/YR) = ~.0+002 

RELEASE 
CI/YR 

WATER CONC 
PCI/L 

MIXING qATIO = .00Il 

RECON 
FAC 

SHORELI NE CONC 
PC J IM::::1 

SHOqE WIDTH FACT. = .200 

DOSE AND DOSE CO~~ITMENT( REM ) 
SK I N t T BODY 't 

:: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~:::::::::::::::::::::::::::::::::::::::::::::: !: ::::::::::!: :::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::::: :n: 
I 119· 
C Sl37 

TOTI\L 

SWIMMING 
========== 

H()LDUP " • 1 

~IUC L IDE 

';.7E+09 
1.1E+01+ 

HALF-LIFE 
DAYS 

1. OE+OO 
2.DE+00 

2.0E+00 
4.0E+OO 

USAGE(HR/yq) = 1.0+002 

RELEASE 
CI/YR 

WATER CONC 
PCI/l 

1.0E+00 1.5E+01+ 
1.0E+00 '7.2E+0'f 

MIXING QATIO = .000 

PECON 
FAC 

SHORELINE CONC 
PC I/M::::2 

5.7E-0'i 

6.0E-0r; 

9 
90 

3.4-0Dfi 
4.n-005 

5.0E-05 

SHORE WIDTH FACT. = .200 

Ij 

93 

DOSE AND DOSE COMMITMENT( qEM ) 
SKIN 1; T ~ODY % 

:: :::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.:::::::::::::::::::: ::::::::::::::::::::::::::::::::,,:::::::::::::::::::::::::::: :::::::::::::::::::::;:::::::::::::::::::::::::::::: 

C 11+ 2.1!:+0r, 2.5E+Ol 2.2E+OO 1.010+00 2.2E+00 B.<;E-I0 3 .0 0 
I 129 5.7E+09 I~OE+OO 9.0E-02 1.0E+00 9.0E-02 3.0E-IO 1 1. 5-01 0 0 
CSI H 1.1E+04 2.0E+OO I.RE-OI 1.0E+OO 1.81:-01 2.5E-08 92 1. R-OOR 911 
U 23B 1.7E+12 1.0E-OI !).OE-O~ I.OE+OO 9.0E-O~ R.3E-IO 3 !i.I;-Oll 0 

------- ------
TOTAL 2.7E-OR 1.RE-OR 
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ARRRG SAMPLE PROBLEM 

:: :: :: Q. A. P 1\ G ~ .••••• 

ARRRG, VERSION 1.0, 1 AUGUST 7!l 
. CASE TITLE: ARRRG SAMPLE PROBLEM TWO-POPULATION DOWNSTREAM, 50 YR COMMITMENT 

EXECUTING HAN~OROHAP~RG(l).ARS CREATED ON MARCH 13, lQ!lO AT 14:24:11 
TYPE OF DOSE CALCULATED: POPULATION CHRONIC INGESTION AND EXTERNAL EXPOSURE 

FOR LIQUID RELEASES OF PAOIONUCLIDES IN FRESH WATER 

:::::: DI\,TA L1RRATIES USED 
RADIONUCLIDE LIRPARY: 

ORGAN DATA LIARARY: 
BIOACCUMULATION LIRRARY: 

EXTERNAL D.F. LIRRARY: 

:::::: PATHWAY DATA USED 
PATHWAY 

FISH 
DRINK. H2O 
SHORELI NE 
SWIMMING 
BOATING 

...... ORGANS CONSIDERED 
TOTAL RODY 

........ NUCL I DES CONSIDERED: 

RADI0NUCLIDE MASTER DATA LIBRARY, 1~ MARCH 7!l, RA NAPIER 
:::::: OP.GAN DII.TA LIRRARY UPD'I 'EO AY RAN 81l0/F! ...... 

RIOACCUMULATION FACTOR LIRRARY FOR FOOD,PA1LM,MAXI RA NAPIER 
:::::: G'WFLJR FOR FOOD, 1~ MARCH lQ7!l, RII. NAPIER ...... 

MIXING RATIO HOLDUP (DI\YS) USAGE UNITS 

1.00E+00 1.00f:+00 ~.00E-02 (KG/YR) 
1.00E+00 2.00f:+00 4.40E+02 (LlYD) 
1.00E+OO 1.00E-Ol 1.70E+Ol (H~/YR) 
1.00E+00 1.00E-Ol 1.00E+Ol (HR/YR) 
1.00E+00 1.00E-Ol 5.00E+00 (HR/YR) 

BONE L I)t~G S THYROID LOWER LARG 

RUN ON 050780 

NUCLI DE RELEASE NUCLI DE RELCASE NUCLIDE RELEASE NUCLI DE RELEASE NUCLIDE RELEASE 
EL T. IH. (CI/YR) ELT. WT. (CI/YR) 

H 3 1.00E+02 C 14 2.50E+Ol 

SITE SPECIFIC DATA USED 
INVENTORY MODIFICATION FACTOR: 

FACILITY LIFE (YEARS): 
POPULATION: 

DOSE TIME (YEARS): 
DOSE COMMITMENT TIME (YEARS): 

INPUT PREPARED 8Y: 

.10E+Ol 

.30~+02 

.25E+Of, 

.10E+01 

.50E+02 

Dt>.TE: 
.~ .~ ....................... ~ ...... . • ~ __ ....................... ,n ..... u ... 

INPUT CHECKED ~Y: DATE: 
:::::::::::::!::;::::::::::::: 

ELT. WT. 

129 

......................... u . ........................ . 

•••••• u ........... . 
......... ,n .......... n 

(CI/YR) ELT. WT. (CI/YR) ELT . 

1.00E+00 CS 137 2.00E+OO U 

HHH RECONCENTRATION DATA USEO 
~lODEL USED: 

COOLANT FLOW RATE: 
C00LANT MAK~UP FLOW (FT3/SEC): 

POND VOLUME (FT3): 
TU'HMWER ~I\TE: 

SHOqf WIDTH FACTOR: 
CYCLE TIME (HR): 

~ECYr.LE FRACTION: 

WT. (CI!YR) 

23!l 1.00E-Ol 

3 
010E+05 
.0 
.0 
.0 
.20E+00 
.0 
.0 
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ARRRG SAMPLE PROBLEM 

ARRRG SAMPLE PRO~LEM TWO-POPULATION DOWNSTRE_M, SO YR COMMITMENT 0507!l0 
APRRG VERSION 1.0 1 AU~UST 7!l 
DOSE TO ORGAN BY PATHWAY (MAN-REM) FOR _ PERIOD OF 1.OO~+OO YEARS 

EXTEPNAL INTERNAL 
--------------------------------------- --------------------------------------------------------------------
PATHv/AY SKIN TOTAL flODY TOTAL 'lODY fHmE LUNGS THYROII1 LOWER LARG 

FISH 3.3!O-01 6.3E-Ol 1.3E-01 1.8E-Ol 1.0E-Ol 
DRINK. H2O 1.3E+00 1.9E+OO 3.9E-Ol 4.6E+Ol 3.5E-Ol 
SHORELINE 5.7E-Ol 4.7E-01 4. lE-Ol 4.7E-Ol f~. 710-01 4.lE-Ot 4.lE-01 
sw I~'~'I NG 8.5 E - 0 I, 6. 2E-O'~ 5.7E-04 5.7E-Of~ 5.7E-04 S.7E-04 5.7E-04 
ROATING 2. 1 E - 0 I, 1.4E-04 1.4E-04 1.4E-04 1.4E-O" 1 . 4E-04 1.4E-04 

TOTAL 5.7E-Ol 'L lE-Ol 2.1E+OO 3.0E+00 9.9E-Ol 4.liE+Ol 9.2E-Ol 

ARRRG SAMPLE PRORlEM TWO-POPULATION DOWNSTREAM, SO YR COMMITMENT 050780 
ARRRG VERSION 1.0 1 AUGUST 7R 
DOSE COMMITMENT TO ORGAN flY PATHWAY,(MIIN-REM) FOR II COMMITMENT TIME OF ~.OOE+Ol YEARS 

EXTERNAL INTEPNAl 

PATH\4AY SKIN TOTAL BODY TOTIIL flOOY !'lONE LUNGS THYROID LOWER LAQG 

FISH 4.9E-Ol 9.0E-01 1."E-Ol 2.4E-Ol 1.0E-Ol 
DRINK. H2O 2.0E+00 3.3E+OO 5.3E-Ol 7.1E+01 3J.I5:-01 
SHORELINE 5.7E-Ol 4.7E-Ol 4.7E-Ol 4. lE-OI 4.7E-Ol 4.7f=-Ot 4.7E-Ol 
SWI~'MING 'I. 5E-04 5.2E-04 5.7E-04 5.lE-04 5.7E-04 5. lE-04 5.7E-04 
BOAT I NG 2.1E-04 1.4E-04 1 . 4E-Of~ 1.4E-04 1 . t,E-Of~ 1.IIE-04 1.4E-04 

TOTAL 5.7E-Ol 4.lE-Ol 2.ClF+00 4.7E+00 1.'710+00 7.'7F+Ol 9.410-01 
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ARRRG SAMPLE PROBLEM 

ARPRG SAMPLE PRORLEM TWO-PooULATION DOWNSTREAM, ~O Y~ COMMITMENT 
Aq~RG VERSION 1.0 1 A'JGUST 7R 
DOSE AN~ DOSE COMMITMENT TO ORGAN RY NUCLIDE, EXTEQNAL DOSES SEPERATE 

TOTAL RODY 

NUCLIDE 

COOLANT FLOI,,, 

HALF-LIFE 
DAYS 

RELEASE 
CI/YA 

1.0E+04CURIC FEET/SEC 

DOSE 
~IAN-REM 

DOSE COMM 
MM,/-QEtl 

:: ~: :: :: :: :: :: :: :: :: :: :: :: :: :: ;:;: :: :: ;: :::: :: ;: :: :: :: :: :: ;: :::: ;: :: :: :: :: :: :: :: :: :: :: ::~: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :: :: :: 
H 3 
C 14 
I 129 
CS 137 
U 23B 

TOTAL 

~WNE 

NUCLIDE 

4.5£+03 
2.1E+01i 
5.7E+0'1 
1.1E+04 
1.7E+12 

1.0E+02 
2.5E+Ol 
1.0E+OO 
2.0E+OO 
1.0E-Ol 

COOLANT FLOW 

HI\LF-LIFE 
Dl\YS 

RELEASE 
CI/YR 

7.2E-02 '. 7.'iE-02 
2.0'=-01 Hi 2.7E-Ol 
S.RE-O? 3 '1.1f-02 
1.2E+OO 74 2.0E+OO 
2.5E-02 1 3.9E-02 

------- -------
1.0+000 2.'i+000 

1.0E+04CURIC FEET/SEC 

DOSE 
MAN-REM 

DOSE COMM 
t1I\N-R EM 

3 
10 

3 
RO 

1 

:: ~: :: :: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: :: 

H 3 4.5E+03 1.0(+02 .0 0 .0 0 
C 14 2.1E+01) 2.5E+Ol 1.IE+OO 43 1.3E+00 31 
I 129 5.7E+09 1.0E+00 3.0E-02 1 3.2E-02 0 
CS 137 1.1E+04 2.0E+00 1.2E+00 4 f , 2.2E+00 52 
U 23R 1.7E+12 1.0E-Ol 2.1E-Ol B &.&E-Ol 1 '; 

------- -------
TOTAL 2 J,+OOO 4.2+000 

LUNGS COOLI\NT FLOW = 1.0E+04ClJr\lC FEET/SEC 

NUCLIDE HALF-LIFE RELEASE DOSE 'j; DOSE COt1M 'l, 

DAYS C I /YR MAN-RE~1 MAN-RU1 
:: ::::::::::~::::~:::::::::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::):::::::::::::::::;:::::::;:::::::::;::::::: ::::::::::;: 

H 3 4.5E+03 1.0[+02 7.1E-02 D 7.'5E-07 10 
C 14 2.1E+O(, 2.'5E+Ol 2.>'E-Ol ftc) 2.7E-01 311 
I 129 ~.7E+09 1.0E+OO .0 0 .0 0 
CS 137 1.1E+04 2.0E+00 1.GE-01 ~r, 3.'iE-01 <;0 
U 23 Q 1.7[+12 1.0E-01 .0 0'" .0 0 

------- -------
TOTAL 5.2-001 (,.C)-OOI 

0507RO 
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THYROID 

NUCL I DE 

ARRRG SAMPLE PROBLEM 

COOLANT FLOW = I.OE+04CUQIC FEET/SEC 

HALF-LIFE 
DI\YS 

RELEASE 
CI/Yo.. 

DOSE 
MAN-REM 

DOSE COMM 
MAN-REM 

:: :::::::::::::::::::::::::::::::::::::::!:::::::::::::::::: :::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::: 

H '3 
C 14 
I 129 
C S 137 
U 23B 

TOTAL 

LOWER LARG 

NlJCLIDE 

4.5E+03 I.OE+02 7.21:-02 0 7.<;E-02 
2.1E+Or, 2.5E+OI 2.6E-Ol 0 2.7E-Ol 
5.71'+09 1.0E+00 4.5E+Ol 99 7.11:+01 
I.IE+04 2.0E+00 .0 0 .0 
1.7E+12 1.0E-OI .0 0 .0 

------- -------
4.(1+001 7.2+001 

COOLANT FLOW = I.OE+04CUQIC FEET/SEC 

HALF-LIFE 
DAYS 

RELEASE 
CI/VR 

DOSE 
MAN-REM 

DOSE Cm1M 
MAN-REI1 

:: :: ~: :: :::: :: :: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :: :: :: :: :: :: :: 

H 3 4.SE+03 1.0E+02 7.2E-02 16 7.5E-02 Iii 
C I If 2.1[+01; 2.SE+Ol 2.H-OI 56 2.7E-OI 57 
I 129 5.7E+09 1.0E+00 4.9E-03 1 4.91:-03 I 
CS 137 I.IE+04 2.0E+00 6.<;E-02 14 &.5E-02 13 
U 238 1. 7E+12 1.OE-01 <;.3E-02 1 1 <;.3E-0? 11 

------- -------
TOTAL 4.<;-001 If. Ii-O 0 1 

EXTERNAL DOSE COOLANT FLOW = I.OE+04CU" IC FEET/Sr:C. 

NUCLIOF HALF-LIFE RELEASE SKIN D'lSE % T . A. DOSE % 
D.AVS CI/YR MAN-REI' MAN-REI1 

:: :: :: :: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: :::: :: :::: :: :::: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: !: :: :: ~: :: :: :: :: :: :: :: :: :: :: :: :: :: :: 

Ii 3 4.5E+03 1.0E+02 .0 0 .0 0 
C 14 2.IE+Ofi 2.~E+OI 3.3E-0<; 0 .0 0 
I 129 S.7E+09 I.OE+OO 5.4E-02 9 3.3E-02 I; 

CS 137 1.1E+04 2.0E+00 5.1E-OI gO (lottE-OI q3 
U 238 1.7E+12 1.0E-Ol 3.3E-05 0 2. f,E-Or, 0 

- ------ -------
TOTAL 5.7-001 4.7-001 
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ARRRG SAMPLE PROBLEM 

APRRG SAMPLE PROBLEM TWO-POPULATION DOWNSTREAM, ~O YR COMMITMENT 
ARRRG VERSION 1.0 1 AUGUST 7P. 
DOSE AND DOSE COMMITMENT 

FISH 
========== 

HOLDUP = 1.0E+00 

TOTAL flODY 
========== 

NUCLI DE HALF-LIFE 
DAYS 

CONSUMPTION = 5.0E-02 

RELEASE 
C 1/ Y"1 

W.ATER CONC 
PCI/L 

RECON 
FAC 

MIXING RATIO = 1.0E+00 

RIOllCF CONC 
PCI/KG 

0507RO 

D0SE COMM 
MAN-REM 

:: :: :: :: :: :: :: :: :: ;: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: !! :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: :: :: ;: :: :: :: :: :: :: :: :: :: :: :: :: :~ :: :: :: :: :: :: :: :: :: :: :: :: :: :! :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :::: :: 

C 14 2.1E+Ofi 2.5E+Ol 
CS 137 1.IE+04 2.0E+00 

TOTAL 

ROIH' 
=-=-::-:======= 

'WCL I f)E HALF-LIFE RELEASE 
D~YS CI/YR 

2.P.E+OO 
2.2E-Ol 

HATEi' CONC 
PCI/L 

1.0E+00 4.fiE+03 1.3E+04 
1.0E+00 2.0E+0' 4.~E+02 

PECON 
FAC 

AIOACF CON( 
PCI/KG 

R.~E-02 
?4E-Ol 

3.~-()01 

D'lSE 
,'IAN-REM 

2G 
n 

9.2E-02 
'f.OE-ol 

f)OSE cmH-1 
~IAN-RPI 

1 R 
fll 

% 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:::;:::::;!;!::::::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::::::!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

C 14 2.1E+or, 2.5E+01 
CS 137 1.110+0'. 2.0E+00 

TOTAL 

LUNGS 
========== 

NUCLIDE III\LF -Ll FE RELEASE 
DlIYS CI/YR 

2.RE+OO 
2.2E-01 

WIITER CONe 
PC I /L 

1.0E+OO 
1.0E+00 

RECON 
F lIC 

4.filO+03 
2.010+03 

'310o.CF 

1.3E+O'f 
4.5E+02 

CONe 
PCI/,<r. 

~.<JE-Ol 

2.4E-01 

Ii.~-onl 

MAN-REM 

4.f;1O-01 
4.<;E-01 

DOSE COI~I~ 

:: :: :: :: :: :: :: :: ;: :: :: :: :~ :: :: :: ;: :: :: :: :: :: :: ;: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: ;: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: ;: :: :: ::~: :: :: :: :: 
C 14 2.1E+01; 2.5E+01 
CS 137 1.IE+01> 2.0!:+OO 

TOTAL 

THYROIf) 
========== 

NUCLIDE ,-jl\LF -L I'" E RF:LEI\SE 
DIIYS cl/n 

2.RE+00 
2.21"-01 

WATEq CONC 
rCI/L 

1.0E+00 4.I;E+03 
1.0E+00 2.0E+03 

RECOt-! "11011CF 

1.3E+0'f 
4.5E+02 

(nNC 
PCI/'<G 

R.8O::-02 
3.RE-02 

1.'-001 

DOSE 

liq 
30 

9.21:'-02 
7.0 F -02 

1.1;-001 

f)O S r C O~H1 
MA~J-REtI . 

:: !: :: ;; ;; :; ;; :: :: :: :: :: :: :: :: ;: ;~ ;: :: ;: ;; :: :: :: :::: :: :: :: ;: :: :: :: ;; ;: :: :: :: :: :: :: :: :: :: :: :: :: :~ ;: :~ :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :: :: :: :: :: :: :: ;: ;: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: !~ :; :: :: :: :: :: :: :: !: ;: :: :! ;: :: :: :: 

C 2.5E+01 <J.7F:-n? 
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ARRRG SAMPLE PROBLEM 
17'1 ').7E+0'1 I.OE+OO I.IE-OI 1.0E+00 1.'iE+Ol 1.7E+00 '1.7E-02 'i2 I.liE-Ol 02 

------- -------
T0TAl I.R-OOI 2.4-001 

lOWE~ lARG 
========== 

NUCLIDE HALF-lIFE RELEASE WATER CONC QECON "IIOACF CONe DOSE '\ DOSE C()HM % 
D" YS C I/YR PCI/l FAC PCI/KG MAN-REM MAN-~EM 

:: :: ~: :: :: :: :: :: !: ;: :: :: :: :: :: :: :: :: :: :: :: !: :: :: :: :! :: :: :: :: :: :: :: :: :: :: :: :: :: :: :! :: :: :: :: :: :: :: :: :: :::: :: :: ;: :: :::: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: !: ;: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :: :: :: :: :: :: :: :: 

C 14 
C S 137 

TOTAL 

2.IE+Ofi 
1.1E+04 

2.5E+OI 
2.0E+00 

2.IIE+00 
2.2E-Ol 

}.OE+OO 4.1;"'+03 
1.0E+00 2.0E+03 

I. ,E+O't 
4.'>E+02 

II.Rro:-02 
1 • ~t=-O" 

1.0-001 

!l7 
1 ;> 

'1.2E-02 
1.3E-02 

1.0-001 

R7 
1 ;> 
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Df:! HIK. H20 
======-==== 

HOLDUP = 2.0E+00 

TOTAL RODY 
========== 

NUCLIDE HALF-LIFE 
DI\YS 

ARRRG SAMPLE PROBLEM 

CONSUMPTION = 4.4E+02 

RELEASE 
CI/YR 

WI\TER CONC RECON 
PCI/L FAC 

MIXING RATIO 

H20 CU 
FAC TOR 

CONC 
PCT/I(G 

1.0E+00 

D0SE 
~1AN-R EM 

DOSE COM 
MM~-Rnl 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::;:::::::::::::::::::;:::::::::::::;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

H 3 II • ~ E +03 1.0E+02 1 .lE+01 1.0E+00 1.0E+OO 1.1E+01 7.2E-07 ~ 7.~E-02 3 
C 14 2.1E+0f> 2.5E+01 2.8E+00 1.0E+00 1.0E+00 2.RE+00 1.7E-01 13 1.RE-01 B 
I 129 <;.7E+09 1.0E+00 1 .lE-01 1.0E+00 !l.OE-Ol 9.0E-02 S.RE-O:? 4 9.1E-02 4 
CS 137 1.lE+011 2.0E+00 2.2E-01 1.0E+00 9.0E-01 2.0E-01 9.5E-01 74 1.(;E+00 80 
U 23R 1.7E+12 1.0E-01 1.1E-02 1.0E+00 7.0E-01 7.RE-0~ 2.5E-02 1 ~.9E-02 1 

------- -------
TOTI\L 1.hOOO 2.0+000 

RONE 
========== 

NUCLIDE HALF-LIFE RELEASE ~IATER CONC RF(ON H2O CU CONC DOSE % DOSE COM % 
DlI.YS CI/YR PC I /L FAC FACTOR pel/KG MMI-f'EM MAN-REM 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

C 14 2.1E+01; 2.5E+Ol 2.RE+00 1.0E+00 1.0E+00 2.RE+00 7.4E-Ol 3~ R.Rf:-Ol 21; 
I 12'1 5.7E+OCJ 1.0E+00 1.lE-01 1.0E+00 R.OE-01 9.0E-02 3.0E-02 1 3.2E-02 0 
CS 137 1. 1 E+O'I 2.0E+00 2.2E-01 1.0E+00 9.0E-01 2.0E-01 9.5E-Ol 4<) 1.8E+00 52 
U 238 1.7E+12 1.0E-Ol 1.1E-02 1.0E+OO 7.0!:-01 7.Rr::-0~ 2.1E-Ol 11 l).fiE-Ol 19 

------- -------
TOTAL 1.<)+000 3.3+000 

LUNGS 
========== 

NUCLIDE HALF-LIFE RELEASE WATE~ CONC RECON H2O eu CONC D0SE % DOSE COM % 
DI\YS cl/n PCI/L FAe F AC TO~ PC I /KG MA"J-REM MAN-REM 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

H 3 4.5E+03 1.0E+02 1.1E+01 1.0E+OO 
C 14 2.1E+011 2.5E+01 2.RE+00 1.0E+01] 
CS 137 1.lE+0'1 2.0E+00 2.'2f-01 1.0E+00 

TOTIIL 

THYROln 
========== 

NlICLlnr: HALF-L1 FF ~ELEASE WIl.TER CONC PFCO~' 

DAYS CI/Yo, PCI/L FAC 

1.0E+00 
1.0E+OO 
9.0E-01 

1-i20 CIJ 
F AC TO~ 

1.1E+01 
2.RE+OO 
2.0E-Ol 

cow 
PC I /,(G 

7.2E-02 
1.7E-Ol 
1.5E-01 

-------
"LCj-OOI 

DOSr: 
'1A1-'-Onl 

1 R 
43 
~R 

7.5E-02 
1.RE-01 
2.RE-Ol 

-------
5.~-001 

D0SE COM 
~~A"'-~UI 

14 
33 
52 
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ARRRG SAMPLE PROBLEM 

::::::::::;::::::::::::::::::::::::::::::::::::::::::::::::::::;:::::;:::::::::::::::::::::::::::::;:::::::::;:::::::::;::::::::::::::::::::::::::::::::t::::::::!!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

129 ';.7E+O'l 1.0E+00 1.1E-Ol 1.0E+00 R.OE-Ol 9.0E-02 4.5E+Ol 99 7.1E+Ol 9<l 
------- -------

TOTAL 4.1;+001 7.1+001 

LO~IE~ LARG 
========== 

NUCLIDE HALF-LIFE RELF.ASE HlITER CONC RF.CON H2O CU CONC DOSE % DOS!' CO~I % 
DAYS CI/YP PC III FAC F AC TO~ PC I/KG MAN-REM MAN-RF.M 

:: :: :: :: :: :: :: :: :: :: :: :: :: i: :: :: :::: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: :: :: :: :t :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :t ~: :: :: :: :: :::: :: :: :: :::: :: :: :: :: :: :::::t :: :: :: :: :: :: :: :::: :: :: :: :: :: 

H 3 4.5E+03 1.0E+02 I.lE+Ol 1.OE+OO 1.01"+00 1.11"+01 7.21"-02 21) 7.';E-02 20 
C 1'-1 2.1E+01i 2.~E+Ol 2.RE+OO 1.0E+00 1.0E+OO 2.~E+on l.n-Ol It~ 1 .RE-Ol Itf! 
I 12') 5.71"+09 1.0E+00 1.11"-01 1.0E+00 8.0E-Ol 9.0E-02 '-I.9E-03 1 4.9E-03 1 
CS IH 1.1E+04 2.01"+00 2.2E-Ol 1.0E+00 <l.nE-OI 2.01"-01 ~.2E-02 14 5.21"-02 14 
U 23R 1.7E+12 1.0E-Ol 1.11"-02 1.01"+00 7.01"-01 7.RE-03 5.3E-02 1 r; 'i.~E-02 II! 

------- -------
TOTAL ~.5-001 3.fi-001 
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SIIOf.1[L I "I", 
========== 

I-lOLOUP = 
NUCL I DE 

· 1 

'HALF-LIFE 
DII.YS 

ARRRG SAMPLE PROBLEM 

USAGE(H~/YR) = 1.7+001 

RELEASE 
CI/YP 

WATER CONC 
PCl/L 

t~IXING C!ATI/) = .000 

PFCON 
F I\C 

SHO~Fl I NF COW 
PC I "..,:::: 2 

SH()~E \·/IfHH FACT. = .200 

DOSfll.NI) DOSE COMMI TIlE NT( t1AN-REt1 ) 
SKIN % T BODY % 

:: :: ;: :: :: !: :: :: :: :: :: :: :: :: :: :: :: :: :: ,: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ::: :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: :: :: :: :: :: :: :: :: :: :; :: :: :: :: :::: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :~ !! :: :: :: :: 

I 12C1 5.7E+09 1.0E+00 2.2E+OO I.OE+OO 1.7E+04 5.4E-n2 CI 3.3-002 Ij 

CS137 1.IE+Oq 2.0E+OO 4.5E+00 1.0E+00 2.SE+04 <;.IE-Ol ClO 4.4-001 93 
-------

TQTAL S.lE-OI 4.7E-Ol 

sw/nMING 
========== 

HOLDUP :: · 1 USII.G<:(HR/YR) :: 1. r. -001 MIXING RIITIO = .000 SYORE WIDTH FACT. = .200 

N lIC L I DE HALF-LI FE RELEASE WATER CONC RECON SHOl<ELINE CONC DOSE AND DOSE COM~' /TMENT( MAN-REM ) 

DAYS CI/YR PC IlL FII.C PC I nl::::Z SKIN % T F:lODY 1, 
:: :: :; :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ;: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :::: :: :::: :: :: :: :: :::: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :~ :: :: :: :: :: :: :: :: :: :: :::: :: :: :: :: :! :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: ~: :: :: :: :: :: :: :: :: :: :: 

C 14 2.1E+01i 7.5E+Ol 2.RE+00 1.0E+00 2.BE+00 2.7E-05 , .0 0 
I 12<1 5.7E+OG 1.0E+00 1.1E-Ol 1.0E+00 1.1E-Ol 'l.2E-Ofi 1 4.R-OOn 0 
CSI37 1.IE+04 2.0E+OO 2.n-Ol 1.0E+00 2.7E-Ol 7.R<:-04 '12 5.fi-00'~ 9'1 
U 2~R 1.7E+12 1.0E-Ol 1.IE-02 1.0E+00 1.1E-02 2.fiE-OS 3 2.1-001i 0 

-------
TOTAL 8.';E-04 S.7E-04 

nOflTING 
========== 

HOLDUP :: · 1 USl\GE(HR/YR) :: 5.0+000 ~IXING RI\TIO :: .oon SHORE WIDTH FACT. :: .20n 

NUCLIDE HALF-LIFE RELEASE 'dllTER CONC RECON SHOr.'ELINF CONC DOSE l\ND DOSE COMMIH1ENT( MAN-REM ) 

DAYS CI/YR PCI/L F I\C PCI/M::::2 SKIN 't T flODY % 
::::::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;::::::::::::::::::::::::::::::::::::::::::::::::::::::::.::::::::::::::::::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

( 14 2.1E+O'1 2.5E+01 2.1IE+00 1.0[+00 1.4E+on [). f)E-Of) ~ .0 0 
I 12C1 5.7E+09 1.0E+OO 1.1E-Ol 1.0E+00 1j.'1E-02 2.3E-0'-' 1 1.2-005 0 
CSl,7 1.1E+04 2.0E+OO 2.2E-01 1.0E+00 1.1E-Ol 2.0E-04 92 1.4-00tl 9!l 
U 23R 1.7E+12 1.0E-Ol I.IE-02 1.0F+00 ~.'-'[-O~ n . 'jE -0 r, , 5.2-007 0 

-------
TOTI\L 2.1E-04 1 .4E-0'~ 
END OF INPUT FOR HilS ~UN 
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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 radionuc1ide release 
were to a river instead of to the air. 

Input to the first problem is: 

Name1ist 
Parameter Value Remarks 

NEXT 2 Program control parameter 

IDEP 1 Atmospheric release 

lOUT 0 Summary output only 

T2 Dose time, years 
50 Dose commitment time, years 

PUFE 30 Facility release time 

KORG Organs considered: 
1 Total body 
6 Bone 
8 Lungs 

16 Thyroid 
23 GI -LU 

I - 1 



KFDTYP Food types: 

1 Leafy vegetables 

3 Potatoes 
7 Fruit 
8 Grain 

10 Eggs 
11 Milk 
12 Beef 

15 External 

XQ 8 * 1. 4 x 10-7 Air concentration 
per unit release 
at the maximum 
individual IS 3 
residence (sec/m ) 

GRWP 5 * 90. Growing period, days 
30. 

90. 

YELD 1.5 Yields of crops, kg/m2. 
4.0 
2.0 
1.0 
0.84 
1.3 
0.84 

HLDUP 1. Holdup times, days 
10. between harvest and 

consumption 
10. 

3 * l. 
15. 

TRNS 

1.0 Translocation factors 

4 * 0.1 
1.0 
o .1 

1-2 



CON 

EXTIM 

Other 
Parameters 

NIN 

EL TI, AWl, Q 

30. 
180. 
330. 
80. 
30. 

250. 
40. 

4383. 

Value 
5 

H 3 
C 14 
I 129 
CS 137 
U 238 

100. 
25. 

1. 

2. 
0.1 

Consumption rates, kg/yr 

External exposure for 
12 hours per day for 
one year. 

Remarks 

Re 1 ease term, Ci /y r 

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: 

Name1ist 
Parameter 

NEXT 

IDEP 

IPOP 

POP 

XQ 

RIRR 

Value 

3 

2 

2 5 1 05 . x 

8 * 0.0 

8 * 150 

I-3 

Remarks 
Program control 

Liquid release 

Population case 

Regional population 

No atmospheric release 

Irrigation rate, ~/m2/mo. 



CON 

EXTIM 

IREC 

CFLO 

RM 

15. 

110. 

65. 

70. 
20. 

200. 

20. 

2920. 

3 

1. 0 x 104 

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. 

1-4 



..... 
I 

U1 

FOOD SA~1PLE PROBLEM 

:::::: Q. A. Pl\GF :::n: RUN ON 0,)07RO 
FOOD, VERSION 1.0, 1 AIJGUST 7R 

CASE TITLE: FOOD SAMPLE PRORLEM ONE-M~XIMUM INDIVIDUAL, AIR PATINAYS, ~O YR COMMITMENT 
EXECUTING Hl\NFORD=FOOD(I).ARS CREl\TED ON MARCH 13, lQ80 l\T 1_:_6:36 

:::::: DATA LlnRARIES USED: 
RADIONUCLIDE LIBRA~Y: 

FOOD TRAN5Fr:~ FACTOR LIBRARY: 
ORGAN Dl\TA LI8Rl\RY: 

GROUND DOSE FACTOR LIBRARY: 

........ FOOD DATA USED: 

TYPE OF DOSE CALCULATED: CHRONIC INGESTION AND EXTERNl\L EXPOSURE 
FOR: AIR PATHWAY, MAX. IND. 

RADIONUCLIDE MASTER DATA LlqPARY, 15 MARCH 7~, nA NAPIE~ 
--- FOOD TRANSFER COEFFICIENT LIBRARY 2/2717~ 8A NAPIEP 

.... - ORGAN DATA L1RRARY UPDATED <lY RAN 8/1017tl •..... 
--- GRDFLIR FOR FOOD, 15 MARCH 197R, RA NAPIER ---

FOOD TYPE X/Q GROWING PERIOD YIELD I RR. RATE HOLI)UP CONSUMPTION TRANSLOCATION 
(SEC/W:::3 ) (DAYS) (KG/M::::~) (L 1M:::: 2 I MONT H) (DAYS) (KG/Yln 

LEAFY VEG. 1._0E-07 9.00E+Ol 
POTATOES 1._0E-07 9.00E+Ol 
ORCH.FRUIT 1.40E-07 9.00E+Ol 
OT.GRAIN 1._0E-07 <).OOE+Ol 
EGGS 1._0E-07 9.00E+Ol 
~1I LK 1.40E-07 3.00E+Ol 
REEF 1.40E-07 ').00E+01 
EXTERNAL 1.40E-07 .00 

...... ORGMIS CONSIDERED: 
TOTAL BODY BONE 

•••• n NUCLIDES CONSIDERED: 
NUCLI DE RELEASE NUCLIDE 

ELT. WT. (CIIYR) ELT . WT. 

H 3 1.00E+02 C 14 

::::::::SITE SPECIFIC D .... TA USED 
INVENTORY MODIFICATION FACTOQ: 

FACILITY LIFE (YEARS): 
POPULATION: 

DOSE TIME (YEA~S): 
DOSE COMMITMENT TIME (YEARS): 

EXTERNAL EXPOSU"E TIrlE (HR): 

RELEASE 
(CI/YR) 

2.50E+01 

~.OOE+OO 
'i.OOE+Ol 
1.00E+00 
1.00E+00 
'>.OOE+Ol 
4.3RE+03 

1. ';OE+OO 
_.00[+00 
2.00E+OO 
1.00E+00 
8._0E-Ol 
1.30E+00 
R.40E-01 

.00 

LUNGS 

NUCLIDE 
ELT. WT. 

12q 

INPUT PREPI\R[D RY: DI\TE: 
::::::::::::::::::;::::::::::: :::::::::::::::::::: 

INPUT CHECKED 1Y: DATE: 
:::::::::::::::::;:::::::::::: :::::::::::::::::::: 

.00 1.00E+00 3. OOE+O 1 

.00 1.00E+Ol 1.80E+02 

.00 1.00E+Ol '.30E+02 

.00 1.00'0+00 8.00E+Ol 

.00 1.00E+00 3.00E+Ol 

.00 1.00E+00 2.50E+02 

.00 1.,0E+Ol 4.00E+Ol 

.00 .00 .00 

THYROID LOWER LARG 

RELEASE NUCLIDE RELEASE NUCLIDE 
(CI!YR) ELT. WT. (C I/YR) ELT. WT. 

1.00E+00 CS 137 2.00E+OO U 23R 

::::::::RCCONCENTPATION I)ATA IJSEI) 
1·100EL US"'!): 

COOLANT FLOW RATE: 
COOLANT MAKEUP FLOW (FT,/SEC): 

POND VOLUME (FT3): 
TURNOVEP RATE: 

CYCLE TIME (H?): 

° .00 
.00 
.00 
.00 
.00 

1.00E+00 
1.00E-Ol 
1.00E-OI 
1.00E-Ol 
1.00E-Ol 
1.00E+OO 
1.00E-Ol 

.00 

RELEASE 
(C I!YR) 

1.00E-Ol 



...... 
I 

m 

FOOD SA~1PLE PROBLEM 

FOOD SAMPLE PRO~LEM ONE-MAXIMUM INDIVIDUAL, AIR PATHWAYS, 50 YR COMMITMENT 
FOOD VERSION 1.0 1 AUGUST 7R 

• ~ •• #. DOSE SUMMARY, REM FOR 1.0E+00 YEARS n •••• 

TOTAL BODY BONE LUNGS THYROID LOWER LARG 

PRODUCE 6.53E-05 1.74E-01t 3.ROE-0r; 1.51E-02 3. 92E-0 0; 
EGGS 1.911E-0r, 7.1i5E-or, 1.73E-OIi 1.1i2E-04 1.7'iE-01) 
MILK 2.62E-05 4.24E-0'i R.OIE-or; 9.67E-0~ 8.38E-0':; 
MEAT 7.ltIE-0r, I.R9E-05 3.9'lE-0r, 1.51E-03 3.I)RE-0r; 

INT. TOTAL 1.01E-01t 2.43E-04 5.17E-05 2.li4E-02 5.~3E-0'i 

EXTERNAL DOSE TOTALS SKIN TOT.AL BODY 
2.6I1E-04 1.1)5E-04 

FOOD SAMPLE PROgLEM ONE-MAXIMUM INDIVIDUAL, AIR PATHWAYS, 50 YR COMMITMENT 
FOOD VERSION 1.0 1 AUGUST 78 

~~~ DOSE COMMITMENT SUMMARY, REM FOR A COMMITMENT TIME OF 5.0E+Ol YEARS ~~= 

TOTAL BODY BONE LUNGS THYROID LOWER LARG 

PRODUCE R.42E-05 2.16E-01t 4.07E-05 2.3liE-02 4.07E-05 
EGGS 2.20E-OIi 9.12E-0r, I.RIE-Or, 2.53E-01t 1. R2E-0r, 
~1I LK 3.RIE-05 5.46E-05 9.23E-Of, 1. 'i2E-02 ~l.li7E-01i 
MEAT 9.R5E-OIi 2.3liE-05 It.HE-OIi 2.~8E-03 1t.13E-0r, 

INT. TOTAL 1.3 11E-04 3.03E-04 '.IiIE-05 4.14E-02 5.53E-05 

EXTERNAL DOSE TOTALS SKIN TOTAL BODY 
2. r;RE-O'~ 1.95E:"04 

0507110 

0507RO 



FOOD SAMPLE PROBLEM 

SUMMA~Y OF NUCLIDE cornR 19UTO~ S 
FOOl) SMIPLE PR09LEM ONE-MAXIMUM PII)IVIDUAL, AIR PATI/WAYS, 50 YR COM~' I HlfNT 050780 

FOOD VERSlorJ 1.0 1 AUGUST 78 
ALL FOOD PRODUCTS 

TOTAL OODY 
NUCL I DE HALF-LIFE RELEASE DOSE % DOSE COHM % 

DAYS CI/YR ~EM REM 

Ii 3 4.51E+03 1.00E+02 'l.2E-O(, 2 2.3E-0r, 1 
C 11+ 2.09E+06 2.50E+Ol 4.7E-05 ,~ 6 ,+ . 9E - 0 t; 3/; 
I 129 5.73E+09 1.00E+00 3.'+E-05 33 5.~E-05 39 
CS 137 1. 1 OE+O'~ 2.00E+00 1.8E-05 1 il 3.0E-05 22 
U 23~ 1.fi5E+12 1.00E-Ol 3.1E-07 0 4.11E-07 0 
TOTl\t 1. OE-O'~ 1.3E-04 

'JONE 
NUCLI[)E lil\LF -L1 F E RELEASE DOSE % DOSE COMM % 

DAYS CI/YR REM Rnl 
...... 
I H 4.51E+03 1.00E+02 .0 0 .0 0 ....... 

C 11+ 2.09E+0(, 2.50E+Ol 2.0E-04 R4 2. 'IE-04 79 
I 129 5.73E+09 1.00E+00 1.8E-05 7 l.'1E-05 r, 
CS 137 1.10E+04 2.00E+00 1.8E-05 7 3.4E-05 1 1 
u 23R 1.r,5E+12 1.00E-Ol 2.7E-06 1 8.2E-O(, 2 
TOTAL 2. '~E-04 3.0E-04 

LUNGS 
NUCLIDE HALF-LIFE RELEASE DOSE 'l; DOSE COMi.., % 

DAYS CI!YR REM REM 

H 3 4.51E+03 1.00E+02 2.2E-Ofi '-+ 2.3E-06 '+ 
C 14 2.09E+0(, 2.50E+Ol 4.7E-05 90 4.'1E-05 8S 
I 129 5.73E+09 1.00E+00 .0 0 .0 0 
CS 137 1.10E+04 2.00E+00 2.oE-Or, 5 5.)E-0/; 9 
U 23 R 1.\,5E+12 1.00E-Ol .0 0 .0 0 
TOTAL 5.2E-05 5.6E-O<; 

TlHROID 
NUCLI DE HALF-LIFE RELEASE DOSE ~, I)OSE co~r~ 'l; 

Dl\YS CI/YR ~E~l REM 



FOOD SAMPLE PROBLEM 

y ~ ~.~IE+03 1.00E+02 2.?E-0r. 0 2.~E-0f} 0 
C 11+ 2.0')E+Ofi 2.50E+Ol 4.7E-05 0 4.flE-0'i 0 
r 129 5.73E+09 1.00E+00 2.6E-02 99 4.1E-02 99 
cs 137 1.10E+01+ 2.00E+00 .0 0 .0 0 
U 23R 1.65E+12 1.00E-Ol .0 0 .0 0 
TOTAL 2.6E-02 4.1E-02 

L 0\'1 [ ? LAPG 
"<UCL! OE HALF -L1 FE RELEASE Df)SE % DOSE COMM 't, 

DAYS Cr/YR REM RE~' 

H 3 4.51E+03 1.00E+02 2.2E-Of, 4 2.~E-OI) ,~ 

C 14 2.0')E+0r. 2.50E+Ol 4.7E-05 117 4.9E-0'i 87 
I 12,) 5.73E+09 1.00E+00 2.8E-01', 5 2.RE-OI) , 
CS 137 1.1010+04 2.00E+OO 1.0E-0f> 1 1.0E-0r. 1 
U 238 1.65E+12 1.00E-Ol &.5E-07 1 fj.~1=-07 1 
TOTAL 'i.~E-O'j 5.'iE-05 

.... 
I 

(X) EXTERtJAL DOSE 

" 
NOCLIDE HALF-LIFE R!OLEASE f)I)Sf-SK I tl ,}, f)f)SE-TOT 130DY 't, 

H 3 4.511:+03 1.00E+02 .00 0 .00 0 
C 14 2.09E+Or, 2.50E+Ol .00 0 .00 0 
r 129 5.73E+09 1.00E+00 1 • ~RE-04 51 R.29E-0'i '-+2 
CS 137 1.10E+04 2.00E+00 1.30E-04 4R 1.12E-04 <'7 
LI 23!l 1 J"E+12 1 • OOE-Ol .00 0 .00 0 
TOTAL 2.liI1E-01+ 1.95E-04 
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1.0 

FOOD SAMPLE PROBLEM 

roon Sl\nPL c PRO"U=:~' TWO-POPUl'l.TlmJ, \JATER PIITHWI\YS, ~o YR (n"1MIH1ENT 
FOOD VFRSION 1.0 1 AUGUST 7~ 

DOSF SUMMARY, MAN-REM 
TOTAL BODY 

PRODUCE 8.1)4E+02 
EGGS ~.II!'lE+Ol 

MILK 2.54E+02 
MEAT 8.80E+Ol 

I NT. TOTAL 1.2I)E+03 

EXTERNAL DOSE TOTI\LS 

FOR 
BONE 

1.0E+00 YEARS 
LUNGS 

3.91E+03 8.92E+07 
2.40E+02 ';.'47E+Ol 
1.IIE+03 2.52E+02 
3.84E+0':1 8.7 r,E+Ol 

5.r,'~E+03 1.29E+03 

SKIN TOTAL RODY 
3.45E+Ol 2.87E+Ol 

THYI;!OII) 

1.13E+0' 
5.1)8E+Ol 
5. 115E+02 
1.17E+02 

I.R5E+0' 

FOOD SAMPLE PRORLEM TWO-POPULATION, WATER PATHWAYS, 50 YR COMMITMENT 
FOOD VERSION 1.0 1 AUGUST 78 

LO'..tER LARG 

R.1)2E+02 
5.471=+01 
2.52E+02 
R.7nE+Ol 

1.29F+03 

DOSE COMMITMENT SUMMARY, MAN-REM FOR A COMMITMENT TIME or 5.0[+01 YEARS KKK 

TOTAL qODY BONE LUNGS THYROID LOWER LARG 

PRODUCE 9.32E+02 4.fi5E+03 9.29E+02 1.30E+03 1).29E+02 
EGGS 5.70E+Ol 2.85E+02 5.70E+Ol 6.49E+Ol 5.70E+Ol 
tHLK 2.n()E+02 1.31E+03 2.r;3E+02 7.22E+02 2.1)2"'+02 
r·j [A T 9.19<:+01 4.<;7E+02 1).13E+Ol 1.3RE+02 9.12E+Ol 

INT. TOTAL 1.35'0+03 G.70E+03 1.34E+03 7.22E+03 1.3'tE+03 

EXTERNAL DOSE TOTALS SKIN TOTAL RODY 
3.45E+Ol 2.R7E+Ol 

050780 



FOOD SA~lPLE PROBLEM 

SIn1,'1A~Y OF NUCLIDE CONT~ (J1UTO~S 

F()OD Sl'.'1PLE PROQlEI·' TWO-POPULA T I or,l, WATER PATHWAYS, ~O YR COMMITMENT 0~07~0 
FOOD VERSION 1.0 1 AUGUST 78 

ALL FOO~ PRODIJC TS 

TOTf,L SODY 
NUCLIDE HALF-LIFE RELEASE nOSE 't, DOSE COMM '6 

DflYS CI!YR MAN-RHI ~~AN-RUI 

H 3 4.51E+03 1.00E+02 7.4E-02 0 7.7E-O'2 0 
r 14 '2.0qE+Ofi 2.50E+Ol 1.3E+03 99 1.31'+03 99 " I 129 5.73E+Oq 1.00E+00 7.2E-Ol 0 1.IE+00 0 
CS 137 1.10E+OII 2.00E+OO 4.1E+00 0 'i.9fC+00 0 
U ?,R 1."'5E+t2 1.00E-Ol 5.6E-01 0 8.9E-02 0 
TOTAL 1.~E+03 1. 31'+0, 

'lONE 
NUCLIDr: HALF-LIFE RELEASE DOSE 't, DOSE COMM 'l; 

...... DI\YS CI!YR MAN-REM IIAN-Rnl 
I 
-' 
a H 3 4.51E+03 1.00E+07 .0 0 .0 0 

C 14 2.09F.+Ofi 2.50E+Ol 5.fiE+OS 99 fi.7E+03 99 
I 129 5.73E+09 1.00E+00 3.IIE ... Ol 0 'LOE-OI 0 
C5 137 1.10E+04 2.00E+00 1I.1E+00 0 7.7E+00 0 
U 23!l I. f,5E+l 1 1.00E-01 4.9E-Ol 0 1.5E+00 0 
TOTI\L 5.fiE+03 f,.7E+03 

LUNGS 
NUCLIDE HALF-LIFE RELEASE DOSE ~, DOSE C ()/1~1 ~ 

DAYS CI!YR ~IAN-R Efl flAN-Rn1 

H 3 4.511'+03 1.00E+02 7.'11' -0 2 0 7.7E-0? 0 
C 14 2.091'+06 2.50E+Ol 1.31'+03 99 1.3E+O'3 99 
I 129 5.nE+Oq 1.00E+00 .0 0 .0 0 
CS 137 1.10E+04 '2.00E+00 fi.5E-OI 0 1.21'+00 0 
U n!! I. <,51'+12 1.001'-01 .0 0 .0 0 
TOTAL 1.3,,+0, 1.3E+(l3 

THYROID 
NUCLIDE HALF-LIFE RELEASE D05f 1)0<;[ COWl 

Of,YC; Cl'YR MAN-Rn1 ~IAN-<;>Ul 



FOOD SAMPLE PROBLEM 

H 3 1+.51E+03 1.00E+02 7.I+E-02 0 7.7E-02 0 
C 11+ 2.0')10+01) 2.';OE+Ol 1.3E+03 r, Cl 1.3E+03 1)0 
I 129 5.73E+OQ 1.00E+00 5.I)E+02 30 R.f1F+02 ~!] 
CS 137 1.10,,+01+ 2.00E+00 • n 0 .0 n 
U 23~ 1.I),)E+12 1.00E-Ol .0 0 .0 0 
TOTAL 1.'1E+03 7.2E+03 

L ()\>IE ~ LARG 
rWCL I DE HALF-LIFE RELEASE DOSE % DOSE COM~1 't, 

DAYS CI!YR MM!-REM MAN-'H'M 

H 3 1+.51E+03 1.00E+02 7. IIE-02 0 7.71"-02 0 
C 11+ 2.09E+Ofi 2.50E+Ol 1.3E+03 99 1.3E+03 <)9 
I 129 5.73E+09 1.00E+OO G.OE-02 0 r,.OE-O? 0 
CS 137 1.10[+04 2.00E+OO 2.2E-Ol 0 2.2E-Ol 0 
U 23R 1.0<;E+12 1.00E-Ol 1.2E-Ol 0 1.2E-Ol 0 
TOT .... L 1.3E+03 1.3"'+0"5 

....... EXTeRNAL DOSE 
I 

--' 
NUCLIDC HALF-LIFE REU::ASE DOSE-SKIN '!; DOSE-TOT 'l0DY '!; 

H 3 4.51E+03 1.00E+07 .00 0 .00 0 
C 11+ 2.09E+01i 2.50E+Ol .00 0 .00 0 
I 129 5.73E+09 1.00E+00 3.30E+OO 9 l.ct!lE+OO I) 
CS 137 1.10E+0'~ 2.00E+00 3.12E+Ol 90 2.li7E+Ol 9"5 
U 23'l 1.'1';1"+12 1.00E-Ol .00 0 .00 0 
TOTAL 3.45E+Ol 2.: 7 E +01 

[tJD OF INPUT FOR THIS RUr'l 



o-t 

I 
'-' 
N 

FOOD SAMPLE PROBLEM 

:::::: 0.A. PI\GE :::::: 
FOOD, vr~<;ION 1.0, 1 I\UGUST 7~ 

CI\SE TITLE: FOOD SAMPLE PttORLEM TWO-POPULI\TION, W4TER PI\THWI\YS, ~O YR COMMITMENT 
EXr:CUTI'lG HANFO~D::FOOOCl).AAS crEATED ON MARCH 13, IflRO liT 14:4f,:)fi 

:::::: DlI.TA LF1RI\RIES USED: 
RftDIONUCLIDE LIBRARY: 

FOOD TRANSFER FACTOR LlnRARY: 
ORGl\N DlI.TA LI9RlI.RY: 

GROUND DOSE FACTOR LIRRARY: 

'~"H~ FOOD DATA USED: 

TYPE OF DOS[ CALCULATED: CHRONIC INGESTION I\ND EXTERNAL EXPOSURE 
FOR :WATER PATHWAY, POPIJLI\TI()~J 

RADIONUCL!DE MASTER D4TA LI9RI\RY, 15 ~ARCH 78, nl\ NAPIER 
n •••• FOOD TRANsrER CflEFFICIENT L1"1RIIRY 2/2717R All. NAPIER 

...... O~GlI.N LVIT" L1nRtlRY UPDATE!) lY RAN RIl017<J .... .. 
...... GRDFLIR FOR FOOD, 15 1·IARCH 1'171\, 811 NI1.PIER ..... . 

FOOD TYPE x/O GROWHJG PERIOD YIELD I RR. RATF HOLDliP CONSUMPTI0N 
( S E ClW: :: n (DI1.YS) (KG I ~l:::: 3) (L IM::::2 010NTH) (DlI.YS) (KG/YR) 

LEAFY VEG. .00 '}'OOE+Ol 1.50E+00 1.501'+02 1.00E+00 1.50E+Ol 
PO Tt\ TOe: S .00 '1.00E+Ol 4.00E+OO 1. <;OE+02 1.00E+Ol 1.10E+02 
O';!CH.FttUIT .00 9.00E+Ol 7.00E+00 1. ';OE+02 1.00[+01 5.r;OF.+Ol 
OT.G~AIN .00 <).OOE+Ol 1.00E+00 1. <;OE+02 1.00[+00 7.00E+Ol 
EGGS .00 C).OOE+Ol !l.40E-01 1. <;OE+02 1.00E+00 '2.001'.:+01 
I~ IL K .00 3.00=+01 1.30E+00 1.50E+01 1.001:+00 2.00E+02 
9[EF .00 9.00E+Ol R.40E-01 1. <;OE+07 1.50E+Ol 2.00E+Ol 
EXTFRN.I\L .00 .00 .00 1 . 50F:+0~ .00 .00 

:::::: ORG"~JS CONSIDERED: 

TttANSLOCATION 

1.00E+OO 
1.00E-Ol 
1.00E-Ol 
1.00E-OI 
1.00E-Ol 
1.00E+00 
1.00E-Ol 

.00 

TOTAL 'WDY "lONE LUNGS THY~OID LOWER LARG 

:::::: NUCLIDES CONSIDERED: 
NUCLIDE RELElI.SE NUCLIDE RELEASE NUCLIDE 

ELT. WT. (CI/YR) ELT. HT. CCI/Y~) EL T. ~IT • 

H 3 1.00E+07 C 14 

::::::::SITF SPECI<=IC DlI.TA USED 
INVENTORY Mn~IFICATION <=ACTOR: 

FACILITY LIFE (YElI.RS): 
POPULATION: 

DOSE TIME (YEARS): 
DOSE COMI~lm[NT TIf~E CYEII~S): 

EXTERNIIL EXPOSUqE TIMF (HR): 

2.<;OE+Ol 

1.00E+OO 
3.00E+01 
'2.<;01:+05 
1.00E+00 
C;.flOF:+Ol 
2.'l2E+O~ 

!)II, Tf: : 
., "'~"""""" u ......... ' •••• ............. n .... n •••••• 

INPUT CHECKED ~Y: DI\ n: : 
::::::::::::::::::::;:::::::;: 

1'2'1 

............. · .•• ·u 

..... n .............. . 

.................... 
•• n ............... .. 

RELEASF Nuell DE RELEII.SE NUCLIDE RELEI\SE 
CCI/YR) ELT. WT. eCI/YR) ELT . 

1.00E+00 CS 137 2.00E+on U 

:::::::: P FC ONe: ENT" A T I ON 01\ TA US Ef) 
MODEL USED: 

COOLI1.NT FLOW RATE: 
COOLANT MAKEUP FLOW (FT1/SI'.:C): 

POND VOLUME (FT3): 
TlJ~NOVER RATE: 

CYCLF TIMF (HR): 

WT. (CI/Y~) 

23P. 1.00E-01 

3 
1.00E+0~ 

.0 

.0 

.0 

.0 
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