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ABSTRACT 

PRESTO-II (Prediction of Radiation Effects froai Shallow Trench 
Operations) is a computer code designed for the evaluation of possible 
health effects froai shallow-land and, waste-disposal trenches. The model 
is intended to serve as a non-site-specific screening model for assessing 
radionuclide transport, ensuing exposure, and health impacts to a static 
local population for a 1000-year period following the end of disposal 
operations. Human exposure scenarios considered include normal releases 
(including leaching and operational spillage-, human intrusion, and 
limited site farming or reclamation. Pathwvys and processes of transit 
from the trench to an individual or population include ground-water 
transport, overland flow, erosion, surface water dilution, suspension, 
atmospheric transport, deposition, inhalation, external exposure, and 
ingestion of contaminated beef, milk, crops, and water. Both population 
doses and individual doses, as well as doses to the intruder and farmer, 
may be cr'^ulated. Cumulative health effects in terms of cancer deaths 
are calcoi_.ed for the population over the 1000-year period using a 
life-table approach. Data are included for three example sites: 
Barnwell, South Carolina; Beatty, Nevada; and West Valley, New York. 
A code listing and example input for each of the three sites are included 
in the appendices to this report. 
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EXECUTIVE SUMMARY 

The U.S. Environmental Protection Agency (EPA) is responsible for 
developing a generally-applicable environaental standard for the disposal of 
low-level radioactive waste (LLW). A methodology was developed to assist in 
assessing the potential hnaan health iapacts froa such operations. This 
aethodology was called PRESTO (Prediction of Radiation Effects froa Shallow 
Trench Operations) (Little et «1., 1981). To assist in application of the 
PRESTO Methodology, at least two different computer codes have been developed 
to estimate radionuclide transport and health risk. Documentation for Version 
1.2 of the PRESTO-EPA model was delivered to EPA in April, 1983, and the EPA 
is continuing to develop and document versions of the PRESTO-EPA code 
(Bandroski and Hung, 1985). 

This report documents the second code, PRESTO-II. PSESTO-II has been 
applied to simulate radionuclide transport at several DOE low-level 
radionuclide disposal sites, and for the NRC in support of a de minimis 
classification for waste (Fields and Emerson, 1984). 

PRESTO-II differs from the EPA code in the following respects: 

• PRESTO-II contains a different approach for computing infiltration 
through the trench cap. The input data-intensive calculation of trench-
cap infiltration used in subroutine INFIL of PRESTO-EPA has been replaced 
by a simpler and perhaps more defensible approach that computes this 
important variable from experimentially determined permeability and 
hourly precipitation valnes. Still other approaches to infiltration have 
been added as options: (1) use of yearly precipitation values; 
(2) user-specification of infiltration; and (3) estimation of trench cap 
infiltration as a fraction of calculated watershed infiltration. All of 
these methods provide values for infiltration through an intact trench 
cap ~ infiltration through failed portions of the cap is computed in a 
separate calculation. 

• Watershed infiltration, an important variable for determining 
radionuclide weathering from the surface soils, is determined in 
PRESTO-II using a parametric evapotranspiration equation devised by 
Morton (1976, 1978). This model reqaires input values for the following 
site variables: annual precipitation, mean sea level pressure, latitude, 
monthly dew point, monthly ambient air temperatures, and the observed 
fraction of maximum monthly sunshine. 

According to Morton, this evapotranspiration model has been verified over 
a wide range of climates and reasonable estimates of water balance have 
been obtained for 122 river basins on three continents. Wallace (1978) 
reports the Morton model to be superior to both the Thornwaite-Mather 
(1°55) and Penman (1948) approaches to modeling evapotranspiration in 
certain environments. 

r The computation of trench water balance (including water level, water 
overflow, and water percolation through the trench bottom), is made using 
a finite element approach in the PRESTO-II code. In comparison, a finite 
difference approach with a one-year time step is used in the PRESTO-EPA 
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code. The advantages of the finite element approach are that unrealistic 
predictions of trench overflow are avoided in wei years, and that the 
time-averaged vertical extent of the saturated zo~a within the trench is 
available for use in other calculations (such as those determining 
radionuclide leaching and contaminated water release from the trench). 

• A streamlined algorithm for describing radionuclide transport through 
subsurface pathways is used in the PRESTO-II code. The calculation of a 
correction factor for the combined effects of dispersion and radioactive 
decay used in the PRESTO-EPA code was not used in PRESTO-II. This 
correction factor differed from unity only in some scenarios in which the 
magnitude of human exposure was small. 

• Additional user options for routing of contaminated water have been 
implemented in PRESTO-II. For example, contaminated aquifer water that 
is not pumped from the aquifer at the well may be routed to surface 
streams. 

• The PRESTO-II code has profited from the discovery of several errors in 
version 2.3 of the PRESTO-EPA model. These errors have been found and 
corrected in many case:, through joint efforts by the authors of this 
report and by EPA researchers. 

PRESTO-II is a computer code developed to estimate possible health 
effects from low-level radioactive waste buried in shallow trenches. The code 
can be used to make estimates for up to 1000 years following the end of LLW 
disposal operations. The code is intended to be as generic as possible. Most 
of the transport methodology is derived from previously published work; e.g., 
DSNRC, (1977). Different transport mechanisms may be considered, but there 
has been no intent to tailor the code to a particular site. Nevertheless, the 
assumption in the PRESTO methodology of saturated hydrologic transport results 
in the prediction of more rapid radionuclide transport than would actually 
occur at some arid sites. Thus, in most cases, the model results are 
conservative for such sites. The DARTAb model (Begovich et al., 1981) is used 
in modified form as an important module of PRESTO-II to generate human 
health-risk estimates from radionuclide concentration and intake values. 
Cancer risks are calculated for individuals or populations over the assessment 
period using a life-table approach developed by EPA (Dunning et al., 1980). 

The PRESTO-II code construction is modular to allow alternate submodels 
or subroutines to be substituted if necessary. Many of the submodels included 
in PRESTO-II were developed for other types of assessments and have been 
adapted for use in estimating health effects from shallow land disposal of 
LLW. 

The PRESTO-II model is most appropriately used as a screening model, and 
site specific codes should be considered in cases where PRESTO-II numerical 
results fall close to reference values used for decision making. The model 
•ay be used to estimate doses to populations as an aid to the ALARA process. 
It may also be used to estimate dotes to maximally exposed irdividnal members 
of the public by specification in the input data that the location of the 
individual and of the well used for obtaining water for drinking, crop 
irrigation, and livestock watering, is at the site boundary. The code 
contains algorithms to track both radionuclide amounts and radionuclide 
concentrations in well water. Radionuclides are first withdrawn from the well 
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for huaan ingestion in an aaonnt appropriate for the nnaber of exposed persons 
specified, and regaining radionuclides aay be withdrawn to be used for 
irrigating crops and watering livestock. A second reason to account for both 
aaount and concentration of radionuclides at the well is to insure that the 
aaount withdrawn at the well (based on the calculated concentration at the 
well) does not exceed the aaonnt available. As a result of this calculation, 
the dose and risk calculated for a single individual aay erceed the do*e and 
risk calculated for individual aeabers of a large population taking water froa 
a well. 

Use of PRESTO-II to calculate population doses for considerations of 
ALARA, or to calculate aaxiaally exposed onsite or offsite individual doses 
for consideration of coapliance w*th aaxiaua exposure regulations, is 
deterained by the user's choice of population size, well location, and othe>: 
input option values aid paraaeters. 

PRESTO-II is designed to consider the LLW shallow burial situation 
discussed below. The LLW disposal site consists o' several disposal trenches. 
The PRESTO-II code treats all trenches at the site as one coabined trench 
(Fields et al., 1982). Waste aaterials aay be buried in aany types of 
containers ranging froa plastic bags or cardboard boxes to steel druas. The 
trench nay be backfilled to eliainate voids and decrease subsidence, thus 
aininizing possible trench cap cracking. When coapletely filled, the trench 
Bay be assumed covered with a cap of soil or clay Bounded above grade to 
facilitate runoff and decrease infiltration of precipitation. 

Water, principally fron precipitation, is often a priaary transport 
aediua for radioactivity from LLW stored in shallow trenches. Precipitation 
falling on the trench aay either infiltrate the soil or trench cap, run off 
the surface, or evaporate, and radionuclides Bay be transported froa a LLW 
disposal trench by groundwater or by precipitation runoff. Runoff also causes 
erosion of the soil surface and erode the trench cap. Water percolating 
downward through the trench to the subtrench soil zone aay ultimately enter an 
aquifer. Radionuclides that finally reacn the aquifer will generally be 
transported aore slowly than the characteristic flow velocity of water in the 
aquifer because the radionuclides interact with the solid aaterials in the 
aquifer. Soae of the radionuclides which enter the aquifer aay eventually 
reach irrigation or drinking wells or surface streaas. 

Contaminated water froa the trench aay overflow onto the surface soil. 
Once overflow has occurred, radionuclides aay be transported by runoff water 
to nearby itreaas and becone available for huaan consuaption via irrigation or 
drinking. 

Hunan$ aay also be exposed to radionuclides transported froa LLW sites by 
ataospheric processes. Radionuclides left on the soil surface by trench 
overflow, by spillage during disposal operations, or by coaplete reaoval of 
the trench cap aay be suspended in the ataosphere and transported downwind 
where they nay be inhaled or deposited on vegetation and soil. In the case of 
deposition, the radioactivity nay produce external exposure to huaans or aay 
enter into the food chain and result in radioactivity in crops, neat, and 
ailk. 

The code allows the user to select huaan exposure scenarios including: 
migration of radioactivity froa the trench in hydrologic and ataospheric 
environmental pathways to fcod and drinking water, the presence of a resident 
intruder on the site, and fanting of the site. Processes considered in 
calculating individual or population exposure include: groundwater transport, 
precipitation runoff, trench water overflow and seepage, chemical exchange, 
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trench cap erosion, stream dilation, and resuspension and atmospheric 
dispersion of contaminated soil followed by inhalation or deposition on crops 
and land. 

The termination of LLW disposal operations (as associated with fin*1 

trench closure) is the starting time for the total assessment period 
considered by the code. The user specifies the total length of the assessment 
period, from 1 to 1000 year*. The health effects for a user-specified length 
of time within this assessment period are calculated. The averaging time for 
health effects can be as short as any single year of the assessment period or 
as long as the entire assessment period. The maximum concentration of each 
radionuclide and the year of this maximum for each of the four major exposure 
pathways for each nuclide is calculated. The initiation time and period for 
mechanical suspension of the surface soil by farming is specified by the user. 
The user can also specify the time at which the trench cap begins to fail and 
the temporal prjfile of this failure, which results in exposure of the trench 
contents. The code time step is fixed at one year. 

The resident intruder scenario assumes that an intruder digs into the 
disposal trench while building a residence. The individual will receive 
external exposure to the buried radionuclides due to time spent in the 
basement of the residence, which is assumed to have walls made of trench 
material. The user-specified length of residency, tine in the assessment 
period when the residence is first occupied, and the composition of the 
initial trench inventory will til contribute to the dose from external 
exposure. 

Farming th» site after loss of institutional control is treated as a 
separate intrusion scenario. By farming the site a farmer will be affected by 
most of the hydrologic and atmorpheric transport processes described above. 
In contrast to an off-site population, however, a larger portion of the 
farmer's food may consist of crops grown in the contaminated zone near the 
trench. The water useo by the farmer for irrigation, drinking, and livestock 
may be taken from directly beneath the trench or from a nearby stream and thus 
contain a much higher concentration of radioactivity than water used by the 
off-site population. The farming process may also mechanically suspend 
contaminated soil in the atmosphere. Such mechanical suspension jay impact 
both the farmer and a downwind population. 

Annual-average concentrations of each radionuclide in environmental media 
(such as well water or the atmosphere) over the assessment period are used to 
calculate radionnclide concentrations in foodstuffs. Foodstuff information 
and human ingestion and breathing rates are utilized to calculate the annual 
average radionuclide intake per individual in the population by ingestion and 
inhalation. These intake data are used by the exposure and risk submodels to 
estimate dose rate and health risk. 

The health risk estimation methodology assumes that each member of the 
population is a member of a cohort that is exposed to constant, annual-
averaged radionuclide concentration levels. For atmospheric transport 
calculations, the total population is assumed to reside within the same It. T~ 
degree sector. User-specified parameters give the fraction of the year that 
•K* wind blows into that sector. A user option allows the results of the 
f.tmoipheric dispersion calculation in the code to be replaced by an externally 
calculated dispersion coefficient which considers several population centers. 
Each member of the population is assumed to eat the same quantities of food 
(vegetables, beef, and nilk). These foods are assumed produced on the same 
fields and spray irrigated with contaminated watei. Contaminated water is 
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as sued drunk by beef and dairy cattle. The code user nay independently 
specify the fractions of water taken from wells or streams and used for human 
contraption, for irrigation, or for livestock consumption. 

PRESTO-II considers only one scenario per computer run. The scenario to 
be simulated may be structured by the user by changing values of user-
specified parameters such as population size and location, distance to well, 
percent cap failure, resuspension rate, etc. 

Input data have been compiled for each of three example locations: 
Barnwell, South Carolina; Beatty, Nevada; and West Valley, New Tork. These 
data must be regarded as example values designed to verify operation of the 
code, rather than as unanimously agreed upon numerical specifications of these 
sites. The sources of our data are provided for use by readers interested in 
preparing data sets that allow simulation of other exposure scenarios that 
would be considered in performing complete assessments of radionuclide 
transport and health risk for these example sites. Our data are documented in 
Chapter 3 and in Appendices C, D, and E. The code may be suitable for use at 
many other locations if input data are available. Results from each of the 
three sites suggest that there may be low health risk to nearby populations 
from shallow land disposal of LLf. A summary of results for one scenario at 
the Barnwell site is presented in Table I. 

To assist the PRESTO-II user in compiling radionuclide data, a 
radionuclide Daughter Inventory Generator (DIG) computer code has been written 
(Fields and Sharp, in press). This code facilitates the construction of the 
LLW disposal site inventory radionnclide data set for the PRESTO-II code. The 
DIG code accepts a table of radionuclide names and amounts initially present 
in a waste stream and produces a tabulation of radionuclide names and amounts 
present after a user-specified elapsed time. This resultant radionuclide 
inventory characterizes wastes that have undergone radioactive decay and 
daughter ingrowth before leaching and transport, thns identifying daughter 
radionuclides that should be considered for inclusion in the pollutant source 
term. The output of the DIG code also includes radionuclide decay constants, 
which are required in th? PRESTO-II code input data set. 

A second code hat also been written to assist the user in preparing 
PRESTO-II data sets. This second code is PRESTO-PREP (Bell, Emerson, and 
Fields, 1984). The PRESTO-PREP code accesses radionuclide data bases to 
prepare a radionuclide data set in the proper format for reading by PRESTO-II. 

PRESTO-II, like any complex computer code, may be misapplied. 
Misapplication may consist of trying to apply the code to examine a site where 
one or more modeling assumptions are invalid, or of choosing values of input 
parameters that do not accurately reflect variables such as radionuclide 
inventory, site meteorology, surface and subsurface hydrology and geology, and 
future population demograhics. One serious misapplication of the PRESTO-II 
methodology would be use of carelessly chosen kd values to determine 
hydrologic transport. Element-specific values of kd vary widely as sites, 
chemical forms, and other waste components are changed. 

Some release and transport scenarios, such as those necessary to consider 
major meteorological changes, mining of the trench contents, in-situ combusion 
of trench wastes, and intrusion and radionuclide transport by burrowing 
animals or plant roots, are not considered in the PRESTO-II model and code. 
The user must make significant changes to the code and the input data in order 
to consider those scenarios. If such mechanisms are added to a version of the 
PRESTO-II model, the authors of this report would appreciate being informed, 
and will consider adding the.: capabilities to their version of the code. 
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Table "I. Results of example problea based on Barnwell, SC data. 
Estiaated health risks to surrounding population 

for 1000 years following trench closure 

Site Barnwell. S.C. 
Population 7033 
Deaths/year 5.5E-4 
Annual risk per person 7.2E-8 

Contributions to net annual death rate by pathway or aode 

INTERNAL 5.5E-4 
INGESTION 5.5E-4 
INHALATION 1.8E-K 
EXTERNAL 9.1E-13 
AIR IMMERSION 2.3E-17 
GROUND SURFACE 9.1E-13 

Contributions to net annual death rate by radionuclide 
(20 selected radionuclides): 

H-3 2.6E-14 
C-14 2.5E-5 
Mn-54 2.1E-16 
Fe-55 3.6E-16 
Co-60 3.6E-13 
Zn-65 3.8E-16 
Sr-90 7.9E-16 
Tc-99 5.3E-4 
Ca-134 3.2E-14 
Cs-137 2.3E-13 
Ba-137 5.8E-13 
Ce-144 2.2E-20 
Pb-210 4.1E-17 
Ra-226 4.8E-19 
Th-232 7.4E-18 
U-234 1.1E-17 
U-235 1.6E-11 
U-238 1.1E-14 
Pu-238 1.6E-18 
Pc-239 2.9E-18 
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1. INTRODUCTION 

PKESTO-II is a computer code developed to estimate possible health 
effects from low-level radioactive vaste buried in shallow trenches. The 
code can be used to make estimates for up to 1000 years folloring the end 
of low-level vaste (LLff) disposal operations. The code is intended to be 
as generic as possible* in that different transport mechanisms may be 
considered, but there has been no intent to tailor the code to a 
particular site. Nevertheless, the assumption in the PKESTO-II 
methodology of saturated hydrologic transport results in the prediction 
of mere rapid radionuclide transport than would actually occur at some 
arid sites. In most cases, the model results are conservative for such 
sites. 

The PKESTO-II model is most appropriately used as a screening model, 
and site-specific codes should be considered in cases where pKBST0~II 
numerical results fall close to reference values used for decisis* 
making. Furthermore, PKESTO-II, like any complex computer code, mr.y be 
misapplied. Misapplication may consist of trying to apply the rode to 
examine a site where one or more modeling assumptions are invalid, or of 
choosing values of input parameters that do not r«*eur»ttiy reflect 
variables such as radionuclide inventory, site meteorology, surface and 
subsurface hydrology and geology, and future population demographics. 
Some release and transport scenarios, such as those necessary to consider 
major meteorological changes or mining of the trench contents, are not 
considered in the PKESTO-II model and code. The user must make 
significant changes to the code and the input data in order to consider 
those scenarios. 

The 2AKTAB model (Begovich et al., 1981) is used in modified form as 
an important module of PKESTO-II to generate human health risk estimates 
from radionuclide environmental concentrations and intake values. 

1.1 DESCRIPTION OF A LOW-LEVEL PASTE DISPOSAL SITE 

The description of the life cycle of a shallow land-disposal site 
may help to explain the nodeling approach. Following site selection and 
procurement, trenches are dug on the site. The PKESTO-II code treats all 
trenches at the site as one combined trench (Fields et al., 1982). Vaste 
materials in various types of containers ranging from plastic bags or 
cardboard boxes to steel drums are added to the trench; there is 
currently no standard container for LLV disposal. Once a trench is 
filled, or at various stages of filling, the trench may be backfilled to 
eliminate voids and decrease the potential for subsidence and cracking of 
the trench cap. Following backfilling, the trench if covered with a cap 
of soil or clay mounded above grade to facilitate runoff of precipitation 
and decrease infiltration. To minimize erosion n non-arid climates the 
cap is seeded with some shallow-rooted species and is maintained for a 
number of years. Although not all burial operations are identical, most 

1 
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current and past LLW facilities have included soae of the practices 
described above. 

At hnaid sites, hydrologic transport is the principal process by 
which the general public aay becoae exposed to radioactivity froa LLW 
stored in shallow trenches. Figure 1.1 is a scheaatic representation of 
the snbsnrface zone at a LLW disposal site. Figure 1.2 is a siailar 
representation of the surface zone. Precipitation at a site aay 
infiltrate the soil or trench cap, run off the »urface, or evaporate. 
Depending on the ground cover, length and steepness of slope, etc., 
runoff aay cause erosion of soil froa the surface. 

Hydrologic transport of radionuclides ftoa an LLW burial trench any 
be by the ground water or via surface runoff. Groundwater or 
precipitation entering the trench aay aix with the waste aaterial and 
becoae contaainated. This ccntaainated water aay either overflow the top 
of the trench or percolate downward through the bottoa of the trench to 
the subtrench soil zone and ultiaately enter an aquifer. Transport 
velocities are calculated assuaing saturated flow. The calculated 
velocity aay therefore be too high fcr arid sites, where unsaturated 
transport would be expected to occur. The w*e of a saturated flow 
transport velocity results in predictions that are, for the aost part, 
conservative. The water in the aquifer will have a characteristic flow 
velocity froa a few aeters per yrar to hundreds of aeters per year. 
Radionuclides, that finally reach the aquifer generally will be 
transported at velocities lower than the characteristic flow velocity of 
the water in the aquifer. This retardation is due to the interaction of 
the radionuclides with the solid aaterials in the aquifer. Soae of the 
radionuclides in the aquifer aay eventually appear at wells used as 
sources of irrigation or drinking water, or at the point where the 
aquifer coaaunicates with surface streaas. 

A trench dug in aaterial of low peraeability aay eventually overflow 
if rainfall is high enough and if aethods are not used to reaove treach 
water. Once overflow has occurred, the radionuclides aay be transported 
by runoff to nearby streaas and becoae available for huaan consuaption 
via irrigation or drinking by aniaals or huaans. An additional 
contribution to the surface radionuclide inventory arises froa the 
possibility of radionuclide spillage during trench filling operations. 
Huaans residing away froa the burial site aay be exposed to contaainated 
streaa or aquifer water if this water is used for irrigation of food 
crops or drinking. 

Huaans aay also be exposed to radionuclides transported froa LLW 
sites by ataospheric processes. Radionuclides left on the soil surface 
by trench overflow, by spillage during trench filling operations, or by 
soaplete erosion of the trench cap nay be suspended in the ataosphere by 
wind or aechanicai disturbances. These radionuclides amy then be 
transported downwind where they nay be inhaled or deposited on the ground 
and vegetation. Deposited radioactivity Bay enter the food chain and 
result in radioactive contaaination in crops, aeat, and ailk. Deposition 
on the soil surface Bay also result in external ezposure of huaans to the 
radioactivity. 
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Besides the transport pathways represented in Fig. 1.1, there are 
several other methods by which humans may be exposed to radioactivity 
froa a LLW disposal site, and which are considered in the PKESTO-II 
model. If the trench cap erodes away, the trench contents will be more 
accessible to environmental transport processes. After the end of 
institutional control of the site, an intruder could reside on the site 
or farm the site. In any case, the intruder will likely receive an 
external exposure to the buried radionuclides if he digs into the trench. 
Factors such as the length of residency in a house with a basement, 
length of time after burial, and initial radionuclide inventory will all 
influence the dose and subsequent risk. 

Farming the site aay also result in off-site exposures to radio­
activity by aechanically suspending contaminated soil in the atmosphere. 
In contrast to an off-site population, however, a farmer aay ingest crops 
grown near the trench and irrigated froa a well much closer to the 
trench. Depending c_ when farming has started, the on-site irrigation 
water may contain a higher concentration of radioactivity than off-site 
irrigation water. Root uptake of radionuclides froa near-trench soils is 
considered in the model; however, uptake directly from the trench 
contents is not simulated. 

The PSESTO-II modi!, aay be used to calculate doses and risks to an 
individual cr population averaged over a user-specified tiae interval. 
The »t>del is relatively siwple so that input data requireaents and 
computer c&sts are reasonably Jtall. 

1.2 BASIC KODEL ASSUMPTIONS 

A variety of model assumptions have been made in developing the 
PRESTO-II methodology. The motivating factors for these assumptions 
included economy of submodels, both in number and in computer tiae 
required for their use; defensibility of assumptions; data requirements 
of calculational methods; availability of previously documented 
algorithms; and flexibility of the resulting model. Several of the 
submodels included in PRESTO-II were developed for other types of 
assessments and have been adapted for use in estimating health effects 
from shallow land disposal of LLW. 

Although the code user may modify the code to change the length of 
the assessment period, tie model was designed to estimate releases and 
subsequent health effects to local populations over a period of 1000 
years following closure of a LLW disposal site. The code time step is 
one year and input data are assumed to be annual average values. 

The model also assumes that the radionuclide inventory entered as 
input data is the amount of activity found in the trenches at the end of 
the disposal operation. Waste materials in the trench are assumed to be 
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an uncanistered hoaogeneous aixture of radionuclides and other waste 
materials. 

The in-growth of daughter prodacts of radiological decay is not 
calculated by the aodel to Maintain aodel simplicity and to avoid the 
extensive calculations required to deal with the the ingrowth of daughter 
products. In cases where the najor dose contribution is froa external 
exposure to a short-lived progeny in equilibrium with a parent 
radionuclide present in the trench inventory, the user any wish to 
include the daughters in the trench inventory as described at the end of 
Sect. 2.2.3. To assist the PRESTO-II user in compiling radionuclide 
data, a radionuclide Daughter Inventory Generator (DIG) coaputer code has 
been written (Fields and Sharp, in press). This coJe facilitates the 
construction of the LLW disposal site inventory radionuclide data set for 
the PRESTO-II code. The DIG code accepts a table of radionuclide naaes 
and aaornts initially present in a waste streaa and produces a tabulation 
of radionuclide naaes and aaounts, including daughters, present after a 
user-specified elapsed tiae. The output of the DIG code also includes 
radionuclide decay constants, which are required in the PRESTO-II code 
input data set. 

A second code has also been written to assist the user in preparing 
PRESTO-II data sets. This second code is PRESTO-PREP (Bell, Emerson, and 
Fields, 1984). The PRESTO-PREP code querries the PRESTO user and 
accesses radionuclide data bases to prepare a radionuclide data set in 
the proper format for reading by PRESTO-II. 

The detailed description of the wysicocheaical interaction between 
the radionuclide and the solid geologic media has been grouped into a 
single factor, the distribution coefficient, k.. Different values of k. 
can be used for soil, the aixture of soil and waste material in the 
trench, subtrench soil, and the aquifer. 

Below the trench, saturated conditions are assumed to exist. 
Transport of radionuclides is vertical froa the trench bottom to the 
aquifer and then horizontal through the aquifer. Each eleaent is 
transported horizontally with a velocity estiaated froa user-s::;?lied 
values of velocity in the aquifer, aquifer porosity, k., and aquifer 
density. A similar calculation is aade for vertical transport below the 
trench, bnt, for vertical transport, t*ie water velocity may be either 
specified or calculated. The radionuclide inventory as corrected for 
radioactive decay is conserved thronghont the model. 

Three types of submodels are used in the code: unit response 
submodels, bookkeeping submodels, and scheduled event submodels. The 
unit response submodels calculate the annual response of a given process. 
For example, EVAPO is a unit response submodel that calculates the annual 
infiltration through an intact trench cap. Other unit response nodeIs 
calculate an annual average source term for atmospheric transport and an 
annual average erosion froa the trench cap. 

Bookkeeping submodels keep track of the results of unit response 
submodels and user-supplied control options. For exaaple, one 
bookkeeping subaodel (TRENCH) asintains a water balance in the trench by 
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calculating an annual average value for the level of standing water in 
the trench and the annual volumes of water leaving the trench via trench 
overflow and by deep percolation. 

Annual-average concentrations over the user—specified assessment 
period of each radionuclide in environmental media, such as well water or 
the atmosphere, are used to calculate radionuclide concentrations in 
foodstuffs. Foodstuff information and human ingestion and breathing 
rates are used in calculating the annual average radionuclide intake per 
individual in the population by ingestion and inhalation. These intake 
data are then used to estimate dose rate and health risk using DARTAB and 
its associated subroutines. 

The health-risk estimation methodology assumes that each member of 
the population is an adult. The atmospheric transport calculations made 
by the code assume that the total population resides within the same 
22.5-degree sector at the same distance from the source of 
radionuclide. User-specified parameters give the fraction of 
year that the plume blows in that sector. Therefore, each member of the 
population, breathing at the same rate, inhales the same quantity of each 
radionuclide. A control option allows the atmospheric dispersion 
calculation in the code to be replaced by externally calculated 
dispersion coefficients, which may be calculated for several population 
centers. 

Each member of the population is assumed to eat the same quantity of 
food, grown on the same fields. This assumption simplifies the 
calculations and is appropriate because of the large uncertainties in 
predicting individual mobility, population demography, agricultural 
practices, and geologic and hydrologic changes that might occur during 
the simulation period. 

Several scenarios of human exposure to radiation from the buried 
waste may be considered by changing input parameters; these include 
normal disposal site operation, spillage of wastes during disposal 
operations, presence of a resident intruder on the site, farming of the 
site, and erosion of the trench cap with subsequent atmospheric 
contamination via suspension of mixed waste material and soil. By 
changing the site description parameters, the nser may design other 
scenarios of interest. The PRESTO-II code nakes calculations for various 
combinations of exposure pathways. The exposure pathways for each of 
four scenarios are listed in Table 1.1. Other combinations of pathways 
may be specified by changing the input control parameters. 

All members of the population use the same sources of drinking and 
irrigation water. The population age distribution and size is held 
constant over the assessment period. The user can specify the fraction 
of the drinking and irrigation water that is supplied by a contaminated 
well or stream. Doses and risks to populations are calculated by 
characterizing the population centers for each site with a single 
geographic centroid location and the total popnlation. Individual dose 
calculations for atmospheric releases under the normal scenario may be 
calculated for a person at the site boundary in the prevailing downwind 
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direction. Individual doses due to vaterborne effluents nay also be 
calculated at the site boundary. 

For the intrusion scenario, individual calculations may assume that 
the intruder (1) receives an internal dose frost drinking water front a 
well drilled into the trench, and (2) receives an external dose from 
residing in a basement on the trench location. The tine of onset and 
duration of exposure and scenario are user-specified. 

The faming or reclamation scenario has many options, in that the 
on-site farmer may grow and eat his own vegetables, beef, and milk 
produced on land irrigated by trench water, but drink off-site water 
equal in concentration to the normal scenario population intake. The 
farmer also may iniiale suspended contaminated soil from the residual 
operational spillage. Population dose and risk calculations under the 
farming scenario may assume that the food products grown on-site are 
ingested by the general population rather than the farmer alone. 

The eroded trench release scenario becomes important if the trench 
cap has become completely removed by either erosion or other means. 
Thereafter, human exposure may ensue from '.uspension and atmospheric 
transport of trench contents and resulting inhalation by ar -'dividual or 
the specified population. Populations may receive an external dose from 
immersion in the suspended plume. 

The code is structured to consider only one scenario per computer 
ran. The scenario to be simulated is specified by the user by changing 
input values of such parameters as population size and location, distance 
to well, percent cap failure, resuspension rate, etc. Subeequent 
chapters describe the environmental transport pathways and the equations 
used to simulate those processes, and the operation of the code, 
including the input data requirements and format. 

1.3 EXAMPLE DATA SETS FOR MODEL VERIFICATION 

The PRESTO-II model has been run using many combinations of input 
d»ta to verify that the methodology was coded as intended. These runs 
were also intended to serve as partial validation that the model 
predictions were in essential agreement with the behavior of actual LLW 
disposal sites. The sites chosen were selected based partially on the 
need to consider a variety of hydrologic and climatic situations, and 
partially on the availability of data. The sites selected were located 
at Barnwell, South Carolina; Beatty, Nevada; and West Valley, New York. 
Data published in this report are regarded as consisting of example 
values designed to verify operation of the code, rather than as 
unanimously agreed upon numerical specifications of these sites. The 
sources of our data are provided for use by readers interested in 
preparing data sets that allow simulation of other exposure scenarios 
that would be considered in performing complete assessments of 
radionuclide transport and health risk for these example sites. Our data 
are documented in Chapter 3 and Appendices C, D, and E. The code may be 
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suitable for use at many other locations if input data are available. 
Results fro* each of the three sites suggest that there is. for the 
simulation period considered here, likely to be low health risk (in 
comparison to risks associated with natural background radiation 
exposure) to nearby populations froai the considered local shallow land 
disposal of LLW. 

Table 1.1 Radiological exposure pathways for various scenarios 
Scenario For population For individual 
Normal 

Intrusion 

Farming 

Eroded 
trench 

Ingests off-site water 
Ingests off-site foods 
Inhales downwind air 
None 

Ingests on-site foods 
Ing«»t» off-site water 

Inhales suspended 
material at centroid 
Direct exposure from 
plume 

Ingests site-boundary water 
Ingests site-boundary foods 
Inhales site-boundary air 
Ingests trench well water 
Direct exposure from residency 
Ingests on-site foods 
Ingests on-site water 
Inhales suspended soil 
Inhales suspended 
material at boundary 
Direct exposure to 
exposed trench 



2. DISCUSSION OF HETHODOLOGY 

2.1 ENVIRONMENTAL TRANSPORT PATHWAYS 

Pathways of environmental transport of radionuclides considered by 
the model are shown in Figs. 2.1 and 2.2. Pathways of environmental 
transport of radionuclides that involve water (see Fig. 2.1) include 
both surface water and ground water. Water may leave the trench as 
seepage through the bottom or by overflowing at the ground surface. 
The user may choose to consider the soil surface to be contaminated 
initially by operational spillage. Radionuclides in water near the 
soil surface may be transported to a surface water body or may reenter 
the trench by seepage. Contaminated water may ultimately reach human 
r ceptors by use of water from either a well or a surface water body. 

Atmospheric pathways of radionuclide transport are illustrated in 
Fig. 2.2. Material may reach the atmosphere from the following two 
sources: the contaminated soil surface, which becaar contaminated from 
overflow or from operational sr'Llage, or the exposed trench contents 
following possible erosion of the total cap sometime in the future. 
Hcmans may ultimately be impacted by inhalation of or immersion in 
suspended materials downwind; by ingestion of crops, meat, or milk 
contaminated as a result of animal ingestion ondeposition on soil or 
crops; by ingestion of contaminated water; or by direct irradiation 
following deposition on ground surfaces. 

The approach to calculating radionuclide concentrations in the 
pertinent environmental me.'ia will be described in more detail in the 
following sections. 

2.1.1 Transport Pathways Involving Water 
At many sites, water is the most important medium for transport of 

radionuclides away from the trench. Whether the transport pathway is 
predominantly via the aruifer or via overland flow of water, an 
important quantity is the arount of water entering the trench via 
infiltration through the intact and failed portions of the cap. 

Computation of Infiltration Through Failed Trench Caj> 
On the intact portions of the cap, the normal trench cap 

infiltration rate, to be discuss* 1 later, occurs. On the failed 
portion of the cap, the infiltration is the sum of rainfall plus 
irrigation. Therefore, the volume of water entering the trench 
annually calculated by the following equation: 

W - A_[f (Pa + I ) + (1 - f )W 1 , ( 
A i c a a c a 

1.1 
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where 

3 W_ = volnae of vater entering trench (a /y)> 
2 A = ure-i of trench (• ) • 

f = fraction of trench cap that has failed (unities*) , c 
P = annual precipitation (a/y), 
I = annual irrigation (i/y). 
W = annual infiltration for intact portion of cap (a/y). 

In PRESTO-EPA, V was computed using subroutine INFIL and the 
value of ¥_ was added to standing water froa the previous year to 
calculate the aaximua depth of standing vater in the current year. In 
PRESTO-II, Morton's aodel (subroutine EVAPO) aay be used to compute W 
and the average depth of water in the trench is deterained as described 
in the discussion associated with Eq. (2.4). 

Trench Cap Modifications 
The trench cap aay fail by two aethods: erosion or nechanical 

disturbance. In the former case, the thickness of Material removed 
annually froa the treish cap by sheet erosion is calculated using an 
adaption of the universal soil loss equation (USLE) (Wischaeier and 
Smith, 1965). 

The annual amount of erosion is subtracted froa the can thickness 
for the current year of simulation. If the remaining thickness is less 
than 1 cm, the cap is considered to be coapletely failed and f is set 
to 1.0. The USLE any be written -as follows: 

h e V I W C V D • ( 2 - 2 ) 

where 

L » annual sediaent loss from surface erosion (aass/y), 

R = rainfall factor (see text), 
j . • soil - erodibility factor (man/unit area), 
L m slope - length factor (unities*), 
« m slope - steepness factor (unitless), 
c - cover factor (unitless), 
p - erosion control practice factor (unitless), 
D - sediment delivery factor (unitless) . 
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We used the parameterization scheme of McElroy et tl. (1976) to 
specify site-specific values of the factors in Eq. (2.2). The rainfall 
factor, f_, expresses the erosion potential of average annual rainfall 
in the locality. This factor is defined by McElroy as a sunttion of 
the individual stora products of the kinetic energy of rainfall, in 
hundreds of foot-tons per acre, and the maximum 30-minute rainfall 
intensity, in inches per hour, for all significant storas, on an annual 
average basis. The soil erodibility factor, f_. is tabulated by McEl­
roy et al. (1976) as a function of five soil characteristics: percent 
silt plus very fine sand; percent sand greater than 0.1 mm in diameter; 
organic matter content; soil structure; and permeability. The factors, 
f. and f„ for slope-length and steepness account for the fact that soil 
loss is affected by both length and degree of slope. The code usage of 
the USLE combines both .. Jtors into a single factor that may be 
evaluated using charts in McElroy et al. (1976). The factor f 
represents the ratio of the amounts of soil eroded from land that is 
treated under a specified condition to that eroded from clean-tilled 
fallow ground under the same slope and rainfall conditions. The ero­
sion control practice factor, f_, allows for reduced erosion potential 
by the effect of practices that alter drainage patterns and lower 
runoff rate and intensity. The sediment delivery ratio, f_, is defined 
by McElroy et al. (1976) as the fraction of the gross erosion that is 
delivered to a stream. Units of I, (tons/yr) are converted to those 
desired (m/yr) within the code. See Chap. 3 for a description of input 
units. 

The second method of trench cap failure recounts for the possibil­
ity of mechanical disturbance due to human intrusion or some other 
means which might completely destroy portions of the cap. This 
phenomenon might be termed partial cap failure, but in the PRESTO-II 
methodology it corresponds to total failure of some part of the cap. 
The code iser may specify some rate of cap failure as shown in 
Fig. 2.3. By specifying appropriate values for the (z,y) pairs in 
Fig. 2.3, the user may parameterize selective removal of the cap from a 
portion of the trench area. Mathematically th.j function is 
represented by 

f - 0 if t < N, , c 1 

(P - P )'(t - N ) 
f c ~ ( N . - N J ^ ^ " ^ t i N , , 

fc - P2 i f * > N 2 
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Figure 2.3. Trench cap removal function. 

Even though P. night be specified lest than 1.0 in year N-, the cap 
•ight ultimately fail completely by virtue of erosion. As f changes, 
the amount of water added to the trench annually also changes. 

Computation of Annual Infiltration through Intact Trcncfr Can. 
Three options are provided in the PRESTO-II control options for 

specifying annual infiltration through intact portions of the trench 
cap. The first to be discussed is the use of a finite element 
computation that generates an average annual value. The second 
approach is taken by the code when input parameter FN, the ratio of 
infiltration through the intact portion of the trench cap to average 
watershed infiltration is zero and input parameter XINFL, the 
infiltration per unit area through the intact portion if the trench 
cap, is non-zero, and makes the infiltration through the intact portion 
of the cap equal to parameter XINFL times the ares of the intact 
portion of the trench. The third approach is taken by the code when FN 
is non-zero and XINFL is zero, and makes the infiltration per unit area 
through the intact portion of the cap equal to FN times the 
infiltration value calculated for the watershed (to be discsssed in a 
later section) times the intact area of the cap. 
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We 'Rill first develop a finite element approach to estiaate 
infiltration through an intact trench cap. This approach replaces the 
finite difference approach nsed in earlier implementations of the 
PRESTO Methodology, including PRESTO-EPA. The finite difference 
approach was replaced dne to its tendency to oyerpredict trench 
overflow within a one-year tiae step. 

The annua1-average depth of water in the trench any be calculated 
by first rearranging teras in a tiae-averaged (steady-state) expression 
of Darcy's law to coapute a test depth D: 

(2.4) 

where 

D = test depth of water in trench during current year (a), 
L = length of saturated zone below trench (a), 

3 
W_ = voluae of water annually entering trench (a /yr), 
r_ = permeability of material below the trench (m/yr), 

2 A— = trench cross-sectional area (a ), 

The average annual water depth in the trench ( D ) , the volume of 
water leaving the bottoa of the trench (V_), and the voluae of water 
overflowing the trench (V.) are given by: 

for D < 0 , D f = 0 . and V B = W T . V Q = 0 . 

for 0 < D < D T , D w = D , V B = W T , V 0 = 0 , (2.5) 

rTV D + 1) 
for D > D T . D f = D T . V D = £ ' V

0 = W T ' V B ' 

The second method of evaluating infiltration through the cap is 
described in the first paragraph of this section. 

The third method of evaluating infiltration through the intact 
portior of the trench cap will now be briefly discussed. If water 
infiltration for local watershed non-trench areas is known, one may 
chose to estimate infiltration for intact portions of the trench cap 
based on this value. To make this estimate, one must consider 
construction of a trench cap of a material with a different 
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permeability from that characteristic of tht site. A simple aodel of 
infiltration for the intact trench cap is nsed. This simple model 
states that the ratio of cap to site infiltration is the ratio of cap 
to site permeability, and relies on two assumptions. The first 
assumption is that when infiltration occnrs, the depth of water over 
the cap is equal to that over the remainder of the site. This 
assumption seems reasonable, althongh conservative, since the cap might 
be sloped to enhance surface runoff. A second assumption is that the 
thickness of the saturated zone of the trench cap is approximately the 
depth of the surface saturated one for non-trench areas. This 
assumption is not strictly true (saturated zone thickness is a complex 
function of time) but the error it introduces should not be large. Tc 
have therefore chosen in PKESTO-II to require the model user to specify 
a value FN, the ratio of (intact) cap infiltration to site 
infiltration. As explained above, this value may be approximated by 
the ratio of cap material permeability to average watershed 
permeability. 

Radionuclide Leaching by Trench Water 
Water in the trench may be contaminated by contact with the waste 

material. The user chooses one of five methods (see Table 2.1) to 
calculate the amount of each radionuclide that leaves the trench in 
water via the bottom or overflow. 

Options 1-4 are combinations of two factors: the amount of waste 
material contacted by water and the method of partitioning 
contamination between waste and water. In options 1 and 3, total 
contact options, we assume that the total volume of the trench is 
wetted each year as water trickles from top to bottom in the trench. 
Immersed fraction options 2 and 4 calculate the wetted fraction as the 
ratio of maximum water depth to trench depth. Leaching options 1 and 2 
utilize a distribution coefficient, k , to estimate the radionuclide 
concentration in trench water whereas options 3 and 4 employ a 
solubility approach: 

(Chemical Exchange Option) « 5 - Vi « 5 - V, m.xeT + DTfWkd2«>C) 

< v T -
X S N A 

If Nyjyj (Solubi (2.6) 



19 

where 

T 
C^ = concentration of radionuclide i in trench water 

(Ci/m 3), 

I T = amount of nuclide i in trench. (Ci), 
fw = fraction of total waste contacted by water 

(1 for LEAOPT = 1 or 3; < 1 for LEAOPT = 2 or 4), 
2 

Aj = trench area (m ). 
D

B t I = "aximum depth of standing water (m), 
© T = porosity within '.rench (nnitless), 
D̂ . = trench depth (m), 

k^2 = distribution coefficient within waste for 
radionuclide i (aL/g), 

P c = density of waste material (g/cm3)» 
S = elemental solubility (g/nL), 
A. = radionuclide decay coefficient (yr ) , 
M = mass of radionuclide (g/mole), 
N. = Avagadro's number, 
Ny = ratio (yr/s), 
N = ratio (C,(dis/s)_1). c I 3 
N = ratio (mL/m ). 

Leaching options 3 and 4 use a solubility factor to estimate the 
maximum concentrations of radionuclides in the trench water: Leaching 
option 5 allows the user to input an average annual fractional release 
of the total radionuclide inventory. This fraction is applied to each 
radionuclide and does not consider either k or solubility. Solubility 
may be used where information on k. is not available. 

Transport Below Trench 
Once material has been leached in the trench and migrated through 

the surrounding trench walls, it is assumed transported vertically to 
the aquifer and then horizontally through the aquifer to a well. The 
velocity of radionuclide transport is retarded relative to water by 
vertical and horizontal retardation factors, IL. and fL., calculated by 
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where 
3 

P s = bulk density of soil (g/ca )» 
kd3 = distribution coefficient of sobtrench zone (aL/g), 
h.. = distribution coefficient of aquifer (aL/g), 
© v = subsurface porosity (unitless). 

The expected total transit tiae froa trench to well in years is 
called the breakthrough tiae, t . The breakthrough tiae is calculated 
by snaaing the vertical and horizontal transit tiaes, t„ and t„. which 
are respectively calculated by: 

= Vv _ V|H (2.8) 
*V V y ' t H " V H ' 

where 
Dy = distance froa trench to aquifer (a), 
Dg = length of aquifer flow to well (a), 
Vy = vertical water velocity (a/yr). 
Vjj = water velocity in aquifer (a/yr), 
and retardation factors are as defined above. 

For aott radionuclides, a naxiaua well-water concentration 
level usually occurs just following breakthrough, i.e., the 
arrival of the leading edge of the contaainated aquifer water at 
the well. Since the concentration of radionuclide in the surface 
soil of the disposal area is influenced by trench leachate 
overflow and leaching by precipitation, and since the streaa 
concentration is influenced by initial inputs and by inputs of 
leachate froa the soil surface, the year of aaxiaua streaa 
concentration Bay also be difficult to anticipate. Siailarly, 
atnospheric concentrations are deterained by initial conditions 
and by aechanisas effecting surface soil concentrations and these 
values, too, aay peak at unexpected tiaes. Breakthrough tiae, 
year of aaxiaua concentration, and concentration values are 
printed in the code output (see Sect. 4.7). 

The aaount of each radionuclide released froa the trench 
annually is decayed the appropriate aaount as deterained by ty and 
t„. The equation used here is: 
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W t ^ , . " ^ - ( 2 9 ) 

where 

I— . = activity of each radionuclide released 
froa trench bottoa in year n and in transit 
t years (Ci), 

I. = activity of each radionuclide released 
in year n froa trench bottoa (Ci), 

n = current year of simulation, 
X = radiological decay constant (yr ). 

This aaount of each radionuclide is divided by a voluae of water 
available at the well annually, V., to calculate a aaziaua 
radionuclide concentration in well water later used for irrigation or 
drinking. If, based on the water voluae that is calculated to be 
required froa the well, this calculated aaziaua concentration leads 
to aore radionuclide being reaoved froa the well than is available, 
the concentration is recoaputed, subject to the constraint that the 
quantity of radionuclide reaoved at the well is equal to the quantity 
that is available. 

The voluae of contaainated water available for puaping froa the 
well is dependent on several paraaeters. Our approach assuaes that a 
previously uncontaainated aquifer with a flow velocity S. provides 
water to a well. A bolus of contaainated water froa a LLW trench is 
diluted each year by the voluae of aquifer water that flows beneath 
the trench in one year, plus the voluae of additional water into 
which the boias diffuses. If the voluae of the bolus is saall in 
coaparison to "he voluae of aquifer water involved, then these 
assumption* leau to the equation: 

VA = S A e A D A I \ | * r + 2 t* n<«' 2> D
e
] ' (2.10) 

where 

V. •= total voluae of contaainated water available for 
reaoval froa well annually (• /y) # 

S. *• ground-water velocity (a/yr), 
0. - aquifer porosity. 
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D. = thickness of the aquifer (•). 
a = constant angle of spread of the contaminant pluae 

in the aquifer (radians), 
2 A_ = trench area (• ), 

D f l = trench to well distance (•). 

Alpha is the dispersion .-gle of a contaminated pluae in the 
water of an aquifer. This dispersion angle must be estiaated or 
empirically determined (e.g., b> chemical analysis, conductivity 
measurements, or radioactivity aeasureaents at boreholes). The use 
of a dispersion angle is consistent with published characterizations 
of the horizontally projected profile of a chemical contamination 
front as it aoves through an aquifer (Sykes, Soyupak, and Farquhar, 
1982). 

Mass balance of each radionuclide in well water is achieved by 
testing the product of total well-water volume reaoved tiaes 
radionuclide concentration against the total available radionuclide 
mass I as calculated in Eq. (2.9). Total well water used, V_, is 
calculated by 

V, = [3.9 x IO'WJLL + Cjl^ + 1.5 x 104I<AJ N p , (2.11) 

where 
V_ = annual well water used (L/y), 
7 2 3.9 z 10 - 4492 m irrigated per person per 

year x 8760 h/yr, 
Wj * irrigation rate (L/m «h), 
L. *= fraction of irrigation from well (input 

variable WATL), 
U_ * individual annual water consumption 

(a /yr>person), 
L_ «= fraction of human water use froa well 

(input variable 1ATB), 
1.5 x 10 » water fed to cattle consumed by humans 

(L/person-yr), 
L. » fraction of aniaal water use froa well 

(input variable WATA), 
N- * size of the population (number of persons) 
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Units of V are converted to • within the code. If the nass balance 
for each radionuclide will be violated, the concentration of radionuclide 
in water is recalculated using the amount of water actually available, 
rather than V_. 

Radionuclides not removed at the well nay eventually reach the stream. 
If code parameter IAQSTR (input card 4) is greater than 0.0, radionuclides 
reaching the well, but not being extracted from the aquifer at the well, 
will be added to the stream. This addition will be simulated in the year 
that the radionuclides 'visa" the well. 

The calculated concentrations of radionuclides in well water are 
averaged over the length of the simulation and used by the foodchain and 
human exposure parts of the code. 

Computation of Annual Infiltration for Watershed 
Quantification of the water budget of the LLW watershed and nearby 

croplands is necessary to evaluate radionuclide fate in these regions. In 
addition, if parameter FN (on input card 13) is non-zero, the watershed 
water budget will be used to calculate infiltration through intact areas of 
the trench cap. Water inputs to the watershed consist of precipitation and 
irrigation. Losses of water may include runoff, evapotranspiration, and 
deep seepage. To *ummaiiTe these hydrologic sources and sinks on an annual 
basis, we utilize the following mass balance equation: 

P + I = W + E + R . (2.12) 
a a a a a 

where 

P = annual precipitation (m/y), 
- annual irrigation (m/y), 
- annual deep seepage or infiltration (m/y), 
- annual total evapotranspiration, including surface 

evaporation and plant transpiration (m/y). 
= annual runoff (m/y). 

We define a constant runoff fraction as 

f = R /P . (2.13) 
r a a 

Runoff fraction is a well formulated macroscopic concept, and 
estimates for most watersheds are available from local sources or from 
measurements of annual precipitation and runoff at nearby watersheds. 
Substituting for R into Eq. (2.12) and solving for W we find that 
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1. - (1 - f r)P. * I. - B. . «.14) 

Equation (2.14) is need to calculate the linear amount (depth) of 
water available to enter the waste trench or surrounding soil in a given 
year. 

Site specific values of P , I , and f Bust be known for the site of 
interest. Such data have been coapiled for watersheds and regions in many 
parts of the U.S. (Geraghty et al., 1973; Baes et al., 1982). 

The average annual total evapotranspiration, E , may be calculated by 
a model devised by Morton (1976, 1978) and input into Eq. (2.14). An 
adaptation of Morton's model is included in PKESTO-II us a subroutine. 
Data requirements for Morton's model, discussed in Sect. 3.3.3, are annual 
precipitation, mean sea-level atmospheric pressure, and monthly values of 
dew point, ambient air temperature, and observed fraction of maximum 
sunshine. 

Morton's evapotranspiration model has been well documented. According 
to Morton, it has been verified over a vide range of climates and 
reasonably estimates evaportranspiration at 122 river basins on three 
continents. According to Wallace (1978), the Morton model is superior to 
both the Thornwsite-Mather (1955) aad Penman (1948) approaches to modeling 
evapotranspiration in arid environments. Futhermore, Norton's model has 
been applied to generate evapotranspiration for each of the 0.5 by 0.5 
degree latitude/longitude cells considered in the extensive data base for 
the CRKIS system of transport codes (Baes and Miller, 1981) that has been 
developed for the Environmental Protection Agency. Morton warns against 
using the model near sharp environmental discontinuities such as coastlines 
or mountain ranges. 

Trench overflow transport and stream contamination 
As mentioned above, water may overflow the trench onto the soil 

surface if the maximum depth of standing water becomes greater than the 
trench depth. If this occurs, radionuclides in the overflow will be added 
to the surface inventory of radionuclides specified for initial operational 
spillage. The surface will then have a component of contaminated soil with 
concentration Cc Ci/m and a component of contaminated water in the surface 
soil of Cj Ci/m3. The material comprising C is considered relatively 
insoluble and becomes a source term for resuspension and atmospheric 
transport (this process <s discussed in Sect. 2.1.2). The contaminated 
water in the surface soil is considered to be well mixed with the soil and 
interstitial water. 

Water and associtted radionuclides on the surface may either enter the 
stream or re-eater tht trench. The amount of each radionuclide added to 

c 
the stream is represented by the product of C_. the radionuclide concen­
tration in the surface soil water, and the annual volume of runoff from the 
contaminated soil surface, WSTREM. The value of C for each radionuclide 
is calculated by: 



25 

s _ l p 3 l s ( 2- 1 5 ) 

S = kdl MS + «W ' 

where 

S 3 
C_ = radionuclide concentration in surface soil water (Ci/n ), 
I = eaount of radionuclide on surface (Ci) , 

k,, = distribution coefficient for surface soil region (mL/g), dl 
M_ = mass of soil in contaminated region (kg), 
M_ = nass of water in contaminated soil region (kg), 
10* = ml kg/ai3 = sil/L. 

Equation (2.15) is used to compute the concentration of radionuclide in the 
surface soil interstitial water (units of Ci/a ). The equation is 
numerically correct. The equation appears diaensionally incorrect, due to 
the presence of numerous conversion factors, but is written as above 
(corresponding more closely to the expression used in the computer code) 
for the convenience of the code user. 

The radionuclide concentration in the contaminated surface soil 
region, C„, is calculated using: 

«-3„S. 
dl ' C| = 10~*Cjk.. . (2.16) 

where 
c C_ = radionuclide concentration in soil Ci/kg, 

l(f3 = a3-g/aL-kg. 

The contaminated region of surface soil is defined by the user in 
terms of length, S. (a), width, S_ (m), and depth, S_ (a). These 
parameters allow the calculation of soil (M„) and water aass (ML) in the 
contaminated soil region by: 

where 
3 

p„ = soil bull density (g/cm ) , 
0_ - soil poroiity (unitless), 

LO3 - (ca3-kg/a3-g) for soil an< 
M„ and M_ are expressed in units of kg. 
10 3 - (cB3-kg/a3-g) for soil and (kg/a3) 'or water, 
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Water falling on the contaminated soil region may either evaporate, 
runoff, or infiltrate. Of the liquid a certain fraction of the total 
precipitation, f , will enter the stream annually. 

The amount of contaminated water that enters the stream from runoff 
from the contaminated region is 

W„ = f P S.S, . (2.18) 's - f
 rV»\ 

An additional tmount of contaminated water may enter the stream from 
the aquifer itself. If code parameter IAQSTR (input card 4) is greater 
than 0.0, radionuclides reaching the well, but not being extracted from the 
aquifer at the well, will be added to the stream. This addition will be 
simulated in the year that the radionuclides miss the well. 

The amount of contaminated surface-soil water that seeps vertically 
downward and is assumed to enter the trench from the LLV site surface soil 
is given by 

f D = ( 1 " VWL * (2*19) 

The annual contribution of radionuclides from the contaminated 
surface-soil region to the stream, R„, is then the product of W„ and the 
radionuclide concentration in the surface oil water, C_ (Eq. 2.15). The 
amount of each radionuclide annually added back into the trench from the 
contaminated surface soil region is the product of W_ and CZ. The concen­
tration of radionuclides in the stream is the quotient of R„ and the annual 
flow rate of the stream. 

Another input of radionuclides to the stream may be specified by the 
code user by entering a non-zero value of variable STAN(I), for radio­
nuclide I, on input card 27. This value is assumed present in the stream 
at time t - 0. 

In a calculation similar to that used for computing the amount of 
radionuclides removed from the well, the amount of each radionuclide 
removed from the stream is conserved by first computing a value based on 
the predicted amount of water extracted from the stream: 

I r - V scJ , (2.20) 

where 

I •= annual amount of nuclide removed from stream (Ci/y), 

CZ «= radionuclide concentration in stream (Ci/m ), 
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* n d V S i $ ** d e f i n e d i n * "»cner analogous to Eq. (2.11). For the 
calculation of V g, the fractional water uses by hnaans and aniaals, and for 
irrigation, as specified by input variables SATH, SATA, and SAIL on input 
card 5. are used in place of the corresponding variables WATB, WATA, and 
WATL defined for well water use in Eq. (2.11). If I as coaputed above is 
larger than the annual input of that nuclide to the streaa, R_, then the 
radionuclide concentration in the streaa is recalculated to ensure conser­
vation of Bass: 

* -
h (2.21) 
V„ ' 

Tiae-averaged concentrations of each radionuclide in well water and 
streaa water are calculated for the appropriate nuaber of simulation years 
by dividing the sua of the annual radionnclide concentrations in the well 
water and the streaa water by the length of the siaulation. The tiae-
averaged values are summarized in the PRESTO-II output tables and are 
provided to the DARTAB subroutines for use in the subsequent dose and risk 
calculations. 

2.1.2 Atmospheric Transport Sources and Pathways 

External Calculation of E/Q. Ratio 
The DWNWND model (Fields and Miller, 1980) as modified for use in 

PRESTO-II is a compact algorithm suitable for quantifying ataospheric tran­
sport at sites where the population is concentrated into a single, saall 
community. For cases in which this distribution is not appropriate for 
use, we have made provision for the code user to enter an externally com­
puted population average valve for the air concentration, E, to source 
strength, Q, ratio. An externally coaputed E/Q ratio should be used for 
complex population distributions. This value is entered as variable CHIQ 
on input card 17. One code which the user might use for determining E/Q in 
such cases is AIRDOS-EPA (Moore et al., 1979). A second code that aay 
prove useful, if the population resides in a small nuaber of communities, 
is DWNWND (Fields and Miller, 1980). 

In many cases, uncertainties in the computed atmospheric source 
strength for contaminated areas are larger than differences between the 
internally computed and externally determined E/Q ratios. 
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Internal Atmospheric Transport Model Capability and Formulation 
The atmospheric transport portion of the PRESTO-II code will be 

discussed in two parts: (a) a description of source strength coaputation 
and (b) a discussion of the calculation of atmospheric concentration at the 
residence site of the specified at-risk population. For most applications, 
PKESTO-II is expected to be applied to a site of known population 
distribution, and the user must input geographical and meteorological 
parameters characterizing the population site and its relationship to the 
low-level waste disposal area. The formulation of atmospheric transport 
discussed herein is not intended to automatically identify regions of high 
risk; rather, it is formulated to calculate risk-related parameters for a 
particular, identified site. 

Where population risk is to be determined, the geometric population 
centroid specified by the user is the point for which a 22.5-degree 
sector-average, ground-level air concentration is needed. Where the 
population distribution subtends from the waste disposal area an angle 
significantly greater than 22.5 degrees, the user should run the code 
separately for each subpopulation. A mean yearly sector-average 
atmospheric concentration is computed by PRESTO-II and is input to DARTAB 
for use in computing external exposures. 

The most commonly uc d approach for estimating the atmospheric 
concentration and deposition of material downwind from its point of release 
is the Gaussian-plume atmospheric transport model (Slade, 1968). This 
approach is versatile and well documented, and we have chosen to implement, 
in subroutine form, a version of a Gaussian-plume transport code called 
DWNWND (Fields and Miller, 1980) as a module in the PRESTO-II code. 

User inputs for the atmospheric transport simulation allow 
specification of a surface radionuclide concentration at the waste disposal 
site. Parameters used here include the initial surface radionuclide 
inventory, the chemical exchange coefficient for surface soils, and a 
parameter describing soil leaching of radionuclides. The portion of a 
radionuclide that is sorbed onto soil particlts is considered available for 
transport. A source strength is computed based either on a time-dependent 
(monotonically decreasing) resuspension factor or a process-dependent 
mechanical suspension variable. T*He given LLW site is described by 
meteorological variables including: 

F w " fraction of the year wind 
individuals, 

blows toward a t - risk 

H - source height ( • ) , 

hm l id height (m), 
S » s tab i l i t y c l a s s , 

T d " type of dispersion formula t ion. 
H « 

r 
Hosker roughness parameter <•); about 0 .01 x phyi ical 
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U = wind velocity (m/s), 
V = velocity, deposition (a/s), 
V = velocity, gravitational fall (a/s), 

x = gauge distance froa source base (a). 

Source Tera Characterization 
The release rate for atmospheric transport is teraed the source 

strength. In PRESTO-II, source strength is directly dependent on the 
surface soil-sorbed radionuclide concentrations, C_. The source strength 
is the arithaetic sua of two parts, that paraaeterized by a tiae-dependent 
resuspension factor R (Anspaugh et al., 1975) and that paraaeterized by a 
resuspension rate R (Healy, 1980). 

We first describe the wind-driven suspension coaponent. If, following 
Anspaugh, we write 

R e = R e lexp(R e 2\JT) + R e 3 . (2.22) 

where T is elapsed tine (days) and R^ has units of inverse meters, then the 
radionuclide concentration C. in the ataosphere above but close to the 
source is given by 

C A . V c . (2.23, 

-4 -9 
Using Anspaugh's values of 1 x 10 , -0.15, and 1 x 10 for K , R 

and R „, respectively, the value of R calculated as above is probably 
conservative for more humid sites. As data froa sites other than Nevada 
become available, model users will probably wish to update the parameters 
used for computing R . 

The value of elapsed time appearing in Eq. (2.22) is computed from the 
start of the simulation. It is, therefore, correct for the initial surface 
inventory, but not for incremental additions thereto, which may occur at 
later times. However, when later additions result from trench overflow, 
they will consist of dissolved material and would likely act as surface 
depositions of mobile particulates sorbed onto weathered particulates. It 
is, therefore, assumed that a steady-state asymptotic value of R is for 
most sites appropriate fox later additions to the surface inventory. 

The user wishing to specify a time independent windblown resuspension 
factor may do so by setting the vaJ^c of R . and R , to zero. When this 
is done, determination of windblown suspension of all contributions to the 
surface inventory will be treated identically, regardless of the time that 
the contribution is made. 
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It is possible (Fields, 1982) to develop atmospheric source terns frca 
known soil-surfic* radionuclide concentration and extent, wind speed, and 
Mechanical disturbance parameters. In Eq. (2.23), C. is the atmospheric 
concentration of radionuclide immediately above the site at a height of 
about 1 m (Shinn et al., 1976), for a site of large upwind extent. Large 
upwind extent may be interpreted as exceeding the atmospheric build-up 
length, given by UH-/V , where D is vind velocity, IL. is the mixing height 
(1 m), and V is the gravitational fall velocity. The representative site 
extent used In the PRESTO-II code is the square root of the site area. A, 
and a tentative correction fraction, F, is computed using the equation: 

F = 
Vt\pL (2.24) 

% 

With the stipulation that the value used for F may not exceed unity, 
the source term component for windblown suspension is given by 

Q r = CA HD D F\f* * (2.25) 

A second sonrce component results from mechanical disturbance of site 
surface soil Mechanical disturbance occurs during a user-specified 
interval. Within this interval, the fraction of time per year that the 
disturbance occurs is F c h • The sonrce term component for mechanical 
disturbance is parameterized by the resuspension rate, R , having units of 
inverse seconds, to wit 

Q-ech " W . e c h ' ( 2' 2*> 

The net source strength for the site is the sum of these components: 

Q " Q r + Q m e c h - < 2 ' 2 7 ) 

Tg»n»PvTt formulation 

The PRESTO-II code uses a Gaussian-plume atmospheric transport model, 
which is an extension of an equation of the form (Slide, 1968): 
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E = 2irUo a 
7 * 

exp-
2c" " ' - f ^ * "^[^tfl 

(2.28) 

This equation describes a distribution of bell-shaped (Gaussian) 
profile, where E represents the downwir.d, ground-level, sector-centerline 
radionuclide concentration, P. the snn^ce strength, and H the corrected 
source release height (to be discussed later). Dispersion parameters, a 

y and a , are the standard deviations of the plume concentration in the 
horizontal and vertical directions, respectively. The aerosol is assumed 
transported at a height-independent wind speed U to a sampling position 
located at surface elevation z and horizontal distance y from the plume 
center. Mass conservation within the plume is insured by assuming perfect 
reflection at the ground surface. This is accomplished by the use of an 
image source at an elevation -H, which leads to the presence of two terms 
within the braces, and to the factor 1/2. A correction for plume depletion 
will be discussed later. Eq. (2.28) may be obtained from any of several 
reasonable conceptual transport/dispersion models. 

Atmospheric transport at several sites of possible interest to 
individuals evaluating consequences of low-level waste transport have also 
been considered elsewhere. These include Hanford, Washington (Fields, 
Miller, and Cotter, 1981; Miller and Cotter, 1981), Savannah River, South 
Carolina (Fields, Miller, and Cotter, 1980), and Brookhaven, New York 
(Singer and Smith, 1966). 

Implicit in Eq. (2.28) is the assumption that the plume centerline 
height is that of the release height, H. In practice, the plrne may be 
considered to originate at some height, H, with respect to the population 
at risk. Some situations, such as presence of a ridge between the disposal 
site and the population centroid, may dictate use of an effective height 
greater than H (e.g., the ridge height). The plume thus ha. an effective 
height, H £*, at which the plume may be considered to originate. This 
effective value should be used instead of a stack height as the starting 
point for Gaussian plume calculations. If the particulates in the effluent 
have an average gravitational fall velocity, V , then the plvae centerline 
will tilt downward with an angle from the horizontal, the tangent of which 
is V /0. The elevation of the plume centerline a distance z downwind is 
then 

H " Heff " x V g / D ' H 2 ° ' (2.29) 

and it is this corrected value that is used to compute the aerosol concen­
tration at a distant point. 
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Consideration of the Effects on Transport of a. Stable Air Laver 
The Gaussian-plume formulation has been modified for use in PKESTO-II 

to account for the presence of a stable air layer at high altitudes. 
Upward dispersion of the plume subsequent to release is eventually 
restricted when the plume encounters an elevated stable air layer or lid at 
soae height EL. Pasquill (1976) has summarized some reasonable 
approximations to the modified vertical concentration profile for various 
ranges downwind, and his remarks have influenced our approach. We coapute 
a limiting value of a defined as 

(limit) >= 2(1^ - f)/2.15 . (2.30) o z 

This equation follows from setting the ground-level contribution to the 
plume from an image source located above the stable air layer to 0.1 of the 
plume concentration. It is assumed that the limiting value of a 
calculated in this manner is correct for distances beyond the distance for 
which the value of a for no lid present becomes greater than a (limit). 
For shorter downwind distances where the vertical dispersion coefficient is 
less than a (limit), the Pasquill-Gifford value of a is used. For greater 
downwind distunces, where a 2.0 (limit), the value of a (limit) given in Eq. 
(2.30) is used instead. The lid height is a user-specified value, EL, in 
the PRESTO-II code. For LLY applications, the source height will usually 
be sufficiently low that the influence of EL will be small. For some 
sites, however, the influence of an intervening ridge may necessitate a 
larger effective source height. 

Correction Xfij. ifce. Effects o_£ Plume Depletion 
The plume is depleted at ground level during travel as the 

particulates are deposited. Both fallout and electrochemical deposition 
may be important considerations, and ground cover characteristics are of 
major importance. (Under certain obvious conditions, washout is also of 
great importance, but those conditions have not been included within this 
model.) Fallout is partially quantified in the V term defined earlier. 
Ne»<- ground level the deposition process is often characterized by a 
deposition velocity V (Gifford and Pack, 1962; Murphy 1976a,b). The 
deposition rate Y is defined by 

V.E . (2.31) 
o 

We may compute the magnitude of plume depletion dQ/dx as a function of 
downwind distance x out to • final distance X within the downwind sector by 
integrating across the plume. Using Eq. (2.28) and setting z - 0, we have 



33 

The aost often used dispersion parameterization scheme for the Gaussian 
pine is the Pasqnill-Gifford approach; this is the approach we find most 
appropriate for long-tern LLT assessment calculations. 

Pasquill (1961, 1974) considered ground level-emission tracer studies 
and wind-direction fluctuation data to arrive at a dispersion 
parameterization for six atmospheric stability classes ranging from A, most 
unstable, through F, most stable (see Table 2.2). Unless site-specific 
meteorology dictates otherwise, we suggest that the D stability category, 
denoting a neutral atmosphere, be used. Pasquill's values are approximate 
for ground-level emissions of low surface roughness (Vogt, 1977). These 
values were devised for small source distances (<1 km). The so-called 
Pasquill-Gifford form of Ihis parameterization (Hilsmeier and Gifford, 
1962) has been tabulated by Culkowski and Patterson (1976), and we have 
used their values in our model. 

2.1.3 Foodchain Calculations 

Mean concentrations both on an annual basis and over the assessment 
period of radionuclides in air, stream water, and well water are calculated 
by the equations listed in Sects. 2.1.1 and 2.1.2. This section describes 
how radionuclides in those and other environmental media are used to 
calculate human intake/exposure and potential health risk. 

Radionuclides in water may impac* humans by internal doses from use of 
drinking water or irrigation water used for crops. Radionuclides in air 
may impact humans by either external or internal radiological doses. 
External doses may result from immersion in a plume of contaminated air and 
from exposure to trench contents or by exposure to soil surfaces 
contaminated by deposition from the plume. Internal doses may result from 
inhalation of contaminated air or ingestion of food products contaminated 
by deposition from the plume. Air dose and risk calculations are made by 
the DARTAB program (Begovich et al., 1981) which is utilized as a 
subroutine in PRESTO-II. DARTAB will be discussed in some detail later. 
Radionuclide inputs to DARTAB consist of average collective concentration 
in air (person-Ci/m ), average collective concentration on tha ground 
surface (person-Ci/m ), the average collective ingestion rate (person-
pCi/yr) and the average collective inhalation rate (person-pCi/yr). 
Calculation of each of these by PRESTO-II will be discussed in the next few 
pages. 

Concentrations of radionuclides in air usable by the population or 
individual under consideration are calculated as described in Sect. 2.1.2. 
The mean concentrations in air are constant during the total period of the 
assessment (between and including years IAVG1, and IAVG2 on input card 3), 
as required for input to DARTAB. 

The concentration of each radionuclide on the ground surface for 
year i, Q(i)<, (Ci/m ), is updated on a yearly basis using 
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f =/-V,Edy= /-^-9-exp dx __ d * _«u xa a 
-m -m y 2 

-*i -ail 
2 ~ 2K 
z 1 

(2.32) 

By performing the indicated quadrature across the pime and farther 
integrating along the longitndinal direction to express the loss of release 
agent as a multiplicative factor, it can be shown (Killer, Hoffman, and 
Shaeffer, 1978) that the ratio of the air concentration considering 
deposition processes, E,, to the air concentration without regarding 
deposition, E. is 

e*P -(2Hz7) d x 

°z 
(2.33) 

> • 

Since a is a complicated empirical function of the downwind distance x, 
Eq. (2.33) nust be evaluated numerically. 

In the PRESTO-II applications, the average value of E across a 
22.5-degree downwind sector is the desired quantity. In this case, the 
trans-sector integration leads to the value 2.032 in place of the l/o~ 
factor in Eq. (2.32). 

In conclusion, assuming that the radionuclide distribution is that of 
a Gaussian plume, we may compute the mean exposure E at ground level for 
the 22.5-degree downwind sector incorrected for deposition by 

0 3 2 Fd Fw Q j £ \ (2.34) 
Dxc " p 

z 15) 
This value is corrected for deposition by multiplying by the Fj as calcu­
lated in Eq. (2.33). 

The value of H in Eq. (2.34) must be an effective source height. This 
value is corrected in PRESTO-II for plume tilt as in Eq. (2.29) and the 
accompanying discussion. For use in the PRESTO-II code, B is on the order 
of 1 m for reasonably flat sites, but in many cases other values should be 
used to account for local site characteristics, e.g., for the presence of 
updrafts. 

It has been noted that the choice of plume dispersion parameterization 
is a user option in the PRESTO-II code. The choice of appropriate 
parameterization depends on site meteorology, topography, and release 
conditions. The DVNWND code (Fields and Miller, 1980) which has been 
included in part of PRESTO-II includes a choice of eight parameterization 
schemes for plume dispersion and a choice of six stability classifications. 
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C V 
s x. D ( i ) „ = - ^ <2-35) 

and 

Q ( i ) S = [ a ( i " 1 } S + D ' i ) S ] « P - <* s
 + *> • < 2 3 6 > 

where 

C. = aean ground level radionuclide concentration at 
population of interest (Ci/a ), 

V = deposition velocity (a/s), 
D(i)g = aaount of radionuclide deposited in year i (Ci), 
Xg = soil loss constant (y ), and 

X = radiological decay constant (y~ ). 

In PRESTO-II, separate contributions to the radionuclide surface soil 
inventory are coaputed for ataospheric deposition and for irrigation 
deposition. These inputs are suaaed to yield the total ground-surfnee 
radionuclide concentration. 

Appropriate unit conversions are Bade within the code. The collective 
inhalation rate is calculated by aultiplying the population size by the 
generic individual inhalation rate of radionuclides. Q. . , calculated by 

inh 

inh a A 

where 
3 

U = inhalation rate (a /yr). 
a 

The units of 0. . are converted to pCi/yr for input to the health risk inn portion of the code. 
The collective ingestion rate is the input to DARTAB that requires the 

aost calculations by PRESTO-II. Ingestion includes intake of drinking 
water, beef, ailk, and crops. Except for drinking water, all of these 
aedia aay be contaainated by either ataospheric processes or by irrigation. 
For the aost part, we use the equations froa AIRDOS-EPA (Moore et al., 
1979) to calculate radionuclide concentrations in beef, ailk, and crops 
cons used by nutans. 
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The ataospberic deposition rate onto food surfaces or soil that is 
used in subsequent calculation of radionuclide content in the food chain is 

d = C 4V -3.6 x 1 0 1 5 (2-38) 
A d 

where 
C. = aean ground level radionuclide concentration 

at point of interest (Ci/a ), 
V. = Bean rate of radionuclide deposition onto 

ground or plant surfaces (pCi/a *h), 
3.6 x 1 0 1 5 = sec/hpCi/Ci. 

The folloving equation estimates the concentration C of a given 
nuclide in and on vegetation at the deposited location (except for H 
and 1 4 C ) : 

R[l-exp(-X t )] r [/"* " y * " e V J B x CSPl (2.39) 
Cv " [ d T\ + v |exp(-XtJ v I" Y X P l " p v * V 

' v e " 

where C^ is measured in pCi/kg, d is defined above, and 

B = the fraction of deposited activity retained on crops 
(unitless), 

X = the effective reaoval rate constant for the radio­
nuclide from crops (h ), where X = X + X , X e w is the radioactive decay constant, and X is the 
reaoval rate constant for physical loss by weathering, 

t = the time period that crops are exposed to contami­
nation during the growing season (h), 

v
y = the agricultural productivity (yitild) 

[kg(dry weight)/*2], 
B « the radionuclide concentration factor for uptake froia 

soil by edible parts of crops, [pCi/kg (wet weight) per 
pCi/kg dry soil]; B values are read is as dry weight 
basis values, and converted by the code to wet weight 
basis values. 
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CSP = soil radionuclide concentration, updated yearly 
(pCi/n2). 

P = the effective "surface density" for soil 
2 [kg(dry soiD/n ], and 

t. = time interval between harvest and consumption of 
the food (h). 

3 14 Vegetation concentrations of radionuclides H and C are developed as 
discussed in Eqs. (2.52) and (2.53). 

The rate constant for contaminant removal from the soil, A. (h~ ), is 
estimated using 

x = Is <*.*0) 
s r1 + P.K ' 

0.15-8760- m 
where 

r $ = soil permeability (m/yr), 
3 

P = soil bulk density (g/cm ), 
k, = distribution coefficient of the radionuclide (mL/g), 
9 = surface soil porosity (unities*), 

0.15 = depth of soil layer (a), 
8760 = h/yr. 

Eq. (2.39) is used to estimate radionuclide concentrations in produce 
and leafy vegetables consumed by humans and in forage (pasture grass or 
stored feed) consumed by dairy cows, beef cattle, or goats. 

The concentration of each radionuclide in aniaal forage is calculated 
by use of the equation 

c f = V.S + ( 1 - V * ) c . - ( 2 ' 4 1 ) 

where 

C s = the radionuclide concentration in stored feeds 
[calculated using Eq. (2.39) with t. » 2160 h (90 d)] 
(pCi/kg), 
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f = the fraction of the year that animals graze on 
pasture (unities*), 

f = the fraction of daily feed that is pasture grass 
when the aniaals graze on pasture (nnitless). 

The concentration of each radionnclide in ailk is estiaated as 

C B = F BC fQ fexp(-U f) . (2.42) 

where 

C = the radionnclide concentration in ailk (pCi/L), 
a 
C, = the radionnclide concentration in the aniaal's 

feed (pCi/kg), 
F - the average fraction of the aniaal's daily intake of 

a given radionnclide which appears in each liter of 
ailk (d/L), 

CL = the aaonnt of feed consuaed by the aniaal per day 
(kg (wet weight)/d). 

t. •= the average transport tiae of the activity froa the 
feed into the ailk and to the rec-^tor (h), 

X *= the radiological decay constant (h ). 

The radionnclide concentration in aeat froa ataospheric deposition 
depends, as with ailk, on the aaonnt of feed consvaed and its level of 
contaaination. The radionnclide concentration in aeat is estiaated using 

C p = F fC fQ fexp(-Xt f* . (2.43) 

where 
Cp • the nuclide concentration in aniaal flesh (pCi/kg), 
F. * the fraction of the aniaal's daily intake of a given 

radionuclide which appears in each kilograa of 
flesh (d/kg), 

C. » the concentration of radionuclide in the aniaal's 
feed (pCi/kg), 

Q. * the aaonnt of feed consuaed by the aniaal per day (kg/d), 
t * the average tiae froa slaughter to consuaption (h) . 
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Concentrations of radionuclides in foodstuffs that result from spray 
irrigation with contaminated water are estimated using essentially the same 
equations as for atmospheric deposition; the differences are as follows: 
the concentration in vegetation, C , is estimated using Eq. (2.39), but a 
different value of the retention fraction, R, is used. For irrigation, the 
second term of Eq. (2.39) is modified by a factor of f T, the fraction of 
the year during which irrigation occurs. The t in the exponent becomes 
t , equivalent to f, in hours. For irrigation calculations, the deposition 
rate, d, in Eq. (2.40), becomes I , expressed as 

I = C -WT , (2.44) 
r w I 

where 
2 I = radionuclide application rate (pCi/m -h), 

C = radionuclide concentration in irrigation 
water (pCi/L), 

2 Wj = irrigation rate (L/m *h). 

The concentration in water, C , is an average of well and stream water 
weighted by the respective amounts of ea«,h that are used as specified by 
input parameter IATL and SATL on input card 5. For irrigation 
calculations, the radionuclide concentration in milk and meat is calculated 
by adding a term to Eqs. (2.42) and (2.43) to account for the animal's 
ingestion of food contaminated during irrigation. 

Cm - Fm ( Cf'°f + W«P<-**f> ( 2' 4 5 ) 

C f = F f(C f-0 f + C w-0 w)exp(-U s) , (2.46) 

where 

Q = the amount of water consumed by the animal (L/d). w 

Once radionuclide concentrations in all the foodstuffs are calculated, 
Che annual ingestion rate for each radionuclide is estimated by 

m g v milk meat w (2.47) 
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where the variables represent individual annual intakes of a given radio­
nuclide via total ingest ion, and ingestion of vegetation, milk, meat, and 
drinking water, respect ive ly , in pCi/yr. The annual intakes via each type 
of food, Q for instance, are calculated as v 

Q v = ( C I + C A ) D v ' ( 2 ' 4 8 ) 

where 

Q y = annual radionuclide intake from vegetation (pCi/yr), 
v 
I Cy = radionuclide concentration in vegetation from 

irrigation (pCi/kg), 
Cj = radionuclide concentration in vegetation from 

atmospheric deposition (pCi/kg), 
U = individual annual intake of vegetation (kg/yr). 

To satisfy the input requirements for DARTAB, the annual individual 
intakes are multiplied by the size of the population to calculate the 
collective annual ingestion values. 

As mentioned earlier, Eqs. (2,38)—(2.46) do not apply directly to 
calculations of concentrations of H or C in foodstuffs. For application 
of tritium i& irrigation water, we assume that the concentration in all 
vegetation, C , is the same as the tritium concentration in drinking water; 
therefore. 

C = C , (2.49) 
v w 

where C and C are in pCi/kg and pCi/L, respectively. The concentration 
of H in aninal's feed, C., is therefore also equal to C . Then, from 
Eqs. (2.45) and (2.46), the concentration of tritium in animal's milk and 
flesh and be written as 

c - • V c w ( Q f + V • ( 2 - 5 0 ) 

C F " F f ' C w ( Q f + V • (2.51) 
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where 

C = concentration of triticm in milk (pCi/L), 
" 3 

F = fraction of the animal's daily intake of H that 
appears in each liter of milk (1/L) times 
conversion/factor (L/kg), 
3 

C = H concentration in animal's drinking water (pCi/L), 
Q, = animal's daily intake of forage (kg/d), 
Q = cow's daily intake of water (kg/d), 
C = concentration of tritium in animal's flesh (pCi/kg), 

f 
3 

F = fraction of the animal's daily intake of H that 
appears in each kg of flesh (l/kg). 

The exponential decay term is neglected due to the relatively long half-
life of tritium. 

3 For vegetation contaminated by atmospheric deposition of tritium, B 
concentrations are calculated by 

C ="^-(0.75)(0.5)(l x 10 1 5) . ( 2 ' 5 2 ) 

v h 

where 

C = tritium concentration in vegetation (pCi/kg). 
3 3 

C. = concentration of H in air (Ci/ia ). 
3 h = absolute humidity of the atmosphere (g/m ), 

0.75 = fraction of the plant mass that is water, 
0.5 = ratio of tritium concentration in plant water to 

that in atmospheric water, 
1 x 10 1 5 = (1 x 1 0 1 2 pCi/Ci) x (103 g/kg). 

3 
The mean ground level air concentration of H, C , is calculated using 

equations in Sect. 2.1.2. For C, the concentration in vegetation is 
calculated assuming that the ratio of C to the natural carbon in 
vegetation is the same as that ratio in the surrounding atmosphere. The 
concentration of C is given by 

C -C.-r.<H£>-<x x 10 1 5) , (2.53) 
v A O.lo 
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where 

C = C concentration in vegetation (pCi/kg), 
C. = aean ground-level concentration of C in air 

(Ci/si )> also calculated from equations given in 
Sect. 2.1.2, 

r = ratio of the total release tine of C to the total 
annual time daring which photosynthesis occurs, p<l, 

0.11 = fraction of the plant suss that is natural carbon, 
3 0.16 = concentration of natural carbon in the atmosphere (g/a ) 

2.2 DOSE AND RISE CALCULATIONS 

2.2.1 DARTAB Calculations 
In Eqs. (2.40-2.50) we showed how calculations are made of radio­

nuclide concentrations in the air and on the ground, and of annual 
ingestion and inhalation rates. These concentrations and rates are 
utilized by the DARTAB portion of PRESTO-II to generate tables of 
radiological dose and resulting health risk. The remainder of this section 
describes the mathematical calculations made within DARTAB. For the most 
part, the equations and text have been taken from Sect. 2.3 of the DARTAB 
documentation report (Begovich et al., 1981), entitled "General Equations." 

Radiological dose quantities 
The annual dose committed to an average individual or to a population 

at location k for the 1th organ, ith nuclide, and jth exposure pathway is 
given by 

D ( ' i W k ) ' P F m (2.54) 
D i j l t k ' • P(k) 

where K contains any numerical factors introduced by the units of E (k), 
the exposure to the ith radionuclide in the jth pathway, DF... is th* 
dose-rate factor for the ith radionuclide, the jth pathway and the 1th 
organ, and P(k) is the exposed population at location k. All E gnd DF.,. 
for various nuclides (index i) and organs (index 1) have consistent units". 

DARTAB performs three calculations and tabulations of dose rate and 
dose: (1) dose rate to an individual at a selected location, (2) dose rate 
to a mean or average individual, and (3) collective population dose rate. 
As a coaponent of PRESTO-II, calculations (1) and (2) are equivalent, as is 
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calculation (3) for a population of 1. Table 2.3 lists units of DF.., and _ r ill 
t.. for each of the four pathways for selected individual dose calcula­
tions. Dose rates, D..., are in arad/yr. 

Mean individual dose rates are calculated using 

| P ( k > * D i j l ( k ) (2.55) 
D = •* r 
ijl I P(k) 

Note that in PRESTO-II the iapacted population is considered to reside 
at only one location (k = 1). Hence, calculations of mean individual dose 
rate are numerically equivalent to the sua of pathway doses for the 
selected individual dose rate. 

The collective dose rate for the exposed population is the product of 
D.., and the number of persons exposed. Units of the collective dose rate 
are person-rad/yr. 

The above dose rates nay be expressed in a number of different 
combinations. The doses can be summed directly over pathways: 

D.jtk) -JV^k.) , (2.56) 

or nuclides: 

D.,(k) = £D...(k) . (2.57) 

The total dose to the 1th organ at location k, D (k), is then 

Dj(k) = } £ D..j(k) . (2.58) 
j i 1 J 

The dose equivalent (mrem), H., for the 1th organ is given as 

Hj(k) = QF(low-LET) x D1(k,low-LET) 

+ QF(high-LET) x Djfk.high-LET) , (2.59) 
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where OF denotes the quality factor. The factor is defined as 1 (low-LET 
radiations) or 20 (high-LET radiations). 

To costbine dose rates to different organs, a weighted sua is used: 

"ij-IViji1" (2.60) 

where V are stochastic-risk-based weighting factors for the various organ 
doses supplied by the user where 

J W = 1.0 . (2.61) 
1 

Weighting factors for the varions organs were supplied by the EPA for 
input into DARTAB. The International Coaaission on Radiological Protection 
(ICRP, 1977) has proposed a siailar approach to adding organ doses. 

Health effects gstiaates 
The health risk and risk equivalent are conputed in a Banner siailar 

to the dose calculations. The health risk or individual risk of preaature 
death to an individual at location k for the 1th cancer, ith radionuclide, 
and jth exposure pathway is given by: 

R-.jCk) = 10~5-I.E.j(k)RF.jl/P(k) , (2.62) 

where 

E. (k) = is the exposure to or intake rate of the ith radio­
nuclide through the jth exposure or intake node at 
location k in the environaent, and 

RF^.j = the aortality risk factor per unit exposure or intake 
rate of the ith radionuclide in the jth exposure or 
intake aode for the 1th cancer site. 

and where K again serves to reconcile the units of E{j(k) and H7..,. The 
total individual risk represented by the exposures and intakes of ill 
radionuclides through all pathways is given as: 

R(k) » 10 5 5 K, £ E..(k) > RF.../P(k) , (2.63) 
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and the health risk can be sinned over pathways, radionaclides, or cancers. 
The mean or average individnal risk is estimated in a similar way. 

'iLr collective risk is expressed as the fatal health effects rate. 
For example, the total equilibrium fatal cancer rate in exposed population 
is: 

HE 10 5 T _ r.. ..* * _. (2.64) = ~ — > K - £E..(k) > RF... T L j t-. IJ L. ljl 

where T is the mean individual l i fet ime (70.7 yr)< 
In DARTAB, l i f e loss (years) per premature death i s calculated by 

Y l ( k ) = I K j \ E i j ( k , Y L i j l | K j \ E i j ( k ) R F i J l • (2-65) 

where 

Y«(k) = average life lost (years) per premature death from 
cancer 1 at location k, and 

YX..j = total life lost (years) for unit exposure to 
nuclide i, pathway j, and cancer 1. 

The factor K. converts any pathway-specific units to the required units. 
Note then that the numerator is just the total years of life lost by those 
experiencing a cancer of the 1th site, while the denominator is the total 
number of deaths due to radiation induced cancers of the 1th site. 

DARTAB performs two calculations and tabulations of life loss per 
premature death: (1) life loss per premature death for an individual at a 
selected location and (2) life loss per premature death for a mean or 
average individual. As a compnent of PRESTO-II, these two calculations are 
identical. Table 2.4 lists units of the exposure, loss of life and risk 
mortality factors. 

Mean individual life loss/premature death estimates, Y (k), is merely 
the sum over all locations, k, of T (k) calculated using Eq. (2.65). As 
with the dose calculations, it should be noted that PRESTO-II assumes that 
the total population resides at one location, k • 1, Therefore, mean 
individual premature death values are equivalent to those for the selected 
individual. 

Readers desiring a complete discussion of the development of the dose, 
risk, or risk equivalent factors utilized by DARTAB should consult the 
DARTAB documentation report, Begovich et al. (1981), pages 5-10, or the 
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report by Dunning, Leggett, and Talcintas (1980). The latter describes the 
theory and development of the KADRISK code that generates the risk factors 
utilized by DARTAB. 

2.2.2 Estimation of Basement Dose to Resident Intruder 
The DARTAB subroutine of the PKESTO-II aodel contains algorithms to 

coapute the dose rate per unit radionuclide surface concentration to an 
individual standing on a contaminated, infinite plane. This section of 
this report describes the calculation of a factor which is used to convert 
the input to this infinite-plane coaputation so that the calculation 
coaputes a value appropriate for an individual spending part of his tiae in 
a basement. We assume in this calculation that the baseaent actually 
extends into and is surrounded by the trench contents. Fnrtheraore, ve 
assuae that aost of the individual's tiae is spent at the center of the 
basement, that the baseaent radius is three aeters, and that the radiation 
attenuation coefficient of the trench aay be approximated by that of earth, 
with attenuation coefficients taken from literature published by the 
British Standards Institute (1966). The elapsed tiae between closure of 
the waste disposal area and construction of the basement is an input 
parameter for the aodel. 

We define a conversion factor F which will be used to convert the 
radionuclide concentration in the trench surrounding the baseaent to a 
value appropriate for an input parameter to the infinite-plane calculation. 
Provided the bcsement is continuously occupied, this conversion factor is 
defined by the equation 

F = V
p (2.66) 

where 

D. /p = dose rate in baseaent per unit of radionuclide 
concentration in trench [(arad/yr)/(pCi/m )], 

D la = infinite-plane dose rate per unit of surface concen­
tration on ground [(mrad/yr)/(pCi/m )]. 

In Eq. (2.66), o represents the radionuclide concentration per unit surface 
area on the infinite plane and p represents the radionuclide concentration 
per unit volume in the trench material. If we know the value of the factor 
F, we may compute the radionuclide dose rate to an individual vithin the 
basement by using a modified form of the above equation, 

D. = -" Fp (nrad/yr) . 
D O 



47 

We may compute the basement whole-body gamma dose rate per unit of 
radionuclide concentration at a distance one meter above the baseaent floor 
by integrating the radiation flux from each volume element of the trench 
material over the trench volume v. For uniform radionuclide concentration 
and for a single photon energy, this equation is 

Db r B ( , I T r T ) " ( , ,a ra + "TrT> . (2.68) 
p^ = f v 2~~ e d v 

r r 
where 

2 C = units transformation constant [(mrad/yr)/(pCi/a )], 
B(ji_r_) = build up factor, calculated using formulas by 

Eisenhauer and Simmons (1975) for energies up to 
200 keV and Taylor's formula for energies above 
200 keV. Coefficients for the Eisenhauer and 
Siaaons equation were taken froa Eisenhauer 
and Siaaons (1975) and for Taylor's formula were 
taken froa Morgan and Turner (1967), 

r = distance from point of interest to "le^ent of volume 
of the trench dv (a), 

u = linear attenuation coefficient of air (a ), 
u_ = linear attenuation coefficient of trench (a ), 
r = distance in air from point of interest to element 

o** volume dv (a), 
r_ = distance in trench froa point of interest to element 

of volume dv (a). 

We also consider the basement to be circular, so that Eq. (2.68) 
becomes 

!b m r B(»'TrT) - ' V M ' 
pC * v(beyond floor) 2 * 

+ v(beyond wall) 1 * d v ' 

\f0 fz y 2 * d 2 d y | 

L r*+4 rE t. B (¥l' -^.VT'T* . . 1 |+ U f-s

 y 2 • d z d y l ' (2.69) 



45 

where 

R = baseaent radius (a), 
z = distance of point of interest froa floor (1 a), 
H = baseaent height (a), 
d = cat-off thickness of trench, chosen to be 10 aean 

free paths (or 10/u_). 

The first integrand refers to the section of the trench immediately below 
the baseaent floor, while the second integrand refers to the trench 
aaterial outside the walls of the baseaent. For this calculation, the 
baseaent la assuaed circular, and we have used a two-diaensional Siapson's 
rule aethod (McCoraick and Salvadori, 19(4) to numerically evaluate the 
integrals. 

Eq. (2.69) has been evaluated to deteraine values of the ratio D /pC, 
and we have found that as the assuaed baseaent radius varies froa 3-6 a, 
the coaputed value of D /pC changea by only 30% (being greater for the 
saaller baseaent radius) for radiation energies ranging froa 20 keV through 
10 MeV. We have used tabulated values of the linear attenuation 
coefficient for air (Kocher, 1979) and for earth (British Standards Inst., 
1966). 

The dose rate at a height of one a per unit surface concentration froa 
an infinite plane is given by the equation 

IP. , 1 ""a* . TL'V. , T (2.70) oX = fS "7 d S = 2 n / r * d l = U 1 ' r 1 

where 
2 

C = units transformation* constant [(arad/yr)/(pCi/a )], 
I = /?(l/r)exp(-u r)dr (diaensionless), 

-1 u * linear attenuation coefficient of air (a )> ra 
1 « height of point of interest (a). 

In this transformation, the increaental area eleaent dS is 2nXdX. where X 
2 2 is the radius projection onto the plane; and since r " X + 1, we have 

XdX * RdR. I, the value of the integral in this equation, aay be coaputed 
numerically using a polynoaial approiiaation (Gautschi and Cahill, 1964) 
for valuea of n corresponding to different values of y energies. The 
results of these calculations are summarized in Table 2.5. 
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The value of the ratio F as defined by Eq. (2.66) may be obtained for 
a given energy by dividing the results of the basement calculation by the 
results of the infinite plane calculation. Values of this ratio for 
energies between 10 keV and 10 MeV are given for a basement radius of 3.0 m 
in Table 2.5. We see that a conservative average value of F may be chosen 
to be 0.1 m. 

If we assume that the basement is occupied one-third of each day. we 
mus. multiply either the calculated dose rate or radionuclide concentration 
within the trench by one-third. We may. therefore, include the estimated 
basement exposure dose rate in the infinite plane dose-rate calculation of 
the DARTAB subroutine by multiplying the average radionuclide volume 
concentration within the trench during the basement occupancy period by 
0.1 m (the volume to the surface correction term F) and by one-third (the 
fraction of time the basement is assumed to be occupied). Thus, the true 
value of o is augmented by the quantity 0.033p to yield a value that 
corresponds to the plane dose plus the basement dose. In the PSESTO-II 
computer code, the time at which the basement is constructed is a user 
input parameter, and the average volume radionuclide concentration for that 
period between basement construction until the end of the simulation period 
is computed by the code. This incremental concentration is added to the 
computed average surface concentration if the code user has elected to 
include the basement exposure mete by appropriately selecting the value for 
IBSMT on input card 3. 

2.2.3 Handling of Daughter Products 
The PSESTO-II code does not make calculations to account for ingrowth 

of daughters of radioactive decay of materials during storage in the trench 
or during environmental transport following release from the trench. The 
RADRISK data files accessed by DARTAB do, however, include dose and risk 
factors that account for such ingrowth and subsequent exposure after 
materials have entered the human body. In cases where the daughter is 
short-lived relative to the parent, the radionuclide concentrations 
calculated for environmental media may be in error because of this 
ingrowth. 137 For example, when Cs (X, = 30 yr) is included in trench inventory, 
one can reasonably expect that BI (Ty = 2.55 min) would be in secular 
equilibrium with the parent nuclide. If % 1 3 7"Ba i, not listed as part of 
the trench inventory, than no environmental concentrations of »a will 
be calculated; therefore, external exposures will be underestimated because 
of the absence of the 0.662 MeV Ba x-rays. The internal exposures will 
include the exposure to Ba x-rays as noted above. 
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In sitnations where external exposures aay be important, and where as 
in the above exaaple, the daughter is present, the user sbonld include the 
daughter product in the initial trench inventory. In such cases, the 
daughter should be entered with the saae activity, decay coefficient, and 
environmental transport parameters as the parent. By so entering the 
daughter, the effect of secular equilibrium will be achieved throughout 
transport in the environment. The fact the Cs snd Ba probably do not have 
identical cheaical and environmental behavior will be relatively 
uniaportant because of the short progeny half-life. Entering the daughter 
in the source term in such a manner will not grossly overestimate internal 
exposures as might seem the case because the dynaaics of the daughter alone 
inside a human body tend to result in low doses. In particular, this is 
true because the DAKTAB calculation will not be affected by the decay rate 
of the daughter as indicated in the environmental transport portion of the 
PRESTO-II input data set. 
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Table 2.1 Leaching options specified by LEAOPT 
Option Leach calculation method 

1 Total contact, distribution coefficient 
2 Immersed fraction, distribution coefficient 
3 Total contact, solubility 
4 Immersed fraction, solubility 
5 Release fraction 

Table 2.2. Definition of the Pasquill atmospheric stability categories 
(Pasquill, 1961) 

Day Night 
Surface wii ad 

m) , speed (at 
wii ad 

m) , Incoming solar rad iation Thinly overcast 
m/sec 

wii 

13/8 
cloud Strong 1 Moderate Slight 24/8 low cloud 
13/8 
cloud 

<2 A A-B 
2-3 A-B B C E F 
3-5 B B-C C D E 
5-6 C C-D D D D 
>6 C D D D D 

Table 2.3 Dnits of exposure factor, E , and dose rate 
factor, DF..,, for selected individual dose rate 
calculations by DAKTAB. Table 2.4 lists similar 

factors for risk 

Pathway 
Units of factor 

E. 
ii. 

DF ML 
Ingestion 
Inhalation 
Air i; aersion 
Orouid surface-exposure 

(person-pCi)/yr 
(person-pCi)/vr 
(person-Ci)/m. 
(person-Ci)/m 

(mrad/yr)/(pCi/yr) 
(mrad/yr)/(pCi/yr) 
(mrad/yr)/(Ci/cm3) 
(Brad/yr)/(Ci/BZ) 
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Table 2.4 Units of years lost factor, YLjji, and mortality risk 
factor, RFiji, for health risk calculations by DABTAB, 
corresponding to exposure factors listed in Table 2.3 

Pathway 
Units of factor 

rc-jji* i£iil 
Ingestion 
Inhalation 
Air inversion 
Ground surface-
exposure 

yr life loss/(pCi/yr) 
yr life loss/(pCi/yr) 
yr life loss/(pCi/cm3) 

(deaths/105 person)/(pCi/yr) 
(deaths/105 person)/(pCi/yr) 
(deaths/105 person)/(pCi/ca3) 

yr life loss/(pCi/cm12) (deaths/105 person; /(pCi/cm2) 

'Tears of life lost is total years lost per cohort of 10 5 people. 

Table 2,5. Results of basement and infinite plane 
unit dose rate computations 

y energy 
MeV F (a.) 

0.05 
0.10 
0.20 
0.50 
1.0 
2.0 
4.0 
6.0 
8.0 
10.0 

0. 
0 
0 
0 
0 
0 
0, 
0 
0 
0 

015 
045 
061 
087 
087 
088 
092 
098 
099 
101 



3. CODE DESCRIPTION 

3.1 SUBROUTINE STRUCTURE, INFORMATION FLOW. AND INPUT PARAMETERS 

The PRESTO-II code is structured in a nodular form to permit siaple 
upgrading or replacement of given submodels without rewriting the entire 
code. The code is written in the FORTRAN IV language to be operated in 
batch mode on an IBM 3033 computer system. The code requires 850C bytes of 
memory to execute. Most runs will require less than 30 s of central 
processing unit time on an IBM 3033. This includes about 10 s in the GO 
step. The program requires one magnetic tape for temporary storage an 
input file (see Sect. 3.3.3). The program should be easily transport*" le 
to other IBM installations. Non-IBM users will probably havj to modify the 
NAMELIST inputs (see Sect. 3.3.2) and perhaps other program segments where 
character manipulations are used. 

The code is designed to process up to 40 nuclides for a maximum of 
1000 years. Different submodels are invoked or called in changed order for 
scenarios other than the normal scenario. Three classes of submodels are 
used in PRESTO-II: unit response submodels, scheduled event submodels, and 
bookkeeping submodels. Unit response submodels simulate processes such as 
rainwater infiltration through the intact portion of the trench cap, 
erosion of soil overburden from the trench cover, and atmospheric 
transport. Such submodels are likely accessed only once during a model run 
and generate parameters and rates used elsewhere in the simulation. 
Scheduled event submodels are those that estimate such occurrences as the 
time of trench cap failure, while bookkeeping submodels include those 
simulating water balance in the trench, and radionuclide concentration in 
the trench and aquifer outflow. Such submodels are iterated annually for 
the simulation period. Risk evaluation bookkeeping submodels accept 
exposure and ingestion values from the transport portion of the code and 
generate doses and population risks, based on a life-table approach. The 
subroutine structure of the code is shown in Fig. 3.1. 

3.2 SUBROUTINE DESCRIPTION 

Table 3.1 lists the primary subroutines used in PRESTO-II and their calling 
subprogram, along with their input and output data. Subroutine functions 
are described in the following text. 

MAIN The main calling program of PRESTO-II defines the most 
commonly used variables of the code, specifies dimension and 
common areas, and initializes variables and input control 
parameters. The input and output subroutines, SOURCE and 
OUT, are called directly by MAIN (Fig. 3.1), as are the unit 
response model subroutines AIRTRM, and ERORF. MAIN also 
calculates the vertical water velocity, retardation factors. 

53 
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Figure 3.1. PRESTO-II subroutine structure. 
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and vertical and horizontal and total transit times in 
ground water (the transfers from trench to vertical soil 
coloan to aquifer in Fig. 2.1) and the basement exposure 
correction factor (Sect. 2.2.2). 

MAIN calls bookkeeping subroutines to calculate quantities 
associated with trench water balance, trench .cap status, 
changes in land use and basement occupancy. Other 
subroutines called by MAIN compute amount of leaching from 
trench, transport of soluble surface components, atmospheric 
concentrations, and well concentrations. In addition 
aquifer volume, hypothetical radionuclide withdrawal from 
well, and material balance are calculated in MAIN. 

Risk evaluation submodels called from MAIN account for 
radionuclide conceltrations in food due to atmospheric 
deposition and wat.̂ r irrigation, radionuclide intake by man. 
These subroutines are IERIG, FOOD, HUMEX, CV, COV, IRRIGA, 
FOODA, HUMEXA, CVA, and COVA. Finally DARTAB, which creates 
tables of predicted health effects from radioactive 
effluents, is called. 

The annual simulation loop and the radionuclide loop are 
executed a selected numiber of times. During a model run, 
MAIN may access any or all of the subroutines or functions 
which are discussed below in alphabetical order. 

Average concentration values printed in the concentration 
tables are computed in the MAIN Subroutine using a summation 
calculation within the MAXYR loop (the main yearly iteration 
loop). After this loop is completed, the summed 
concentration values ire divided by the number of years 
considered in the simulation and the results '.re printed. 
Maximum concentration values are identified bj comparing 
stored concentration values to the values determined in each 
iteration of the sane yearly simulation loop. If the new 
value is greater, then it, and the corresponding year 
number, are stored for printing in the concentration tables. 

AIRTRM This subroutine is the main calling program for the 
atmospheric transport submodel. AIRTRM calculates (22.5 
degree) sector-averaged atmospheric exposures normalized to 
source strength and wind speed. AIRTRM and all its 
accompanying subroutines are adaptations of an interactive 
Gaussian plume atmospheric model, DWNWND (Fields and Miller, 
1980). AIRTRM also calculates the deposition rate onto 
surfaces per unit source strength, DEPO. To make these 
calculations, AIRTRM accesses four other subroutines, 
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SIGMAZ, DPLT, YLAG, and SIMPUN, and utilizes a number of 
user-input parameters including source height, H; lid 
height, HLID; stability class, IS; type of suitability class 
formulation, IT; Hosker roughness parameter, ROUGH; wind 
velocity, D; deposition velocity, VD; gravitational fall 
velocity, VG; and source to receptor distance, XG. The 
normalized atmospheric exposures are returned to the main 
program and are used in later dose and risk calculations. 

CAP This function calculates, and returns to both MAIN and 
TRENCH the fraction of the trench cap that h»s failed. Cap 
failure may be either partial or total. Total failure may 
be caused by erosion of all overburden as calculated by 
ERORF. Partial failure indicates that a portion of the cap 
has been completely removed; the remainder of the cap is 
still subject to erosion. Partial failure may be caused by 
user input of the end points of a linear function to 
selectively remove all overburden from a fraction of the 
trench. 

Variables used in CAP include the simulation year, NTEAR; 
the first, NYR1, and last, NTR2, years of user-specified 
failure; the corresponding user-specified percentages of cap 
failure for those years, PCT1 and PCT2; the thickness of the 
trench cap, OVER; and the rate of erosion, SOILOS, from 
subroutine ERORF. CAP calculates a linear function of cap 
loss at the user-specified rates between the times NYR1 and 
NTR2. CAP also tests the current thickness of overburden, 
OVER. If OVER is less than a small number, total cap 
failure due to erosion is assumed to have occurred. If the 
cap either has been completely exoded or the user-specified 
value of PCT2 is 100%, then CAP returns a value of 1.0 
signifying total cap failure. Otherwise, CAP returns a 
function-specified fraction between 0 and 1.0. Rates of 
infiltration are subsequently altered in MAIN and TRENCH. 

COV.COVA These functions are called respectively by subroutine IRRIG 
and IRRIGA to calculate radionuclide concentrations in 
vegetables, mi. , and meat consumed by humans that may be 
contaminated by irrigation of agricultural crops with 
contaminated water. For each nuclide, COV uses the 
agricultural productivity of vegetation, the period of 
irrigation annually, the storage delay period between 
harvest and use for pasture grass, feed, leafy vegetables 
and produce, and the radionuclide decay constant. 
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CV.CVA These functions are utilized by subroutines FOOD and FOODA 
to calculate radionuclide concentrations in pasture grass 
and stored feed consuawd by animals, and in leafy vegetables 
and produce consuaed by humans. CV is essentially the sane 
as function COV, except that CV is for atmospherically 
deposited radionuclides and COV accounts for radionuclides 
deposited during spray irrigation. For each radionuclide, 
input data include agricultural productivity, fraction of 
the year vegetation is exposed to depositing radionuclides, 
and the delay time between harvest and consumption for 
stored feed, pasture grass, leafy vegetables, and produce. 

DARTAB In the original form, DARTAfi is a stand-alone program which 
combines radionuclide environmental exposure data with 
dosimetric and health effects data to create tables of 
predicted impacts of radioactive effluents. This program 
has eleven subroutines and contains over 3000 FORTRAN sonrce 
statements. DARTAB subroutines are RDSTOR, FACODT, CHLOC, 
PREPDR, PREPRF, PREPBR, MULT, DRTAB, ORGFAC, SUMMRY, and 
SUMM22; these are not discussed specifically in this report. 
Readers interested in these methodologies should consult the 
document describing the code (Begovich et al., 1981). 
DARTAB has been modified slightly so that its original main 
program is treated as a subroutine. Environmental exposure 
data are now passed in COMMON from MAIN to DARTAB's 
subroutines. 

DARTAB makes use of dosimetric and health effects data from 
the methodologies of RADRISE (Dunning, Leggett, and 
Yalcintas, 1980). RADRISK is a life-table approach to 
calculating the human health risk to a cohort of 10 people 
from a constant input of 1 pCi/year (0.037 Bq/year) via 
ingestion and inhalation for a lifetime (70.7 years). 

These intake conditions are approximated in PRESTO-II by 
calculating an average intake over the span of the 
assessment for each type of intake. RADRISK data files are 
accessed directly by DARTAB. 

DPLT Subroutine DPLT, called by AIRTRM, computes a correction 
factor for plume depletion. To makes this calculation, DPLT 
calls both subroutines SIGMAZ and SIMPUN. 

ER0RF This subroutine uses the universal soil loss equation, USLE, 
developed by the U.S. Department of Agriculture (USDA, 1961) 
to determine sediment loading for rain-driven surface 
erosion. Estimation methods and tabulations for factors 
used in USLE have been published by McElroy et al. (1976). 
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IRRIG,IRRIGA Foods may be irrigited with contaminated water from either 

surface or ground-water sources. Input to IRRIG, which is 
called only once per simulation, includes the time-averaged 
radionuclide concentrations in well or surface water 
calculated by VERHOR or subroutine SURSOL, respectively. 
IRRIG calls function COV and uses the equations taken from 
AIRDOS-EPA (Moore et al., 1979) to calculate the time-
averaged concentration of each radionuclide fron direct 
deposition by irrigation and subsequent root uptake in 
foodcrops. Subroutine IRRIGA is called froa MAIN each 
simulation year. 

LEACH Subroutine LEACH calculates the amount of each radionuclide 
from the homogeneous trench contents that leaves the trench 
each year. Losses may be via transport through the trench 
bottom or by overflow of the trench. There are five 
independent user-selected methods that may be used to 
calculate these amounts: the option is chosen by specifying 
a value from 1-5 for parameter LEAOPT. Table 2.2 lists the 
calculational methods corresponding to values of LEAOPT. 
The total-contact options, 1 and 3, assume that all of the 
trench contents have been contacted by water during the 
previous year. The imaersed-fraction options, 2 and 4, 
assume that the wetted fraction of the waste equals the 
ratio of maximum water level to the trench depth. The 
distribution coefficient options, 1 and 2, utilize a k. 
approach to calculate radionuclide concentration in the 
water, while options 3 and 4 use a solubility estimate 
rather than k.. If the user specifies LEAOPT = 5, then a 
user-provided fraction of the total waste is lost through 
the trench bottom annually. 

Output from LEACH is the activity leaving the trench 
annually for each radionuclide through the bottom of the 
trench and by overflowing. 

OUT This subroutine outputs an annual summary of the trench cap 
status, trench water balance, amount of water leaving 
trench, and radionuclide content in trench water, trench 
overflow water, aquifer, well water, and on the ground 
surface. The user may choose to print this summary for 
every year or less frequently by specifying the appropriate 
vtlues of IPRT1, IPRT2, and IDELT in the input data deck. 

SIGMAZ This subroutine is called by both AIRTRM and DPi,T to compute 
the vertical dispersion parameter, SIGZ. Depending on the 
choice of value given to parameter IT in the input data set, 
SIGMAZ will calculate SIGZ by one of oight schemes, shown in 
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Table 3.1. Necessary inpnt data include the downwind 
distance, IG, stability class, IS, Hosker roughness 
parameter, ROUGH, and lid height, HLID. Other data 
necessary for Lagrangian interpolations (by function YLAG) 
are contained internally in SIGMAZ and need not be input by 
the user. 

SIMPDN This subroutine, originally written by Barish (1970), uses 
Simpson's rule to integrate along the ground level center-
line of the atmospheric plume to compute the depletion 
fraction. All input to SIMPDN is supplied by DPLT, the 
subroutine that calls SIMPUN and to which the results are 
returned. 

SOURCE Subroutine SOURCE performs most of the necessary inputs of 
information to initialize and quantify transport parameters, 
except that required for Subroutine INFIL. Data concerning 
program control, climatic description, trench description 
aquifer description, atmospheric description, site-surface 
description, and radionuclide description are read in by 
SOURCE from unit 5, stored on unit 26 and reread. SOURCE 
also prints out these data before any calculated results are 
output. 

SURSOL Subroutine SURSOL computes the amount of soluble radio­
nuclide that enters the stream annually. Input variables to 
SURSOL include the average depth of active exchange in the 
soil, ADEPTS; the average downsiope distance to the stream, 
PD; the cross elope extent of the spillage, EXTENT; the 
average annual infiltration, XINFL; the bulk density of 
soil, BDENS; the wet density of soil, DYET; and amount of 
spillage, SOAM; and the surface soil distribution 
coefficient, XKD. Variables output from SURSOL include 
SSTREM, SDEEP, and CY, the amounts of radionuclide going to 
the stream and the trench, and the radionuclide concen­
tration in water, respectively. 

SCSPND This subroutine calculates the above trench atmospheric 
source term from the ground surface by two methods, a time-
dependent resuspension factor and a resuspension rate due to 
mechanical disturbances. Input variables include the 
current year of simulation and radionuclide. 
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the spatial area of the contaminated surface, SAREA; the 
radionuclide concentration on the ground surface, GNDCON; 
the beginning and ending years of mechanical disturbances, 
ISRES1 and IBRES2; the resuspension rate, BR; and the wind 
velocity, U. SUSPND assumes that all radionuclides to be 
resuspendcd were deposited on the soil surface at simulation 
time zero. Material may be added to the atmospheric source 
term through two methods: resuspension by wind from surface 
soil. TS01, and resuspension by mechanical disturbance, 
YS02. The resuspension factor calculated uses the empirical 
equation of Anspaugh et al. (1975). 

The atmospheric source term, ISO (referred to previously as 
algebraic variable Q), is returned to MAIN and is used along 
with E/Q to calculate the air concentration of each 
radionuclide available for deposition onto fooojtuffs and 
for inhalation by the general population. The value of E/Q 
is calculated by AIRTRM. 

TRENCH Subroutine TRENCH determines the trench water balance. 
Input variables include trench dimensions, porosity and 
permeability of trench contents, trench water volume from 
the previous year, length of the saturated zone, annual 
precipitation and infiltration, and the current year of the 
simulation. Output from TRENCH includes the maximum depth 
of water in the trench, the volume of water in the trench, 
volume of water overflowing the trench, and vater volume 
lost from the bottom of the trench. 

The overflowing amount of water, VOLO, is calculated by 
comparing the maximum water depth to the trench depth and 
overflowing any amount greater than trench volume. The 
variables VOLO, VOLB, OLDWAT, and DKAX that quantify 
overflow, bottom loss, water level during the previous year, 
and maximum water depth in trench, respectively, are used by 
the subroutine LEACH, discussed previously. 

VERHOR This subroutine calculates and decays the amount of each 
radionuclide, -*QAM, that reaches the irrigation/drinking 
water well in a given year. Variables evaluated elsewhere 
in the code and input to VERHOR include the current year of 
the simulation, NYEAR; transit time from the trench to the 
well, ITIME; the volume of water leaving the trench bottom, 
VOLB; the amount of each radionuclide leaving the bottom of 
the trench, POLB; and the ridioactive decay constant, DECAY. 
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YLAG This function performs a Lagrangian interpolation of the 
SI6Z block data and is called by subroutine SIGKAZ. The 
original program was written by Brooks and Long (1970) and 
adapted for use here. All input data are supplied by 
SIGMAZ. 

3.3 USER INPUT TO PRESTO-II 

There are basically three types of data that are needed to execute 
PRESTO-II. They are: (1) site-specific and radionuclide data used in 
transport section of the code for calculating concentrations, (2) data used 
specifically by DAKTAB and submitted for creating tabular output, and 
(3) dosimetric and health effects data (created by RADRISE) also used by 
the DAKTAB submodel. Preparation of data will be explained in the 
following sections. 

3.3.1 Site Specific Data 
Site specific environmental and nuclide data have been compiled for 

each of three sites (Barnwell, Beatty, and West Valley). An appendix is 
included in this report for each of the three sites, to support the data in 
this section. 

Soae of the data for each site were readily available, and others were 
estimated from other sites. Easily available data include site location 
(latitude and longitude), precipitation amount, monthly mean temperatures, 
soil porosity, soil bulk density, depth of aquifer, trench dimensions, 
depth of overburden, location and flow of surface water bodies and wells, 
topography, average meteorology, location of population centers, etc. Data 
about which considerable uncertainty still exists include ground-water flow 
velocity both vertically and horizontally, element-specific retardation as 
a function of the distribution coefficients (k.) and the activity inventory 
by nuclide of each site. Estimates of the aquifer flow velocity are 
available froa USGS investigations or other sources such as site operators 
(Chem-Nuclear Systems, Inc., 1980; Giardina et al., 1977; Clebsch, 1968). 
The effects of these and other uncertainties aay be evaluated at a later 
date. 

A recent survey of k. values for agricultural soils (Baes and Sharp, 
1983) was the priaary source of distribution coefficient data. The 
activity inventory of the sites aay be the least accessible of any of the 
necessary data. For the Barnwell facility, incoaing radionuclide activity 
has been listed on a computerized data base. These data are probably the 
aost reliable of the three sites, but are also proprietary until published 
is the open literature. The fest Valley facility radionuclide inventory 
was described by EPA in 1977 (Giardina et al., 1977). However, the 
inventory was described without reference to specific radionuclides in aost 
cases. Virtually no dkta on activity inventory exist for the Beatty site} 
inventory input for that site were estiaated by aerging the inventories 
froa other facilities. 
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The necessary data for the food chain, human exposure, dose, and risk 
portions of PKESTO-II are generally generic in nature. Transfer coeffi­
cients for crops, seat, and milk, and hnaan ingestion and inhalation rates 
are taken froa AIRDOS-EPA (Moore et al, 1979) or other assessment 
literature (Baes et al., 1982). Site-specific food chain data include the 
productivity of pasture grass and produce, the irrigation rates, and the 
aaount of land irrigated. 

Table 3.2 is a description of the site specific input data format. 
Values of the listed variables for the Barnwell, Beatty, and feat Valley 
sites, respectively, in the described format are included in the input 
listing in Appendices C-E. The site specific data is read froa logical 
unit numbers four and five (see Appendix B). The site-specific input data 
are described in Tables 3.3, 3.4, 3.5, and 3.6. 

3.3.2 Input for DA1TAB Subroutine 
This input provides the user options for processing the exposure data, 

dosiaetric data, and tabulations of output. The first data card is a title 
card. The remaining deta are read using the IBM FORTRAN NAHELIST format. 
The data must be in a special form in order to be read with NAMELIST. The 
data is grouped in NAMELIST groups. (The first character in each data 
record to be read must be a blank and the first record of each group must 
have an f as its second character followed by the NAMELIST group name.) 
The name cannot contain embedded blanks and must be followed by a comma. 
The data items follow, separated by commas. The data items are of the 
form: 

variable name = constant or 
array name = constant, separated by commas. 

The order of data items in a NAMELIST group is not important, but arrays 
that refer to nuclides should have the constants in the same order as data 
for Sect. 3.3.1. The end of a NAMELIST group is designated by fEND. An 
example of this type of input can be seen in Appendix C. Table 3.7 lists 
the NAMELIST group names and the variables in each group. 

The data described in this section are read from logical unit number 5 
and must follow directly after the data of Sect. 3.3.1. 

The remainder of this section will describe pertinent values of the 
variables utilized by DARTAB, as listed in Table 3.7 and 3.8. The 
rationale for each value and alternative values may be discussed briefly. 

Namelist INPUT: JLOC, JLOC. These are the direction indices of the 
exposure array that is used to locate an individual for 
which a dose or risk table is printed. AIRDOS-EPA, the 
code for which DARTAB was originally written, supplied a 
two-dimensional exposure array to DARTAB. PRESTO-II, 
however, supplies only a mean exposure value for each of 
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air concentration, ground surface concentration, 
collective inhalation rate and collective ingestion 
rate, for only one location. These values are the first 
entry of the array; hence, both indices should be 
specified as 1. 

PLOC. This variabl t an indirect indicator of 
location. Because Pfc .STO-II does not provide a two-
diaensional exposure array to DARTAB, FLOC should be set 
to 100 or oaitted. 

AGEX. Current mean life expectancy, weighted for sex 
ratio is 70.7. Later census data stay change this value. 

ILEX. For LLY disposal site simulations with a mixture 
of nuclides. ILET should be set to 1,1 meaning a 
combined LET table for both dose and risk tables. For 
the intrusion scenario, where external exposures are of 
greater importance, the user may wish to set ILET 
to 2,2. 

DTABLE, STABLE, FTABLE. These variables, each 
dimensioned by seven, indicate which type of detailed 
dose, risk and risk equivalent table, respectively, will 
be printed. The type of table printed for each position 
in the variable array is shown in Table 3.9. A zero 
entered for a given array position indicates that no 
table of that type will be printed. A value of one will 
lead to a table for the "selected individual." A value 
of two will yield tables for the mean individual. 
Specifying three will create tables for the collective 
population, while a four will give tables for the 
"selected individual," the mean individual and the 
population. Individual and Tabulation options are 
summarized in Table 3.9. 

Because PRESTO-II considers each individual in the 
population to be a mean individual, the tables of 
selected individual and mean individual will be 
identical. Users wishing to consider only population 
impacts should specify 3 rather than 4 for each desired 
table type. 

OUTPUT. If specified .TRUE., then NONCLD pages, one per 
radionuclide will be output to list the dose rate 
factors. These are probably Lot desired for every run. 
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GSCFAC. Except where extenuating sitnations exist in 
given site-specific applications, we suggest using a 
value of 1.0. 

Namelist ORGAN: NORGN, ORGN. Table 3.8 lists a value of 18 to 
correspond to the names shown there. In all likelihood, 
users may not wish to see all of these dose rates and 
therefore should reduce both NORGN and ORGN. 

TIME. We have chosen a 70-year dose commitment for each 
organ dose. If NORGN is changed, the nunber of values 
specified by TIME Bust also be changed. 

Namelist QFACTOR: HLET, LLET. We suggest using the default values of 20 
and 1 for high and low linear energy transfer (LET) 
relative biological effectiveness factors, respectively. 
Each of these variables is an array NORGN values long. 

Namelist CANCER: NCANC, CANC. Table 3.8 lists the 18 cancers we 
recoiunend for inclusion. 

RELABS. We suggest using the absolute risk model and 
therefore specify RELABS = 1 for each cancer. 

Namelist GENTIC: GENEFF. Genetic effects will be output if GENEFF = 
.TRUE, and will not be output if .FALSE. 

NGEN, GEN. In Table 3.8 we suggest three organs to be 
considered for genetic effects. These include testes, 
ovaries, and the average of the two. 

GRFAC. As specified by Begovich et al. (1981), we 
suggest a low-LET risk conversion factor of 200 and a 
high-LET risk conversion factor of 20,000. 

REPPER. fe use the DARTAB defanlt population 
replacement rate of 0.014133 yr 

GLLET, GHLET. The low- and high-LET relative biological 
effect factors for genetic doses; set the same as LLET 
and HLET, 1 and 20, respectively. 

Namelist RNUCLD: NONCLD. This number must be equivalent to he same 
variable in transport portion of code. Card 3, but 
always less than or equal to 40. 
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NUCLID. Alphanumeric names of the NONfLD radionnclides. 
Must be written without imbedded blanks as shown in 
Table 3.5 of 3.10. Must be listed here in same order as 
in transport section of input, cards 26+. 

PSIZE. As used by Begovich et al. (1981), we suggest 
using 1.0 urn for each radionuclide except gases. This 
will ensure deposition in the lung. 

RESP. A respiratory clearance class, either day C D ' ) , 
week ('¥*)» year CY'), gas ('*'), or not used (' ') 
must be entered for each nuclide in the form expected in 
the trench. Values for most likely nuclides may be 
found in Table 3.10. More extensive lists are given in 
Sullivan et al. (1981) and Eckerman, Ford, and Watson 
(1981). 

GIABS. The absorption factor for each of the four 
segments of the GI tract for each nuclide must be 
entered. The DARTAB code expects to read a value for 
each segment (stomach, small intestine, npper large 
intestine and lower large intestine). However, most 
existing metabolic models assume that only in the small 
intestine are materials absorbed (Sullivan et al., 1981; 
Eckerman, Ford, and Watson, 1981); therefore, the input 
zero values for all GD sections except the small 
intestine (Table 3.10). 

Namelist LOCTAB: NTLOC. Since PRESTO-II does not provide a location 
array of environmental concentrations to DARTAB, NTLOC 
must be set to zero. 

RNLOC. We suggest setting this value to SUM rather than 
printing numerous radionuclide tables. Certain 
applications may require output on individual nuclides. 

OGLOC. Again, we suggest printing the summation of all 
cancers. Note that this will have a greater effect if 
the number of cancers is larger than if listed as whole 
body only. 

PTLOC. This variable specifies the pathway to use in 
printing the location table. Values of l-n will result 
in ingestion, inhalation, air immersion, ground surface 
exposures, internal exposures (sun of ingestion and 
inhalation), external exposures (sum of sir immersion 
and ground surface exposures), and total, respectively. 
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FALOC. Similar to variable ILET. A combined table will 
be printed if 2 is specified. 

HLLOC. Should be set equivalent to FALOC. 

LTABLE. For the data set listed in Table 3.8, we 
suggest printing values for the collective group. 
Calculations under certain scenarios (i.e., intrusion, 
farming) may dictate setting LTABLE = 1. 

Naaelist ORGANF: The International Commission on Radiological Protection 
has recently suggested use of the risk equivalent which 
is a stochastic weighting of radiosensitivity of various 
organs in the body from exposure to whole body 
radiation. This naaelist includes these organ dose 
weighting factors for 18 organs (NORGB = 18). Names and 
weighting factors of the organs are listed in 
Table 3.10. We suggest specifying IPATH = 5 for all 
18 organs. Further, we suggest above that FTABLE, the 
detailed results of risk equivalent calculations, not be 
printed. 

3.3.3 Input for EVAPO Snbrontine 
Input data required for subroutine EVAPO consists of average yearly 

site precipitation, average barometric pressure, average irrigation rate, 
site latitude, and monthly values of mean ambient temperature, mean 
dewpoint temperature, and mean ratio of observed to maximum solar input. 

If, and only if, input parameters IVAP input card 4 has a value of 4, 
the code user must include hourly precipitation data for days when 
precipitation occurred. Data are listed in units of 0.1 mm/h, one day per 
card. If no measurable precipitation fell on a given date, it is not 
included in the data list. (The first day of each month is listed whether 
or not it rained then.) Values in Tables C.8, D.5, and E.5 are 1978 values 
for Augusta, Georgia; Beatty, Nevada; and Salamanca, New Tork, 
respectively, as supplied by the National Climatic Data Center, Asheville, 
North Carolina, sites relatively nearby the three considered LLW disposal 
areas. 

These data are as described in Tables 3.2 and 3.3, while parameter 
values are given in Tables 3.4 and 3.12 and in Appendices D, E, and F. 

3.3.4 Dosimetric and Health Effects Data 
This data set is read in an unformatted form from logical unit 

number 25 (see job control language. Appendix B). This data file is on a 
magnetic tape which contains information about many radionuclides. This 
data was created by executing RADRISK (Dunning, Leggett, and Yalcintas, 
1980). This data file should be sufficient to meet most users' needs. For 
a further description see the DARTAB user's guide (Begovich et al., 1981) 
and the RADRISK documentation. 
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Table 3.1. Interactions between najor PRESTO-II subroutines 

Subroutine 
nane Called by Input Output 

AIRTRM MAIN Atmospheric 
parameters 

Deposition rate; 
atmospheric dispersion 
coefficient 

DARTAB MAIN Air concentrations, 
human intake by 
inhalation and 
ingestion, population 
size 

Health risks, 
radiological doses 

DPLT AIRTRM Atmospheric parameters; 
vertical dispersion 
coefficient 

Plume depletion 
coefficient 

ERORF MAIN Erosion parameters Erosion rate 

FOOD MAIN Food chain Concentrations in 
FOODA parameters. meat, milk. 

atmospheric 
concentration 

and produce 

EVAPO MAIN Site environmental Watershed 
data infiltration 

HUMEX 
HUMEXA 

IRRIG 
IRRIGA 

MAIN Concentrations in 
meat, milk, water, 
produce, and air 

MAIN Food chain 
parameters, 
concentrations 
in water 

Human intake 
by inhalation 
and ingestion 

Concentrations in 
meat, milk, 
and produce 

LEACH MAIN Trench and waste 
characteristics; 
water overflowing 
or percolating 

Activity overflowing, 
activity percolating 

OUT MAIN Prints annual summaries 
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Table 3.1 (continued) 

Subroutine 
name Called by Input 

SIGNAZ AIRTRN Dispersion scheme 
DPLT choice; other 

atmospheric parameters 

SIMPUN DPLT Control parameters 

SOURCE MAIN Reads site data 

SURSOL MAIN Surface characteristics, 
distributions 
coefficient 

Output 

SUSPND 

TRENCB 

VERBOR 

MAIN Trench characteristics, 
surface characteristics, 
suspension factors 

MAIN Trench dimension, 
characteristics, 
annual infiltration 

MAIN Aquifer characteristics, 
dispersion correction 
integral 

Vertical dispersion 
coefficient 

Simpson's rule integral 

Returns site data 
to rest of code 

Concentrations in 
stream, surface soil, 
added to aquifer 

Atmospheric source 
term, air concentration 
above trench 

Water depth in trench, 
volume overflowing 
and leaving bottom 

Activity in well 
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Table 3 . 2 . FRESTO-II environmental and nucl ide input data format 

Card 
number Format 

Variables 

Name Meaning 

1 
2 

20A4 
20A4 

1515 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

315 
15 
15 
15 

8F10.0 
F10.0 PCTl 
F1C.0 PCT2 
F10.0 W*TL 

F 1 0 . 0 WATA 

F10.0 

F10.0 

F10.0 SATA 

F10.0 SATH 

TITLE 
LOCATE Burial s i t e information 

Code Control Data 1 

MAXTR Length of s imulat ion (yr) 
NONCLD N v b e r of rad ionuc l ides 
LEAOPT Leaching o p t i o n 
NYR1 F i r s t year of cap f a i l u r e func t ion 
NYR2 Last •*_ ear of cap f a i l u r e func t ion 
IOPVW V e r t i c a l water v e l o c i t y opt ion 
IOPSAT Saturat ion opt ion 
IPRT1 Yearly pr int out beginning (yr) 
IPRT2 Yearly pr int out ending (yr) 
IDELT Print annual summary each IDELT years 
IRRESl Mechanical suspension beginning year 
IRRES2 Mechanical suspension ending year 
LIND Populat ion indicator 
IAVG1 F i r s t year of averaging window 
IAVG2 Last year of averaging window 

Code Control Data 2 

IVAP Trench cap i n f i l t r a t i o n switch 
IBSMT Basement c a l c u l a t i o n beginning year 
IAQSTR Aquifer tc stream switch 

Cap I n t e g r i t y and Water Use Data 

Fract ion of cap f a i l u r e at year NYR1 
Fract ion of cap f a i l u r e at year NYR2 
Fract ional we l l water use for land ( 1 . 0 i f 
a l l land water comes from w e l l , 0 . 0 i f none) 
Fract ional we l l water use for animals 
(1 .0 i f a l l water comes from w e l l , 
0 .0 i f none) 
Fract ional we l l water used by humans ( 1 . 0 i f 
a l l human water used from w e l l , 0 . 0 i f none) 
Fract ional surface water use for land 
(1 .0 i f a l l land water comes from surface , 
0 .0 i f none) 
Fractional surface water use for animals 
(1.0 if all animal water comes from 
surface, 0.0 if none) 
Fractional surface water use by humans 
(1.0 if ai' human water used comes from 
surface, 0.0 if none) 

WATH 

SATL 
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Table 3 . 2 . (continued) 

Card 
number Format 

Variables 

Name Meaning 

6 4F10.0 
FIO.O PEN 
FIO.O P 
FIO.O XIRR 
FIO.O PHID 

7-8 12F10.0 S(I ) 

9-10 12F10.0 T(I ) 

11-12 12F10.0 TD(I) 

13 

14 

15 

16 

8F10.0 
FIO.O TAREA 
FIO.O TEEPTH 
FIO.O OVER 
FIO.O PORT 
FIO.O DEN CON 
FIO.O RELFAC 
FIO.O FN 

FIO.O XINFL 
FIO.O PERMC 

8F10.0 
FIO.O DTRAQ 
FIO.O DWELL 
FIO.O GWV 
FIO.O AQTHK 
FIO.O AQDfSP 
FIO.O PORA 
FIO.O PORV 
FIO.O PERMV 

7F10.0 
FIO.O H 
FIO.O VG 
FIO.O U 
FIO.O VD 
FIO.O XG 
FIO.O HLID 
F1C.0 ROUGH 

Evapotranspirat ion Data 

Average p r e c i p i t a t i o n (m/yr) 
Average barometric pressure (mbar) 
I r r i g a t i o n (m/yr) 
S i t e Latitude (degrees) 
Rat io of observed to maximum sunshine 
twelve monthly values (Jan . -Dec . ) 
Average ambient temperature (°C) 
twelve monthly values ( Jan . - D ec . ) 
Average dewpoint temperature (°C) 
twelve monthly values (Jan . -Dec . ) 

Trench Data 

Trench area (m 2) 
Trench depth (m) 
Cap th ickness (m) 
Trench poros i ty 
Density of waste m a t e r i a l s (g/cm ) 
Annual a c t i v i t y re lease f r a c t i o n 
Rat io of trench cap to watershed 
i n f i l t r a t i o n 
Non-trench annual i n f i l t r a t i o n rate (m/yr) 
Trench permeabi l i ty (m/yr) 

Aquifer Data 

Trench to aquifer de^th (m) 
Trench to wel l d i s tance (m) 
Groundwater v e l o c i t y (m/yr) 
Aquifer th ickness (m) 
Aquifer d i spers ion angle (radians) 
Aquifer poros i ty 
Subtrench poros i ty 
Subtrench permeabi l i ty (m/yr) 

Atmospheric Data 1. 

Atmospheric source he ight (m) 
Grav i ta t iona l f a l l v e l o c i t y (m/s) 
Mean wind speed (m/s) 
Depos i t ion v e l o c i t y (m/s) 
Source- to -receptor distance (m) 
Atmospheric l i d he ight (m) 
Hosker roughness factor (in) 
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Table 3 . 2 . (cont inued) 

Card 
nunber Format 

Var iab les 

Name Meaning 

17 7F10.0 
FlO.O 

FlO.O 

FlO.O 

FlO.O 

FlO.O 

FlO.O 
FlO.O 

FTfTND 

CHIQ 

RE1 

RE2 

RE3 

RR 
FTMECH 

A t m o s p h e r i c Data 2 

Fract ion of time wind blows toward 
populat ion 
U s e r - s p e c i f i e d E/Q for impacted 
populat ion 
Beginning c o e f f i c i e n t in resuspens ion 
equat ion 
Decay factor in resuspens ion 
equat ion 
Final c o e f f i c i e n t i n resuspens ion 
equat ion. Values of RE1, RE2, and RE3 must 
include both the a lgebra i c s i g n and the 
magnitude. 
Resuspension rate ( s ) 
Fract ion of year mechanical disturbance 
occurs 

18 

19 

20 

21 2F10.0 
FJO.O 
FlO.O 

Atmospheric Data 3. 

Type of s t a b i l i t y c l a s s formulat ion 
S t a b i l i t y c l a s s 

Universal S o i l Loss Equation Factors 

215 
15 IT 
15 IS 

Universal 

6F10.0 
FlO.O RAINF 
FlO.O ERODF 
FlO.O STFLND 
FlO.O COVER 

Rain f a l l factor 
Erodab i l i t y factor 
Slope s t e e p n e s s - l e n g t h f a c t o r 
Cover fac tor 

FlO.O CONTRL Erosion control factor 
FlO.O SEDELR Sediment d e l i v e r y fac tor 

Surface So i l Data 1 

Soi l poros i ty ( u n i t i e s * ) . 
5F10.0 

FlO.O PORS 
FlO.O BDENS 
FlO.O STFLOW 
FlO.O EXTENT 
FlO.O ADEPTH 

Soi l bulk dens i ty (am/cm ) 
Strewn flow rate (ar /yr ) 
Cross slope extent of s p i l l a g e (m) 
Depth of s o i l a c t i v e region for so luble 
contamination (m) 

Surface Soi l Data 2, 

PD Average downslope dis t» 
RUNOFF Fract ion of p r e c i p i t a t 

ream (m) 
ins off 
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Table 3 . 2 . (cont inued) 

Card 
number 

22 

23 

24 

Variab les 
Format 

Name Meaning 

6F10.0 
FIO.O Yl 
FIO.O Y2 
FIO.O PP 
FIO.O XAMBWE 
FIO.O T£l 

Air-Foodchain Data 1_ 

Produc t iv i ty for grass (kg/m 2 yr) 
Product iv i ty for v e g e t a t i o n (kg /m 2 yr) 
Surface dens i ty for s o i l (kg/m ) 
Weathering decay constant (h ) 
Period pasture grass exposed during 
growing season (h) 

FIO.O TE2 Period crops /veg . exposed during 
growing season (h) 

Air-Foodchain Data 2 

Period between harvest of pasture and 
i n g e s t i o n by animal (h) 
Period between storage of feed and 
i n g e s t i o n by animal (h) 
Period between harvest of leafy 
v e g e t a t i o n and i n g e s t i o n by man (h) 
Period between harvest of produce and 
i n g e s t i o n by man (h) 
Period between harvest of leafy 
v e g e t a b l e s and i n g e s t i o n by man for 
general populat ion exposure (h) 

FIO.O TH6 Period between harvest of produce 
and i n g e s t i o n by man for general 
populat ion exposure (h) 

FIO.O FP Fract ion of year that animals graze on 
pasture 

FIO.O FS Fract ion of d a i l y feed that i s fresh 
grass , while animals are on pasture 

Air-Foodchain Data 3. 

Amount of feed consumed da i ly by c a t t l e (kg) 
Amount of feed consumed da i ly by goats (kg) 
Transport time f e e d - m i l l - r e c e p t o r for 
maximum individual exposure (h) 
Transport time f e e d - m i l l - r e c e p t o r for 
general populat ion exposure (h) 
Time from s laughter of meat to 
consumption (h) 
Absolute humidity of the atmosphere (g/m ) 
Fract ional equi l ibrium r a t i o for C-14 

8F10.0 
FIO.O TH1 

FIO.O TH2 

FIO.O TH3 

FIO.O TH4 

FIO.O TH5 

7F10.0 
FIO.O QFC 
FIO.O QFG 
FIO.O TF1 

FIO.O TF2 

FIO.O TS 

FIO.O ABSH 
FIO.O P14 
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Table 3 . 2 . ( cont inued) 

Card 
number 

Format 
Var iab le s 

Name Meaning 

25 

26 

27 

5F10.0 
F10.0 FI 
F10.0 VHtATE 
F10.0 QCV 
F10.0 QGW 
F10.0 QBW 

8F10 
F10, 
F10, 
FIO, 
FIO, 
FIO, 
FIO 
FIO, 
FIO, 

A8.2X. 
6F1O.0 

A8,2X 
F10.0 

F10.0 

F10.0 

F10.0 

F10.0 
F10.0 

la ter -Foodcha in Data 

Fract ion of y e a r crops are i r r i g a t e d 
I r r i g a t i o n ra te (L/m - h ) 
Amount of water consumed by cows (L/d) 
Amount of water consumed by goats (L/d) 
Amount of water consumed by beef 
c a t t l e (L/d) 

Human Intake Data 

ULEAFY Leafy v e g e t a t i o n (kg/yr) 
UPROD Produce (kg /yr ) 
UOCILK Cow m i l k ( L / y r ) 
UGMILK Goat milk (L/yr) 
UMEAT Heat (kg /yr ) 
UWAT Drinking water (L/yr) 
UAIR Inha la t ion rate (m^/yr) 
POP Populat ion 

Radionuclide Inventory Data 

NUCLID(I) 
TRAM(I) 

SOAM(I) 

STAN(I) 

ATAM(I) 

DECAY(I) 
SCL(I) 

Radionuclide name 
Amount of NUCLID(I) in trench 
at t 0 (Ci) 
Amount of s p i l l a g e on surface 
at t 0 (Ci) 
Amount of radionucl ide in stream 
at t = 0 (Ci) 
Amount of radionucl ide in a i r 
above trench at t = 0 (Ci) 
Decay constant (yr 
S o l u b i l i t y (g/mL) 

) 
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Table 3 . 2 . (cont inued) 

C a r d c 
Format 

number 

Variables 

Name Meaning 

Chemical Exchange (k . ) Data 

28 A8.2X, 
4F10.0 

A8.2X NU(LID(I) Radionuclide name 
F10.0 XKD(l.I) Surface k d (mL/g) 
F10.0 XKD(2,I) Trench k, (mL/g) 
F10.0 XKD(3,I) Subtrench v e r t i c a l zone k. (mL/g) 
F10.0 XKD(4,I) Aquifer k f l (mL/g) 

Rad ionuc l ide -Spec i f i c Foodchain Data 

29 A8,2X, 
9F10.0 

A8,2X NUCLID(I) Radionuclide name 
F10.0 RA(I) Retent ion f r a c t i o n for a i r 
F10.0 RW(I) Retent ion f r a c t i o n for i r r i g a t i o n 
F10.0 BV(1) S o i l - t o - p l a n t uptake fac tor for 

v e g e t a t i v e parts 
F10.0 BR(I) S o i l - t o - p l a n t uptake fac tor for 

reproduct ive parts (grain) 
F10.0 FMC(I) Forage-to-mi lk transfer fac tor for 

cows 
F10.0 FMG(I) Forage-to-mUk transfer fac tor for 

goat s 
F10.0 FF(I) Forage-to-beef transfer fac tor 

30,33+ — same as card 27 for subsequent radionuc l ides -
31,34+ — same as card 28 for subsequ-ct radionucl ides -
32,35+ — same as card 29 for subsequent radionucl ides — 

Optional Hourly P r e c i p i t a t i o n Data 

2 ( 1 2 . I X ) , 
24F3.0) 

12 MO Month cf r a i n f a l l event 
12 IDA Day of r a i n f a l l event 

24F3.0 HP Hourly p r e c i p i t a t i o n va lues for MO 
and IDA ( tenths of mm) (one data card 
for each day haviug measurable 
p r e c i p i t a t i o n ) ( l a s t card must have 
" 9 9 " in f i r s t two columns) 
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Table 3.3. Description of site-specific inpnt data 

CARD 1 TITLE. Identifies the run; May be up to 80 characters in 
length. 

CARD 2 LOCATE. Lists the location of the disposal site; up to 80 
characters in length. 

CARD 3 Code Control Data 1. 
MAXYR. The number of years for which the sisolation will 
run. 
NONCLD. The nuaber of radionuclides which are used in the 
siaulat' "i Bust be 40 or less. 
LEAOPT. The leaching option. Radionuclides will be 
reaoved fro* trench in different Banners depending on the 
value of LEAOPT. Must be 1-5. 
NYR1, NYR2. Beginning and ending years of cap failure 
function (see description of function CAP in Sect. 3.2). 
Both values must be less than or equal to MAXYR. NTR2 Bust 
be greater than or equal to NYR1. 
IOPVWV. Option for calculation of the vertical water 
velocity (VWV) beiow the trench. If IOPVW ^ 1 then VWV 
equals infiltration rate divided by soil porosity. If 
IOPVWV ^ 1 then VTV equals the peiaeability. 
IOPSAT. Option to control length of saturated flow (ZLSAT) 
below trench. If IOPSAT = 1 then XLSAT equals quotient of 
infiltration and porosity. If IOPSAT t 1 then the 
saturated length is set to the vertical distance from 
trench bottom to aquifer. 
IPRT1,IPRT2,IDELT. Variables to control beginning year of 
annual summary, ending year, and the tine step between 
printing, xespectively. An annual suaaary will be printed 
for each year between years IPRTl and IPRT2 into which 
IDELT divides evenly. 
IRRES1,IRRES2. Beginning and ending year of aechanical 
suspension of contaminated soil into ataosphere. Used for 
faraing scenario, 
LIND. If LIND = 0, then PRESTO-II compute» concentrations 
and rates for maximally exposed individuals. If LIND » 1, 
then general population concentrations are computed. This 
value is used solely by DARTAB, and a value of 1 is 
suggested. 
IAVG1.IAVG2. Beginning and ending years of averaging of 
concentration values. 
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Table 3.3. (continued) 

CARD 4 Code Control Information 2. 
IVAP. Switch for calculating trench cap infiltration. If 
IVAP = 1 , cap infiltration is calculated as a fraction of 
non-trench infiltration. If IVAP = 2 or 0, the value input 
as XINFL on card 13 is used. If IVAP = 3, cap infiltration 
is calculated as the minimum value of annual precipitation 
(m/yr) and trench cap permeability (m/yr). If IVAP = 4, 
cap infiltration is calculated as the sun of, on an hourly 
basis, the minimum values of the hourly precipitation rate 
(m/yr) and the trench cap perneability (n/yr). 
IBSKT. The beginning year for application of the basenent 
correction factor for surface gamma exposure calculations 
made by DARTAB. If IBSMT ̂  0. the correction factor is 
calculated beginning in that year. If IBSMT = 0 , then no 
correction is calculated. 
IAQSTR. If IAQSTR is greater than 0. water and 
radionuclide not removed from the aquifer at the well is 
added to the stream. 

CARD 5 Cap Integrity and Water Use Data 1. 

PCT1, PCT2. The fraction of the cap that is assumed failed 
by some artificial means in years NYR1 and NTR2, 
respectively. Failure of the cap constitutes total removal 
of all cap, of OVER thickness, for PCT1 of the trench area 
in NYR1 and for PCT2 of the trench area in NYR2. Between 
NYR1 and NTR2 a linear interpolation is performed between 
pairs (NTR1, PCT1 and NYR2, PCT2) to calculate the amount 
of the trench area that is totally bare. Even if PCT1 and 
PCT2 are set at zero, the trench cap may ultimately fail 
through erosion; see description of function CAP and 
subroutine ERORF. 
WATL. Fraction of well water use for irrigation (1.0 if 
water comes from well, 0.0 if none). The sum of WATL and 
SAIL should be 1.0, and uass should be similarity conserved 
for WATA and SATA and for WATB and SATH. 
WATA. Fraction of well water use for animals (1.0 if water 
comes from well, 0.0 if none). 
WATH. Fraction of well water used by humans (1.0 if 
watered used from well, 0.0 if none). 
SAIL. Fraction of surface water used for irrigation (1.0 
if water comes from surface, 0.0 if none). 
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Table 3.3. (continued) 

SATA. Fraction of surface water used for animals (1.0 if 
all water comes from surface, 0.0 if none). 
SATH. Fraction of surface water used by humans (1.0 if all 
water used comes from surface, 0.0 if none). 

CARD 6 

CARDS 7-8 

CARDS 9-10 

PPN. Average precipitation in the site county. Values in 
Table 3.2 were taken from the geoecology data base (Olson, 
Emerson, and Nungesser, 1980). Units are meters per year. 
P. Average barometric pressure in millibars. Values in 
Table 3.2 for each site county were taken from Olson, 
Emerson, and Nungesser (1980). 
XIRR. Average irrigation rate of the county (m/yr). Used 
in EVAP0 calculations of infiltration. 
PHID. This is the latitude in decimal degrees, e.g., 
33.269*, not 33° 16' 8.4". For a site in the southern 
hemisphere, PHID is negative. 

S(I). Twelve monthly mean values of ratio of observed to 
maximum sunshine for county of site. Must be entered in 
order from January through December. Values in Tables 3.3 
and 3.11 taken from Olson, Emerson, and Nungesser (1980) 
must be be entered in order from January-December. Must be 
entered in order from January-December. Tables 3.3 and 
3.11 values from Olson, Emerson, and Nungesser (1980). 

T(I). Twelve monthly mean values of ambient temperature 
(°C). Mast be entered in order from January-December. See 
Table 3.3. 

CARDS 11-12 TD(I). Twelve monthly mean values of dewpoint temperature 
(°C). Must be entered in order from January-December. 
Table 3.3 values from Olsen, Emerson, and Nungesser (1980). 

CARD 13 Trench Data. 
TAREA. The total combined trench horizontal cross-
sectionsl area for the hypothetical trench being simulated. 
Th* effects of only one trench are calculated. Values 
listed in Table 3.3 are characteristic of single trench at 
each site. Must be 2 0. 
TDEPTR. Nominal depth (m) of operating trench, ground 
surface to bottom. 
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Table 3.3. (continued) 

OVER. Thickness of trench overburden in m. 
PORT. Porosity of material within trench. Values in 
Table 3.3 are set equal to estimated soil porosity for 
site, PORS. Must be 2 0. 
DENCON. Mean density of the waste Materials in the trench 
(g/cm ). 
RELFAC. The annual fraction of the total trench inventory 
of each radionuclide that is released if LEAOPT is chosen 5 
(see CARD 3). 
FN. Ratio of trench cap infiltration to watershed (non-
cap) infiltration. Used for TVAP = 1. 
XINFL. Annual infiltration rate for trench cap (m/yr). 
Used for TVAP = 2. 

CARD 14 PERMC. Trench cap permeability (m/yr). Used for IVAP = 3 
or IVAP = 4. 

CARD IS Aquifer Information. 
DTRAQ. The distance from the bottom of the trench to the 
nominal depth of the aquifer (m). DTRAQ + TDEPTH + OVER 
should equal the aquifer depth below surface. 
DWELL. Distance from the trench to the well used for 
irrigation and drinking (m). For Barnwell, the number 
represent? the distance to the nearest spring. For Beatty, 
the value in Table 3.3 is the distance to the nearest 
stream bed. For West Valley, the listed value of DWELL is 
assumed. Must be 2 0. 
GWV. Velocity jf the groundwater in the aquifer (m/y). 
Flow rates for Barnwell and Beatty were taken from Chem-
Nuclear Systems, Inc. (1980) and Clebsch (1968), 
respectively. Values for West Valley were estimated from 
Giardina et si. (1977) and Prudic (1981). Must be 
entered 2 0» 
AQTHI. Thickness of the aquifer at the location of the 
well (m). This is used t> calculate the volume of water in 
which the available radionuclides are diluted. Values in 
Table 3.3 are from references cited for GWV but are 
uncertain. Must be 2 0-
AQDISP. Dispersion angle of the pollutant plume in the 
aquifer (radians). Used with AQTBX the calculate dilution 
volume. Values in Table 3.3 are arbitrary. Must be 
entered <n radians. 
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Table 3.3. (continued) 

PORA. Aquifer porosity. 
PORV. Subtrench porosity. 
PEKMV. Subtrench permeability (m/yr). 

CARD 16 Atmospheric Data 1. 
H. Atmospheric source height (m). One meter chosen 
because most resuspension rate measurements are expressed 
of that height. 
VG. Fall velocity of contaminated soil particles due to 
gravity (m/s). Values in Table 3.3 chosen after reviewing 
soil type classifications for counties of interest from 
Olson, Emerson, and Nungesser (1980). More precise values 
could be ascertained from measurements of surface particle 
distribution at each site and application of Stokes's Law. 
D. Annual average wind speed (m/s) in the direction of 
interest. For population calculations, the wind speed 
towards the population centroid. Site specific data is 
generally not available, bat data from the nearest STAR 
data site may be used. Must be entered 2 0. 
VD. Deposition velocity (m/s). Values in Table 3.3 are 
set equal to VG based on the suggestion by Sehmel (1980) 
that for large particles V approaches V . Nominal generic 
value is 0.01 m/s. g 

XG. Distance (m) from source (trench) to population or 
individual of interest. Values in Table 3.3 estimated from 
site description reports and maps of area. 
RLID. Height of the inversion layer or lid (m). Data 
taken from averaged STAR data for the nearest meteorology 
station of interest. 
ROUGH. Hosker's roughness parameter (m) (Hosker, 1974). 
Value used is considered generic. 

CARD 17 Atmospheric Data 2. 
FTWIND. Fractions of the time wind blows towards the 
population or individual of interest. Site-specific values 
taken from mean wind rose of nearest STAR data meteorology 
site. 
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Table 3.3. (continued) 

CHIQ. The user-specified dispersion coefficient for the 
population of interest may be calculated by an external 
atmospheric dispersion code such as Noore et al. (1979). 
If 2. 0» will override any calculation of atmospheric 
dispersion within code. 
REl, RE2, RE3. Factors (including algebraic signs) in the 
resuspension rate equation RE = RElexp(RE2 \lt) + RE3. 
RR. During the period between years IRRES1 and IRRES2, the 
resuspension rate RR (sec ) will be included as a source 
term to subroutine AIRTR. See description of subroutine 
SUSPND, Sect. 3.2. 
FTMECH. The rate of resuspension, RR, will be modified by 
this fraction, which has a value between zero and unity. 

CARD 18 Atmospheric Data 3. 
IT. Indicator variable for type of stability class 
formulation. Suggested formulation is Pasquill-Gifford, 
IT = 1. 
IS. Stability category indicator. Values of 1-6 
correspond to stability categories of A-F. Single value 
represents most common stability category from nearest 
meteorology station to site of interest. 

CARD 19 Factors for the Universal Soil Loss Equation (USLE). The 
parameterization scheme of McElroy et al. (1976) was used 
to generate each of the six factors on this card. 
RAINF. The rainfall factor. Values in Table 3.3 were 
taken from Fig. 3.2, p. 44 of McElroy et al. (1976). 
ERODF. The soil-erodibility factor has units of tons/ac-R 
where R = RAINF above. Soil characteristics that influence 
or determine EHDDF for each site are shown in Table 3.5. 
These data were taken from site description reports or from 
a description of chemical characteristics of great soil 
groups by county in Olson, Emerson, and Nungesser (1980) . 
Data for Beatty are less certain than the other sites and 
should be viewed circumspectly. 
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Table 3.3. (continued) 

STPLNG. The slope steepness-length factor. For each site, 
the slope steepness and length of slope were estimated 
using schematic diagrams and aerial photographs of the 
site. Assuming a regular slope, these estimates were 
applied to ascertain values of topographic factor, LS, from 
Fig. 3.8 of McElroy et al. (1976). STPLNG was equated to 
LS. 
COVER. The crop management factor. We assume that the 
trench has been successfully reseeded into some grassy 
species. According to McElroy et al. (1976) Table 3.3, the 
value of the cover factor ranges from 10 -0.45 for 
permanent vegetation, including pasture, from 0.004-0.3 for 
established meadows and from 0.07—0.5 for small grains. 
Wishing to conservatively estimate erosion, we chose a 
value of 0.3 for all sites. 
CONTBL. The erosion control practices factor. Assuming 
reasonable soil conservation practices if farming of site 
occurs, we chose a value of 0.5 from Table 3.7 of McElroy 
et al. \1976). All three sites exhibit a slope in the 
range of 2-7%. 
SEDELR. The sediment delivery ratio. This ratio is 
intended to apply to the fouling of waterways from 
construction activity. Because the trench is supposedly 
revegetated, we assumed a value of 1.0 for this factor in 
all cases. 

CARD 20 Surface Soil Data 1. 
PORS. Porosity of the surface soil. Values ttkcu from 
site description reports referenced earlier. Must be 2 0« 
BDENS. Bulk density of the soil (g/cm 3). Values in Table 
3.3 are roughly the national avenge. Must be entered >. 0. 

3 STFLOW. Annual flow rate of the nrsrest stream (m /yr) . 
Estimated from site descriptions, rfust be 2 0. 
EXTENT. The cross slope extent of the surface region 
contaminated by operational spillage in m. Value in Table 
3.3 is equal to the length of the trench as referenced. 
Must be nonzero. 
ADEPTH. The active depth of soil in the surface 
contaminated region (m). Used for c.lculation of 
radionuclide concentration in both surface soil and snrface 
water. Arbitrarily chosen to be 0.1 cm; must be nonzero. 

file:///1976
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Table 3.3. (continued) 

CARD 21 Surface Soil Data 2. 
PD. Horizontal distance froa trench to nearest streaa (a). 
Estimated froa site description reports. Mu?t be >. 0. 
RUNOFF. Fraction of the annual precipitation that runs off 
annually. Valnes in Table 3.3 are estimated froa 
precipitation n m off estimates froa U.S. Geological Survey 
(Robertson, personal coaaunic&tion, USGS, Res ton, Virginia, 
1981; CNSI, 1980; and Geraghty et al., 1973). 

CARDS 22-26 Foodchain Data. 
Most of the data on these cards pertain to transfer to 
materials through the foodchain. Since we utilize 
equations analogous to those of AIRDOS-EPA (Moore et al., 
1979), these data are, for the mort part, the generic 
values suggested in that guide. 

CARD 22 Tl, Y2. Agricultural productivity for pasture grass and 
other consumed vegetation, respectively (kg/a ). Table 3.3 
values are county-specific as reported by Baes et al. 
(1982). 

2 PP. Surface density of soil (kg/a ). Assumes a 15 cm plow 
depth. For farming scenario, this value should be in 
agreement with the value of BDENS, CARD 20. Must be 
entered >, 0. 
XAMBWE. The weathering removal decay constant for 
atmospheric deposition onto foodcrops (h ). Values in 
Table 3.3 are generic. 
TE1, TE2. Period of tiae that pasture grass or crops/leafy 
vegetables, respectively, are exposed to contaminated air 
dniing each growing season (h). Table 3.3 values are 
generic. 

CARD 23 TH1-TH6. These six variables represent the delay tiae 
between harvest and consumption by animal or man of pasture 
grass, stored feed, leafy vegetables for maximum 
individual, produce for maximum individual, and leafy 
vegetables and produce for the general population, 
respectively (h). Values listed are generic. 
PP. Fraction of each year that animals graze on pasture 
grass. Generic value listed in Table 3.3. 
FS. This variable is the fraction of an aniaal's daily 
feed that is fresh grass for the period of time aniaals are 
in pasture. Valne listed is generic. 
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Table 3.3. (continued) 

CARD 24 QFC. The amount of feed consuaed daily by cattle (kg). 
Generic value listed in Table 3.3. 
w<S. The aaount of feed consuaed daily by dairy goats 
(kg). Generic value listed in T-ble 3.3. 
TF1, TF2. The transport tiae (h) iron aniaal feed into 
ailk and into the receptor huaan for the aaziaua individual 
and ths general population exposures, respectively. Values 
listed are generic. 
TS. Length of tiae between slaughter of aniaal and hunan 
consuaption of the resultant neat (h). Generic \alue is 
20 d. 

3 
ABSB. TLe absolute hunidity of the ataosphere (g/a ) . 
Used in specific activity foodchain calculations for 
tritiua concentrations in foodstuffs. Site-specific viiues 
in Table 3.3 taken froa Etnier (1980). 
P14. The fractional equilibria ratio for C. Due to the 
noainal long-length of the sinulation, we assuaed for 
Table 3.3 that J.will be in equilibrium with the 
concentration of C naturally occurring in the ataosphere 
thus P14 = 1.0. For shorter simulations (MAXIR <. 1000 yr) 
the user aay wish to lessen P14. 

CARD 25 FI. Fraction of the year that crops are irrigated. 
URATE. Irrigation rate (L/a2-h). Calculated fxoa 
inforaation in the 1974 Census of Agriculture 
(U.S. Departaent of Coanerce, 1977) and Olson. Eaerson and 
Nungesser (1980) which provided total irrigation water and 
area of application for each LLW site on a county basis. 
Application tine was set equivalent to nunber of frost free 
days for county taken froa Shor. Baes, and Sharp (1982). 
QCW, QGV, QBW. Generic values for the aaount of water 
(L/d) consuaed by ailk COTS- ailk goats, and beef cattle, 
respectively. 

CARD 26 Huaan intake rates and population. All the variables on 
this card as listed with units in Table 3.1 are generic 
rates of ingestion and inhalation as suggested for AIRD0S-
EPA. The exception is POP, the population under 
consideration. POP was estiaated froa aaps r.nd 
coaputerized 1980 census data of each area. 

file:///alue


85 

Table t.3. (continued) 

Radionuclide cards (Nos. 27-29, etc.) 
This group of cards includes three cards for each 
radionuclide in the trench inventory. As many as 40 
radionuclides, and hence 120 cards, aay be handled in this 
block of data. The first card for each radionuclide will 
be designated in this description as catd 27-*-, the second 
card for each radionuclide as 28+ and the last card for 
each radionuclide as 29+. 

CARD 27+ For each radionuclide these cards contain th^ information 
listed in Table 3.1 for CARD 27. 
NUCLID. The naae of the radionuclide as used in the code. 
Must be written left justified and with no imbedded blanks 
and with a hyphen separating the alphameric and numeric. 
The names used must agree with the conventions used in 
RADRISK and DARTAB and as shown in Tables 3.4 and 3.10. 
Also found oa CARDS 28+ and 29+ and in the namelist input 
fox- DARTAB which follows. 
TRAM. The amount (Ci) of each radionuclide found in the 
trench at the beginning of the simulation. Values of TRAM 
in Table 3.4 arc specific to Barnwell and were estimated 
from receiving invoices over the life of the facility (also 
see Appendix C). TRAM values for West Valley were 
estimated from Giardina et al. (1977) and are shown in 
Appendix E. Beatty inventory data are nonexistent and as 
listed in Appendix D are a blend of the other two 
facilities. 
SOAK. The amount (Ci) of spillage onto the surface that 
exists at the beginning of the simulation. As exhibited in 
Appendices C-E, SOAM is a constant 10 of TRAM. The user 
•iay wish to allow more or l»ss spillage for a given 
radicnuclide if such specific information exists. 
STAN. The amount (Ci) of radioactivity placed into the 
stream nearest the site at the beginning of the simulation. 
ATAM. The amount of radioactivity of each radionuclide 
(Ci) placed into the ais directly above the trench at the 
beginning of the simulation. 
DECAY. The radiological decay constant (y ). As input is 
equal to In 2 divided by the radiological half-life. 
Half-life values were taken from Kocher (1981). 
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Ttble 3.3. (continued) 

SOL. The «olability of the radionuclide stored in the 
trench (g/mL); The most ancertain pieces of data in the 
present data base. Values in Table 3.4 and Appendices C-E 
vere estimated fron solnbilities of the oxide for* of Che 
elenent published in the Handbook of Cheaistry and Physics, 
57th Edition (feast. 1976). Since the solcbility approach 
i9 in general less accnrate than the chemical exchange 
approach, only a few solubility values are included for 
aodel testing purposes. If veil compacted, the environment 
vithin the trench nay be cheiiically reducing. Better 
solubility estimates vould arise from knoving the chemical 
state of the buried radionuclide and possible reactions in 
the reducing environment. The solubility data listed here 
should be viewed with great suspicion and updated if the 
user has any information about radionuclide compounds 
existing in the trench. SOL is used only if LEAOPT = 5 
(see CARD 3). 

CARD 28+ Besides the nuclide name, this card contains only 
distribution coefficient), K., for each of four regions as 
specified in Tsble 3.1. Por the sample runs in Appendices 
C-E, the four I. values for each radionuclide are set 
equal. Some users may have access to detailed £„ data fcr 
their site of interest. If so, the values should be 
changed to reflect site-specific conditions. It should be 
noted that these K values t.rv medians of numerous values 
reported for agricultural soils with pH in the range of 
4.5-7 (Baes and Sharp, 1983). Any departure from tnese 
conditions may increase the already large range of reported 
K, values and influence radionuclide consist:ations and 
transport rates accordingly. 

CARD 29+ Except for the nuclide name, these data are element-
specific values used in AIKDOS-EPA and listed in Table 3.4. 
For the sample runs in Appendices C-E, SA and EW vere set 
to 0.2 and 0.25, respectively, for all nuclides. 

CARD 27N+ Where 27N is (27 + 3*N0NOJ», being the number ot 
radionuclides considered. This card and subsequent cards 
contains one year of hourly precipitation data for the 
fits, formatted as specified in Table 3.1. Day with no 
precipitation nned not be included. The horrly 
precipitation data are read it and only if parameter IVAP 
on lapot Card 4 is set equal to 4. 
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Table 3.4. Input data for three LLW disposal sites; refer to 
Table 3.1 for formats and definition of variables 

Suggested v a l ues 
Csrd 

number Variable Barnwell , SC B e a t t y , NV West V a l l e y . NT 

1 TITL2 
2 LOCATE Barnwell SC Beat ty SC West V a l l e y NT 
3 MAIYK 1000* 1000* 1000* 

HONCLD 140* 140* 140* 
LEAOPT 2 * 2* 2 * 
NTR1 100 C 100° ioo c 

NTB2 2 0 0 C 200 C 2 0 0 C 

IOPVWV 1* 1* 1* 
IOPSAT 1* 1* 1* 
IPBT1 0* 0* 0* 
IPRT2 1000* 1000* 1000* 
IDELT 100* 100* 1 0 0 a 

IRRES1 o a 0* 0* 
JKRES2 o a o a o a 

LIND 1 1 1 
UVG1 1* l a l a 

IAVG2 1000* 1000* 1 0 0 0 a 

4 IV AP 4* 4* 4 a 

IBSHT 0» o a o a 

IAQSTR 0* o a 0* 
5 PCT1 0 . 0 1 c 0 . 0 1 c 0 . 1 a 

PCT2 0 . 1 c 0 . 1 c 0 . 2 a 

WATL 1 . 0 * 1 .0* i . 0 a 

WATA 1 . 0 * 1.0* 1 . 0 a 

WATH 1 .0* 1 . 0 a 1 . 0 a 

SAIL 0 . 0 * o.o a o.o a 

SATA 0 . 0 * o.o a o.o a 

SATH 0 . 0 * 0 .0* o.o a 

6 PPN 1.13 0 .171 1 .178 
P 1002.3 898.8 966.9 
XIRR 0 . 0 0.646 0 .152 
PHID 33 .2 36.83 42 .25 

7 -8 S See Table 3 .11 
9-10 T See Table 3 .11 

11-12 TD See Table 3 .11 
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Table 3 . 4 . (continued) 

Suggested v a l lies 
Curd 

Variable n w b e r Variable Barnvel1 . SC B e a t t y . V/f s e » t V i i i c y , m 

13 TAREA 9150 1.SE4 4 1 5 0 0 c 

TEEPTH 6 .7 6 .7 6.7 
OVER 1.5 1 .2 2 . 4 
PORT 0 . 4 0 . 2 0 .25 
DENOON 2 . 0 * 2 . 0 * 2 . 0 * 
RELFAC 0* 0* 0* 
FN 1* 0 .5» 0 . 1 * 
XINFL 0 . 0 9 0 .41 0 . 0 5 

14 PE&MC 43 .3 154 1 .488 
15 DTRAO 2 . 4 84 3 1 c 

WELL 914 6700 6500* 
G1V 2 . 1 5 1 8 2 c 3.0E-2 
AQTEK 25* 4 . 3 * 6 . 4 * 
AQDISP 0 . 3 * 0 . 3 * 0 . 3 * 
FORA 0 . 4 0 .2 0 .25 
PORV 0 . 4 0 .2 0 .25 
PER*-/ 43 .3 154 0 . 0 1 9 c 

16 R 1.0 1.0 1 .0 
VG 0.01 0 .027 0 .01 
U 0 .4 4 . 4 8 4 .2 
VD 0 .1 0.027 0 .01 
JG 8000 16800 6500 
DLID 300 300 300 
ROUGH 0 . 0 1 0 .01 0 .01 

17 FTfIND 0 .49 0 .056 0.0486 
CBIQ 7 . 7 B - 9 b 7 . 0 E - 9 b 7 . 9 E - 9 b 

RE1 1.0E-6 1.0E-4 1.0E-6 
RE2 - 0 . 1 5 - 0 . 1 5 - 0 . 1 5 
RE3 1.0E-11 1.0E-9 1.0E-10 
RR 0* 0* 0* 
FnecH 0 0 0 

18 IT 1 1 1 
IS 2 4 4 
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Table 3 . 4 . 

Card 
"osber Variable _ 

Barnwell , 

RAINF 250 
ERODF 0.23 
STPLNG 0.27 
COVES 0.30 
CONTBL C.30 
SEBELR 1.0 
PORS 0.4 
BDENS 1.6 
STFLOf 5300 
EXTENT 305" 
ADEPTB 0 . 0 1 a 

PD 914 
RUNOFF 0.05 
Yl 0.19 
Y2 0.53 
PP 240 
XAWWE 0.0021 
TE1 720 
TE2 1440 
TBI 0 
1H2 2160 
TH3 24 
TH4 1440 
TH5 336 
TH6 336 
FP 0.77 
FS 0.94 
QFC 50 
QFG 6 
TF1 48 
TF2 96 
TS 480 
ABSH 9.9 
PI 4 1.0 

(continued) 

Suggested values 

Beatty, NV West Valley, NY 

20 100 
0 .5 0.19 

0.26 0.42 
0.30 0.30 
0.40 0.50 
1.0 1.0 
6 .1 0.25 
1.6 1.6 

2000 * 4.0E7 
180* 244* 
0.01* 0 .1* 
3000 380* 
0.05 0.53 
0.04 0.14 
0.76 0.56 
240 240 

0.0021 0.0021 
720 720 

1440 1440 
0 0 

2160 2160 
24 24 

1440 1440 
336 336 
336 336 

0.47 0.49 
1.0 0.31 
50 50 
6 6 

48 48 
96 96 

480 480 
4 .4 6.4 
1.0 1.0 
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Table 3.4. (continued) 

Card 
Var iab le 

Suggested v a l u e s 

s a b e r Var iab le Barnwell , SC B e a t t y , NV West V a l l e y . NT 

25 FI 0 . 7 3 0 . 6 5 0.47 
WIRATE .015 .114 .042 
QCff 60 60 60 
QGW 8 8 8 
QBW 50 50 50 

26 DLEAFT 190 190 190 
UPROD 190 190 190 
UCMILE 110 110 110 
TJGMTLK 0 0 0 
DMfiAT 95 95 95 
DWAT 370 370 370 
UAIR 8000 8000 8000 
POP 7033 2000 10000 

27,28+ See Table 3 . 4 

*De signates either a control variable or listed value very 
uncertain for the site. 

OHIQ calculated external to PRESTO-II using atmospheric 
dispersion model (AIRDOS-EPA) and known population 
distribution. 

c Personal Communication, C. T. Hung to Jon Broadway, 
18, 1983 routed to D. E. F ie lds . 

March 
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Table 3 . 5 . Radionnclide-specif i c data used to prepare data bases for example s i t e s . 

N n c l i d e TRAIT* Decay S0L b BRC BVC IHCC FNS e F F e EDC 

B-3 3 4 . 4 9 9 5 . 6 4 E - 2 0 4 . 8 E - 0 4 . 8 E - 0 1 .0E-2 1 .7E-1 1 . 2 E - 2 0 . 0 
C-14 9 . 5 1 .21E-4 0 5 . 5 E - 0 5 . 5 E - 0 1 .2E-2 l . O E - 1 3 . 1 E - 2 0 . 0 

Ms-S4 9 . 7 3 7 8 .09E-1 1.5E+2 5 . 0 E - 2 2 . 5 E - 1 3 . 5 E - 4 2 . 5 E - 4 4 . 0 E - 4 6 .5E1 
F e - 5 5 6 S . 6 7 2 2 .57 E- l 5.5E+1 1 .0E-3 4 . 0 E - 3 2 .5E-4 1 .3E-4 2 .OE-2 2 . S B 
N i - 5 9 0 8 .66E-6 150 6 . 0 E - 2 6 . 0 E - 2 1 .0E-3 6 . 7 E - 3 6 . 0 E - 3 1.5E2 
Co-60 4 3 2 . 7 5 5 1 .32E-1 5.5F+1 7 . 0 E - 3 2 . 0 E - 2 2 . 0 E - 3 . l . O E - 3 2 . 0 E - 2 4 . 5 Q 
N i - 6 3 1 1 . 0 2 9 6 . 2 9 E - 3 1.5E+2 6 . 0 E - 2 6 . OE-2 1 .0E-3 6 . 7 E - 3 6 . 0 E - 3 1.SE2 
Zn-«5 7 . 6 1 3 1 .04E-0 1.6E+1 9 . 0 E - 1 1 .5E-0 1 .8E-3 3 . 9 E - 2 1 . 0 E - 1 4 . 0 Q 
Kr-$5 1 .682 6 . 4 7 E - 2 0 0 0 2.OE-2 2.OE-2 2 .OE-2 0 . 0 
S t - 9 0 2 . 6 1 7 2 . 4 2 E - 2 2.7E+2 2 . 5 E - 1 2 .5E+0 1 .5E-3 1 . 4 E - 2 3 . 0 E - 4 3 .5E1 
! . j -94 0 3 . 4 7 E - 5 350 5 .0E-3 2 . 0 E - 2 2.OE-2 2 . 5 E - 3 2 . 5 E - 1 3 .5E2 
Tc-99 61 3 . 2 5 E - 6 3 . 3 E - 2 1.5E+0 9.5E+0 1 .0E-2 2 . 5 E - 2 8 . 5 E - 3 1.5E0 
Rs-106 0 6 . 8 9 E - 1 2.2E+2 2 . 0 E - 2 7 . 5 E - 2 6 .0E-7 1 .3E-4 2 . 0 E - 3 3 .5E2 
Cd-10» 16 5 .45E-1 6 . 7 E - 0 1 .5E-1 5 . 5 E - 1 1 .0E-3 1 .5E-3 5 . 5 E - 4 6 .5E0 
Sb-125 2 . 7 2 .50E-1 4.5E+ 3 . 0 E - 2 2 . 0 E - 1 1 .0E-4 1 .5E-3 1 . 0 E - 3 4.SE1 

1-125 0 4 . 2 2 E - 0 1 .0E-2 1.0E+0 1.0E+0 1 .OE-2 6.OE-2 7 . 0 E - 3 1.0E1 
1-129 0 4 . 0 8 E - S 0 . 0 1 1.0E+0 1.0E+0 1 .0E-2 3 .OE-1 7 . 0 E - 3 1.0E1 

Cs-134 3 7 . 0 6 9 3 . 3 6 E - 1 1.1E+3 3 . 0 E - 2 8 . OE-2 7 .0E-3 3 . 0 E - 1 2 . OE-2 1.0E3 
Cs-137 2 8 9 . 4 0 3 2 . 3 0 E - 2 1.1E+3 3 .OE-2 8.OE-2 7 .0E-3 3 . 0 E - 1 2 .OE-2 1.0E3 
Ce-141 547 7 .7 8E-0 1.1E+3 4 . 0 E - 3 1 .OE-2 2 . 0 E - 5 l . O E - 4 7 . 5 E - 4 8.5E2 
Co-144 2 . 1 6 0 8 .90E-0 1.1E+3 4 . 0 E - 3 1 .0E-2 2 .0E-5 1 .0E-4 7 -5E-4 8.5E2 
Pir-147 179 2 .64E-1 6.1E+1 4 . 0 E - 3 1 .0E 2 2 . C & J 5 .01 . ( S.'Yri 6 .5E2 
Re-187 1.5 1 .47 E- l1 7 . 5 E - 0 3 .5 E- l 1.5E+0 1.5E-3 2 . S E 2 8 . 0 E - 3 7 .5E0 
Pb-210 22 3 . 1 1 E - 2 9.9E+1 9 .0E-3 4 . 5 E - 2 2 .5E-4 6 . 2 E - 4 3 . 0 E - 4 9.0E2 
Ra-226 0 . 6 4 .33E-4 2.2E+2 1 .5E-3 1 .5E-4 4 .5E-4 1 . 5 E - 2 2 . 5 E - 4 4 .5E2 
Th-232 1 .3 4 .93E-11 6.OEM 8 . 5 E - 5 8 .5E-4 5 .0E-6 5 . 0 E - 4 6 .OE-4 1.5E5 

u-233 0 4 .28E-6 4.5E+1 4 . 0 E - 3 8 .5E-3 6 . 0 E - 4 5 . 0 E - 4 2 . 0 E - 4 4.5R2 
0 -234 3 . 0 2 .83E-6 4.5E+1 4 . 0 E - 3 8 .5E-3 6 . 0 E - 4 5 . 0 E - 4 2 . 0 E - 4 4 .5E2 
U-23 5 3 . 5 9 . 8 5 E - 1 0 4.5E+1 4 . 0 E - 3 8 .5E-3 6.OE-4 5 . 0 E - 4 2 .OE-4 4.5E2 
0-236 0 .5 2 . 9 6 E - 8 4.5E+1 4 . 0 E - 3 8 .5E-3 6 .0E-4 5 . 0 E - 4 2 .OE-4 4 .5E2 
0 - 2 3 8 3063 1 .55E-10 4.5E+1 4 .0E-3 8 .5E-3 6 .0E-4 S .0E-4 2.OE-4 4.5E2 

Po-238 0 . 2 7 . 9 0 E - 3 1.8E+3 4 .5E-5 4 . 5 E - 4 1 .OE-7 1 .5E-6 5 . OE-7 4.5E3 
Pn-239 0 . 1 2 .87E-5 1.8E+3 4 .5E-5 4 . 5 E - 4 1.0E-7 1 .5E-6 5 .OE-7 4.5E3 
Pn-241 0 5 .25E-2 1800 4 .5E-5 4 .SE-4 1.0E-7 2 . 5 E - 6 5 .0E-7 4.5E3 
Pn-242 0 I . 83E-6 1800 4 .5E-5 4 .5E-4 1.0E-7 1 .5E-6 5.OE-7 4 . 5 D 
Aa-241 0 1.51 B-3 8.1E+2 2 . 5 E - 4 5 .5E-3 4 .OE-7 3 . 5 E - 6 7.0E2 
Aa-243 0 8 .72E-5 810 2 . 5 E - 4 5 .SE-3 4.OE-7 3 . 5 E - 6 7.0E2 
C»-243 0 J . 1 7 E - 2 3300 1 .5E-5 8 .5E-4 2 .0E-5 3 . 5 E - 6 2.0E3 
<*-244 0 3 .94k . - i 3300 1 .5E-5 8 .5E-4 2 .0E-5 3 . 5 E - 6 2.0E3 

V a l u e s of TRM are specif ic to Barnwell. Other variable! asy not change between s i t e s . 

So lubi l i ty option not used for exauple rum. 
c V s l o e s are taken from Bass et a l . (1982). Values for BR sad BV are baaed on dry ple«f. 

weight. 
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Table 3.6. Soil characteristics influencing erodibility 
factor, ERCOF (or f.), at each site 

Site 

Grain size distribution, % 

\i ay 
Organic 

S i l t and Sand matter, Permeability, 
fine sand % ca/h 

Barnwell 8.3 45 40 2.1 0.51 
Beatty 2 90 8 2 1.3-2.8 
West Valley 50 38 7.7 7.5 <0.15 
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Table 3.7. Namelist inint for subroutine DARTAB. 
Namelist 
gxonp Variable Description 

mrui 
JLOC 

PLOC 

AGEX 
ILET 

DTABLE 
RTABLE 
FTABLE 

OUTPUT 

GSCFAC 

Diicvliun index ot the exposure array to nse 
for individual tables. 

Distance inc.x of the exposure array to use 
for individual tables. 

Percentile of total risk to use in choosing 
location for the exposure array for 
individual tables. 

Average life expectancy (y) (Default - 70.7565) 
Array dimensioned to 2. ILET(7) = 0 
indicates separate high and low LET (linear 
energy transfer) tables. 1 indicates 
coabined table. 2 indicates both sets 
of tables will be output. ILET(l) 
refers to dose rate tables. ILET(2) 
refers to health risk tables. 

All indicate which tables are to be output 
for dose rates, health risks, and risk 
equivalents. Each is dimensioned by 7 
corresponding to table types (Table 3.9). 
TABLE(7) 

0 = no tables of this type 
1 = table for selected individual 
2 - table for nean individual 
3 = table for collective group 
4 - all three of the above. 

Logical variable which indicates whether 
dose factors are output. 

Ground surface correction factor. Accounts 
for roughness. 

ORGAN NORGN 
ORGN 

TIME 

QFACTOR HLET 

LLET 

Nuaber of organs. 
Alphanumeric double precision names of 
organs. 

Time associated with dose commitment (y) 
(NORGN values). 

Relative biological effect factor to use 
for high-LET dose rates to convert 
absorbed dose to dose equivalent (rem), 
NORGN values. 
Same as HLET but for low-LET dose rates, 
NORGN values. 

CANCER NCANC Number of cancers to be output. 
CANC Alphanumeric double precision cancer names, 
RELABS Absolute (-1) or relative (-2) risk model 

for each cancer. 



94 

Table 3.7. (continued) 
Naaelist 
group Variable Description 

GENTIC 

RNHCLD 

LOCTAB 

GSNEFF 

GEN 

N6EN 
GKFAC 

RKPPER 
GLLET 

GHLET 

NONCLD 
NUaiD 

PSIZE 

RESP 

GIABS 

NTLOC 
RNLOC 

OOLOC 

PTLOC 
FALOC 

HLLOC 

Logical variable indicates output of gentic 
effects 

Alphanumeric double precision naaes of the 
organs to be considered for genetic 
effects. 

Number of organ.i. 
Risk conversion factors (genotic effects 
per rad/million births) GRFAC(l) corre­
sponds to low-LET doses. GRTAC(2) 
corresponds to high-LET doses. 

Replacement rate for the population. 
Relative biological effect factor to use 
for low-LET genetic doses to convert 
absorbed dose to dose equivalent (rea). 
One value for each org»n. 
Same as GLLET but for high-LET. 

Number of radionuclides. 
Alphanumeric double precision radionuclide 
names. 
Activity median aerodynamic diameter 
associated with each radionuclide (urn). 

Respiratory clearance class associated with 
each radionuclide. 
GI absorption factors. 

Number of location tables to be output. 
Radionuclide to use for table. SDH results 
in the sum of all nuclides, WORILEVL 
results in working level calculations, 
WLSUM results in total risk for all 
nuclides. 
Organ or cancer to use for tablo. SUM 
results in sum of all cancers. 
Pathway to use. 
Factor to be printed 
«0 both high- and low-LET 
-1 only combined LET table 
-2 all three tables. 
Factor to be printed 
-0 both high- and low-LET 
•1 only combined LET table 
«2 all three tables 
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Table 3.7. (continned) 
Na/icliU 
group Variable Description 

LTABLE Indicates selected individual (LTABLE=1), 
aean individaal (LTABLE=2). or collective 
group (LTAbLE=3). 

OBGANF NORGB Nuaber of organ dose weights to use to 
coabine dose rates. 

ORGB The organs to be nsed. 
ORGDAT Organ dose weighting factors. 
IPATH Exposnre pathway affected (1 - ingestion; 

2 = inhalation; 3 = air iaaersion; 
4 = ground surface; 5 = all pathways). 
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Table 3 . 8 . Valnes of n u d i s t input COM only used in FKESTO-II 

Nudist 
gronp Variable Suggested valne 

INPUT BLOC* 
JLOC* 
PLOC* 

1 
1 
100 or oait 

AGEX* 
ILET* 

70.7565 or < 
1. 1 

DSiit 

DTABLE 0. 0, 0, 0, 0, 3. 3 
RTABLE 
FTABLE 
OUTPUT 

0. 0, 0, 0, 
omit 
.FALSE. 

0, 3. 3 

GSCFAC 1.0 
f 

ORGAN NORGN 
0R6IT 

18 
'i-MAR ', 'ENDOST ', '*FUL ', 'LIVER 
'S-WALL ', 'LLI-WALL', ' HONEYS-', 'SPLEEN'. 
'T3YR0ID », 'MUSCLE ', 'THYMUS ', 'PANCREAS ', 
'SI-WALL ', 
'TESTES ', 

•ULI-WALL', 'OVARIES '. 
'UTERUS ' 

'BL WALL ' , 

TINE 70 for each 0R6N 

QFACTOR HLET 20 for each 0R6N 
LLET 1 for each 0R6N 

CANCER NCANC . 18 
CANCER11 'R NARROW', 'ENDOST 

'LIVER », 'ST WALL 
'KIDNEYS ' 
'OVARIES ' 
'THYMUS ' 

'BL WALL 
'TESTES 
'THYROID 

, 'PULMNARY', 'BREAST ', 
, 'PANCREAS'. 'LLIWALL', 
. 'ULI WALL', 'SI WALL ', 
, 'SPLEEN ', 'UTERUS ', 

GENTIC 

RNUCLD 

RELABS 

GENEFF 
NGEN 
GEN* 
6RFAC 
REPPER 
GLLET 
GHL6T 

NONCLD 

PSIZE 
RESP 
GIAB3 

1 for each CANCER 

.FALSE. 
3 
'TESTES—', 'OVARIES-', 'AVERAGE-' 
200, 20000 
.014135 or omit 
1 for each GEN 
20 for each GEN 

Saae as NONCLD, Card 3, Table 3.3. See 
Table 3.5 for naaes. Most be written without 
iabedded blanks, in ssae order as listed in 
transport section of input, Cards 26+. Each 
naae must be set in apostrophes. 
1.0 for each NGCLID, except 0 for gases 
One value per NUCLID see Table 3.10 
Four values per NUCLID see Table 3.11 
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Table 3.8. (continned) 

Name list 
group 

LOCTAB 

OBGANF 

Variable 

NTLOC* 
RNLOC" 
OGLOCT 
5TL0C 
FALOC 
HLLOC 
LIABLE 

NORGB 
OKGBb 

ORGDAT 
IPATH 

Suggested value 

0 
•SUM ' 
•SUM ' 
1 
1 
1 
3 

18 
see Table 3.9 
see Table 3.9 
5 for each OSGB 

'indicated variables amst be entered with the indicated value or 
the code will not operate properly. Remaining variable values are 
•erely suggestions and nay be changed if the user desires or the 
scenario dictates. 

b» Names must be eight characters wide including blanks, 
indicates a blank and should not be typed in data set. 

Hyphen 
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Table 3.9. Possible types of detail tables ontpnt by DARTAB 
specified by STABLE (dose tables), RTABLE (risk tables),and 

FTABLE (risk equivalent tables). 

Array Table 
position type 

Label 

Colunn Row 
Table 
label 

Organs or Radionuclides Individual 
cancers pathways 

Organs or Radionuclides External and 
cancers internal 

Organs or 
cancers 

Radionuclides All pathways 

Radionuclides Pathways Organs or 
cancers 

Organs or 
cancers 

Pathways Radionuclide s 

Radionuclides Pathways Sunned over 
organs or 
c a n c r s 

Organs or 
cancers 

Pathways 
nuclide s 

Sunned over 
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Table 3.10. Organ uaaes and organ dose weighting 
factors for DAttTAB as us«d in PRESTO-II 

Organ OKGB ORGDAT 

Bladder wall •BL-IALL-' .0166 
Endosteal tissue •ENDOST—' .0147 
Kidneys 'KIDNEYS-' .0166 
Liver •LIVER ' .0746 
Lower large intestine wall •LLI-WALL' .0332 
Muscle •MUSCLE—' .1908 
Ovaries •OVARIES-' .0083 
Pancreas 'PANCREAS' .0581 
Pulmonary tissue '•PUL» ' .2908 
Red narrow 'R-MAR ' .1559 
Saall intestine vail •SI-WALL-' .0083 
Spleen 'SPLEEN—' .0083 
Stomach wall 'S-fALL—' .0415 
Testes •TESTES—' .0083 
Thymes 'THYMUS—' .0083 
Thyroid 'THYROID-' .0405 
Upper large intestine wall •ULI-WALL' .0166 
Uterus 'UTERUS—' .0083 
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Table 3. 11. Radionuclide--specific DARTAB data for use in 
naaelist section of PRESTO-II 

Nuclide PSIZE RESP Absorption factors for 
saall intestiL. GIABS(2) 

H-3 0 9.5E-1 
C-14 0 9.5E-1 

NN-54 1.0 w. D 1.0E-1 
FE-55 1.0 w. D 1.0E-1 
NI-59 1,0 w. D 5.0E-2 
00-60 1.0 Y. V 5.OE-2 
NI-63 1.0 t. D 5.0E-2 
ZN-©"5 1.0 T. w. D 5.0E-1 
KS-8S 0 • 0 
SR-90 1.0 Y 1.0E-2 

1.0 D 3.0E-1 
NR-94 1.0 Y. ¥ 1.0E-2 
TC-99 1.0 w. D 8.0E-1 
RU-106 1.0 Y. D, W 5.0E-2 
CD-109 no data available 
SB-125 1.0 w. D 2.0E-1 
1-125 1.0 D 9.5E-1 
1-129 1.0 D 9.5E-1 
CS-134 1.0 D 9.5E-1 
CS-137 1.0 D 9.5E-1 
CE-141 1.0 Y. f 3 .OE-4 
CE-144 1.0 Y. W 3.OE-4 
PM-147 1.0 Y, w 3 .OE-4 
RE-187 no data ava: liable 
PB-210 1.0 w. D 2.0E-1 
PO-210 1.0 w. D 1.0E-1 
RA-226 1.0 w 2.0E-1 
TH-232 1.0 Y. W 2.0E-1 
U-233 1.0 Y 2.0E-1 

1.0 w. D 2.0E-1 
B-234 1.0 Y 2.0E-3 

1.0 w. D 2.0E-1 
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Table 3.11. (continued) 

Nuclide PSIZE RESP Absorption factors for* 
saall intestine 6IABS(2) 

0-235 1.0 Y 2.0E-3 
1.0 W, D 2.0E-1 

D-236 1.0 Y 2.0E-3 
1.0 W. D 2.0E-1 

D-238 1.0 Y 2.0E-3 
1.0 W. D 2.0E-1 

PU-238 1.0 Y, W 1.0E-4 
PD-239 1.0 Y 1.0E-4 

1.0 % 1.0E-3 
PU-241 1.0 I, «r 1.0E-4 
AM-241 1.0 Y. i. 1.0E-3 
AM-243 1.0 Y, ¥ 1.0E-3 
CM-243 1.0 Y, ¥ 1.0E-3 
OC-244 1.0 Y, ¥ 1.0E-3 

*our v. vues of GIABS Bust be entered for each 
nuclide; however, the first, third, and fourth values 
are zero. 



Table 3.12. Input data for subroutine EVAPO as used in tbe PRESTO-II code. 
Values given here are from 01sen, Emerson, and Nungesser, 1980. 

(See Table 3.1 for a description of variables) 

Barnwell Beatty West Valley 
Month 

S(I) T(I) TD(I) S(I) T(I) TD(I) S(I) T(I) TD(I) 

January 0.56 8.0 3.1 0.68 -0.6 -8.9 0.35 -4.4 -6.8 

February 0.60 9.3 3.3 0,70 2.1 -6.9 0.40 -4.0 -6.9 

March 0.64 12.9 S.8 0.72 5.2 -7.6 0.47 0.3 -3.6 

April 0.70 18.0 10.3 0.73 10.1 -4.6 0.53 7.3 1.8 
May 0.68 22.3 15.5 0.78 15.2 -3.2 0.58 13.0 7.4 
June 0.65 25.9 19.2 0.85 19.9 -1.7 0.66 18.7 12.9 

July 0.65 27.1 21.2 0.81 24.7 2.7 0.68 21.2 15.2 

August 0.65 26.7 21.2 0.84 23.5 3.3 0.65 20.2 15.2 

September 0.61 23.7 18.5 0.86 18.9 -1.4 0.59 16.5 11.6 

October 0.66 18.2 12 5 0.79 12.3 -3.4 0.51 11.0 6.3 
November 0.64 12.4 t.7 0.70 5.1 -5.7 0.30 4.5 0.7 
December 0.69 8.4 2.6 0.70 0.6 -7.2 0.28 -2.0 -4.8 



103 

4. DESCRIPTION OF OUTPUT OF THE PRESTO-II CODE 

The output of the PRESTO-II code is designed to be self-
documenting, and contains descriptive convents, definitions, and 
intermediate tabulations. It is assumed that users of the code may be 
unfamiliar with the code structure and that the code may be implemented 
on a computer other than the IBM 3033 for which it was written. For 
these users many of the tables and comments will be most valuable. 

Tlie output will be described in eleven sections, corresponding to 
the eleven sections in the printout for each run. Table 4.1 consists 
of example output of the PRESTO-II code. This output corresponds to 
the Barnwell data set discussed in Appendix C. 

4.1 INPUT DATA 

The first section of the output of the PRESTO-II code simply 
prints the input data as it is read. PRESTO-II input data is read and 
then written on a temporary storage device and on the output device. 
Thus, a record of the input data set is printed out for positive 
identification of the run. Input data is subsequently read from the 
temporary storage device for use by the code. 

4.2 DEFINITION, ORGANIZATION, AND PRELIMINARY 
ANALYSIS OF INPUT DATA 

In the second section of the output of the PRESTO-II code, the 
input data are organized and summarised according to data type, 
transport subsystem or pathway, and printed o-t. As a result, the code 
user should be able easily to review the input data for each run. 
A more detailed description of the input data can be found in 
Sect. 3.3. 

The first part of this output section consists of the computer run 
identification (time/date code) and the user-supplied identification 
from input card 1. 

The output labeled "control information" identifies the site and 
interprets the run control data entered by the user. These control 
data include radionuclide leaching options, trench cap failure data, 
and water use parameters. 

The output labeled "trench information" describes the trench area 
and depth, the porosity of the trench contents, and the annual 
infiltration for the watershed. 

The output labeled "aquifer information" describes the groundwater 
velocity, the trench to aquifer distance, the trench to well distance, 
the aquifer thickness and contamination plume dispersion angle, the 
porosities of the subtrench area and the aquifer, and the subtrench 
permeability. 
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The output labeled "atmospheric information" describes the 
effective source height for the wind-blown or mechanically mobilized 
contamination plume from the site, the gravitational fall velocity of 
suspended soil particles, the site-to-population distance, the lid 
height, the Hosker surface roughness factor, the atmospheric stability 
class and dispersion formulation, the fraction of the time wind blows 
toward the population, and the parameters specifying resuspension 
factor and resuspension rate. 

The output labeled "surface information" consists of the universal 
soil loss equation parameters, the surface soil porosity and bulk 
density, the runoff fraction for rainfall, the stream or river flow 
rate, the cross-slope extent of spillage, the active soil depth, and 
the average distance from the trench to the stream. 

The output labeled "air-food-chain information" describes 
productivity data for grass and vegetation, timing data for computation 
of radioactive decay for the ingestion exposure pathway, and nuclide 
weathering (from the surface soil) and C-14 equilibrium data. 

The output labeled "water-food-chain information" describes data 
which characterize water use by milk cattle, goats, and beef cattle and 
water use for crop irrigation. 

The output labeled "human ingestion and inhalation rate 
information" describes the annual ingestion and inhalation parameters, 
and the number of persons at risk. 

4.3 RADIONUCLIDE SUMMARY TABLES 

A set of three tables under the heading, "nuclide information," 
summarize radionuclide data used for the transport calculations. 
First, an inventory table labeled "information on individual nuclides" 
.pacifies the initial inventory in the trench, on the soil surface, in 
the stream, and in the air. Also included in this table are the decay 
constant and the user-supplied solubility constant. 

The second radionuclide table labeled "distribution coefficients 
mL/g" summarizes the chemical distribution coefficients for the surface 
soil, the trench contents, the vertical soil column, and the aquifer. 

The third radionuclide table summarizes seven radionuclide-
specific foodchain parameters used by the FOOD, IRRIG, HDKEX, CV, and 
COV subroutines. These parameters are also used by the FOODA, IBRIGA, 
EtiMEXA, CVA, and COVA subroutines. 

Also, radionuclide atomic mass numbers are extracted from the 
radionuclide names and used in the calculations. Results from the aass 
extraction algorithm are printed in a table labeled "initial 
calculations" a* a convenience for the user who may be using the 
PRESTO-II code on other than the IBM 3033 coaputer, and who Bay be 
using other alphanumeric string manipulation functions. 



105 

4.4 INITIAL UNIT RESPONSE CALCULATIONS 

This output section includes results of nuclide-specific annual 
transport calculations which will be used by the bookkeeping submodels 
for each simulation year. They also include soil loss calculation 
results and the calculated (or input) value for the ratio of 
atmospheric radionuclide concentration per unit release rate at the 
radionuclide disposal site. 

4.5 ANNUAL SUMMARY TABLES FOR SPECIFIED YEARS 

Control variables determine the years for which results will be 
printed. For these years, a number of hydrologic and transport 
variables are output. Included are trench cap status, maximum possible 
water depth in the trench, water loss by overflow and drainage from the 
trench, and trench inventory. Radionuclide concentration values *.rd 
flux values are presented for a number of key pathways and regions jf 
interest. 

4.6 RADIONUCLIDE CONCENTRATION TABLES 

The radionuclide concentration tables present, by nuclide, the 
average concentration over the entire assessment period, the year of 
maximum concentration, and the level of the maximum (population mean) 
concentration for the atmosphere, for the well water, and for the 
stream water. The year and level of maximum concentration is of 
interest since it is related to the year at which population exposures 
are most significant. Human exposures may peak, or even commence, many 
years after closure of a disposal site. 

Separate average radionuclide concentration tables for the user-
specified averaging window (which may be a fraction of the total 
assessment period) are included. These tables present the radionuclide 
concentration in five types of foods due to atmospheric deposition, and 
due to irrigation. 

4.7 RADIONUCLIDE EXPOSURE TABLES 

Annual population intakes of radionuclides by ingestion and by 
inhalation are next printed. The fraction of ingestion input due to 
drinking water is given. 

Next, the radionuclide exposure tables list, by nuclide, the year 
of maximum exposure and the corresponding level of the maximum 
(population mean) exposure for the atmosphere, for the ground surface 
(including the resident intruder exposure term which also leads to 
external exposure, as described in Sect. 2.2.2), for ingestion, and for 
inhalation. The maximum exposures for the atmosphere and the ground 
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surface are listed in units of Ci/n and Ci/a, respectively. The 
exposure rates for ingestion and inhalation are presented in units of 
pCi/y. Although the exposure tens are dependent on the concentrations 
summarized in the concentration tables, the times of maximum exposures 
will in general differ from the times of maximum concentrations. This 
difference occurs for several reasons, including the dependence of 
exposure on soil concentration (a function of the values printed in the 
concentration tables) and the nuclide-specific uptake and concentration 
mechanisms of the food chain which are considered in computing 
exposures from ingestion. 

4 . 8 OARTAB CONTROL INFORMATION 

DARTAB control information include-, run identification data, 
summaries of output table control information, lists of organs and 
cancers to be considered in the run, dose equivalent factors for low-
end high-LET (linear ejaergy transfer) radiation, radionuclide uptake 
and clearance data, and, if such exist, lists of nuclides and organ 
dose or cancer risk factors not found in the RADRISK data sets which 
were accessed by DARTAB. The location of the population at risk, the 
lifetime fatal cancer risk at that location, and the organ dose 
weighting factors are also printed. 

4.9 DARTAB DOSE TABLES 

DARTAB dose tables produced in the output of Table 4.1 present 
individual and collective dose summary rates by low- and high-LET 
radiation and organ (including weighted sums of organs), by low- and 
high-LET radiation and exposure pathway, and by low- and high-LET 
radiation and radionuclide. Both absolute dose and percentage of total 
dose are included in these tables. The tables printed are dependent on 
the DARTAB control data. 

4.10 DARTAB FATAL CANCER RISK TABLES 

DARTAB fatal cancer risk tables produced in the output of 
Table 4.1 present individual and collective fatal cancer risk, loss of 
life by premature death, and lifetime fatal cancer risk exposure 
equivalent. Genetic risks are also summarized. Values presented are 
summarized by low- and high-LET radiation and organ and by low- and 
high-LET radiation and pathway. The tables printed are dependent yn 
the DARTAB control data. 



Table 4.1. Example of PRESTO-II code output 

* * INPUT DATA AS READ I N * * 

BARNWELL 40 NUCLIDES 
BARNWELL SC 

lOOO • 0 1 I O C 2 0 0 1 1 0 1 0 0 0 1 0 0 0 0 1 1 1 0 0 0 
4 0 0 0 0 

. 0 1 
1 . 1 3 0 

• 1 
1 0 0 2 . 3 

1 . 0 
0 

1 . 0 
3 3 . 2 

1 . 0 0 . 0 0 . 0 0 . 0 

. 5 6 
• e i 

• 6C 
. 6 € 

• 6 4 
. 6 4 

. 7 0 

. 6 9 
. 6 8 • 6 5 . 6 5 • 6 5 

8 . 0 
2 3 . 7 

9 . 3 
1 8 . 2 

1 2 . 9 
1 2 . 4 

1 8 . 0 
8 . 4 

2 2 . 3 2 5 . 9 2 7 . 1 2 6 . 7 

3 . 1 
I t . 5 

3 . 3 
1 2 . £ 

5 . 8 
6 . 7 

1 0 . 3 
2 . 6 

I S . 5 1 9 . 2 2 1 . 2 2 1 . 2 

i 9 1 5 0 . 
4 3 . 3 

6 . 7 1 . 5 0 . 4 2 . 0 1 . 0 . 0 9 

2 . 4 9 1 4 . 2 . 1 5 2 5 0 . 3 0 * 4 0 . 4 4 3 . 3 
1 . . 0 1 • 4 • 0 1 8 0 0 0 . 3 0 0 . . 0 1 

. 4 9 7 . 7 E - S 1 , . O E - e - . 1 5 1 . O E - l l O . O 0 . 0 
1 2 

2 5 0 . 
• 4 

9 1 4 . 
• I S 

. 2 3 
i . e 
. O S 
. 5 3 

0 . 2 7 
5 3 0 0 

2 4 0 . 

. 3 0 
3 0 5 . 0 

• 0 0 2 1 

. 3 0 
0 . 0 1 

7 2 0 . 

l . O 

1 4 4 0 . 
0 2 1 6 0 . 2 4 . 1 4 4 0 . 3 3 6 . 3 3 6 * . 7 7 . 9 4 

5 0 . 
• 7 3 

6 . 
. 0 1 5 

4 8 . 
6 0 . 

9 6 . 
a. 
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9 . 9 1 • 
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•KIDNEYS • . • B L WALL * • * U L I W A L L * . • S I WALL « , 'OVARIES * . 
•TESTES • • ' S P L E E N • • •UTERUS •••THYMUS • •"THYROID • • 
T I M E s T O . r O . T O . T O . T C . T O . T O . T O . / O . / O . T O . T O . T O . T O . T O . T O . T O . r O . C E N D 
&QFACTR K . E T = 2 0 , 2 0 . 2 0 . 2 0 . 2 0 , 2 0 , 2 0 , 2 0 . 2 0 , 2 0 , 2 0 . 2 0 . 2 0 , 20 . 2 0 . 20 . 2 0 * 2 0 . 
L L E T = 1 . 1 . 1 . 1 , 1 . 1 . 1 . 1 . 1 . 1 * 1 . 1 . 1 . 1 * 1 * 1 . 1 . 1 . & E N D 
6CANCER NCANC=18,CANC=»R MARROW•••ENDOST • . •PULMNARY*,•BREAST » . 

•ST WALL • , » P A K : R E A S » . , L L I WALL* , * KIDNEYS •» 
•BL WALL • • • U L I W A L L * . ' S I WALL • . • O V A R I E S • • 
•TESTES • • •SPLEEN •• •UTERUS • • 
•THYMUS • • •THYROID • . • L I V E R • • 

R E L A B S = l . l . l . 1 , 1 . 1 . 1 . 1 . 1 * 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 .&END 
&GENTIC GENEFF=.TROE..GEN='TESTES ••'OVARIES •••AVERAGE •• 
NGEN=3.GRFAC=200,20000.REPPER=.014133.GLLET=1.1.1. 
G H L E T = 2 0 • 2 0 , 2 0 . 6 E N C 
&RNUCLO NONCLD=A0» 
N U C L I D = » H - 3 * . * C - 1 4 « , « M N - 5 4 • . • F E - S S * . » N I - 5 9 • . • C O - 6 0 * . * N I - 6 3 * • 

• Z N - 6 5 * . • K R - S S * • « S R - 9 0 « , * Y - 9 0 • • » N B - 9 4 • • • T C - 9 9 • • ' R U - 1 0 6 » t 
. « S B - 1 2 5 • • • 1 - 1 2 5 * . ' 1 - 1 2 9 * . * C S - 1 3 4 * • • C S - 1 3 7 * • » B A - 1 3 7 M • • 
. • C E - 1 4 4 « . » P * - 1 4 7 » . ' R E - I S T * . » P B - 2 1 0 * • * R A - 2 2 6 « • 
• • U - 2 3 3 * , » U - 2 3 4 » • ' U - 2 3 5 * . « L - 2 3 6 » • • U - 2 3 8 ' • • P U - 2 3 8 ' • 
• • P U - 2 4 1 • • • A M - 2 4 1 * , • P U - 2 4 2 « , » A M - 2 4 3 « • ' C M - 2 4 3 ' , 

0 . 1 * O . 1 . 0 . 1 . 0 . 1 * 0 . 1 . 0 . 1 . 0 . 0 • 1 . 0 . 1 . 0 . 1 . 0 . 1 • 0 . 1 . 0 . 
1 . 0 . 1 . 0 . 1 . O . l . O . l . O . l . O . l . O . l . O . 1 * 0 . 1 . O . l . O . l . O . l . O . 
1 * 0 * 1 . 0 * 1 * 0 . 1 . 0 . 1 . 0 * 1 . 0 . 1 . 0 , 1 . 0 . 1 . 0 . 1 . 0 . 1 . 0 . 

• C D - 1 0 9 
• C E - 1 4 1 
• T H - 2 3 2 
• P U - 2 3 9 

PSI2E= 0 
1 . 0 
1.0 

RESP=« • • 
• Y * . « Y » 
• ••»W» 
• Y « , « V « 
• Y « , « Y « 
• Y » . » Y » 

GIABS= 
0 * 0 , 
0 * 0 . 
0 . 0 . 
0 . 0 . 
0 . 0 . 

• Y » , » W » . » Y » • 
• 0 * t a O * • • © • • « D » • ' D » , 
• Y« , • • . • * • , « « • , • * » . 
• Y « . « Y « , * Y * • • Y « . * Y » , ' Y « • 
• Y » , » Y « , 

9 . 5 E - 1 • 0 . 0 * 0 . 0 * 
9 . 5 E - 1 . 0 . 0 . 0 . 0 . 
l . O E - 1 . 0 . 0 , 0 . 0 . 
l . O E - l . 0 . 0 , 0 . 0 . 
5 . 0 E - 2 . 0 . 0 . 0 . 0 , 
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CEND 
&LOCTBL N T L 0 C = 0 . R N L O C = * S U M • • 
OGLOC=•SUM • • 
PTLOC=7 »FALOC= 1 • HLLOC= 1 . L T ABLE=3 . SEND 
CORGANF NORGB=18*ORGB**R MAR • . • E N D O S T • • • * P U L * • • 
•MUSCLE • • • L I V E R • • * S WALL • * • P A N C R E A S • • « L L I W A L L * • 
• K I D N E Y S • • • B L WALL • • • U L I W A L L » » » S I WALL • • • O V A R I E S • • 
• T E S T E S • • ' S P L E E N • • • U T E R U S • • • T H Y M U S • • • T H Y R O I D • • 
I P A T H = S , 5 , 5 , 5 . E . 5 . S , 5 , E . 5 . 5 . 5 , S . 5 . 5 , £ . 5 . 5 . 
ORGDAT=.15 59,.0147,.2908..19 08,.0746«•0415•.0581•.0332..0166*.0166* 
•0166*.0083..0083,.0083..0083,.0083,.0083..0405.&END 

CT> 



P R E S T O - I I : A NCDEL FOR P R E D I C T I N G THE MIGRATION OF RADIOACTIVE WASTES 
F»OM SHALLOW TRENCH BUHIAL S ITES 

T H I S RUN WAS MADE AT 2 2 . 0 9 0 ON 0 5 / O U / f l b 

3ARNWELL — 40 NUCLIDES 

• • • CONTROL INFORMATION • • • 

THE BURIAL S I T E I S LOCATED AT BARNWELL SC 
THE S IMULATION WILL RUN FOR 1 0 0 0 YEARS AND WILL INCLUDE 40 NUCLIDES 
LEACHING CPTICN NUMBER I WILL BE LSED 
I N YEAR ICO . 0 . 0 1 OF THE CAP WILL BE ASSUMED TO F A I L 

T H I S WILL CONTINUE UNTI'_ 0 . 1 0 HAS FA ILEO I N YEAR 200 
CAP HAY ALSO F A I L BY SURFACE ERCSICN 
VERTICAL HATER VELOCITY WILL BE CALCULATED USING I N F I L T R A T I U N AND POROSITY 
L E N G i H OF VERTICAL SATURATED i.ON£ WILL Bf CALCULATED USING I N F I L T R A T I O N AND POROSITY 
POPULATION JNCICATCR I S i 

GENERAL POPULATION EXPOSURE WILL 8E USED TO CALCULATE HEALTH EFFECTS 
l .OOO OF I R R I G A T I O N WATER « I L L BE GOTTEN FROM WELL 
J.uOO OF D R I N K 1 . ' WATER FOR ANIMALS WILL BE GOTTEN FROM WELL 
I . . 0 0 OF D R I N 4 I C • HATER FOR HUMANS M I L L BE GOTTEN FROM WELL 
0 . 0 OF I R R I G A 1 ON WATER WILL BE GOTTEN FROM STREAM 
0 . 0 OF D R I N K I N G WATER FOR ANIMALS WILL BE GOTTEN FROM STREAM 
0 . 0 OF D R I N K I N G WATER FOR HUMANS WILL BE GOTTEN FROM STREAM 

TRENCH CAF I N F I L T R A T I O N WILL BE CALCULATED FROM HOURLY P R E C I P I T A T I O N 

• • • CLIMATIC INFORMATION • * • 

THE AVERACE ANNUAL P R E C I P I T A T I O N IS 1 . 1 3 0 METERS 
THE AVERAGE ATMOSPHERIC PRESSURE I S 1 0 0 2 . 3 0 MBAR 
THE L A T I T L D E OF THE S I T E I S 3 3 . 2 0 

NCNTH FRACTION OF SUNSHINE AVERAGE TEMP C AVG DEW POINT TEMP C 

JAN 
FEB 
MAR 
APS 
MAY 
J UN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

. 5 6 

. 6 0 

. 64 

. 7 0 

. 6 8 

. 6 3 

. 6 5 

. 6 5 

. 6 1 

. 6 6 

.64 

. 6 9 

8.00 
9 .30 

12 .90 
1 8.00 
2 i i .30 
2 i i .90 
2 7 . 13 
2 6 . 7 0 
2 3 . 7 0 
18 .20 
12.40 

d.40 

3 .10 
3 .30 
5 .80 

1 0 . 3 0 
1 5 . 5 0 
1 9 . 2 0 
2 1 . 2 0 
2 1 . 2 0 
18 .50 
1 2 . 5 0 

6 .70 
2 . 6 0 



' » » TRENOf INFC.->4AT1C!J • • « 

THE TRENCh HAS AN AREA OF 0 . 9 1 S 0 E 04 SQUARE METERS AND A DEPTH OF 0 . 6 7 0 0 E 01 METERS 
TRENCH P O f O S I U I S 0 . 4 0 
TRENCH CAP P E R M E A B I L I T Y I S 4 3 . 3 0 0 METERS PER YEAR 

*»* AOCIFER INFORMATION • » » 

THE GROUNC WATER HAS A VELOCITY OF 2 . 1 5 0 METERS PER YEAR 
TRENCH TO AQUIFER DISTANCE IS 2 . 4 METERS 
TRENCH TO HELL 0 1 STANCE I S 9 1 4 . 0 0 METERS 
THE AQUIFER THICKNESS I S 2 5 . 0 0 METERS 

HE AQUIFER O I S P E R S I O N ANGLE I S 0 . 3 0 0 0 RADIANS 
? T R O S I T Y CF THE AQUIFER REGION I S 0 . 4 0 0 0 0 
^GROSITY EENEATH THE TRENCH I S 0 . 4 0 0 0 0 
P E M E A B I L I T Y EENEATH THE TRENCH JS 4 J . J 0 0 METEBS/YEAR 



» » • ATMC&Pt-EKI C INFORMATION * * • 

SOURCE HEIGHT I S 1 . 0 METERS 
•'ELOC1TY CF G R A V I T A T I O N FALL I S 0 . 0 1 METERS/SECONO 
WIND VELOCITY I S 0 . 4 0 METERS/SECCND 
D E P O S I T I O N VELOCITY I S 0 . 0 1 MET ERS/SECOND 
GAUGE DISTANCE FRCM SCURCE IS 8 0 0 0 . 0 0 METERS 
L I D H E I G H T I S 3 0 0 . 0 0 METERS 
HOSKER ROIGHNESS FACTCR I S 0 . 0 1 
TVPE OF S T A B I L I T Y FCRPULATICN I S 1 
S T A B I L I T Y CLASS I S 2 
FRACTION CF T IME » I NO SLOWS TOWARD POPULATION I S 0 . 4 9 0 0 0 0 
NORMALIZED DG»N WINO ATMOSPHERIC EXPOSURE I S 7 . 7 0 0 0 E - 0 9 C I / M * * 3 PER C I / S E C 
RESUSFENSION FACTOR PARAMETERS 0 . 1 0 0 0 E - 0 5 - 0 . I 5 0 0 E 00 O . I 0 O O E - I 0 
FROM YEAR 0 TO YEAR 0 THE RESUSPENSION RATE DUE TO MECHANICAL DISTURBANCES WIU- BE 0 . 0 

T H I S * I L L CCCUR CURING 0 . 0 OF EACH YEAR 

* » * SURFACE INFCRKATION *** 

PARAMETERS FCK UNIVERSAL LOSS 
RAINFALL 2 5 0 . 0 0 
E R O D i e i L I T Y 0 . 2 3 
STEEFNESJ-SLOPE 0 . 2 7 
COVEF 0 . 3 0 
EROSICN CONTROL 0 . 3 0 
DELIVERY RATIO 1 . 0 0 

SOIL POROSITY I S 0 . 4 0 0 0 0 
T O I L L.OLK DENSITY I S 1 . 6 0 0 0 0 
kUNOFF FRACTICN I S 0 . 0 5 0 0 0 

STREAM FLCW RATE IS S . 3 0 0 0 E 0 3 CUBIC METEKS PER YEAR 
CROSS SLCFE EXTENT CF SPILLAGE I S 3 0 5 . 0 0 METERS 
A C T I V E SOIL OEPTH I S 0 . 0 1 METERS 
AVERAGE DCWN SLOPL ; DISTANCE TO STRCAM I S 9 1 4 . 0 0 METERS 

EQUATION 

M 

G/CC 



«»» A I R - r O C O C H A I N INFl l i iMt ' i ICN » * • 

AGRICULTURAL PRODUCTIV ITY FCR GRASS 0 . 1 9 KG/M»»2 
AGRICULTURAL PRODUCTIV ITY FCR VEGETATICN 0 . 5 3 K G / M * * 2 
SURFACE DENSITY FCR S C I L 2 4 0 . 0 0 K G / M * * 2 
HEATHER DECAY CONSTANT 0 . 0 0 1/HOURS 
PERIOD PASTURE GRASS EXPOSURE GROWING SEASON 7 2 0 . 0 0 HOURS 
PERIOD CRCP/VEGETATION EXPOSURE GROWING SEASON 1 4 4 0 . 0 0 HOURS 
PERIOD BETWEEN HARVEST PASTURE GRASS A SO I N G E S T I O N BY ANIMAL 0 . 0 
PERIOD BETWEEN STOREO FEED AND I N G E S T I O N BY ANIMAL 2 1 6 0 . 0 0 HOURS 
PERIOD BETWEEN HARVEST LEAFY VEGETABLES AND INGESTION BY M A M M . I . E . ) 
PERIOD BETWEEN HARVEST PRODUCE AND I N G E S T I O N BY M A N t M . l . E . ) 
PERIOD BETWEEN HARVEST LEAFY VEG ANC I N G E S T I O N BY M A N C G . P . E . ) 
PERIOD BETWEEN HARVEST PRODUCE ANC I N G E S T I O N RY M A N t G . P . E . ) 
FRACTION CF YEAR ANIMALS GRAZE ON PASTURE 0 . 7 7 
FRACTION CF DAILY FEED THAT I S FRESH GRASS 0 . 9 4 
AMOUNT OF FEEC CONSUMED BY CATTLE S O . 0 0 KG 
AMOUNT OF FEEC CONSUMEO BY GOATS 6 . 0 0 KG 
TRANSPORT TIME FEEO-M1LL-RECEPTCR FOR M . I . E . 4 8 . 0 0 HOURS 
TRANSPORT TIME FEEO-M ILL-RECEPTOR FOr» G . P . E . 9 6 . 0 0 HOURS 
T I M E FROM SLAUGHTER OF MEAT TO CONSUMPTION 4 8 0 . 0 0 HOURS 
ABSOLUTE HUMI01TY OF THE ATMOSPHERE 9 . 9 0 G / M * « 3 
FRACTIONAL E Q U I L I B R I U M R A U C FOR C - 1 4 1 . 0 0 

HOURS 

2 4 . 0 0 HOURS 
1440.00 HOURS 

336.00 HOURS 
336.00 HOURS 

O 



* * * WATER-FOODCHAIN INFORMATION * * * 

F R A C T I O N CF YEAR CROPS ARE I R R I G A T E D 0 . 7 3 
I R R I G A T I O N RATE 0 . 0 1 L / ( M * * 2 - H ) 
AMOUNT OF WATER CONSUMED BY COWS 6 0 . 0 0 L / D 
AMOUNT OF WATER CONSUMED BY GOATS 8 . 0 0 L / D 
AMOUNT OF WATER CONSUMED BY BEEF CATTLE 5 0 . 0 0 L / D 

* * * HUMAN I N G E S T I O N AND I N H A L A T I C N RATE INFORMATION * * * 

ANNUAL INTAKE OF LEAFY VEG 1 9 0 . 0 0 KILOGRAMS PER YEAR 
ANNUAL INTAKE CF FRCDUCE 1 9 0 . 0 0 KILOGRAMS PER YEAR 
ANNUAL INTAKE OF COW'S M I L K 1 1 0 . 0 0 L I T E R S PER YEAR 
ANNUAL INTAKE OF GOAT 'S M ILK 0 . 0 L I T E R S PER YEAR 
ANNUAL I N T A K E OF MEAT 9 5 . 0 0 KILOGRAMS PER YEAR 
ANNUAL INTAKE OF O R I N K I N G WATER 2 7 0 . 0 0 L I T E P S PER YEAR 
ANNUAL I N H A L A T I O N RATE OF A I R 6 0 0 0 . 0 0 CUBIC METERS PER YEAR 
A POPULATION CF 7 0 3 3 . WILL BE CONSIDERED 
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ANNUAL SUMMARY FOR YEAR 1 OF THE S I M U L A T I O N 

THE TRENCH CAF HAS HAD 0 . 0 PER CENT F A I L U R E 
THE MAXIMUM CALCULATED WATER DEPTH I N TRENCH DURING THE YEAR 

6 . 5 2 0 8 E C3 CUBIC METERS OF WATER LEFT BOTTOM OF TRENCH 
0 . 0 CUBIC METERS OF WATER OVERFLOWED TRENCH 

IS 0.0 METERS 

NUCLIDE TRANSPORT INFORMATION 

N U C L I D E AMOUNT I N TRENCH TRENCH AMOUNT AT 
TRENCH OVERFLOW DRAINAGE WELL 

C I C I C I C I 
H - 3 5 . 1 6 0 7 E 0 3 0 . 0 2 . 7 4 4 6 E 0 4 0 . 0 
C - I 4 1 . S 0 3 4 E 0 0 0 . 0 7 . 9 9 5 5 E 0 0 0 . 0 
M N - 5 4 4 . 3 3 4 4 E C3 0 . 0 1 . 5 3 6 6E 0 0 0 . 0 
F E - 5 5 S . 0 7 4 0 E 0 4 0 . 0 4 . 9 0 6 3 E 0 1 0 . 0 
N I - 5 9 0 . 0 0 . 0 0 . 0 0 . 0 
C O - 6 0 3 . 7 8 8 7 E 0 5 0 . 0 3 . 6 6 3 6 E 0 2 0 . 0 
N I - 6 3 1 . 0 9 5 6 E 0 4 0 . 0 3 . 8 8 4 5E 0 0 0 . 0 
Z N - 6 5 2 . 6 8 1 9 E 0 3 0 . 0 8 . 9 1 4 6 E 0 0 0 . 0 
K R - 8 5 0 . 0 0 . 0 1 . 5 7 6 6E 0 3 0 . 0 
S R - 9 0 2 . 5 4 9 4 E 0 3 0 . 0 5 . 0 2 1 7 E 0 0 0 . 0 
Y - 9 0 2 . 5 4 9 4 E 0 3 0 . 0 5 . 0 2 1 7 E 0 0 0 . 0 
N B - 9 4 0 . 0 0 . 0 0 . 0 0 . 0 
T C - 9 9 2 . 3 2 5 7 E 0 1 0 . 0 3 . 7 6 4 3 E 0 1 0 . 0 
R U - 1 0 6 0 . 0 0 . 0 0 . 0 0 . 0 
C D - 1 0 9 9 . 2 0 4 4 E 0 0 0 . 0 7 . 3 0 6 2E-- 0 2 0 . 0 
S B - 1 2 5 2 . 1 0 0 3 E 0 0 0 . 0 2 . 4 8 2 2 E - • 0 3 0 . 0 
1 - 1 2 5 0 . 0 0 . 0 0 . 0 0 . 0 
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ANNUAL SUMMARY FOR YEAR 1 0 0 OF THE S I M U L A T I O N 

THE TRENCH CAP HAS HAD I . 0 0 PER CENT F A I L U R E 
THE MAXIMCM CALCULATED WATER DEPTH I N TRENCH DURING THE YEAR 

6 . 4 7 3 1 E C3 CUBIC METERS OF WATER L E F T BOTTOM OF TRENCH 
0 . 0 CUBIC METERS OF WATER OVERFLOWED TRENCH 

IS 0 . 0 METERS 

N U C L I D E TRANSPORT INFORMATION 

N U C L I D E AMOUNT I N TRENCH TRENCH AMOUNT AT 
TRENCH OVERFLOW DRAINAGE WELL 

C I C I C I C I 
H - 3 1 . 7 0 1 7 E - 7 5 0 . 0 0 . 0 0 . 0 
C - 1 4 8 . 2 3 3 4 E - 7 6 0 . 0 0 . 0 0 . 0 
k N - 5 4 6 . 8 9 5 9 E - 3 2 0 . 0 2 . 4 2 7 I E - 3 5 0 . 0 
F E - 5 5 4 . 1 U 8 E - 0 7 0 . 0 3 . 9 4 6 8 E - 1 0 0 . 0 
N I - 5 9 0 . 0 0 . 0 0 . 0 0 . 0 
C O - 6 0 7 . 2 7 0 7 E - 0 1 0 . 0 6 . 9 7 9 0 E - 0 4 0 . 0 
N I - 6 3 5 . 6 7 4 8E 03 0 . 0 1 . 9 9 7 3 E 0 0 0 . 0 
Z N - 6 5 3 . 7 2 2 3 E - 4 2 0 . 0 1 . 2 2 8 2 E - 4 4 0 . 0 
K R - 8 5 0 . 0 0 . 0 0 . 0 0 . 0 
S R - 9 0 1 . 9 1 1 4E 0 2 0 . 0 3 . 7 3 7 3 E - 0 1 0 . 0 
V - 9 0 1 . 9 1 1 4 E 02 0 . 0 3 . 7 3 7 3 E - 0 1 0 . 0 
N B - 9 4 0 . 0 0 . 0 0 . 0 0 . 0 
T C - 9 9 1 . 2 5 7 7 E - 4 0 0 . 0 1 . 9 6 8 6 E - 4 0 0 . 0 
Ru-ioe 0 . 0 0 . 0 0 . 0 0 . 0 
C D - 1 0 S 1 . 5 5 4 9 E - 2 3 0 . 0 1 . 2 2 5 2 E - 2 5 0 . 0 
S B - 1 2 5 3 . 3 3 1 9 E - U 0 . 0 3 . 9 0 9 0 E - 1 4 0 . 0 

U) 
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ANNUAL SUMMARY FOR YEAR 2 0 0 OF THE S I M U L A T I O N 

THE TRENCI- CAF HAS HAD 1 0 . 0 0 PER CENT F A I L U R E 
THE MAXIMCM CALCULATED WATER DEPTH I N TRENCH DURING THE YEAR 

6 . 0 4 3 9 E C3 C L B I C METERS OF WATER LEFT BOTTOM OF TRENCH 
0 . 0 CUBIC METERS OF WATER OVERFLOWED TRENCH 

IS 0 . 0 METERS 

N U C L I D E TRANSPORT INFORMATION 

N U C L I O E AMOUNT I N TRENCH TRENCH AMOUNT AT 
TRENCH OVERFLOW DRAINAGE WELL 

C I C I C I C I 
H - 3 6 . 0 4 6 0 E - 7 8 0 . 0 0 . 0 0 . 0 
C - I 4 8 . 1 3 4 4 E - 7 6 0 . 0 0 . 0 0 . 0 
M N - 5 4 4 . 8 9 0 S E - 6 7 0 . 0 1 . 6 0 7 2 E - 7 0 0 . 0 
F E - S S 2 . S 8 4 5 E - i e 0 . 0 2 . 3 1 6 < > E - 2 1 0 . 0 
N I - 5 9 0 . 0 OoO 0 . 0 0 . 0 
C O - 6 0 1 . 2 2 6 3 E - 0 6 0 . 0 1 . 0 9 9 0 E - 0 9 0 . 0 
N I - 6 3 2 . 9 2 4 1 E 0 3 0 . 0 9 . 6 0 9 I E - 0 1 0 . 0 
Z N - 6 5 O . O 0 . 0 0 . 0 0 . 0 
K R - 8 5 0 . 0 0 . 0 0 . 0 0 . 0 
S R - 9 0 1 . 4 0 7 2 E 0 1 0 . 0 2 . 5 6 8 7 E - 0 2 0 . 0 
Y - 9 0 1 . 4 0 7 2 E 01 0 . 0 2 . 5 6 8 7 E - 0 2 0 . 0 
N B - 9 4 O . O 0 . 0 0 . 0 0 . 0 
T C - 9 9 3 . 8 8 6 6 E - 7 5 0 . 0 0 . 0 0 . 0 
R U - 1 0 6 O . O 0 . 0 0 . 0 0 . 0 
C D - 1 0 9 1 . 5 1 0 5 E - 4 7 0 . 0 1 . 1 4 7 4 E - 4 9 0 . 0 
S B - 1 2 5 4 . 1 3 1 5 E - 2 2 0 . 0 4 . 5 2 5 3 E - 2 5 0 . 0 
1 - 1 2 5 0 . 0 O . O 0 . 0 0 . 0 
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U - 2 3 8 5 . 9 4 7 7 E - 3 8 0 . 0 
P U - 2 3 8 1 . 6 1 3 5 E - 1 7 0 . 0 
P U - 2 3 9 3 . 8 9 4 6 E - 1 7 0 * 0 
P U - 2 4 1 0 . 0 0 . 0 
AM-241 0 . 0 0 . 0 
PU-2*2 0 . 0 0 . 0 
AM-243 0 . 0 0 . 0 
CM-243 0 . 0 0 . 0 

2 . 0 8 1 7 E - 3 2 
1.4119E-13 
3 . 4 0 7 9 E - 1 3 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

7 . 0 S 5 8 E - 3 2 2 . 0 0 9 8 E - - 4 5 7 . 5 8 2 9 E - 5 4 0 . 0 
4 . 7 8 r . " - - 1 3 5 .4523E- - 2 5 2 . 0 5 7 1 E - 3 3 0 . 0 
1 . 1 S 5 1 E - 1 2 1 .3160E- - 2 4 4 . 9 6 5 4 E - 3 3 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 * 0 0 . 0 0 . 0 
0 . 0 0,0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 



ANNUAL SUMMARY FOR YEAR 3 0 0 OF THE S I M U L A T I O N 

THE TRENCH CAP HAS HAD 1 0 . 0 0 PER CENT F A I L U R E 
THE M A X I M I M CALCULATED WATER DEPTH I N TRENCH DURING THE YEAR 

6 . 0 4 3 9 E C3 C L B I C METERS OF WATER LEFT BOTTOM OF TRENCH 
0 . 0 CUBIC METERS OF WATER OVERFLOWED TRENCH 

IS 0 . 0 METERS 

NUCLIDE TRANSPORT INFORMATION 

N U C L I D E AMOUNT I N TRENCH TRENCH AMOUNT AT 
TRENCI- OVERFLCW DRAINAGE WELL 

C I C I C I C I 
H - 3 0 . 0 0 . 0 0 . 0 0 . 0 
C - 1 4 8 . 0 3 6 5 E - 7 6 0 . 0 0 . 0 0 . 0 
M N - 5 4 0 . 0 0 . 0 0 . 0 0 . 0 
F E - 5 5 1 . 6 2 9 7 E - 2 9 0 . 0 1 . 4 6 0 5 E - 3 2 0 . 0 
N I - 5 9 0 . 0 0 . 0 0 . 0 0 . 0 
C O - 6 0 2 . 0 7 4 9 E - 1 2 0 . 0 1 . 8 5 9 5 E - 1 5 0 . 0 
N I - 6 3 1 . S 0 8 5 E 03 0 . 0 4 . 9 5 7 2 E - 0 1 0 . 0 
Z N - 6 5 0 . 0 0 . 0 0 . 0 0 . 0 
K R - 8 5 0 . 0 0 . 0 0 . 0 0 . 0 
S R - 9 0 1 . 0 4 2 6 E 00 0 . 0 1 . 9 0 3 3 E - 0 3 0 . 0 
Y - 9 0 1 . 0 4 2 6 E 00 0 . 0 1 . 9 0 3 3 E - 0 3 0 . 0 
NB—94 0.0 0 . 0 0.0 0 . 0 
T C - 9 9 3 . 8 8 5 3 E - 7 5 0 . 0 0 . 0 0 . 0 
R U - 1 0 6 0 . 0 0 . 0 0 . 0 0 . 0 
CD—109 1 . 6 0 7 0 E - 7 1 0 . 0 1 . 1 8 1 7 E - 7 3 o.o 
S B - 1 2 5 5 . 1 4 2 7 E - 3 3 0 . 0 5 . 6 . 3 2 9 E - 3 6 0 . 0 
1 - 1 2 5 0 . 0 0 . 0 0 . 0 0.0 
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N U C L I D E SURFACE SURFACE SOLUBLE TO SOLUBLE TO ATMOSPHERE ATMOSPHERE WELL WATER 
S O I L CCNC WATER CCNC STREAM TRENCH AT SP ILLAGE DOWN WIND CONC 
C I / M * * 3 C I / M * * 3 C I C I C I / M * * 3 C I / M * * 3 C I / M * * 3 

H - 3 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
C - 1 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
M N - 5 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
F E - 5 5 7 . 5 I 6 8 E - 7 7 0 . 0 2 . 1 5 2 6 E - 7 1 7 . 2 9 6 0 E - 7 1 0 . 0 0 . 0 0 . 0 
N I - 5 9 O . O 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 C O 
C O - 6 0 9 . 4 6 2 3 E - 6 0 0 . 0 2 . 7 0 9 7 E - 5 4 9 . 1 8 4 3 E - 5 4 3 . 1 9 7 4E-- 6 7 I . 2 0 6 4 E - 7 5 0 . 0 
N I - 6 3 3 . 6 5 4 7 E - 2 5 0 . 0 3 . 8 3 7 5 E - 2 0 I . 3 0 0 7 E - 1 9 1 . 2 3 5 0 E - - 3 2 4 . 6 5 9 5 E - 4 1 0 . 0 
Z N - 6 5 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
K R - 8 5 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
S R - 9 0 5 . 4 9 5 7 E - 7 5 0 . 0 3 . 2 0 5 9 E - 6 9 1 . 0 8 6 6 E - 6 8 0 . 0 0 . 0 0 . 0 
Y - 9 0 5 . 4 9 5 7 E - 7 5 0 . 0 3 . 2 0 5 9 E - 6 9 1 . 0 8 6 6 E - 6 8 0 . 0 0 . 0 O . O 
N B - 9 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
T C - 9 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
R O - 1 0 6 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
C D - 1 0 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
S B - I 2 5 O . O 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 -e-
1 - 1 2 5 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 * 0 0 . 0 *" 
1 - 1 2 9 O . O 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
C S - 1 3 4 1 . 9 4 4 2 E - 5 6 0,0 2 . 7 8 3 8 E - 5 2 9 . 4 3 5 3 E - 5 2 6 . 5 6 9 6 E - - 6 4 2 . 4 7 8 7 E - 7 2 0 . 0 
C S - 1 3 7 8 . 9 1 5 6 E - 1 5 0 . 0 1 . 2 7 6 6 E - 1 0 4 . 3 2 6 8 E - 1 0 3 . 0 1 2 7 E - - 2 2 1 . 1 3 6 7 E - 3 0 0 . 0 
8 A - 1 3 7M 8 . 9 1 5 6 E - 1 5 0 . 0 1 . 2 7 6 6 E - 1 0 4 . 3 2 6 8 E - 1 0 3 . 0 I 2 7 E - - 2 2 1 . 1 3 6 7 E - 3 0 0 . 0 
C £ - I 4 i 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
C E - I 4 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
P M - 1 4 7 1 . 9 2 4 6 E - 7 7 0 . 0 4 . 9 6 9 5 E - 7 2 1 . 6 8 4 4 E - 7 1 0 * 0 0 . 0 0 . 0 
R E - 1 8 7 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
P 8 - 2 1 0 7 . 8 4 0 0 E - 2 2 0 . 0 2 . 2 8 6 7 E - 1 7 7 . 7 5 0 6 E - 1 7 2 . 6 4 9 2 E - - 2 9 9 . 9 9 5 5 E - 3 8 0 . 0 
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ANNUAL SUMMARY FOR YEAR 4 0 0 OF THE S I M U L A T I O N 

THE TRENCH CAP HAS HAD 1 0 . 0 0 PER CENT F A I L U R E 
THE MAXIMUM CALCULATED WATER DEPTH I N TRENCH DURING THfc- YEAR I S 

6 . 0 4 3 9 E 03 C L B I C METERS OF WATER LEFT BOTTOM OF TRENCH 
0 . 0 CUBIC METERS OF WATER OVERFLOWED TRENCH 

0 . 0 METERS 

N U C L I D E TRANSPORT I N F L R M A T I O N 

N U C L I D E AMOUNT IN TRENCH TRENCH AMOUNT AT 
TRENCh OVERFLOW ORAINAGE WELL 

C I C I C I C I 
H - 3 0 . 0 0 . 0 0 . 0 0 . 0 
C - 1 4 7 . 9 3 9 7 E - 7 6 0 . 0 0 . 0 0 . 0 
M N - 5 4 0 . 0 0 . 0 0 . 0 0 . 0 
F E - 5 5 1 . 0 2 7 C E - 4 0 0 . 0 9 . 2 0 9 OE-• 4 4 0 . 0 
N I - 5 9 0 . 0 O . 0 0 . 0 0*0 
C O - 6 0 3 . 5 1 0 8 E - 1 8 0 . 0 3 . 1 4 6 3E-• 2 1 0 . 0 
N I - 6 3 7 . 7 8 2 2 E 0 2 0 . 0 2 . 5 5 7 4 E - • 0 1 0 . 0 
Z N - 6 5 0 . 0 0 . 0 0 . 0 0 . 0 
K R - 8 5 0 . 0 0 . 0 0 . 0 0 . 0 
S R - 9 0 7 . 7 2 5 5 E - 0 2 0 . 0 1 . 4 1 0 2 E - 0 4 0 . 0 
Y - 9 0 7 . 7 2 5 5 E - 0 2 0 . 0 1 . 4 1 0 2 E - - 0 4 0 . 0 
N B - 9 4 0 . 0 0 . 0 0 . 0 0 . 0 
T C - 9 9 3 . 8 8 4 0 E - 7 5 0 . 0 0 . 0 0 . 0 
R U - 1 0 6 0 . 0 0 . 0 0 . 0 0 . 0 
C O - 1 0 9 0 . 0 0 . 0 0 . 0 0 . 0 
S B - 1 2 5 6 . 4 0 1 3 E - 4 4 0 . 0 7 . 0 1 1 5 E - • 4 7 0 . 0 



r> > 

T T T T 
V > v -a v 

. . . . ? ? T 
U 111 M *• •* Vft Co 

ST 
70 V 73 V C CI 
> CD m x m m 
i I i T i i 

U I \ > f \ > » o * * » " » - » -

M Oi O "J<J » • < 

O ftfl H N 
> W </> I I 
I I I •- . -
» • • • • * fo f\> 
ai CJ Ui <6 in 
M «J *• 

o o o o o < o a > » * G J r v > » o » * * C D » * » * o o f \ > r o » * o o 

O O O O O N U « » M < 0 O I » U I U O S 
N 09 01 OB (J O 
M « to 0> O lO 
«J O 01 <C -si CD 
ni rn rn rn m rn 
i i i 

o o o o 
ro oi oi »» 

o o 
o o 

<0 «0 CO » - 0> 
(0 0/ * 0> 

M a i a M o 
m ni rn rn m 

i I i i 
o o o o * 
o •* yi •- •*• 

UI UI UI 
«g -w oi 
Oft n to 
m rn m 

i 
o o oi 
m ** » 

O O 

O O O O O O O O O O O O O O O O O O O O O O O O 
O O O O O O O O O O O O O O O O O O O O O O O O 

O O O O O N N h ) l i l N l \ ) O i - > ' ^ 0 ' f O O * " " 0 > 0 0 
0 9 > 0 » O O M M O O O 

C* (J 01 0* fo ( J U O > 
>g o oi ro s ui oi o 
» O I H N O CO CD • * 
m m m rn m m m m 

I I i l l I I l I I I I I 
O O O O O O O O O O * O O OI 
o> -g o •*> GJ oi a * o * ^ u u <o 

O O O O O 0 > l \ > » * < f r * O O O 
0> -J Oft O 14 *• 
oi ^ *• o> > at 
rn m rn m rn m 

O O O O O O O O O O O O O O O O O O O O O O O O 
O O O O O O O O O O O O O O O O O O O O O O O O 

9<7T 



c c c c c H s t x m n n i i i n n H M O f t j H Z K t t ^ N z r i z i i n i 
I I I I I i > o m i m m > in ui I i a ) p c n a j | ; p x z > - > o » , m z i I 
M H N M K i l I I 1 T 1 l l i i *- •• i T T i i « o l l i l I l l " N U 
a > o > u i » ( j j G j r \ ) » » a > * » * C J U C j < 0 . l r o o o t £ » o u i u i u o i o u o 

» »» S 
z 

z c n 
r 
c 
m 

t n a > u i * - o r o * - > - o © o o r o r o » - o o o o o . } O o o o o a > f o o o o o o 
< - f O N < 0 0 & > 0 * 0 0 0 0 0 » - > - * « 0 0 0 0 0 0 0 0 0 0 0 > 0 0 0 0 0 0 0 
© ro 01 OJ *• *o «»J GJ ( j «o a> to 

a> a> ro u (fi io OJ M 
o u n> * * oi ro A 
m m m m m m mm 
i l l I I I I I 

i - M N K * . * j 01 <sJ 
y i ^ A 0> 0> •» © 0> 

O O f f l O 
o> «g *j r\> 
m n n n n i 
I I I i 
0» 0* 0> 0* 
A a> -g «j 

M O (/> 
s •- c 
z r 7> 
* TI 
# n > 
"SB 

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O C 
• • • • • • • • • • • • • • • • • • • • • • • • • • ( • • • • • • n > ( A 
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O ' - ' W C s m x z n *n 

# > 
• n n 
u n m 

z <-> 

» - r o t o ' - o a , ^ J t f o o o o o j c i * - o o o o o o o o o o o > o o i o o o © o 
- J C D O - J O a J O B - J O O O O O O - g o O O O O O O O O O O ^ O O O O O O O 
OD > J •- ro ^i a ui o\ ui <- u o 
u i o m m N I \ ) U s -J s w oi 
OJ .J> rn 0\ *• tt> <* >j > g a a i£i 
m rn m m m m m mrom mm 
I I l I I I I i l l l l 

oi o> o> o *» ro ro * - ^ < o » N - g 

(A 
O 

w r 
H c 
x a> 

r> m r 
• - • k n i 

a> ro *- »- OJ ui o ro i\> <g oi *• 

o u 5 a y i o w r o H > o o o o ^ > - o i o o o o o o o o o o o ( > j » - o o o o o 
O - g 0 D © O t J ( y i O O O O O O O Q ) O O O O O O O O O O O » - v 0 O O O O O 
oi oi OJ *> ro a oi u U M <oo> 

10 Ul O 0> 0> •- N S 
GJ o *» » A m »• a 
m m m m m m mm 
i l l i l l i t 

»- ro •* »-*-o» N s 

O \0 «-" 03 
to oi o> OD 
m m m m 
I i i I 

oi o* o> a 
OB ro ** *- ro fo <o 

v> 
o 

H r 
» c 
m a o z r 

« r» m 
x 

** — -4 * O 

* - r 0 * - t - O t t 0 l 0 > O O O © - 4 - ^ O O O O O O O O O O O O 0 J O O O O O O 

N - J « o a o c c s o o o o o ( o r o o o o o o o o o o o o o o o o o o o o 
to -^ & 0> 9- *• & *• ** ( j 
GJ <0 01 0» O1 "* OI 01 01 01 
U K O i O O U I H > | <C O 01 
m m m m m m m m m m 
I i i i i I I i l l 
>J <J «g <j M u u row OJ 
" • 0 1 * * U « M * * -J 

H > 
H 

n (A z 
M -D o 
S *+ (fl 
i n 
» r i 
» > m 
u o *> 

m m 

o > o o o o o u » - r o o o o o r o r o o o o o o o o o o o o o > - o o o o o o n o H 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • M S Z 
O O O O O 0 J * - 0 1 O O O O > J - S J O O O O O O O O O O O O ^ O O O O O O N Z O 

OJ o - ro ro p z c / > 
• ^ O U I N to 01 * * "0 
03 ro o o> o* oi * *-* 2 
m m m m m m u z R 
I I I I I I O 73 

OJ A *• Oi CJ P m 
" u o ro ro oi 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o — m 
• • • • • • • • • • • • • • • • • • • • • • • • • • N O T 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o z o r " 
* z 
* C\ * 01 > 



P U - 2 3 8 5 . 8 1 8 S E - 1 9 0 . 0 
P U - 2 3 9 6 , 7 7 - » E - 1 8 0 . 0 
P U - 2 4 1 0 . 0 0 . 0 
A H - 2 4 1 0 . 0 0 . 0 
P U - 2 4 2 0 . 0 0 . 0 
AM-243 0 . 0 0 . 0 
CM-243 0 . 0 0 . 0 

5 . 0 9 1 3 E - 1 5 
5 . 9 3 2 2 E - 1 4 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

1 . 7 2 5 6 E - 1 4 1 . 9 6 6 1 E - 2 6 7 . 4 1 8 2 E - 3 5 0 . 0 
2 . 0 1 0 6 E - 1 3 2 . 2 9 0 8 E - 2 5 8 . 6 4 3 3 E - 3 4 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 

00 



ANNUAL SUMMARY FOR YEAR 5 0 0 OF THE S I M U L A T I C N 

THE TRENCH CAP HAS HAD 1 0 . 0 0 PER CENT FA ILURE 
THE MAXIMUM CALCULATED WATER DEPTH I N TRENCH DURING THE YEAR 

6 . 0 4 3 9 E 03 C L B I C METERS OF WATER LEFT BOTTOM OF TRENCH 
0 . 0 CUBIC METERS OF WATER OVERFLOWED TRENCH 

IS 0 . 0 METERS 

NUCLIDE TRANSPORT INFORMATION 

N U C L I D E AMOUNT I N TRENCH TRENCH AMOUNT AT 
TRENCH OVERFLOW DRAINAGE WELL 

C I C I C I C I 
H - 3 0 . 0 0 . 0 0 . 0 2 . 4 1 1 8 E - 5 3 
C - 1 4 7 . 8 4 4 2 E - 7 6 0 . 0 0 . 0 1 . 1 0 4 3 E - 4 4 
M N - 5 4 0 . 0 0 . 0 0 . 0 0 . 0 
F E - 5 5 6 . 4 7 9 3 E - 5 2 0 . 0 5 . 8 0 6 7 E - 5 5 0 . 0 
N I - 5 9 0 . 0 0 . 0 0 . 0 0 . 0 
C O - 6 0 S . 9 4 0 2 E - 2 4 0 . 0 5 . 3 2 3 5 E - 2 7 0 . 0 
N I - 6 3 4 . 0 1 4 6 E 02 0 . 0 1 . 3 1 9 3 E - 0 1 0 . 0 
Z N - 6 5 0 . 0 0 . 0 0 . 0 0 . 0 
K R - 8 5 0 . 0 0 . 0 0 . 0 0 . 0 
S R - 9 0 5 . 7 2 4 3 E - 0 3 0 . 0 1 . 0 4 4 9 E - 0 5 0 . 0 
Y - 9 0 5 . 7 2 4 3 £ - 0 3 0 . 0 1 . 0 4 4 9 E - 0 5 0 . 0 
N B - 9 4 0 . 0 0 . 0 0 . 0 0 . 0 
T C - 9 9 3 . 8 8 2 8 E - 7 5 0 . 0 0 . 0 3 . 0 7 2 9 E - 0 6 
R U - 1 0 6 0 . 0 0 . 0 0 . 0 0 . 0 
C D - 1 0 9 0 . 0 0 . 0 0 . 0 0 . 0 
S B - 1 2 5 7 . 9 6 8 0 E - 5 5 0 . 0 8 . 7 2 7 6 E - 5 8 0 . 0 
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N U C L I D E SURFACE SURFACE SOLUBLE TO SOLUBLE TO ATMOSPHERE ATMOSPHERE WELL WATER 
S O I L CCMC WATER CGNC STREAM TRENCH AT SPILLAGE DOWN WIND i CONC 
C I / M * * 3 C I / M * * 3 C I C I C I / ' M * * 3 C I / ' M * * 3 C I / M * * 3 

H - 3 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 7 . 6 8 4 7 E - 6 0 
C - 1 4 O . O 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 3 . 5 1 8 5 E - 5 1 
M N - 5 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
F E - 5 5 O . O 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
N I - 5 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
C O - 6 0 0 . 0 0 . 0 C O 0 . 0 0 . 0 0 . 0 0 . 0 
N I - 6 3 2 . 2 0 8 1 E - - 3 4 0 . 0 2 . 3 1 8 E E - - 2 9 7 . 8 5 8 4 E - - 2 9 7 . 4 6 1 3 E - - 4 2 2 . 8 1 5 1 E - 5 0 0 . 0 
ZN-6S; O . O 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
K R - 8 5 0 . 0 0 . ? 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
S R - 9 0 0 . 0 0 . 0 C 0 0 . 0 0 . 0 0 . 0 0 . 0 
Y - 9 0 0 . 0 0 . 0 0 , 0 0 . 0 0 . 0 0 . 0 0 . 0 
N B - 9 4 O . O 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
T C - 9 9 O . O 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 9 . 7 9 1 1 E - 1 3 
R U - 1 0 6 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
C O - 1 0 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
S B - 1 2 5 0 . 0 O . O 0 . 0 0 . 0 O . 0 0 . 0 0 . 0 
1 - 1 2 5 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
1 - 1 2 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
C S - I 3 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
C S - 1 3 7 5 . 1 1 4 9 E - - 1 8 0 . 0 7 . 3 2 3 9E-- 1 4 2 . 4 8 2 3 E - - 1 3 1 . 7 2 8 4 E - - 2 5 6 . 5 2 1 2 E - 3 4 0 . 0 
B A - 1 3 7 M 5 . 1 1 4 9 E - - 1 8 0 . 0 7 . 3 2 3 S E - - 1 4 2 . 4 8 2 3 E - - 1 3 1 . 7 2 8 4 E -- 2 5 6 . 5 2 1 2 E - 3 4 0 . 0 
C E - 1 4 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
C E - 1 4 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
P M - 1 4 7 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
R E - 1 8 7 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
P B - 2 1 0 4 . 9 6 3 2 E - - 2 7 0 . 0 1 . 4 4 7 7E-• 2 2 4 . 9 0 6 6 E - - 2 2 1 . 6 7 7 1 E - - 3 4 6 . J 2 7 8 E - 4 3 0 . 0 
R A - 2 2 6 1 . 0 4 4 5 E - - 3 0 0 . 0 7 . 4 7 8 0E-- 2 6 2 . 5 3 4 6 E - - 2 5 J . 5 2 9 5 E - - 3 8 1 . 3 3 1 7 E - 4 6 0 . 0 
T H - 2 3 2 2 . 5 5 0 0E-- 1 5 0 . 0 6 . 6 9 4 0E-- 1 3 2 . 2 6 8 9 E - - 1 2 8 . 6 1 6 8 E - - 2 3 3 . 2 5 1 1 E - 3 1 0 . 0 
U - 2 3 3 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
U - 2 3 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
U - 2 3 5 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
U - 2 3 6 0 . 0 0 . 0 O . O 0 . 0 0 . 0 0 . 0 0 . 0 
U - 2 3 8 4 . 7 2 3 5 E - - 7 7 0 . 0 1 . 6 5 3 3E-- 7 1 5 . 6 0 3 6 E - - 7 1 0 . 0 0 . 0 0 . 0 



P U - 2 3 8 1 . 1 0 4 9 E - 1 9 0 * 0 
P U - 2 3 9 2 . 8 2 8 S E - 1 8 0 * 0 
P U - 2 4 1 0 . 0 0 * 0 
AM-241 0 . 0 0 . 0 
P U - 2 4 2 0 . 0 0 . 0 
AM-£43 0 . 0 0 . 0 
CM-243 0 . 0 C O 

9 . 6 6 8 3 E - 1 6 
2 . 4 7 5 O E - 1 4 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

3 . 2 7 7 0 E - 1 5 3 . 7 3 3 6 E - - 2 7 1 . 4 0 8 7 E - 3 5 0 . 0 
8 . 3 8 8 8 E - 1 4 9 . 5 5 7 9 E - - 2 6 3 . 6 0 6 2 E - 3 4 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 

w 
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ANNUAL SUMMARY FOR YEAR 6 0 0 OF THE S I M U L A T I O N 

THE TRENCI- CAP HAS HAO 1 0 . 0 0 PER CENT F A I L U R E 
THE M A X I M I M CALCULATED WATEF DEPTH I N TRENCH DURING THE YEAR 

6 . 0 4 3 9 E C3 COBIC METERS OF WATER LEFT BOTTOM OF TRENCH 
0 . 0 C U B I C METERS OF WATER OVERFLOWED TRENCH 

I S 0 . 0 METERS 

N U C L I D E TRANSPORT INFORMATION 

N U C L I D E AMOUNT I N TRENCH TREK .H AMOUNT AT 
TRENCh OVERFLOW DRAIfsAGE WELL 

C I C I C I C I 
H - 3 0 . 0 0 . 0 0 . 0 0 . 0 
C - l * 7 . 7 4 9 8 E - 7 6 0 . 0 0 . 0 0 . 0 
M N - 5 4 0 . 0 0 . 0 0 . 0 0 . 0 
F E - 5 5 4 . 0 8 5 5 E - 6 3 0 . 0 3 . 6 6 1 4E-- 6 6 0 . 0 
N l - 5 9 0 . 0 0 . 0 0 . 0 0 . 0 
C O - 6 0 1 . 0 0 5 1 E - 2 9 0 . 0 9 . 0 0 7 3 E - - 3 3 0 . 0 
N I - 6 3 2 . 0 7 1 0 E 02 0 . 0 6 . 8 0 5 7E-- 0 2 0 . 0 
Z N - 6 5 0 . 0 0 . 0 0 . 0 0 . 0 
K R - 8 5 0 . 0 0 . 0 0 . 0 0 . 0 
S R - 9 0 4 . 2 4 1 4 E - 0 4 0 . 0 7 . 7 4 2 4E--0 7 0 . 0 
Y - 9 0 4 . 2 4 1 4 E - 0 4 0 . 0 7 . 7 4 2 4E-• 0 7 0 . 0 
N B - 9 4 0 . 0 0 . 0 0 . 0 0 . 0 
T C - 9 9 3 - 8 8 1 5 E - 7 5 0 . 0 0 . 0 8 . 8 9 4 6 E - 4 8 
R U - 1 0 6 0 . 0 0 . 0 0 . 0 0 . 0 
C D - 1 0 9 0 . 0 0 . 0 0 . 0 0 . 0 
S B - 1 2 5 9 . 9 1 8 2 E - 6 6 0 . 0 1 . 0 8 6 4 E - • 6 8 0 . 0 

t— 
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P U - 2 3 8 2 . 0 9 8 2 E - 2 0 0 . 0 
P O - 2 3 9 1 .180 1E-18 0 . 0 
P U - 2 4 1 0 . 0 0 . 0 
AM-241 0 . 0 0 . 0 
P U - 2 4 2 0 . 0 0 * 0 
AM-243 0 . 0 0 . 0 
CM-243 0 . 0 0 . 0 

1 • 8 3 6 0 E - 1 6 
1 . 0 3 2 6 E - 1 4 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

6 . 2 2 2 9 E - 1 6 7 . 0 9 0 1 E - 2 8 2 . 6 7 5 1 E - 3 6 0 . 0 
3 . 4 9 9 9 E - 1 4 3 . 9 8 7 7 E - 2 6 1 . 5 0 4 5 E - 3 4 0 . 0 
0 *0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 

ON 



ANNUAL SUMMARY FOR YEAR 7 0 0 OF THE S I M U L A T I O N 

THE T R E N O O P HAS HAD 1 0 , 0 0 PER CENT F A I L U R E 
THE MAXIMUM CALCULATED WATER DEPTH I N TRENCH DURING THE YEAR I S 0 . 0 METERS 

6 . 0 4 3 9 E C3 C L B I C METERS OF WATER L E F T BOTTOM OF TRENCH 
0 . 0 CUBIC METERS OF WATER OVERFLOWED TRENCH 

N U C L I D E TRANSPORT INFORMATION 

N U C L I D E AMOUNT I N TRENCH TRENCH AMOUNT AT 
TRENCt- OVERFLOW DRAINAGE WELL 

C I CI C I C I 
H - 3 0 . 0 0 . 0 0 . 0 0 . 0 
C - 1 4 7 . 6 5 6 5 E - 7 6 0 . 0 0 . 0 0 . 0 
M N - 5 4 0 . 0 0 . 0 0 . 0 0 . 0 
F E - 5 5 2 . 6 2 2 7 E - 7 4 0 . 0 0 . 0 0 . 0 
N I - 5 9 0 . 0 0 . 0 0 . 0 0 . 0 
C O - 6 0 1 . 7 0 0 6 E - 3 5 0 . 0 1 . 5 2 4 0E-• 3 8 0 . 0 
N I - 6 3 1 . 0 6 8 4 E 02 0 . 0 3 . 5 1 1 0E-• 0 2 0 . 0 
Z N - 6 5 0 . 0 0 . 0 0 . 0 0 . 0 
K R - 8 5 0 . 0 0 . 0 0 . 0 0 . 0 
S R - 9 0 3 . 1 4 2 7 E - 0 5 0 . 0 5 . 7 3 6 8E-- 0 8 0 . 0 
Y - 9 0 3 . I 4 2 7 E - 0 5 0 * 0 5 . 7 3 6 S E - - 0 8 0 . 0 
N B - 9 4 0 . 0 0 . 0 0 . 0 0 . 0 
T C - 9 9 3 . 8 8 0 2 E - 7 5 0 . 0 0 . 0 0 . 0 
R U - 1 0 6 0 . 0 0 . 0 0 . 0 0 . 0 
C D - 1 0 9 0 . 0 0 . 0 0 . 0 0 . 0 
S B - I 2 5 1 . 2 9 1 2 E - 7 6 o.o 0 . 0 0 . 0 
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ANNUAL SUMMARY FOR YEAR 8 0 0 OF THE S I M U L A T I O N 

THE TRENCh CAP HAS HAD 1 0 . 0 0 PER CENT F A I L U R E 
THE MAXIMLM CALCULATED WATER DEPTH I N TRENCH DURING THE YEAR 

6 . 0 4 3 9 E C3 CUBIC METERS OF WATER LEFT BCTTOM OF TRENCH 
0 . 0 CUBIC METERS OF WATER OVERFLOWED TRENCH 

I S 0 . 0 METERS 

NUCLIDE TRANSPORT INFORMATION 

N U C L I D E AMOUNT I N TRENCH TRENCH AMOUNT AT 
TRENCh OVERFLOW DRAINAGE WELL 

C I C I C I C I 
H - 3 O . O 0 . 0 0 . 0 0 . 0 
C - 1 4 7 . 5 6 4 3 E - 7 6 0 . 0 0 . 0 0 . 0 
M N - 5 4 O . O 0 . 0 0 . 0 0 . 0 
F E - 5 5 0 . 0 0 . 0 0 . 0 0 . 0 
N I - 5 9 0 . 0 0 . 0 0 . 0 0 . 0 
C O - 6 0 2 . 8 7 7 4 E - 4 I 0 . 0 2 . 5 7 8 7E-• 4 4 0 . 0 
N I - 6 3 5 . 5 1 1 8 E 0 1 0 . 0 1 . 8 U 3 E - • 0 2 0 . 0 
Z N - 6 5 0 . 0 0 . 0 0 . 0 0 . 0 
K R - 8 5 0 . 0 0 . 0 0 . 0 0 . 0 
S R - 9 0 2 . 3 2 8 6 E - C 6 0 . 0 4 . 2 5 0 7 E -• 0 9 0 . 0 
Y - 9 0 2 . 3 2 8 6 E - C 6 0 . 0 4 . 2 5 0 7 E -• 0 9 0 . 0 
N B - 9 4 O . O 0 . 0 0 . 0 0 . 0 
T C - 9 9 3 . 8 7 9 0 E - 7 5 0 . 0 0 . 0 0 . 0 
R U - 1 0 6 0 . 0 0 . 0 0 . 0 0 . 0 
C D - 1 0 9 0 . 0 0 . 0 0 . 0 0 . 0 
S B - 1 2 5 0 . 0 0 . 0 0 . 0 0 . 0 
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P U - 2 3 8 7 . 5 6 6 3 E - 2 2 0 . 0 6 . 6 2 0 7 E -
P U - 2 3 9 2 . 0 5 4 2 E - 1 9 0 * 0 1 . 7 9 7 5 E -
PU—24 1 0 . 0 0 * 0 0 . 0 
A M - 2 4 1 0 . 0 0 . 0 0 . 0 
P U - 2 4 2 0 * 0 0 * 0 0 * 0 
A M - 2 4 3 0 . 0 0 * 0 0 * 0 
C M - 2 4 3 0 . 0 0 . 0 0 . 0 

2 . 2 4 4 0 E - 1 7 2 . 5 5 6 7 E - - 2 9 9 . 6 4 6 5 E - 3 8 0,0 
6 . 0 9 2 4 E - 1 5 6 . 9 4 1 5 E - - 2 7 2 . 6 1 9 0 E - 3 5 0 . 0 
O.O 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 



ANNUAL SUMMARY FOR YEAR 9 0 0 OF THE S I M U L A T I C N 

THE TRENCH CAP HAS HAD l O . O O PER CENT C A I L U R E 
THE MAXIMUM CALCULATED WATER DEPTH I N .BENCH D U R I N G THE YEAR I S 

6 . 0 4 3 9 E 03 C U B I C METERS OF WATER L E F T BOTTOM OF TRENCH 
0 . 0 CUBIC METERS OF WAVER OVERFLOWED TRENCH 

0 . 0 METERS 

N U C L I D E TRANSPORT INFORMATION 

N U C L I D E AMOUNT I N TRENCH TRENCI-1 AMOUNT AT 
TRENCH OVERFLOW DRAINAGE WELL 

C I C I C I C I 
H - 3 0 . 0 0 . 0 0 . 0 CcO 
C - 1 4 7 . 4 7 3 3 E - 7 6 0 . 0 0 . 0 0 . 0 
M N - 5 4 0 . 0 0 . 0 0 . 0 0 . 0 
F E - 5 5 o.o 0 . 0 0 . 0 0 . 0 
N I - 5 9 0 . 0 0 . 0 0 . 0 0 . 0 
C O - 6 0 4 . 8 6 8 5 E - 4 7 0 . 0 4 . 3 6 3 1 E - 5 0 0 . 0 
N I - 6 3 2 . 8 4 3 4 E 0 1 0 . 0 9 . 3 4 3 9 E - • 0 3 0 . 0 
Z N - 6 5 0 . 0 0 . 0 0 . 0 0 . 0 
K R - 8 5 0 . 0 0 . 0 0 . 0 0 . 0 
S R - 9 0 1 . 7 2 5 4 E - 0 7 0 . 0 3 . 1 4 9 5 E - 1 0 0 . 0 
Y - 9 0 1 . 7 2 5 4 E - 0 7 0 . 0 3 . 1 4 9 5 E - 1 0 0 . 0 
N B - 9 4 0 . 0 0 . 0 0 . 0 0 . 0 
T C - 9 9 3 . 8 7 7 7 E - 7 5 0 . 0 0 . 0 0 . 0 
R U - 1 0 6 0 . 0 0 . 0 0 . 0 0 . 0 
C D - 1 0 9 0 . 0 0 . 0 0 . 0 0 . 0 
S B - 1 2 5 0 . 0 C O 0 . 0 0 . 0 

ON 
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ANNUAL SUMMARY FOR YEAR 1 0 0 0 OF THE S I M U L A T I O N 

THE TRENCl- CAP HAS HAD 1 0 . 0 0 PER CENT F A I L U R E 
THE MAXIMUM CALCULATED WATER DEPTH I N TRENCH DURING THE YEAR I S 0 . 0 METERS 

6 . 0 4 3 9 E C3 C L B I C METERS OF WATER LEFT EOTTOM OF TRENCH 
0 . 0 CUBIC METERS OF WATER OVERFLOWED TRENCH 

N U C L I D E TRANSPORT INFORMATION 

N U C L I D E AMOUNT I N TRENCH TRENCH AMOUNT AT 
TRENCH OVERFLOW DRAINAGE WELL 

C I C I C I C I 
H - 3 0 . 0 0 . 0 0 . 0 0 . 0 
C - 1 4 7 . 3 8 3 3 E - 7 6 0 . 0 0 . 0 0 . 0 
M N - 5 4 O . O 0 . 0 0 . 0 0 . 0 
F E - 5 5 0 . 0 0 . 0 0 . 0 0 . 0 
N I - 5 9 O . O 0 . 0 0,0 O . O 
C O - 6 0 8 . 2 3 7 4 E - 5 3 0 . 0 7 . 3 8 2 3 E - • 5 6 0 . 0 
N I - 6 3 1 . 4 6 6 8 E 01 0 . 0 4 . 8 2 0 2 E - • 0 3 0 . 0 
2 N - 6 5 0 . 0 0 . 0 0 . 0 0 . 0 
K R - 8 5 0 . 0 0 . 0 0 . 0 0 . 0 
S R - 9 0 1 . 2 7 8 4 E - C 8 0 . 0 2 . 3 3 3 7 E -• 1 1 0 . 0 
Y - 9 0 1 . 2 7 8 4 E - C 8 0 . 0 2 . 3 3 3 7 E - 1 1 0 . 0 
N B - 9 4 0 . 0 0 . 0 0 . 0 0 . 0 
T C - 9 9 3 . 8 7 6 5 E - 7 5 0 . 0 0 . 0 0 . 0 
R U - 1 0 6 0 . 0 0 . 0 0 . 0 0 . 0 
C D - I O S 0 . 0 0 . 0 0 . 0 O . O 
S B - 1 2 5 0 . 0 0 . 0 0 . 0 0 . 0 

10 
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BARN*<.l.L S I M U L A T I O N . k U . AT S I « «t. Xl.-J>'U'.' > . SCAMa-E-3 
TABLES FOR THk SELECTEO I N D I V I D U A L MILL JE OCNE FUR THE LOCATIUN HAVING 1 0 0 . 0 . 1 X Or' THE HIGHEST TOTAL R I S K . 

OOSC MATE TAULES COMBINING LOW ANO HIGH LET M I L L BE P R I N T E O . 
HEALTH RISK TABLES CCMHINING LOW AND HIGH LET M I L L BE P R I N T E D . 

0 IND ICATES THE TAuLC MILL NOT BE PRINTED 
1 INDICATES I N D I V I D U A L VALUES MILL BE PRINTED 
2 I N D I C A T E S MEAN I N C I V I D U A L VALUES MILL BE PRINTED 
3 IND ICATES COLLECTIVE VALUES MILL BE PRINTED 
4 I N D I C A T E S ALL OF THE ABOVE MILL BE PRINTED 

J.AfiLE_Jit.» I 2 . Q U A N T I 
i . D O S E RATES 0 0 0 0 0 3 3 
2 . H E A L T H R ISKS 0 0 0 0 0 3 3 
3 . R I S K EQUIVALENT TACTGK 0 0 0 0 0 0 0 

THE SRCJNP SURFACE CORRECTICN F A C T O * I S 0 . 5 0 

T.-iKHE ARE I d ORGANS TC BE Ot 'TPUT. TrEV ARE: 

ORGAN TIME oacAN TIME ORGAN TIME 
R MAR 7 0 . ENDOST 7 0 . * P U L * 7 0 . 
MUSCLE 7 0 . L I V E R 7 0 . S MALL 7 0 . 
PANCREAS 7 0 . L L 1 WALL 7 0 . KIONEYS 7 0 . 
OL WALL 7 0 . U L I WALL 7 0 . SI »ALL 7 0 . 
OVARIES 7 0 . TESTES 7 0 . SPLEEN 7 0 . 
UTERUS 7 0 . THYMUS 7 0 . THYROID 7 0 . 

ORGAN DOSE EQUIVALENT FACTORS 
LOW LET HIGH LET 

fi. MAR 1 . C 0 O 0 0 2 0 . 0 0 0 0 
ENOOST 1 . C 0 0 0 C 2 0 . 0 0 0 0 
• P U L » 1 . C O 0 0 0 2 0 . 0 0 0 0 
KUSCLE I.COOOO 2 0 . 0 0 0 0 
L I V E R l.COOOO 2 0 . 0 0 0 0 
S WALL I.COOOO 2 0 . 0 0 0 0 
PANCREAS l.COOOO 2 0 . 0 0 0 0 
L L I MALL I.COOOO 2 0 . 0 0 0 0 
K I D N E Y S I . 0 O O 0 C 2 0 . 0 0 0 0 
OL MALL 1 . 0 0 0 0 0 2 0 . 0 0 0 0 
U L I MALL 1 . C0O00 2 0 . 0 0 0 0 
S I MALL 1 . 0 0 0 0 0 2 0 . 0 0 0 0 
OVARIES 1 . 0 0 0 0 0 2 C . O 0 0 0 
TESTES l.COOOO 2 0 . 0 0 0 0 
SPLEEN I . 0 O O 0 0 2 0 . 0 0 0 0 
UTERUS l.COOOO 2 0 . 0 0 0 U 
THYMIC 1 . C 0 C 0 P 2O.J0O0 
THYROID l .COOOO 2 0 . 0 0 0 0 

oo 
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S<»PNW?LL S IMULATION , CULL AT <J1<> H, XT . -8000 Mt S* - . \M=r -8 
^ O A N DCl iE/EXPOSURi CUMMARY 

• «» SrXCCTtO 1N01V1CUAL * * • 

Oi.sc BATES: 
ORGANS: a MAR CNDOST *PUL* MUSCLE LIVEN O WALL PANCREAS LLI WALL KIDNEYS ^L WALL 

U L l *ALL S I WALL OVARIES TESTES SPLEEN UTERUS THYMUS THYROID WT . SUM 
LCW LET <M44nSYJ 0 . 1 1 4 0 . 1 3 3 6 . 7 3 S E - 0 3 0 . 1 0 2 0 . 1 8 3 0 . 1 0 9 9 . 6 2 5 E - 0 2 0 . 8 9 4 0 . 1 3 4 S . 0 6 6 E - 0 2 

0 . 3 0 4 5 . 7 2 8 E - 0 2 9 . 3 5 8 E - 0 2 9 . 3 4 C E - 0 2 9 . 5 1 5 E - 0 2 9 . S 2 0 E - 0 2 9 . 5 4 0 E - 0 2 3 . 4 0 0 . 2 6 t 
H I G H L E I I M 9 A D / Y J 8 . 4 4 2 E - 1 5 1 . 2 6 S E - 1 3 1 . 6 4 V E - 1 2 8 . 4 0 1 E - 1 6 1 . 3 8 4 E - J 4 2 . I 2 3 E - 1 5 B . 4 0 I E - 1 6 9 . 2 8 7 E - 1 4 4 . 2 9 S E - 1 4 4 . 3 E 5 E - 1 6 

3 . C 9 0 h - 1 4 S . ? 4 7 E - 1 C 8 . 7 9 0 E - 1 6 9 . 8 0 5 E - 1 6 8 . 4 8 9 E - 1 6 A«40 1C-I'.< 8 . 4 0 0 E - 1 6 8 . 4 0 0 E - 1 6 4 . 8 S S E - 1 3 
DOSt EQUIVALENT ( M H E M / Y ) 0 . 1 1 4 0 . 1 3 3 6 . 7 3 5 E - 0 3 0 . 1 0 2 0 . 1 3 3 0 . 1 0 9 9 . 6 2 5 E - 0 2 0 . 8 9 4 0 . 1 3 4 5.0fe6E-0<> 

0 . 3 0 4 S . 7 2 8 E - 0 2 9 . 3 5 8 E - 0 2 9 . 3 4 8 E - 0 2 9 . 5 1 J . E - 0 2 9 . S 2 0 E - 0 2 9 . 5 4 0 E - 0 2 3 . 9 0 0 . 2 6 5 

G O N A D A L D O S E S : 
G O N A D S : T E S T E S O V A R I E S A V E R A G E 

L O W L E T < M R A O ) 2 . 8 0 2 . 8 1 2 . 8 1 
H I G H L E T C M R A O J 1 . 0 7 8 6 - 1 * I . 6 7 5 E - 1 4 1 . 8 7 7 E - 1 4 
D O S E E Q U I V A L E N T ( M R E M ) 2 . 8 0 2 . 8 1 2 . 8 1 

• * * M E A N I N D I V I D U A L • • • 
M 

3os= R A T E : 23 
ORGANS: R MAR ENOOST » P U L * MUSCLE L I V E R S WALL PANCREAS L L I wALL KIDNEYS BL WALL 

UL I WALL SJ WALt OVARIES TESTES SPLEEN UTEftUS THYMUS THYROID WT.SUM 
LOW LET (MRAD/Y* 0 . 1 1 4 0 . 1 3 3 6 . 7 3 5 E - 0 3 0 . 1 0 2 0 . 1 8 3 0 . 1 0 9 9 . 6 2 S E - 0 2 0 . 8 9 4 0 . 1 3 4 5 . 0 6 6 E - 0 2 

0 . 3 0 4 5 . 7 2 8 E - 0 2 9 . 3 5 8 E - 0 2 9 . 3 4 8 E - 0 2 9 . 5 1 5 E - 0 2 9 . 5 2 0 E - 0 2 9 . S 4 0 E - 0 2 3 . 9 0 0 . 2 6 5 
H I G H LET (MRAO/Y) 8 . 4 4 2 E - 1 5 1 . 2 6 5 E - 1 2 I . 6 4 9 E - 1 2 8 . 4 0 1 E - I 6 1 . 3 8 4 E - 1 * 2 . 1 2 3 E - 1 5 8 . 4 0 I E - I 6 9 . 2 8 7 E - 1 4 4 . 2 9 S E - 1 4 4 . 3 5 5 E - I 6 

3 . 0 9 0 E - I 4 S . 2 4 7 E - 1 5 8 . 7 9 0 E - 1 6 8 . 8 0 S E - 1 6 8 . 4 8 9 E - 1 6 8 . 4 0 1 E - 1 6 8 . 4 0 0 E - 1 6 8 . 4 0 0 F . - i 6 4 . B 8 S E - 1 3 
DOSE EQUIVALENT ( M R C M / Y ) 0 . 1 1 4 0 . 1 3 3 6 . 7 3 5 E - 0 3 0 . 1 0 2 0 . 1 8 3 0 . 1 0 9 9 . 6 2 S E - 0 2 0 . 8 9 A 0 . 1 3 4 5 . 0 6 6 E - 0 2 

0 . 3 0 * 5 . 7 2 8 1 - 0 2 9 . 3 5 8 E - 0 2 9 . 3 4 8 E - 0 2 9 . 5 1 5 E - 0 2 9 . 5 2 0 E - 0 2 9 . 5 4 0 E - 0 2 3 . VJ 0 . 2 6 ? 

GONADAL DOSES: 
-30 K ADS: TESTES OVARIES AVERAGE 

LOW LET (MCtAO) 2.80 2.81 2.81 
HIGH LET (MRAO) 1.878E-14 l.£75C-14 I.877C-14 
OJSE EQUIVALENT (MREM) 2.80 2.81 2.81 



• • • COLLECTIVE POPULATICM • * * 

ORGANS: 

LOU LET C E R S O N RAOsY) 

OOSE RATE: 
R MAR ENDOST 4 P U L * MUSCLE L IVER S WALL PANCREAS L L I WALL KIONEYS SL WALL 

U L I »ALL S I WALL OVARIES TESTES 
0 . 8 0 4 0 . 9 3 8 4 . 7 3 6 E - 0 2 0 . 7 2 1 

2 . 1 4 0 . 4 0 3 0 . 6 5 8 0 . 6 S 7 
H I G H LET (PERSON R A O / Y ) S . 9 3 7 E - 1 4 8 . 8 9 9 E - 1 3 1 . I 6 0 E - 1 I 5 . 9 0 8 E - I 5 9 . 7 3 5 E - 1 4 1 . 4 9 3 E - 1 4 5 . 9 0 8 E - I S 6 . S 3 2 E - I 3 3 . 0 2 1 E - 1 3 3 . 0 6 J E - I 5 

2 . 1 7 3 6 - 1 3 3 . 6 9 0 E - 1 4 6 . 1 8 2 E - 1 S 6 . 1 9 2 E - 1 S S . 9 7 1 E - I 5 S . 9 0 8 E - 1 S S . 9 0 8 E - 1 5 5 . 9 0 8 E - 1 5 3 . 4 3 5 E - 1 2 
OOSE E C . (PERSON R E N / Y 1 0 . 8 0 4 0 . 9 3 8 4 . 7 3 6 E - 0 2 0 * 7 2 1 1 . 2 9 0 . 7 6 f t 0 . 6 7 7 6 . 2 9 0 . 9 4 5 0 . 3 S 6 

2 . 1 4 0 . 4 0 J 0 . 6 5 6 0 . 6 5 7 0 . 6 6 9 0 . 6 7 0 0 . 6 7 1 2 7 . 4 1 . 8 6 

L IVER S WALL 
SPLEEri UTERUS 

1 . 2 9 0 . 7 6 ? 0 
0 . 6 6 9 0 . 6 7 0 

PANCREAS L L I WALL KIONEYS 
THYMUS THYROID WT.SUM 

. 6 7 7 6 . 2 9 0 . 9 4 5 0 . 2 5 6 
0 . 6 7 1 2 7 . 4 1 . 8 6 

GONADAL 0CSF.&: 
GOKAOS: 

LCW LET (PERSON RAO) 
H I G H LET (PERSON R A O 
OOSE E O . (PERSON R E » ) 

TESTES OVARIES AVERAGE 
1 9 . 7 I S . 7 1 9 . 7 

I . 3 2 1 E - I 3 I . 3 I 8 E - 1 3 1 . 3 2 0 E - 1 3 
1 9 . 7 I S . 7 1 9 . 7 

oo 
oo 



BARNWELL S I M U L A T I O N , WELL AT S14 M. XG=8000 M . SGAH=E-8 

PATHWAY OOSE/EXPOSURE SUMMARY 

* » » SELECTED I N O I V I C U A L • • • 

oosf RATES: 
WEIGHTEO SUMS OF ORGAN COSE RATES 

PATHWAYS: INGESTION INHALAT ION A IR GRU'IND INTERNAL EXTERNAL TOTAL 
IMMERSION SURFACE 

LOW LET ( M R A O / Y ) 0 . 2 6 5 4 . 4 8 7 E - I 2 1 . 0 9 3 E - I 4 4 . 3 7 4 E - 1 0 0 . 2 6 5 4 . 3 7 4 E - 1 0 0 . 2 6 5 
H I G H LET (MRAO/Y) 8 . 2 8 0 E - 1 S 4 . 6 0 2 E - 1 3 0 . 0 0 . 0 « . O 0 r C - 1 3 0 . 0 4 . 8 8 5 6 - 1 3 
DOSE EQUIVALENT I MREM/Y) 0 . 2 6 S I . 4 0 9 E - I I 1 . 0 9 3 E - I 4 4 . 3 7 4 E - J 0 0.26!> 4 . 3 7 4 E - 1 0 0 . 2 6 5 
AVERAGE GONADAL DGSES: 

PATHWAYS: INGESTION INHALATJON A IR GROUNO 1MERNAL EXTERNAL TOTAL 
IMMERSION SURFACE 

LOW LET IMRAOJ 2 . 8 1 8 . 8 U E - I 2 2 . 7 3 8 E - I 3 1 . 0 6 9 E - 0 8 2 . 0 1 1 . 0 6 9 E - 0 8 2 . 8 1 
H I G H LET <MRAOI 1 . 7 8 8 E - 1 4 8 . 8 4 8 E - 1 6 0 . 0 0 . 0 1 . 8 7 7 E - 1 4 0 . 0 1 . 8 7 7 E - 1 4 
OOSE EOUIVALENT (MREMJ 2 . 8 1 8 . C 2 9 E - 1 2 2 . 7 3 8 E - 1 3 I . 0 6 9 E - 0 8 2 . 8 1 1 . 0 6 9 E - 0 8 2 . 8 1 

• • » MEAN I N D I V I D U A L • » • 

DOSE RATES: 
WEIGHTEO SUMS OF ORCAN OOSE NATES 

PATHWAYS: I N G E S T I O N I N H A L A T I O N A I R GROUNO INTERNAL EXTERNAL TOTAL 
IMMERSION SURFACE 

LOW LET (MRAO/Y ) 0 . 2 6 5 4 . 4 8 7 E - 1 2 1 . 0 9 3 E - I 4 4 . 3 7 4 E - 1 0 0 . 2 6 S 4 . 3 7 4 E - I 0 0 . 2 6 5 
H I G H LET (MRAO/Y) 8 . 2 8 0 E - 1 5 4 . C 0 2 E - 1 3 0 . 0 0 . 0 4 . 8 8 5 E - 1 3 0 . 0 4 . 8 R 5 E - 1 3 
OOSE EQUIVALENT ( M R E M / Y ) 0 . 2 6 5 I . 4 0 9 E - 1 1 1 . 0 9 3 E - I 4 4 . 3 7 4 E - I 0 0 . 2 6 5 4 . 3 7 4 E - 1 0 0 . 2 6 5 

AVERAGE GONADAL OCSES: 
PATHWAYS: I N G E S T I O N INHALATION A I R GROUNO INTERNAL EXTERNAL TOTAL 

IMMERSION SURFACE 
LOW LET (MRAO) 2 . 8 1 8 . 8 1 1 E - 1 2 2 . 7 J 8 E - I 3 I . 0 6 9 E - 0 8 2 . 8 1 1 . 0 6 9 E - 0 8 2 . 8 1 
H I G H LET (MRAO) 1 . 7 8 e E - 1 4 8 . 8 4 8 E - I 6 0 . 0 0 . 0 I . S 7 7 E - 1 4 0 . 0 1 . 8 7 7 E - 1 4 
OOSE EQUIVALENT (MREM> 2 . 8 1 8 . C 2 9 E - 1 2 2 . 7 3 8 E - 1 3 1 . 0 6 9 E - 0 8 2 . 8 1 I . 0 6 9 E - 0 8 2 . 8 1 

» * » COLLFCT1VE P O P U L A T I C N * • * 

OOSE KATES: 
WEIGHTcO SUNS OF ORGAN CCSE HATES 

PATHWAYS: INGESTION INHALATION A IR GROUNO INTERNAL EXTERNAL TOTAL 
IMMERSION SURFACE 

LOW LTT (PERSON R 4 0 / Y ) 1 . 8 6 3 . 1 E 6 E - U 7 . 0 8 6 E - 1 4 3 . 0 7 6 E - 0 9 1 . 8 6 3 . 0 7 6 E - 0 9 1 . 8 6 
H I ^ H LET (PERSON R A D / Y ) 5 . 8 2 3 E - 1 4 , J . ^ 7 7 E - 1 2 0 . 0 0 . 0 3 . 4 3 5 E - 1 2 0 . 0 3 . 4 3 5 E - 1 2 
OOSE E O . (PERSOK R E K / 7 ) 1 . 8 6 9 . 9 1 0 E - 1 1 7 . 6 8 C E - 1 4 3 . 0 7 6 E - 0 9 ' . 8 6 3 . U 7 6 E - 0 9 1 . 8 6 



AVLPAGE &CNA3AL OCSES: 
PATHWAYS: INGESTION INHALATION AIR GRO'JNC INTERNAL EXTERNAL TOTAL 

IMMERSION SURFACE 
LG* LET (PERSON RAO J 1 9 . 7 6 . 197E-1 I I . 9 2 6 E - 1 2 7.S2O ,=-00 19 . ? 7 .SC0E-08 1 9 . 7 
Hluh LET (PERSON RACJ 1 . 2 S e E - I 3 6 . 2 2 3 E - I S 0 .0 0 .0 1 .320E-13 0 .0 1 . 3 2 0 E - 1 3 
DOSE EQ. (PERSON RE HI 4 9 . 7 6 . 2 0 9 E - I I 1 . 9 2 6 E - I 2 7.52OS-0P 19 .7 7 .S20E-0S 19 .7 

VO 
O 



BARNMELL SINULATtCN. HELL AT 914 H. XG=8000 M. S0»M=E-8 
NUCLIDE DOSE/EXPOSURE SUMMARY 

• • • SELECTEO INCIV1CUAL • • • 

OQSE RATES: 
•EIGHTEO SUMS OF ORCAN CCSE RATES 

NUCLIDES: H-3 
Y-90 

LOW LET (MRAO/YI 

:GH LET (HRAO/TI 

DOSE EQUIVALENT (NREH/YI 

C-14 
NB-94 
CE-141 
U-236 

MN-S4 
TC-99 
CE-14A 
U-238 

1 .0S2E- I3 
0 .253 

BA-I37M 
U-2 '5 
TOTAL 

I . 2 4 4E-11 I . I 9 3 E - 0 2 
4 .840E-16 0 .0 
2 . 7 7 2 E - I 0 6.4 0BE-19 1.070E-17 4 
2 . 2 6 4 E - I S 8 .804E-19 7 . 3 4 0 E - I 3 4 
0 .245 

0 . 0 0 .0 0 .0 0 
0 . 0 0 .0 0 . 0 0 
0 . 0 0 .0 0 . 0 0 
S . S 9 4 E - I 6 S.388E-17 4.B44E-13 9 
4 . 8 e S E - l 3 

l . 2 4 - c - U I . 1 9 3 E - 0 2 I . 0 2 2 E - 1 3 I . 
4 .840E-16 0 .0 0 .2S3 0 
2 . 7 7 2 E - I 0 6 . 4 0 8 E - I 9 1 .0 -JE -17 4 
1.345E-14 1.678E-1S 1.042E-11 I 
0 .265 

s E - 5 5 
RU-106 
PM-147 
PU-238 

. 8 3 5 E - I 3 
S.O 

.729E-2CI 

.46 I E - 19 

O 
. 0 
0 
S63E-17 

83'.-.E-l 3 
0 

• 729E-20 
913E-15 

NI -S9 CO-60 N I - 6 3 ZN-65 
CD-I 09 SB-125 1-125 I - 1 2 9 
RF- .87 PB-210 RA-226 TH-23 
PU-Z.'*9 PU-241 AM-241 PU-24 

0 .0 I . 7 2 3 E - 1 0 V.141E-14 1.85SE-
0.0 9 .2S7E-17 0 .0 0 .0 
0 .0 1.B23E-1S 7 . 4 6 5 E - i 7 I .520E 
6 . 6 2 9 E - I 9 0 .0 0 .0 0.0 

0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 2 . I 7 8 E - 1 5 1 . S 6 I E - 1 7 4 . 1 6 S E 
2 . 1 8 5 6 - 1 6 0 . 0 0 . 0 0 . 0 

0.0 I . 723E-10 7 . I 4 I E - 1 4 1.85SE-
0.0 9 . 2 5 7 E - I 7 0 .0 0 .0 
0 .0 4 . S 3 9 E - I 4 3 .86SE-16 8 .3*5E 
4 .370E-15 0 .0 0.0 C ? 

KR-85 SR-90 
i CS-134 (.."-I 37 
12 U-233 U-234 
2 AM-243 CM-243 

13 2 . IS9E- IS 4 .407E-13 
1 .564E-1 I 1 . I 0 6 E - 10 

> I 7 0 . 0 6 .855E-18 
0 . 0 0 .0 

0 . 0 0 . 0 
0 . 0 0 . 0 

- 16 0 .0 S . 3 3 5 E - I 6 
0 . 0 0 . 0 

13 2 . IS9E-15 4 .40 7E-13 
1 .S64E-U 1 .1066-10 

- 1 9 0 . 0 1 . 06SE- I4 
0 . 0 0 . 0 

AVERAGE GCNAOAL OCSES: 
NUCLIDES: 

LOW LET (MRAD) 

HIGH LET (MRADt 

OOSE EQUIVALENT (MREM) 

H-3 C-14 MN-54 FE-S5 N I - 5 9 CO-60 N I - 6 3 
Y-90 Nd-94 TC-99 F<U-106 CO-109 SB-125 1-12 
BA-137M CE-141 CE-144 PM-147 RS-IA" PB-210 RA-2 
U-235 U-236 U-23S PU-C38 PU-2 39 PU-24 1 AM-2' 
TOTAL 

3.S95E-10 0 .165 2 .842E-12 6 .975E-12 0 .0 4 .450E-09 1 B.72 IE 
2 .018E-17 0 .0 2 . 6 4 0 . 0 0 .0 2 . 2 9 2 E - I 5 0 . 0 
6 .630E-09 2 . 6 3 2 E - 1 8 2 .52BE-18 1.120E-18 0 .0 4 .990E-15 2 .1 181 
6 .189E-14 1 . 3 6 7 E - I 7 7 .772E-14 9 .021E-18 1.743E-17 0 .0 0 . 0 

2 .81 
0 . 0 0 .0 0 .0 0 . 0 0 .0 0 .0 1 9 . 0 

0 . 0 0 .0 0 . 0 0 . 0 C O 0 .0 0 . 0 
0 . 0 0 .0 0 . 0 0 . 0 0 .0 9 .230E-1S 9.2791 
I . 0 3 8 E - 1 7 1.627E 18 S.988E-1S 6 . 3 8 7 E - I 7 3 .S8SE- I6 0 .0 0 . 0 
1.877E-14 

3 .595E-10 0 .165 2~.842E-12 6 .975E-12 0 .0 4 .450E-09 1 S.721E 
2 . 0 1 8 6 - 1 7 0.0 2 . 6 4 0 .0 0 .0 2 .292E-15 0 . 0 
6 .630E-09 2 . 6 3 2 E - 1 8 2 .S28E-18 1 . I 2 0 E - 1 8 0.0 1 .896E-13 2.3041 
6 .210E-14 4 .621 l i -17 2 .57SE-13 1.286E-1S 7.188E-15 0 .0 0 . 0 

ZN-65 
5 1-129 
26 TH-232 
4 1 PU-242 

KR-85 SR-90 
CS-134 CS-137 
U-233 U-234 
AM-243 CM-243 

- 1 3 6.C0SE-12 5.171E-14 3 .440E-13 
0.0 9 .066E-10 4 .470E-09 

E-15 4 .961E-16 0 .0 I . 0 7 0 E - 1 6 
0.0 0 .0 0 .0 

0 .0 0 .0 
0 .0 0 .0 

E-16 9 . 3 5 0 E - I 7 0 .0 
0 .0 0 .0 

0 . 0 
0 . 0 
1 . 0 3 5 E - 1 7 
0 . 0 

- 1 3 6.80SE-<2 5 .171E- I4 3 .440E-13 
0 .0 S .066E- I0 4 .470E-09 

E-15 2 .36&E-15 0 .0 3 .140E-16 
0 .0 0 .0 0 .0 

• « • MEAN :: . - - 'VI DUAL »•» 

OOSE RATES: 
•EICMTED SUMS OF ORGAN COSE RATES 

NUCLIDES: M-3 C-14 MN-54 FE-5S N I -59 
Y-90 NB-94 TC-99 RU-106 CD-1 09 
BA-137M CE-141 CE-144 PM-147 RE-l87 
U-235 U-236 U-238 PU-238 PU-239 
TOTAL 

CO-60 
SU-125 
PB-210 
PU-24 1 

N I - 6 3 
»- 125 
RA-226 
AM-24 1 

ZN-65 
1-129 
TH-232 
PO-242 

KR-8 5 
CS-134 
U-233 
AM-243 

SR-90 
CS-137 
U-234 
CM-243 

LOtl LET (MRAD/Y.l 1 .244E-1 I 1.193E-0 2 1.022E-13 1.83b-. -13 0 .0 
\ . 8 4 0 E - 1 6 0 .0 0 . 2 5 3 O.O 0.0 

1 .723E- I0 7 . I 4 1 E - 1 4 1 .8S5E- I3 2 .159E- I5 4 .407E-13 
9 . 2 5 7 E - I 7 0.0 0 . 0 1 . 3 6 4 E - I I 1 . I 0 6 E - 1 0 



Mls.rt LET ( N R A O / Y I 

OOSE EOUIVALENT I M R E M / V t 

2 . 7 7 2 c - I O 6 . 4 0 3 E - 14 1 . 0 7 0 C - 1 ' 4 . 7 2 9 E - 2 U 0 . 0 , . 8 2 3 6 - 1 - j 7 . 4 6 3 E -
2 . 2 C « t - I S a . n O A E - l S 7 . 3 4 0 E - 1 3 4 . 4 6 i e - l 9 6 . 6 2 9 E - I 9 0 . 0 0 . " 
0 . 2 6 3 

0 . 0 0 . 0 0 . 0 * . 0 0 . 0 0 . 0 0 . 0 
o.o o.o o.o o.o o.o o.o o.o 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 2 . I 7 S E - I 9 l . ? 6 I E -
s.SME-ta eoaae-17 «.a««E-i3 9.S63E-I7 z . iasE- i6 o.o o.o 
4 . a a s E - t 3 

l . 2 « « E - l l I . I 9 3 E - 0 2 I . 0 2 2 E - 1 3 I . 0 3 5 E - I 3 0 . 0 I . 7 2 3 E - I 0 7 . i * I E - l 
* . a « 0 E - 1 6 0 . 0 0 . 2 5 3 0 . 0 0 . 0 9 . . ' 3 7 E - 1 T 0 . 0 
2 . 7 7 2 E - 1 0 6 . 4 0 8 E - 1 9 I . 0 7 0 E - I 7 4 . 7 2 9 F - 2 0 0 . 0 4 . S 3 9 E - I * 3 . 8 6 6 E -
I . 3 4 S E - I 4 I . 6 7 8 6 - 1 3 I . 0 4 2 C - I I 1 . 9 I 3 E - 1 9 4 . 3 7 0 6 - 1 5 0 . 0 0 . 0 
0 . 2 6 5 

17 I . 5 S 0 & 
0 . 0 

0 . 0 
0 . 0 

17 4 . I 6 5 E -
0.0 

4 i.esse-1 
o.o 

« a.34se-
o.o 

• 1 7 0 . 0 
o.o 

o.o 
o.o 

' 1 6 0 . 0 
o.o 

3 2 . 1 9 9 E - I S 
1 . 9 6 4 E - 1 I 

I S 0 . 0 
0 . 0 

6.assd-ie 
o.o 

o.o 
0 . 0 
5 . 3 3 5 E - I 6 
0.0 

4 . 4 0 7 E - I 3 
I . 1 0 6 E - 1 0 
i . o e a E - 1 4 
o.o 

GONADAL OCSES: 
NUCL iocs: 

LOW LET (MRAO) 

MICH LET IMRAOI 

OOSE EQUIVALENT (MREM1 

C - 1 4 
NB-94 
C E - I 4 I 
U - 2 3 6 

* N - 5 4 
TC-9V 
C E - 1 4 * 
U - 2 3 8 

F E - 5 5 
R U - 1 0 6 
P M - 1 4 7 
P U - 2 3 8 

2 . B 4 2 E - I ? 6 . 9 7 S E - I 2 
0 . 0 

N l - 5 9 
CO- I ox 
RE-1 87 
P U - 2 3 9 

0 . 0 
0 . 0 

ta o.o 
la I.744E-

H - 3 
V - 9 0 
B A - t 3 7 M 
U - 2 3 9 
TOTAL 

3 . 3 9 S E - I 0 0 . I 6 S 
2 . 0 i a E - l 7 0 . 0 2 . 6 4 
6 . 6 3 0 E - 0 9 2 . 6 3 2 E - 1 0 2 . S 2 8 E - 1 8 1 . I 2 0 E 
6 . 1 8 9 E - 1 4 I . 3 6 7 E - I 7 7 . 7 7 2 E - I 4 9 . 0 2 1 C 

2 . 0 1 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
1 . 0 3 8 E - I 7 1 . 6 2 7 E - I 8 a . S a a E - I S 6 . 3 8 7 E - 1 7 3 . 5 8 5 E 
1 . 8 7 7 E - 1 4 

3 . 9 9 9 E - I 0 0 . 1 6 b 2 . 8 4 2 E - I 2 6 . 9 7 S E - I 2 0 . 0 
2 . 0 i a E - | 7 0 . 0 2 . 6 4 0 . 0 0 . 0 
6 . 6 3 0 E - 0 9 2 . 6 3 2 E - 1 8 2 . S 2 8 E - I 8 l . ! 2 0 E - i a 0 . 0 
6 . 2 I 0 E - 1 4 « . 6 2 1 6 - 1 7 2 . S 7 S E - I 3 I . 2 B 6 C - I S 7 . I 8 8 E 

2. at 

CO-fcO 
3 B - 1 2 S 
P B - 2 1 0 
P U - 2 4 1 

N I - 6 3 
I - 1 2 S 
R A - 2 2 
AM-2 4 

ZN-6S 
1 - 1 2 9 
TM-232 
PU-242 

4 . 4 9 0 E - 0 9 a . T 2 i e 
i . 2 9 2 6 - 1 5 0 . 0 
• . 9 9 0 6 - 1 5 2 . 1 I S E 

17 0 . 0 0 . 0 

0 . 0 0 . 0 
0 . 0 0 . 0 
9 . 2 3 0 E - 1 S 9 . 2 7 9 E -

16 0 . 0 0 . 0 

4 . 4 9 0 E - 0 9 8 . 7 2 1 E - 1 
2 . 2 9 2 e - 1 3 0 . 0 
I . 6 9 6 E - I 3 2 . 3 0 4 E -

15 O.r 0 . 0 

13 a.aose-i 
0 . 0 

I S 4 . 9 6 I E -
0 . 0 

0 . 0 
0 . 0 

l a 9 . 3 5 0 E -
0 . 0 

3 6 . B 0 S E - I 
0 . 0 

I S 2 . 3 6 6 E -
0 . 0 

K R - 8 f 
C S - I 3 A 
U - « 3 
AM-243 

2 S . l 7 i e - I 4 
S . 0 6 6 e - I 

16 0 .0 
o.o 

o.o 
0 . 0 

17 0 . 0 
o.o 

2 3 . ' 7 I E - I 4 
S . 0 6 6 E - I 

I S 0 . 0 
0 . 0 

» R - 9 0 
C S - 1 3 7 
U - 2 3 4 
C M - 2 4 3 

3 . 4 4 0 E - 1 3 
0 4 . 4 7 0 E - 0 9 

I . 0 7 0 E - I 6 
0 . 0 

0 . 0 
0 . 0 
I . 0 3 S E - I 7 
0 . 0 

J . 4 4 0 E - I 3 
0 4 . 4 7 0 E - 0 9 

3 . I 4 0 E - I A 
0 . 0 

• • • CCI .LE i .T lVE POP'JLATICN * » • 

DOSE RATES: 
WEIGHTED SUMS OF ORCAN OOSE RATES 

N U C L I D E S : H - 3 
7 - 9 0 

C - 1 4 
NB-94 
C E - I 4 I 
U - 2 3 6 

LO« LET (PERSON RAOSVI 

O A - I 3 7 M 
U - 2 3 S 
TOTAL 

S . 7 4 9 E - 1 I 8 . 3 8 9 E - 0 2 7 
3 . 4 0 4 e - I S 0 . 0 
1 . 9 S O E - 0 9 4 . S 0 7 E - I 8 
1 . 9 9 3 C - I 4 6 . 1 9 2 E - I S 

i.ae 
H I G H LET (PERSON R A C / V I 0 . 0 0 . 0 0 

0 . 0 3 . 0 
0 . 0 0 . 0 
3 . 9 3 4 E - I S S . 8 9 9 E - 1 6 
3 . 4 3 S E - I 2 

(PERSON M C M / Y ) a . 7 4 9 e - l l 8 . 3 8 9 6 - 0 2 7 
3 . 4 0 4 E - 1 S 0 * 0 
1 . 9 S 0 * - 0 9 4 . S 0 7 E - 1 8 
9 . 4 6 1 E - 1 4 l . i a 0 E - 1 4 

1 . 8 6 

N I - S 9 C O - 6 0 N I - 6 3 Z N - 6 3 KR-OS S R - 9 0 
C O - 1 0 9 S B - 1 2 3 1 - 1 2 3 1 - 1 2 9 C S - 1 3 * C S - 1 3 7 
R E - 1 8 7 P B - 2 1 0 R A - 2 2 0 T M - 2 3 2 0 - 2 3 3 U - 2 3 4 
P U - 2 3 9 P U - 2 4 1 A M - 2 4 1 P U - 2 4 2 AM-243 C M - 2 4 J 

OOSE E O . 

MN-S4 F E - S 9 
T C - 9 9 R U - 1 0 6 
C E - 1 4 4 P M - 1 4 7 
U - 2 3 8 P U - 2 3 8 

I 9 0 E - I 3 I . 2 9 I E - 1 2 0 . 0 1 . 2 1 2 E - 0 9 9 . 0 2 2 E - I 3 I . 3 0 4 E - I 2 I . S I 8 E - 1 4 3 . 0 9 9 E - I 2 
1 . 7 8 0 . 0 0 . 0 6 . 3 I I E - I 6 0 . 0 0 . 0 1 . 1 0 0 C - I 0 7 . 7 7 3 E - I 0 

7 . 9 2 4 E - I 7 3 . 3 2 6 E - I 9 0 . 0 I . 2 8 2 E - 1 4 9 . 2 9 0 E - I 6 1 . 0 6 9 E - 1 6 0 . 0 4 . 8 2 I E - I 7 
5- . 6 2 t - l 2 3 . I 3 S E - I 8 4 . 6 6 2 E - I 8 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
o.o o.o o.o o.o o.o o.o o.o o.o 
0 . 0 0 . 0 0 . 0 I . S 3 2 E - I 4 1 . 0 9 8 E - 1 6 2 . 9 2 9 E - 1 9 0 . 0 3 . 7 S 2 E - I S 
3 . 4 0 7 E - I 2 6 . 7 2 6 6 - 1 6 I . S 3 7 E - I 5 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

. 1 9 0 E - 1 3 1 . 2 9 1 E - I 2 0 . 0 I . 2 1 2 E - 0 9 S . 0 2 2 E - I 3 1 . 3 0 4 B - I 2 1 . S I 8 E - 1 4 3 . 0 9 9 E - 1 2 
1 . 7 a 0 . 0 0 . 0 6 . 9 U E - 1 6 0 . 0 0 . 0 1 . 1 0 0 E - 1 0 7 . 7 7 9 E - 1 0 

7 . S 2 8 E - 1 7 3 . 3 2 6 E - 1 9 0 . 0 3 . 1 9 2 G - I 3 2 . 7 2 1 E - 1 S S . 8 6 9 E - 1 4 0 . 0 7 . S 0 9 E - 1 4 
7 . 3 2 9 E - U 1 . 3 4 S E - I 4 3 . 0 7 4 E - 1 4 0 . 0 0 . 0 0 . 0 0 . 0 1 . 0 

http://CCI.LEi.TlVE


AVERAGE GOMAOAL O Q S E S : 
N U C L I D E S : 

LOa LET C PERSON RAO) 

H I G H LET < PERSON R A O 

OOSE E Q . (PERSON REM) 

M - 3 C - 1 4 C N - 5 4 - F E - 5 5 N t - 3 9 CO-ISO N I - 6 3 ZN-6S KR-BS S R - 9 0 
T - 9 0 KB-94 T C - 9 9 R U - 1 0 6 CCi-109 S B - 1 2 S 1 - 1 2 S 1 - 1 2 9 C S - 1 3 * C S - 1 3 7 
B A - I 3 7 M C E - 1 4 1 C F - 1 4 4 P M - 1 4 7 R E - 1 8 7 P B - 2 I O R A - a a a T H - 2 3 2 U-233 U - 2 3 4 
U - 2 3 S U - 2 3 6 U - 2 3 8 C u - 2 3 8 P U - 2 3 9 P U - 2 4 1 AM-2A1 P U - 2 4 2 AM-243 C M - 2 4 3 
TCTAl 

2 . S 2 8 E - 0 9 1 . 1 6 1 . 9 9 9 E - I I A . 9 0 S E - 1 1 1 J.O 3 . 1 3 0 E - 0 8 6 . 1 3 4 6 - 1 2 4 . 7 B 6 E - I I 3 . 6 3 7 E - 1 3 2 . 4 I 9 E - 1 2 
I . 4 1 9 6 - 1 6 0 . 0 1 8 . 6 0 . 0 0 . 0 1 . 6 1 2 E - I * 0 . 0 0 . 0 3 . S 6 3 E - 0 9 ' 3 . 1 * * 6 - 0 8 
4 . 6 6 3 6 - 0 8 l . a S l E - 1 7 1 . 7 7 8 E - I 7 7 . 8 7 9 E - 1 8 0 . 0 3 . 5 0 9 E - 1 * 1 . 4 9 0 E - 1 4 3 . 4 8 9 L - I S 0 . 0 7 . 5 2 8 6 - 1 6 
4 . 3 5 3 E - 1 3 

1 9 . 7 
0 . 0 1 

9 . 6 I 3 E - 1 7 S . 4 6 6 E - 1 3 6 . 3 * * 6 - 1 7 1 . 2 2 6 6 - 1 6 0 . 0 0 . 0 0 . 0 0 . 0 0»0 4 . 3 5 3 E - 1 3 
1 9 . 7 

0 . 0 1 ) . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 6 . 4 9 2 E - I 4 6 . 5 . ' . ' 6 E - 1 7 6 . S 7 6 E - I 6 0 . 0 7 . 2 7 8 6 - 1 7 
7 . 2 9 7 E - 1 7 1 . 1 4 4 6 - 1 7 6 . 3 2 1 6 - 1 4 4 . 4 9 2 6 - 1 6 2 . S 2 1 E - 1 S 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
1 . 3 2 0 6 - 1 3 

2 . S 2 B E - 0 9 1 . 1 6 1 . 9 9 9 E - I 1 4 . 9 0 3 E - I I l O.O 3 . 1 3 0 E - 0 8 6 . 1 3 4 E - 1 2 4 . 7 8 6 E - I 1 3 . 6 3 7 F - 1 3 2 . 4 I 9 E - I 2 
I . 4 1 9 E - 1 6 0 . 0 1 8 . 6 0 . 0 0 . 0 1 . 6 1 2 6 - 1 * 0 . 0 0 . 0 3 . S 6 3 E - 0 5 ' 3 . 1 4 4 E - 0 A 
4 . 6 6 3 6 - 0 8 I . 8 S 1 E - I 7 1 . 7 7 8 E - 1 7 7 . 8 7 9 E - 1 8 0 . 0 1 . 3 3 3 E - 1 2 I . 6 2 0 E - 1 4 I . 6 6 4 E - I 4 0 . 0 2 . 2 0 9 E - 1 9 
4 . 3 6 S E - 1 3 3 . 2 S 0 E - 1 6 l . e i l E - 1 2 9 . 0 * 7 6 - 1 5 S . O S S E - 1 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 



3ARNWELL S I M U L A T I O N . HELL AT S14 M. XGsBOOO M . SCAM«E-a 
R I S K S R I S K EQUIVALENT SUMMARY 

• • • SELECTED I N C I V 1 C U A L • * • 

L I F E T I M E FATAL CANCER B I S K ; 

CANCERS 

LOW LET 

H I G H LET 

TOTAL 

R HARROW ENOOST PULMNARY BREAST ST WALL PANCREAS L L I WALL KIDNEYS BL WALL U L I WALL 
S I WALL CVARIES TESTES SPLEEN UTERUS THYMUS THYROID L IVER TOTAL 

3 . 7 2 6 E - 0 T 4 . 1 0 4 E - 0 8 4 . o ; 0 E - 0 a 4 . 0 B 2 E - 0 7 9 . 4 2 9 E - 0 8 1 . 1 7 0 E - 0 7 6 . 2 0 3 E - 0 7 4 . 6 6 9 E - 0 8 1 . 7 6 1 E - 0 8 l . O S O E - O V 
9 . 9 S 6 E - 0 9 1 . 6 2 5 6 - 0 6 1.62.30-08 1 . 6 S 2 E - 0 B 1 . 6 5 3 E - O S I . 6 9 7 E - 0 8 3 . 3 I 7 E - 0 6 2 . 8 9 2 E - 0 7 9 . 9 9 8 E - 0 6 

3 . 9 3 0 E - I 9 2 . 6 3 6 E - I 9 9 . 4 9 2 E - I 7 2 , 6 5 1 3 - 2 1 1 . 8 4 I E - 2 0 8 . 0 6 9 E - 2 1 6 . 4 4 S E - 1 9 1 . 3 U E - 1 9 1 . 2 0 6 E - 2 1 1 . 0 7 2 E - 1 9 
9 . I 0 4 E - 2 I 1 . I 5 S E - 2 1 1 . 1 5 7 6 - 3 1 1 . 1 7 9 E - 2 1 I . 1 S 3 E - 2 I 1 . I S 3 E - 2 1 9 . 9 7 3 E - 2 2 1 . 4 9 6 B - I 9 9 . 6 6 9 E - 1 7 

3 . 7 2 6 E - 0 7 4 . 1 O 4 E - 0 e 4 . 0 9 8 E - 0 8 4 . 0 B 2 E - 0 7 9 . 4 2 9 E - 0 8 l . l T O E - O Y 6 . 2 0 3 E - 0 7 4 . 6 6 9 E - 0 B 1 . 7 6 I E - 0 B I . 0 5 0 E - 0 7 
9 . 9 5 6 E - 0 9 1 . 6 2 S E - 0 8 1 . 6 2 3 6 - 0 6 1 . 6 S 2 E - 0 6 I . 6 9 3 E - 0 B 1 . 6 9 7 E - 0 8 3 . 3 I 7 E - 0 6 2 . 8 S 2 E - 0 7 S . B S a e - 0 6 

AVERAGE L I F E LOSS PER PREMATURE DEATH 
CANCERS 

LOW LET <YR> 

H I G H LET «VR» 

CCM8IMEO I Y R 1 

FATAL CANCER R I S K ECU!VALENT 
CANCERS 

i MR EM SYR I 

R MARROW ENOOST PULMNARY BREAST ST WALL PANCREAS L L I WALL KIDNEYS BL WALL U L I WALL 
SI WALL OVARIES TESTES SPLEEN UTERUS THYMUS THYROID L I V E N TOTAL 

3 1 . 9 2 9 . 3 2 3 . 0 2 1 . 6 2 1 . 5 2 1 . 4 2 1 . 5 2 1 . 4 2 1 . 4 2 1 . 5 
21 . 0 2 1 . 3 2 1 . 3 2 1 . 3 2 1 . 3 2 1 . 3 2 8 . 2 21 . 4 ? 6 . 2 

2 6 . S 2 4 . 2 2 2 . 9 2 C . 2 2 1 . 9 2 0 . 2 2 1 . 5 2 0 . 6 2 0 . 0 2 1 . 5 
2 1 . 9 2 0 . 0 2 0 . 0 2 0 . 1 2 0 . 0 2 0 . 0 £ 6 . 1 1 9 . 6 2 2 . 9 

3 1 . 5 2 9 . 3 2 3 . 0 2 1 . 6 2 1 . 9 2 1 . 4 2 1 . 9 2 1 . 4 2 1 . 4 2 1 . 9 
2 1 . 0 2 1 . 3 2 1 . 3 2 1 . 3 2 1 . 3 2 1 . 3 2 8 . 2 2 1 . 4 26.2 

: N T : 
R MARROW ENOCST PULMNARY BREAST ST WALL PANCREAS L L I WALL KIDNEYS BL WALL U L I WALL 

S I WALL OVARIES TESTES SPLEEN UTERUS THYMUS THVROIO Liven TOTAL 
1. 114 0 . 1 3 3 6 . 7 4 2 E - 0 3 0 . 1 0 2 0 . 1 0 9 9 . 6 9 2 E - 0 2 0 . 8 9 4 0 . 1 3 4 5 . 0 6 6 E - 0 2 0 . 3 0 4 
S . 7 2 8 E - 0 2 9 . 3 2 9 E - 0 2 9 . 3 I 9 E - 0 2 9 . 4 8 6 E - 0 2 9 . 4 9 0 E - 0 2 9 , 5 1 0 6 - 0 2 3 . 9 0 0 . 1 8 3 0 . 2 6 6 

GENETIC RISKS: 
LOW LET l E F F E C T S y B l R T H ) 9 . 6 1 2 E - 0 7 
H I G H LET ( E F F E C T S / B I R T H ) 3 . 7 9 3 E - 1 9 
COMBINED I E F F E C T S S 0 J R T * ) S . 6 I 2 E - 0 T 

GENETIC R ISK E Q U I V A L E N T : 
(MREM/YR1 9 . 3 S 3 E - 0 2 



3ARNHELL S I M U L A T I O N , WELL AT 914 M, XG>6000 M, SCAM»E-8 
R I S K / R I S K EQUIVALENT SUMMARY 

• • • MEAN I N D I V I D U A L • • • 

L I F E T I M E FATAL CANCER R I S K : 

CANCERS: R NARROW ENOOST PULMNARY BREAST ST WALL PANCREAS L i . ! WALL K IDNEYS BL WALL U L I WALL 
S I MALL CVARIES TESTES SPLEEN UTERUS THYMUS THYROID L I V E R TOTAL 

L i t LET 3 . 7 2 6 E - 0 7 » . I 0 4 E - 0 6 4 . O C S E - 0 8 4 . 0 8 2 E - 0 7 9 . 4 2 9 E - 0 8 1 . I 7 0 E - 0 7 6 . 2 0 3 E - 0 7 4 . 6 6 C E - 0 8 1 . 7 6 I E - 0 B I . 0 S 0 E - 0 7 
9 . 9 9 6 E - 0 9 I . 6 2 S E - O 0 1 . 6 2 3 6 - 0 8 1 . 6 5 2 6 - 0 8 1 . 6 S 3 E - 0 S 1 . 6 5 7 6 - 0 8 3 . 3 1 7 E - 0 6 2 . 8 5 2 E - 0 7 8 . S S 8 E - 0 6 

H I G H LET 3 . 9 3 0 E - I 9 2 . 6 3 6 E - I 9 9 . 4 9 2 E - I 7 2 . 6 5 1 6 - 2 1 I . 8 4 I E - 2 0 8 . 0 6 9 E - 2 1 6 . 4 4 9 E - 1 9 1 . 3 I I E - 1 9 I . 2 0 6 E - 2 ! I . 0 7 2 E - I 9 
9 . I 0 4 E - 2 1 1 . 1 5 5 6 - 2 1 1 . I S 7 E - 2 1 1 . I 7 9 E - 2 I I . 1 5 3 E - 2 I 1 . I S 3 E - 2 1 S . 9 7 3 E - 2 2 I . 4 9 6 E - I 9 9 . 6 6 S E - 1 7 

TOTAL 3 . T 2 6 E - 0 T 4 . I 0 4 E - 0 C 4 . 0 * 6 E - O 8 4 . 0 8 2 6 - 0 7 9 . 4 2 9 S - 0 8 1 . I 7 0 E - 0 7 6 . 2 0 3 E - 0 7 4 . 6 6 S E - 0 8 I . 7 6 I E - 0 8 I . 0 9 0 E - 0 7 
9 . 9 9 6 6 - 0 9 I . 6 2 5 6 - 0 8 1 . 6 2 3 6 - 0 8 1 . 6 5 2 6 - 0 8 I . 6 9 3 E - 0 8 1 . 6 5 7 E - 0 6 3 . 3 1 7 E - 0 6 2 . f l 5 2 e - 0 ? 5 . 8 5 S E - 0 6 

AVERAGE L I F E LOSS PER PREMATURE CEATH: 
CANCERS 

LOW LET ( Y R ) 

H I G H LET <VR) 

CCNBINED <VR> 

FATAL CANCER R I S K EQUIVALENT 
CANCERS 

( M R E M / Y R ) 

•HOLE BODY FATAL CANCER R I S K EQIMREM/YR) 0 . 2 i 6 

GENETIC R I S K S : 

LOa LET ( E F F E C T S / B I R T H ) 5 . 6 I 2 E - 0 7 
H I G H LET l E F F E C T S / B l R T h l 3 . 7 S 3 C - I 9 
COMBINED I E F F E C T S / B I R T M 5 . 6 1 2 E - 0 7 

GENETIC R I S K E Q U I V A L E N T : 
( N R E N / T R ) 9 . 3 S 3 E - 0 2 

R MARROW ENOOST PULHNARV BREAST ST WALL PANCREAS L L I WALL KIDNEYS BL WALu U L I WALL 
SI WALL OVARIES TESTES SPLEEN UTERUS THYMUS THYROIL L I VER TOTAL 

3 1 . S 2 9 . 3 2 3 . 0 2 1 . 6 2 1 . 3 2 1 . 4 2 1 . 5 2 1 . 4 2 1 . 4 2 1 . 9 
21 . 0 2 1 . 3 2 1 . 3 2 1 . 3 2 1 . 3 21 . 3 2 8 . 2 21 . 4 2 6 . 2 

2 6 . 5 2 4 . 2 2 2 . S 2 0 . 2 2 1 . 5 2 0 . 2 2 1 . 5 2 0 . 6 2 0 . 0 2 1 . 9 
2 1 . S 2 0 . 0 2 0 . 0 2 0 . 1 2 0 . 0 2 0 . 0 2 6 . 1 1 9 . 6 2 2 . S 

3 1 . S 2 « . 3 2 3 . 0 2 1 . 6 2 1 . S 2 1 . 4 2 ' . 5 21 . 4 2 1 . 4 2 1 . 5 
21 . 0 2 1 . 3 2 1 . 3 2 1 . 3 21 . 3 21 . 3 ze.g 21 . 4 2 6 . 2 

NT: 
R MARROW ENOOST PULMNARY BREAST ST WALL PANCREAS L L I WALL KIDNEYS BL WALL U L I WALL 

SI WALL CVARIES TeSTES SPLEEN UTERUS THYMUS THYROID L I VER TOTAL 
1. 114 0 . 1 3 3 6 . 7 4 2 6 - 0 3 0 . 102 0 ,11 9 9 . 6 5 2 1 - 0 2 0 . 8 9 4 0 . 134 S . O 6 6 E - 0 2 0 . 3 0 4 
5 . 7 2 8 E - 0 2 9 . 3 2 9 E - 0 2 9 . 3 1 9 E - 0 2 9 . 4 8 6 E - 0 2 9 . - . 9 0 E - 0 2 9.910E-02 3.90 0.183 0.266 



SARNhELL S I M U L A T I O N . WELL AT 9 1 4 M, XG>9000 M , SCAM.E-B 
R I S K / R I S K EQUIVALENT SUMMARY 

• • • COLLECTIVE POPULATICN • • • 

COLLECTIVE FATAL CANCER R I S K : 
CANCERS: R HARROW ENOOST PULMNARV BREAST ST WALL PANCREAS L L I WALL K I D N C ' S BL WALL U L I WALL 

S I WALL CVARIES TESTES SPLEEN UTERUS THYMUS THYROID L IVER TOTAL 
L O W L E T T O E A T H S / Y R ) 3 . 7 0 4 E - 0 S 4 . 0 7 9 E - 0 6 4 . 0 7 3 E - 0 6 4 . 0 9 7 E - 0 9 9 . 3 7 2 E - 0 A I . I 6 3 E - 0 9 6 . I 6 9 E - 0 S 4 . 6 3 7 E - C 6 1 . 7 9 1 8 - 0 6 I . 0 4 4 E - 0 9 

9 . 9 9 6 E - 0 T I . 6 I 4 E - 0 6 1 . 6 I 3 E - 0 6 1 . 6 4 2 8 - 0 6 I . 6 4 3 E - 0 6 I . 6 4 7 E - 0 6 3 . 2 9 7 e - 0 4 2 . 8 3 8 8 - 0 8 8 . 9 2 8 8 - 0 4 
H I G H L E T I O E A T H S / Y R ) 3 . 9 0 6 E - I 7 2 . C 2 0 E - I 7 9 . 4 3 S E - I S 2 . 6 3 S E - I 9 I . B J 0 E - 1 B S . 0 2 0 E - I 9 6 . 4 0 6 E - I 7 I . 3 0 3 E - I 7 1 . 1 9 9 8 - 1 9 1 . 0 6 6 8 17 

9 . 0 4 9 E - I 9 1 . I 4 8 E - I 9 I . I 9 0 E - I 9 I . I 7 2 E - I 9 I . I 4 6 E - I 9 1 . 1 4 * 6 - 1 9 8 . 9 3 7 E - 2 0 1 . 4 6 7 6 - 1 7 9 . 6 0 7 8 - 1 8 
TOTAL I O E A T H S / Y R ) 3 . 7 0 4 E - O S 4 . 0 7 9 E - 0 6 4 . 0 7 3 E - 0 6 4 . C 9 7 E - 0 S 9 . 3 T 2 E - 0 S 1 . 1 6 3 8 - 0 5 6 . 1 6 9 E - 0 9 4 . 6 3 7 E - 0 6 I . 7 9 I K - 0 6 I . 0 4 4 E - 0 9 

9 . 8 9 6 E - 0 7 I . 6 1 6 E - 0 6 1 . 11 3 E - 0 6 I . 6 4 2 E - 0 6 I . 6 4 3 E - 0 6 1 . 6 4 7 E - C * 3 . 2 9 7 E - 0 4 2 . B 3 S E - 0 6 4 . 9 2 9 E - 0 * 

FATAL CANCER R I S K t C U l V A L E N J : 
CANCERS: R MARROW ENOOST PULMNARY BREAST ST WALL PANCREAS 

S I WALL OVARIES TESTES SPLEEN UTERUS THYMUS 
(PERSON R E M / V R ) O . 8 0 2 0 . 9 3 9 4 . 7 4 2 E - 0 2 0 . 7 2 1 0 . 7 6 5 0 . 6 7 9 

0 . 4 0 3 0 . 6 9 6 C . 6 9 9 0 . 6 6 7 0 . 6 6 7 0 . 6 A 9 

WHOLE 8 0 0 Y FATAL CAKCER R I S K EOIPERSON P.EK/YR) 1 . 9 7 

GENETIC R I S K S : 
LOW L E T « E F F E C T S / V R ) 5 . 5 7 8 8 - 0 3 
H I G H L E T I E F F E C T S / Y R t 3 . 7 3 0 E - I 7 
COMBINED! EFFECTS/VR> S . 9 7 9 E - 0 S 

GENETIC RISK E Q U I V A L E N T : 
! PERSON REMSVRI 0 . 6 S C 

L L I WALL KIDNEVS BL WALL U L I WALL 
THYROID L I V E R TOTAL 

6 . 2 9 0 . 9 4 9 0 . 3 9 D !• . 1 4 
2 7 . 4 1 . 2 9 1 . 8 7 



3ARNWELL S I M U L A T I O N . WELL AT 914 N . X G - 8 0 0 0 M . SOAW-E-8 
PATHWAY R I S K / R I S K EQUIVALENT SUMMARY 

• • • SELECTED I N O I V I C U A L • • • 

L I F E T I M E FATAL CANCER R I S K : 

PATHWAYS: I N G E S T I O N INHALATION A IR GROUND INTERNAL EXTERNAL TOTAL 
IMMERSION SURFACE 

LOa LET S . 9 S 8 E - 0 6 8 . 9 7 6 E - 1 7 2 . 2 e S E - l 9 9 . I 4 9 E - I 3 9 . 9 9 8 C - 0 6 9 . I 9 0 E - I 9 9 . 9 9 8 E - 0 6 
H I G H LET 1 . 6 2 3 E - I 8 9 . S 0 3 E - I 7 0 . 0 0 . 0 9 . 6 6 9 E - 1 7 0 . 0 9 . 6 6 9 E - 1 7 

TOTAL 5 . 9 S 8 E - 0 6 I . 8 0 8 E - I 6 2 . 2 8 9 E - I 9 9 . I 4 9 E - I S S . S S B E - 0 6 9 . I S 0 E - I 9 S . S S 8 E - 0 6 

FATAL CANCER R I S K ECUIVALENT: 
PATHWAYS: I N G E S T I O N INHALATION A I R GROUND I N I ' XI XL EXTERNAL TOTAL 

IMMERSION SURFACE 
( M R E N / Y R J 0 . 2 6 4 B . 6 9 0 E - I 2 I . 0 9 3 E - I 4 4 . 3 7 8 E - I 0 0 . 2 .* 4 . 3 7 8 E - I 0 0 . 2 6 6 

GENETIC R I S K S : 
PATHWAYS: I N G E S T I O N INHALATION A IR GROUND INTERNAL EXTERNAL TOTAL 

IMMERSION SURFACE 
LOW LET ( E F F E C T S S B I K T H ) S . 6 1 2 E - O T I . 7 6 2 E - 1 8 9 . 4 . " T E - 2 0 2 . I 3 8 E - I 5 S . 6 I 2 E - 0 7 2 . 1 3 8 E - 1 " S . 6 J 2 E - 0 7 
H I G H LET ( E F F E C T S / B I R T h ) 3 . 9 7 C E - I 9 I . 7 7 0 E - 2 0 0 . 0 0 . 0 3 . 7 " . 3 E - J 9 0 . 0 J I . 7 9 3 E - 1 9 
CCMS1NEC <EFFECTS/BIRT»-> 9 . 6 I 2 E - 0 7 1 . 7 8 0 E - I 6 9 . 4 7 7 E - 2 0 2 . 1 3 8 E - I 9 9 . 6 I 2 E - 0 7 2 . I 3 B E - I 9 9 . 6 I 2 E - 0 7 

GENETIC R I S K EOU1VALENT: 
CMREM/YR) 9 . 3 9 3 E - 0 2 2 . 9 6 7 E - I 3 9 . 1 S 8 E - I 9 3 . 5 6 * 6 - 1 0 9 . J 9 3 E - 0 2 3 . S 6 4 E - I 0 9 . 3 S 3 E - 0 2 



BARNkELL S I M U L A T I O N . HELL AT 9 1 * M. X G » 8 0 0 0 N . S C * M « E - 8 
PATHWAY R I S K / R I S K EQUIVALENT SUMMARY 

• • • M E A N 1KOIVIOUAL • • • 

L I F E T I M E FATAL CAKCCR R I S K : 

PATHWAYS: I N G E S T I O N I N H A L A T I O N A IR GROUND INTERNAL EXTERNAL TOTAL 
IMMERSION SURFACE 

L O t LET S . 9 S & E - 0 6 8 . 9 7 6 E - I 7 2 . 2 C 9 E - I 9 9 . I 4 9 E - I 9 S . 5 5 8 E - 0 6 9 . I S 0 E - I 9 9 . 8 9 1 06 
H I G H LET I . 6 2 3 E - I B 9 . S 0 3 E - I 7 0 . 0 0 . 0 9 . 6 6 9 E - 1 7 0 . 0 9 . 6 6 1 17 

TOTAL 5 . 9 5 B E - 0 6 1 . 8 0 8 E - I 6 2 . 2 8 S E - 1 9 9 . M 9 E - I 9 9 . 9 9 8 E - 0 C / . I 5 0 E - I 9 9 . 9 9 B E - 0 6 

FATAL CANCER R I S K E C U I V A L E N T : 
PATHKAVS: INGEST1CN INHALATION A I R GROUND INTERNAL EXTERNAL TOTAL 

IMMERSION SURFACE 
( M R E N / Y R ) 0 . 2 6 6 e . 6 9 0 E - 1 2 I . 0 9 3 E - I A 4 . 3 7 B E - 1 0 0 . 2 6 6 4 . 3 7 B E - 1 0 0 . 2 6 6 

GENETIC R I S K S : 

PATHWAYS: I N G E S T I C N INHALATION A IR GROUNO INTERNAL EXTERNAL TOTAL 
IMMERSION SURFACE 

LOa LET I E F F E C T S / B I R T H ) S . 6 I 2 E - 0 7 I . 7 6 2 E - 1 B 5 . 4 7 7 E - 2 0 I . I 3 B E - I 9 6 . 6 I 2 C - 0 7 2 . I J 8 E - I 5 5 . 6 I 2 E - 0 7 
H I G H LET ( E F F E C T S / B J R T H I 3 . S 7 6 E - 1 9 I . 7 7 0 E - 2 0 0 . 0 0 . 0 3 . 7 S 3 E - I 9 0 . 0 3 . 7 9 3 E - I 9 
CCMBINEC I E F F E C T S / 8 J R T H 9 . 6 I 2 E - 0 7 » . 7 8 0 E - i e S . 4 7 7 E - 2 0 2 . 1 3 8 E - I S 9 . 6 I 2 E - 0 7 2 . I 3 B E - I S 9 . 6 I 2 E - 0 7 

GENETIC RISK EOUIVALENT: 
IMREM/YRI 9 .3S3E-02 2 . 9 6 7 E - I 3 9 . | ; 8 E - I 5 3 . 5 6 4 E - I 0 9 .353E-02 3 . 9 6 4 E - I 0 9 .393E-02 



. ASN»ELL S I M U L A T I O N . HELL A l 9 1 * M, X G - 8 0 0 0 M, SCAN>E-8 
PATHkAY R I S K / R I S K EQUIVALENT SUMMARY 

• • • COLLECTIVE POPULATICN • • » 

COLLECTIVE FATAL CANCER R I S K : 

PATHHAYS! INGESTION INHALATION A IR GROUND INTERNAL EXTERNAL TOTAL 
1MMETSION SURFACE 

-OB LETCDEATHSSYRt S . S 2 5 E - 0 4 8 . S 2 4 E - I ! 2 . 2 7 2 E - 1 7 9 . 0 9 4 E - I 3 S . 5 2 S E - 0 4 9 . 0 9 3 E - I 3 S . S 2 5 E - 0 4 
-1IGM L E T ( C E A T M S / Y R ) I . « I 4 E - I 6 9 . 4 4 6 E - I S 0 . 0 0 . 0 9 . 6 0 7 E - I S 0 . 0 9 . 6 0 7 E - 1 S 

TOTAL ( O E A T H S / Y R ) 5 . 9 2 9 E - 0 4 I . T 9 7 E - 1 4 2 . 2 7 2 E - I 7 9 . 0 9 4 E - I 3 9 . 5 2 9 E - 0 4 9 . 0 9 5 E - I S S . S 2 S E - 0 4 

FATAL CANCER R I S K E C U I V A L E N T : 
PATHkAYS: I N G E S T I O N INHALATION A IR GROUND INTERNAL EXTERNAL TOTAL 

IMMERSION SURFACE 
(PERSON RE<«/YR> » . 8 7 6 . 0 8 4 E - 1 1 7 . 6 9 0 E - 1 4 3 . 0 7 9 E - 0 9 » . 8 7 3 . 0 7 9 E - 0 9 I . B 7 
• MOLE BODY RISK EO (PERSON R E V / Y R ) FRCM ALL EXPOSURES I . 0 7 

GENETIC R I S K S I P E R S O N R E k / Y R ) : 

PATHaAVS: I N G E S T I O N INHALATION AIR GROUND INTERNAL EXTERNAL TOTAL 
IMMERSION SURFACE 

i-Oa L E T I -FFECTS-/YRJ S . 9 7 « E - O S I . 7 5 2 E - I 6 S . 4 4 4 E - I 8 2 . I 2 6 E - 1 3 5 . S 7 8 E - 0 5 2 . I 2 6 E - I 3 9 . 9 7 8 B - 0 S 
H I G H LET IEFFECTSSYR I 3 . I S 9 E - I 7 I . 7 5 9 E - 1 B 0 . 0 0 . 0 . . 7 3 0 E - 1 7 0 . 0 3 . 7 3 0 E - 1 7 
COMBINED! E F F E C T S / Y R ) S . S 7 8 E - 0 S l . 7 6 9 E - ^ f 5 . 4 4 4 E - I 8 2 . I 2 6 E - I 3 . 5 7 8 E - 0 S 2 . I 2 6 E - 1 3 S . 9 7 8 E - 0 S 

GENETIC R ISK E O U I V A I E N I S 
(PERSON REM/YR) 0 . 6 5 8 2 . 0 8 6 E - I 2 6 . 4 2 0 E - I 4 2 . S 0 7 E - 0 9 0 . 6 5 8 2 . 5 0 7 E - 0 9 0 .6S .8 



9MWCI . I SIMULATION. WELL AT 914 M, XC-8000 M. SC*H»E-8 
NUCLIDE RISK/WISH EQUIVALENT SUMMARY 

• • • SELECTED INOIV1CUAL •« • 

MN-S« PE-SS 
T C-99 BO-106 
CE-144 PM-147 
u-238 pu-aia 

L I F E T I M E FATAL CANCER R I S K : 
NUCLIDES: H - 3 C - I « 

T-90 kB-94 
BA-137N CE-141 
U-233 U-236 
TOTAL 

LOU LET 2 . 6026-16 2 .4*26-07 2 . I37E- IB 3.3966-1 
1.0I4E-20 0.0 9.309E-0« 0.0 
S.79BE-I9 1.34IE-23 2.2116-22 0 .0 
4.699E-20 1.9618-23 I . 3 I 3 E - I 7 7.8236 
s.ssae-oe 

H16H LET 0 . 0 0.0 0.0 0 .0 
0 .0 0.0 0 .0 0.0 
0.0 0.0 O.O 0 .0 
1.10SE-19 1.6616-20 9.392E- I7 I .639E-
9.66SE-17 

TOTAL 2 .602C-1 * 2.492E-07 2.137E-18 3.S9BE-
I .0 I4E-20 0.0 9.309E-06 0.0 
9.799C- I9 1.3416-23 2.2I1E-22 0 .0 
t .S7aC- l9 I .6*36-20 I . 0 9 0 E - I * 1.6406-
9.998E-0* 

N I -99 CO-60 NI -63 ZN-69 
CO-109 SB-I2S 1-129 1-129 
RE-187 PB-210 RA-2£6 TW-832 
PU-239 PU-241 AM-241 PJ-242 

KR-80 SR-90 
CS-134 C9-I3T 
U-233 U-234 
AM-243 CM-243 

9 0.0 3.S92E-I8 1 .09-2- IB 3.83 36-18 4.922C-20 7.8986-16 
0.0 1.937E-21 0.0 0.0 3.260E-I6 2.300E-IS 
0 .0 2.6336-20 1.9606-21 3 . I39E-22 0 .0 t .2392-22 

24 I .241E-23 0 .0 0.0 0.0 0 .0 0 . 0 

0.0 0.0 
0.0 0.0 
0.0 3.8236 

20 2.926E-20 0.0 

0 .0 0.0 0.0 0 .0 
0.0 0.0 0 .0 0 .0 

•IV 3.2386-21 7.49SE-20 0.0 1 .0976-
0.0 0.0 0.0 0 .0 

0.0 3.592E-I9 I . 092E- Ia 3.8332-1 a 4.8226-20 7.8966-18 
0.0 1.937E-21 0.0 0.0 3.260E-16 2 .3006- IS 
0.0 «.1086-19 4 .a iaE-2 l 7.489E-20 0.0 1 .0 986-19 

20 2 .9286-20 0.0 0.0 0.0 0.0 0 .0 

FATAL CANCER RISK ECUtVAt-CHTI 
NUCLIDE S3 M-3 C-14 MN-34 

T-90 N9-94 TC-99 
•A-I37M CE-141 CE-144 
U-233 U-236 U-238 
TOTAL 

<«*ENSVft> 1.2496-11 I . I 93E-02 1.0 226-13 
4 . 8 9 2 E - I * 0 .0 0.294 

r e - 9 9 
RU-106 
PN-147 
PU-238 

NI -99 
CO-J 09 
RE-187 
PU-2 39 

CO-60 
SB-12S 
PB-210 
PU-241 

NI-63 
1-128 
RA-226 
AH-241 

ZN-69 
1-129 
TH-232 
PU-242 

K 71-88 
CS-134 
U-233 
AM-243 

Sft-90 
CI-137 
U-234 
CM-243 

I.722E-I3 0..0 
0.0 0.0 

2.7796-10 «.4166-19 1.0986-17 0.0 0.0 
7.S49E-IS 7.9SSE-I6 9.2168-12 7.0466-16 I.40IE-I9 
0.288 

I.7I9E-I0 9.22SE-I4 1.8346-13 2.1636-18 3.7798-13 
1.9606-11 I.1016-10 

9.0616-19 
0.0 

0 . 0 9.2666-17 0.0 
I.966E-I4 2.3096-16 3.9646-18 0.0 
0.0 0.0 0.0 0.0 

NUCLIDES: 

LOW LET CEFFECTVBtnTHI 

: - i4 MN-94 FE-89 NI-B9 CO-60 NI -63 ZN-69 
NB-94 TC-99 RU-106 CO-109 SB-129 1-129 1-129 
ce- i4 i CC-144 PM-147 RE-187 P8-2I0 RA-226 TH-232 
U-236 U-238 PU-238 PU-239 PU-241 AM-241 PU-242 

8CNETIC RISKS: 
M-3 

Y-90 
BA-I37M 
U-838 
TOTAL 

7 . 189E-17 3.300E-08 3.684E-19 l .399E- ia 0 .0 
4.0366-24 0.0 3.282E-07 0 . 0 0 .0 
1.38*8-18 S.263C-2S 3.0376-23 2.2416-23 O.O 
I.238E-20 2.7346-24 1.3346-20 1.8046-24 3.487 6-24 
8.6126-07 

MICH LET fEFFECTSSBIMTMt 0 . 0 0.0 0.0 0 .0 0 .0 
0.0 O.O 0 .0 0.0 0.0 
0.0 0.0 0 .0 0 .0 0.0 
2.0736-22 3.2946-23 1.7986-19 1.2776-21 7.1706-21 
3.7936-19 

COMBINED I EFFECTS/BIRTH) 7.189E-I7 3.300C-06 3 .0 84E-I9 I . I 99E-18 0.0 
4.0366-24 0.0 3.2826-07 0 .0 0.0 
1.3288-19 9.2636-23 9.097E-29 2.2416-25 9.0 
1.2898-20 3.'i28E-23 1.993E-19 1.2796-21 7.174E-2I 
9.412E-07 

KR-66 9R-90 
C9-I34 C9-I37 
U-233 U-234 
AM-243 CM-243 

8.900E-I6 I .744E-19 1.3618-18 I.034E-20 6 .8808-20 
4.9846-22 0.0 0.0 I .013E- I6 8.9416-16 
9.9806-22 4.2376-22 9.9236-23 0.0 2.1416-23 
0 .0 0.0 0.0 0 .0 0 .0 

0.0 0 . 0 0.0 0.0 0 .0 
0.0 0.0 0.0 0.0 0 .0 
1.8466-19 1.8S8E-22 I .870E-2 I 0.0 2.070E-S2 
0 .0 0.0 0.0 0.0 0 .0 

8.9006-16 1.744E-I9 1.36 16-18 1.034E-J0 6.8806-20 
4 . 3 8 4 6 - ^ 0.0 0.0 1.0136-16 8.9416-16 
1.8366-19 6.0936-22 1.9*96-21 0.0 2.2846-22 
0.0 0 .0 0.0 0 .0 0 .0 



GENETIC * 1 S K CCUIVJM.ENT: 

I W t K / Y k l 1 . I 9 S & - U S.499E-03 9 . 4 7 3 E - I 4 2 .32SE-13 0.0 I . 483E-10 2 . 9 0 7 6 - 1 4 2 . 2 6 B E - I 3 1 .724E- IL I . I 4 7 E - 1 4 
6 .726E-19 0 .0 &.C03E-02 0 . 0 0.0 7 .640E-17 0.0 0 .0 I . 6 8 9 E - 1 I I . 4 9 0 E - I 0 
2 .210E- IO 8 .772E-20 6 .428E-20 3 .734E-20 0.0 3 .093E-J4 1 .015E-16 3 . 2 8 2 E - J 6 0 .0 3 .806E-17 
2 . 0 9 8 E - I S S.aaoE-18 3.2SSE-14 2 . I 3 2 E - I 6 1 . I 9 6 E - I S 0 .0 0 .0 O.O 0 . 0 0 .0 
9 .3S3E-02 

o 



BARNKELL SIMULATION WELL AT 914 H, X->8000 M. SCAM»E-B 
NUCL10E RISK/RISK EQUIVALENT SUMMARY 

* * • MEAK INDIVIDUAL • • * 

LIFETIME FATAL CAMCER RISK: 

LOB LET 

HIGH LET 

TOTAL 

NUCLJOES: H-3 C-J« NN-S4 FE-S5 N l - 5 9 CO-60 
V-90 NB-94 TC-99 RU-106 CD-I 09 SB-12S 
BA-137M CE-141 CE-144 PM-147 BE-J 87 PB-210 
U-23S U-236 U-238 PU-238 PU-2 39 PU-24 1 
TOTAL 

2 . 6 0 2 6 - 1 6 2 . 4 9 2 E - 0 7 2 . J 3 7 6 - I B 3 
1 .0146-20 0.0 S.309E-06 

S9BE-18 0 . 0 3 . S 9 2 E - I S 
0 .0 0 .0 1 .937E-2 
0 . 0 0 .0 2 .8S9E-2 

I . S 6 I E - 2 3 I . 3 I 3 E - I 7 7 .823E-24 1 .24 IE -23 0 .0 
5 . 7 9 9 E - I S 1.341E-23 2 . 2 U E - 2 2 
4 .699E-20 
5 .5586 -06 

0 . 0 0 . 0 0 .0 0 . 0 0 . 0 
0 . 0 0 .0 0 . 0 0 . 0 0 .0 
0 . 0 0*0 0 . 0 0 . 0 0 .0 
1 .1086-19 1 .6616-20 9.S92E-1Y 1 .639E-20 2 . 9 2 6 6 - 2 0 
9 . 6 6 5 6 - 1 7 

2 . 6 0 2 E - I 6 2 .492E-07 2 . 1 3 7 6 - 1 8 3 .S98E-18 0 .0 
1 .0146-20 0 .0 5 .309E-06 0 .0 0 .0 
5 .799E-15 1.341E—23 2 . 2 I 1 E - 2 2 0 . 0 0 .0 
1 .5786-19 1 .6636-20 1 .0906-16 1 .6 *06 -20 2 . 9 2 8 6 - 2 0 
5 . 5 5 8 6 - 0 6 

0 . 0 
0 . 0 
3 .823E-
0 .0 

3 .992E-15 
1 .937E-2 
• . 1 0 8 6 - 1 
0 . 0 

N l - 6 3 
J-129 
RA-226 
AM-241 

1 .092E-18 
1 0 .0 
0 1.560E-21 

0.0 

0 . 0 
0 .0 

19 3 . 2 9 0 E - 2 I 
0 .0 

1 .092E-18 
1 0 .0 
9 4 . 8 1 8 6 - 2 1 

0.0 

ZN-65 
1-129 
TH-232 
PU-242 

3 . 8 3 3 6 - 1 8 
0.0 
3.139E-2 
0.0 

0 .0 
0 .0 
7 .49BE-2 
0 .0 

3 . 8 3 3 E - J 8 
0 .0 
7.4896-2 
0.0 

KB-88 
CS-134 
0-233 
AM-243 

4.522E-2 
3.260E 

2 0 . 0 
0 . 0 

0 .0 
0 . 0 

0 0 . 0 
0 . 0 

4.&22E-2 
3 .260E-

0 0 .0 
0 .0 

SR-eo 
CS-137 
U-234 
CM-243 

0 7 .898B-18 
16 2 .300E-1S 

1 .23SE-22 
0 . 0 

0 . 0 
0 .0 
i.os7e-
o.o 

19 

0 7.B9BE-16 
16 2 .300E-1S 

I . 0886 -19 
0 .0 

FATAL CANCER RISK ECU1VALENT: 

(MREM/VR1 

NUCLIDES: H-3 C-14 MN-S4 FE-S5 NJ-S9 
V-90 NB-94 TC-99 RU-106 CD-I 09 
BA-137M C E - I 4 I CE-144 PM-147 RE- l87 
U-235 U-236 U-238 PU-238 PU-2 39 
TOTAL 

1.24SE-1) 1.193E-0 2 1 .022E-13 
4 . 8 5 2 6 - 1 6 

1.7226-
o.o 

2 . 7 7 ' E - I O 6 . 4 1 6 6 - 1 9 1.058E-17 0 . 0 
O.O 0 .254 

13 0 .0 
0 .0 
0 .0 

CO-60 
SB-125 
PB-210 
PU-241 

N I - 6 3 
1-129 
RA-226 
AM-241 

ZN-6S 
1-129 
TH-232 
PU-242 

KR-B9 
CS-134 
U-233 
AM-243 

SR-90 
CS-137 
U-234 
CM-24 3 

7.S49E-15 7.9SSE-16 5 .2186 
0 .266 

'12 7 .8466 -16 1.4016 

1 . 7 I 9 E - 1 0 S.22SE-14 
9 . 2 6 6 E - I 7 0 .0 
1 . 9 6 6 E - 1 * 2 .309E-16 3.UB4E-1S 0 . 0 

-IS 0 .0 0 .0 0 .0 0 .0 

1 .894E-13 2 .163E-1S 3 .779E-13 
0.0 1 . 5 6 0 E - U 1 .1016-10 

5 .0616-15 
0 .0 

C-14 MN-54 FE-55 NJ-59 CO-60 N l - 6 3 
NB-94 TC-99 RU-106 CD-1 09 SB-125 1-129 
CE-141 CE-144 PM-147 RE-1B7 PB- 210 RA-226 
U-236 U-238 PU-238 PU-239 PU-24 1 AM-241 

B.900E-IA 1 .744E-1 
4 . 5 8 4 6 - 2 2 0 .0 
9 .980E-22 4 . 2 3 7 E -
0 . 0 0 .0 

GENETIC R ISKS: 
NUCLIDES: H-3 

V-90 
BA-]37M 
U-235 
TOTAL 

-OH LET (EFFECTS/BIRTH) 7 .1896 -17 3 . 3 0 0 6 - 0 8 5 . 6 B 4 E - I 9 1.39SE-1B 0 . 0 
""" 4 .0366-24 0 .0 5 . 2 8 2 6 - 0 7 0 . 0 0 .0 

1 .3266-1 5 S . 2 6 3 6 - 2 5 5 . C57E-2S 2 .2416 -25 0.0 
1 .2386-20 2 . 7 3 4 6 - 2 4 1 . 5546-20 I .B04C-24 3 . 4 8 7 6 - 2 4 
5 .6126 -07 

I ISH LET IEFFECTS'BlRTI-1 O.O 0 . 0 0 .0 0 . 0 0 .0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 .0 0 . 0 0 .0 
O.O 0 .0 0 . 0 0 . 0 0 .0 1.B46E-19 1 . 8 3 6 6 -
2 .075E-22 3 .2S4E-23 1.79BE-19 1.277E-21 7 .170E-21 0 . 0 0 .0 
3 .7S3«-19 

COMBlHtD IcFFCCTS/^lR-1<1 7 .109C-17 3.300E-OB » .b34C- l9 1 . 3 9 9 6 - 1 * 0 .0 8 . 9 0 0 * - 1 6 I . 7 4 4 C - I 9 
4 .036F-24 0 .» 3.«a2e-OT 0 . 0 0.." 4 .5846 -22 0 .0 
l . 3 M f c - I S S.2*.Jtr-2t- 5.f .17E-28 2 . Z 4 I E - 2 S 0.0 1 .8S6C- I9 t,.C-i3t-S. 
1.299E-20 3.529C-23 1.JS3E-19 1 .279C-2 I 7 . I 7 4 E - 2 1 0 . 0 0 .0 
9 .612E-07 

ZN-69 KR-85 SR-90 
1-129 CS-134 CS-137 
TH-232 U-233 U-234 
PU-242 AM-243 CM-243 

I . 3 8 I E - I 8 I . 0 3 4 E - 2 0 6.S80E-2O 
0.0 1 .013E-16 S . 9 4 I E - I 6 

22 9 .923E-23 0 . 0 2 . 1 4 1 6 - 2 3 
0 .0 0 . 0 0 .0 

0 . 0 0 .0 
0 .0 0 . 0 

22 I . 8 7 0 E - 2 1 0 .0 
0.0 0.0 

0 . 0 
0 .0 
2 .0 70E-22 
0 .0 

i . 3 6 1 6 - i f l i .o34e-2o # .eaoe~*o 
3.3 I . 0 1 3 8 - 1 6 8 .941E-16 

!i! 1.96 9 e - 2 l 0 . 0 2 .284C-22 
0 .0 0 . 0 0 .0 

SCK..TIC A1SK EQUIVALENT: 



Hi^M/YfU I . J 9 8 E - 1 1 S .4996-03 V . 4 7 3 E - I 4 £ . 3 2 S b - l 3 0 .0 1 .4836-10 2 .907E-14 2.26BC-13 1 .724E- I5 I . 147E-14 
6 .T26E-19 0 .0 8 .803E-02 0 . 0 0 .0 7 .640E-17 0 .0 0 . 0 l . 6 B 9 E - : i 1 .4906-10 
2 .210E-10 8 .772E-20 8.42BE-20 3 .734E-20 0.0 3 . 0 9 3 E - I 4 I . 0 I S E - 1 6 3 .2B2E- I6 0 .0 3 .B06E- I7 
2 . 0 9 8 E - I 5 5 . 8 8 0 6 - 1 8 3 . 2 S 5 E - I 4 2 . I 3 2 E - I 6 I .196E-1S 0 . 0 0 .0 0 .0 0 . 0 0 .0 
9 .353E-02 

NJ 

o 



B Aft f t ELI . S I M U L A T I O N . WELL AT 9 I « M, X O 8 0 0 0 M, S O A M - E - 8 
NUCLIDE R I S K / R I S K EQUIVALENT SUMMARY 

• • • COLLECTIVE POPULATION • • • 

C O L L E C T I V E FATAL CAfcCER R I S K : 
NUCLIDE t : H - 3 C - l « MN-S« 

V - 9 0 ^ a - 9 « T C - 9 9 
B A - I 3TM C E - 1 4 1 C E - 1 4 4 
U - 2 3 S U - 2 3 6 U - 2 3 8 
TOTAL 

LOM L E T C O E A T H S / Y R ) 2 . 3 8 6 E - I 4 » 4 7 7 E - 0 9 2 . 1 2 « E - | i 
I . 0 0 8 E - 1 . 1 . 0 5 . 2 7 7 E - ' 

H I G H LETCOEATHSSYRI 

TOTAL «DEATMS/YR> 

F E - S 9 N I - 9 9 C O - 6 0 N I - 6 3 2 N - 6 9 
R U - 1 0 6 C O - 1 09 S O - 1 2 S 1 - 1 2 8 1 - 1 2 9 
P M - 1 4 7 R E - 1 0 7 P B - 2 1 0 R A - 2 2 6 T H - 2 3 2 
P U - 2 3 8 P U - 2 3 9 P U - 2 4 1 A M - 2 * 1 P U - 2 * 2 

K R - S 8 S R - 9 0 
C S - 1 3 4 C S - 1 3 7 
U - 2 3 3 U - 2 3 4 
AM-243 C M - 2 4 3 

5 . 7 6 * 6 - 1 3 1 . 3 3 3 E - 2 1 2 . I 9 7 E -
« . 6 7 0 E - 1 0 I . 9 S 1 E - 2 I I . 3 0 3 E -
9 . S 2 9 E - 0 * 

0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 
i . i o i e - i T i . e s i e - i e 9 . S 3 « E -
9 . 6 0 7 E - 1 3 

2 . 9 8 6 E - 1 4 2 . 4 7 7 E - 0 9 2 . I S 4 E - I 
i . o o a E - t a o . o 9 . 2 7 7 E -
9 . T 6 4 E - 1 3 1 . 3 3 3 F - 2 I 2 . 1 9 7 E 
I . 9 6 A E - 1 7 1 . 6 S 3 E - 1 8 1 . 0 8 4 E 
S . 3 2 S E - 0 4 

TOTAL FATAL CANCER R ISK FROM ALL EXPOSURES 

6 3 . 9 7 7 E - 1 6 0 . 0 3 . 5 7 0 E - 1 3 1 . 0 8 S E - 1 6 3 . 8 1 0 E - 1 6 4 . 4 9 4 E - 1 B 7 . 8 5 0 E - I 6 
O* 0 . 0 0 . 0 I . 9 2 S E - 1 9 0 . 0 0 . 0 3 . 2 * 0 E - 1 * 2 . 2 8 7 6 - 1 3 
2 0 0 . 0 0 . 0 2 . 8 3 7 6 - 1 8 I . 9 S I E - I 9 3 . I 1 6 E - 2 0 0 . 0 1 . 2 2 8 R - 2 0 
19 7 . 7 7 9 E - 2 2 1 . 2 3 4 E - 2 I 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

O.O 0 . 0 0 . 0 0 . 0 0 . 0 
CO 0.0 0.0 0.0 0.0 
3 . 8 0 0 E - I 7 3 . 2 3 9 E - I 9 7 .413E-18 0 . 0 1 .0806-17 

ia o.o o.o o.o o.o o.o 

0 . 0 0 . 0 
0 . 0 0.0 
0 . 0 0 . 0 

IS 1 . 6 2 9 6 - 1 0 2 . 9 0 9 E -

6 3 . 9 7 7 E - I 6 0 . 0 3 . 9 7 0 E - 1 3 1 . 0 6 9 E - 1 6 3 . 8 1 0 6 - 1 6 4 . 4 9 4 E - I 8 7 . 8 9 0 E - I 6 
04 0 . 0 0 . 1 . 9 2 S E - I 9 0 . 0 0 . 0 3 . 2 4 0 E - I 4 2 . 2 8 7 E - 1 3 
2 0 0 . 0 0 . 0 « . 0 8 * E - 1 7 4 . 7 8 9 E - 1 9 7 . 4 * 4 6 - 1 8 0 . 0 1 . 0 8 1 E - 1 7 
14 1 . 6 3 0 E - 1 8 2 . 9 I 0 E - I B 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

9 . S 2 9 E - 0 4 

FATAL CANCER R I S K E C I U V A L E N T : 
N U C L I D E S : H - 3 C - 1 4 M N - S * 

Y - 9 0 K B - 0 4 T C - 9 9 
8 A - I 3 7 M C E - 1 4 1 C E - 1 4 4 
U - 2 3 9 U - 2 3 6 U - 2 3 8 
TOTAL 

(PERSON REMSYRI 8 . 7 S 4 E - U 8 . 3 8 7 E - 0 2 7 . 1 9 0 E - 1 3 1 . 2 1 1 E - 1 2 
3.412E-19 0.0 1.79 0.0 
I.991E-09 4.9I2E-10 T.439E-17 0.0 
9.309E-I4 9.999E-19 3.669E-11 9.9IBE-I9 9.892E-I9 
1.87 

FE-99 
RU-106 
PM-147 
PU-238 

N I - S 9 
CO- 1 0 9 
R E - 1 87 
P U - 2 3 9 

0.0 
0.0 
0.0 

CO-60 
SB-12S 
PB-210 
PU-241 

N I - 6 3 
1 - 1 2 9 
R A - 2 2 6 
AM- 2 4 1 

Z N - 6 S 
: - » 2 9 
T M - 2 3 2 » 
P U - 2 4 2 

K B - 8 8 
C S - 1 3 * 
U - 2 3 9 
A M - 2 4 3 

S R - 9 0 
C S - 1 3 7 
U - 2 3 4 
C M - 2 4 3 

1 . 2 0 4 E - 0 9 3 . 6 7 4 E - 1 3 1 . 2 9 0 E - 1 2 I . S 2 2 E - 1 4 2 . 6 8 8 E - 1 2 
6 . S 1 7 E - 1 6 0 . 0 0 . 0 1 . 0 9 7 6 - 1 0 7 . 7 4 I E - I 0 
I . 3 8 2 E - 1 3 I . 6 2 I E - 1 9 2 . 9 2 0 E - 1 4 0 . 0 3 . 9 6 0 E - I 4 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

SENETIC R I S K S : 
NUCLIDES: 

- 0 « L E T I E F F E C T S S Y R ) 

- l l f i H L E T ( E F F E C T S S Y R ) 

conei NEDI EFFECTS/YR I 

: - i 4 M N - 9 4 F E - 9 9 
KB-94 T C - 9 9 R U - 1 0 6 
C E - 1 4 1 C E - 1 4 4 P M - 1 4 7 
U - 2 3 6 U - 2 3 8 P U - 2 3 8 

N - 3 
Y - 9 0 
B A - I 3 7 M 
U - 2 3 S 
TOTAL 

7 . I 4 6 E - I 9 3 . 2 8 0 E - 0 6 9 . « 9 0 e - 1 7 I . 3 8 7 C - 1 
4 . 0 I 2 E - 2 2 0 . 0 9 . 2 9 0 E - 0 9 0 . 0 
1 . 3 1 8 E - 1 3 9 . 2 3 2 E - 2 3 5 . 0 2 6 E - 2 3 2 . 2 2 7 E -
I . 2 3 0 E - I 8 2 . 7 I 7 E - 2 2 I . 9 4 9 E - I 8 1 . 7 9 3 2 -
9 . 9 T 8 E - 0 9 

0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
2 . 0 8 3 2 - 2 0 3 . 2 3 9 2 - 2 1 I . 7 8 7 E - I 7 I . 2 7 0 E -
3 . 7 3 0 E - 1 7 

7 . 1 * « - I S 3 . 2 8 0 E - O 6 9 . 6 9 0 2 - 1 7 1 . 3 8 7 E - 1 
4 . 0 1 2 E - 2 2 0 . 0 9 . 2 9 0 E - 0 S 0 . 0 
I . 3 I 8 E - 1 3 9 . 2 3 2 6 - 2 3 9 . 0 2 6 E - 2 3 2 . 2 2 7 B -
1 . 2 9 1 E - 1 8 3 . S 0 7 E - 2 I I . 9 4 I E - I 7 I . S 7 1 E -
9 . 9 7 8 E - 0 9 

N l - 9 9 C O - 6 0 N I - 6 3 Z N - 6 9 
C O - 1 0 9 S B - 1 2 9 1 - 1 2 9 1 - 1 2 9 
R E - 1 8 7 P B - 2 1 0 R A - 2 2 6 T H - 2 3 2 
P U - 2 3 9 P U - 2 4 1 A M - 2 4 1 P U - 2 4 2 

K R - 8 8 S R - 9 0 
C S - 1 3 * C S - 1 3 7 
U - 2 3 3 U - 2 3 4 
AM-243 C M - 2 4 3 

6 0 . 0 6 . 8 * 6 6 - 1 * I . 7 3 4 E - I 7 I . 3 9 3 E - I 6 l . 0 2 B E - i a 6 . 8 3 8 E - I 8 
0 . 0 4 . 9 9 6 E - 2 0 0 . 0 0 . 0 I . 0 0 7 E - I 4 8 . 8 8 7 E - 1 * 

2 3 0 . 0 9 . 9 2 0 6 - 2 0 4 . 2 1 I E - 2 0 9 . 8 6 3 e - 2 1 0 . 0 2 . 1 2 8 6 - 2 1 
22 3 . 4 6 6 E - 2 2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 1.8396-17 1.84SE-20 1.8896-19 0.0 2 .0 876-20 

19 7.I27E-I9 0.0 0.0 0.0 0.0 0.0 
6 0.0 8.846E-I* I.734E-I7 1.393E-16 1.028E-18 6.839E-I8 

0.0 «.8966-20 0.0 0.0 1.0078-14 8.8876-1* 
23 0.0 I.B49E-I7 6.096E-20 1.9B76-19 0.0 2.C70E-20 
19 7.1306-19 0.0 0.0 0.0 0.0 0.0 



GENETIC k l S K EQUIVALENT: 
(PERSON HEK,'VR) B.427E-11 3.B6BE-02 6 . 6 6 3 E - I 3 1 . 6 3 5 E - I 2 0 .0 I . 0 4 3 E - 0 9 2 . M S E - I 3 1 .595E-12 1.212E-14 6 .064E-14 

4 . 7 3 I E - 1 B 0 .0 0 . 6 1 9 0 . 0 0 .0 5 .373E-16 0 . 0 0 .0 1.1BBE-10 I . 0 4 8 E - 0 9 
1 .534E-09 6 . 1 7 0 E - I 9 S.927E-19 2 .626E-19 0.0 2 . I 7 6 E - 1 3 7 . 1 4 2 E - I 6 2 .308E-15 0 .0 2 . 6 7 7 E - I 6 
1.4TSE-14 4 .135E-17 2 .289E-13 1 . 4 9 * E - I 5 8 . 4 0 9 E - I S 0 .0 0 .0 0 .0 0 . 0 0 .0 
0 . 6 50 

o 
in 



BARKMELL S I M U L A T I O N . KELL AT 9 1 4 M. X C 6 0 0 0 M . SOAM»E-B 
COLLECTIVE DOSE E C . (PERSON REM / Y E A R ) 

* * * S U M M E O OVER ALL CRGAt. 
NUCLIDES 

INGESTION 

X OF 1KTERNAL 

X Or ALL PATHWAYS 

I N H A L A T I O N 

X OF INTERNAL 

X OF ALL PATHWAYS 

M-3 C - I 4 M N - 9 4 F E - 9 9 
V - 9 0 N B - 9 4 T C - 9 9 R U - 1 0 6 
BA-137M C E - I 4 I C E - 1 4 4 P M - 1 4 7 
U - 2 3 5 U - 2 3 6 U - 2 3 8 P U - 2 3 8 
TOTAL 

8 . 7 4 9 E - I 1 8 . 3 8 9 6 - 0 2 1 . 8 7 6 6 - 1 3 1 . 2 7 9 E - 1 2 
0 . 0 0 . 0 1 . 7 8 0 . 0 
0 . 0 3 . 8 4 1 E - • 8 3 . 4 8 6 6 - 17 0 . 0 
1 . 0 8 1 E - •19 I . 4 9 3 E - 16 8 . 8 7 S E - 1 3 0 . 0 

1 . 8 6 
t o o . 1 0 0 . 9 6 . 8 9 9 . 2 
0 . 0 0 . 0 1 0 0 . 0 . 0 
0 . 0 e s . 3 4 6 . 3 0 . 0 

1 . 3 7 1 . 2 7 1 . 2 1 0 . 0 
1 0 0 . 

1 0 0 . 1 0 0 . 2 6 . 1 9 9 . 1 
0 . 0 0 . 0 1 0 0 . 0 . 0 
0 . 0 8 9 . 2 4 6 . 3 0 . 0 

1 . 1 4 1 . 2 6 1 . 2 1 0 . 0 
t o o . 

0 . 0 0 . 0 6 . 2 0 2 E - I S 1 . 0 9 6 E - I 4 
3 . 4 0 1 6 - • I S 0 . 0 3 . 1 2 2 6 - 19 0 . 0 
6 . 8 2 8 6 - 17 6 . 6 3 2 E - 1 9 4 . 0 4 3 E - 17 0 . 0 
7 . 8 1 3 6 - •14 1 . 1 6 3 6 - 14 7 . 2 3 9 E - 11 1 . 3 4 9 E - 1 
9 . 9 1 0 E - -1 1 

O.O 0 . 0 3 . 2 0 o . a i e 
1 0 0 . 0 . 0 1 . 7 5 3 E - 17 0 . 0 
too . 1 4 . 7 5 3 . 7 0 . 0 
9 8 . « 9 8 . 7 9 8 . 8 1 0 0 . 

9 . 3 I 9 E - • 0 9 
0 . 0 0 . 0 0 . 8 6 3 0 . 8 18 

9 9 . 9 0 . 0 1 . 7 9 3 E - 17 0 . 0 
3 . S02E-•06 1 4 . 7 S 3 . 7 0 . 0 

8 2 . 6 9 8 . 7 9 8 . 8 t o o . 
5 . 3 I 9 E - - 0 9 

1 - 6 3 Z N - 6 9 K R - 8 9 S R - 9 0 
1 - 1 2 5 1 - 1 2 9 C S - 1 3 4 C S - 1 3 7 
R A - 2 2 6 T M - 2 3 2 U - 2 3 3 U - 2 3 4 
A M - 2 4 1 P U - 2 4 2 A M - 2 4 3 C M - 2 4 3 

N I - 5 9 C O - 6 0 
C D - 1 0 9 S B - 1 2 5 
R E - 1 8 7 P B - 2 1 0 
P U - 2 3 9 P U - 2 4 1 

0 . 0 8 . 5 B 9 E - I 1 4 . 9 4 4 E - 1 3 1 . 2 2 8 E - 1 2 0 . 0 2 . 2 0 S E - 1 2 
0 . 0 1 . 1 7 6 E - I 6 0 . 0 0 . 0 B . 5 9 0 E - I 1 7 . 7 6 3 E - I 0 
0 . 0 3 . 0 8 6 E - 1 3 0 . 0 0 . 0 0 . 0 9 . 6 9 0 E - 1 6 
2 . 3 5 0 E - 1 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

0 . 0 
0 . 0 
0 . 0 

7 6 . 5 

0 . 0 
0 . 0 
0 . 0 

7 6 . 4 

7 8 . 0 
9 4 . 3 
9 6 . 8 

0 . 0 

7 . 0 9 
1 8 . 1 
9 6 . 7 

O.O 

9 8 . 5 
0 . 0 
0 . 0 
0.0 

9 8 . 5 
0 . 0 
0 . 0 
0.0 

9 9 . 9 
0 . 0 
0 . 0 
o.o 
9 4 . 1 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
9 9 . 6 

0 . 0 
0 . 0 

0 . 0 
7 8 . 1 

0 . 0 
0 . 0 

71 . 1 
9 9 . 8 
1 . 2 9 

0 . 0 

71 . 1 
9 9 . 8 
1 . 2 9 

0 . 0 

0 . 0 2 . 4 2 1 E - M 7 . 7 8 1 E - 1 S 1 . 2 5 9 6 - 1 5 0 . 0 8 . 9 4 6 E - 1 3 
0 . 0 7 . 1 6 9 E - 1 8 0 . 0 0 . 0 1 . 3 8 3 E - 1 3 I . I 8 3 E - I 2 
0 . 0 1 . 0 3 1 E - I 4 . I 9 6 E - 1 S 5 . 8 9 9 6 - 1 4 0.0 7 . 4 I 0 E - I 4 

• 7 . 2 3 6 E - I 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

0 . 0 2 2 . 0 1 . 5 5 0 . 102 0 . 0 2 8 . 9 
0 . 0 5 . 7 4 0 . 0 0 . 0 0 . 1 6 1 0 . 1 9 2 
0 . 0 3 . 2 3 1 0 0 . 1 0 0 . 0 . 0 9 8 . 7 

2 3 . 3 0 . 0 0 . 0 0 . 0 0 . 0 OrO 

0 . 0 2 . 0 0 l . S S 9 . 6 9 4 E - 02 0 . 0 2 8 . 9 
0 . 0 I . 1 0 0 . 0 0 . 0 0 . 1 2 6 0 . 1 5 2 
0 . 0 3 . 2 3 8 0 . 7 9 9 . 8 0 . 0 9 8 . 7 

2 3 . 5 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

O 
ON 

A I R IMMERSION 

X OF EXTERNAL 

X OF ALL PATHWAYS 

0 . 0 0 . 0 
4 . I 1 4 E - 2 4 0 . 0 
I . 4 6 6 E - 1 4 1 . 0 0 0 6-
3 . I 3 4 E - 2 0 1 . 1 3 0 6 -
7 . 6 C 6 E - 1 4 

0 . 0 0 . 0 
1 . 3 4 S E - 0 4 C O 
T . 9 1 8 e - 0 4 4 0 . 1 
2 . 0 3 4 E - 0 4 1 . 2 9 1 E 
2 . 4 9 9 E - 0 3 

0 . 0 O.O 
1 . 2 0 1 E - 0 7 0 . 0 
7 . 5 I 8 E - 0 4 2 . 2 1 9 6 -
3 . 3 1 3 E - 0 S S . 9 7 6 E 
4 . 1 2 2 E - 1 2 

2 . 1 6 I E - 1 6 9 . 6 8 9 E - 2 I 0 . 0 9 . 8 8 9 C - 1 4 0 . 0 4 . 9 8 5 E - I 7 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 4 . 7 1 9 E - 2 0 0 . 0 0 . 0 3 . 0 8 5 e - l 5 0 . 0 

•21 3 . 2 I 2 E - 2 2 2 . 9 I 0 E - 2 3 0 . 0 2 . 1 4 4 6 - 2 1 3 . 3 9 2 E - 2 2 1 . 9 6 9 E - 2 3 0 . 0 I . 8 6 8 E - 2 3 
•24 S . 8 8 9 E - 2 1 6 . 1 4 2 E - 2 9 5 . 6 0 1 E - 2 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

4 . 1 1 9 E - 0 2 1 . 0 0 9 E - 0 3 0 . 0 9 . 3 4 1 E - 0 3 0 . 0 6 . 6 0 0 E - 0 2 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 8 . 9 5 9 E - 0 3 0 . 0 0 . 0 I . 2 8 6 E - 0 2 0 . 0 

6 6 . 2 8 . 7 S 0 E - 0 3 0 . 0 6 . 0 0 2 E - 0 4 6 . 3 9 2 E - 0 5 1 . 9 1 2 E - 0 5 0 . 0 9 . S 6 3 E - 0 9 
•09 S . U 2 E - 0 9 4 . 3 I 7 E - 0 9 I . 6 9 B E - 0 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

3 . 0 0 6 E - 0 2 4 . 4 0 9 E - 0 7 0 . 0 4 . 8 9 6 G - 0 3 0 . 0 3 . 8 2 S E - 0 3 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 7 . 2 4 1 E - 0 3 0 . 0 0 . 0 2 . 8 0 4 E - 0 3 0 . 0 

-02 4 . 2 6 6 E - 0 4 8 . 7 S 0 E - 0 3 0 . 0 6 . 7 I 6 E - 0 7 1 . 2 3 2 E - 0 5 3 . 3 4 8 E - 0 8 0 . 0 2 . 4 8 6 6 - 0 8 
• 0 9 8 . 0 3 6 E - 0 9 4 . 9 6 9 E - 0 9 I . B 2 2 E - 0 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

GROUNO SURFACE 0 . 0 0 . 0 S . 2 4 9 E - 1 3 S . 6 3 2 E - I 6 0 . 0 1 . 1 0 2 E - 0 9 0 . 0 7 . 9 4 8 E - 1 4 I . S 1 8 E - I 4 0 . 0 
3 . 0 S C E - I 8 0 . 0 0 . 0 0 . 0 0 . 0 S . 2 6 2 E - 1 6 0 . 0 0 . 0 2 . 3 9 8 E - 1 I 0 . 0 
1 . 9 S O E - 0 9 1 . 4 9 6 E - 2 I I . 6 4 I E - 2 2 3 . 3 2 S E - 1 9 0 . 0 3 . 5 7 2 6 - 1 6 9 . 2 4 4 6 - 1 6 1 . 0 2 8 E - 1 6 0 . 0 I . 9 9 3 E - 1 7 
1 . S 4 1 E - 1 4 2 . I 3 6 E - 1 8 1 . 1 5 2 6 - 1 4 1 . 4 2 3 6 - 1 8 3 . 3 7 8 E - 1 8 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
3 . 0 7 6 E - 0 9 



X Or cATE#<NAl_ 

X OF ACL PATHWAYS 

INTERNAL 

X OF ALL PATHWAYS 

0 . 0 0 . 0 1 0 0 . 1 0 0 . 0 . 0 1 0 0 . 0 . 0 « t . 9 1 0 0 . 0 . 0 
1 0 0 . 0 . 0 0 . 0 0 . 0 0 . 0 1 0 0 . 0 . 0 0 . 0 t o o . 0 . 0 
1 0 0 . 5 9 . 9 3 3 . 8 1 0 0 . 0 . 0 1 0 0 . 1 0 0 . 1 0 0 . 0 . 0 1 0 0 . 
1 0 0 . > 1 . t o o . 1 0 0 . 100 . 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
1 0 0 . 

0 . 0 0 . 0 7 3 . 0 4 . 3 6 4 E - 0 2 0 . 0 9 0 . 9 0 . 0 5 . 7 9 1 0 0 . 0 . 0 
8 . 9 B 5 E - 0 2 0 . 0 0 . 0 0 . 0 0 . 0 C 1 . B 0 . 0 0 . 0 2 1 . 8 0 . 0 

1 0 0 . 3 . 3 1 9 E -- 0 2 2 . 1 7 9 E - - 0 4 1 0 0 . 0 . 0 0 . 1 1 2 1 9 . 3 0 .175 0 . 0 2 . 6 0 1 E - 0 2 
1 6 . 3 1 . 6 1 0 E - 0 2 1 . 5 7 2 6 -- 0 2 I . O S B E - 0 2 1 . 0 9 9 E - 0 2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

1 . 6 5 0 E - 0 7 

S . 7 4 9 E - 1 1 8 . 3 8 9 F - 9 2 L . 9 3 8 E - 13 1 . 2 9 0 E - I 2 0 . 0 1 . 1 01 E- 0 5 . 0 : ! 2 E - 1 3 1 . 2 2 9 E - 12 0 . 0 3 . 0 9 9 E - 1 2 
3 . 4 0 1 E - 1 S 0 . 0 1 . 7 8 0 . 0 0 . 0 . . 2 4 8 E -- i e 0 . 0 0 . 0 8 . 6 0 4 E - -11 7 . 7 7 S E - 1 0 
6 . 8 2 8 E - 1 7 4 . 5 0 4 E -- i a 7 . 5 2 8 E - - 1 7 0 . 0 0 . 0 3 . 1B9E-- 1 3 2 . 1 9 6 E - I S S . 8 S 9 E - 1 4 0 . 0 7 . 9 0 7 E - 1 4 
7 . 9 2 1 E - 1 4 1 . 1 8 0 E -- 1 4 7 . 3 2 8 E - - U I . 3 4 5 E - 1 4 3 . 0 7 3 E - 1 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

1 . 6 6 
1 0 0 . 1 0 0 . 2 7 . 0 1 0 0 . 0 . 0 9 . 0 9 4 9 4 . 2 0 . 0 1 0 0 . 

9 9 . 9 0 . 0 1 0 0 . 0 . 0 0 . 0 1 9 . 2 0 . i 0 . 0 7 8 . 2 1 0 0 . 
3 . 5 0 2 E - 0 6 9 9 . 9 1 0 0 . 0 . 0 0 . 0 9 9 . 9 8 0 . 7 9 9 . 8 0 . 0 1 0 0 . 

0 3 . 7 1 0 0 . 1 0 0 . 1 0 0 . 1 0 0 . 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

EXTERNAL 

X OF ALL PATHWAYS 

5 . 2 S 1 E - 1 3 S . 6 3 2 E - 1 6 0 . 0 
3 . 0 3 S E - 1 8 0 . 0 0 . 0 0 . 0 0 . 0 

1 . 1 0 2 E - 0 9 0 . 0 
5 . 2 6 3 E - I 6 0 . 0 

7 . S S 3 E - I 4 I . S I 8 E - 1 4 0 . 0 
0 . 0 2 . 3 9 8 E - 1 I 0 . 0 

1.950E-09 2.<,96E-21 4 .852E-22 3 .326E-19 0 .0 
1.541E-14 2 .136E-18 1 . IS2E-14 1 . 4 2 3 E - I 8 3 . 3 ' 8 E - i 8 
3 .076E-09 

0 .0 0 . 0 7 3 . 0 4.3A4E-02 3.0 
8.9B5E-02 0.0 0 . 0 0 . 0 0 .0 

1 0 0 . E.S3BE-02 6 .44SE-04 100 . 0 .0 
16 .3 1.810E-02 1.572E-02 1.0S8E-02 1.099E-02 

3 .S72E-16 S.244E-16 1 .028E-16 0 .0 
0 .0 

9 0 . 9 
8 0 . 8 

0 . 1 12 
0 . 0 

0.0 

0 .0 
0.0 

19 .3 
0 .0 

0 . 0 

S.79 
0 .0 
0 . 175 
0 . 0 

0 . 0 

100.. 
2 1 . 

0 . 0 
0 . 0 

I . 953E-17 
0 .0 

0 . 0 
0 . 0 
2 . 6 0 1 E - 0 2 
0 . 0 

o 

TOTAL OVE< ALL PATHWAYS 

X OF TOTAL 

8 . 7 4 9 E - 1 1 8 . 3 6 9 E - 0 2 7 . 1 9 0 E - 1 3 1 . 2 9 1 E - 1 2 0 . 0 
3 . ' 4 E - 1 5 0 . 0 1 . 7 8 0 . 0 0 .C 

I . 2 I 2 E - 0 9 5 . 0 2 2 E - 1 3 1 . 3 0 4 E - I 2 I . 5 1 B E - I 4 3 . 0 9 9 E - I 2 
6 . 5 I 1 E - I 6 0 . 0 1 . 1 0 0 E - I 0 7 . 7 7 5 E - 1 0 

l .vuOE-09 4 .507E-18 7.S2BE-17 3 . 3 2 6 E - I 9 0 .0 3 .192E-13 2 . 7 2 1 E - I 5 S.869E-14 
9 .461E-14 1.1B0E-14 7 . 3 2 9 E - I 1 1 .345E-14 3 .074E-14 0 .0 0 .0 0 . 0 

0 .0 
0 . 0 

7 .509E-14 
0 .0 

1.86 
4 .693E-09 

1.826E-13 
4 .50 
0.0 

3 . 8 5 6 E - I 1 6 . 9 2 2 E - I I 
9l>.5 0 . 0 

0 .0 
0 . 0 

1 .046E-07 2 .417F-16 4 .038E-15 1.784E-17 0 .0 
S .075E-12 6 .331E-13 3 .931E-09 7 .216E-13 1.649E-12 0 . 0 

6 .500E-08 2 . 6 9 4 E - I I 6 .996E-11 8 . I 4 3 E - 1 3 1 .662E-10 
3 . 4 9 2 E - I 4 0 .0 0 . 0 5 .901E-09 4 . I 7 0 E - 0 B 
I . 7 I 2 E - I I 1 .459E- I3 3 .148E-12 0 . 0 4 . 0 2 7 E - I 2 

0 . 0 0 . 0 0 . 0 0 . 0 



BARNMELL SIMULATION. MELL AT 914 M. XG-8000 M. 
COLLECTIVE GENETIC OOSE EC. CPERSON REMI 

SOAM-E-8 

• ••SUMMED OVER ALL OONAC 
NUCLIOES 

INGESTION 

X OF INTERNAL 

X OF ALL PATHWAYS 

M-3 
Y-90 
BA-137M 
U-235 
TOTAL 

2 .928E-09 
0 . 0 
0 . 0 
2 . 6 S I E - I S 

1 9 . T 
1 0 0 . 
0 . 0 
0 . 0 

9 6 . 0 
I O 0 . 

100 . 
0 . 0 
0 . 0 
0 .607 

100 . 

C-14 NN-S4 FE-59 
NB-94 TC-99 RU-106 
CE- I41 CE-144 PM-147 
U-236 U-238 PU-23S 

1.16 7 .332E-12 4 . 8 8 7 E - I 1 
0 .0 18 .6 0 . 0 
I . 8 3 7 E - I 7 1 . 6 7 2 6 - 1 7 0 . 0 
2 .142E-16 1 .200E-12 0 . 0 

N I - 6 3 2N-6B KR-88 SR-90 
1-125 1-129 CS-134 C8-137 
RA-226 TH-232 U-233 U-234 
AM-241 PU-242 AM-24 3 CM-243 

too. 
o.o 
99 .6 
93 .2 

100. 
0 .0 

9 9 . 3 
6S.9 

9 9 . 7 
100 . 
9 4 . I 
9 2 . 8 

3 6 . 7 
100 . 
9 4 . O 
6 6 . 3 

9 9 . 7 
0 . 0 
0 . 0 
0 . 0 

9 9 . 6 
0 . 0 
O.O 
0 . 0 

N I - S 9 CO-60 
CD-109 SB-123 
RE-1B7 P6-2J0 
PU-239 PU-241 

0 .0 3 . 3 0 7 E - 0 9 6 . H 9 E - 1 2 4 . 5 9 6 E - I 1 0 . 0 2 . 4 I 2 E - 1 2 
0 . 0 3 . I 3 0 E - 1 8 0 .0 0 . 0 2 . 9 8 4 E - 0 9 3 .140C-08 
0 . 0 1 .313E-12 0 .0 0 .0 0 . 0 I . 3 6 3 E - 1 9 
4 .S79E-14 0 . 0 0 . 0 0 . 0 0 . 0 0 .0 

0 . 0 
0 . 0 
0 . 0 

9 0 . 8 

0 .0 
0 . 0 
0 . 0 

9 0 . 6 

9 9 . 6 
9 9 . 7 
9 9 . 3 

0 . 0 

1 0 . 6 
1 9 . 4 
9 8 . 5 

0 . 0 

9 9 . 8 
0 .0 
0 .0 
0 .0 

9 9 . 8 
0 .0 
0 .0 
0 .0 

9 9 . 9 
0 . 0 
0 . 0 
0 . 0 

9 6 . 0 
0 . 0 
0 . 0 
0 . 0 

0.0 
9 9 . 8 

0 .0 
0 . 0 

0 .0 
8 3 . 7 

0 . 0 
0 . 0 

9 9 . 7 
9 9 . 9 
9 3 . 2 

0 . 0 

9 9 . 7 
9 9 . 9 
61 . 7 

0 .0 

INHALATION 

X OF INTERNAL 

X OF ALL PATHWAYS 

0 .0 
I .399C-
3.760E-
1.108E-
6.209E-

0.0 
100. 
100 . 
4.01 

3.I46E-
0.0 

0 . 8 6 
8.064E-
2 . 93 8E-
3 . I 4 6 E -

1.0 2 . 2 8 4 E - I 4 I . 3 3 7 E - I 3 0 .0 I . I 6 9 E - 1 1 I . 902E-14 3 .0486 -14 0 . 0 
0 .0 7 .469C-20 0 . 0 0.0 7 . V 1 2 E - I 8 0 .0 0 . 0 4 .6B1E- I 
7 .371E-20 I . 0 9 1 E - I 8 0 . 0 0 . 0 9 . 7 1 6 E - I 9 1 . 3 0 8 E - I 9 1 .316E- I4 0 .0 
I . 9 6 8 E - 1 7 9 . 3 6 3 E - I 4 8 .984E-16 4 . 6 4 6 E - I 9 0 . 0 0 .0 0 . 0 0 . 0 

) . 0 0 .311 0 . 2 7 3 0 .0 
0 .0 4 . 0 2 1 E - I 9 O.O 0.0 
0.400 9 . 9 2 0 . 0 0 . 0 
6 . 8 2 7 . 2 3 1 0 0 . 9 . 2 1 

>.0 0.114 0 . 2 7 3 0 .0 
0 .0 4 . 0 2 I C - 1 9 0 . 0 0 . 0 
0 .398 9 . 9 1 0 . 0 0 . 0 

4 . 8 2 5 . 1 7 9 9 . 3 9 . 1 9 

0 .3S1 
0 . 2 5 2 
0 .734 
0 . 0 

0 .249 
0 .0 

100 . 
0.0 

3 .724E-02 0 .245 
4 .90G6-02 0,0 
0 . 7 2 9 8 .07 
0 . 0 0 .0 

6.621E-02 0.0 
0 . 0 0 .186 

100 . 0 . 0 
0 . 0 0 . 0 

6 .363E-02 
0 . 0 

7 9 . 1 
0 . 0 

0 .0 
0 . 1 3 
0 . 0 
0 . 0 

7 .4 39E-1B 
2 4.BASE-II 

9.972E-17 
0 .0 

0 . 3 0 8 
0 .145 
6 . * 2 

0.0 

0 .308 
0 . 1 4 9 

4 . 5 2 
0 .0 

AIR IMMERSION 

X OF EXTERNAL 

X OF ALL PATHWAYS 

0 .0 0 . 0 9 . 2 0 7 E - I S S . 0 2 I E - I 9 0 . 0 
I . 7 3 9 E - 2 2 0 .0 0 . 0 0 . 0 0 .0 
3 . 4 9 6 E - I 3 2 .997E-20 8 . 0 4 2 E - 2 I 6.86BE-22 0 . 0 
8 .802E-19 J . 3 5 7 E - 2 3 I . 8 8 0 E - 1 9 2 .089E-23 1.4046-
1 . 9 2 6 E - I 2 

0 .0 0 . 0 4 . 1 2 2 6 - 0 2 I . 0 I 3 E - 0 3 0 . 0 
I . 399E-04 0.0 0 . 0 0 . 0 0 .0 
7 .497E-04 4 0 . 0 6 9 . 9 8 . 7 I 7 E - 0 3 0 . 0 
2 .028E-04 3 .739E-0S 3 .638E-09 3 . 326E-05 1.1736-
2 .961E-03 

0 . 0 0 . 0 2 .605E-02 1.0 246-06 0,0 
I . 229E-04 0 .0 0 . 0 0 . 0 0 .0 
7 .497E-04 0 .140 4 .923E-02 a . 7 ! 7 E - 0 3 0 .0 
2 .01SE-04 1.094E-09 1.03BE-09 2 .304E-07 2.77BE-
9 .799E-12 

2 2 

I .496E-I2 0 .0 I . 2 3 3 e - I 9 0.0 0 .0 
i . i g e E - i a o .o o .o 7.410E-14 0 .0 
5 .688E-20 9 .941E-21 4.9B1E-22 0 . 0 4 .9846-

23 0 . 0 0 .0 0 . 0 0 . 0 0 .0 

5 .346E-03 0 . 0 6 .393E-02 0 . 0 0 . 0 
B . 9 I 8 E - 0 3 0 .0 0 . 0 I . 2 8 9 E - 0 2 0 .0 
5 . 9 4 I E - 0 4 6 .409E-09 I . 4 3 1 E - 0 9 0 . 0 6 .682E-08 

OS 0 . 0 0 .0 0 . 0 0 . 0 0 .0 

4 . 7 8 0 E - 0 3 0 .0 2 .576E-03 0,0 0 . 0 
7 .1B2E-03 0 . 0 0 . 0 2 .080E-03 0 .0 
4 . 2 6 6 E - 0 6 9 .888E-0S 2 .993E-06 0 . 0 2 .257C-05 

OB 0 . 0 0 .0 0 . 0 0 . 0 0 . 0 

CPOJND jun'ACE 0 . 0 0 *0 1.2606-11 4.9S8E-14 0 .0 
i . r rw- io o.o o.o o.o u.o 
• .66 3E-0C 3 .893E-20 4 . I 6 2 L - 2 I 7 .8786-1 d 0 .0 

2 .798E-08 0 .0 1.8696-12 3 . 6 3 7 E - I 3 0 . 0 
> . 2 9 e E - l 4 0.0 0 .0 8 . 7 4 6 E - I 0 0 .0 
1 . 0 J 7 E - I 4 I . 4906 -14 b . 4 8 0 t - I S 0 . 0 7.4S9E- 16 

4 . 3 4 0 E - I J 9 . S I I C - I 7 K. I67E-13 
7 .320E-08 

, . . ' 6 r e - l 7 I . 1 4 7 K - I 6 3.0 0 . 1 0 . 0 0 . 0 0 . 0 



X OF fcXTERNAu 

X OF ALL PATHKAYJ 

INTERNAL 

X OF ALL PATHWAYS 

EXTERNAL 

X OF ALL PATH*AYS 

TOTAL OVER ALL PATHWAYS 

X OF TOTAL 

0 . 0 0 . 0 1 0 0 . 1 0 0 . 0 . 0 
1 0 0 . o.o 0 . 0 0 . 0 0 . 0 
1 0 0 . 6 0 . 0 3 4 . 1 t o o . 0 . 0 
t o o . 1 0 0 . 1 0 0 . t o o . 1 0 0 . 
1 0 0 . 

0 . 0 0 . 0 6 3 . 2 0 . 1 0 1 0 . 0 
9 0 . 1 0 . 0 0 . 0 0 . 0 0 . 0 
t o o . 0 . 2 1 0 2 . 3 4 U . - - 0 2 1 0 0 . 0 . 0 
9 9 . 4 2 9 . 3 2 8 . 5 0 . 6 9 3 0 . 2 3 7 

3 . 8 1 0E-- 0 7 

2 . S 2 8 E - 0 9 1 . 1 6 7 . 3 5 5 E - 1 12 4 . 9 0 0 E - I I 0 . 0 
I . 3 9 9 E - • 1 7 0 . 0 t a . 6 0 . 0 0 . 0 
3 . 7 6 0 E - • 1 7 1 . 0 4 4 E -•17 I . 7 7 7 E -- 1 7 0 . 0 0 . 0 
2 . 7 6 2 E - •4S 2 . 2 9 9 E - •16 1 . 2 9 4 E - 1 2 a . 9 B 4 E - 1 S 5 . 0 4 3 1 

1 9 . 7 
1 0 0 . 1 0 0 . 3 6 . a 9 9 . 9 0 . 0 

9 . 8 6 0 . 0 1 0 0 . 0 . 0 0 . 0 
6 . 0 6 4 E - •oa 9 9 . 6 9 9 . 9 0 . 0 0 . 0 
0 . 6 3 2 7 0 . 7 7 1 . 5 9 9 . 3 9 9 . B 

1 0 0 . 0 . 0 
1 0 0 . 0 . 0 
1 0 0 . 1 0 0 . 

0 . 0 0 . 0 

6 9 . 4 0 . 0 
8 0 . S 0 . 0 

0 . 7 7 0 9 1 . 9 
0 . 0 0 . 0 

9 * . 9 
0 . 0 

1 0 0 . 
o.o 
3 . 9 0 
0 . 0 

2 0 . 9 
0 . 0 

1 0 0 . 
1 0 0 . 

o.o 
o.o 
1 0 0 . 

1 6 . I 
0 . 0 
o.o 

0 . 0 
0 . 0 

1 0 0 . 
0 . 0 

0 . 0 
0 . 0 

3 3 . a 
o.o 

3 . 3 1 B E - 0 9 6 . I 3 4 E - 1 2 4 . S 9 9 E - I I 0 . 0 

I S 

0 . 0 0 . 0 I . 2 6 3 E - I 1 4 . 9 S B E - I 4 0 . 0 
I . 2 7 9 E - I 6 0 . 0 0 . 0 0 . 0 0 . 0 
4 . 6 6 3 E - 0 8 6 . 4 9 0 E - 2 0 1 . 2 2 0 E - 2 0 7 . a 7 9 E - 1 6 0 . 0 
4 . 3 4 0 E - I 3 9 . S U E - 1 7 S . 1 6 7 E - I 3 6 . 2 6 7 E - I 7 1 . 1 9 7 E - I 6 
7 . 5 2 0 E - 0 a 

0 . 0 0 . 0 
9 0 . 1 0 . 0 
1 0 0 . 0 . 3 5 1 
9 9 . 4 2 9 . 3 

3 . 1 3 S E - 1 S 0 . 0 
1 . 3 2 3 E - I 2 1 . 3 0 8 6 -
0 . 0 0 . 0 

1 0 . 6 1 0 0 . 
1 9 . 5 0 . 0 
9 9 . 2 B . 0 7 

0 . 0 0 . 0 

2 . 7 9 8 E - 0 B 0 . 0 
I . 2 9 8 E - I 4 0 . 0 
1 . 0 2 7 E - I 4 I . 4 9 0 E - 1 4 

o . o 2 . 9 a a e - 0 9 
I . 3 I 6 E - I 4 0 . 0 
0 . 0 

9 6 . 1 
0 . 0 

7 9 . 1 
0 . 0 

0 . 0 

0 . 0 
8 3 . 9 

0 . 0 
0 . 0 

2 . 4 1 0 E - 1 2 
3 . 1 4 4 E - 0 6 
1 . 4 6 3 E - I 5 
0 . 0 

t o o . 
100 . 
6 6 . 2 

0 . 0 

1 . 8 7 0 E - I 2 3 . 6 3 7 S - 1 3 0 . 0 
0 . 0 S . 7 4 7 E - I 0 0 . 0 
3 . 4 8 0 E - 1 S 0 . 0 

0 . 0 0 . 0 

6 3 . 2 0 . 1 0 1 0 . 0 8 9 . 4 0 . 0 
0 . 0 0 . 0 0 . 0 8 0 . 5 0 . 0 
6 . 8 6 4 E - 0 2 1 0 0 . 0 . 0 0 . 7 7 0 9 1 . 9 

2 8 . S 0 . 6 9 3 0 . 2 3 7 0 . 0 0 . 0 

0 . 0 

3 . 9 1 
0 . 0 

2 0 . 9 
0 . 0 

0 . 0 

1 1 0 . 
1 6 . 1 

0 . 0 
o.o 

7 . 4 5 9 E - I 6 
0 . 0 

0 . 0 
0 . 0 

3 3 . 8 
0 . 0 

2 . S 2 B E - 0 9 1 . 1 6 I . 9 9 9 E - I I 4 . 9 0 S E - I 1 0 . 0 
1 . 4 1 9 E - I 6 0 . 0 1 8 . 6 0 . 0 0 . 0 
4 . 6 6 3 E - 0 C 1 . 8 S 1 E - 1 7 1 . 7 7 S E - 1 7 7 . 8 7 9 6 - 1 8 0 . 0 
4 . 3 6 B E - 1 3 2 . 2 5 0 6 - 1 6 1 . 8 1 1 E - 1 2 9 . 0 4 7 E - I 5 5 . 0 5 5 6 -

1 9 . 7 
1 . 2 8 1 E - 0 8 5 . 8 8 I . 0 I 3 E - I 0 2 . 4 8 6 E - 1 0 0 . 0 

7 . I 9 1 E - I 6 0 . 0 9 4 . 1 0 . 0 0 . 0 
2 . 3 6 3 E - 0 7 9 . 3 7 9 E - 1 7 9 . 0 1 0 E - 1 7 3 . 9 9 2 E - I 7 0 . 0 
2 . 2 1 3 E - 1 2 1 . 6 4 7 E - I S 9 . I 7 6 E - 1 2 4 . 5 B 4 E - I 4 2 . 5 6 26-

3 . 1 J O E - 0 8 6 . I 3 4 E - 1 2 4 . 7 8 6 E - I I 3 . 6 3 7 e - l 3 2 . 4 I 9 E - I 2 
I . 6 1 2 E - I 4 0 . 0 0 . 0 3 . 5 6 3 E - 0 9 3 . I 4 4 E - 0 B 
1 . 3 3 3 6 - 1 2 I . 6 2 0 E - I 4 1 . 6 6 4 e - 1 4 0 . 0 2 . 2 0 9 E - I S 

14 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

1 . 5 8 6 6 - 0 7 3 . 1 O L E - 1 1 2 . 4 2 5 6 - 1 0 I . S 4 3 e - l 2 1 . 2 2 6 6 - 1 1 
8 . 1 6 8 6 - 1 4 0 . 0 0 . 0 1 . 8 0 6 6 - 0 8 1 . B 9 3 E - 0 7 
6 . 7 3 7 E - I 2 8 . 2 1 1 E - 1 4 8 . 4 3 2 E - 1 4 0 . 0 I . 1 I 9 E - 1 4 

13 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 



SARNB6LL B IMULATICN. W U AT 9 1 * W. XG>1000 M , SOAMnE-B 
FATAL CANCER RATE ( O E A T H / Y R ) 
COMB,LEt 

• • • S V H M F P oven ALL CANCER 
NUCLIDES 

I N G E S T I O N 

X OF INTERNAL 

X OF ALL PATHWAYS 

H - 3 
Y - 9 0 
B A - I 3 T M 
U - 2 3 9 
TOTAL 

2 . 9 B 6 C - t 4 2 
0 . 0 
0 . 0 
I . 7 2 7 E - I 9 
S . 9 2 9 C - 0 4 
too. 
0 . 0 
0 . 0 

1 . 3 9 
1 0 0 . 

1 0 0 . 
0 . 0 
0 . 0 

I . 10 
too. 

C - l * M N - 9 4 
N B - 9 4 T O 9 9 
C E - 1 4 1 C e - 1 4 4 
U - 2 3 6 U - 2 38 

. 4 7 7 E - 0 3 t > . 9 4 2 E - : 7 3 . S 4 9 C - I 6 
O.O 9 . 2 7 7 C - 0 4 O.C 
I . I 3 6 E - 2 I I . 0 2 6 C - 2 0 0 . 0 
2 . 1 9 0 E - 2 0 I . 3 4 4 E - I 6 0 . 0 

P E - 9 S N l - 3 9 C O - 6 0 N I - 6 3 i N - 6 8 
R U - 1 0 6 CSV-109 9 B - I 2 ( i 1 - 1 2 9 1 - 1 2 9 
P M - 1 4 7 R E - 1 8 7 P 6 - 2 I 0 R A - 2 2 6 TM-C32 
P 0 - 2 3 6 P U - 2 3 9 ?M«-241 AM-241 P U - 2 4 2 

too. 
0 . 0 

B S . 3 
1 . 3 3 

1 0 0 . 
0 . 0 

as. 2 
1 . 3 3 

9 6 . a 
too. 
4 6 . 7 
1 . 2 4 

2 6 . 1 
1 0 0 . 
4 6 . 7 
1 . 2 4 

9 9 . 1 
0 . 0 
0 . 0 
0 . 0 

9 9 . 1 
0 . 0 
0 . 0 
0 . 0 

K R - B 9 S R - 9 0 
C S - 1 3 4 C S - 1 3 7 
U - 2 3 3 U - 2 3 4 
AM-243 C M - 2 4 3 

0 . 0 2 . 4 6 I C - I 4 1 . 0 6 3 E - 1 6 3 . 9 8 3 e - l 6 0 . 0 8 . 7 B 6 E - I 6 
0 . 0 3 . - . T 4 E - 2 0 0 . 0 0 . 0 2 . 8 2 7 E - I 4 2 . 2 8 3 E - I 3 
0 . 0 3 . 9 2 0 E - 1 7 0 . 0 0 . 0 0 . 0 I . 4 2 7 E - I 9 
2 . 0 7 9 2 - i a 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

0 . 0 7 0 . a 9 8 . 0 
0 . 0 9 4 . 2 0 . 0 
0 . 0 9 6 . 2 0 . 0 

7 1 . 9 0 . 0 0 . 0 

0 . 0 6 . 8 9 oa.o 
0 . 0 1 8 . 0 0 . 0 
0 . 0 9 6 . 0 0 . 0 

7 1 . 4 0 . 0 0 . 0 

9 9 . 9 
0 . 0 
0 . 0 
0 . 0 

94 .0 
0 .0 
0 . 0 
0 .0 

0 . 0 
9 9 . 8 

0 . 0 
0 . 0 

0 . 0 
7a. a 

0 . 0 
0 . 0 

7 3 . 3 
9 9 . a 
I . 1 6 

0 . 0 

7 3 . 3 
9 9 . a 
1 . 3 6 

0 . 0 

INHALATION 

B OF INTERNAL 

X OF ALL PATHWAYS 

0 . 0 
I . 0 0 7 E -
2 . 0 1 7 E -
I . 0 9 9 E -
I . T 9 7 E -

0 . 0 
1 0 0 . 
1 0 0 . 
9 0 . 4 

3 . 2 9 3 E -
0 . 0 

9 9 . 9 
3 . 4 9 9 2 -
*9«a 

3 . 

0 . 0 
18 0 . 0 
2 0 1 . 4 6 I E - 2 2 
1 7 I . 6 3 0 E - I S 
14 

0 . 0 
0 . 0 

1 4 . 7 
9 8 . 7 

0 9 
0 . 0 

0 . 0 
0 6 1 4 . 7 

9 a . 6 
0 9 

l . B 3 4 C - i a 3 . 0 9 2 E - I B 0 . 1 
9 . 2 2 9 E - 2 3 0 . 0 0 . 0 
I . 1 7 2 6 - 2 0 0 . 0 0 . 0 
I . 0 7 0 E - I 4 l . 6 2 9 E - i a a . 3 0 I E - l 9 

3 .20 0.894 0 .0 
I.74BE-I7 0 .0 0 .0 
as. s o.o o.o 
9 8 . 8 1 0 0 . 2 8 . 9 

0 . 0 6 4 0 . 8 5 3 0 . 0 
I . 7 4 8 E - I 7 0 . 0 0 . 0 

9 3 . 3 0 . 0 0 . 0 
9 a . 7 1 0 0 . 2 8 . 9 

6 . 6 2 7 C - I S 2 . 1 9 9 E - I B 3 . 6 T 2 E - I 9 0 . 0 
2 . I 2 K - 2 I 0 . 0 0 . 0 4 . 0 7 3 E -
I . 9 3 2 E - I 8 3 . 2 * 0 8 - 1 9 7 . 4 1 4 2 - 1 8 0 . 0 

2 . 0 9 4 C - I 6 

0 . 0 

2 1 . 2 
9 . 7 6 
3 . 7 6 

0 . 0 

I . S 6 
I . 1 0 
3 . 7 9 

0 . 0 

0 . 0 

2 * 0 3 
0 . 0 

1 0 0 . 
0 . 0 

2 . 0 3 
0 . 0 

6 7 . 7 
0 . 0 

0 . 0 

0 . 1 0 2 
0 . 0 

1 0 0 . 
0 . 0 

0 . 0 

0 . 0 
0 . 1 6 1 
0 . 0 
0 . 0 

9 . 6 3 8 P - 0 2 0 . 0 
0 . 0 0 . 1 2 6 

9 9 . 6 0 . 0 
0 . 0 0 . 0 

17 3.4B4E-
1.0372-
0.0 

2 6 . 7 
0 . I S 2 

9 8 . 6 
0 . 0 

2 6 . 7 
0 . 182 

9 6 . 6 
0 . 0 

A IR IMMERSION 

B OF EXTERNAL 

S OF ALL PATHWAYS 

0 . 0 
1 . 21 6E-
4 . 3 2 9 E -
9 . 2 9 2 E -
2 . 2 7 2 E -

0 . 0 
1 .34SE-
7 . 9 I 0 E -
2 . 0 3 0 E -
2 . 4 9 8 * 

0 . 0 
1 . 2 0 8 E -
7 . 9 1 0 E -
9 . 9 0 BE-
4 . I 1 2 E -

0 . 0 
2 7 0 . 0 
1 8 2 . 9 S 3 E ' 
2 4 3 . 3 4 0 E * 
17 

0 . 0 
0 4 0 . 0 
0 4 4 0 . 0 
0 4 3 . 2 8 6 E 
0 3 

0 . 0 
0 7 0 . 0 
0 4 8 . 2 1 9 E ' 
0 9 2 . 0 2 1 E 
12 

* . 3 a 8 E - 2 0 1 . 6 8 0 E - 2 4 0 . 0 1 . 7 4 0 E - I 7 0 . 0 I . 4 T 4 E - 2 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 I . 3 9 3 E - 2 3 0 . 0 0 . 6 9 . I I 4 I > - I 9 0 . 0 

• 2 9 9 . 4 9 0 E - 2 6 0 . 0 0 . 0 6 . 3 3 4 E - 2 S 9 . 9 0 I E - 2 6 9 . 8 0 9 E - 2 7 0 . 0 9 . 3 1 0 6 -
•2a 1 . 7 3 9 E - 2 4 I . 8 I 8 E - 2 8 1 . 6 9 B E - 2 8 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

27 

4 . I 1 8 E - 0 2 I . 0 0 9 E - 0 3 0 . 0 9 . 3 4 0 E - 0 3 0 . 0 6 . 6 0 4 E - 0 2 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 B . 9 9 2 E - 0 3 0 . 0 0 . 0 » . 2 8 6 2 - 0 2 0 . 0 

6 6 . 2 0 . 0 0 . 0 6 . 0 0 9 E - 0 * 6 . 3 9 I E - 0 9 I . 9 1 B E - 0 S 0 . 0 9 . 9 6 I E - 0 S 
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6 9 . 9 6 . 7 1 7 E - 0 3 0 . 0 9 . 9 4 1 E - 0 4 6 . 4 0 8 E - 0 8 I . 4 3 1 8 - 0 8 0 . 0 6 . 6 8 2 1 - 0 8 
0 9 3 . 6 3 a e - 0 8 3 . 3 2 6 E - 0 9 I . I 7 3 E - 0 8 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

2 . 6 0 9 C - 0 2 1 . 0 2 4 E - 0 6 0 . 0 4 . 7 8 0 E - 0 3 0 . 0 2 . 8 7 6 E - 0 3 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 T . I 6 2 E - 0 3 0 . 0 0 . 0 2 . 0 8 0 E - 0 3 0 . 0 
4 . 8 2 3 C - 0 2 8 . 7 I 7 E - 0 3 0 . 0 8 . 7 I 9 E - 0 7 4 . 4 8 3 8 - 0 9 7 . 1 9 4 6 - 0 7 0 . 0 6 . 2 0 6 C - 0 6 

0 6 2 . 7 3 7 E - 0 6 4 . 6 3 4 E - 0 8 8 . 8 6 6 E - 0 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

GROUND SURFACE 0 . 0 0 . 0 3 . 9 6 9 E - I 7 I . 4 0 I E - I 9 0 . 0 7 . 9 0 8 8 - 1 4 0 . 0 8 . 1 8 2 8 - 1 8 1 . 0 ( 8 1 - 1 8 0 . 0 
3 . 6 1 6 E - 2 2 0 . 0 0 . 0 0 . 0 0 . 0 3 . 6 6 9 8 - 2 0 0 . 0 0 . 0 1 . 6 2 4 8 - 1 8 0 . 0 
I . 3 I 8 E - 1 3 I . I O O C - 2 8 1 . 1 7 6 8 - 2 6 2 . 2 2 7 8 - 2 3 0 . 0 2 . 9 0 2 8 - 2 0 4 . 2 I I E - 2 0 9 . 0 3 7 8 - 2 1 0 . 0 2 . 1 0 8 8 - 1 1 
1 . 2 2 7 8 - 1 8 2 . 6 8 9 8 - 2 2 I . 4 6 0 E - I 8 1 . 7 7 2 8 - 2 2 3 . 3 8 4 E - 2 2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
2 . 1 2 6 6 - 1 3 



X OF L A I E M N A I . 

X OF ALL PATHWAYS 

0 . 0 0 . 0 too . too . 0 . 0 t o o . 0 . 0 
t o o . 0 . 0 0 . 0 0 . 0 0 . 0 t o o . 0 . 0 
t o o . 6 0 . 0 3 « . l t o o . 0 . 0 t o o . 1 0 0 . 
1 0 0 . too . 1 0 0 . t o o . t o o . 0 . 0 0 . 0 
too . 

0 . 0 0 . 0 6 3 . 2 0 . 1 0 1 0 . 0 8 9 . 4 0 . 0 
9 0 . 1 0 . 0 0 . 0 0 . 0 0 . 0 a o . s 0 . 0 
1 0 0 . 0 . 2 1 0 2 . 3 4 1 6 - • 0 2 1 0 0 . 0 . 0 0 . 1ST 6 9 . S 
9 6 . 1 7 . 6 7 7 . 9 2 0 . 139 4 . 7 4 6 6 - • 0 2 0 . 0 0 . 0 

3.aioe-- 0 7 

9 9 . 9 1 0 0 . 0 . 0 
0 . 0 1 0 0 . 0 . 0 

too . o.o t o o . 
0 . 0 0 . 0 0 . 0 

3 . 9 0 1 0 0 . 0 . 0 
0 . 0 1 6 . 1 0 . 0 

8 . 0 3 0 . 0 9 . 2 9 
0 . 0 0 . 0 0 . 0 

IKTERNAL 

X OF M.L PATHMAYS 

7 . 1 * 6 1 - 1 9 3 . 2 8 0 6 - 0 6 2 . 0 7 9 C - 1 7 1 . 3 8 9 6 - 1 6 0 . 0 
3 . 9 3 6 6 - 2 3 0 . 0 8.290E-09 0 .0 
I .063E-22 S.2I3E-23 9.023E-23 0 .0 

9.379E-1S 1.734E-I7 I .300E-I6 0 .0 
0 . 0 
0 . 0 a.avoE-2i o.o 

9 . 9 T B E - 0 3 
too . too. 3 6 . 8 9 9 . V 0 . 0 

9 . 6 6 0 . 0 t o o . 0 . 0 0 . 0 
a . 0 6 4 E - 0 a 9 9 . 6 9 9 . 9 0 . 0 0 . 0 

t . 9 « 9 2 . 3 9 2 . 9 9 9 . 9 too 

0 . 0 
6 . 8 3 8 E - 1 8 

8 . 4 4 7 6 - 1 6 8 . 8 8 7 6 - 1 * 
l . a 4 2 E - ! 7 l . a 4 8 E - 2 0 I . 8 9 9 E - I 9 0 . 0 

2.43IE-20 i .2386-21 1.7996-17 1.270E-I9 7 . I27E-I9 0 .0 

1 0 . 6 
1 9 . 9 
9 9 . 8 

0 . 0 

0 . 0 

t o o . 
o . o 

3 0 . S 
0 . 0 

o . o 

96.1 
0 . 0 

99 .0 
0 . 0 

0 . 0 

0 .0 
8 3 . 9 

0 .0 
0 .0 

2 . 0 9 9 8 - 2 0 
0 . 0 

t o o . 
t o o . 
9 0 . 7 

0 . 0 

EXTERNAL 

X OF ALL PATHWAYS 

TOTAL OVER ALL PATHHAVS 

X OF TOTAL 

0 . 0 0 . 0 3 . S 7 I E - I 7 1 . 4 0 I E - I 9 0 . 0 
3 . 6 I C E - 2 2 0 . 0 0 . 0 0 . 0 

7 . 9 0 M - 1 4 0 . 0 
3 . 6 6 9 E - C 0 0 . 0 

B . 2 e 6 e - t 6 i . o a a e - i a o . o 
0 . 0 I . 6 2 A E - I 8 0 . 0 

1 . 3 I 6 E - 1 3 1 . 6 3 4 E - 2 S 3 . 4 9 0 E - 2 6 2 . 2 2 7 E - 2 3 0 . 0 2 . 9 0 
1 . 2 2 7 E - I 6 2 . 6 8 9 E - 2 2 1 . 4 6 0 E - t a I . 7 7 2 E - 2 2 3 . 3 8 4 E - 2 2 0 . 0 
2 . t 2 « e - 13 

0 . 0 0 . 0 
9 0 . 1 0 . 0 
t o o . 0 . 3 S 1 
9 8 . 1 7 . 6 7 

6 3 . 2 0 . 1 0 1 
0 . 0 0 . 0 
6 . 8 6 4 E - 0 2 1 0 0 . 

7 . 9 2 0 . 1 3 9 

0 . 0 8 9 . 4 
o . o a o . s 
o . o o . t s r 
4.746E-02 0 .0 

0 . 0 

0 . 0 
0 . 0 

6 9 . 8 
0 . 0 

9 . 8 3 7 1 ! - « l 0 . 0 2 . I 0 6 E - 2 
0 . 0 0 . 0 0 . 0 

3 . 9 1 too . 0 . 0 
0 . 0 1 6 . 1 0 . 0 

8 . 0 3 0 . 0 9 . 2 9 
0 . 0 0 . 0 0 . 0 

7 . 1 4 6 E - I 9 3 . 2 8 0 6 - 0 6 9 . 6 S 0 E - I 7 I . 3 8 7 E - I 6 0 . 0 8 . B 4 6 E - I 4 I . 7 3 4 E - 1 7 I . 3 9 3 E - I 6 I . 0 2 B E - I 8 6 . 8 3 8 E - I 6 
4 . 0 I 2 E - 2 2 C O 9 . 2 9 0 E - 0 9 0 . 0 0 . 0 4 . 9 9 0 E - 2 O 0 . 0 0 . 0 I . 0 0 7 E - I 4 8 . 8 8 7 E - I 4 
1 . 3 I 6 E - 1 3 S . 2 3 2 E - 2 3 9 . 0 2 6 E - 2 3 2 . 2 2 7 E - 2 3 0 . 0 I . 8 4 S E - I 7 6 . 0 9 6 E - 2 0 1 . 9 8 7 6 - 1 9 0 . 0 2 , 2 7 0 6 - 2 0 
I . 2 9 1 E - 1 8 3 . 9 0 7 E - 2 I I . 9 4 1 E - I 7 I . 2 7 I E - I 9 7 . 1 3 0 6 - 1 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
S . S 7 8 E - 0 9 

l . 2 a i E - 0 a 5 . 8 8 1 . 0 1 3 6 - 1 0 2 . 4 a 6 E - I O 0 . 0 1 . 8 8 6 6 - 0 7 3 . 1 0 8 6 - 1 1 2 . 4 2 8 6 - 1 0 1 . 8 4 3 6 - 1 2 1 . 2 2 6 e - l l 
7 . 1 9 1 6 - 1 6 0 . 0 9 4 . 1 0 . 0 0 . 0 8 . 1 6 8 6 - 1 4 0 . 0 0 . 0 1 . 8 0 6 6 - 0 8 1 . 8 9 3 6 - 0 7 
2 . 3 6 3 6 - 0 7 9 . 3 7 9 E - 1 7 9 . 0 1 0 6 - 1 7 3 . 9 9 2 6 - 1 7 0 . 0 3 . 3 0 7 6 - 1 1 1 . 0 8 6 E - 1 3 3 . 9 0 9 E - 1 3 0 . 0 4 . 0 7 0 6 - 1 4 
2 . 2 4 3 E - 1 2 6 . 2 8 6 E - I S 3 . 4 8 0 6 - 1 1 2 . 2 7 9 E - I 3 1 . 2 7 8 6 - 1 2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

1 H C 0 0 2 1 STOP 0 

SUMMARY OF ERRORS FCR T H I S JO8 ERROR NUMBER NUMBER OF ERRORS 

2 0 8 9 1 1 OR OVER 



215 
REFERENCES 

Anspaugh, L. R., J. J. Shinn, P. L. Phelps, and N. C. Kennedy. 1975. 
"Resuspension and Redistribution of Plutonium in Soils." Health 
PhTS. 29:571-582. 

Baes, C. F., III. and C. ff. Miller. 1981. "CRRIS: A Computerized 
Methodology for Assessing the I n u Impact of Radionuclides 
Released to the Atmosphere," presented at the annual meeting of the 
Health Physics Society. Louisville, Kentacky, on Jane 21-25. 

Baes, C. F., III. and R. D. Sharp. 1983. "A Proposal for Estimation 
of Soil Leaching Rates and Leaching Constants for Use in Assesssent 
Models." J. Environ. Qnal. 12:17-28. 

Baes, C. F., III, R. D. Sharp, A. L. Sjoreen, and R. f. Shor. 1982. 
A ReyJLew and Analytfrs of Parameters fo£ Assessing Transport oj£ 
Environmentally Released Radionnclides Through Agriculture. ORNL-
5786. Oak Ridge National Laboratory. Oak Ridge, Tennessee. 

Bandrovski, M. S., and Gheng-Yeng Hug. 1985. "Environmental 
Transport Pathways of the EPA Model (PRESTO-EPA) Used to Determine 
Health Impact from Low-Level Radioactive Waste Disposal, 
Proceedings of £he Eighteenth Midyear Topical Symposium ©1 ihS. 
Health Physics Society. January 6-10, 1985, Colorado Springs, 
Colorado. 

Barish, J. 1970. T£e Computing Technology Center Numerical Analysis 
Library, ed. by 6. f. ffestley and J. A. Watts, CTC-39, Union 
Carbide Corporation Nuclear Division, Computing Technology Center, 
Oak Ridge, Tennessee, pp. 76-80. 

Bell, M. A., C. J. Emerson, and D. E. Fields. 1984. PREgBhJSEE: 
A Deta Preprocessor for the PRESTO-II Code. ORNL-5981, Oak Ridge 
National Laboratory, Oak Ridge, Tennessee. 

Begovich, C. L., K. F. Eckeman, E. C. Schlatter, and S. T. Ohr. 
1981. BARJAB.: A ElfllXUI 12. Cjafejnc. Airborne Radionuclide 
EPYirofl»fBtll B»P°IW gala, with Dosimetric and HcjJLlb, fifeoH Bill 
iS. Oenerate TrtllitivRt Si Predicted IM21&U, ORNL-5692, Oak Ridge 
National Laboratory, Oak Ridge, Tennessee. 

British Standards Institute. 1966. Recommendation fpr Djjfci £A 
Shifting Xifii isMiiiai Ridittiga. tail I, Shielding iism fit*** 
Radiation. London, British Standard 4094, Part 1 



216 

Brocks, A. A., and E. C. Long. 1970. The Computing Technology Center 
Numerical Analysis Library. CTC-39, ed. by 6. f. Westley and J. A. 
Watts, Union Carbide Corporation, Nuclear Division, Computing 
Technology Center, Oak Ridge, Tennessee, pp. 2-6. 

CNSI. 1980. Environmental Assessnent for Barnwell Low-Level 
Radioactive Waste Disposal Facility. Cheat-Nuclear Systems, Inc., 
Columbia, South Carolina. 

Clebsch, A., Jr. 19(8. "Beatty Facility — near Beatty, Nevada: 
Geology and Hydrology of a Proposed Site for Burial of Solid 
Radioactive Waste Southeast of Beatty, Nye County, Nevada," in Land 
Burial oj: Solid Radioactive Waste; Study o£ Commercial Operations 
and Facilities. WASH-1143, pp. 70-103. 

Culhowski, W. M., and M. R. Patterson. 1976. A Comprehensive 
Atmospheric Transport and Diffusion Model. ORNL/NSF/EATC-17, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

Dunning, D. E., Jr., R. W. Leggett, and M. 6. Talcintas. 1980. 
A Combined Methndoio&y. lor. Kftfrftfn Po»» Rates and Health Effects 
from Exposures to Radioactive Pollutants. ORKL/TH-7105, Oak Ridge 
National Laboratory, Oak Ridge, Tennessee. 

Eckerman, K. F., H. R. Ford, and S. B. Watson. 1981. Internal 
Dosimetry fia£a_ ajg Method. o£ ICRP - Part 2. Yfil- 1: Committed 
Dose Equivalent and Secondary Limits. NUREG/CR-1962, Vol. 1, 
ORNL/NUREG/TM-433/VI, Oak Ridge National Laboratory, Oak Ridge, 
Tennessee. 

Eisenhauer, C. M., and 6. L. Simmons. 1975. "Point Isotopic Gamma-
Ray Buildup Factor in Concrete," Nuclear Sci. Ens. 56:263-270. 

Etnier, E. L. 1980. "Regional and Site-Specific Absolute Humidity 
Data for Use in Tritium Dose Calculations." Health Phvs. 
34,(2):318-320. 

Evans, R. D. 1968. "X-ray and ir-ray Interactions," in Radiation 
Dosimetry, ed. by F. H. Attiz and W. C. Roesch, Vol. 1, Chapter 3, 
Academic Press, New York. 

Fields, D. E. 1982. "Computation of Radionuclide Particulate Finite 
Area Fugitive Source Strengths." Health Phvs. 44(6):653-655. 

Fields, D. E., and C. J, Emerson. 1984. Unrestricted Disposal of 
MJniMll ArtiYitT LtXCll al RedJQffgtlYt Wastes.: EuMUl AA4 Kill 
Calculations. Oak Ridge National Laboratory Report ORNL-6001. 



217 

Fields, D. B., S. A. Glandon, and C. A. Little. 1982. "Numerical 
Analysis of Burial Ground Geography." Health Phva. 44(6):655-658. 

Fields, D. B., C. V. Miller, and S. J. Cotter. 1981. "Comparison of 
Observed and Predicted Sector-Averaged Air Concentrations for 
Elevated Releases of Fluorescein Particles," J. Air Poll. Control 
Association. 31(8). 

Fields, D. E.. and C. W. Miller. 1980. User's Manual for PfNWND -
An Interactive Implementation of the Ganaaian Pin— Atmospheric 
Transport Model with Bitht Dispersion Parameter Options. ORNL/TM-
6874, Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

Fields, D. E., C. V. Miller, and S. J. Cotter. 1980. "Comparisons of 
AIRDOS-EPA Air Concentration Predictions vith Values front the 
Savannah River Laboratory tx-85 Data Base," presented at fall 
•eeting of Aaerican Geophysical Dnion, San Francisco, California, 
Deceaber 1980, Abstract in E0S(46);971. 

Fields, D. B., and R. D. Sharp, Radionnclide Daughter Inventory 
Generator Code (DIG). ORNL-6110, Oak Ridge National Laboratory 
(in press). 

Foster, G., L. Hoggins, and L. Meyer. 1968. "Simulation of Overland 
Flow on Short Field Plots," Water Resources Research. Vol. 4, 
No. 6. 

Gautschi, f., and V. F. Cahill. 1964. "Exponential Integral and 
Related Functions," in Handbook of Mathematical Functions with 
Formulas. Graphs. an£ Mathematical Tables, ed. by M. Abramowitz and 
I. A. Stegun, National Bureau of Standards, Washington, D.C. 

Geraghty, J. J., D. W. Miller, F. Van Der Leechen, and F. L. Troise. 
1973. Water Mill Si life United States. Water Information Center, 
Port Washington, New York. 

Giardina, P. A., M. F. DeBonis, J. Bag, and G. L. Meyer. 1977. 
folPJITY RjtSfiH on. lii Ida-Level Radioactive Waff fiarjjd. fill*. Mill 
Vallev. New York (1963-1975). EPA-902/4-77-101, U.S. Environmental 
Protection Ager ,y. Region II, Regional Office of Radiation 
Programs, New York, New York. 

Gifford, F. A., Jr., and D. H. Pack. 1962. "Surface Deposition of 
Airbrrne Mate-ial," NjcJL. SjXitZ 3(4):76. 

Healy, J. W. 1980. "Review of Resuspension Models," in Trananranic 
Elements ia. ihj, Environment. ed. by W. C. Hanson, DOE/TIC-22800, 
Technical Information Center, 0.S. Department of Energy, pp. 209-
235. 



218 

Hilsneier, W. F.. and F. A. Gifford, Jr. 1962. Graphs for Bstiaatlnt 
Ataosnherlc Dispersion. ORO-545, U.S. Weather Bureau Report, Oak 
Ridge, Tennessee. 

Hosker, 1. P., Jr. 1974. "Estimates of Dry Deposition and Plane 
Depletion over Forests and Grasslands," in Physical Behavior of 
Radioactive Contaminants j.n the Atmosphere. STI/POB/354, 
International Atomic Energy Agency, Vienna, Austria, pp. 291-309. 

International Coaaission on Radiological Protection. 1977. ICRP 
Publication 26, Annals of the ICRP 1(3), Pergaaoa Press, New York. 

International Coaaission on Radiological Protection. 1979. "Liaits 
lor Intakes of Radionuclides by Workers," ICRP Publication 30, 
Part 1, Awii«1« of the. ICRP £ (4), Pergaaon Press, New York. 

Eocher, D. C. 1979. Dose-Rate Conversion Factors for External 
Exposure to Photon and Electron Radiation froa Radionuclides 
Occurrint jln Routine Releases froa Nuclear Fuel Cycle Facilities. 
ORNL/N0RBG/TM-283, Oak Ridge National Laboratory. Oak Ridge, 
Tennessee. 

Kocher, D. C. 1981. Radioactive Decay Data Tables. DOE/TIC-11026, 
Technical Information Center, U.S. Departaent cf Energy, p. 221. 

Little, C. A., D. E. Fields, C. J. Eaerson, and G. Hiroaoto. 1981. 
Environmental Assessaent Model for Shallow Land Disposal pi Lfiv-
Level Radioactive Wastes; Interia Report. ORNL/TM-7943, Oak Ridge 
National Laboratory, Oak Ridge, Tennessee. 

McComick, J. M., and M. G. Salvador!. 1964. Numerical Methods in 
FORTRAN. Prentice-Hall, Englewood Cliffs. 

McElroy, A. D., S. T. Chin, J. f. Nebgen, A. Aleti, and F. W. Bennett. 
1976. Loadina Function for Asiessaent of Water Pollution froa 
Nonooint Sources. USEPA report EPA-600/2-76-151, Midwest Research 
Institute, Kansas City, Missouri. 

Miller, C. W., and S. J. Cotter. 1981. "Coaparison of Observed and 
Predicted Noraslized Air Concentrations for Particles Released froa 
a Height of 111 Meters," in Preprint Spine., JhilA IStiMl Conference 
on. Applications si hit Pollntlon Metcoroloav. American 
Meteorological Society, Boston. 



219 

Miller, C. V., F. 0. Hoffaan, and D. L. Shaeffer. 1978. The 
laportance of Variations in the Deposition Velocity As sued for the 
Assessaent of Airborne Radionuclide Releases," Health Phvs. 
34(6):730. 

Moore, R. E., C. F. Baes, III, L. M. MeDowell-Boyer, A. P. fatsoa, 
F. 0. Hoffaan, J. C Pleasant, and C. V. Miller. 1979. AUDOS-
BPA: 4 Coaputerixod MethodoloiT for Bstiaatinn Environaental 
Concentrations and Dose to Man froa Airborne Releases of. 
Radionuclides. ORNL-5532, Oak Ridge National Laboratory. Oak Ridge, 
Tennessee. 

Moore, 1 L. and B. J. Claborn. 1971. "Nnaerical Siaulatioa of 
Watershed Hydrology." in Proceedings pf the Fiist Bilateral U.S.-
Jaoan Seninar in Hydrology. January 1971. 

Morgan, I. Z., and J. E. Tuner. 1967. Principles of Radiation 
Protection. John Wiley and Sons, Inc., New York. 

Morton, F. I. 1976. "Cliaatological Estimates of 
Evspotranspirstion," Proc. ASCE. J. o£ Hydraulics Div. Paper 11974, 
102(HT3):257-290. 

Morton, F. I. 1978. "Estiaating Evapotranspiration froa Potential 
Evaporation: Practicality of an Iconoclastic Approach," 
I. Hvdroloiv 38:1-32. 

Murphy, B. D. 1976s. "Deposition of SO. on Ground Coyer," 
Proceedints o£ Thfrrd Svaposina on Ataosnheric Turbulence, 
piffusion, and Air Quality. Aaerican Meteorological Society, 
Boston, Massachusetts. 

Murpby, B. D. 1976b. JhS. Influence o£ Ground Coyer on. lift Pxi 
Deposition Rate si Caseous Materials. UCCND/CSD-19, Oak Ridge 
National Laboratory, Oak Ridge, Tennessee. 

National Oceanic and Ataospheric Administration. 1979. National 
gliaatoloaical PwiTPfliT Tables. National Cliaatic Data Center, 
Asheville, North Carolina. 

Ng, T. C , C. A. Burton, S. E. Thoapson, R. I. Tandy, H. K. Kretner, 
and M. W. Pratt. 1968. "Prediction of the Mariana Dosage to Man 
froa the Fallout of Nuclear Devices," in Handbook fox Estlastins 
lil MlliMM Internal Dose XlfiM Redionnclides Released, Ifi lb£ 
Biosphere. UCRL-50163, Part IV, Lawrence Radiation Laboratory, 
Liveraore, California, 



220 

Olson, R. J.. C. J. Baerson, and M. X Nnngesser. 198C. Geoccoloav: 
A County-Level Environmental Data Base for the Conterminous United 
States. ORNL/TM-7351. Oak Ridge National Laboratory, Oak Ridge. 
Tennessee. 

Pasqaill. F. 1976. The ^Baassian Plane" Model with Limited Vertical 
Mixing. EPA-600/4-76-042, U.S. Environmental Protection Agency. 
Research Triangle Park. 

Pasqnill, F. 1974. Atmospheric Diffusion, second ed., Ellis Horwood, 
Ltd., Chichester, England. 

Pasqnill, F. 1961. "The Estimation of the Dispersion of Wind-Borne 
Material.'' Meteorol. Mag,. 90:33. 

Penaan, H. L. 1948. *Vas and Vapor Movement in the Soil: I. The 
Diffasion of Vapor through Poroas Soli Is," Journal. Air. Sci. 
30:437-4<l. 

Philip, J. R. 1974. Water Movement in Soil, ed. by D. A. De Varies 
and N. Z. Afgan, Halsted Press-Wiley, New Tork, pp 29-47. 

Pradic, D. E. 1981. "Computer Simulation of Groundwater Flow at a 
Commercial Radioactive-Waste Landfill near West Valley, Cattaraugus 
County, New Tork," in Modelira and Low-Lerel Waste Management: 
An Interagency Workshop. 0R0-821, compiled by C. A. Little and 
L. E. Stratton, U.S. Department of Energy, Oak Ridge Operations 
Office, Oak Ridge, Tennessee, pp. 215-248. 

Ripple, C. C., J. Rubin, and T. Van Hylkaaa. "Estiaating Steady-
State Evaporation Rate from Bare Soil under Conditions of High 
Water Table," U.S. Geological Survey, Water Supply, pp. 2019-A. 

Sehael, 6. A. 1930. "Particle and Gas Dry Deposition: A Review," 
££•££. Environ. 14:983. 

Sharp, R. D., and D. E. Fields. DJfi: A. Dauthter Inventory Generator 
Code l££ Preparation si PEPffTP-H Radionuclide Dai* Sets, Report 
0RNL-6110, Oak Ridge National Laboratory Report (in press). 

Shinn, J. J., N. C. Kennedy, J. S. Koval, B. A. Class, and W. M. 
Porch, 1976. "Observations of Dust Flux in the Surface Boundary 
Layer for Steady and Non-Steady Cases," in Atmosoherc-Sarface 
Exchanae si V§rtinUtt ISi vify9ftf Pollntanta. ERDA Symposium 
Series No. 38, Richland, Wash., Sept. 4-6, 1974, R. J. Enselmann 
and G. A. Sehmel, Coordinators, NTIS Report CONF-740921, pp. 625-
637. 



221 

Shor, R. W., C. F. Bnet, III, and R. D. Sharp. 1982. Agricultural 
Production in tie United States by. County; A Completion. ©X 
Information from the 1974 Census pi Agriculture For Use in 
Terrestrial Food-Chain Transport and Assessment Models. ORNL-5768, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

Singer, I. A., and M. E. Smith. 1966. "Atmospheric Dispersion at 
Brookhaven National Laboratory." Int. J_. Air Water Pollnt. 10:125. 

Slade, D. B., ed. 1968. Meteorolorr and Atomic Energy (1968). TID-
24190, U.S. Atomic Energy Commission. 

Snllivan, R. E., N. S. Nelson, f. B. Ellett, D. E. Dunning, Jr., R. f. 
Leggett, M. 6. Talcintas, and K. F. Eckerman. 1981. Estimates oj£ 
Bealth Risk from Exposure £o Radioactive Pollutants. ORNL/TM-7745, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

Sykes, J. F., S. Soyupak, and 6. J. Farquhar. 1981. "Modeling of 
Leachate Organic Migration and Attenuation in Groundwaters Below 
Sanitary Landfills," fa^er Resources Research 18(1):135-145. 

Thornthwaite, C. f., and J. R. Mather. 1955. "The Water Balance," 
Climatol. 8(1), Laboratory of Climatology, Drexel Institute, 104 p. 

Takasao, T. and S. Kishinoto. 1961. "An Experimental Study on the 
Runoff of Rainfall," Bull. Disaster Prey. Research Inst.. Japan, 
No. 4. 

U.S. Department of Agriculture. 1961. "A Universal Equation for 
Predicting Rainfall-Erosion Losses," U.S. Agr. Res. Serv., Spec. 
Rept. 22-26. 

U.S. Department of Commerce. 1977. 1974 Census of Aaricnltnre. 
Bureau of the Census, Agriculture Diviiion, Washington, D.C. 

USNRC. 1977. Regulatory Guiuj 1.109: Calculation oj[ Annjtil Doses £& 
Man, l£om. RoutlBf Mffffff 2± Reactor Effluents iaL Ifef. P»rP9ff SL 
BY»lWtt»I Compliance fiii 10. CJl Part 5Ji. Append I» &•»• Nuclear 
Regulatory Commission, Washington, D.C. 

USNRC. 1982. Environmental Assessnont for the Barnwell Low-Level 
Waste Pifpofal Facilities. NUREG-0879, Division of Waste 
Management. 

Vogt, I. J. 1977. "Empirical Investigations of the Diffusion of 
Waste Air Plumes in the Atmosphere." Nucl. Technol. 34:43-57. 



222 

Wallace, K. f. 1978. A. Comparison of Evapotranspiration Estinates 
Usina DOE Hanford Climatologies! Data. PNL-2698. Pacific Northwest 
Laboratory* Richland, Washington. 

Weast, R. C. 1976. Handbook pi Chenistry and Physics. 57th Edition. 
Chemical Robber Co., Cleveland, Ohio. 

Wischaeier, W. H., and D. D. Smith. 196S. "Predicting Rainfall-
Erosion Losses on Cropland East of the Rocky Mountains," 
Agricultural Handbook 282, USDA, Ag. Research Service. 



APPENDIX A 

LISTINB OF PKESTO-II CODE 



225 

Q^HHHHHfc^AA^HHHHHHMHHtA'^HHk'AA^^Hk^AAAAiHHHHt'AiWtAiHMHHfrAA 
QAAAAAAAAAAAAAAAAAAAAAAAAAAAA* AAAAAAAAAAAAAAAAAA AAAA AAAA AAA 
^AAAAAA^tAAAAAAAAAAAA'A'A A A AAAAAA" PRESTO^T T ^HHtAAAAAAAAAAAAAAAAAAA"AAAAAAA 
CAAAAAAAAA***»***AAAAAAAAAAAAA AAAAA*A**AA*AAAAAAAAAAAAAAAAA 
QAAA AAA AAAA A A AAA A AA AA AAA'A'AAArAAAAAAAAA'AAAAAAAAAAAA A A A A A AAAAAAAAAAAAAAAAAA 
QAAA 

A CODE FOR PREDICTING THE MIGRATION OF RADIOACTIVE HASTE FROM 
SHALLOW LAND BURIAL SITES AKD THE HEALTH EFFECTS THAT RESULT 
FROM THESE LOW LEVEL RADIOACTIVE WASTES. 

QA^Ht 
C*AA-

Ĉ tA"A 
QAAA 
QAAA 

C*** 
C*** 
QJHHk 
CAAA 

C*A* 
CA** 
C*A* 
QAAA 
c 
c 
c 
c 
c*** 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

THE MAIN PROGRAM ACTS AS A SUPERVISOR FOR THE REST OF THE 
CODE. MOST OF THE BOOKEEPING. INCLUDING MATERIAL BALANCE. 
IS DONE HERE. THE FOLLOWING SUBROUTINES ARE CALLED: 
SOURCE. AIRTRM. EVAPO, ERORF. TRENCH, LEACH. VERHOR. SURSOL. 
SUSPND. OUT, FOOD. IRRIG. HUMEX, AND DARTAB. 

GLOBAL VARIABLES 

ADEPTH 
AQDISP 
AQTHK 
AQVOL 
AQAM 
AQAVG 
AQCON 
ATAVG 
ATCON 
ATMASS 
BDENS 
CPL1 

CPL2 

CPL3 

CS 
CW 
CWAT 
CCMI1 

SITE 

= AQUIFER DEPTH 
= AQUIFER DISPERSION ANGLE 
= AQUIFER THICKNESS 
• AQUIFER DILUTION FACTOR 
AMOUNT OF NUCLIDE AT WELL SITE 
AVERAGE NUCLIDE CONCENTRATION AT WELL 
NUCLIDE CONCENTRATION AT WELL SITE 
AVERAGE NUCLIDE CONCENTRATION IN ATMOSPHERE 
NUCLIDE CONCENTRATION IN ATMOSPHERE DOWNWIND 
NUCLIDE MASS NUMBER 
BULK DENSITY OF SOIL 
NUCLIDE CONCENTRATION IN LEAFY VEGETABLES FOR 
M.I.E. BY ATMOSPHERIC DEPOSITION 
NUCLIDE CONCENTRATION IN PRODUCE FOR M.I.E. 
BY ATMOSPHERIC DEPOSITION 
NUCLIDE CONCENTRATION IN LEAFY VEGETABLES AND 
PRODUCE FOR G.P.E. BY ATMOSPHERIC DEPOSITION 
CONCENTRATION IN SURFACE SOIL 
CONCENTRATION IN SURFACE WATER 
NUCLIDE CONCENTRATION IN WATER 
NUCLIDE CONCENTRATION IN COW'S MILK FOR M.I.E. 
BY ATMOSPHERIC DEPOSITION 

M 
RADIANS 
M 
M**3 
CI/M**3 
CI/M**3 
CI/M**3 
CI/M**3 
CI/M**3 

G/CC 

PCI/KG 

PCI/KG 

PCI/KG 
CI/KG 
CI/M**3 

PCI/L 
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c CCMI2 
c 
c CGMI1 
c 
c CGMI2 
c 
c C0PL1 
c 
c COFL2 
c 
c COPL3 
c 
c CGMEAT 
c 
c COCMI1 
c 
c COCMI2 
c c COGMI1 
c 
c COGMI2 
c 
c COHEAT 
c DECAY 
c DOVER 
c DTRAQ 
c DWELL 
c DERATE 
c EXPOS 
c 
c EXTENT 
c ERREST 
c FTWIND 
c FI 
c GWV 
c GNDCON 
c HTIME 
c IDELT 
c IPRT1 
c IPRT2 
c ITIME 
c IOPSAT 
c 
c IOPVWV 
c 
c LU2 
c KAXYR 
c NYEAR 
c NONCLD 
c NUCLID 
c OVER 
c PC 

NUCLIDE CONCENTRATION IN COW'S MILK FOR G.P.E. 
BY ATMOSPHERIC DEPOSITION PCI/L 
NUCLIDE CONCENTRATION IN GOAT'S MILK FOR 
M.I.E. BY ATMOSPHERIC DEPOSITION PCI/L 
NUCLIDE CONCENTRATION IN GOAT'S MILK FOR 
G.P.E.BY ATMOSPHERIC DEPOSITION PCI/L 
NUCLIDE CONCENTRATION IN LEAFY VEGETABLES FOR 
M.I.E. BY IRRIGATION PCI/KG 
NUCLIDE CONCENTRATION IN PRODUCE FOR M.I.E. BY 
IRRIGATION PCI/KG 
NUCLIDE CONCENTRATION IN LEAFY VEGETABLES AND 
PRODUCE FOR G.P.E. BY IRRIGATION PCI/KG 
NUCLIDE CONCENTRATION IN BEEF MEAT BY 
ATMOSPHERIC DEPOSITION PUI/EG 
NUCLIDE CONCENTRATION IN COW'S MILK FOR M.I.E. 
BY IRRIGATION PCI/L 
NUCLIDE CONCENTRATION IN COW' MILK FOR G.P.E. 
BY IRRIGATION PCI/L 
NUCLIDE CONCENTRATION IN GOAT'S MILK FOR 
M.I.E. BY IRRIGATION PCI/L 
NUCLIDE CONCENTRATION IN GOAT'S MILK FOR 
M.I.E. BY IRRIGATION PCI/L 
NUCLIDE CONC IN BEEF MEAT BY IRRIGATION PCI/KG 
RADIOACTIVE DECAY CONSTANT 1/Y 
ANNUAL THICKNESS OF TRENCH OVER BURDEN ERODED M 
DISTANCE FROM TRENCu TO AQUIFER M 
DISTANCE FROM TRENCH TO WELL M 
ATMOSPHERIC DEPOSITION RATE 
NORMALIZED DOWN WIND ATMOSPHERIC EXPOSURE PER 
UNIT SOURCE RELEASE 
CROSS SLOPE EXTENT OF SPILLAGE M 

FRACTION OF TIME WIND BLOWS TOWARD POPULATION 
FRACTION OF YEAR CROPS ARE IRRIGATED 
GROUND WATER VELOCITY M/Y 
INSOLUBLE SURFACE SPILLAGE GROUND CONCENTRATION 
HORIZONTAL OR AQUIFER TRANSPORT TIME Y 
INCREMENTAL YEAR FOR PRINTING ANNUAL SUMMARIES 
INITIAL YEAR FOR PRINTING ANNUAL SUMMARIES 
FINAL YEAR FOR PRINTING ANNUAL SUMMARIES 
TOTAL TRANSPORT TIME FROM TRENCH TO WELL Y 
OPTION INDICATOR FOR CALCULATING LENGTH OF 
SATURATED ZONE 
OPTION IDICATOR FOR CALCULATING VERTICAL WATER 
VELOCITY 
LOGICAL UNIT FOR OUTPUT 
NUMBER OF YEARS IN SIMULATION 
CURRENT YEAR OF SIMULATION 
NUMBER OF NUCLIDES IN SIMULATION 
NUCLIDE NAMES 
TRENCH OVER BURDEN THICKNESS M 
FRACTION OF TRENCH CAP THAT HAS FAILED 
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C PC0N1 = AIR CONCENTRATION 
C PC0N2 = GROUND SURFACE CONCENTRATION 
C PCON3 = COLLECTIVE INGESTION RATE PCI 
C PCON4 = COLLECTIVE INHALATION PCI 
C PD = DOWNSLOPE DISTANCE TO STREAM 
C POLB = AMOUNT OF NUCLIDE LEAVING BOTTOM OF TRENCH 
C POLO = AMOUNT OF NUCLIDE OVERFLOWING TRENCH 
C POP = POPULATION 
C PORS = POSOSITY OF SOIL 
C PORT = POROSITY OF TRENCH CONTENTS 
C PERMS = PERMEABILITY OF SOIL 
C QING = ANNUAL INTAKE OF RADIONUCLIDE BY INGESTION 
C OF CONTAMINATED FOOD CONSIDERING ATMOSPHERIC 
C AND AQUATIC PATHWAYS 
C QINH = ANNUAL INTAKE OF NUCLIDE BY INHALATION 
C QFRAC = FRACTION OF INGESTION DUE TO WATER 
C RETARH = HORIZONTAL RETARDATION FACTOR 
C RETARV = VERTICAL RETARDATION FACTOR 
C SOAM = AMOUNT OF SURFACE SPILLAGE 
C SAREA = AREA OF SPILLAGE 
C SDEEP = AMOUNT OF SOLUBLE SURFACE COMPONENT GOING TO 
C TRENCH 
C STAVG = AVERAGE NUCLIDE CONCENTRATION IN STREAM 
C STCON = NUCLIDE CONCENTRATION IN STREAM 
C SOILOS = ANNUAL SOIL LOSS DUE TO EROSION 
C SSTREM = AMOUNT SURFACE COMPONENT GOING TO STREAM 
C STFLOW = STREAM FLOW RATE 
C TRAM = AMOUNT OF NUCLIDE IN TRENCH 
C VD = ATMOSPHERIC DEPOSITION VELOCITY 
C VOLB = VOLUME OF WATER LEAVING TRENCH BOTTOM 
C VOLO = VOLUME OF WATER OVERFLOWING TRENCH 
C VOLUSD = HYPOTHETICAL VOLUME OF WATER USED FROM WELL 
C VTIME = VERTICAL TRANSPORT TIME 
C VWV = VERTICAL WATER VELOCITY (TRENCH TO AQUIFER) 
C WIRATE = IRRIGATION RATE 
C XINFL = ANNUAL INFILTRATION RATE 
C XKD s CHEMICAL EXCHANGE COEFFICIENT 
C XLSAT = LENGTH OF SATURATED ZONE 
C YSO = ATMOSPHERIC SOURCE AMOUNT AT SPILLAGE 
C 
C 
C OTHER VARIABLES ARE DEFINED IN SUBROUTINES WHERE THEY 
C ARE USED MOST FREQUENTLY. 
C 

DOUBLE PRECISION NUCLID.PNUC 

CI/M**3 
CI/M**2 

.PERSON/Y 

.PERSON/Y 
M 
CI 
CI 

M/Y 

PCI/Y 
PCI/Y 

CI 
M**2 

CI 
CI/M**3 
CI/M**3 

CI 
M**3/Y 
CI 
M/S 
M**3 
M**3 
M**3 
Y 
M/Y 
L/M**2-H 
M 
ML/G 
M 
CI 

COMMON/CmrRL/NONCLD,MAXYR.TITLE(20).LOCATE(12).NYRl,NYR2, 
1 PCTl,PCT2,LEAOPT.IOPVWV,IOPSAT,IPRTl.IPRT2.IDELT, 
2 IRRES1,IKRES2,LIND,7AVG1.IAVG2,RR,FTMECH, 
3 WWATL, WWATA . WWATH , SVATL, SWATA. SWATH. IVAP. IBSMT . 
4 LAQSTR 
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C 

C 

C 
C 

C 
C-

C0KM0N/EVAP/PPN.PHID,P.XIRR.S(12) .1(12) ,TD(12) .XINFL.SINFL 

COMMON/TRCa/TAREA.TDEPTH.OVER.FORT.RZLFAC.DEHCON.OLDWAT.FW.PERMC 

COMMON/WATEIL/DTRAQ.DWEIX.GWV.XLSAT.STFLOW.AQTHK.AQDISP, 
1 PORA.PORV.PERMV 

COMMON/NUC/NUCLID(40) ,ATKASS(40) .TRAM(40) ,SQAM(40) »ATAM(40) . 
1 AQAM(40.1000),STAM(40),P0L0(40),POLB(40),CS(40),CW(40). 
2 SSTREM(40),SDEEP(40)»AIRC0H(40),YS0(40),SOA?G(40). 
3 AQC0H(40) ,STC0H(40) »ATC0N(40) ,AQAVG(40) ,STAVG(40) . 
4 ATAVGC40) .FMC(40) .FMG(40) .DECAY(40) ,XKD(4.40) ,S0L(40) . 
5 FF(40) ,RA(40) ,RV(40) .BV(40) ,BR(40) .DERATE (40) ,CKAT(40) 

COMMOH/LAHD/RAINF.BRODF.STPLKG.COVER.COHTRL,SEDELR.SOILOS. 
1 PORS.BDENS.DWET.EXTEMT.ADEPTH.PD.RUBOFT. 
2 INSITE 

COMM0N/AIR/H.VG.D.IT.IS.VD.XG.HLID.R0OGH.FTW1MD.CHIQ.RE1.RE2.RE3 

C0MM0N/IRRF0O/Y1.Y2.TE1.TE2.TH1.TH2.TH3.TH4.TH5.TH6.FP.FS. 
1 ULEAFY.OPROD.DCMILK.OGKILK.DKEAT.DWAT.OAIR. 
2 QFC,QFG,TF1.TF2.TS.CL1(40),CL2(40),CPl(40),CP2(40). 
3 CCHI1(40),CCHI2(40).CGMI1(40),CGM12(40). 
4 CHEAT (40),C0L1(40),COL2(40),COP1(40),COP2(40). 
5 COCMIl(40).C0CMI2(40),COGMIl(40),C0GMI2(4O), 
6 COMEAT(40).QING(40).QINH(40).POP. 
7 CSP(40),CSFT(40).CSPO(40).CSPOT(40) 

COMMON/FUNC/XAMBWE,FI,PP.W1RATE, 
1 QCV.QGV.QBV.ABSH.P14 

C0MM0N/PASS/PNUC(40),PCONl(40),PC0N2(40),PCON3(40), 
1 PCON4(40),PPOP.LLIND.LDIST 

C0MM0N/PCV/S0C0N(40) 

DIMENSION ITIME(40) 
DIMENSION NUCL(40,8).NUMBER(ll),IDIG(3),BSKT(40) 
DIMENSION AQMAX(40),STHAI(40),ATMAZ(40)»MXAQ(40),HXST(40),KIAT(40) 
DIMENSION PCI(40).PC2(40) ,PC3(4C),PC4(40),NPC1(40). 

1 NPC2(40) ,NPC3(40) ,NPC4(40) ,BSHTA(40) .AQSTR(40) 
DATA LU2/6/ 
DATA ISW/O/ 
DATA MINUS/'-'/ 
DATA N D M B E R / ' 1 ' , » 2 ' , » 3 » » , 4 ' , » 5 ' . » 6 ' . ' 7 , . ' 8 ' . , 9 , , , 0 » . ' •/ 
IBK-0 
DO 10 1=1.40 
AQAVG(I)=0. 
STAVG(I)=0. 
ATAVG(I)s0. 
S0AVG(I)s0. 
BSMT(I)=0.0 
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AQMAX(I)=0.0 
STMAX(I)=0.0 
ATMAX(I)=0.0 
MZAQ(I)=0 
MXST(I)=0 
MXAT(I)=0 
PC1(I)=0. 
PC2(I)=0. 
PC3(I)=0. 
PC4(I)=0. 
NPC1(I)=0 
HPC2(I)=0 
NPC3(I)=0 
NPC4(I)=0 
DO 10 NN=1,1000 
AQAM(I.HN)=0. 

10 CONTINUE 
OLDVAT=0. 

C INITIALIZE VARIABLES AND INPUT CONTROL PARAMETER. 
C PRINT OUT INITIAL CONDITIONS. 
C 

CALL SOURCE(NUCL) 
C 
C THE FOLLOWING EXTRACTS THE ATOMIC MASS FROM THE NUCLIDE 
C NAME. THE NUCLIDE NAME MUST CONSIST OF ONE OR TWO LETTERS, 
C A MINUS SIGN. AND ONE TO THREE DIGITS. NO IMBEDDED 
C BLANKS ARE ALLOWED. THE NAME MUST BE LEFT JUSTIFIED. 
C 
C 

WRITE(LU2.7100) 
DO 70 I=1.N0NCLD 
NDASH=2 
IF(NUCi,(I,NDASH) .EQ. MINUS) GO TO 20 
NDASH=3 

20 NNUM=NDASH+1 
DO 50 K=l .3 
ICHAR=NUCL(I,NNUM+K-1) 
DO 30 L=l.ll 
IF(ICHAR .EQ. NUMBER(L)) GO TO 40 

30 CONTINUE 
40 IDIG(K)=L 

IF(IDIG(K) .EQ. 10) IDIG(K)=0 
50 CONTINUE 

NDIG=3 
IF(IDIG(3) .EQ. 11) NDIG=2 
IF(IDIG(2) .EQ. 11) NDIG=1 
INUCN=0 
DO 60 L=1.NDIG 
INUCN=INUCN+IDIC(L)*10**(NDIG-L) 

60 CONTINUE 
ATMASS(I)=FLOAT(INUCN) 
WRITE(6,71lO)NUCLID(l) ,ATMASS(I) 

70 CONTINUE 
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C 
C DETERMINE IF FARMING IS ONSITE 
C 

INSITE=0 
IF(XG .GT. PD)GO TO 80 
WRITE(LU2.7120) 
INSITE=1 
FARMGD=EXTENT*PD 
PE0PLE=FARMGD/4492. 
IF(PEOPLE .LT. POP) GO TO 80 
POP=PEOPLE 
WEITE(LD2.7130)POP 

80 CONTINUE 
C 
C DETERMINE NORMALIZED ATMOSPHERIC EXPOSURE AND 
C DEPOSITION. 
C 

EXPOS=CHIQ 
IF(CHIQ .LE. 0.0)CALL AIHTRM(EXPOS.DEPO) 

C 
C DETERMINE ANNUAL INFILTRATION RATE USING MORTON'S MODEL 
C 

CALL EVAPO 
IF(IVAP .EQ. 2)XINFL=FN*SINFL 
IF(IVAP .EQ. 3)XINFL=AMIN1(PERMC.PPN) 

C 
C DETERMINE VERTICAL HATER VELOCITY. RETARDATION FACTOR, 
C VERTICAL TRANSIT TIME, HORIZONTAL TRANSIT TIME. AND 
C TOTAL TRANSIT TIME. 
C 

VWV-PERMV 
IF(IOPVWV .EQ. 1 .AND. XINFL .GT. 0.)VWV=XINFL/PORV 
XLSAT=DTRAQ 
IF(IOPSAT .EQ. l)XLSAT=XINFL/PORV 
TT=SINFL/PORV 
IF(XLSAT .LE. 0.)XLSAT=AMIN1(TT,DTRAQ) 
HRITE(LU2,7000) 
DO 90 I=l.NONCLD 
RETARV=1.+(BDENS*XKD(3.I))/P0RV 
VTIME=DTRAQ*RETARV/VWV 
RETARH=1.+(BDENS*XKD(4,I))/P0RA 
HTIME=DWELL*BETARH/GWV 
TEMP=VTIME+HTIME 
IF(TEMP .GT. FLOAT(MAXTR) .AND. TEMP .LT. 1.1*FL0AT(MAXYR))IBK=1 
ITIME(I)=INT(TEMP) 
WRITE(LU2,7010)NUCLID(I).RETARV,VTIME.RETARH.HTIME.TEMP 

90 CONTINUE 
IF(IBK .EQ. 1)WRITE(LU2,7030) 

C 
C DETERMINE ANNUAL SOIL LOSS DUE TO EROSION OF INSOLUBLE 
C MATERIALS (UNIVERSAL SOIL LOSS EQUATION). 
C 
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CALL ERORf 
SOILOS=SOILOS*.224l2 
DOVER=SOILOS/U000 .*BDENS) 
WRITE(LU2,7040)SOILOS.DOVER 
WRITE(LU2,7050)XINFL 
WRITE(LU2,7060)VWV 
WRITE(LU2.7070)EXPOS 

100 CONTINUE 
C 
C CALCULATE AQUIFER VOLUME 

AQV0L=GWV*P0RA*AQTHK*(SQRT(TAREA)+2.*TAN(AQDISP/2.)*DWELL) 
C 
C COMPUTE HYPOTHETICAL RADIONUCLIDE WITHDRAWL FROM WELL AND 
C STREAM PER YEAR. 
C 

VOLUSW=(W1KATE*4492.*FI*8760.*WWATL + 
1 UWAT*WWATH + 15000.*WWATA)*P0P*1.OE-3 
VOLUSS=(WIRATE*4492.*FI*8760.*SWATL + 
1 UWAT*SWATH + 15000.*SWATA)*POP*1.0E-3 

C 
C 
C 
C THE FOLLOWING LOOP WILL BE PROCESSED FOR EACH YEAR IN 
C THE SIMULATION. 
C 

DO 230 N=1.MAXYR 
NYEAR=N 
TRLS=0. 
IF(DOVER .GT. OVER)TRLS=D0VER-0VER 
TDEPTH=TDEPTH-TRLS 
OVER=OVER-DOVER 
IF(OVER .LT. 0.)OVER=0. 

C 
C CALCULATE TRENCH WATER BALANCE. 
C 

CALL TRENCH(NYEAR,V0LB,V0LO»DMAX,PC) 
IF(VOLB .LE. .l*AQVOL .OR. ISW .GT. 0)GO TO 110 
ISW=ISW+1 
WRITE(LU2.7 080)NYEAR 

110 CONTINUE 
C 
C THE FOLLOWING LOOP IS EXECUTED FOR EACH NUCLIDE. 
C 

DO 170 I=1.N0NCLD 
11=1 
DECN=EXP(-DECAY(II)) 
TRAM(II)=TRAM(II)*DECN 
CS(II)=CS(II)*DECN 
CW(II)=CW(II)*DECN 

C 
C CALCULATE THE AMOUNT OF LEACHING. 
C 

CALL LEACH(II,NYEAR.VOLB.VOLO.DMAX) 
C 
C CALCULATE ADDITIONS TO AQUIFER. 
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C 

CALL VERHOR(II.NYEAR.ITIME) 
AQCON(II)=AQAM(II.NYEAR)/AQVOL 
AMT=VOLUSW*AQCON(lI) 
IF(AMT .LE. AQAM(II.NYEAR) .OR. AMI .EQ. 0.) GO TO 120 

C 
c UPDATE WELL CONCENTRATION TO CONSERVE RADIONUCLIDE MASS 
C 

AQC0N(II)=AQAM(II.NTEAK)/(V0LUSV) 
120 IF(N .GE. IAVG1 .AND. N .LE. IAVG2)AQAVG(II)=AQAVG(II)+AQCON(Il) 

C 
C CALCULATE EXCESS RADIONUCLIDE IN WELL GOING TO STREAM 
C 

AQSTR(II)=0. 
IF(IAQSTR .GT. 0)AQSTR(Il)=AQAM(II,NYEAR)-AMT 
IF(AQSTR(II) .LT. 0.)AQSTR(II)=0. 

C 
C FIND YEAR OF MAXIMUM CONCENTRATION IN WELL. 
C 

IFUQCON(II) .LE. AQKAX(II)) GO TO 130 
AQMAX(II)=AQCGN(II) 
MXAQ(II)=N 

130 CONTINUE 
C 
C CALCULATE TRANSPORT OF SOLUBLE SURFACE COMPONENT 
C 

CALL SURSOL(II.NYEAR) 
IF(NTEAR .EQ. 1)SSTREM(1I)=STAM(IT)+SSTREM(1I) 
SSTREM(II)=SSTREM(II)+AQSTR(II) 
STCON(II)=SSTREM(II)/STFLOW 
AMT=VOLUSS*STCON(II) 
IF(AMT .LE. SSTREM(II) .OR. AMT .EQ. 0.)GO TO 140 
STCON(Il)=SSTREM(II>/(VOLUSS) 

140 IF(N .GE. UVGl .AND. N .LE. UVG2)STAVG(II)=STAVG(II)+STCON(II) 
IF(STC0N(II) .LE. STHAX(II))G0 TO 150 
STMAX(Il)=STCOH(lI) 
MXST(II)=N 

150 CONTINUE 
C 
C 
C CALCULATE ATMOSPHERIC CONCENTRATION AND AMOUNT 
C ABOVE SPILLAGE AREA 
C 
C 

GNDCONsCS(Il)*BDENS*ADEPTB*l.0E3 
CALL SUSPND(NYEAR,II,GNDCOR) 
IF(NYEAk .EQ. l)Y8O(II)=YS0(II)+ATAM(II) 
ATCON(II)=YSO(II)*EXPOS*FTWIND 
IF(N .GE. UVGl .AND. N .LE. IAVG2;ATAVG(II)=ATAVG(II)+ATCON(II) 
IF(ATCON(II) .LE. ATMAX(II)) GO TO 160 
ATMAX(II)=ATCON(Il) 
MXAT(II)=N 

160 CONTINUE 
BSMTA(II)=0. 
IF(IBSMT .GT. 0 .AND. NYEAR .GE. IBSMT)BSMT(lI)sBSMT(lI)>TRAM(lI) 
IF(IBSMT .GT. 0 .AND. NYEAR .GE. IBSKT)BSMTA(1I)=+TRAM(1I) 
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C 
C 
C MATERIAL BALANCE 
C 
C 

TRAM(II)=TRAM(I1)*(1.O-TRLS/TDEPTH)-POLB(II)-POLO(II) 
IF(TRAM(II) .LT. 0.)TRAM(Il)=O. 

C 3.1536E7 IS THE NUMBER OF SECONDS IN A YEAR 
CS(II)=CS(II)+((TRLS/TDEPTH*TRAM(II)-YS0(II)*3.1536E7)/ 
1 (EXTENT*PD*ADEPTH))*1.0E-3/BDENS 
CW(II)=CW(II)+((P0L0(II)-SSTREM(II)-SDEEP(I1))/ 
1 (EXTENT*PD*ADEPTH*PORS)) 
IF(CW(II) .LT. 0.) CW(II)=0. 
IF(CS(II) .LT. 0.)CS(II)=0. 

C 
C COMPUTE SOIL CONCENTRATION 
C 

SOC0N(II)=ADEPTH*1.0D12*(CW(II)*PORS+100O.*CS(II)*BDENS) 
IF(N .GE. IAVG1 .AND. N .LE. IAVG2)SOAVG(Il)=SOAVG(II)+SOCON(Il) 

C 
170 CONTINUE 

DO 220 I=l,NONCLD 
11=1 
DERATE(II)=ATCON(II)*VD*3.6E15 
CALL FOODA(II) 
IF(N .GE. IAVG1 .AND. N .LE. IAVG2)CSPT(II)=CSPT(II)+CSP(II) 
CALL IRRIGA(II) 
IF(N .GE. UVGl .AND. N .LE. IAVG2)CSPOT(II)=CSPOT(II)+CSPO(II) 
CALL HUMEXA(II) 
BSMTA(II)=BSMTA(II)*.03333333/(TDEPTH*TAREA) 

C 
C CSP AND CSPO ARE CURRENT CONCENTRATIONS 
C 

QSUR=(CSP(II)+CSP0(II))*1.( -12 
TEMP=ATC0N(II) 
IF(PC1(II) .GE. TEMP)GO TO 180 
PC1(II)=TEMP 
NPC1(II)=NYEAR 

180 CONTINUE 
TEMP=QSUR+BSMTA(II) 
IF(PC2(II) .GE. TEMP)GO TO 190 
PC2(II)=TEMP 
NPC2(II)=NYEAR 

190 CONTINUE 
TEMP=QING(II)*POP 
IF(PC3(II) .GE. TEMP)G0 TO 200 
PC3(II)=TEMP 
NPC3(II)=NYEAR 

200 CONTINUE 
TEMP=QINH(II)*POP 
IF(PC4(II) .GE. TEMP) GO TO 210 
PC4(II)=TEMP 
NPC4(II)=NYEAR 
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210 CONTINUE 
220 CONTINUE 

VD=DMAX 
IF(WD .GT. TDEPTH)WD=TDEPTH 
IF(M0D(NYEAR-IPRT1.IDELT) .EQ. 0 .OR. NTEAR .EQ. 1) 

1CALL OUT(NYEAR.PC.WD.VOLO.VOLB) 
230 CONTINUE 

NEXYR=IAVG2-IAVG1+1 
WRITE(LU2.7090)IAVG1.1AVG2 
DO 240 II=1,H0NCLD 
AQAVG(II)=AQAVG(II)/FL0AT(NEXY&) 
STAVG(II)=STAVG(II)/FLQAT(NEX¥R) 
AIAVG(II)=ATAVG(II)/FLOAT(NEXYR) 
SOAVG(II)=SOAVG(II)/FLOAT(NEXTR) 
VRITE(LU2,7020)NUCLID(II) .ATAVG(II) .ATMAX(II) .MXAT(II) .AQAVG(II) . 
1 AQMAX(II) .MXAQ(II) .STAVG(II) .STMAX(II) .MXST(II) 

240 CONTINUE 
C 
C 
C CALCULATE RADIONUCLIDE CONCENTRATIONS IN 7O0D DUE TO 
C ATMOSPERIC DEPOSITION. 
C 
C 

WRITE(LU2.7140) 
WRITEUU2.7150) 
DO 250 I=1,N0NCLD 
11=1 
DERATE(II)=ATAVG(II)*VD*3.6E15 
CALL FOOD(II) 
WRITE(LU2.7010)NUCLID(II).CLl(lI),CP1(II),CL2(II),CP2(II) . 

1 CCMII(II) ,CCMI2(II) .CGMIl(II) ,CGMI2(II) .CMEAT(II) 
250 CONTINUE 

C 
C 
C CALCULATE RADIONUCLIDE CONCENiHATIONS IN FOOD DUE TO 
C WATER IRRIGATION. ALSO CALCULATE ANNUAL RADIONUCLIDE 
C INTAKE BY HAN. 
C 
C 

WRITE(LU2.7160) 
WRITEUU2.7150) 
DO 260 I=1.N0NCLD 
11=1 
CALL IRRIG(II) 
WRITE(LU2,7010)NUCLID(II).COL1(II),COP1(II).COL2(II).COP2(II). 

1 C0CMI1(II).C0CMI2(II).C0GMI1(II).C0GMI2(II).C0MEAT(II) 
CALL HUMEX(II) 

260 CONTINUE 
WRITE(LU2,7170, 
IF(LIND .EQ. 0)WRITE(LU2,7180) 
IF(LIND .NE. 0)WRITE(LU2,7190) 
WRITE(LU2»7200) 
DO 270 I=l.NONCLD 
WRITE(LU2,7210)NUCLID(I),QING(I),QINH(I) 

270 CONTINUE 
WRITE(LU2,7230) 
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C 
C 
C CALCULATE VARIABLES NECESSARY TO PASS TO DARTAB. 
C DARTAB COMBINES RADIONUCLIDE ENVIRONMENTAL EXPOSURE 
C DATA WITH DOSIMETRIC AND HEALTH EFFECTS DATA TO GENERATE 
C TABULATIONS OF PREDICTED IMPACTS. 
C 
C 

PPOP=POP 
LDIST=XG 
LLIND=LIND 

C 
C CSP AND CSPO ARE AVERAGE CONCENTRATIONS 
C 

DO 290 I=1,N0NCLD 
QSUR=(CSP(I)+CSPO(l))*1.OD-12 
QFRAC=0. 
BSMT(I)=BSMT(I)/FLOAT(MAXYR-IBSMT+l)*.03333333/(TDEPTH*TAREA) 
IF(QING(I) .EQ. 0.0) GO TO 280 
CWATH=(WWATH*AQAVG(I)+SWATH*STAVG(I))*1.0E9 
QFRAC=CVVTH*UWAT/QING(I) 

280 WR1TE(LL2.7220)NUCLID(I),QFRAC 
HTOC(I)=NUCLID(I) 
PCON1(I)=ATAVG(I)*POP 
PC0N2(I)=(QSUR+BSMT(I))*POP 
PC0N3(I)=QING(I)*P0P 
PC0N4(I)=QINH(I)*P0P 

290 CONTINUE 
rfKITE(LU2,7240) 
DO 300 I=l,NONCLD 
WRITE(LU2,7250)NUCLID(l),PCl(l),NPCl(l),PC2(l),NPC2(l). 
1 PC3(I),NPC3(I)»PC4(I).NPC4(I) 

300 CONTINUE 
CALL DARTAB 
STOP 

7000 FORMATCl',51X,'INITIAL CALCULATIONS', 
i //' ',2X.'NUCLIDE».4X.»VERTICAL',5X,»VERTICAL', 
2 4X,•HORIZONTAL•,3X,»HORIZONTAL', 
3 3X,'BREAK THRU', 
4 /' '.1IX,'RETARDATION',5X,'TIME Y»,4X, 
5 'RETARDATION',4X,'TIME Y',8X,'TIME Y') 

7010 FORMATC '.A8,3X,9UPE11 .4,2X)) 
7020 FORMATC ',A8,3X,3(2(1PE11.4.2X).0PI4.5X)) 
7030 FORMATC/' ',5X,'RADIONUCLIDE BREAKTHROUGH TIME IS ONLY SLIGHTLY', 

1 ' GREATER THAN SIMULATION TIME AND LEADING EDGE OF PULSE', 
2 • MAY BE MISSED') 

7040 FORMAT(7/' ' ,10X, 'ANNUAL SOIL LOSS IS '.1PE11.4,' KILOGRAMS PER', 
1 » SQUARE METER',/' ',20X,'OR '.Ell.4, 
2 ' METERS IS REMOVED FROM THE SURFACE') 

7050 FORMATC ',10X»'ANNUAL INFILTRATION INTO TRENCH IS ', 
1 F8.4,' METERS') 

7060 FORMATC »,1OX,'VERTICAL WATER VELOCITY IS '.F8.4,' METERS'. 
1 « PER YEAR') 
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7070 FORMATC' ',1OX,'NORMALIZED DOWN WIND ATMOSPHERIC EXPOSURE*. 
1 * PER UNIT SOURCE RELEASE IS ».E11.4.* CI/M**3 PER CI/SEC*) 

7080 FORMAT(//' *.5X,'WATER OUTFLOW FROM TRENCH BOTTOM IS APPROACHING*, 
1 ' DILUTION VOLUME IN AQUIFER FOR TEAR '.14} 

7090 FORMAT('l*.35X.'AVERAGE CONCENTRATIONS OVER THE TEARS »,I3. 
1 * TO '.14.* OF THE SIMULATION*. 
2 /' '.50X.'MAXIMUM ANNUAL CONCENTRATIONS'. 
3 ///' '.IX,'NUCLIDE*.8X.'ATMOSPHERE DOWNWIND'. 
4 24X.*IN WELL'.26X.»IN STREAM*. 
5 //» •.7X,3(6X.*AVERAGE*.6X,»MAXIMUM*,4X.»YEAR*.1X). 
6 /* '.7X,3(2(6X.'CI/M**3').9X)) 

7100 FORMAT(*l*.51X.*INITIAL CALCULATIONS'.//' '.50X.'NUCLIDE'. 
1 lOX.'MASS'.//) 

7110 FORMATC *,51X.A8fc8X.F5.0) 
7120 FORMATC ».5X. THE POPULATION RESIDES ONSITE') 
7130 FORMATC '.5X.'POPULATION RESET TO '.F10.0.' FOR ONSITE FARM') 
7140 FORMATC»1'.30X.'RADIONUCLIDE CONCENTRATION IN FOODS DUE TO'. 

1 ' ATMOSPHERIC DEPOSITION'./' ',55X,'PIC0 CURIES PER KILOGRAM') 
7150 FORMAT(//» '.lX.'HC'TLinE* ,4X,»LEAFY VEfc' ,6X.»PRODUCE« ,5X. 

1 'LEAFY VEG'.6*.'PRODUCE'.4X.»C0W"S MILK',3X.'COW"S MILK'. 
2 3X.'GOAT"S M1LK'.2X.*GQAT,*S MILK'.3X,'BEEF MEAT*. 
3 /• ',14X.'M.I.E.'.7X,*M.I.E.»,7X,2C»G.P.E.»,7X),*M.I.E.*. 
4 7X.'G.P.E.»,7X.'M.I.E.•,7X.'G.P.E.') 

7160 FORMAT(////' '.35X,*RADIONUCLIDE CONCENTRATION IN FOODS DUE TO'. 
1 ' IRRIGATION',/' *.55X.'PICO CURIES PER KILOGRAM') 

7x70 FORMATC///* *.5X.'NOTE: G.P.E. - GENERAL POPULATION*, 
1 ' EXPOSURE'./• *.11X.*M.I.E. - MAXIMUM INDIVIDUAL*, 
2 ' EXPOSURE*) 

7180 FORMATCO»,11X,'M.I.E. WILL BE USED TO CALCULATE'. 
1 ' HEALTH EFFECTS') 

7190 FORMATC*0» .HX.'G.P.E. WILL BE USED TO CALCULATE', 
1 * HEALTH EFFECTS*) 

7200 FORMATC1'.IX.'NUCLIDE*. 10X.'ANNUAL INTAKE',1 OX. 
1 'ANNUAL INTAKE'/' ',18X,'BT INGESTION',1IX,»BY INHALATION'. 
2 /' ».20X,2('PCI/Y»,18X)) 

7210 FORHATC *,1X.A8.9X.1PE11.4,12X,1PE11.4) 
7220 FORMATC *.50X,A8»8X,F8.4) 
7230 FORMATC'1*.50X,'FRACTION OF INGESTION DUE TO WATER'. 

1 / / ' '.50X.'NUCLIDE',10X,'FRACTION') 
7240 FORMATCl'.55X,'MAXIMUM ANNUAL EXPOSURE', 

1 ///,2X,,NUCLIDE',12X,'AIR*,8X,*YEAR',8X, 
2 ' SURFACE *,6X.' YEAR '.7X,' INGESTION \5X,» YEAR *,6X, 
3 • INHALATION *,5X,* YEAR* , 
4 /• »,15X,2CCONCENTRATION',12X).5X, 
5 2('RATE',19X), 
6 /• »,18X,»CI/M**3*,18X,*CI/M**2», 
7 16X,2C'PERSON.PCI/Y',12X)/) 

7250 FORMATC ',A8.8X.4(1PE11.4,4X.0PI4,6X)) 
END 
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SUBROUTINE AIRTRM(EXPOS,DEPO) 
C 
C 
C 
C 
C 
C D.E. FIELDS. 2/81 
C COMPUTES ATMOSPHERIC EXPOSURE VALUES AT POINTS DOWNWIND FROM 
C RELEASE SITE FOR 22.5 DEC SECTOR 
C RECEPTOR ASSUMED AT GROUND LEVEL 
C 
C 
C 
C DEPO =DEPOSITION RATE PER UNIT SOURCE STRENGTH 
C EXPN =NORMALIZED EXPOSURE = EU/Q. S/M**2, 
C EXPOS =EXPOSURE PER SOURCE STRENGTH NORMALIZED TO 
C WIND VELOCITY 
C H =SOURCE HGT, M 
C HLID =LID HEIGHT 
C IPLU =1 IMPLIES TRANSVERSE PLUME CALCULATION REQUIRED 
C ISEC =1 IMPLIES SECTOR AVERAGE REQUIRED 
C IS =STABILITY CLASS 
C IT =TYPE OF STABILITY FORMULATION, 
C =1 FOR PG 
C =2 FOR BRIGGS-SMITH 
C ROUGH =HOSKER ROUGHNESS PARAMETER, M. ABOUT 
C .01*PHYSICAL ROUGHNESS 
C U =VEL"CITY, WIND, M/S 
C VD =VELOCITY, DEPOSITION, M/S 
C VG =VELOCITY, GRAVITATIONAL FALL, M/S 
C XG =GAUGE DISTANCE FROM SOURCE BASE, M 

COMMON/AIR/H,VG.U,IT,IS,VD,XG,HLID.ROUGH.FTWIND,CHIQ,REl,RE2.RE3 
C 
C TEST FOR INVALID COMBINATIONS OF IS AND IT: 
36 IF(IS.LT.1.0R.IS.GT.6)WRITE(6.38)IT,IS 

IF(IT.EQ.5.AND.(IS.EQ.1.0R.IS.EQ.5))WRITE(6.38)IT,IS 
IF(IT.EQ.6.AND.(IS.EQ.1.0R.IS.EQ.6))WRITE(6,38)IT.IS 

38 FORMAT(2X,»INVALID COMBINATION OF IT=',I2,»AND IS=,,I2) 
C INITIALIZE PARAMETERS 

PI=3.141593 
IF(HLID.EQ.O.)HLID=12000. 
LID=HLID 
IXG=XG 

C ACCOUNT FOR PLUME TILT 
HH=H-VG*XG/U 
IF(HH.LT.0.)HH=0.0 

C COMPUTE PLUME WIDTH FACTORS AT DISTANCE XG 
CALL SIGMAZ(XG.IT,IS,ROUGH,SIGZ, IKPM.HLID,VG,U,HH) 

C RESTRICT HLID TO TROPOPAUSE IF INPUT SPEC. =0.0 
C COMPUTE CORRECTION FACTOR FOR PLUME DEPLETION 
C 

COR=l. 
IF(VG.EQ.0..AND.VD.EQ.0.)GOTO45 
CALL DPLT(PI,HH,VD,U,IT,IS,XG,ROUGH,HLID,COR,VG,H) 
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C 
C IF(C0R.LT..999)WRITE(6,40) COR 
40 FORMAT(2X.»DEPLETION CORRECTION FACTOR ='.F8.4) 
45 EXP0=EXP(-HH*HH/2./SIGZ/SIGZ) 
C COMPUTE SECTOR AVERAGE VALUES 

EXPN=C0R*2.032*EXP0/SIGZ/XG 
EXPOS=EXPN/U 
DEPO=EXPOS*VD 

80 CONTINUE 
1000 CONTINUE 

RETURN 
END 

C 
C 

BLOCK DATA 
C D.E. FIELDS, 2/81 

C0HM0N/C/BY(6).BZl(6),BZ2(6).BZ3(6),A1(6),A2(6),Bl(6).B2(6). 
& B3C6),PY(6,5),PZ(6,5),QY(6,5),QZ<6,5),XM(50) 

C FOR BRIGGS 
DATA BY/.22,.16,.11,.08,.06,.04/. 

& BZl/.2..12,.08,.06..03..016/. 
& F.Z2/0..0.,.0002,.0015..0003..0003/, 
& BZ3/l.,l..-.5,-.5,-l..-l./ 

C FOR PG 
DATA A1/-.0234.-.0147,-.0117,-.0059.-.0059,-.0029/, 

4 A2/.35,.248,.175,.108,.088,.054/, 
& B1/.88.-.985,-1.186,-1.35,-2.88,-3.8/, 
& B2/-.152,.82,.85..793,1.255,1.419/, 
& B3/. 1475,.0168,.0045..0022.-.042.-.055/ 

C FOR RLUG, ET. AL. TYPES OF DISPERSION... 
DATA PY/.469,.306,.23,.219,.237,.273,0...4,.36..32..0..31, 

& .0.1.7,1.44,.91,1.02,.0,.66,.66,.63..53..41.7.56. 
& .34..37..40..43..46.7.56/ 

DATA QY/.903..885..855..764..691..594,0...91,.86..78,.0,.71, 
& 0...717,.71..729,.648..0..83..83,.80..80..87..52. 
& 1.00..94..88,.82..76,.52/ 

DATA PZ/.017,.072,.076,.14,.217,.262..0,.411..326,.223,.0, 
& .062,.0,.079,.131,.91,1.93,,0,.14,.14,.21,.26..13,.56, 
& .037..076..16..32..66,1.37/ 

DATA QZ/1.38,1.021,.879..727,.61..5..0..907,.859..776..0,.709. 
& .0,1.2.1.046..702..465..0.1.09.1.09..98..89..83,.55,1.28. 
& 1.12,.96..88..63..47/ 
DATA XM/ 
& 1.O00E+00.2.OOOE+OO.3.000E+00.4.000E+00.5.0O0E+00, 
& 1.OOOE+01.1.500E+01,2.000E+01.2.500E+01.3.000E+01, 
& 3.500E+01,4.OOOE+01,4.500E+01,5.000E+01,1.500E+02, 
& 2.OOOE+02,3.OOOE+02,4.000E+02,5.OOOE+02,6.000E+02, 
& 7.OOOE+02,8.000E+02.9.OOOE+02,1.000E+03.1.100E+03. 
& 1.200E+03.1.300E+03.1.400E+03,1.600E+03.1.800E+03, 
& 2.000E+03.2.500E+03.3.000E+03.3.500E+03.4.000E+03, 
& 4.500E+03.5.000E+03.6.OO0E+03,7.000E+O3,8.000E+O3, 
& 1.000E+04.1.500E+04.2.000E+04.3.000E+04.4.000E+04. 
& 5.000E+04,6.000E+04.7.000E+04,8.000E+04,1.000L+05/ 
END 
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C 
C 
C 

FUNCTION CAP(NYEAR) 
C 
C 

c*** 
C*** THIS FUNCTION CALCULATES AND RETURNS THE FRACTION OF THE TRENCH 
C*** CAP THAT HAS FAILED. FAILURE CAN BE CAUSED BY EROSION AS 
C*** DETERMINED FROM THE UNIVERSAL SOIL LOSS EQUATION OR BY USER 
C*** INPUTS. CAP=1 INDICATES TOTAL CAP FAILURE. THIS FUNCTION 
C*** IS CALLED BY TRENCH. 

C*** 
c*** 
c*** 
c*** 
c*** 
c 
C INPUT VARIABLES 
C 
C NYEAR = CURRENT YEAR OF SIMULATION 
C NYR1 = FIRST YEAR OF FAILURE 
C NYR2 = LAST YEAR OF FAILURE 
C PCT1 = PER CENT FAILURE IN NYR1 
C PCT2 = PER CENT FAILURE IN NYR2 
C OVER = THICKNESS OF TRENCH CAP 
C 
C OUTPUT VARIABLE 
C 
C CAP = FRACTION OF CAP THAT HAS FAILED 
C 
C 

DOUBLE PRECISION NUCLID 
C 

COMMON/CNTRL/NONCLD,MAXYR,TITLE(20).LOCATE(12).NYR1.NYR2. 
& PCT1.PCT2,LEAOPT,IOPVWV.IOPSAT,IPRTl,IPRT2.IDELT. 
& IRRES1.IRRES2.LIND.IAVG1,IAVG2,RR,FTMECH, 
& WWATL.WWATA.WWATH,SWATL.SWATA ,SWATH.IVAP,IBSMT. 
& LAQSTR 

C 
COMMON/TRCH/TAREA,TDEPTH.OVER,PORT.RELFAC,DENWST,OLDWAT.FN,PERMC 

C 
CAP=0.0 
IF(0VER .GT. l.E-5) GO TO 20 
CAP=1.0 
RETURN 

20 IF(NYEAR .LT. NYRl .OR. NYR1 .GE. NYR2) RETURN 
CAP=((PCT2-PCT1)/(NYR2-NYR1))*(NYEAR-NYR1)+PCT1 
IF(NYEAR .GT. NYR2) CAP=PCT2 
RETURN 
END 
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C 
c 
c 

FUNCTION COV(I.Y.TE.TH.B) 
C 
C 
C*** CALCULATION OF RADIONUCLIDE CONCENTRATION IN FORAGE, PRODUCE AND 
C LEAFY VEGETABLES. CALLED BY IRRIG. 
C 
C 
C 
C 
C 
C 

DOUBLE PRECISION NUCLID 
C 

C0HM0N/NUC/NUCLIDC40),ATHASS(40).TRAM(40).S0AM(40) ,ATAM(40). 
& AQAM(40,1000).STAM(40).POL0(40).POLB(40).CS(40).CW(40). 
& SSTREK(40),SDEEP(40).AIRC0R(40).150(40),SOAVG(40). 
& AQC0N(40),STC0N(40),ATC0N(40).AQAVG(40),STAVG(40). 
& ATAVG(40),FMC(40),FMG(40).DECAY(40).XKD(4.40),S0L(40). 
& FF(40),RA(40).RW(40).BV(40).BR(40).DERATE(40).CWAT(40) 

C 
COMMON/LAND/RAINF.ERODF.STPLHG.COVER, CONTRL.SEDELR.SOILOS, 

& PORS,BDENS.DVET,EXTENT,ADEPTH,PD.RUNOFF, 
& INSITE 

C 
COMMON/IRRF00/Y1,Y2,TE1,TE2,TH1.TH2.TH3.TH4,TH5,TH6,FP.FS. 

& ULEAFY.UPROD.DCMILK.DGMILK.UMEAT.DWAT.UAIR, 
& QFC.QFG.TF1.TF2.TS.CL1(40),CL2(40).CP1(40).CP2(40). 
& CCMI1(40).CCMI2(40).CGM11(40).CGMI2(40), 
& CMEAT(40) .COLK40) ,C0L2(4O) .COP 1(40) .COP2(40) . 
& COCMI1(40),COCMI2(40).COGMI1(40).COG«I2(40). 
& COHEAT(40),QINC(40).QINB(40).POP, 
& CSP(40).CSPT(40).CSPO(40).CSPOT(40) 

C 
COMMOH/FUNC/XAHBVE , F I , PP. WISATE . 

& QCV,QGV,QBW,ABSH.P14 
C 

C0MH0N/EVAP/PPN.PBID.P.XIRR,S(12).T(12).TD(12).XINFL.SINFL 
C 

COMMON/CNTRL/NONCLD,MAXYR.TITLE(20),L0CATE(12),NYRl,NYR2. 
& PCT1 .PCT2.LEA0PT.I0PVW.I0PSAT.IPRT1 .IPRT2 .IDELT. 
& IRRES1.IRRES2.LIND.IAVG1.IAVG2.RR.FTMECH, 
& WWATL.WHATA.WWATH.SWATL.SWATA.SWATH.IVAP.IBSMT, 
& IAQSTR 

C 
CVATL=(WWATL*AQAVG(l)+SWATL*STAVG(I))*1.0E9 
NEXYR= LAVG2-IAVG1+1 
DECA=DECAY(I)/8760. 
DECSL=SINFL/(.15*(l.+BDEHS/P0RS*XKD(l,I)))/8760. 
XAKBEF=DECA+XAMBWE 
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TERM1=WIRATE*FI*CWATL*RW(I)*(1.O-EXP(-XAMBEF*TE))/(Y*XAMBEF) 
CSPO(I)=CSPOT(l)/FLOAT(NEXYR) 
IF(INSITE .EQ. 1)CSP(I)=S0ATC(I) 
TERM2=CSP(I)*B/PP 
C0V=(TERM1+TERM2)*EXP(-DECA*TH) 
RETURN 
END 

C 
C 
C 

FUNCTION COVA(I.Y,TE,TH,B,IFLAG) 
C 
C 
C*** CALCULATION OF RADIONUCLIDE CONCENTRATION IN FORAGE, PRODUCE AND 
C LEAFY VEGETABLES. CALLED BY IRRIG. 
C 
C 
C 
C 
C 
C 

DOUBLE PRECISION NUCLID 
C 

COMMON/NUC/NUCLID(40).ATMASS(40),TRAM(40).SOAM(AO),ATAM(40) . 
& AQAM(40.1000),STAM(40),POLO (40),POLB(40),CS(40),CW(40). 
& SSTREM(40),SDEEP(40).AIRCON'O),YSO(40),SOAVG(40), 
& AQCONUO) ,STCON(40) ,ATC0N(4. >) ,rtQAVG(40) ,STAVG(40), 
& ATAVG(40),FMC(40),FMG(40),DECAY(40),XKD(4,40),SOL(40), 
& FT (40),RA(40),RW(40),BV(40),BR(40).DERATE(40),CWAT(40) 

C 
COMMON/LAND/RAINF.ERODF,STPLNG,COVER.CONTRL,SEDELR,SOILOS . 
& PORS.BDENS.DWET,EXTENT .ADEPTH.PD,RUNOFF, 
& INSITE 

C 
COMM0N/IRRF0O/Y1,Y2.TE1,TE2.TH1,TH2,TH3,TH4,TH5,TH6,FP.FS, 
& ULEAFY.UPROD.UCMILK.UGMILK.UMEAT.UWAT.UAIR, 
& QFC.QFG,TF1,TF2,TS,CL1(40),CL2(40),CP1(40),CP2(40), 
& CCMIK40) ,CCMI2(40) ,CGMI1(40) ,CGMI2(40) . 
& CHEAT(40),C0L1(40),COL2(40),COP1(40),C0P2(40), 
& COCMI1(40),COCMI2(40).COGMI1(40),COGMI2(40). 
& COMEAT(40),QING(40),QINH(40),POP, 
& CSP(40),CSPT(40),CSPO(40),CSP0T(40) 

C 
COMMON/FUNC/XAMBWE.FI.PP.WIRATE, 
& QCW.QGW.QBW.ABSH.P14 

C 
C0MM0N/EVAP/PPN,PHID,P,XIRR,S(12),T(12),TD(12).XINFL,SINFL 

C 
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C0MM0N/PCV/SOC0N(40) 
C0MM0N/CNTRL/N0NCLD,MAXYR.TITLE(20),L0CATE(12).NYR1.NYR2. 

& PCT1.PCT2,LEA0PT.I0PVVV,I0PSAT,IPRT1.IPRT2.IDELT. 
& IRRES1.IRRES2.LIND.IAVG1.IAVG2.RR.FTHECH. 
& WATL.WVATA.WATH.SWATL.SWATA.SWATH.IVAP.IBSHT. 
& UQSTR 

C 
CWATL=(WWATL*AQCON(I)+StfATL*STCON(I))*1.0E9 
DECA=DECAY( D / 8 7 6 0 . 
DECSL=SINFL/(.15*(1.+BDENS/PORS*HCD(1,I)))/8760. 
XAMBEF=DECA+XAMBWE 
TERMl=WIRATE*FI*CHATL**W(I)*(1.0-EXP(-XAMBEF*TE))/(Y*XAlfflEF) 
IF(IFLAG .EQ. 0)CSPO(l)= 

&(CSPO(I)+CWATL*WIRATE*8760.*FI)*EXP(-(DECA+DECSL)*8760.) 
IF(INSITE .EQ. 1)CSPO(I)=SOCON(I) 
TERM2=CSP0(I)*B/PP 
C0VA=(TERM1+TERM2)*EXP(-DECA*TH) 
RETURN 
END 

C 
C 

FUNCTION CVd.Y.TE.TH.B) 
C 
C 
C*** CALCULATION OF RADIONUCLIDE CONCENTRATION IN FORAGE. PRODUCE AND 
C LEAFY VEGETABLES CALLED BY FOOD 
C 
C 
C 
C 

DOUBLE PRECISION NUCLID 
C 

COMMON/NUC/NUCLID(40),ATMASS(40),TRAH(40),SOAM(40),ATAM(40). 
& AQAM(40.1000).STAM(40).POLO(40).POLB(40).CS(40),CW(40). 
& SSTREW (40),SDEEP(40),AIRC0N(40),YS0(40),S0AVG(40), 
& AQCON(40),STC0N(40),ATC0N(40),AQAVG(40),STAVG(40), 
& ATAVG(40),FMC(40),FMG(40).DECAY(40),XKD(4.40),SOL(40). 
& FT (40),RA(40),RW(40),BV(40),BR(40).DERATE(40),CWAT(40) 

C 
COMMON/LAND/RAINF,ERODF,STPLNG,COVER,CONTRL.SEDELR.SOILOS. 

& PORS.BDENS.DWET.EXTENT.ADEPTH.PD.RUNOFF. 
& INSITE 

C 
C0MMON/IRRF0O/Y1.Y2.TE1.TE2.TH1.TH2.TH3.TH4.TH5.TH6.FP.FS, 

& ULEAFY.UPROD.UCMILK.UGMILK.UMEAT.UWAT.DAIR. 
& QFC.QFG.TF1,TF2.TS.CLl(40),CL2(40),CP1(40),CP2(40). 
& CCMI1(40),CCMI2(40),CGMI1(40).CGMI2(40). 
& CMEAT(40),COL1(40),COL2(40),COP1(40),C0P2(40). 
& C0CMI1(40),COCMI2(40),COGMI1(40),COGMI2(40). 
& COMEAT(40/.QING(40).QINH(40).POP. 
& CSP(40),CSPT(40),CSPO(40),CSPOT(40) 

C 
COMMON/FUNC/XAHBWE.FI,PP.WIRATE. 

& QCW.QGW.QBW.ABSH.P14 



C 
C0MM0N/EVAP/PPN.PHID,P.XIRR,S(I2) ,T(12) ,TD(12) .XINFL.SINFL 

C 
COMMON/CNTRL/NONCLD.MAXYR.TITLE(20) .LOCATE(12) .NYRl .MYR2. 
& PCTl,PCT2,LEAOPT.IOPVWV.IOPSAT,IPRTl-IPRT2.IDELT. 
& IRRES1.IRRES2.LIND.IAVG1.IAVG2.RR.FTMECH. 
& WWATL.WWATA.WWATH. SWATL. SWATA . SWATH. IVAP, IBSMT. 
& IAQSTE 

C 
NEXYR=IAVG2-IAVG1 +1 
DECA=DECAY(l)/8760. 
XAMBEF=DECA+XAMBWE 
TERM1=DERATE(I)*RA(I)*(1.0-EXP(-XAMBEF*TE))/(Y*XAMBEF) 
CSP(I)=CSPT(I)/FLOAT(NEXYR) 
IF(INSITE .EQ. 1)CSP(I)=S0AVG(I) 
TERM2=CSP(I)*B/PP 
CV=(TERM1+TERM2)*EXP(-DECA*TH) 
RETURN 
END 

C 
C 

FUNCTION CVA(I.Y.TE.TH.B.IFLAG) 
C 
C 
C*** CALCULATION OF RADIONUCLIDE CONCENTRATION IN FORAGE. PRODUCE AND 
C LEAFY VEGETABLES CALLED BY FOOD 
C 
C 
C 
C 

DOUBLE PRECISION NUCLID 
C 

COMMON/NUC/NUCLID(40),ATMASS(40).TRAM(40).SOAM(40).ATAM(40). 
& AQAM(40 ,1000),STAM(40).POLO(40),POLB(40).CS(40),CW(40). 
& SSTREM(40),SDEEP(40) .AIRC0N(40) ,YS0(40),SOAVG(40), 
& AQCON(40) ,STCON(40) ,ATC0N(40) ,AQAVG(40) ,STAVG(40) . 
& ATAVG(40).FMC(40),FMG(40).DECAY(40).XKD(4.40).SOL(40). 
& FF(40).RA(40),RW(40),BV(40),BR(40).DERATE(40).CWAT(40) 

C 
COMMON/ LAND/ RAINF. ERODF. STPLFG. COVER . CONTRL . SEDELR , SOILOS . 
& PORS.BDENS.DWET.EXTENT, ADEPTH.PD,RUNOFF. 
& INSITE 

C 
COMMON/IRRF00/Y1,Y2,TE1,TE2,THl,TH2.TH3,TH4,TH5,TH6 .FP.FS. 
& ULEAFY.UPROD.UCMILK.UGMILK.UMEAT.UWAT.UAIR, 
& QFwQFG.TFl,TF2.TS,CL1(40),CL2(40),CP1(40),CP2(40). 
& CCMI1(40),CCMI2(40).CGMI1(40).CGMI2(40). 
& CMEATUO) .COLK40) ,C0L2(40) .COP1(40) ,COP2(40) . 
& COCMI1(40).COCMI2(40).COGMI1(40).COGMI2(40), 
& COMEAT(40).QING(40).QINH(40).POP, 
& CSP(40),CSPT(40),CSP0(40),CSP0T(40) 
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C 
COMMON/FUNC/XAMBWE.FI.PP.WIRATE. 

& QCV.QGV.QBH.ABSH.P14 
C 

COMMON/EVAP/PPN.PHID.P.XIRR.S(12) ,T(12) ,TD( 12) .XINFL.SINFL 
C 

COMMON/PCV/SOCON(40) 
C 

DECA=DECAY(I)/8760. 
DECSL=SINFL/(.15*(1.0+BDESS/PORS*XKD(1.I)))/8760. 
XAMBEF=DECA+XAMBVE 
TERMl=DEItATE(I)*^(l)*(1.0-EXP(-XAMBEF*TE))/(Y*XAMBEF) 
IF(IFLAG .EQ. 0) 

&CSP(I)=(CSP(I)+8760.*DERATE(I))*EXP(-(DECA+DECSL)*8760.) 
IFCINSITE .EQ. 1)CSP(I)=S0C0N(I) 
TERM2=CSP(I)*B/PP 
CVA=(TERM1+TERM2)*EXP(-DECA*TH) 
RfcTURN 
END 

C 
C 

SUBROUTINE DPLT(PI.HH.VD.D,IT,IS.XG.RODGH.ELID,COR,VG.H) 
COMPUTES PLUME DEPLETION CORRECTION 

DIMENSION XX(50).FX(5O).AX(5O) 
C0MM0N/C/BYC6),BZl(6).BZ2(6),BZ3(6),A1(6),A2(6),B1(6),B2(6). 
& B3(6),PY(6.5).PZ(6.5),QY(6.5).QZ(6,5),XM(50) 

IF(IS.GT.6)IS=6 
IKPM=1 
IDUM=1 
CALL SIGMAZUG.IT.IS,ROUGH.SIGZ,IKPM,HLID.VG.U,HH) 

C IKPM HAS BEEN RECOMPUTED 
IKP=IKPM+1 
SQRTPI=.79785 
FX(IKP)=EXP(-.5*(HH/SIGZ)**2)/SIGZ 
XX(IKP)=XG 
DO 20 1=1.IKPM 
XX(I)=XM(I) 
CALL SIGMAZ(XX(I).IT,IS.ROUGH.SIGZ,IDUM.HLID.VG,U,HH) 
FX(I)=EXP(-.5*(HH/SIGZ)**2)/SIGZ 

20 CONTINUE 
L=l 
CALL SIMPUN(XX.FX.IKP.L.AX) 
COR=EXP(-SQRTPI*VD/U*AX(IKP)) 
RETURN 
END 

C 
C 
C 
C 
C 
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SUBROUTINE ERORF 
C 
C DETERMINES SEDIMENT LOADING FOR RAIN DRIVEN SURFACE 
C EROSION. AVERAGE ANNUAL SOIL LOSS IN TONS PER ACRE 
C IS CALCULATED USING THE UNIVERSAL SOIL LOSS EQUATION. 
C 
C 
C 
C 
C 
C 
C 
C 
C*************** VARIABLES FOR UNIVERSAL SOIL LOSS EQUATION ************ 
C 
C RAINF=RAINFALL FACTOR 
C ERODF=ERODIBILITT FACTOR 
C STPLNG=SLOPE-STEEPNESS AND SLOPE LENGTH FACTOR 
C COVER=COVER FACTOR 
C CONTRL=EROSION CONTROL PRACTICE FACTOR 
C SEDELR=SEDIMENT DELIVERY RATIO 
C 
C 
C 
C 

COMMON/LAND/RAINF.ERODF.STPLNG.COVER.CONTRL ,SEDELR,SOILOS. 
& PORS.PERMS.BDENS.DWET,EXTENT.ADEPTH.PD,RUNOFF, 
& INSITE 

C 
SOILOS = RAINF * ERODF * STPLNG * COVER * CONTRL * SEDELR 

C 
C 
C 
C 

RETURN 
END 

C 
C 
C 

SUBROUTINE EVAPO 

C 
C THIS PROGRAM PROVIDES AN ESTIMATE OF EVAPOTRANSPIRATION FROM 
C ROUTINE CLIMATOLOGICAL OBSERVATIONS. 
C INPUT PARAMETERS INCLUDE-
C FOR EACH STATION-LATITUDE.AVERAGE ATMOSPHERIC PRESSURE.AVERAGE 
C ANNUAL PRECIPITATION 
C FOR EACH TIME PERIOD- AIR TEMPERATURE.DEW POINT TEMPERATURE. 
C RATIO OF OBSERVED TO MAXIMUM POSSIBLE SUNSHINE DURATION 
C THE ORIGINAL PROGRAM WAS MODIFIED BY RD SHARP FOR 1 YEAR 
C CALCULATIONS INSTEAD OF 5-YEAR AVERAGE CALCULATIONS 
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DATS 
DEG C 
DEG C 

1/DEG C 
MB/DEG 
W/M/M/MB 

C 
C 
C**** 
c**** 
c 
C*************** LIST OF TERMS ***************************************** 
C PHID = LATITUDE - NEGATIVE IN SOUTHERN HEMISPHERE DEG 
C P = AVERAGE ATMOSPHERIC PRESSURE MB 
C PPN = AVERAGE ANNUAL PRECIPITATION MM 
C S(I) = RATIO OF OBSERVED TO MAX POSSIBLE SUNSHINE DURATION 
C MONNUM = MONTH NO STARTING WITH 1 FOR JANUARY 
C N = NUMBER OF DAYS IN MONTH 
C TD = DEW POINT TEMPERATURE 
C T = AIR TEMPERATURE 
C ALPHA(J}= CONSTANT IN COMPUTATION OF VAPOUR PRESSURE 
C BETA(J) = CONSTANT IN COMPUTATION OF VAPOUR PRESSURE 
C GAMMA(J)= SENSIBLE HEAT TRANSFER COEFFICIENT 
C FAZ(J) = VAPOUR TRANSFER COEFFICIENT * STABILITY FACTOR 
C L(J) = LATENT HEAT 
C ADEL(J) = DIFFERENCE BETWEEN MAXIMUM AND MINIMUM ALBEDOS 
C (J) = 1 WHEN T IS GREATER THAN OR EQUAL TO ZERO 
C (J) = 2 WHEN T IS LESS THAN ZERO 
C V = SATURATION VAPOUR PRESSURE AT T 
C VD = SATURATION VAPOUR PRESSURE AT TD 
C DELTA = SLOPE OF SATURATION VAPOUR PRESSURE CURVE AT T 
C PHI = LATITUDE 
C THETA = DECLINATION OF SUN 
C OMEGA = HALF THE ANGLE BETWEEN SUNRISE AND SUNSET 
C COSZ = COSINE OF THE SOLAR ZENITH ANGLE 
C NETA = RADIUS VECTOR OF SUN 
C GE = EXTRA-ATMOSPHERIC GLOBAL RADIATION 
C AZ = ALBEDO WHEN SUN IS AT ZENITH 
C AL = MINIMUM ALBEDO 
C AU = MAXIMUM ALBEDO 
C DUST = TURBIDITY COEFFICIENT 
C W = PRECIPITABLE WATER VAPOUR 
C TAUT = TRANSMISSIVITY FOR DIRECT BEAM SOLAR RADIATION 
C TAUA = PARTIAL TRANSMISSIVITY DUE TO ABSORPTION ALONE 
C GO = CLEAR SKY GLOBAL RADIATION 
C G = INCIDENT GLOBAL RADIATION 
C B = NET LONG WAVE RADIATION 
C RAU = NET RADIATION AT MINIMUM ALBEDO 
C RAL = NET RADIATION AT MAXIMUM ALBEDO 
C ZETA = STABILITY FACTOR 
C FA = VAPOUR PRESSURE COEFFICIENT 
C LAMDA = HEAT TRANSFER COEFFICIENT 
C D = PENMAN WEIGHTING FACTOR 
C KSI = IMPROVEMENT TO PRIESTLY-TAYLOR WEIGHTING FACTOR 
C M = ADVECTION ENERGY TERM 
C E = EVAPORATION FROM MOIST SURFACE AT AIR TEMPERATURE 
C RA = NET RADIATION 
C EP = POTENTIAL EVAPORATION 
C EA = AREA! EVAPORATION 
C RAM = NET RADIATION 

MB 
MB 
MB/DEG 
RADIANS 
RADIANS 
RADIANS 

W/M*M 

MM 

W/(M*M) 
W/(M*M) 
W/(M*M) 
W/(M*M) 
W/(M*M) 

W/M/M/MB 
MB/DEG 

W/(M*M) 
W/(M*M) 
W/(M*M) 
W/(M*M) 
W/(M*M) 
MM 
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C EPM = POTENTIAL EVAPORATION MM 
C EAM = AREAL EVAPORATION MM 
C XIRR = ANNUAL IRRIGATION 
C XINFL = ANNUAL INFILTRATION 
C*********************************************************************** 
C*************** SPECIFICATION STATEMENTS ****************************** 
C 

COMMON/EVAP/PPN.PHID,P.XIRR.S(12),T(12),TD(12).XINFL,SINFL 
C 

COMMON/LAND/RAINF,ERODF.STPLNG.COVER.CONTRL.SEDELR.SOILOS. 
& PORS.BDENS.DWET.EXTENT.ADEPTH.PD.RUNOFF, 
& INSITE 

C 
INTEGER CONS(12) 
REAL N 
REAL KSI.LAMDA.M.MU.NETA.LNQ.LNX.LNY.LNZ 
REAL LNZZ 
REAL ADEL(2) ,ALPHA(2),BETA(2).GAMMA(2),FAZ(2).L(2) 
DIMENSION TEAM(12).TEPM(12).TRAM(12) 
DIMENSION N(12) 
DATA N/31..28.25.31.,30..31..30..31..31..30..31..30..31/ 

C*************** CONSTANTS ********************************************* 
C 

PPN=(XIRR+PPN)*1000. 
DATA ALPHA/17.27.21.88/ 
DATA BETA/237.3.265.5/ 
DATA FAZ/22.,25.30/ 
DATA L/28.5.32.78/ 
DATA ADEL/.05..50/ 
DATA PI/3.141592654/ 
GAMMA(1)=0.66*P/1013. 
GAMMA(2)=0.66*P/(1013.*1.15) 
PHI=PHID*PI/180. 
LNQ=-(PPN/(920.*(1013./P-SIN(ABS(PHI)))))**5 
IFUNQ.LT.-675.)LNQ=-675. 
AZ=.11+.06*EXP(LNQ) 
LNZ=-(PHID/38.)**8. 
IF(LNZ.LT.-675.)LNZ=-675. 
LNZZ=-(PHID/6.)**8 
IF(LNZZ.LT.-675.)LNZZ=-675. 
DO 25 1=1,12 
TEAM(I)=0.0 
TEPM(I)=0.0 
TRAM(I)=0.0 

25 CONTINUE 
DO 30 1=1,12 
IF(T(I) .GE. 0.0) CONS(I) =1 
IF(T(I) .LT. 0.0) CONS(I) =2 

30 CONTINUE 
C*************** CALCULATIONS ****************************************** 
C 



DO 60 1=1.12 
MONNUM=I 
J=CONS(l) 
V = 6.11*ESP(ALPHA(J) * T(I)/(T(l)+BETA(J))) 
DELIA = AL?HA(J)*BETA(J)*V/(T(I)+BETA(J))**2.0 
VD=6,11*EIP(17.27*TD(l)/(TD(l)+237.3)) 
THETA=23.2*PI/180.*SIH((29.5*M0NNDM-94.)*PI/180.) 
IF(THETA.LT.PHI-89.999*PI/180.) THBTA=PHI-89.999*PI/180. 
IFCTHETA.GT.PHI+89.999*PI/180.) THETA=PHI+89.999*PI/180. 

C ACOM=-TAN(PHI)*TAN(THETA) 
ACOM=-(SIH(PHl)/COS(PHI))*SIN(THETA)/COS(THETA) 
IF(ACOM.LT.-l.)AC0M=-1. 

C THE NEXT 6 LINES RETURN THE ARC COSINE OF ACOM 
IF(ACOM) 100.101,102 

100 OMEGA=PI-ATAN(SQRT((1.-ACOM**2)/ACOM**2)) 
GO TO. 103 

101 OMEGA=PI/2, 
GO TO 103 

102 OMEGA=ATAN(S*RT((1.-ACOM**2)/ACOM**2)) 
103 COSZ=SIR(PHI)*SIN(THETA)+COS(PHI)*COS(THETA)*SIN(OMEGA)/OMEGA 

NBTA=1.+SIN((29.5*MONNOM-106.)*PI/180.)/60. 
GE=1354.*COSZ*OMEGA/(PI*NETA*NETA) 
ZENA=ABS(PHI-THETA) 
AL=AZ*(EXP(.855)-EXP((ZENA)*1.71/PI)*(C0S(ZENA)*1.71/ 
*PI+SIN(ZENA)))/(l.296*(1.-SIN(ZENA))) 
AO=AL+ADEL(J) 
DUST=(.47+(COS(PHI-THETA))**2)*EXP((P-1013.)*(.17-AZ)*84.2/1013.) 
W=VD/(.49+T(D/129.) 
LNX=((-.089*(P/(C0SZ*lO13.))**.75)-(.083*(DDST/COSZ)+*.9) 
*-(.0288*(W/COSZ)**.6)) 
IF(LNX.LT.-675.)LNX=-675. 
IF(LNX.GT.700.)LNX=700. 
TAOT=EXP(LNX) 
LNY=(-.05-.01*(DDST/COSZ)**1.8-,00288**.5*(W/COSZ)**.3) 
IF(.00288**.5*(W/COSZ)**.3.GT..0288*(W/COSZ)**.6) LNY=(-.05-.01*(D 
1UST/COSZ)**1.8-.0288*(W/COSZ)**.6) 
IF(LNY.LT.LNX)LNY=LNX 
TAOA=EXP(LNY) 
G0=GE*(TADT+TA0T*(1,-TAOT/TAUA)*(1+AL*TA0T)) 
G=G0*((.28+.1*EXP(LNZ)-.04*EXP(LNZZ))* 
*(1.-S(I))+S(I)) 
CC=l.-(G/GE-.18)/.55 
IF(CC.LT.O.)CC=0. 
IF(CC.GT.1.)CC=1. 
C=CC**.75 
WFCS=.25-.005*(V-VD) 
IF(WFCS.LT.O.)WFCS=0. 
B=5.22*((273.+T(l))**4*(l.-(.707+VD/158.)*(l.+WFCS*C*C)))/10.**8. 
RAU=(1.-AL)*G-B 
RAL=(1.-AU)*G-B 
ZETA=(ABS(V-VD)/6.11)**.12 
FA=FAZ(J)/ZETA 
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LAMDA=GAHMA(j)+20.88*(T(I)+273.)**3./(FA*10.**8.) 
D=l . / ( l .+LAMDA/DELTA) 
KSI=.26+1./(1.+(LAMnA*(LAMDA+,5*DELTA*(1.+VD/V)))/(DELTA*(LAMDA+ 

*DELTA*VD/V))) 
MU=KSI-D 
M=.66*B-.44*EAU 
IF(M.LT.0.)M=0. 
E=FA*(V-VD) 
IF(E.LT.(.7*KSI*M+MO*RAL)/(l.-D))E=(.7*KSI*M+MD*RAL)/(l.-D) 
IF(M.GT.((1 .-D)*E-MD*RAL)/KSI)M=((1 .-D)*E-MD*RAL)/ 

*KSI 
RA=RAD 
IF(RA.GT.((1.-D)*E-KSI*M)/MU) 

*RA=((1.-D)*E-KSI*M)/MU 
EP=D*RA+(1.-D)*E 
EA=2.*KSI*(RA+M)-EP 
EAM=N(MONNUM)*EA/L(J) 
EPM=H(MONNDM)*EP/L(J) 
RAM=N(M0NNUM)*RA/L(J) 
N(2)=28 
EAM=FL0AT(IFIX(EAM+.5:) 
EPM=FL0AT(lFIX(EPM+.5)) 
RAM=FLOAT(IFIX(RAM+ . 5 ) ) 
TEAM(MONNOM) = TE/M(M0NNUK) + EAM 
TEPM(MONNUM) = TEPM(MONNUM) + EPM 
TRAM(MONNDM) = TRAM(MONNUM) + RAM 
IF(MONNUM .EQ. 12) YEAR = YEAR + 1 

60 CONTINUE 
C*********************************************************************** 

EAM1YR=0.0 
RAM1YR=0.0 
EPM1YR=0.0 
DO 70 1=1,12 
EAM1YR = EAM1YR + TEAM(I) 
EPM1YR = EPM1YR + TEPM(I) 
RAM1YR = RAM1YR + TRAM(I) 

70 CONTINUE 
PPN=PPN-XIRR*1000. 
SINFL=(1.-RUNOFF)*PPN+XIRR*1000.-EAM1YR 
PPN=PPN/1000. 
SINFL=SINFL/1000. 
IF(SINFL .LT. 0)WRITE(6.6000) 

6000 FORMAT CO 1,'*** CALCULATED SITE INFILTRA'-ION LESS THAN', 
& ' ZERO, INFILTRATION SET TO 1.0E-12 ') 
IF(SINFL .LT. 0.)SINFL=1.0E-5 
RFTT'RN 
END 

C 
C 

DOUBLE PRECISION FUNCTION FCN(T.) 
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C 
c 
c 
C FCN DETERMINES FUNCTIONAL EVALUATIONS OF 
C THE INTEGRAND OF THE GROUNDWATER TRANSPORT MODEL. 
C FCN IS CALLED BY QUANC8. 
C 
C 
C 
C 

IMPLICIT REAL*8(A-H»0-Z) 
C 

COMMON/DOUBLE/V,XL.D.R.AL 
C 

DATA PI/3.14159265D0/ 
P=V*XL/D 
DN=AL*XL/V 
TH=T*V/XL 
F1=(R/TH-1.D0) 
F2=P*TH/4.0D0/R 
F3=DN*TH 
F4=(R*P/PI/TH**3)**.5 
FCN=.5D0*V/XL*F4*DEXP(-F3-F2*F1*F1) 
RETURN 
END 

C 
C 
C 

SUBROUTINE FOOD(EH) 
C 
C 
C 
C***** CALCULATION OF RADIONUCLIDE CONCENTRATION IN VEGETABLES, MILK AND 
C MEAT CONSUMED BY MAN RESULTING FROM ATMOSPHERIC DEPOSITION 
C CALLED BY MAIN. 
C 
C 
C 
C 
C 
C 
C 
C INPUT VARIABLES 
C 
C NN = NUCLIDE NUMBER 
C DECAY = RADIOACTIVE DECAY CONSTANT 1/Y 
C XAMBWE = WEATHER DECAY CONSTANTS 1/H 
C AIRBORNE MATERIAL 
C PP SURFACE DENSITY FOR SOIL KG/M**2 
C RA = RETENTION FRACTION 
C BV = CONCENTRATION FRACTION FOR UPTAKE OF RADIONUCLIDE 
C FROM SOIL BY VEGETATIVE PARTS OF CROPS 
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C 
C 
C 
C 
C 
c 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
r 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

KG/M**2 
KG/M**2 
H 
H 

H 

BR = CONCENTRATION FRACTION FOR UPTAKE OF RADIONUCLIDE 
FROM SOIL BY REPRODUCTIVE PARTS OF CROPS 

DERATE = RADIONUCLIDE DEPOSITION RATE PCI/M**2-H 
IOPT = OPTIONS FOR SPECIALS RADIONUCLIDES H-3 AND C-14 

IOPT = 1 IF H-3 AND C-14 IS NOT INCLUDED IN THIS RUN 
IOPT = 2 IF ONLY H-3 IS INCLUDED 
IOPT = 3 IF ONLY C-14 IS INCLUDED 
IOPT = 4 IF BOTH ARE INCLUDED 

Yl = AG PRODUCTIVITY FOR GRASS CONSUMED BY ANIMALS 
Y2 = AG PRODUCTIVITY FOR VEGETATION CONSUMED BY MAN 
TE1 = TIME PASTURE GRASS EXPOSED DURING GROWING SEASON 
TE2 = TIME CROP/VEG EXPOSED DURING GROWING SEASON 
TH1 = PERIOD DELAY BETWEEN HARVEST OF PASTURE GRASS 

AND INGESTION BY ANIMALS 
TH2 = FERIOD DELAY BETWEEN HARVEST OF STORED FEED AND 

INGESTION BY ANIMAL 
TH3 = PERIOD DELAY BETWEEN HARVEST OF LEAFY VEG AND 

INGESTION BY MAN FOR MAXIMUM INDIVIDUAL EXPOSURE H 
TH4 = PERIOD DELAY BETWEEN HARVEST OF PRODUCE AND 

INGESTION BY MAN FOR MAXIMUM INDIVIDUAL EXPOSURE H 
TH5 = TIME DELAY BETWEEN HARVEST LEAFY VEG AND 

INGESTION BY MAN FOR GENERAL POPULATION EXPOSURE H 
TH6 = TIME DELAY BETWEEN HARVEST OF PRODUCE AND 

INGESTION BY MAN FOR GENERAL POPULATION EXPOSURE H 
FP = FRACTION OF YEAR THAT ANIMAL GRAZE ON PASTURE 
FS = FRACTION OF DAILY FEED THAT IS FRESH GRASS WHEN 

ANIMALS GRAZE ON PASTURE 
FMC = FRACTION OF THE COW'S DAILY INTAKE OF 

RADIONUCLIDE WHICH APPEARS IN EACH LITER OF MILK D/L 
FMG = FRACTION OF THE GOAT'S DAILY INTAKE OF 

RADIONUCLIDE WHICH APPEARS IN EACH LITER OF MILK 
QFC = AMOUNT OF FEED CONSUMED BY CATTLE 
QFG = AMOUNT OF FEED CONSUMED BY GOATS 
TF1 = TRANSPORT TIME OF RADIONUCLIDE FROM 

FEED-MILK-RECEPTOR FOR M.I.E. 
TF2 = TRANSPORT TIME OF RADIONUCLIDE FROM 

FEED-MILK-RECEPTOR FOR G.P.E. 
F* = FRACTION OF THE ANIMAL'S DAILY INTAKE OF 

RADIONUCLIDE WHICH APPEARS IN EACH KG OF FLESH 
TS = TIME FROM SLAUGHTER OF MEAT TO CONSUMPTION 
ABSH = ABSOLUTE HUMIDITY OF THE ATMOSPHERE 
P14 = FRACTIONAL EQUILIBRIUM RATIO FOR C-14 
INTERMEDIATE VARIABLES 
XAMBEF= EFFECTIVE DECAY CONSTANT 
CPAST = NUCLIDE CONC IN PASTURE GRASS CONSUMED BY ANIMALS 
CSTO = NUCLIDE CONC IN STORED FEED CONSUMED BY ANIMALS 
CFEED = RADIONUCLIDE CONCENTRATION IN ANIMALS'S FEED 

OUTPUT VARIABLES 

D/L 
KG/D 
KG/D 

H 
D/KG 
H 
G/M**3 
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c CL1 
c 
c CL2 
c 
c CP1 
c 
c CP2 
c 
c CCMI1 
c CCMI2 
c CGMI1 
c CGMI2 
c CHEAT 
c 
c 
c 

RADIONUCLIDE CONC IN LEAFY VEG CONSUMED BY MAN 
FOR K.I.E. PCI/KG 
RADIONUCLIDE CONC IN LEAFY VEG CONSUMED BY MAN 
FOR G.P.E. PCI/KG 
RADIONUCLIDE CONC IN PRODUCE CONSUMED BY MAN 
FOR M.I.E. PCI/KG 
RADIONUCLIDE CONC IN PRODUCE CONSUMED BY MAN 
FOR G.P.E. PCI/KG 
RADIONUCLIDE CONC IN COW'S MILK FOR M.I.E. PCI/L 
RADIONUCLIDE CUIC IN COW'S MILK FOR G.P.E. PCI/L 
RADIONUCLIDE CONC IN COAT'S MILK FOR M.I.E. PCI/L 
RADIONUCLIDE CONC IN GOAT'S MILK FOR G.P.E. PCI/L 
RADIONUCLIDE CONC IN BEEF CATTLE'S MEAT PCI/KG 

DOUBLE PRECISION NUCLID.H3.C14 
C 

COMM0N/NUC/NUCLID(40) .ATHASS(40).TRAM(40),S0AM(40).ATAM(AO). 
& AQAM(40.1000).STAM(40),POLO(40),P0LB(40).CS(40),CW(40). 
& SSTREM(40),SDEEP(40) .A IE CON(40),YSO(40),SOAVG(40). 
& AQCON(40),STC0N(40),ATC0N(40) »AQAVG(40),STAVG(40). 
& ATAVG(40).FMC(40),FHG(40).DECAY(40),XKD(4,40),S0L(40). 
& FF(40),RA(40).RW(40),BV(40),BR(40).DERATE(40),CWAT(40) 

C 
COMMON/IRRFOO/Y1.Y2.TE1.TE2.TH1.TH2.TH3.TH4.TH5.TH6.FP.FS. 
& ULEAFY.UPROD.UCMILK.UGMILK.UMEAT.UWAT.UAIR. 
& QFC,QFG.TF1,TF2,TS,CL1(40) ,CL2(40) ,CP1(40) ,CP2(40) . 
& CCMI1(40).CCMI2(40).CGMI1(40),CGMI2(40). 
& CMEAT(40) .COLK40) ,C0L2(40) ,COP1(40) ,COP2(40). 
& COCMI1(40),COCMI2(40).COGMI1(40).COGMI2(40). 
& COMEAT(40),QING(40),QINH(40).POP. 
& CSP(40),CSPT(40),CSPO(40).CSPOT(40) 

C 
COMMON/FUNC/XAMBWE.FI.PP.WIRATE. 
& QCV.QGV.QBW.ABSH.P14 

C 
DATA H3/8HH-3 /.C14/8HC-14 / 
DECA=DECAY(NN)/8760. 
IF(NUCLID(NN) .EQ. H3) GO TO 200 
IF(NUCLID(NN) .EQ. C14) GO TO 300 

C CALCULATION OF CPAST= RADIONUCLIDE CONCENTRATION IN PASTURE GRASS 
C CONSUMED BY ANIMALS 

100 B=BV(NN) 
CPAST=CV(NN.Y1.TE1.TBI.B) 

C CALCULATION OF CSTO = RADIONUCLIDE CONCENTRATION IN STORED FEED 
C CONSUMED BY ANIMALS 

CST0=CV(NN,Y1,TE1.TH2.B) 
C CALCULATION OF CFEED = RADIONUCLIDE CONC IN ANIMAL'S FEED 

CFEED=FP*FS*CPAST+(1.0-FP*FS)*CSTO 
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C*** CALCULATION OF CLX = RADIONUCLIDE CONC IN LEAFY VEG CONSUMED 
C BY MAN 
C*** 1. FOR MAXIMUM INDIVIDUAL EXPOSURE 

CLl(NN)=CV(NN.Y2,TE2,TR3.B) 
C 
C*** 2. FOR GENERAL POPULATION 

CL2(NN)=CV(NN,Y2.TE2,TH5,B) 
C 
C*** CALCULATION OF CPX = RADIONUCLIDE CONC IN PRODUCE 
C CONSUMED BY MAN 
C*** I. FOR MAXIMUM INDIVIDUAL EXPOSURE 

B=BR(NN) 
CP1(NN)=CV(NN,Y2.TE2.TH4.B) 

C 
C*** 2. FOR GENERAL POPULATION 

CP2(NN)=CV(NN.Y2.TE2.TH6,B) 
C 
C*** CALCULATION OF CCMIX = RADIONUCLIDE CONCENTRATION IN COW'S MILK 
C*** 1 FOR MAXIMUM INDIVIDUAL EXPOSURE 

CCMI1(NN)=FMC(NN)*CFEED*QFC*EXP(-DECA*TF1) 
C 
C*** 2 FOR GENERAL POPULATION 

CCMI2(NN)=FMC(NN)*CFEED*QFC*EXP(-DECA*TF2) 
C 
C*** CALCULATION OF CGMIX = RADIONUCLIDE CONCENTRATION IN GOAT'S MIUC 
C 1 FOR MAXIMUM INDIVIDUAL EXPOSURE 

CGMI1(NN)=FMG(NN)*CFEED*QFG*EXP(-DECA*TF1) 
C 
C*** 2 FOR GENERAL POPULATION 

CGMI2(NN)=FMG(NN)*CFEED*QFG*EXP(-DECA*TF2) 
C 
C*** CALCULATION OF CMEAT = RADIONUCLIDE CONC IN BEEF CATTLE'S MEAT 

CMEAT(NN)=FF(NN)*CFEED*QFC*EXP(-DECA*TS) 
RETURN 

C 
C*** CALCULATION FOR SPECIAL RADIONUCLIDE: TRITIUM 
C 
C*** CALCULATION OF CV3 = TRITIUM CONCENTRATION IN ALL VEGETATION 

200 CV3=3.75E14*ATAVG(NN)/ABSH 
C*** CALCULATION OF CONCENTRATION Of T2ITIUM IN VEGETATION. MILK 
C AND MEAT CONSUMED BY MAN 

CL1(NN)=CV3 
CL2(NN)=CV3 
CP1(NN)=CV3 
CP2(NN)=CV3 
CCMI1(NN)=FMC(NN)*CV3 *QFC 
CCMI2(NN)=CCMI1(NN) 
CGMI1(NN)=FMG(NN)*CV3*QFG 
CGMI2(NN)=CGMI1(NN) 
CMEAT(NN)=FF(NN)*CV3*QFC 
RETURN 
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C 
C*** CALCULATION FOR SPECIAL RADIONUCLIDE: CARBON-14 
C 
C*** CALCULATION OF CV14 = C-14 CONCENTRATION IN ALL VEGETATION 
300 CV14=6.875E14*ATAVG(NH)*P14 

C*** CALCULATION OF C-14 CONCENTRATION IN VEGETATION, MILK AND MEAT 
C CONSUMED BT MAN 

CL1(NN)=CV14 
CL2(NN)=CV14 
CP1(HN)=CV14 
CP2(NN)=CV14 
CCMI1(NH)=FMC(HN)*CV14*QFC 
CCMI2(NH)=CCMI1(NN) 
CGMI1(NN)=FMG(NN)*CV14*QFG 
CGMI2(NH)=CGMI1(NN) 
CMUAT(NN)=FF(NN)*CV14*QFC 
RETURN 
END 

C 
C 
C 

SUBROUTINE FOODA(NN) 
C 
C 
C 
C***** CALCULATION OF RADIONUCLIDE CONCENTRATION IN VEGETABLES, MILK AND 
C MEAT CONSUMED BT MAN RESULTING FROM ATMOSPHERIC DEPOSITION 
C CALLED BY MAIN. 
C 
C 
C 
C 
C 
C 
C 
C INPUT VARIABLES 
C 
C NN = NUCLIDE NUMBER 
C DECAY = RADIOACTIVE DECAY CONSTANT 1/Y 
C XAMBWE = WEATHER DECAY CONSTANTE 1/H 
C AIRBORNE MATERIAL 
C PP = SURFACE DENSITY FOR SOIL KG/M**2 
C RA = RETENTION FRACTION 
C BV = CONCENTRATION FRACTION FOR UPTAKE OF RADIONUCLIDE 
C FROM SOIL BY VEGETATIVE PARTS OF CROPS 
C BR = CONCENTRATION FRACTION FOR UPTAKE OF RADIONUCLIDE 
C FROM SOIL BY REPRODUCTIVE PARTS OF CROPS 
f DERATE = RADIONUCLIDE DEPOSITION RATE PCI/M**2-H 
C IOPT = OPTIONS FOR SPECIALS RADIONUCLIDES H-3 AND C-14 
C IOPT = 1 IF H-3 AND C-14 IS NOT INCLUDED IN THIS RUN 
C IOPT = 2 IF ONLY H-3 IS INCLUDED 
C IOPT = 3 IF ONLY C-14 IS INCLUDED 
C IOPT = 4 IF BOTH ARE INCLUDED 
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C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

Yl = AG PRODUCTIVITY FOR GRASS CONSUMED BY ANIMALS KG/M**2 
Y2 = AG PRODUCTIVITY FOR VEGETATION CONSUMED BY MAN KG/M**2 
TE1 = TIME PASTURE GRASS EXPOSED DURING GROWING SEASON H 
TE2 = TIME CROP/VEG EXPOSED DURING GROWING SEASON H 
TBI = PERIOD DELAY BETWEEN HARVEST OF PASTURE GRASS 

AND INGESTION BY ANIMALS H 
TH2 = PERIOD DELAY BETWEEN HARVEST OF STORED FEED AND 

INGESTION BY ANIMAL H 
TH3 = PERIOD DEIAY BETWEEN HARVEST OF LEAFY VEG AND 

INGESTION BY MAN FOR MAXIMUM INDIVIDUAL EXPOSURE H 
TH4 = PERIOD DELAY BETWEEN HARVEST OF PRODUCE AND 

INGESTION BY MAN FOR MAXIMUM INDIVIDUAL EXPOSURE H 
TH5 = TIME DELAY BETWEEN HARVEST LEAFY VEG AND 

INGESTION BY MAN FOR GENERAL POPULATION EXPOSURE H 
TH6 = TIME DELAY BETWEEN HARVEST OF PRODUCE AND 

INGESTION BY MAN FOR GENERAL POPULATION EXPOSURE H 
FP = FRACTION OF YEAR THAT ANIMAL GEAZE ON PASTURE 
FS = FRACTION OF DAILY FEED THAT IS FRESH GRASS WHEN 

ANIMALS GRAZE ON PASTURE 
FMC = FRACTION OF THE COW'S DAILY INTAKE OF 

RADIONUCLIDE WHICH APPEARS IN EACH LITER OF MILK D/L 
FMG = FRACTION OF THE GOAT'S DAILY INTAKE OF 

RADIONUCLIDE WHICH APPEARS IN EACH LITER OF MILK D/L 
QFC = AMOUNT OF FEED CONSUMED BY CATTLE KG/D 
QFG - AMOUNT OF FEED CONSUMED BY GOATS KG/D 
TF1 = TRANSPORT TIME OF RADIONUCLIDE FROM 

FEED-MILK-RECEPTOR FOR M.I.E. H 
TF2 = TRANSPORT TIKE OF RADIONUCLIDE FROM 

FEED-MILK-RECEPTOR FOR G.P.E. H 
FF = FRACTION OF THE ANIMAL'S DAILY INTAKE OF 

RADIONUCLIDE WHICH APPEARS IN EACH KG OF FLESH D/KG 
TS = TIME FROM SLAUGHTER OF MEAT TO CONSUMPTION H 
ABSH = ABSOLUTE HUMIDITY OF THE ATMOSPHERE G/M**3 
P14 = FRACTIONAL EQUILIBRIUM RATIO FOR C-14 
INTERMEDIATE VARIABLES 
XAMBEF= EFFECTIVE DECAY CONSTANT 
CPAST = NUCLIDE CONC IN PASTURE GRASS CONSUMED BY ANIMALS 
CSTO = NUCLIDE CONC IN STORED FEED CONSUMED BY ANIMALS 
CFEED = RADIONUCLIDE CONCENTRATION IN ANIMALS'S FEED 

OUTPUT VARIABLES 

CLl = RADIONUCLIDE CONC IN LEAFY VEG CONSUMED BY MAN 
FOR M.I.E. 

CL2 = RADIONUCLIDE CONC IN LEAFY VEG CONSUMED BY MAN 
FOR G.P.E. 

CP1 = RADIONUCLIDE CONC IN PRODUCE CONSUMED BY MAN 
FOR M.I.E. 

CP2 = RADIONUCLIDE CONC IN PRODUCE CONSUMED BY MAN 
FOR G.P.E. 

PCI/KG 

PCI/KG 

PCI/KG 

PCI/KG 
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C CCMI1 = RADIONUCLIDE COHC III COW'S MILK FOR M.I .E. PCI/L 
C CCKL2 = RADIONUCLIDE COHC IH COW'S MILK FOR G.P.E. PCI/L 
C CGMI1 = RADIONUCLIDE COHC IH GOAT'S MILK FOR M.I .E. PCI/L 
C CGMI2 = RADIONUCLIDE COHC IH GOAT'S MUX FOR G.P.E. PCI/L 
C CHEAT = RADIOHDCLLDE COHC IH BEEF CATTLE'S MEAT PCI/KG 
C 
C 
C 

DOUBLE PRECISION HDCLID.H3.C14 
C 

COMMOH/HUC/HUCLID(40).ATMASS(40).TRAM(40).SOAM(40).ATAM(40). 
& AQAM(40.1000).STAM(40).POLO(40),POLB(40),CS(40).CV(40). 
& SSTRE3K40).SDEEP(40).AIRC0M(40),YSO(40),SOAVG(40). 
& AQC0H(40).STCOH(40),ATCON(40),AQAYG(40).S1AVG(40). 
& ATAVG(40)•FMC(AO),FMG(40),DECAY(40),XKB(4.40).S0L(40). 
& FF(40),RA(40).RV(40).BV(40).BR(40).DERATE(40),CWAT(40) 

C 
COMMOH/IRRFOO/Tl.T2.TE1.TE2.TH1.TH2.TH3.TH4.TH5.TH6.FP.FS. 
& ULEAFT.UPROD.UCMILK.UGMILK.UMEAT.UHAT.UAIR. 
& QFC.QFG.TF1.TF2.TS.CLH40) .CL2(40) ,CP1(40) .CP2(40) , 
& CCMI1(40).CCMI2(40).CGMI1(40).CGMI2(40). 
& CMEAT(40) .C0LK40) ,C0L2(40) ,COP1(40) ,C0P2(40). 
& COCMI1(40),COCMI2(40).COGMI1(40).COGMI2(40), 
& COMEAT(40),QTHG(40),QIHH(40).POP, 
& CSP(40).CSPT(40),CSPO(40),CSPOT(40) 

C 
COMMON/FUNC/XAMBWE,FI.PP.WIRATE. 
& QCW,QGV.QBW.ABSE.P14 

C 
DATA H3/8HH-3 / .C14/8HC-14 / 
IFLAG=0 
DECA=DECAT(HH)/8760. 
IF(HUCLID(HH) .EQ. H3) GO TO 200 
IF(HUCLID(HH) .EQ. C14) GO TO 300 

C CALCULATION OF CPAST= RADIONUCLIDE CONCENTRATION IH PASTURE GRASS 
C CONSUMED BY ANIMALS 

100 B=BV(NN) 
CPAST=CVA(NN.Y1,TE1.TBI,B.IFLAG) 

C CALCULATION OF CSTO = RADIONUCLIDE CONCENTRATION IH STORED FEED 
C CONSUMED BT ANIMALS 

IFLAG=1 
CST0=CVA(NN,Y1,TE1,TH2,B.IFLAG) 

C CALCULATION OF CFEED = RADIONUCLIDE CONCENTRATION IK ANIMAL'S FEE 
CFEED=FP*FS*CPAST+(1,0-FP*FS)*CSTO 

C 
C*** CALCULATION OF CLX = RADIONUCLIDE COHC IH LEAFY VEG CONSUMED 
C BT MAN 
C*** 1. FOR MAXIMUM INDIVIDUAL EXPOSURE 

IFLAG=1 
CL1<NN)=CVA(NN.Y2,TE2.TH3.B,IFLAG) 

C 
C*** 2. FOR GENERAL POPULATION 
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IFLAG=1 
CL2(NN)=CVA(NN.Y2,TE2.TH5.B.IFLAG) 

C 
C*** CALCULATION OF CPX = RADIONUCLIDE CONC IN PRODUCE 
C CONSUMED BT MAN 
C*** 1. FOR MAXIMUM INDIVIDUAL EXPOSURE 

B=BR(NN) 
IFLAG=1 
CP1(NN)=CVA(NN,Y2.TE2,TH4,B.I FLAG) 

C 
C*** 2. FOR GENERAL POPULATION 

IFLAG=1 
CP2(HN)=CVA(BN.T2,TE2.TH6.B.I FLAG) 

C 
C*** CALCULATION OF CCMIX = RADIONUCLIDE CONCENTRATION IN COW'S MILK 
C*** 1 FOR MAXIMUM INDIVIDUAL EXPOSURE 

CCMI1 ( Nil) =FMC ( HN) *CFEED*QFC*EXP ( -DECA*TF1) 
C 
C*** 2 FOR GENERAL POPULATION 

CCMI2(HH)=FMC(NN)*CFEED*QFC*EXP(-DECA*TF2) 
C 
C*** CALCULATION OF CGMIX = RADIONUCLIDE CONCENTRATION IN GOAT'S MILK 
C 1 FOR MAXIMUM INDIVIDUAL EXPOSURE 

CGMI1 ( HN) =FMG( NN) *CFEED*QFC*EXP ( -DECA*TF1) 
C 
C*** 2 FOR GENERAL POPULATION 

CGMI2(NN)=FMG(NN)*CFEED*QFC*EXP(-DECA*TF2) 
C 
C*** CALCULATION OF CHEAT = RADIONUCLIDE CGMC IN BEEF CATTLE'S MEAT 

CMEAT(NN)=FF(NN)*CFEED*QFC*EXP(-DECA*TS) 
RETURN 

C 
C*** CALCULATION FOR SPECIAL RADIONUCLIDE: TRITIUM 
C 
C*** CALCULATION OF CV3 = TRITIUM CONCENTRATION IN ALL VEGETATION 
200 CV3=3.75E14*ATCON(NN)/ABSH 

C*** CALCULATION OF CONCENTRATION OF TRITIUM IN VEGETATION, MILK 
C AND MEAT CONSUMED BY MAN 

CL1'NN)=CV3 
CL2(NN)=CV3 
CP1(NN)=CV3 
CP2(NN)=CV3 
CCMII(NN)=FMC(NN)*CV3*QFC 
CCMI2(NN)=CCMI1(NN) 
CGMI1(NN)=FMGINN)*CV3*QFG 
CGMI2(NN)=CGMI1(NN) 
CMEAT(NN)=FF(NN)*CV3*QFC 
RETURN 

C 
C*** CALCULATION FOR SPECIAL RADIONUCLIDE: CARBON-14 
C 
C*** CALCULATION OF CV14 = C-14 CONCENTRATION IN ALL VEGETATION 
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300 CV14=6.875E14*ATCON(NN)*P14 

C*** CALCULATION OF C-14 CONCENTRATION IN VEGETATION, MILK AND MEAT CO 
C BY MAN 

CL1(NN)=CV14 
CL2(NN)=CV14 
CP1(NN)=CV14 
CP2(NN)=CV14 
CCMI1 (NN) =FMC(NN)*CV14*C. 
CCMI2(NN)=CCMI1(NN) 
CGMI1(NN)=FMG(NN)*CV14*QFG 
CGMI2(NN)=CGMI1(NN) 
CMEAT(NN)=FF(NN)*CV14*QFC 
RETURN 
END 

C 
C 
C 

SUBROUTINE HUMEX(NN) 
C 
C 
C CALCULATION OF ANNUAL RADIONUCLIDE INTAKE BY MAN. CALLED BY MAIN 
C 
C 
C 
C 
C 
C 
C 
C INPUT VARIABLES 
C NN = RADIONUCLIDE NUMBER 
C ULEAFY = ANNUAL INTAKE OF LEAFY VEGETABLES (KG/Y) 
C UPROD - ANNUAL INTAKE OF PRODUCE (KG/Y) 
C UCMILK = ANNUAL INTAKE OF COW'S MILKU/Y) 
C UGMILK = ANNUAL INTAKE OF GOAT»S MILK(L/Y) 
C UMEAT = ANNUAL INTAKE OF BEEF CATTLE'S MEAT(KG/Y) 
C UWAT = ANNUAL INTAKE OF DRINKING WATER(L/Y) 
C UAIR = ANNUAL INHALATION RATE OF AIR(M3/Y) 
C 
C OUTPUT VARIABLES 
C QING = ANNUAL INTAKE OF RADIONUCLIDE BY INGESTION OF CONTAMINED 
C FOOD CONSIDERING ATMOSPHERIC AND AQUATIC PATHWAYS(PCI/Y) 
C QINH - ANNUAL INTAKE OF RADIONUCLIDE BY INHALATION(PCI/Y) 
C 

DOUBLE PRECISION NUCLID.PNUC 
C 

O)MM0N/CNTRL/N0NCLD.MAXYR,TITLE(20) ,L0CATE(12) .NYR1 .NYR2, 
& PCT1,PCT2.LEAOPT.IOPVWV.IOPSAT.IPRTl.IPRT2.IDELT, 
& IRRES1,IRRES2,LIND,IAVG1,IAVG2,RR.FTMECH. 
& WWATL,WWATA,WWATH,SWATL,SWATA„SWATH.IVAP,IBSMT, 
& IAQSTR 

C 
COMMON/TRRFOO/Y1.Y2.TF1 .TF.7.TH1 .TH?.TM.TH4.TH'>.THf>.KP.FS. 
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& ULEAFY,UPROD.UCMILK,UGMILK,UMEAT,UWAT,UAIR, 
& QFC.QFG.TF1,TF2,TS,CL1(40).CL2(40).CP1(40).CP2(40). 
& CCMI1(40).CCMI2(40).CGMI1(40).CGMI2(40), 
& CMEAT(40),COL1(40),COL2(40),COP1(40),COP2(40) . 
& COCMIK40) ,COCMI2(40) ,COGMI1(40) ,COGMI2(40) , 
& C0MEAT(40),QING(40).QINH(40),POP, 
& CSP(40).CSPT(40).CSPO(40),CSPOT(40) 

C 
COMM0N/NUC/NUCLID(40),ATMASS(40).TRAM (40),S0AM(40).ATAM(40), 

& AQAM(40,1000),STAM(40),POLO(40),POLB(40).CS(40).CV(40). 
& SSTREM(40),SDEEP(40).AIRC0N(40),YS0(40),SQAVG(40), 
& AQCON(40),STCON(40) ,ATCON(40) ,AQAVG(40),STAVG(40). 
& ATAVG(40).FMC(40).FMG(40).DECAY(40),XKD(4,40) ,SOL(40). 
& FF(40),RA(40),RW(40),BV(40),BR(40).DERATE(40),CWAT(40) 

C 
COMMON/PASS/PNUC(40),PCON1(40),PCON2(40),PCON3(40). 

& PCON4(40).PPOP,LLIND,LDIST 
C 
C 
C**** CALCULATION OF RADIONUCLIDE INTAKE BY CONSUMPTION OF VEGETATION. 
C MILK, MEAT AND DRINKING WATER 
C 

CWATH=(WWATH*AQAVG(NN)+SWATH*STAVG(NN))*1.0E9 
IF(LLIND .EQ. 0) GO TO 100 
QVEG=(CL2(NN)+COL2(NN) )*ULEAFY+(CP2(NN)+COP2(NN) )*UPR0D 
QMILK=(CCMI2(NN)+C0CMI2(NN))*UCMILK+(CGMI2(NN)+COGMI2(NN))*UGMILK 
GO TO 200 

100 QVEG=(CL1(NN)+C0L1(NN))*ULEAFY+(CP1(NN)+C0P1(NN))*UPR0D 
QMILK=(CCMI1(NN)+C0CMI1(NN))*UCMILK+(CGMI1(NN)+C0GMI1(NN))*UGMILK 

200 QMEAT=(CMEAT(NN)+U)MEAT(NN))*UMEAT 
QWAT=CWATH*UWAT 
QING(NN)=QVEG+QMILK+QMEAT+QWAT 

C 
C**** CALCULATION OF RADIONUCLIDE INTAKE BY INHALATION 
C 

COAIR=ATAVG(NN)*l.0E12 
QINH(NN)=COAIR*UAIR 
RETURN 
END 

C 
C 
C 

SUBROUTINE HUMEXA(NN) 
C 
C 
C CALCULATION OF ANNUAL RADIONUCLIDE INTAKE BY MAN. CALLED BY MAIN 
C 
C 
C 
C 
C 
C 
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C 
C INPUT VARIABLES 
C NN = RADIONUCLIDE NUMBER 
C ULEAFT = ANNUAL INTAKE OF LEAFY VEGETABLES (KG/Y) 
C UPROD = ANNUAL INTAKE OF PRODUCE (KG/Y) 
C UCMILK = ANNUAL INTAKE OF COW'S MILK(L/Y) 
C UGMILK = ANNUAL INTAKE OF GOAT'S MILK(L/Y) 
C UMEAT = ANNUAL INTAKE OF BEEF CATTLE'S MEAT(KG/Y) 
C UWAT = ANNUAL INTAKE OF DRINKING WATER(L/Y) 
C UAIR = ANNUAL INHALATION RATE OF AIR(M3/Y) 
C 
C OUTPUT VARIABLES 
C QING = ANNUAL INTAKE OF RADIONUCLIDE BY INGESTION OF CONTAMIHED 
C FOOD CONSIDERING ATMOSPHERIC AND AQUATIC PATHWAYS(PCI/Y) 
C QINH = ANNUAL INTAKE OF RADIONUCLIDE BY INHALATION(PCI/Y) 
C 

DOUBLE PRECISION NUCLID.PNUC 
C 

COMMON/CKTRL/NONCLD,MAXYR,TITLE(20),LOCATE(12).NYR1,NYR2, 
& PCT1.PCT2.LEAOPT,IOPVWV.IOPSAT.IPRT1.IPRT2.IDELT. 
& IRRESl.IRRES2*LIND,IAVGl,IAVG2,RR,FTMECH, 
& WWATL.WATA.WWATH.SWATL.SWATA.SWATH.IVAP.IBSMT, 
& IAQSTR 

C 
COMMON/IRRFOO/Y1,Y2,TE1,TE2,TH1,TH2,TH3,TH4,TH5,TH6,FP,FS. 
& ULEAFY,UPROD,UCMILK,UGMILK,UMEAT,UWAT,DAIR, 
& QFC,QFG.TF1.TF2.TS.CL1(40),CL2(40),CP1(40),CP2(40), 
& CCMIl(40).CCMI2(40),CGMIl(40).CGMI2(40). 
& CMEAT(40),COL1(40),COL2(40),COP1(40),COP2(40), 
& COCMIK40) ,COCMI2(40) ,COGMIl(40) ,COGMI2(40) , 
& COMEAT(40).QING(40),QINH(40),POP, 
& CSP(40),CSPT(40).CSP0(40).CSPOT(40) 

C 
COMM0N/NUC/NUCLID(40),ATMASS(40).TRAM(40),SOAM(40),ATAM(40), 
& AQAM(40,1000).STAM(40),POLO(40).P0LB(40).CS(40).CV(40), 
& SSTREM(40),SDEEP(40),AIRC0N(40),YS0(40),SOAVG(40), 
& AQC0N(40),STCON(40),ATC0N(40),AQAVG(40).STAVG(40), 
& ATAVG(40),FMC(40),FMG(40).DECAY(40),XKO(4,40)»SOL(40), 
& FF(40),RA(40),RW(40),BV(40).BR(40),DERATE(40),CWAT(40) 

C 
COMMON/PASS/PNUC(40),PC0N1(40),PCON2(40),PCON3(40), 
& PC0N4(40)»PP0P,LLIND,LDIST 

C 
C 
C**** CALCULATION OF RADIONUCLIDE INTAKE BY CONSUMPTION OF VEGETATION. 
C MILK, MEAT AND DRINKING WATER 
C 

CWATH=(WWATH*AQCON(NN)+SWATH*STCON(NN))*1.0E9 
IF(LLIND .EQ. 0) GO TO 100 
QVEG=(CL2(NN)+COL2(NN))*ULEAFY+(CP2(NN)+COP2(NN))*UPR0D 
QMILK=(CCMI2(NN)+COCMI2(NN))*UCMILK+(CGMI2(NN)+COGMI2(NN))*UGMILK 
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GO TO 200 
100 QVEG=(CX1(NN)+C0L1(NN))*ULEAFY+(CP1(HN)+C0P1(NN))*UPR0D 

QMILK=(CCMI1(NN)+C0CMI1(NH))*UCMILK+(CGMI1(NH)+C0GMI1(NN))*DGMILK 
200 QMEAT=(CMEAT(NN)+COMEAT(NN))*OMEAT 

QWAT=CWATH*UWAT 
QING(NN)=QVEG+QMILK+QMEAT+OWAT 

C 
C**** CALCULATION OF RADIONUCLIDE INTAKE BY INHALATION 
C 

COAIR=ATCON(NN)*l.0E12 
QINH(NN)=COAIR*UAIR 
RETURN 
END 

C 
C 
C 

SUBROUTINE IRRIG(NN) 
C 
C 
C 
C***** CALCULATION OF RADIONUCLIDE CONCENTRATION IN VEGETABLE, MILK 
C AND MEAT CONSUMED BY MAN RESULTING FROM WATER IRRIGATION. 
C CALLED BY MAIN. 
C 
C 
C 
C 
C 
C INPUT VARIABLES 
C 
C NN = NUCLIDE NUMBER 
C DECAY = RADIOACTIVE DECAY CONSTANTS 1/Y 
C XAMBWE = WEATHER DECAY CONSTANTS 1/H 
C PP = SURFACE DENSITY FOR SOIL KG/M**2 
C RW = RETENTION FRACTION 
C BV = CONCENTRATION FRACTION FOR UPTAKE OF RADIONUCLIDE 
C FROM SOIL BY VEGETATIVE PARTS OF CROPS 
C BR = CONCENTRATION FRACTION FOR UPTAKE OF RADIONUCLIDE 
C FROM SOIL BY REPRODUCTIVE FARTS OF CROPS 
C FI ^FRACTION OF THE YEAR CROPS ARE IRRIGATED 
C WIRATE= IRRIGATION RATE L/M**2-H 
C CWAT = RADIONUCLIDE CONCENTRATION IN WATER PCI/L 
C IOPT = OPTIONS FOR SPECIAL RADIONUCLIDE H-3 
C IOPT = 1 IF H-3 IS NOT INCLUDED IN THIS RUN 
C IOPT = 2 IF H-3 IS INCLUDED 
C Yl = AG PRODUCTIVITY FOR GRASS CONSUMED BY ANIMALS KG/M**2 
C Y2 = AG PRODUCTIVITY FOR VEGETATION CONSUMED BY MAN KG/M**2 
C TE1 = TIME PASTURE GRASS EXPOSED DURING GROWING SEASON H 
C TE2 = TIME CROP/VEG EXPOSED DURING GROWING SEASON H 
C TH1 = PERIOD DELAY BETWEEN HARVEST OF PASTURE GRASS 
C AND INGESTION BY ANIMALS H 
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C TH2 = PERIOD DELAY BETWEEN HARVEST OF STORED FEED 
C AND INGESTION BY ANIMAL H 
C TH3 = PERIOD DELAY BETWEEN HARVEST OF LEAFY VEGETABLE 
C AND INGESTION BY MAN FOR M.I.E. H 
C TH4 = PERIOD DELAY BETWEEN HARVEST OF PRODUCE AND 
C INGESTION BY MAN FOR M.I.E. H 
C TH5 = PERIOD DELAY BETWEEN HARVEST OF LEAFY VEG 
C AND INGESTION BY MAN FOR G.P.E. H 
C TH6 = PERIOD DELAY BETWEEN HARVEST OF PRODUCE 
C TH5 = PERIOD DELAY BETWEEN HARVEST OF LEAFY VEG 
C FP = FRACTION OF YEAR THAT ANIMAL GRAZE ON PASTURE 
C FS = FRACTION OF DAILY FEED THAT IS FRESH GRASS WHEN 
C ANIMALS GRAZE ON PASTURE 
C FMC = FRACTION OF THE COW'S DAILY INTAKE OF 
C RADIONUCLIDE WHICH APPEARS IN EACH L OF MILK D/L 
C FMG FRACTION OF THE GOAT'S DAILY INTAKE OF 
C RADIONUCLIDE WHICH APPEARS IN EACH L OF MILK D/L 
C QFC = AMOUNT OF FEED CONSUMED BY CATTLE KG/D 
C QFG = AMOUNT OF FEED CONSUMED BY GOATS KG/D 
C TF1 = TRANSPORT TIME OF RADIONUCLIDE FROM 
C FEED-MILK-RECEPTOR FOR M.I.E. H 
C TF2 = TRANSPORT TIME OF RADIONUCLIDE FROM 
C FEED-MILK-RECEPTOR FOR G.P.E. H 
C FF = FRACTION OF THE ANIMAL'S DAILY INTAKE OF 
C RADIONUCLIDE WHICH APPEARS IN EACH KG OF FLESH D/KG 
C TS = TIME FROM SLAUGHTER OF MEAT TO CONSUPTION H 
C QCW = AMOUNT OF WATER CONSUMED BY COW L/D 
C QGW = AMOUNT OF WATER CONSUMED BY GOAT L/D 
C QBW = AMOUNT OF WATER CONSUMED BY BEEF CATTLE L/D 
C 
C INTERMEDIATE VARIABLES 
C 
C XAMBEF= EFFECTIVE DECAY CONSTANT 
C COPAST= RADIONUCLIDE CONC IN PASTURE GRASS CONSUMED BY ANIMALS 
C COPAST= RADIONUCLIDE CONC IN STORED FEED CONSUMED BY ANIMALS 
C COFEED= RADIONUCLIDE CONC IN ANIMALS'S FEED 
C 
C OUTPUT VARIABLES 
C 
C COL1 = RADIONUCLIDE CONC IN LEAFY VEG CONSUMED BY MAN 
C FOR M.I.E. PCI/KG 
C COL2 = RADIONUCLIDE CONC IN LEAFY VEG CONSUMED BY MAN 
C FOR G.P.E. PCI/KG 
C COP1 = RADIONUCLIDE CONC IN PROCUCE CONSUMED BY MAN 
C FOR M.I.E. PCI/KG 
C COP2 = RADIONUCLIDE CONC IN PRODUCE CONSUMED BY MAN 
C FOR G.P.E. PCI/KG 
C COCMIl= RADIONUCLIDE CONC IN COW'S MILK FOR M.I.E. PCI/L 
C COCMI2= RADIONUCLIDE CONC IN COW'S MILK FOR G.P.E. PCI/L 
C COGMIl= RADIONUCLIDE CONC IN GOAT'S MILK FOR M.I.E. PCI/L 
C COGMI2= RADIONUCLIDE CONC IN GOAT'S MILK FOR C.P.E. PCI/L 
C COMEAT= RADIONUCLIDE CONC IN BEEF CATTLE'S MEAT PCI/KG 

DOUBLE PRECISION NUCLID,H3,C14 
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COMMON/CNTRL/NONCLD.MAXYR,TITLE(20).LOCATE(12),NYR1.NYR2, 
& PCT1,PCT2.LEA0PT,I0PVWV,I0PSAT,IPRT1.IPRT2,IDELT. 
& IRRES1.IRRES2.LIND.IAVG1.IAVG2.RR.FTMECH, 
& WWATL.WWATA-WVATH.SWATL.SVATA,SWATH,IVAP.IBSMT. 
& IAQSTR 

C 
COMMON/NUC/NUCLID(40).ATMASS(40).TRAM(40).SOAM(40),ATAM(40). 

& AQAM(40.1000),STAM(40),POLO(40).POLE(40),CS(40),CW(40). 
& SSTREM(40),SDEEP(40).AIRCON(40),YSO(40),SOAVG(40). 
h AQCON(40),STCON(40),ATC0N(40),AQAVG(40),STAVG(40), 
& ATAVG(40),FMC(40),FMG(40).DECAY(40),XKD(4,40),SOL(40). 
& FF(40),RA(40),RW(40),BV(40),BR(40),DERATE(40),CHAT(40) 

C 
COMMOi./lRRFOO/Yl ,Yi.,Ti2l .TE2.TH1 ,TH2,TH3 .TH4.TH5 ,TH6 .FP.FS, 

& ULEAFY.UPROD.UCMILK.UGMILK.UMEAT.UWAT.IL.IR. 
& QFC,QFG,TF1.TF2.TS.CL1(40)»CL2(40),CP1(40),CP2(40). 
& CCMI1(40),CCMI2(40),CGMI1(40),CGMI2(40), 
& CMEATC40) .COLK40) ,C0L2(40) »COP1(40) ,COP2(40) , 
& COCMIK40) ,COCMI2(40) ,COGMI1(40) ,COGMI2(40), 
& COMEAT(40),QING(40),QINH(40).POP, 
& CSP(40),CSPT(40),CSPO(40),CSPOT(40) 

C 
COMMOS/FUNC/XAMBWE,FI,PP,WIRATE, 

& QCW.QGW.QBW.ABSH.P14 
C 

DATA R.V8HH-3 / 
DECA=DECAY(NN)/8760. 
CWATA=(WWATA*AQAVG(NN)+SWATA*STAVG(NN))*1.0E9 
CWATL=(WWATL*AQAVG(NN)+SWATL*STAVG(NN))*1.0E9 

C 
IF(NUCLID(NN) .EQ. H3)GO TO 200 

C CALCULATION OF COPAST=RADIONUCLIDE CONCENTRATION IN PASTURE GRASS 
C CONSUMED BY ANIMALS 

B=BV(NN) 
COPAST=COV(NN,Yl,TE1.THl,B) 

C CALCULATION OF COSTO = RADIONUCLIDE CONC IN STORED FEED CONSUMED 
C BY ANIMALS 

COSTO=COV(NN,Yl,TEl,TH2,B) 
C CALCULATION OF COFEED = RADIONUCLIDE CONC IN ANIMAL'S FEED 

COFEED=FP*FS*COPAST+(1.0-FP*FS)*COSTO 
C 
C*** CALCULATION OF COPLX = RADIONUCLIDE CONCENTRATION IN LEAFY 
C VEGETABLE CONSUMED BY MAN 
C*** 1 . FOR MAXIMUM INDIVIDUAL EXPOSURE 

COLl(NN)=COV(NN,Y2,TE2,TH3,B) 
C 
C*** 2 . FOR GENERAL POPULATION EXPOSURE 

COL2(NN)=COV(NN,Y2,TE2,TH5,B) 
C 
C*** CALCULATION OF COPX = RADIONUCLIDE CONC IN PRODUCE CONSUMED 
C BY MAN 
C*** 1. FOR MAXIMUM INDIVIDUAL EXPOSURE 
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B=BR(NH) 
COPl(NN)=COV(NK.Y2.TE2.TH4.B) 

C 
C 
C*** 2. FOR GENERAL POPULATION 

COP2(NN)=COV(NN.Y2,TE2,TH6,B) 
C*** CALCULATION OF COC1IX = RADIOHUCLIDE CONCENTRATION IN COW'S MILK 
C*** 1. FOR MAXIMUM INDIVIDUAL EXPOSURE 

COCMIl(NN)=FMC(HN)*(COFEED*QFC+CWATA*<JCW)*EXP(-DECA*TFl) 
C 
C*** 2. FOR GENERAL POPULATION 

COCMI2(HM)=FMC(HM)*(COFEED*QFC+CWATA*QCW)*EXP(-DECA*TF2) 
C 
C*** CALCULATION OF COGMIX = RADIONUCLIDE CONCENTRATION IN GOAT'S MILK 
C*** 1. FOR MAXIMUM INDIVIDUAL EXPOSURE 

COGMIl(NN)=FMG(NN)*(COFEED*QFG+CirATA*QGW)*EXP(-DECA*TFl, 
C 
C*** 2. FOR GENERAL POPULATION 

C0GMI2(NN)=FMG(NN)*(COFEED*QFG+lVATA*QGtf)*EXP(-DECA*TF2) 
C 
C*** CALCULATION OF COMEAT = RADIONUCLIDE CONC IN BEEF CATTLE'S MEAT 

COMEAT(NN)=FF(NH)*(COFEED*QFC+CWATA*QBW)*EXP(-DECA*TS) 
RETURN 

C 
C*** CALCULATION FOR SPECIAL RADIONUCLIDE: TRITIUM 
C TRITIUM CONC IN VEGETATION = TRITIUM CONCENTRATION IN ANIMAL'S 
C FEED = TRITIUM CONCENTRATION IN WATER = CWATL 
C*** CALCULATION OF H-3 CONCENTRATION IN VEGETATION. MILK AND MEAT CON 
C BY MAN 

200 C0L1(NN)=CWATL 
COL2(NN)=CWATL 
COPl(NN)=CWATL 
COP2(NN)=CWATL 
C0CMI1(NN)=FMC(NH)*(CWATL*QFC+CWATA*QCW) 
C0CMI2(NN)-C0Cfll(NN) 
COGMI1(NN) = ?MG(NH)*(CWATL*QFG+CWATA*QGW) 
C0GMI2(NN)=C0GMI1(NN) 
COMEAT(NN)=FF(NN)*(CWATL*QFC+CWATA*QCW) 
RETURN 
END 

C 
C 
C 

SUBROUTINE IRRIGA(NN) 
C 
C 
C 
C***** CALCULATION OF RADIONUCLIDE CONC IN VEGETABLE, MILK AND MEAT 
C CONSUMED BY MAN RESULTING FROM WATER IRRIGATION. 
C CALLED BY MAIN. 
C 
C 
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c c 
c 
c INPUT VA1 
c 
c NN 
c DECAY • 
c XAMBWE 
c PP 
c *_ > * 
c BV 
c 
c BR 
c 
c FI 
c VIRATE: 
c CWAT •: 
c I O P T •• 
c 
c 
c Yl 
c 72 
c TE1 
c TE2 
c TH1 
c 
c TH2 
c 
c TH3 
c 
c TH4 
c 
c TH5 
c 
c TH6 
c TH5 
c FP 
c FS 
c 
c FMC 
c 
c FMG 
c 
c QFC 
c QFG 
c TF1 
c 
c TF2 
c 
c FF 
c 

; NUCLIDE NUMBER 
-- RADIOACTIVE DECAY CONSTANTE 
= WEATHER DECAY CONSTANTE 
= SURFACE DENSITY FOR SOIL 
= RETENTION FRACTION 
- CONCENTRATION FRACTION FOR UPTAKE OF RADIONUCLIDE 
FROM SOIL BY VEGETATIVE PARTS OF CROPS 

- CONCENTRATION FRACTION FOR UPTAKE OF RADIONUCLIDE 
FROM SOIL BY REPRODUCTIVE PARTS OF CROPS 

-FRACTION OF THE YEAR CROPS ARE IRRIGATED 
: IRRIGATION RATE 
-• RADIONUCLIDE CONCENTRATION IN WATER 
•- OPTIONS FOR SPECIAL RADIONUCLIDE H-3 
IOPT = 1 IF H-3 IS NOT INCLUDED IN THIS RUN 
IOPT = 2 IF H-3 IS INCLUDED 

= AG PRODUCTIVITY FOR GRASS CONSUMED BY ANIMALS 
- AG PRODUCTIVITY FOR VEGETATION CONSUMED BY MAN 
- TIME PASTURE GRASS EXPOSED DURING GROWING SEASON 
= TIME CROP/VEG EXPOSED DURING GROWING SEASON 
= PERIOD DELAY BETWEEN HARVEST OF PASTURE GRASS 
AND INGESTION BY ANIMALS 

= PERIOD DELAY BETWEEN HARVEST OF STORED FEED 
AND INGESTION BY ANIMAL 

= PERIOD DELAY BETWEEN HARVEST OF 
AND INGESTION BY MAN FOR M.I.E. 

= PERIOD DELAY BETWEEN HARVEST OF 
INGESTION BY MAN FOR M.I.E. 

= PERIOD DELAY BETWEEN HARVEST OF 
AND INGESTION BY MAN FOR G.P.E. 

= PERIOD DELAY BETWEEN HARVEST OF 
= PERIOD DELAY BETWEEN HARVEST OF 
= FRACTION OF YEAR THAT ANIMAL GRAZE ON PASTURE 
= FRACTION OF DAILY FEED THAT IS FRESH GRASS WHEN 
ANIMALS GRAZE ON PASTURE 

= FRACTION OF THE COW'S DAILY INTAKE OF 
RADIONUCLIDE WHICH APPEARS IN EACH L OF MILK 

= FRACTION OF THE GOAT'S DAILY INTAKE OF 
RADIONUCLIDE WHICH APPEARS IN EACH L OF MILK 

= AMOUNT OF FEED CONSUMED BY CATTLE 
= AMOUNT OF FEED CONSUMED BY GOATS 
= TRANSPORT TIME OF RADIONUCLIDE FROM 
FEED-MILK-RECEPTOR FOR M.I.E. 

= TRANSPORT TIME OF RADIONUCLIDE FROM 
FEED-MILK-RECEPTOR FOR G.P.E. 

= FRACTION OF THE ANIMAL'S DAILY INTAKE 

1/Y 
1/H 
KG/M**2 

LEAFY VEGETABLE 
PRODUCE AND 
LEAFY VEG 
PRODUCE 
LEAFY VEG 

L/M**2-H 
PCI/L 

KG/M**2 
KG/M**2 
H 
H 
H 
H 

RADIONUCLIDE WHICH APPEARS IN EACH KG 
OF 
OF FLESH 

D/L 
D/L 
KG/D 
KG/D 
H 

D/KG 
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C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

TS = TIME FROM SLAUGHTER OF MEAT TO CONSUPTION 
QCW = AMOUNT OF WATER CONSUMED BY COW 
QGW = AMOUNT OF WATER CONSUMED BY GOAT 
QBW = AMOUNT OF WATER CONSUMED BY BEEF CATTLE 

INTERMEDIATE VARIABLES 

H 
L/D 
L/D 
L/D 

XAMBEF= EFFECTIVE DECAY CONSTANT 
COPAST= RADIONUCLIDE CONC IN PASTURE GRASS CONSUMED BY ANIMALS 
COPAST= RADIONUCLIDE CONC IN STORED FEED CONSUMED BY ANIMALS 
COFEED= RADIONUCLIDE CONC IN ANIMALS»S FEED 

OUTPUT VARIABLES 

COL1 = 

COL2 = 

COP1 = 

COP2 = 

COCMIl= 
COCMI2= 
COGMIl= 
COGMI2= 
COMEAT= 

RADIONUCLIDE 
FOR M.I.E. 
RADIONUCLIDE 
FOR G.P.E. 
RADIONUCLIDE 
FOR M.I.E. 
RADIONUCLIDE 
FOR G.P.E. 
RADIONUCLIDE 
RADIONUCLIDE 
RADIONUCLIDE 
RADIONUCLIDE 
RADIONUCLIDE 

CONC IN LEAFY VEG CONSUMED BY MAN 

CONC IN LEAFY VEG CONSUMED BY MAN 

CONC 

CONC 

IN PROCUCE CONSUMED BY MAN 

IN PRODUCE CONSUMED BY MAN 

CONC 
CONC 
CONC 
CONC 
CONC 

IN COW'S MILK FOR M.I.E. 
IN COW'S MILK FOR G.P.E. 
IN GOAT'S MILK FOR M.I.E. 
IN GOAT'S MILK FOR G.P.E. 
IN BEEF CATTLE'S MEAT 

PCI/KG 

PCI/KG 

PCI/KG 

PCI/KG 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/KG 

DOUBLE PRECISION NUCLID.H3.C14 

COMMON/CNTRL/NONCLD.MAXYR,TITLE(20),LOCATE(12),NYRl,NYR2, 
& PCT1,PCT2,LEAOPT.IOPVWV,IOPSAT,IPRT1.IPRT2.IDELT. 
& IRRES1.IRRES2,LIND.IAVG1,IAVG2.RR.FTHECH, 
& WWATL.WWATA.WWATH.SWATL.SWATA.SWATH.IVAP.IBSMT. 
& IAQSTR 

C0MM0N/NUC/NUCLID(40),ATMASS(40),TRAM(40),SOAM(40),ATAM(40), 
& AQAM(40,1000).STAM(40).POLO(40),POLB(40),CS(40),CW(40). 
& SSTREM(40),SDEEP(40),AIRCON(40),YSO(40),SOAVG(40). 
& AQCON(40),STCON(40),ATCON(40),AQAVG(40),STAVG(40). 
& ATAVG(40),FMC(40),FMG(40).DECAY(40),XKD(4.40),S0L(40), 
& FF(40),RA(40),RW(40),BV(40),BR(40).DERATE(40),CWAT(40) 

COMMON/IRRFOO/Yl,Y2»TEl.TE2,THl,TH2,TH3,TH4,TH5.TH6.FP,FS. 
& ULEAFY.UPROD.UCMILK,UGMILK.UMEAT,UWAT,UAIR. 
4 QFC,QFG,TF1,TF2,TS.CL1(40).CL2(40),CP1(40).CP2(40). 
& CCMIK40) .CCMI2C40) ,CGMI1(40) ,CGMI2(40). 
& CMEAK40) .C0LK40) ,COL2(40) ,COP1(40) ,COP2(40), 
& COCMIK40) ,COCMI2(40) ,C0GMI1(40) .COGMI2(40), 
& COMEAT(40).QING(40).QINH(40).POP. 
& CSP(40),CSPT(40).CSPO(40),CSPOT(40) 
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COMMON/FUNC/XAMBVE.FI.PP . WIRATE. 
& QCV.QGW.QBV,ABSH,P14 

C 
DATA H3/8HH-3 / 
IFLAG=0 
DECA=DECAY(NN)/8760. 
CWATA=(VWATA*AQCON(NN)+SWATA*STCON(NN))*1.0E9 
CWATL=(VWATL*AQCON(NN)+SVATL*STCON(NN))*1.0E9 

C 
IF(NUCLID(NN) .EQ. H3)GO TO 200 

C CALCULATION OF COPAST=RADIONUCLIDE CONC IN PASTURE GRASS 
C CONSUMED BY ANIMALS 

B=BV(NN) 
COPAST=COVA(NN,YL,TE1,TH1.B.IFLAG) 

C CALCULATION OF COSTO = RADIONUCLIDE CONC IN STORED FEED CONSUMED 
C BY ANIMALS 

IFLAG=1 
COSTO=COVA(NN,Yl,TE1,TH2,B.IFLAG) 

C CALCULATION OF COFEED = RADIONUCLIDE CONC IN ANIMAL'S FEED 
COFEED=FP*FS*COPAST+(1.0-FP*FS)*COSTO 

C 
C*** CALCULATION OF COPLX = RADIONUCLIDE CONCENTRATION IN LEAFY 
C VEGETABLE CONSUMED BY MAN 
C*** 1. FOR MAXIMUM INDIVIDUAL EXPOSURE 

IFLAG=1 
C0L1(NN)=C0VA(NN,Y2,TE2.TH3.B.IFLAG) 

C 
C*** 2 . FOR GENERAL POPULATION EXPOSURE 

IFLAG=1 
C0L2(NN)=C0VA(NN.Y2.TE2,TH5 .B.IFLAG) 

C 
C*** CALCULATION OF COPX = RADIONUCLIDE CONC IN PRODUCE CONSUMED 
C BY MAN 
C*** 1 . FOR MAXIMUM INDIVIDUAL EXPOSURE 

B=BR(NN) 
IFLAG=1 
C0P1(NN)=C0VA(NN,Y2.TE2.TH4,B.IFLAG) 

C 
C 
C*** 2. FOR GENERAL POPULATION 

IFLAG=1 
COP2(NN)=COVA(NN,Y2.TE2.TH6,B.IFLAG) 

C*** CALCULATION OF COCMIX = RADIONUCLIDE CONCENTRATION IN COW'S MILK 
C*** 1. FOR MAXIMUM INDIVIDUAL EXPOSURE 

COCMI1(NN)=FMC(NN)*(COFEED*QFC+CWATA*QCW)*EXP(-DECA*TF1) 
C 
C*** 2. FOR GENERAL POPULATION 

C0CMI2(NN)=FMC(NN)*(COFEED*QFC+CWATA*QCW)*EXP(-DECA*TF2) 
C 
C*** CALCULATION OF COGMIX = RADIONUCLIDE CONCENTRATION IN GOAT'S MILK 
C*** 1. FOR MAXIMUM INDIVIDUAL EXPOSURE 

COGMI1(NN)=FMG(NN)*(COFEED*QFG+CWATA*QGW)*EXP(-DECA*TF1) 
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C 
C*** 2. FOR GENERAL POPULATION 

COGMI2(HH)=FMG(NN)*(COFEEI>*(}FG+CWATA*QGW)*EXP(-DECA*TF2) 
C 
C*** CALCULATION OF COMSAT = RADIONUCLIDE COHC IN BEEF CATTLE'S MEAT 

COMBAT(NN)=FF(NN)*(COFEED«QFC+CHATA*qBW)*EXP(-DECA*TS) 
RETURN 

C 
C*** CALCULATION FOR SPECIAL RADIONUCLIDE: TRITIUM 
C TRITIUM CONC IN VEGETATION = TRITIUM CONCENTRATION IN ANIMAL'S 
C FEED = TRITIUM CONCENTRATION IN WATER = CHATL 
C*** CALCULATION OF H-3 CONC IN VEGETATION. MILK AND MEAT CONSUMED 
C BY MAN 

200 COLl(NH)=CWATL 
COL2(HN)=CWATL 
COPl(NN)=CWATL 
COP2(NN)=CtfATL 
COCMI1(HK)=FXC(HN)*(CWATL*QFC+CWATA*QCW) 
COCMI2(NN)=COCMI1(NN) 
COGMIl(IiN)=FMG(NN)*(CVATL*QFC+CHATA*QGV) 
COGMI2(NN)=COGMIl(NH) 
COMEAT(HN)=FF(NN)*(CtfATL*QFC^CWATA*QCV) 
RETURN 
END 

C 
C 
C 

SUBROUTINE LEACH(NN.NYEAR.VOLB.VOLO.DMAX) 
C 
C 
C * * * 
c*** 
c*** 
c*** 
c*** 
C*** THIS SUBROUTINE CALCULATES THE AMOUNT OF EACH RADIONUCLIDE 
C*** THAT LEAVES FROM THE BOTTOM OF THE TRENCH TO THE AQUIFER 
C*** AND THE AMOUNT THAT LEAVES AS A RESULT OF WATER OVERFLOWING THE 
C*** TRENCH. THIS SUBROUTINE IS CALLED BY MAIN. 
C*** 
C * * * THERE ARE FIVE METHODS THAT MAY BE USED TO CALCULATE THESE 
C*** AMOUNTS. THEY ARE GIVEN BY THE FOLLOWING VALUES OF 
C*** LEAOPT: 
C*** 1 TOTAL CONTACT.CHEMICAL EXCHANGE 
C*** 2 IMMERSED FRACTION. CHEMICAL EXCHANGE 
C*** 3 TOTAL CONTACT. CHEMICAL SOLUBILITY 
C*** 4 IMMERSED FRACTION. CHEMICAL SOLUBILITY 
C*** 5 RELEASE FACTOR 
C*** 
C 
C INPUT VARIABLES 
C 
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C NN = NUCLIDE NUMBER 
C NYEAR = CURRENT YEAR OF SIMULATION 
C TAREA = AREA OF TRENCH 
C TDEPTH = DEPTH OF TRENCH 
C PORT = POROSITY OF TRENCH MATERIAL 
C RELFAC = RELEASE FACTOR 
C LEAOPT = LEACHING OPTION 
C SOL = SOLUBILITY OF RADIONUCLIDE IN TRENCH 
C DENCON = DENSITY OF HASTE 
C VOLO = VOLUME OF WATER OVERFLOWING TRENCH 
C VOLB = VOLUME OF WATER LEAVING BOTTOM OF TRENCH 
C NONCLD = NUMBER OF NUCLIDES 
C TRAM = AMOUNT OF NUCLIDE IN TRENCH 
C OLDWAT = AMOUNT OF WATER IN TRENCH 
C DILFAC = DILUTION FACTOR 
C DMAX = MAXIMUM WATER DEPTH IN TRENCH 
C XKD = CHEMICAL EXCHANGE COEFFICIENT 
C 
C OUTPUT VARIABLES 
C 
C POLB = AMOUNT OF EACH NUCLIDE LEAVING BOTTOM OF TRENCH 
C POLO = AMOUNT OF EACH NUCLIDE OVERFLOWING TRENCH 
C 
C INTERMEDIATE VARIABLES 
C 
C CCWAT = CONCENTRATION OF NUCLIDE IN WATER 
C FWET = WETTED OR IMMERSED FRACTION 
C POLOUT = TOTAL AMOUNT OF NUCLIDE LEAVING TRENCH 
C 
C 

DOUBLE PRECISION NUCIID 
C 

COMMON/CNTRL/N0NCLD,MAXYR,TITLE(20),LOCATE(12).NYRl.NYR2, 
& PCT1.PCT2.LEAOPT.IOPVWV,nPSAT,IPRTl,IPRT2.IDELT, 
& IRRES1.IRRES2.LIND.IAVG1.IAVG2.RR.FTHSCH, 
& WWATL.WWATA.WWATH.SWATL.SWATA,SWATH,IVAP.IBSMT, 
& IAQSTR 

COMMON/EVAP/PPN.PHID.P.XIRR.S(12),T(12),TD(12).XINFL.SINFL 

COMMON/TRCH/TAREA. TDEPTH. OVER, PORT, RELFAC, DENCON. OLDWAT, FN . PERMC 

COMMON/NUC/NUCLID(40).ATMASS(40),TRAM(40).SOAM(40),ATAM(40). 
& AQAM(40.1000),STAM(40),POLO(40).POLB(40),CS(40),0W(40). 
& SSTREM(40),SDEEP(40).AIRC0N(40),Y30(40),S0AVG(40). 
& AQCON(40).STC0N(40).A.CON(40),AQAVG(40),STAVG(40). 
& ATAVG(40)»FMC(40),FMC(40).DECAY(40).XKD(4.40).SOL(40) , 
& FF(40),RA(40).RW(40).BV(40).BR(40).DERATE(40).CWAT(40) 

DATA LU6/6/ 
DW=DMAX+XINFL/PORT 
TEMP=5.163E11*S0L(NN)*DRCAY(NN)/ATMASS(NN) 

C 

C 

C 
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C — 5.163Ell=6.02E23/3.7E10/8" 50./3600E6 
IF(DW .LE. O.)CCWAT=0. 
IF(DW .LE. 0.)GO TO 600 

C — 
C FOR OPTIONS 1 AND 3 ASSUME WETTED FRACTION 
C TO BE TOTAL CONTACT AREA. 
C 

FWET=1. 
GO TO (200,100.400,300,500).LEAOPT 
WRITE(LU6,6000) 

6000 FORMATC •,»*** ERROR *** - INVALID LEACHING PARAMETER*) 
RETURN 

C 
C — FOR OPTION 2 USE IMMERSED FRACTION TO COMPUTE WETTED FRACTION. 
C 

100 FWET=DMAX/TDEPTH 
IF(FWET .GT. 1.0)FWET=1.0 

C 
C — FOR OPTIONS 1 AND 2 COMPUTE CONCENTRATIONS USING 
C — CHEMICAL EXCHANGE. 
C ™ 

200 CCWAT=TRAM(NN)*FWET/(TAREA*(DW*PORT+TDEPTH*FWET*Xia)(2,NN) 
& *DENC0N)) 
IF(S0L(NN) .NE. 0.0 .AND. CCWAT .GT. TEMP)CCWAT"TEMP 
GO TO 600 

C — 
C — FOR OPTION 4 WETTED FRACTION IS THE IMMERSED FRACTION. 
C — 

300 FWET=DMAX/TDEPTH 
IF(FWET .GT. 1.0)FWET=1.0 

C — 
C — FOR OPTIONS 3 AND 4 USE CHEMICAL SOLUBILITY. 
C — 
400 CCWAT=TRAM(NN)*FWET/(DW*TAREA*PORT) 

IF(CCWAT .GT. TEMP) CCWAT=TEMP 
GO TO 600 

C — 
C — FOR OPTION 5 USE RELEASE FACTOR. 
C — 

500 POLOUT=RELFAC*TRAM(NN) 
GO TO 610 

600 ?0LOUT-(YOLB+VOLO)*CCWAT 
C — 
C—- DISTRIBUTE RADIONUCLIDE OUTPUT BETWEEN OVERFLOW AND SEEPAGE 
C — 

610 VOLS=VOLB+VOLO 
IF(VOLS .m. 0 . ) GO TO 620 
POLB(NN)=0.0 
POLO(NN)=0.0 
jtn-ukH 

620 POLB<RK}=POLOUT*V0LB/VOLS 
POLO(m)=POLOUT*V0LO/VOLS 
RETURN 
END 
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C 
SUBROUTINE OUT(NYEAR.PC.WDEPTH.VOLO.VOLB) 

C 
C 
C 
C*** THIS ROUTINE OUTPUTS AN ANNUAL SUMMARY FOR YEARS 
C*** REQUESTED BY USER INPUT. OUT IS CALLED BY MAIN. 
C*** 
C*** 
C*** 

C 
c 
C INPUT VA** "BLES 
C 
C NYEAR = CURRENT YEAR OF SUMULATION 
C PC = FRACTION OF TRENCH CAP THAT HAS FAILED 
C WDEPTK = MAXIMUM DEPTH OF WATER IN TRENCH 
C 

DOUBLE PRECISION NUCLID 
C 

COMMON/CNTRL/NONCLD,MAXYR,TITLE(20),IOCATE(12),NYR1.NYR2, 
& PC'il.PCT2.LEAOPT,IOPWV,IOPSAT.IPRTl .IPRT2.IDELT, 
& IRRES1.IRRES2.LIND.IAVG1.IAVG2.RR.FTMECH, 
& WWATL.WWATA.WWATH.SWATL.SWATA,SWATH,IVAP.IBSMT. 
& IAQSTR 

C 
COMMON/NUC/NUCLID(40) ,ATMASS(40) ,TRAM(40) ,SOAM(40) ,ATAM(40) . 

& AQAM(40,1000),STAM(40).POLO(40).POLL AO).CS(40),CW(40). 
& SSTREM(40).SDEEPC40).AIRCON(40).YS0(40),SOAVG(40) . 
& AQCON(40),STCON(40),ATCON(40),AQAVG(40),STAVG(40), 
& ATAVG(40),FMC(40),FMG(40),DECAY(40),XKD(4.40),S0L(40) . 
& FF(40).RA(40),RW(40),BV(40),BR(40),DERATE(40),CWAT(40) 

C 
DATA LU6/6/ 
WRITE(LU6,6000)NYEAR 
PER=100.*PC 
WRITE(LU6.6005)PER 
WRITE(LU6.6010)WDEPTH 
WRITE(LU6,6015)VOLB.VOLO 
WRITE(LU6,6020) 
DO 10 I=l.NONCLD 
WRITE(LU6.6025)NUCLID(I).TRAM(I).POLO(I),POLB(I). 

& AQAM(I.NYEAR) 
10 CONTINUE 

WRITE(LU6,6030) 
DO 20 I=l,NONCLD 
WRITE(LU6.6025)NUCLID(I),CS(I),CW(I).SSTREM(I). 

& SDEEP(I),YSO(I),ATCON(I).AQCON(I) 
20 CONTINUE 

RETURN 
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6000 FORMAT CI'. 2 OX,'ANNUAL SUMMARY FOR YEAR SIS.* OF THE ' . 
& 'SIMULATION') 

6005 FORMAT(///' '.lOX.'THE TRENCH CAP HAS HAD '.F6.2, 
& ' PER CENT FAILURE') 

6010 FORMATC ',lOX.'THE MAXIMUM CALCULATED WATER DEPTH IN TRENCH '. 
& 'DURING THE YEAR IS \F6.2.' METERS') 

6015 FORMATC '.10X,1PE11.4.» CUBIC METERS OF WATER LEFT BOTTOM'. 
& ' OF TRENCH'»/' » .10X.1PEU.4.' CUBIC METERS OF WATER*. 
& ' OVERFLOWED TRENCH') 

6020 FORMAT(/////' »,51X.»NUCLIDE TRANSPORT INFORMATION'. 
& ///' '.2X,»NUCLIDE'.3X.'AMOUNT IN',6X.'TRENCH', 
& 7X,•TRENCH'.5X,'AMOUNT AT'./' '.14X.'TRENCH',6X. 
& 'OVERFLOW',4X.' DRAINAGE '»5X,*WELL'. 
& /' ».16X.4(»CI'.11X)) 

6025 FORMATC ',A8.3X,9(1PE11.4,2X)) 
6030 FORMAT(////» '.2X.'NUCLIDE».5X,'SURFACE»,5X.»SURFACE', 

& 4X.'SOLUBLE TO».3X.»SOLUBLE TO'.3X.'ATMOSPHERE'. 
& 3X,'ATMOSPHERE' .3X, 'WELL WATER'. 
& /' ' ,13X,« SOIL CONC»,3X,'WATER C0NC.4X,'STREAM',7X. 
& 'TRENCH»,4X.»AT SPILLAGE',3X,'DOWN WIND',6X.'CONC». 
& /• •.7X.2(6X.•CI/M**3•).9X,•CI»,11X.«CI»,3X,3(5X,•CI/M**3,)) 
END 

C 
C 
C 

SUBROUTINE SIGMAZ(XG,IT.IS,ROUGH.SIGZ,IKPM,HLID,VG.U.HH) 
COMPUTES VERTICAL DISPERSION COFFICIENT 
C D.E. FIELDS. 2/81 

C0MM0N/C/BYC6).BZl(6),BZ2(6),BZ3(6),A1(6),A2(6),B1(6),B2(6). 
& B3(6).PY(6.5).PZ(6,5).QY(6.5).QZ(6.5).XM(50) 

DIMENSION AONE(6).BONE(6).ATW0(6),BTWO(6),CONE(6),DONE(6), 
&CTWO(6),DTWO(6).RGH(6) 

DATA AONF70.112.0.130.0.112,0.098.0.0609.0.0638/ 
DATA BONE/1.06,0.950.0.920.0.889.0.895.0.783/ 
DATA ATWO/5.38E-4.6.52E-4.y.05E-4.1.35E-3,1.96E-3,1.36E-3/ 
DATA BTWO/0.815.0.750,0.718.0.688.0.684,0.672/ 
DATA CONE/1.56.2.02.2.72.5.16,7.37.11.7/ 
DATA DONE/0.0480.0.0269.0..-0.060.-0.0957.-0.128/ 
DATA CTWO/6.25E-4.7.76E-4.0.,186..4.29E+3,4.59E+4/ 
DATA DTWO/0.45.0.37,0. .-0.225.-0.60,-0.78/ 
DATA RGH/0.01.0.04,0.10.0.40,1.0.4.0/ 
P=0.0 

DO 8 1=1.50 
IKP=I 
IF(XM(I).GE.XG)G0TO9 

8 CONTINUE 
9 IF(IKP.LT.2)IKP=2 

IKPM=IKP-1 
CHOOSE TYPE OF COMPUTATION 

IPOINT=IT 
IF(IT.GT.3)IP0INT=4 
GOT0(10.20.30.40).IP0INT 

file:///F6.2.'
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C PASQUILL-GIFFORD DISPERSION VALUES, FROM VOGT 
10 ALX=ALOG(XG) 

SIGZ=(EXP(B1(IS)+(B2(IS)+B3(IS)*ALX)*ALX))/2.15 
GOT099 

C HOSRER'S FORM. OF BRIGGS-SMITH DISPERSION VALUES. FROM ATM 
20 ABS=ROUGH 

CI =YLAG(ABS,RGH,CONE,0,3,6,0) 
Dl =YLAG(ABS.RGH,DONE.0,2,6.0) 
C2 -YLAG(ABS,RGH,CTWO,0,3,6,0) 
D2 =YLAG(ABS,RGH.DTHO,0.2,6.0) 
G=AONE(IS)*XG**BONE(IS)/(1.0+ATWO(IS)*XG**BTWO(IS)) 
F=C1*(XG**D1) 
F=ALOG(F) 
IF(ROUGH.LE.O.IO) GO TO 26 
F=F+ALOG(1.+1./(C2*XG**D2)) 
GO TO 27 

26 F=F-ALOG(l.+C2*XG**D2) 
27 SIGZ=G*F 

IF(SIGZ.LT.l.O) SIGZ=1.0 
GOT099 

C BRIGGS DISPERSION VALUES. FROM AIRDOS II 
30 SIGZ=BZ1(IS)*XG*(1+BZ2(IS)*XG)**BZ3(IS) 

GOT099 
C DISPERSION VALUES AFTER KLUG, AND OTHERS 
40 J=IT-3 
C =1 FOR KLUG 
C =2 FOR BROOKHAVEN 
C =3 FOR ST. LOUIS 
C =4 FOR JULICH(50M) 
C =5 FOR JULICH(IOOM) 

SIGZ=PZ(TS.J)*XG**QZ(IS,J) 
99 SIGCAL=2.*(HLID-HH*.5)/2.15 8/ 

IF(SIGZ.LT.SIGCAL) GO TO 1000 
SIGZ=SIGCAL 

1000 RETURN 
END 

C 
C 
C 
C 

SUBROUTINE SIMPUN(XX,FX,NX.I,AX) 
C PROGRAM AUTHOR J. BARISH, 
C COMPUTING TECHNOLOGY CENTER. UNION CARBIDE CORP., NUCLEAR DIV., 
C OAK RIDGE, TENN. 
C 

DIMENSION XX(2),FX(2).AX(2) 
IF (I.LT.O) GO TO 30 
AX(1)=0.0 
DO 10 IX=2,NX,2 

D1=XX(IX)-XX(IX-1) 
AX(IX)=AX(IX-1)+D1/2.0*(FX(IX)+FX(IX-1)) 
IF (NX.EQ.IX) GO TO 20 
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D2=XX(IX+1)-XX(IX-1) 
D3=D2/D1 
A2=D3/6.0*D2**2/(XX(IX+1)-XX(IX)) 
A3=D2/2.0-A2/D3 

10 AX(IX+1)=AX(IX-1)+(D2-A2-A3)*FX(IX-1)+A2*FX(IX)+A3* FX(IX+1) 
20 RETURN 
30 AX(NX)=0.0 

DO 40 IX=2,NX,2 
IC=NX+1-IX 
D1=XX(IC+1)-XX(IC) 
AX(IC)=AX(IC+1)+D1/2.0*(FX(IC+1)+FX(IC)) 
IF (NX.EQ.IX) GO TO 20 
D2=XX(IC+1)-XX(IC-1) 
D3=D2/(XX(IC)-XX(IC-D) 
A2=D3/6,0*D2**2/D1 
A3=D2/2.0-A2/D3 

40 AX(IC-1)=AX(IC+1)+(D2-A2-A3)*FX(IC-1)+A2*FX(IC)+ A3*FX(IC+I) 
RETURN 
END 

C 
C 

SUBROUTINE SOURCE(NUCL) 
C 
Qlrk1rk1c1ck**1rk**1rk1rk**1ck**1rk*1rk***1c1rk1rk**1ck*1rk 
C*** 
C*** THIS SUBROUTINE PERFORMS THE NECESSARY INPUTS TO INITIALIZE 
C*** PARAMETERS AND VARIABLES. SOURCE IS CALLED FROM MAIN. 
C*** 
c*** 
c*** 
c*** 

DOUBLE PRECISION NUCLID.NU.NC.DATE 
C 

COMMON/CNTRL/NONCLD,MAXYR.TITLE(20),LOCATE(12),NYRl.NYR2. 
1 PCT1,PCT2»LEA0PT.I0PVWV,I0PSAT,IPRT1.IPRT2.IDELT. 
2 IRRES1,IRRES2,LIND>IAVG1,IAVG2.RR.FTMECH. 
3 WWATL.WWATA.WWATH,SWATL,SWATA.SWATH.IVAP.IBSMT. 
4 IAQSTR 

C 

C 

C 

C0MM0N/£VAP/PPN,PBID,P,XIRR.S(12),T(12)»TD(12).XINFL.SINFL 

COMMON/TRCH/TAREA.TDEPTH.OVER,PORT,RELFAC.DENCON,OLDWAT.FN,PERMC 

COMMON/WATER/DTRAQ.DWELL.GWV.XLSAT»STFLOW,AQTHK,AQDISP, 
1 PORA.PORV.PERMV 

COMMON/NUC/NUCLIDC40).ATMASS(40).TRAM(40)»SOAM(40) ATAM(40). 
1 AQAM(40.100G>.STAM(40).POLO(40),POLB(40).CS(40).CW(40). 
2 SSTREMC40)»SDEEP(40).AIRCON(40).YSO(40),S0AVG(40). 
3 AQCON(40),STC0N(40),ATC0N(40),AQAVG(40),STAVG(40). 
4 ATAVG(40) ,FMC(40) ,FMG(40) ,DECiix(40) ,XXD(4.40),SOL(40) . 
5 FF(40) ,R.V(40) ,RW(40) ,BV(40) ,BR(40) ,DERATE(40) ,CWAT(40) 
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C 
COMMON/LAND/RAINF.ERODF.STPLNG.COVER,CONTRL.SEDELR,SOILOS, 
1 PORS,BDENS, DWET,EXTENT .ADEPTH,PD.RUNOFF, 
2 INSITE 

C 
COMMON/AIR/H.VG,U.IT.IS.VD.XG,HLID.ROUGH,FTWIND,CHIQ,P.Ei,RE2.RE3 

C 
COMMON/IRRFOO/YlSY2,TE1.TE2.TH1,TH2,TH3,TH4,TH5,TH6.FP.FS. 

1 ULEAFY.UPROD.UCMILK.UGMILK.UMEAT.UWAT.UAIR. 
2 QFC.QFG.TFl,TF2.TS.CL1(40),CL2(40)»CP1(40),CP2(40). 
3 CCMIK40) ,CCM r2(40) »CGMI1(40) ,CGMI2(40) , 
4 CMEAT(40),COLl(40),C0L2(40),C0P1(40),C0P2(40), 
5 COCMIK40) ,COCMI2(40) ,COGMI1(40) ,COGMI2(40) , 
6 COMEAT(40),QING(40),QINH(40).POP, 
7 CSP(40),CSPT(40),CSPO(40),CSP0T(40) 

C 
COMMON/FUNC/XAMBWE.FI.PP.WIRATE, 

1 QCW,QGW.QBW.ABSH,P14 
C 

DIMENSION MONTH(12),DAT(20),NUCL(40.8).HP(12.31,24) 
DATA LU5/5/ .LU6/6/ .LU26/26/ 
DATA IAMP/99/ 
DATA HP/8928*0.0/ 
DATA MONTH/'JAN'.'FEB'/MAR'.'APR'.'MAY'.UUN'.'JUL' .'AUG', 

1 'SEP^.'OCT'.'NOV1 ,»DECV 
WRITE(LU6.7030) 

10 READ(LU5,7040.END=20)DAT 
WRITE(LU26.7040)DAT 
WRITE(LU6,7020)DAT 
GO TO 10 

20 REWIND LU26 
C 
C CONTROL INFORMATION. 
C 

READ(LU26,7 040)TITLE 
READUU26,7040)LOCATE 
READUU26,7060)MAXYR.NONCLD,LEAOPT.NYR1 .NYR2.I0PVWV.I0PSAT. 

1 IPRT1,IPRT2,IDE1T.IRRESl.IRRES2.LIND,UVG1. IAVG2 
READ(LU26.7060)IVAP,IBSMT.IAQSTR 
READ(LU26.7050)PCT1,PCT2,WWATL,WWATA,WWATH,SWATL.SWATA.SWATH 
IF(IAVG1 .LE. 0)IAVG1=1 
IF(UVG2 .GT. MAXYR)IAVG2=MAm 
IFCIAVG1 .GT. IAVG2)IAVG1=1 
IF(IAVG1 .GT. IAVG2)IAVG2=MAXYR 

C 
WRITE(LU6.7090) 

C ITIME IS PART OF THE SYSTEM LIBRARY. IT RETURNS THE CURRENT 
C WALL TIME, ELAPSED TIME, AND DATE. 
C 

CALL ITIME(ICLOCK,IDIFF,DATE,IDAT) 
CL0CK=FLOAT(ICLOCK)/360000. 
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WRITE(LU6.7100)CLOCK,SATE 
VRITE(LU6.7110)TITLE 
WRITE(LD6,7120) 
WRITE(LU6,7130)LOCATE 
IF(NOMCLD .GE. 1 .AND. NOHCLD .LE. 40) GO TO 30 
WRITE(LU6,7140) 
STOP 

30 CONTINUE 
WRITE(LD6,7150)MAXYR.NONCLD 
WRITE(LU6,7160)LEAOPT 
IF(NYR1 .LT. NYR2)WR1TE(L06,7170)1TXR1,PCT1.PCT2,NYR2 
IF(I0PVWV ,EQ. 1)VRITE(LD6.7180) 
IFCIOPVWV .EQ. 0)WRITE(LU6.7190) 
IF(I0PSAT .EQ. 1)VRITE(LU6.7200) 
IF(IOPSAT .EQ. 0)WRITE(LO6,7210) 
WRITE(LU6,7230)LIND 
IFUIND .EQ. 0)WRITE(LU6,7240) 
IF(LIND .NE. 0)WRlTE(LO6,7250) 
WRITE(LU6,7270)WWATL,WWATA,WWATH 
WRITE(LU6.7280)SWAT1.SWATA,SWATH 
IF(IBSMT .GT. 0)VRITE(LU6,7300)IBSMT 
IF(IAQSTR .GT. 0)WRITE(LU6,7310) 
IFCIVAf .EQ. 1)WRITE(LU6,7320) 
IF(IVAP .EQ. 7 .OR. IVAP .EQ. 0)WRITE(LU6,7330) 
IF(IVAP .EQ. 3)wRITE(LD6,7340) 
IFCIVAP .EQ. 4)WRITE(LU6,7350) 

C 
C CLIMATIC INFORMATION 
C 

READ(LU26.7050)PPN.P,XIRR.PHID 
READ(LU26.7050)S 
READ(LU26,7050)T 
READ(LU26.7050)TD 

WRITE(LU6.7360) 
WRITE(LU6,7370)PPN 
WRITE(LU6.7380)P 
WRITE(LU6.7390)PHID 
WRITE(LU6,7400) 
DO 40 1=1,12 
WRITE(L06,741C)M0NTH(I),S(I),T(I),TD(I) 

40 CONTINUE 
C 
C TRENCH INFORMATION 
C 

READ(LU26,7050)TAREA.TDEPTH,0VER,POi.T,DENC0N,RELFAC,FN.XINFL 
READ(LU26,7050)PERMC 
WRITE(LU6,7420) 
WRITE(LU6.7 430)TAREA.TDEPTH 
WRITE(LU6,7440)PORT 
IF(IVAP .EQS I)WRITE(LU6,7450)FN 



277 

VRITE(LU6.7 290)PERhC 
C 
C AQUIFER INFORMATION 
C 

READ(LU26 ,7050)DTRAQ .DWELL,GWV,AQTHK,AQDTSP,PORA.PORV.PERMV 
WRITE(LU6.7460) 
VRITE(LU6.7470)GW 
VRITE(UJ6 .7480)DTRAQ 
WRITE(LU6.7490)DVELL 
WRITE(LD6.7500)AQTHK.AQDISP 
WRITE(LD6.7510)PORA.PORV.PERMV 

C 
c ATMOSPHERIC INFORMATION 
C 

READ(LD26,7050)H. VG.l) .VD.XG.HLID.ROUGH 
READ(LU26 ,7050)FTWIND,CHIQ,RE1 .RE2.RE3.RR.FTMECH 
READ(LU26.7060)IT.IS 

WRITE(LU6,7520) 
WRITE(LU6.7530)H 
HRITE(LU6,7540)VG 
WRITE(LU6,7570)U 
WRITE(LU6.7560)VD 
WRITE(LU6.7550)XG 
VRITE(LU6.7 580)HLID 
WRITE(LU6,7590)ROUGH 
WRITE(LU6.7600)IT,IS 
WRITE(LU6,7610)FTWIND 
IF(CHIQ .LT. 0.0)WRITE(LO6»7630) 
IF(CHIQ .GE. 1.0E-10)WRITE(LU6.7*20)CHIQ 
WRITE(LC6.7640)RE1.RE2.RE3 
WRITE(LU6.7220)IRRES1.IRRES2.RR.FTMECH 

C 
c SURFACE INFORMATION 
C 

READ(LU26.7050)RAINF,ERODF.STFLNG,COVER.CONTRL.SEDELR 
REAT(LU26.7050)PORS,BDENS.STFlOW,EXTENT.ADEPTH 
READ(L026.7050)PD,RUNOFF 

WRITE(LU6.7650) 
WRITE(LU6,7660)RAIKF.ERODF,STPLNG.COVER,CONTRL.SEDELR 
WRITE(LU6.7670)PORS.BDENS 
WRITE(LU6,7680)RUNOFF 
WRITE(LU6,7690)STFLOW,EXTENT.ADEPTH.PD 

C 
C AIR-FOODCHAIN INFORMATION 
C 

WRITE(LU6,7700) 
READ(LU26,7050)Y1,Y2.PP.XAMBWE,TE1,TE2 
READ(LU26,7050)TH1,TH2.TH3,TR4,TH5.TH6,FP,FS 
READ(LU26,7050)QFC,QFG.TF1.TF2.TS.ABSH,P14 
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WRITE(LU6,7710)Y1.Y2.PP.XAMBWE.TEl,TE2 
WRITE(LD6.7720)THl.TH2.TB3.rfl4.TE5.TH6.FP.FS.QFC 
WRITE(LD6.7730)QFG.TF1.TF2.TS,ABSH.P14 

C 
C VATER-FOODCHAIN INFORMATION 
C 

WRITEUU6.7740) 
READ(LU26.7050)FI.WIRATE,QCW.QGW.QBW 
WRITE(LD6,7750)FI,WLRATE,QCW»QGW,QBW 

C 
C HUMAN INGESTION AND INHALATION INFORMATION 
C 

READ(LU26,70SO)DLEAF?.UPROD.UCM1LK,UGMILK,DMEAT,UWAT.DAIK,POP 
WRITE(LD6.7760) 
WRITE(LD6.7770)ULEAFY,UPROD.UCMILK.DGMILK.DMEAT.DWAT.DAIR,POP 

C 
C NUCLIDE INFORMATION 
C 

WRITE(LD6,7790) 
SMASS=1000.*BDENS*EXTENT*PD*ADEPTH 
WMASS=1000.*PORS*EXTENT*PD*ADEPTH 
DO 50 I=l,NONCLD 
READ(LU26.7070)NUCLID(l).(NUa(I.K).K=1.8).TRAM(I), 
1 SOAM(I),STAM(I),ATAM(I).DECAY(l),SOL(l) 
READ(LD26,7080)NU,(XKD(K,I),K=1,4) 
READ(LU26,7080)NC.RA(I),RW(I),BV(I),BR(I),FMC(1).FMG(I),FF(I) 
CW(I)=1000.*SOAM(I)/(XKD(1.I)*SMASS+WMASS) 
CS(I)=CW(I)*XKD(1,I)*1.OB-3 
WRITE(LD6.7780)NUCLID(I),TRAM(I).S0AM(I).STAM(I).ATAM(I). 
1 DECAY(I).SOL(I) 

50 CONTINUE 
WRITE(LO6,7800) 
DO 60 I=l.NONCLD 
WRITE(LU6.7810)NUCLID(I),(XKD(K.I),K=1,4) 

60 CONTINUE 
WRITE(LU6,7820) 
DO 70 I=l,NONCLD 
WRITE(LU6.7810)NUCLID(I),RA(I),RW(I),BV(l),BR(I).FMC(I). 

1 FMG(I).FF(I) 
C 
C**** CONVERT DRY WEIGHT BR AND BV TO WET WEIGHT BR AND BV 
C 

BV(I)=.25*BV(I) 
BP'7)=.25*BR(I) 

70 CONTINUE 
IF(IVAP .HE. 4)GO TO 100 

80 READ(LU26,7010)MO.IDA.(HP(MO,IDA.1H),IH=1.24) 
IF(IAMP .NE. MO) GO TO 80 
XINFL=0. 
PERMCY=PERMC/8760.*10000. 

http://Y2.PP.XAMBWE.TEl
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DO 90 1=1.12 
DO 90 J=l,31 
DO 90 K=l,24 
RAIN=AMIN1(PERMCT,BP(I, J.K)) 
XINFL=XINFL+RAIN/10000. 

90 CONTINUE 
100 CONTINUE 

RETURN 
7010 FORMAT(2(I2,1X),24(F3.0),2X) 
7020 FORMATC' '.20A4) 
7030 FORMAT('l',5X,'** INPUT DATA AS READ IN **'.//) 
7040 FORMATC20A4) 
7050 FORMATC8F10.0) 
7060 FORMATC1615) 
7070 FORMATCA8.T1,8A1.2X,7F10.0) 
7080 FORMAT(A8.2X.7F10.0) 
7090 >0RMATC'l'.29X,'PkESTO-II: A MODEL FOR PREDICTING THE'. 

1 ' MIGRATION OF RADIOACTIVE WASTES', 
2 /' ',48X,'FROM SHALLOW TRENCH BURIAL SITES') 

7100 FORMATC'0',40X,'THIS RUN WAS MADE AT *.F6.3,» ON »,A8) 
7110 FORMATC»0',2C/» '.20X.20A4)) 
7120 FORMATC///' ',5X,»*** CONTROL INFORMATION ***t) 
7130 FORMATC'O'.IOX.'THE BURIAL SITE IS LOCATED AT '.12A4) 
7140 FORMATC»0»,'*** ERROR :*** INVALID NUMBER OF NUCLIDES') 
7150 FORMATC' MOX.'THE SIMULATION WILL RUN FOR',15,' YEARS AND', 

1 • WILL INCLUDE'.13,» NUCLIDES') 
7160 FORMATC' '.1OX.'LEACHING OPTION NUMBER'.12.' WILL BE USED') 
7170 FORMATC' '.lOX.'IN YEAR',14.' ,',r4.2,' OF THE CAP WILL BE', 

1 ' ASSUMED TO FAIL'./' ',15X,'TKIS WILL CONTINUE'. 
2 ' UNTIL '.F4.2.' HAS FAILED IN YEAR ',14, 
3 /' '.lOX.'CAP MAY ALSO FAIL BY SURFACE EROSION') 

7180 FORMATC' *.1OX.'VERTICAL WATER VELOCITY WILL BE CALCULATED'. 
1 ' USING INFILTRATION AND POROSITY') 

7190 FORMATC' '.10X.»PERMEABILITY WILL BE USED FOR MINIMUM', 
1 » VERTICAL WATER VELOCITY') 

7200 FORMATC' '.lOX.'LENGTH OF VERTICAL SATURATED ZONE WILL BE', 
1 ' CALCULATED USING INFILTRATION AND POROSITY') 

7210 FORMAIC '.lOX.'LENGTH OF VERTIGO. SATURATED ZONE WILL BE f, 
1 ' SET TO THE TRENCH TO AQUIFER DISTANCE') 

7220 FORMATC' '.lOX.'FROM YEAR ',I4,» TO YEAR ',14, 
1 ' THE RESUSPENSION RATS DUE TO MECHANICAL DISTURBANCES', 
2 ' WILL BE '.1PE11.4./' ',15X,'THIS WILL OCCUR DURING ', 
3 F5.2,' OF EACH YEAR') 

7230 FORMATC' '.1OX,'POPULATION INDICATOR IS '.12) 
7240 FORMATC' ',]5X,'MAXIMUM INDIVIDUAL EXPOSURE WILL BE USED', 

1 ' TO CALCULATE HEALTH EFFECTS') 
7250 FORMATC' ',15X,»GENERAL POPULATION EXPOSURE WILL BE USED', 

1 ' TO CALCULATE HEALTH EFFECTS') 
7260 FORMATC' '.1OX,'THE POPULATION WILL BE EXPOSED TO COhTAMINATED ', 

1 'MATERIALS FROM YEAR '.13.' TO '.14) 
727C FORMATC' M0X,F6.3.' OF IRRIGATION WATER WILL BE GOTTEN FROM '. 
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1 
2 
3 
4 
5 

/• 

/ 

7280 FORMAT( 
1 
2 / 
3 
4 / 
5 

7290 FORMAT( 
1 

7300 FORMAT( 
1 

7310 FORMAT( 
7320 ?ORMAT( 

1 
7330 FORMAT( 

1 
7340 FORMAT( 

1 
7350 FORMAT( 

1 

'WELL'. 
'.10X.F6.3,' OF DRINKING WATER FOR ANIMALS WILL BE*. 

* GOTTEN FROM WELL 1. 
'.10X.F6.3.1 OF DRINKING WATER FOR HUMANS WILL*. 
BE GOTTEN FROM WELL*) 
*.10X.F6.3,' OF IRRIGATION WATER WILL BE COTTEM FROM '. 

'STREAM'. 
'.10X.F6.3.' OF DRINKING WATER FOR ANIMALS WILL BE '. 

GOTTEN FROM STREAK', 
'.10X.F6.3.' OF DRINKING WATER FOR HUMANS WILL'• 
BE GOTTEN FROM STREAM') 
'.10X.'TRENCH CAP PERMEABILITY IS '.F8.3. 
METERS PER TEAR'} 
'.10X.*BEGINNING IN TEAR '.14.' PEOPLE WILL LIVE '. 

IN THE BASEMENT') 
'.1 OS.'UNUSED WATER AT WELL WILL GO TO SURFACE STREAM') 
• .101.'TRENCH CAP INFILTRATION WILL BE CALCULATED '. 

'AS A FRACTION OF WATERSHED INFILTRATION') 
'.10X.'INPUT VALUE WILL BE USED FOR TRENCH '. 

'CAP INFILTRATION') 
'.10Z.'TRENCH CAP INFILTRATION WILL BE CALCULATED '. 

'FROM ANNUAL PRECIPITATION') 
',101.'TRENCH CAP INFILTRATION WILL BE CALCULATED '. 

'FROM HOURLY PRECIPITATION') 
7360 FORMAT(////' ',5X.'*** CLIMATIC INFORMATION ***») 
7370 FORMAT(//' '.lOX.'THE AVERAGE ANNUAL PRECIPITATION IS ', 

1 F5.3.' METERS') 
7380 FORHATC '.1OX.'THE AVERAGE ATMOSPHERIC PRESSURE IS '. 

1 F7.2,' MBAR') 
7390 FORHATC MOX.'THE LATITUDE OF THE SITE IS '.F8.2) 
7400 FORMAT(//' •.10X,'MONTH',15X.'FRACTION OF SUNSHINE',15X> 

1 'AVERAGE TEMP C'.18X.'AVG DEW POINT TEMP C'/) 
7410 FORHATC ' .llX,A4.24X.F3.2.27X.F6.2,30X.i'6.7.) 
7420 FORMAT('l».5X.'*** TRENCH INFORMATION ***') 
7430 FORHATC//' '.lOX.'THE TRENCH HAS AN AREA OF '. 

1 Ell.4.' SQUARE METERS AND A DEPTH OF '• 
2 Ell.4.' METERS') 

7440 FORMATC ' ,101.'TRENCH POROSITY IS ' . F 8 . 2 ) 
7450 FORMATC ' ,10X,'RATIO OF CAP PERMEABILITY TO WATERSHED SOIL'. 

1 ' PERMRABILITY TS » .F8.2) 
7460 FORMAT(//' » ,5X, '*** AQUIFER INFORMATION ***») 
7470 FORMAT(//• '.lOX.'THE GROUND WATER HAS A VELOCITY OF ' . F 1 0 . 3 . 

1 ' METERS PER YEAR') 
7480 FORMATC '.10X.'TRENCH TO AQUIFER DISTANCE IS ' . F 6 . 1 . ' METERS') 
7490 FORMATC »,10X.'TRENCH TO WELL DISTANCE IS ' . F 8 . 2 . ' METERS') 

'.lOX.'THE AQUIFER THICKKF.SS IS ' . F 8 . 2 . ' METERS'. 
'.lOX.'THE AQUIFER DISPERSION ANGLE IS ' . F 8 . 4 , ' RADIANS') 

7510 FORMATC ' . 1 OX.'POROSITY OF THE AQUIFER REGION IS ' . F 8 . 5 . 
1 / ' ',1OX.'POROSITY BENEATH THE TRENCH IS ' . F 8 . 5 . 
2 / ' '.10X.'PERMEABILITY BENEATH THE TRENCH IS ' . F 8 . 3 . 
3 ' METERS/YEAR') 

7500 FORMATC 
1 / ' 
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7520 FORMAT(//,l,.5X,,*** ATMOSPHERIC INFORMATION ***t) 
7530 FORMATC// 1 '.10X.'SOURCE HEIGHT IS '.F6.1.' METERS*) 
7540 FORMAT(* MOX.»VELOCITY OF GRAVITATION FALL IS *. 

1 F6.2,» METERS/SECOND*) 
7550 FORMATC '.lOX.'GADGE DISTANCE FROM SOURCE IS *,F8.2.' MET2RS*) 
7560 FORMAT(* ».101.'DEPOSITION VELOCITY IS »,F6.2,» METERS/SECOND*) 
7570 FORMATC ' .lOX.'WIND VELOCITY IS *.F6.2.* METERS/SECOND *) 
7580 FORMATC » .1 OX.'LID HEIGHT IS ',F8.2.» METERS*) 
7590 FORMATC *.13X.*HOSKK JHNESS FACTOR IS *.F6.2) 
7600 FORMATC '.101.'TYPE OF STABILITY FORMULATION IS *.I2. 

1 /» MOX.'STABILITY CLASS IS *.I2) 
7610 FORMATC *.10X.'FRACTION OF TIME WIND BLOWS TOWARD POPULATION IS*, 

1 F10.6) 
7620 FORMATC* *.lOX,'NORMALIZED DOWK WIND ATMOSPHERIC EXPOSURE '. 

1 »If »,lPE11.4f» CI/M**3 PER CI/SEC*) 
7630 FORMATC *,10X,» NORMALIZED DOWN WIND ATMOSPHERIC EXPOSURE PER '. 

1 'UNIT SOURCE AREA WILL BE CALCULATED INTERNALLY*) 
7640 FORMATC *,10X,*RESUSPENSION FACTOR PARAMETERS »,3(5X,E11.4)) 
7650 FORHATC//* ',5X,'*** SURFACE INFORMATION ***») 
7660 FORMATC//' *,1 OX,*PARAMETERS FOR UNIVERSAL LOSS EQUATION*. 

1 /* '.15X.'RAINFALL '.F8.2. 
2 /* *.15X,*ERODIBILITY *,F8.2, 
3 /' »,15X.»STEEPNESS-SLOPE*,F8.2, 
4 /• M5X.'COVER *.F8.2. 
5 /' ',15X,»EROSION CONTROL',F8.2. 
6 /» ».15X,'DELIVERY RATIO ».F8.2) 

7670 FORMATC '.1OX,'SOIL POROSITY IS '.F8.5. 
1 /' '.1 OX,'SOIL BULK DENSITY IS ».F8.5e' G/CC) 

7680 FORMATC ' ,10X.'RUNOFF FRACTION IS '.F8.5) 
7690 FORMATC/' *,10X, 

1 10X.'STREAM FLOW RATE IS '.1PE11.4,' CUBIC METERS PER YEAR'. 
2 /' »,10X.'CROSS SLOPE EXTENT OF SPILLAGE IS '.0PF8.2.' METERS' 
3 /' '.10X,'ACTIVE SOIL DEPTH IS '.F8.2,' METERS'. 
4 /' '.1OX.'AVERAGE DOWN SLOPE DISTANCE TO STREAM IS '.F8.2. 
5 ' METERS') 

7700 FORMATCl'.5Z.»*** AIR-F0ODCHA1N INFORMATION ***») 
7710 FORMATC/1 '.10X.'AGRICULTURAL PRODUCTIVITY FOR GRASS'.F10.2. 

1 • KG/M**2'. 
2 / ' '.10X.'AGRICULTURAL PRODUCTIVITY FOR VEGETATION'. 
3 F 1 0 . 2 . ' KG/M**2», 
4 /' '.1OX.'SURFACE DENSITY FOR SOIL '.F10.2.' KG/M**2', 
5 /• '.1OX.'WEATHER DECAY CONSTANT'.Fl0.2.' I/HOURS'. 
6 /' '.10X,'PERIOD PASTURE GRASS EXPOSURE GROWING SEASON'. 
7 F10.2.' HOURS'. 
6 /' ',1OX,'PERIOD CROP/VEGETATION EXPOSURE GROWING SEASON'. 
9 F10.2.' HOURS') 

7720 FORMATC MOX.'PERIOD BETWEEN HARVEST PASTURE GRASS AND'. 
1 ' INGESTION BY ANIMAL',F10.2.' HOURS', 
2 /' ',1 OX,'PERIOD BETWEEN STORED FEED AND INGESTION', 
3 ' BY ANIMAL',F10.2,» HOURS', 
4 /' ',1OX,'PERIOD BETWEEN HARVEST LEAFY VEGETABLES AND', 
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5 • INGESTION BT MAN(M.I.E.)'.F10.2.' HOURS'. 
6 /' '.10X,'PERIOD BETWEEN HARVEST PRODUCE AND INGESTION BY*. 
7 * MAN(M.I.E.)'.F10.2.' HOURS'. 
8 /' «.10X.'PERIOD BETWEEN HARVEST LEAPT VEG '. 
9 'AJiD INGESTION BT MAN(G.P.E.)'.F10.2.' HOURS'. 
9 /' '.10X.'PERIOD BETWEEN HARVEST PRODUCE'. 
9 ' AND INGESTION BT MAN(G.P.E.)'.F10.2.' HOURS'. 
9 /' ',10X.'FRACTION OF TEAR ANIMALS GRAZE ON PASTURE'.F10.2 
9 /' *.10X.'FRACTION OF DAILY FEED THAT IS FRESH GRASS'.F10.2. 
9 /' '.10X.'AMOUNT OF FEED CONSUMED BT CATTLE*.F10.2.' KG') 

7730 F O R M A T C '.10X.'AMOUNT OF FEED CONSUMED BT GOATS'.F10.2.' KG'. 
1 /' '.10X.'TRANSPORT TIME FEED-MILL-RECEPTOR FOR M.I.E.*. 
2 F10.2.' HOURS'. 
3 /• '.10X.'TRANSPORT TIME FEED-MILL-RECEPTOR FOR G.P.E.'. 
4 F10.2.' HOUR!*. 
5 /' MOX.'TIME FROM SLAUGHTER OF MEAT TO CONSUMPTION*.F10.2. 
6 ' HOURS'. 
7 /' '.IOX.'ABSCIJTE HUMIDITY OF THE ATMOSPHERE'.F10.2. 
8 ' G/M**3*. 
9 /' '.1 OX .'FRACTIONAL EQUILIBRIUM RATIO FOR C-14'.F10.2) 

7740 FORMATC'l'.5X.'*** WATER-FOODCHAIN INFORMATION ***') 
7730 FORMAT(///« '.1OX.'FRACTION OF TEAR CROPS ARE IRRIGATED*.F10.2, 

1 /• '.1OX.'IRRIGATION RATE '.F10.2.* L/(M**2-H)'» 
2 /' MOX,'AMOUNT OF WATER CONSUMED BT COWS '.F10.2.' L/D'. 
3 /' '.10X.'AMOUNT OF WATER CONSUMED BT GOATS '.F10.2.' L/D'. 
4 /• '.10X.'AMOUNT OF WATER CONSUMED BT BEEF CATTLE '.F10.2. 
5 ' L/D'} 

7 7 6 0 FORMAT(// / ' ' . 5 X . ' * * * HUMAN INGESTION AND INHALATION RATE'. 
1 ' INFORMATION * * * ' ) 

7770 FORMAT(/' '.lOX.'ANNUAL INTAKE OF LEAPT VEG ' . F 8 . 2 . 
1 ' KILOGRAMS PER TEAR', 
2 / ' '.lOX.'ANNUAL INTAKE OF PRODUCE ' . F 8 . 2 . 
3 ' KILOGRAMS PER TEAR', 
4 / ' '.lOX.'ANNUAL INTAKE OF COW'S MILK ' . F 8 . 2 . 
5 ' LITERS PER TEAR'. 
6 / ' '.lOX.'ANNUAL INTAKE OF GOAT"S M I L K ' . F 8 . 2 , 
7 ' LITERS PER TEAR'. 
8 /' '.lOX.'ANNUAL INTAKE OF MEAT '.F8.2.' KILOGRAMS PER TEAR* 
9 /' '.lOX.'ANNUAL INTAKE OF DRINKING WATER',F8.2. 
9 ' LITERS PER TEAR'. 
9 /' '.lOX.'ANNUAL INHALATION RATE OF AIR '.F8.2, 
9 ' CUBIC METERS PER TEAR'./' '.lOX.'A POPULATION OF '. 
9 F10.0.' WILL BE CONSIDERED') 

7780 FORMATC ',A8,3X,9(1PE11.4,2X)) 
7790 FORMAT('l',5X,»*** NUCLIDE INFORMATION ***'. 

1 //' '.50X.'INFORMATION ON INDIVIDUAL NUCLIDES', 
2 //• '.'NUCLIDE',3X.'AMT IN TRENCH',3X,'SPILLAGE',4X, 
3 'STREAM AMT '.2X,'AMT IN AIR',2X,»DECAY CONST', 
4 2X.'SOLUBILITY CONST'. 
5 /' ».3X.4(12X,»CI').8X,'l/Y',nX,'G/ML') 
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7800 FORMAT(////' *.25X.'DISTRIBUTION COEFFICIENTS ML/G'. 
1 //' '.•NUCLIDE'.6X.'SURFACE',6X.'TRENCH*.6X.'VERTICAL'. 
2 5X,'AQUIFER'/) 

7810 FORMATC '.A8.1X.9QPE11 .2.00) 
7820 FORMAT(///' '.'NUCLIDE',4X.'RETENTION',4X.'RETENTION'. 

1 4X.5('TRANS COBFF'.2X),/« '.12X.»IN AIR',6X.'IN WATER'. 
2 5X.»SOIL-V CROP'.2X.'SOIL-R CR0P'.2X,'VEG-COW MILK'. 
3 2X.'VEG-G0AT MILK',2X.»VEG-MEAT'./' ».40X.5('D/KG',9X)) 
END 

C 
C 
C 

SUBROUTINE SURSOL(II.NYEAR) 
C 
C 
C CALCULATES THE AMOUNT 0? SOLUBLE SURFACE CONTAMINANT THAT 
C ENTERS THE STREAM AND TRENCH ANNUALLY. 
C SURSOL IS CALLED BY MAIN. 
V 
c 
c 
c 
c 
c 
c 
C INPUT VARIABLES 
C 
C ADEPTH = SOIL DEPTH OF ACTIVE EXCHANGE 
C XINFL = AVERAGE ANNUAL INFILTRATION 
C RUKOFF = FRACTION OF NET INPUT GOING TO STREAM 
C PD = DOVNSLOPE DISTANCE TO STREAM 
C BDENS = BULK DENSITY OF SOIL 
C EXTENT = CROSS SLOPE EXTENT OF SPILLAGE 
C SOAM = AMOUNT OF SPILLAGE 
C XKD = CHEMICAL EXCHANGE COEFFICIENT 
C 
C 
C INTERMEDIATE VARIABLES 
C 
C SMASS = SOIL MASS 
C WMASS = WATER MASS 
C 
C 
C OUTPUT VARIABLES 
C 
C SSTREM = AMOUNT OF NUCLIDE GOING TO STREAM 
C SDEEP = AMOUNT OF NUCLIDE GOING TO TRENCH 
C CW = NUCLIDE CONCENTRATION IN WATER 
C CS = NUCLIDE CONCENTRATION IN SURFACE SOIL 
C 
C 
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DOUBLE PRECISION NUCLID 
C 

COMM0N/EVAP/PPH,PHID,P.XIRK.S(12),T(12),TD(12).XINFL.SIHFL 
C 

COMMON/NDC/NOCLID(40) •ATMASS(AO),TRAM(40).SOAM(40)»ATAM(40). 
& AQAM(40.1000),STAM(40).POLO(40),POLB(40).CS(40).CW(40). 
& SSTREM(40),SDEEP(40) »AIRC0B(40),YS0(40),S0AVG(40). 
& AQC0N(40),STC0N(40),ATCON(40),AQAVG(40),STAVG(40), 
& ATAVG(40),FHC(40),FMG(40),DECAY(40).XKD(4,40).SOL(40). 
& FF(40),RA(40),RW(40),BV(40),BR(40),DERATE(40).CWAT(40) 

C 
COMMOH/LAHD/RAINF.ERODF.STPLHG.COVER.COHTRL.SEDELR.SOILOS. 
& PORS,BDENS,DWET,EXTENT,ADEPTH.PD,RUNOFF, 
& IMSITE 

C 
C 
C 

VSTREM=RUNOFF*PPN*EXTENT*PD 
VDEEP=SINFL*EXTENT*PD 
SMASS=1000.*BDEMS*EXTEHT*PD*ADEPTH 
WMASS=1000.*PORS*EXTENT*PD*ADEPTH 
SUAM=CS(II)*SMASS+CV(II)*VMASS/1.0E3 
VMASS=1000.*(PORS*EXTENT*PD*ADEPTH+WDEEP+WSTREM) 

C 
C COMPUTE NUCLIDE CONCENTRATION PER CUBIC METER OF VAT*R 
C 

CW(II)-1000.*SDAM/(XKD(1.II)*SMASS+WMASS) 
C 
C COMPUTE NUCLIDE CONCENTRATION PER KG OF SOIL 
C 

CS(Il)sCW(Il)*XKD(l,II)*1.0E-3 
SSTREM(II) =WSTRJM*CW(II) 
SDEEP(II)=VDEEP*CV(II) 
RETURN 
END 

C 
C 
C 

SUBROUTINE SUSPND(IYR.II.GNDCON) 
C 
C 
C*** COMPUTES AIR CONCENTRATION AND ATMOSPHERIC SOURCE TERM 
C*** AT SPILLAGE AREA. CALLED ANNUALLY BY MAIN. 
C*** 
C*** c*** c c c 
C INPUT VARIABLES 
C 
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C IYR = CURRENT YEAR OF SIMULATION 
C II = CURRENT NUCLIDE 
C SAREA = AREA COVERED BT SPILLAGE 
C GNDCON= GROUND CONCENTRATION 
C IRRESl= FIRST TEAR OF RESUSPENSION RATE 
C IRRES2= LAST YEAR OF RESUSPENSION RATE 
C RR = RESUSPENSION RATE 
C FTMECH=FRACTION OF YEAR FOR MECHANICAL DISTURBANCE 
C U WIND VELOCITY 
C 
C 
c 
C INTERMEDIATE VARIABLES 
C 
C RE RESUSPENSION FACTOR 
C YSOl = NORMAL CONTRIBUTION TO ATMOSPHERIC SOURCE 
C YS02 = CONTRIBUTION TO ATMOSPHERIC SOURCE FROM MECHANICAL 
C DISTURBANCE 
C 
C 
C OUTPUT VARIABLES 
C 
C AIRCON= AIR CONCENTRATION AT SPILLAGE AREA 
C YSO = ATMOSPHERIC SOURCE AMOUNT AT SPILLAGE AREA 
C 
C 
C 
C ASSUME ALL RADIONUCLIDES DEPOSITED ON SOIL SURFACE AT 
C TIME ZERO. 
C 
C 

DOUBLE PRECISION NUCLID 
C 

COMM0N/CNTRL/NONCLD,MAXYR,TITLE(20).LOCATE(12),NYR1,NYR2, 
& PCT1.PCT2.LEAOPT,IOPVWV.IOPSAT.IPRTl,IPRT2.IDELT. 
& IRRES1,IRRES2.LIND,IAVG1,IAVG2,RR,FTMECH. 
& WWATL.WWATA.WWATH.SWATL.SWATA.SWATH.IVAP.IBSMT. 
& IAQSTR 

C 
C0MM0N/NUC/NUCLID(40).ATMASS(40).TRAM(40),SGAM(40),ATAM(40), 

& AQAM(40.1000),STAM(40).POLO(40).P0LB(40).CS(40),CW(40). 
& SSTREM(40),SDEEP(40),AIRCON(40).YSO(40),SOAVG(40) , 
& AQCON(40),STCON(40),ATCON(40),AQAVG(40),STAVG(40). 
& ATAVGC40),FMC(40).FMG(40).DECAY(40),XKD(4.40).SOL(40). 
& FF(40),RA(40),RW(40),BV(40),BR(40).DERATE(40),CWAT(40) 

C 
COMMON/LAND/RAINF.ERODF.STPLNG.COVER. CONTRL,SEDELR.SOILOS. 

& PORS.BDENS.DWET.EXTENT.ADEPTH.PD.RUNOFF. 
& INSITE 

C 
C0MM0N/AIR/H.VG,U.IT.IS.VD.XG.HLID,R0UGH.FTWIND,CHIQ,RE1.RE2.RE3 
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C 
T=FLOAT(IYR)*365. 

C 
C RESUSPENSION FACTOR BY ANSPAUGH ET AL 
C 

RE=RE1*EXP(RE2*SQRT(T))+RE3 
AIRCOH(II)=RE*GNDCON 
HD=1.0 
F=SQRT(PD*EXTENT) *VG/U/HD 
IF(F .GT. 1.) F=1.0 
YSOl =AIRCON( II) *HD*U*SQRT(PD*EXTENT) *F 

C 
C THE FOLLOWING IS FOR RESUSPENSION DUE TO MECHANICAL 
C DISTURBANCES 
C 

YSO2=0. 
IF((IYR .GE. IRRESl) .AND. (IYR .LE. IRRES2)) 

& YS02=PD*EXTENT*GNDCON*RR*FTMECH 
C 

YSO(II)=(YS01+YS02) 
C IF(YSO(II) .GT. 0NAM(II))YS0(II)=0NAM(II) 

RETURN 
END 

C 
C 
C 
C 

SUBROUTINE TRENCH(NYEAR,VOLB,VOLO.DMAX,PC) 
C 
C 
C*** 
c*** 
C*>* THIS SUBROUTINE MAINTAINS A TRENCH WATER BALANCE. WATER 
C*** ENTERS THE TRENCH IN THE FORM OF PRECIPITATION AND EXITS 
C*** FROM THE BOTTOM IF POSSIBLE. IF MORE WATER ENTERS THE 
C*** TRENCH THAN CAN EXIT FROM THE BOTTOM THE TRENCH MAY 
C*** OVERFLOW. 
C*** 
C*** 
C*** 
C*** 
C*** 
c*** 
C 
C INPUT VARIABLES 
C TDEPTH = TRENCH DEPT* 
C TAREA = TRENCH AREA 
C PORT = POROSITY OF TRENCH MATERIAL 
C OLDWAT = VOLUME OF WATER IN TRENCH FROM PREVIOUS YR 
C XLSAT = LENGTH OF SATURATED ZONE 
C PPN = ANNUAL PRECIPITATION 
C XINFL = ANNUAL INFILTRATION 
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C NYEAR = CURRENT TEAR OF SIMULATION 
C 
C OUTPUT VARIABLES 
C 
C DMAX = MAXIMUM DEPTH OF WATER IN TRENCH 
C OLDHAT = VOLUME OF HATER IN TRENCH AT END OF TEAR 
C VOLO = VOLUME OF HATER OVERFLOWING TRENCH 
C VOLB = VOLUME OF HATER GOING OUT BOTTOM OF TRENCH 
C 
C INTERMEDIATE VARIABLES 
C 
C NEHUAT = VOLUME OF HATER ENTERING TRENCH 
C PC = FRACTION OF TRENCH CAP THAT HAS FAILED 
C 
C 
C 
C 

REAL NEHHAT 
C 

COMMON/EVAP/PPN,PHID,P.XIRR,S(12),T(12) ,TD(12) .XINFL.SINFL 
C 

COMMON/TRCH/TAREA.TDEPTH,OVER,PORT,RELFAC.DENCON.OLDWAT,FN.PERMC 
C 

COMMON/WATER/DTRAQ,DWELL,GWV.XLSAT.STFLOW.AQTHK.AQDISP. 
& PORA.PORV.PERMV 

C 
COMMON/LAND/RAINF . ERODF . STPLNG, COVER, CONTRL . SEDELR, SOILOS . 

& PORS.BDENS.DHET,EXTENT.ADEPTH.PD,RUNOFF, 
& INSITE 

C 
PC=CAP(NYEAR) 
NEWHAT=TAREA*(PC*SINFL+(1.-PC)*XINFL) 
HTEST=DTRAQ*(NEWWAT/(PERMV*TAREA)-1.) 
VOLO=0. 
IF(TDEPTH-HTEST)200,100,100 

100 VOLB=NEHHAT 
DMAX=HTEST 
IF(DMAX .LT. 0.)DMAX=0. 
RETURN 

200 VOLB=PERMV*TAREA*(TDEPTH+DTRAQ)/DTRAQ 
VOLO=NEWWAT-VOLB 
DMAX=TDEPTH 
RETURN 
END 

C 
C 
C 
C 

SUBROUTINE VERHOR(II.NYEAR.ITIME) 
C 
C 
C 
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C*** THIS ROUTINE CALCULATES AND DECAYS THE AKOUNT OP RADIO 
C*** ACTIVE MATERIAL THAT VILL REACH THE WELL IN A GIVEN YEAR. 
C*** THIS SUBROUTINE IS CALLED PROM MAIN. 
C*** 
c*** 
c*** 
c*** 
c 
C 
C INPUT VARIBALES 
C 
C II = NUCLIDE NUMBER 
C NYEAR = CURRENT YEAR OP SIMULATION 
C ITIME = TRANSIT TIME PROM TRENCH TO WELL 
C VOLB = VOLUME OP WATER LEAVING TRENCH 
C POLB = AMOUNT OP NUCLIDE LEAVING BOTTOM OP TRENCH 
C DECAY = RADIOACTIVE DECAY CONSTANT 
C 
C 
C 
C OUTPUT VARIABLES 
C 
C AQAM = AMOUNT OP NUCLIDE AT WELL SITE 
C 

DOUBLE PRECISION NUCLID 
C 

COMMON/CNTRL/NONCLD.KAXYR,TITLE(20) .LOCATE(12) .NYRl ,NYR2. 
& PCTl,PCT2.LEAOPT,IOPVWV.IOPSAT,IPRTl,IPRT2,IDELT, 
& IRRES1.IRRES2>LIND,IAVG1,IAVG2,RK,PTMECH. 
& WWATL.WWATA.WWATH,SWATL,SWATA,SWATH,IVAP,IBSMT, 
& IAQSTR 

C 
COMMON/NUC/NUCLID(40) ,ATMASS(40) ,TRAM(40) ,S0AM(40) ,ATAM(40) , 

& A'JAM(40.1000).STAM(40).POLO(40).P0LB(40),CS(40),CW(40). 
& SSTREM(40),SDEEP(40)»AIRC0N(40)»YSO(40)»SOAVG(40). 
& AQC0NC40) ,£TC0N(40) ,ATCON(40) .AQAVG(AO) ,STAVG(40) , 
& ATAVGC40),PMC(40),FMG(40).DECAY(40),XKD(4,40,.SOL(40). 
& FF(40),RA(40),RW(40),BV(40),BR(40).DERATE(40),CWAT(40) 

C 
DIMENSION ITIME(40) 

C 
C CALCULATE CORRECT POSITION IN ARRAY AND DECAY THE MATERIAL 
C POR THE PERIOD OP TIME MATERIAL IS IN TRANSIT PROM TRENCH 
ii TO WELL. 
C 

ITMP=ITIME(II) 
IP((NYEAR+ITMP) ,GT. (MAXYR) .OR. ITMP ,LT. 0) GO TO 10 
AQAM(II,NYEAR+ITIME(II))=EXP(-DECAY(II)*1TIME(II))*(P0LB(II)+ 

h SDEEP(II)) 
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1 0 CONTINUE 
RETURN 
ELD 

C 
C 

FUNCTION YLAG(XI,X.Y.INDl.Nl.IMAX. I EX) 
0 FRCuRAM AUTHORS A. A. BROOKS AND E.G. LONG. 
C COMPUTING TECHNOLOGY CENTER, UNION CARBIDE CORF.. NUCLEAR DIV.. 
C OAK RIDGE. TENN. 
C 
C LAGRANGIAN INTERPOLATION 
C XI IS INTEPOLATEP ENTRY INTO X-ARRAY 
C N 13 THE ORDER OF LAGRANGRAN INTERPOLATION 
C Y IS ARRAY FROM WHICH YLAG IS OBTAINED BY INTERPOLATION 
C IND IS THE MIN-I FOR X(I).GT.X1 
C IF IND=0 .X-ARRAY WILL BE SEARCHED 
C IMAX IS MAX INDEX OF X-AND Y-ARRAYS 
C EXTRAPOLATION CAN OCCUR,IEX=-1 OR +1 
C 
C 

DIMENSION X(1),Y(1) 
IND=IND1 
N=N1 
IEX=0 
IF IN.LE.IMAX) GO TO 10 
N=IMAX 
IEX=N 

?0 IF (IND.GT.O) GO TO 40 
DO 20 J = l.IMAX 

IF (XI-X(J)) 30.130.20 
20 CONTINUE 

IEX=1 
GO TO 70 

30 II!D=J 
40 IF (IND.GT.l) GO TO 50 

IEX=-1 

30 INL=IND-(N+l)/2 
IF (INL.GT.C) GO TO 60 
INL=1 

60 INU=INL+N-1 
IF (INU.LE.IMAX) GO TO 80 

70 INL=IMAX-N+1 
INU=IMAX 

80 S=0. 
F=l. 
DO 110 J=INL,INL 

P=P*(XI-X(J)) 
D=l. 
DO 100 I=INL,INU 

IF (I.NE.J) GO TO 90 
XD=XI 
CO TO 100 
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90 XD=X(J) 
100 D=D*(XD-X(I)) 
110 S=S+Y(J)/D 

YLAfi=S*P 
120 RETURN 
130 YLAG=T(J) 

GO TO 120 
END 
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SUBROUTINE DARTAB 
REAL*8 NUCLrD,ORGN,CANC,TOTBOD,RNLOC,OGLOC.GEN,OREP,CREP.RREP, 

A PO218.PB214,BI214,PO214,PUIJI0,UJNGS,NDP.TDP,PUL,RREPS 
DATA P0218/8HPO-718 /.PB214/8HPB-214 / .BI214/8HBI-214 / , 

A P0214/8HPO-214 /,PULU)/8HPUIJ<NARY/, LUNGS/ 8HLUNGS / , 
B NDP/8H«N-P* /,TDP'8H*T-B» /,PUL/8H*PUL» / 

LOGICAL GENEFF,OUTPUT 
REAL LLET 
INTEGER RTABU,DTABLE,TABLE(7),FTABLE,PILOC,HLLOC,FALOC 

C 
DATA T01BOD/8BTOT BODT / 
DIMENSION TITLE(20),CONC(4),ILET(2),RREPS(4) 
NAMELIST /INPUT/ILO€,JLOC,PLOC,AGEk,ILET,DTABLE,RTABLE,FTABLE, 

A OUTPUT,GSCFAC 
NAMELIST /ORGAN/ORGN,NORGN,TIME 
NAMELIST /QFACTR/HLET.LLET 
NAMELIST /CANCER/CANC,NCANC,RELABS 
NAMELIST /RNUCLD/NUCLID,NONCLD,PSIZE,RESP,GIABS 

NAMELIST /IX)CTBL/fniX)C,RNLOC,OGLOC,PTLOC,FALOC,HLLOC,LTABLE 
NAMELIST /GENTIC/GENEFF,GEN,NGEN,GRFAC,REPPER,GLLET,GBLET 

COMMON/COMEX/EXPP(20,20,40,4),POP(20,20),POFFAC,TOTFAC, NOL.NOU, 
> NRL,NRU, IDISK20) , ILOC,JLOC 

COMMON/COMOR/ORGN(20),N0RGN,TIME(20),DOSE(20,40,4,2), DTABLE(7) 
C0MM0N/LETFAC/HLET(20) ,LLET(20) 
COMMON/C0MCA/CANC(20),NCANC.RELABS(20),RISK(20,40,4,2), RTABLE(7), 

> AGEI,YRLL(20,40,4.2) 
COMMON/COMRF/RZF(20,40,4),FTABLE(7) 
COMMON/COMNU/NUCLID(40) ,N0NCLD,PSIZE(40) ,RESP(40) ,GIABS (4,40), 

> INDPOP 
COMMON/COMLOC/RNLOC(10),0GLOC(10),PTLOC(10).FALOC(IO), 

> HLLOC(10),LTABLE(10),NTLuC 
C0tM0N/C0MGEN/GEN(3),NGEN,GD0SE(3,40,4,2),GRISK(3,40,4,2). 

> GENEFF,GRFAC(2),REPPER,GLLET(3),GHLET(3),GPEF(3,40,4) 
COMMON/COMRN/OREP(20),RREP(20),CREP(20),fLRN(20,20), 

A RRISK,RREF(2),RYRLL,NOREP,NRREP,NCREP 
COMMON/COMUS/ARRAT(2200) 

C*** SET DEFAULT VALUES. 
OUTPUT-. TRUE. 

ILOC-O 
JL(K>0 
PLOC-100. 
AGEX-70.7565 

REPPER-1.41330E-2 
GSCFAO.5 

NORGN-0 
NCANOl 
CANC(1)-T0TB0D 
ILET(l) -0 
ILET(2)-2 
DO 10 J - 1 , 7 
DTABLE(J)-0 
RTABLE(J)-0 
FTABLE(J)-0 
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10 CONTINUE 
RTABLE(6)»4 
ILET(1)~1 
ILET(2)«1 
DO 20 J - 1 . 2 0 
TIME(J)«70. 
HLET(J)>20. 
LLET(J)=1. 
RELABS(J)~1. 

20 CONTINUE 
NGEN-0 
NOREPM 
NCtEP-1 
NRREPM) 
RREPS(1)«P0218 
KREPS(2)~PB214 
RREPS(3)*BI214 
CREPS(4)«P0214 
CREP(1)«PULM0 
0REP(1)«LUNGS 
0REP(2)«NDP 
0REP(3)*=TDP 
0REP(4)~PUL 

READ(26,11700) TITLE 
WRTTE(6,10000) TITLE 
£EAD(26,INPUT) 
IF (PLOC.NE.O) WRITE(6,10100)PLOC 
IF (ILET(l).EQ.0.OR.ILET(l).EQ.2) WRITE(6,10200) 
IF ULET(1).EQ.1.0R.ILET(1).EQ.2) WRITE(6,103O0) 
IF (ILET(2),CQ.0.OR.ILET(2).EQ.2) WRITE(6,10400) 
IF (ILET(2).BQ.1.0R.ILET(2).BQ.2) 1RITE(6,10500) 
WRITE(6,10600) DTABLE.RTABLE.FTABLE 
WRITE(6,11900) 6SCFAC 

C**» READ IN ORGAN PARAMETERS 
40 READ(26,ORGAN) 

WRITE(6,10700) NORGN 
WR1TE(6,10800) (ORGN(I),TTME(I),1-1,NORGN) 
IF (ILET(l).GT.O) READ(26,QFACTR) 
IF (ILET(l).GT.O) WRITE(6,10900) (ORGN(I) ,LLET(I) .HLETU) . I-l, 
> NORGN) 

C*** READ IN CANCER PARAMETERS 
SO READ<26,CANCER) 

WRITE(6,11000) NCANC 
WRITE(6,11100) (CANC(I),RELABS(I),I-1,NCANC) 

<;••• READ IN GENETIC PARAMETERS 
READ(26,GENTIC) 
IF(GENEFF) WRITE(6,118O0) (GEN(I),I-1,NGEN) 
IF(GENEFF) WRITE(6,11850) GRFAC.REPPER 

11800 FORMAT*'OGENETIC DOSES ARE PRINTED FOR ' 
< 3(1I,A8)) 

11850 FORMAT(' THE RISK FACTOR (PER RAD/MILLION BIRTHS)', 
< ' FOR GENETIC DOSE ARE : ' / 
< G15.8 , ' FOR LOW LET, AND'/ 
< G15 .8 , ' FOR HIGH LET, ' / 
< ' AND THE REPLACEMENT RATE FOR THE POPULATION IS :'/ 
< 1X.G10.5,' TEAR-1') 
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C * " OnWBRT TO /MEAD/BIRTHS 
GRFAC(1)=GRFAC(1)*1.E-9 
GRFAC(2)=GKFAC(2)*l.E-9 

C*»* BEAD IN RADIONUCLIDE PARAMETERS 
READ(26,RNUCLD) 
WRITE(6.11200) NONCLD 
tRITE(6,11300)(NUCLID(I),PSIZE(I),RESP(I), ( G I A B S ( J . I ) . J = 1 . 4 ) . I = 1 , 

> NONCLD) 
DO 30 1=1.NONCLD 
DO 25 1=1,4 
IF(NUCLID(I).KLRREPS(I)) GO TO 27 
CONTINUE 
GO TO 30 
NRREP=NRREP+1 
RREP(NRREP)=RREPS(X) 
CONTINUE 
NTLOC=0 
READ(26.LOCTBL) 
IF(NTLOC.EQ.O) GO TO 55 
WRITE(6,11305) NTLOC 
IRITE(6.11310) (RNLOCU) OGLOC(I).PTLOC(I),FALOC(I),BLLOC(I;, 
1=1,NTLOC) 
CONTINUE 
FORMAT(*0»,I2,' LXATION TABLES ARE TO BE OUTPUT FOR: ' / 
' NUaiDE ORGAN PATHWAY QUANTITY LET'/ 

OR CANCER'/) 
F0RMAT(1X,A8,1X,A8.4X.I2.7X,I2,71,12) 
READ IN DOSE RATES AND HEALTH RISKS 

CALL RDSTOR(OUTPUT) 
C**» CHOOSE LOCATION AND FIND EXPOSURES 

CALL CHLOC(PLOC.CONC.GSCFAC) 
IF(NORGN.NE.O) CALL RDORGF 

CALL SUMMRY(TITLE,GSCFAC) 
IF (NORGN.LE.O) GO TO 70 

C*»* DECIDE IF LOW AND HIGH LET ARE TO BE SEPARATE TABLES 
C*** AND THEN OUTPUT TABLES 

IDO-0 
DO 60 J = l , 7 
IF (DTABLE(J).NE.O) IDO-1 
TABLE(J)-DTABLE(J) 

60 CONTINUE 
IF(NTLOC.EQ.O .OR. IDO.EQ.l) GO TO 67 
DO 65 J-l,NTLOC 
IF(FALOC(J).EQ.l)IDO-1 

65 CONTINUE 
67 CONTINUE 
C*«* ILET - 0 MEANS ONLY TABLES FOR LOW AND HIGH LET SEPARATELY 
C**» ILET - 1 MEANS ONLY A TABLE FOR LOW AND HIGH LET COMBINED 
C « " ILET - 2 MEANS BOTH SETS OF TABLES 

IF (ID0.E0.1) CALL PREPDR(TABLE,ILET(l),TITLE,GSCFAC) 
70 IDO-0 

DO 80 J-l,7 
IF (FTABLE(J).NE.O) IDO-1 

80 TABLE(J)-FTABLEO) 
IF(NTLOC.EQ.O .OR. IDO.EQ.l) GO TO 87 
DO 85 J-l,NTLOC 
IF(FALOC(J).EQ.3) IDO-1 
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85 CONTINUE 
87 CONTINUE 

IF (IDO.BQ.l) CALL PREPRF(TABLE,TITLE,SSCFAC) 
C*** OUTPUT RISK TABLES 

IDO=0 
DO 90 J=1.7 
IF (RTABLE(J).NE.O) IDO=I 

90 TABLE(J)=RTABLF(J) 
IF(NTLOC.EQ.O .OR. IDO.BQ.l) GO TO 97 
DO 95 J=1.WTL0C 
IF(FALOC(J) .BQ.2)ID0=1 

95 CONTINUE 
97 CONTINUE 

IF (IDO.BQ.l) CALL PREPHR(TABLE.ILET(2) .TITLE.GSCFAC) 
RETURN 

10000 FORMAT( '1'.20A4) 
10100 FORMAT(' TABLES FOR THE SELECTED INDIVIDUAL WILL BE DONE FOR', 

>' THE LOCATION HAVING'. F8.2.' * OF THE HIGHEST TOTAL RISK.'/) 
10200 FORMATC DOSE RATE TABLES FOR LOW AND HIGH LET WILL BE ', 

> 'PRINTED SEPARATELY.') 
10300 FORHAT(' DOSE RATE TABLES COMBINING LOW AND HIGH LET '. 

> 'WILL BE PRINTED.') 
10400 FORMAT(' HEALTH RISK TABLES FOR LOW AND HIGH LET WILL BE '. 

> 'PRINTED SEPARATELY.') 
10500 FORMAT(' HEALTH RISK TABLES COMBINING LOW AND HIGH LET ', 

> 'WILL BE PRINTED.') 
10600 FORMATC00 INDICATES THE TABLE WILL NOT BE PRINTED'/ 

A' 1 INDICATES INDIVIDUAL VALUES WILL BE PRINTED'/ 
B' 2 INDICATES MEAN INDIVIDUAL VALUES WILL BE PRINTED'/ 
C 3 INDICATES COLLECTIVE VALUES WILL BE PRINTED'/ 
D' 4 INDICATES ALL OF THE ABOVE WILL BE PRINTED'// 
> ' QUANTITY TABLE NO. 1 2 3 4 5 6 7 ' / 
> '+ ' / 
> ' 1.DOSE RATES ' ,7 (12 ,11) / 
> ' 2.HEALTH RISKS ',7(12,11)/ 
> ' 3.RISK EQUIVALENT FACTOR ',7(12.11)) 

10700 FORMAT('OTHERE ARE ',14.' ORGANS TO BE OUTPUT. THEY ARE:'/) 
10800 FORMAT(II,'ORGAN',4X,'TIME',41,'ORGAN',41,'TIME'.41, 

1'ORGAN*,41,'TIME'/ 
> (3(IX, A8.2X.F4.0,2X))) 

10900 FORMATC 0 ORGAN DOSE EQUIVALENT FACTORS ' / 
A ' LOW LET HIGH LET'/ 
A (2X.A8,F15.5 ,1X,F15.4) ) 

1100O FORMATCOTHERE ARE ' , 1 4 , ' CANCERS TO BE OUTPUT.'/ 
> ' A 1 INDICATES ABSOLUTE RISKp A 2 IS RELATIVE RISK.') 

11100 FORMAT'' CANCER CANCER CANCER CANCER'/ (1X,4(A8, 
> IX,F2.0,11))) 

11200 FORMATCOTHERE ARE ',14,' RADIONUCLIDES TO BE OUTPUT.') 
11300 FORMAT(' NUCLIDE PARTICLE SIZE CLEARANCE CLASS '. 

> 20X,'G.I. ABSORPTION FRACTION'/491,'STOMACH',8X,'SI',13X,'ULI», 
> 121,'LLC/ (1X,A8,1X.F10.5,6X,10X,A1,4X,4F15.5)) 

11700 FORMAT(20A4) 
11900 FORMATCOTHE GROUND SURFACE CORRECTION FACTOR U ',F3.2/) 

END 
SUBROUTINE RDSTOR(OUTPUT) 
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C*** THIS SUBROUTINE READS AND STOKES DOSE RATES 
C*«* AND HEALTH RISKS FOR ORGANS AND CANCERS 

REAL*8 NDC.NUCLID,ORGN.CANC,0,C,OG,GEN,OREP,CREP,RREP 
LOGICAL GENEFF, OUTPUT 

C0MMON/COIf0R/ORGN(20) ,NORGN,TTJfE(20) ,DOSE(20,40,4.2) . DTABLE(7) 
COWIDN/COMRN/OREP(20) ,RREP(20) ,CREP(20) ,WLRN(20.20), 

A RRISK.RREFU) ,RYRLL.NOREP,NRREP,NCREP 

C0JOf0N/COMCA/CANC(20),NCANC,RELABS(20),RISK(20,40,4,2), RTABLE(7). 
> AGEX,TRLL(20,40.4.2) 
COMMON/CC4IRF/REF(20,40,4),FTABLE(7) 
C0HM0N/00MNU/NUCLID(40) ,NONCLD,PSIZE(40) ,RESP(40) .GIABS (4,40) . 

> INDPOP 
COMMON/COMUS/C(40) ,0(40) ,D(2,40) ,R(2,43) ,RF(40) ,TLL(2,40), 

> G(2,3),0G(3),DCHK(20.40),RCHK(20,40),GCHK(3.40) 
COMMON/C0MGEN/GEN(3) ,NGEN,GDOSE(3,40,4,2) ,GRISK(3,40.4.2) , 

> GENEFF,GRFAC(2).REPPER,GLLET(3),GHLET(3),GREF(3,40,4) 
DIMENSION GIIN(4) 
L0GICAL*1 FAL,TRU,DCHK,RCHK,GCHK,TW 
DATA TRD/.TRUE./,FAL/.FALSE./ 

C*** ZERO OUT ALL ARRAYS 
ND0=N0RGN+1 
DO 35 N=l,2 

DO 30 J=l,4 
DO 30 K=1.N0NCLD 
DO 10 L=l,NDO 
D0SE(L,K,J.N)=0.0 

IF(L.GT.VSFN) GO TO 10 
GDOSE(L,K,7,N)=0.0 

10 CONTINUE 
NDO=NCANC+l 
DO 20 L=l,NDO 
RISK(L»K.J.N)=0.0 
YRLL(L.K,J,N)=0.0 

REF(L,K.J)=0.0 
IF(L.GT.NGEN) GO TO 20 
GRISK(L,K,J,N)=0.0 
GREF(L,K,J)=0.0 

20 CONTINUE 
30 CONTINUE 

35 CONTINUE 
DO 38 L-1,40 
DO 37 K«l,20 
DCHK(I.L)*TRU 
RCHK(K,L)-TRU 

37 CONTINUE 
DO 39 K-1,3 
3CHK(K,L)«TRU 

39 CONTINUE 
38 CONTINUE 
C * " READ FIRST RECORD 

41 READ(25,END-180) NUC,SIZEIN,RESPIN,GIIN,TIMIN,IND 
IFIND-0 

C*** CHECK TO SEE IF THE RADIONUCLIDE IS IN OUTPUT LIST 
DO 50 K-l.NONCLD 
IF (NUC.EQ.NUCLID(K)) GO TO 60 
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40 CONTINUE 
SO CONTINUE 

IF(IFIND.BQ.O)GO TO 125 
GO TO 41 

C**» FIND OUT WHAT T H E OF RECORD FOLLOWS 
60 OA~IND/10 

1F(IRA.JT.2) GO TO 401 
ICHOS*IND-IRA*10 
IF (ICHOS.NB.2) GO TO 75 
DO 70 L=1.4 
IF (ABS(GHN(L)-eiABS(L,K)).GT.l.E~6) GO TO 40 

70 CONTINUE 
75 IF (ICBOS.NE.3) GO TO 80 

IF (ABS(SIZEIN-PSIZE(K)).6T.l.E-6) GO TO 40 
IF (RESPIN.NB.RESP(K)) GO TO 40 

80 IF (IND.LE.5) GO TO 130 
C*** THE NEXT TWO RECORDS CONTAIN CANCERS AND RISKS 

IF(IFIND.NE.O) GO TO 81 
READ(25) NC,ILET.(C(I),I-1,NC) 
READ(25) ((R(L,I),L=1.ILET),I=1,NC) 
READ(25) <<YLL(L»I),L*=1,ILET>.I«1,NC) 
REAI>(25)(RF(I),I=1,NC),TRF 

81 IFIND=1 
REF(NCANC+1,K, ICHOS-1) -TRF+RBF(NCANC+1,K. ICHOS-1) 

C*** CHECK TO SEE IF THE CANCER IS IN OUTPUT LIST 
DO 110 I-1,NC 
DO 90 J*1,NCANC 
IF (C(I).BQ.CANC(J)) GO TO 100 

90 CONTINUE 
GO TO 110 

C » " THE CANCER NAMES MATCH, NOW DO WE HAVE RELATIVE OR ABS RISK 
100 IF (RELABS(J).NE.IRA) GO TO 110 

C**» A MATCH, STORE THE RISK 
RCHK(J,K)-FAL 

RISK(J,K.ICH0S-1,1)*R(1,I) 
YRLL(J,K,ICHOS-l,l)~TLL(l,I) 

IF (1LET.LE.1) GO TO 105 
RISK(J,K,ICHOS-l,2)-R(2,I) 
TKLL(J,K,ICHOS-l,2)-TLL(2,I) 

105 REF(J,K,ICHOS-l)-RF(I) 
IF(IND.NE.3)GO TO 110 
DO 106 L-1,NRREP 
IF(NUaiD(K).BQ.RREP(L)) GO TO 107 

106 CONTINUE 
GO TO 110 

107 DO 108 L-1,NCREP 
IF(C(I).EQ.CREP(D) GO TO 109 

108 CONTINUE 
GO TO 110 

109 RISK(J,K,2,2)-0.0 
YRLL(J,K,2,2)«0.0 

110 CONTINUE 
C « " THE RISKS HAVE BEEN STORED OR SKIPPED, GO TO NEXT RECORD 

GO TO 40 
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C*** SKIP THE RECORDS 
125 READ(25,END=180) DUN 

READ(25,END=180) DDK 
IFUND.LE.5 .OR. IND.6T.90) GO TO 41 
READ(25.END=180) DOM 
READ(25,END=180) DUN 

GO TO 41 
C*** THE NEXT TWO RECORDS CONTAIN ORGANS AND DOSE RATES 
130 IF(IFIND.NE.O) GO TO 131 

READ(25) NO.ILET.(0(I),I=l,NO) 
READ(2S) ((D(L.I),L-1,ILET).I-1.N0; 

131 IFIND=1 
C*«* FOR INTERNAL DOSES, ALSO CHECK OTHER NUCLIDE PARAMETERS 
C*** CHECK TO SEE IF THE ORGANS ARE ON OUTPUT LIST 

140 DO 170 1=1,NO 
DO 150 J=1.N0RGN 
IF (O(I).BQ.ORGN(J)) GO TO 160 

150 CONTINUE 
GO TO 170 

C*** A MATCH SO STORE THE DOSE 
160 IFUND.GT.3) GO TO 159 

IF(ABS(TIMIN-TIME(J)).GT.l.E-6) GO TO 40 
159 DOSE(J,K,IND-l,l)=D(l.I) 

IF (ILET.GT.l) DOSE(J.K,IND-l,2)=D(2,I) 
DCHK(J.K)=FAL 
IFUND.NE.3) GO TO 170 
DO 1(2 L=1,NHREP 
IF(NUCLID(K).EQ.RREP(D) GO TO 163 

162 CONTINUE 
GO TO 170 

163 DO 165 L=l,NOEEP 
IF(ORGN(J).EQ.OREP(D) GO Tv 167 

165 CONTINUE 
GO TO 170 

167 DOSE(J,K,2,2)«0.0 
170 CONTINUE 

IFUND.LT.4) GO TO 40 
DO 172 I-1,N0 
DO 152 J-l.NGEN 
IF(0(I).EQ.GEN(J)) GO TO 161 

152 CONTINUE 
GO TO 172 

161 GD0SE(J,K,IND-1,1)-D(1,I)*30. 
IF(ILET.GT.1)GDOSE(J,I,IND-1,2)*D(2,I)*30. 

172 CONTINUE 
GO TO 40 

C * " DOSES HAVE BEEN SKIPPED OR STORED, GO TO NEXT RECORD 
180 CONTINUE 

Tf-TRU 
DO 200 K-1.N0NCLD 
DO 200 J-l.NORGN 
IF(.NOT.DCHK(J,E)) GO TO 200 
IF(If) WRITE(6,900) 
WRITE(6,901) ORGN(J),NUCLID(K) 
IW-FAL 
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200 CONTINUE 
900 FORMAT( '0 THE FOLLOWING NUCLIDES AND ', 

< 'OBGAN DOSE FACTORS WERE NOT VOUND', 
> » IN THE INPUT DATA SETS:'/ 
> ' OBGAN NUCLIDE'/) 

901 F0RMAT(1X,A8,1X,A8) 
If=TRU 
DO 300 K=1.N0NCLD 
DO 300 J=1.NCANC 
IF(.NOT.RCHK(J,I)) 60 TO 300 
IF(It) WRITE(6,902) 
I¥=FAL 

902 FORMAT('OTHE FOLLOWING NUCLIDES AND ', 
< 'CANCER RISK FACTORS fERE NOT FOUND', 
> ' IN THE INPUT DATA SETS:'/ 
> ' CANCER NUCLIDE'/) 

WRITE(6,901) CANC(J).NUCLID(K) 
300 CONTINUE 

IF(.NOT.GENEFF) RETURN 
IW=TRU 
DO 400 K*=1.N0NCLD 
DO 400 J=1.NGEN 
IF(.NOT.GCHX(J,K)) 60 TO 400 
IF(If) WRITE(6.903) 
IW-FAL 

903 FORMAT( 'OTHE FOLLOWING NUCLIDES AND ', 
< 'GENETIC DOSE FACTORS WERE NOT', 
> ' FOUND IN THE INPUT DATA SETS:'/ 
> ' GEN.DOSE NUCLIDE') 

WRITE(6,901) GEN(J).NUCLID(K) 
400 CONTINUE 

DO 625 J-1,N0FCLD 
DO 625 K»3,4 
NGN=NGEN-1 
AVG-0.0 
DO 600 1*1,NGN 
AVG-AVG+GDOSE(I, J, K, 1) 

600 CONTINUE 
GDOSE(NGEN,J.I,1)-AVC/FLOAT(NGN) 

625 CONTINUE 
DO 700 L-1,2 
DO 700 1-1,4 
DO 700 K-1,N0NCLD 
GRISK(1,K,I,L)-GD0SE(3,K,I,L)*GRFAC(L) 

700 CONTINUE 
DO 705 1-1,4 
DO 705 K-1,N0NCLD 
GREF(l,I,I)-<GRISI(l,I,I,l)+GRISI(l,f,I,2))/(30.*GRFAC(l)) 

705 CONTINUE 
IF(OUTPUT) CALL FACOUT 
RETURN 

401 IF(IRA.NE.9) GO TO 800 
ICHOS-0 
IF(IND.EQ.98) ICHOS-3 
IF(IND.E0.99) ICHOS-2 
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IF(ICHOS.BQ.O) GO TO 125 
IF( .NOT.GENEFF) 60 TO 125 
IF(ICH0S.NE.2)G0 TO 507 
DO 505 L=1.4 

505 IF (ABS(GIIN(L)-GIABS(L.K)).GT.l.E-6) GO TO 40 
507 IF(ICB0S.NE.3)G0 TO 510 

IF (ABS(SEBIN-PSIZE(I)).GT.l.E-6) GO TO 40 
IF(RESPIN.NE.RESP(K)) GO TO 40 

510 IF(IFIND.NE.O) GO TO 511 
READ(25) NG,LET.(OG(I),I=l,NG) 
READ(25) ((G(L,I),L=1,LET),I=1.NG) 

511 IFIND=1 
520 DO 530 1=1,NG 

DO 525 J=1.NGEN 
IF(OG(I).EQ.GEN(J)) GO TO 540 

525 CONTINUE 
GO TO 530 

540 GDOSE(J,I,ICHOS-1,1)=G(1,I) 
IF(LET.GT.l) GDOSE(J,K,ICH0S-l,2)=G(2.I) 
GCHX(J,I)=FAL 

530 CONTINUE 
GO TO 40 

800 IFUND.NE.33) GO TO 125 
READU5) NC»ILET.(C(I).I=1,NC) 
READ(25) <(R<L,I),L=l,rLET).I=l,NC) 
READ(25) ((YLL(L.I),L=1,ILET),I=1,NC) 
READ(25) <RF(I).I=1,NC),TRF 
IFIND=1 
CREP(1)=C(1) 
NCEEP=NC 
RRISE=R(1,1) 
RYRLL=TLL(1,1) 
RREF(1)-RF(1) 
RREF(2)~TRF 
GO TO 40 

END 
SUBROUTINE FACOUT 
REAL*8 NUCLID,0RGN,CANC.0G,GEN,0REP,CREP,RREP,RN222,WB0DT 
DATA RN222/8HRN-222 /,1B0DY/'W BODY ' / 
LOGICAL GENEFF 
CGNJf0N/COM0R/0RGN(20) .N0RGN,TIME(20) ,D0SE(20,40,4,2),DTABLE(7) 
COMMON/COKRN/OREP(20),RREP<20),CREP(20),ILRN<20,20) , 

A RRISK,RREF(2).RYRLL,NOREP,NRREP,NCREP 
C0MM0N/CONCA/CANC(20)»NCANC,RELABS(20),RISK(20,40,4,2), 

A RTABLE(7),AGEX,YRLL(20,40,4,2) 
C0NM0N/C0MRF/REF(20,40,4),FTABLE(7) 
C0MM0N/C0MNU/NUaiD(40) ,NONCLD,PSIZE(40) ,RESP(40) ,GIABS(4,40) , 

A INDPOP 
C0NM0N/C0MGEN/GEN(3),NGEN,GDOSE(3,40,4,2),GRISK(3,40,4,2), 

A GENEFF,GRFAC(2),REPPER.GLLET(3),GBLET(3),GREF(3,40,4) 
DO 1000 I«l,NONCLD 
WRITE(6,10000) NUCLID(K) 
WRITE(6,10100) 

10000 FORMAT*'IFOR NUCLIDE : \A8//) 
10100 FORMATC DOSE RATE CONVERSION FACTORS'/ 
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A II,'ORG AN'.111.'INGESTION',101.'INHALATION', 
A 9X,'AH',51,'GROUND'/ 
B 122. 'LOW LET' .31. 'HIGH LET' ,2X, 'LOW LET', 
B 3X. 'HIGH LET' ,21, •IMMERSION' ,11, 'SURFACE') 

WRITE(6,10200) (ORGN(I) .( (DOSEd.K.J.N),N=1,2).J=l,2). 
A (DOSE(I.K.J,l),J=3,4).I=l,NORGN) 

10200 FORMAT((1I,A8,1I,6(1PG10.3))) 
IF(.NOT.GENEFF) GO TO 100 
WRITE(6.10300) 
WRITEU,10200) (GEN(I),((GDOSE(I,E,J.N),N=1,2),J-1.2). 

A (GDOSE(I,I,J.l).J«3.4).I«l,NGEN) 
10300 FORMATC GENETIC EFFECT COSE RATE CONVERSION FACTORS') 
100 CONTINUE 

VRITE(6.10175) 
10175 FORMAT('0',28I,'RISK CONVERSION FACTORS',351, 

A 'TEARS OF LIFE LOST FACTORS'/ 
A II,'CANCEP.101,'INGESTION'.101,'INHALATION', 
A 91, 'AIR' ,51. 'GROUND' ,91, 'INGESTION',101, 'INHALATION', 
A 71,'AIR'.51,'GROUND'/ 
B 12X,'LOW LET',31,'HIGH LET' ,21,'LOW LET'. 
B 31,'HIGH LET',21,'IMMERSION'.IX,'SURFACE',31, 
B 'LOW LET',31,'HIGH LET',2X,'LOW LET', 
B 31,'HIGH LET',21,'IMMERSION',II,'SURFACE') 

WRITE(6,10250) (CANC(I),((RISI(I,K,J,N),N-1,2),J-l,2), 
A (RISK(I,I,J.1),J«3,4).((YRLL(I,I,J.N),N-1,2),J*1,2), 
B (YRLL(I,K,J,1).J=3,4)»I-1,NCANC) 

10250 FORMAT((1X,A8,1X,12(1PG10.3))) 
IF( .NOT.GENEFF) GO TO 200 
WRITE (6,10400) 

10400 FORMAT!' GENETIC EFFECT RISK CONVERSION FACTORS') 
WRITE(6,10200) GENU), ((GRISI(1,I,J,N) ,N«1,2) ,J-1,2), 

A (GRISK(1,I.J.1),J«3,4) 
200 CONTINUE 

\YRITE(6,10190) 
10190 F0RMAT('ORISK EQUIVALENT CONVERSION FACTORS'/ 

A IX,'CANCER',3X,'INGESTION',IX,'INHALATION', 
B 41,'AIR',41,'GROUND'/31X,'IMMERSION',21,'SURFACE') 

NALL-NCANC+1 
CANC(NALL)-WBODT 
WRITE(6,10275) (CANC(I),(REF(I,I,J),J-1,4),1-l.NALL) 

10275 FORMAT((1I,A8,1I,4(1PG10.3))) 
IF(.NOT.GENEFF) GO TO 300 
WRITE(6,10600) 

10600 FORMATC GENETIC EFFECT RISK EQ. CONVERSION FACTOR') 
WRITE(6,10275) GEN(3),(GREF(1,1,1),1-1,4) 

300 CONTINUE 
1000 CONTINUE 

DO 400 I-l,NONCLD 
IF(N0CLID<I).EQ.RN222) GO TO 450 

400 CONTINUE 
RETURN 

450 WRITE(6,10700) RRISK,RYRLL,RREF 
10700 FORMATCIFOR RN-222 WORKING LEVEL CALCULATIONS: '/ 
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A ' RISK CONVERSION FACTOR = '.1PG10.3/ 
B * TEARS OF LIFE LOST FACTOR = M P G 1 0 . 3 / 
C ' RISK EQ. CONVERSION FACTOR (PfJLMNART) = M P G 1 0 . 3 / 
D ' RISK EQ. CONVERSION FACTOR (W BODY ) = M P G 1 0 . 3 ) 

RETURN 
END 

SUBROUTINE PREPDR(TABLE,ILET, TITLE, GSCFAC) 
C*** Tfllf ROUTINE PREPARES DOSE RATES TO BE OUTPUT. 

REAL*» 0R6N,NUCLID,RNL0C,06L0C,0RC,OR6,LAST,GEN,OREP,RREP,CREP, 
A GON 

COMMON/BEAD/ORC 
0010f0N/COllRN/OREP(20),RREP(20) ,CREP(20) ,WLRN(20,20). 

A RRISK,RREF(2),RTRLL,N0REP,NRREP,NCREP 
COMMON/COMWOR/FACO(20.4) 
COMMON/COMGEN/GEN(3) ,NGEN,GDOSE(3,40,4.2) ,GRISK(3 ,40 ,4 ,2 ) , 

> GENEFF,GRFAC(2),RLPPER,GLLET(3),GHLET(3),GREF(3,40,4) 
DATA ORG/8B ORGAN /,LAST/8HWT. SUM /.GON/8H GONAD / 
COMMON/COMLOC/RNL0C( 10) ,OGLOC(10) ,PTLOC(10) ,FALOC(10) , 

> HLLOC(10),LTABLE(10),NTLOC 
REAL LLET 
INTEGER TABLE, FALOC,BLL0C,PTLOC 
DIMENSION TABLE(l),TITLE(l),TrTLA(10,3), FACD(4,3),TLET(2,3) , 

> TITL2(2) ,ITAB(7) ,TITLB(10,3) ,TITLGA(10,3) , T I T I J G B ( 1 0 , 3 ) , 
> FACG(4,3) .NOTE(20) ,NOT2(20) ,OFAC(20.20) ,NUN(8,3) 

DATA NUN/4H(WOR,4HKING,4H LEV,4HEL) ,4*4H ,4H(W0R, 
> 4BKING.4B LEV,4BEL) ,4*4H ,4B(PER,4BSON ,*BY0RK, 
> 4HING ,4HLEVE,4BL) ,2MB / 

DATA NOTE/4HRAD0,4BN DA,4HUGHT,4BER E,4HXPOS,4HURE:, 
> 14*4B /,NOT2/20»4B / 
LOGICAL IDO.GENEFF 
DATA TITLA/4BrNDI,4BVIDU,4BAL D,4HOSE ,4BRATE,4B (MR, 4BAD/T, 

> 4HEAR),4H ,4B ,4HMEAN,4H IND,4HIVID,4RUAL , 4BD03E.4B RAT, 
> 4HE (M,4RRAD/,4BYEAR.4B) ,4BCOLL,4BECTI, 4BVE D,4BCSE ,4BRATE, 
> 4B (PE,4BRSON,4B RAD.4B /TE.4HAR) / 
DATA TITLB/4flINDI,4BVIDU,4BAL D,4HOSE ,4BEQ. ,4HRATE.4B(MRE, 

> 4BM/TE,4HAR) ,4H ,4HMEAN,4B IND,4BIVID,4BUAL , 4BDOSE,4fl EQ., 
> 4fl RAT,4HE (M.4BREM/,4HTR) ,4BCOLL,4BECTI 4BVE D,4HOSE ,4BEQ. , 
> 4B (PE,4BRSON,4B REM.4H /TE.4HAR) / 

DATA TITLGA/4BINDI,4BVIPU,4BAL G,4BENET,4BIC D.4HOSE , 
< 4B(MRA,4BD) ,4B ,4B 
> 4HMEAN,4B IND,4BIVID,4HUAL ,4BGENE,4BTIC ,4HD0S£,4B (MR, 
> 4BAD) ,4B 
> 4BCOLL,4BECTI,4BVE G,4BENET,4BIC D,4BOSE ,4B( PE.4BRSON, 
> 4B RAD,4fl) / 

DATA TTTLGB/4BINDI,4BVIDU,4BAL G,4BENET,4BIC D,4P.SE , 
> 4HEQ. ,4B(MRE,4BM) ,4B 
> 4BMEAN,4B IND,4BIVID,4BUAL ,4BGENE,4BTIC ,4BD0SE,4B EQ., 
> 4B (MR,4BEM) , 
> 4BCOLL,4BECTI,4BVE G,4BENET,4BIC D,4HOSE ,4BEQ. ,4B(PER, 
< 4BSON ,4BREM)/ 
DATA TLET/4HLOW ,4BLET ,4BBIGB,43 LET,4H ,4B / 
COMMON/ COM0R/0RGN( 20), NORGN, TIKE (20), DOSE (20,40,4,2) 
COKMON/LETFAC/HLET(20),LLET (20) 
COMMON/COMNU/NUaiD(40) ,NONCLD,PSIZE(40) ,RESP(40) ,0IABS (4,40), 
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> INDPOP 
DATA FACD/l.,l.,l.,100..1.,1..1..100.,.001,.001,.001,.l/ 
DATA FACG/1.,1..1..100..1..1.,1..100...001..001,.001,.1/ 

t ** MULTIPLY DOSES BY EXPOSURES 
C»*» PREPARE TABLE FOR HIGH AND LOW LET SEPARATELY 

DO 5 J»1.3 
FACD(4,J)=FACD(4.J)*GSCFAC 
FACG(4, J) HFACG(4. J) *GSCFAC 

5 CONTINUE 
DO 50 L=l,2 

10 DO 20 1=1.2 
20 TTTL2(I)=TLET(I.L) 

DO 40 IT=1.3 
DO 11 J=l,NOREP 
DO 42 1=1,1 
OFAC(J,R)=l. 

42 CONTINUE 
IDO=.FALSE. 
IF(ILET.BQ.l) GO TO 35 

DO 30 1=1,7 
ITAB(K)-0 
IF (TABLE(I).NE.IT.AND.TABLE(I).NE.4) GO TO 30 
ITAB(I)=1 
IDO=.TRDE. 

30 CONTINUE 
35 CONTINUE 

IF (ITAB(6).NE.O) ITAB(6)=0 
ORC=ORG 

IF (IDO) CALL MULT(IT.FACD(1,IT),DOSE(l,1.1.D.NORGN.ORGN,TITLE, 
> TrTLA(l,IT),ITAB,TITL2,NOTE,NUN(l,IT).OFAC,OREP,NOBEP,20) 

ORC=GON 
IF(IDO.AND.GENEFF) CALL JULT(IT,FACG(1,IT),GDOSE(l,l,1,L),NGEN, 

> GEN,TITLE,TITLGA(l,IT),n ,AB,TITL2,N0T2.N0T2.0.,0..0,3) 
IF(IT.EQ.2) GO TO 38 
IF(NTLOC.EQ.O) GO TO 38 
DO 45 LL=l,NTLOC 
IF(FALOC(LL).NE.l) GO TO 45 
IF(HLLOC(LL).EQ.l) GO TO 45 
IF(LTABLE(LL).NE.IT .AND. LTABLE(LL) .NE.4) GO TO 45 
CALL LOCTAB(IT,RNL0C(LL) .PTLOC(LL) ,OGLOC(LL) ,FACD(1,IT), 

A DOSE(l,l,l,L),TITLE,TITLA(1,IT),TITL ,ORGN,NORGN,20,1) 
IF(GENEFF) CALL LOCTAB(IT,RNLOC(LL).PTLOC(LL),OGLOC(LL), 

< FACG(l,IT),GDOSE(l,l,l,L),TITLE»TITLGA(l,IT).TITL2,GEN.NGEN. 
< 3,1) 

45 CONTINUE 
38 CONTINUE 

IF (INDPOP.NE.l) GO TO 50 
40 CONTINUE 
50 CONTINUE 

C*«* COMBINE HIGH AND LOW LET USING INPUT QUALITY FACTORS 
DO 70 K-1,2 
TITL2(K)-TLET(I,3) 

70 CONTINUE 
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DO 80 1=1,4 
DO 80 J=l.NONCLD 
DO 80 K=l,NORGN 
I>OSE(K.J,I,l)=(DOSE(K,J.I,l)*LLET(K) + DOSE(K,J,I,2)*HLET(K) ) 
DOSE(NORGN+l,J,I.i)=DOSE(NORGN+l,J,I,l)+DOSE(K,J,I,l)*FACO(t,I) 
IF (E.GT.NGEH) GO TO 80 
GD0SE(K,J/I,l)=(6DOSE(K,J,I,l)«GLLET(K)-KJD0SE(t,J I,2)*GHLET(t)) 

80 CONTINUE 
DO 100 IT=1,3 
IDO=.FiiLSE. 
IF(ILET.EQ.O) GO TO 95 

DO 90 .. '.6 
ITABtt. J 
IF (TAB1S(K).NE.IT.AND.TABLE(K).NE.4) GO TO 90 
ITAB(I)=1 
IDO=.TRUE. 

90 CONTINUE 
95 CONTINUE 

ORGN(NORGN+1)=LAST 
ORC=ORG 

IF (IDO) CALL MDLT(IT,FACD(1,IT),DOSE,NOKGN+l.ORGN,TITLE, 
< TITLB(l,rT).ITAB,TITL2,NOTE,NUN(i,IT),OFAC.OREP»NOREP,20) 
OROGON 
IF(IDO.AND.GENEFF) CALL MULT(IT.FACG(1.IT) ,GDOSE,NGLN,GEN, 

< TrrLE,TITLGB(l,rD,ITAB,TITL2,NOT2,NOT2.0.,0.,0,3) 
IF(IT.EQ.2) GO TO 138 
IF(NTLOC.EQ.O) GO TC 138 
DO 135 LL=l,NTLOC 
IF(FALOC(LL).NE.l) GO TO 135 
IF(HLLOC(LL).EQ.O) GO TO 135 
IF(LTABLE(LL).NF.IT .AND. LTABLE(LL) .NE.4) GO TO 135 
CALL LOCTAB(IT,RNLOC(LL) ,PTL0C(LL) ,OGLOC(LL) .FACD(l.IT), 

> DOSE,TITLE,TITLB(l,IT) ,TITL2,ORGN,NORGN,20,1) 
IF(GENEFF) CALL LOCTABUT,RNLOC(I'./ .PTLOC(LL) ,0GLOC(LL), 

> FACG(l,IT),GDOSE,TITLE,TITLGB(l,IT),TITL2,GEN,NGEN,3,l) 
135 CONTINUE 
138 CONTINUE 

IF (INDPOP.NE.l) RETURN 
100 CONTINUE 

RETURN 
END 
SUBROUTINE PREPHR(TABLE,ILE"\TITLE,GSCFAC) 

C»*» PREPARE HEALTH RISKS TO BE OUTPUT 
REAL'S CANC,NUCLID,RNLOC,OGLOC,ORG, CAN,LAST,GEN,RREP,OREP,CREP, 

A BL,GON 
COMMON/HEAD/ORG 
COMMON/COMRN/OREP(20),RRFf (20),CREP(20),WLRN(20,20), 

A RRISK,RREF(2),RYRLL,NOREP„NRREP,NCREP 
DATA CAN/8H CANCER /,LAST/8HTOTAL /,BL/8H / , 

A G0N/8H GONAD / 
INTEGER TABLE,FALOC,HLLOC,PTLOC 
LOGICAL IDO.GENEFF 

COMMON/COHLOC/RNLOC(10) ,0GLOC(10) ,PTLOC(10) ,FALCC(10), 
> HLLOC(10),LTABLE(10),NTLOC 

COMMON/COMOEN/GEN(3).NGEN.GDOSEf3.40.4,2),GRISK(3,40,4,2), 
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> GENEFF.GRFAC(2),REPPER.GII£T(3).GHLET(3).GREF(3,40.4) 
DIMENSION TABLEU),TITLE(1),TITLA(10,3), TLET(2,3).TITL2(2). 

> FACD(4,3),ITAB(7) .TTTLG(10.3).FACG(4.3) .NOTE(20) ,NOT2(20) 
> .NUN(8,3),DRISI(2) 

DATA NOTE/4HRAD0.4HN DA.4CTJGHT.4HER E.4H1POS.4HORE .4HXISI. 
> 4H: ,12»4H /,NOT2/20*4H / 

DATA NDN/16*4B .4H(DEA.4HTH/Y.4HR) ,5*4H / 
DATA TITLA/4HINDI,4HVIDU,4HAL L.4HIFET.4HIME .4HRISK. 4H (DE, 

> 4EATHS.4H) .4H .4HNEAN.4H IND,4BIVID,4HUAL , 4HLIFE,4HTIJ(E, 
> 4H RIS.4HK (D.4HEATH,4HS) .4HFATA.4HL CA,4HNGBR,4H SAT, 
> 4HE (D.4HEATH,4H/YR),3*4H / 

DATA TITLG/4HINDI,4HVIDO,4HAL G.4HENET.4HIC E.4HFFEC.4HTS P. 
< 4HER B.4HIRTH.4H 
< 4HMEAN.4H D0MHIVID.4HUAL .4HGENE.4HTIC .4HEFFE.4HCTS , 
< 4H/BIR,4HTH , 
< 4HCOLL,4HECTI,4HVE G.4Hi«2T,4HIC E.4BFFEC.4HT(EF.4HFElT. 
< 4HIVB/.4HYR) / 
DATA FACD/2*1.E-5,10..1000..2*1.E-5,10..1000..4*0./ 
DATA FACQ/1.,1.,1.,100.,1.,1..1..100.,.001..001..001..1/ 

c*****???m? 
DATA TLET/4HL0W .4BLET .4BHI6H.4H LET,4HC0MB,4B.LET/ 
COMM0N/COMCA/CANC(20) .NCANC.RELABS(20) .RISE(20,40,4,2) ,RTABLE(7). 
> AGEX.TRLL(20,40,4,2) 
COMM0N/COMND/NDaiD(40) .N0NCLD,PSIZE(40) ,BESP(40) .6IABS (4.40). 
> INDPOP 

C**» MDLTIPLT RISKS BY EXPOSURES 
C*** PREPARE HIGH AND LOW LET SEPARATELY 

DO 2 J-1,3 
FACD(4.J)«GSCFAC*FACD(4.J) 
FACG(4,J)-GSCFAC*FACG(4.J) 

2 CONTINUE 
DO 5 J-1.4 
FACG(J,3)«FACG(J,2) •REPPER 

5 FACD(J.3)«FACD(J,2)/AGEX 
DO 50 L-1,2 

10 DO 20 1-1,2 
20 TITL2(I)-TLET(K,L) 

DO 25 1-1.4 
DO 25 J-l.NONOD 
DO 25 K-l.NCANC 
RISK(NCANC+l,J,I.L)-RISI(I,J,I,L)+RISI(NaWC+l,J,I,L) 

25 CONTINUE 
DO 40 IT-1,3 
IDO-.rALSE. 

IF(ILET.EO.l) GO TO 35 
DO 30 1-1,7 
ITAB(C)-0 
IF (TABLE(K).NE.IT.AND.TABL3(K).NE.4) 60 TO 30 
IDO-.TRUE. 
ITAB(I)-1 

30 CONTINUE 

http://DA.4CTJGHT.4HER
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35 CONTINUE 
ORG-CAN 
DRISI(1)=RRISK 
IFUT.BQ.3) DRISI(1)=RRISX/AGEX 
DRISI(2)=DRISI(1> 

IF (IDO) CALL MDLT(IT,FACD(1,IT),RISK 1,1,1.L),NCANC+1,CANC.TITLE, 
> TriTJ^(l,IT),ITAB,TITL2,NOTE,NUN(l,rT),DRISK,CREP.NCREP,20) 

ORG=GON 
IFdDO.AND. GENEFF) CALL MULT<IT,FACG(1,IT) ,GRISK( 1.1.1,L) . 

> l,GEN(3),TITLE,TITLG(l,rT),ITAB.TITL2,NOT2,NOT2.0.,0.,0,3) 
IF(IT.BQ.2) 60 TO 38 
IF(NTLOC.EQ.O) 60 TO 38 
DO 45 LL=1,NTL0C 
IF(FALOC(LL) .NE.2) 60 TO 45 
IF(HLLOC(LL).EQ.l) 60 TO 45 
IF(LTAELE(LL).NE.IT .AND. LTABLE(LL) .NE.4) 60 TO 45 
CALL LOCIAB(IT,RNLOC(LL) ,fTLCC(LL) .OGLOC(LL) ,FACD(1,IT) , 

> RISE(l,l,l,L),TITL£,TITLA(l,rT).TITL2,CANC,NCANC,20,3) 
IF(GENEFF) CALL LOCTAB(IT,RNLOC(LL) .PTLOC(LL) ,0GLOC(LL) , 

< FACG(l,rr),6RISK(l,l,l,L),TI'tLE.TrTL6(l,rT).TITL2, 
' 6EN(3),1.3,3) 

45 CONTINUE 
38 CONTINUE 

IF (INDPOP.NE.l) 60 TO 50 
40 CONTINUE 
50 CONTINUE 

C*** COMBINE HIGH AND LOW LET USING INPUT QUALITY FACTORS 
DO 70 1=1,4 
DO 70 J=1,N0NCLD 

RISK(NCANC+1,J,I,1)-0.0 
DO 70 K=1,NCANC 
RISI(K,J,I,1)-RISK(K,J,I,1)+RISK(K,J,I,2) 

RISK(NCANC+1,J,I,1)-RISK<NCANC+1,J,I,1)+RISK(K,J,I,1) 
IF(K.GT.l) 60 TO 70 
GRISK(t,J,I.l)=GRISt(K,J,I,l)+GRISK(K,J,I,2) 

70 CONTINUE 
CANC(NCANC+1)«LAST 

DO 80 K-1,2 
TITL2(K)»«TLET(I,3) 

80 CONTINUE 
DO 100 IT-1,3 
IDO-.FALSE. 

IF(ILET.EQ.O) 60 TO 95 
DO 90 1-1,6 
ITAB(R)-0 
IF (TABLE(K).NE.JT.AND.TABLE(K).NE.4) 60 TO 90 
IDO-.TRUE. 
ITAB(K)-1 

90 CONTINUE 
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95 CONTINUE 
DRISZ(1)=RRISK 
IF(IT.BQ.3) DRISK(1)-RRISK/AGEX 
DRISI(2)=DRISI(1) 
ORG=CAN 

IF (IDO) CALL M0LT(IT.FACD(1.IT) .RISK,NCANC+l.CANC.TITLE. TTTLAC 
> rD,ITAB,TITL2,NOTE,NUN(l.IT),D£ISK,CKEP,NCEEP»20) 

ORG=GON 
IF(IDC.AND.GENEFF) CALL M{JLT<IT,FACG(1,IT) ,GRISK,1,GEN(3) , 

> TITLE,TITLG(l,rD.ITAB,TITL2,NOT2»NOT2,0.,0..0.3) 
IF(IT.BQ.2) GO TO 138 
IF(NTLOC.EQ.O) GO TO 138 
DO 135 LL-l.NTLOC 
IF(FALOC(LL) .NE.2) GO TO 135 
IF(HLLOC(LL) .BQ.O) GO TO 135 
IF(LTABLE(LL).NE.IT .AND. LTABLE(LL) .NE.4) GO TO 135 
CALL LOCTAB(IT,RNLOC(I1,).P1LOC(LL).06LOC(LL),FACD(1,IT). 

> RISX.TITU.TITLA(l.IT).TnL2.CANC.NCANC.20,3) 
IF(GENEFF) CALL LOCrAB(IT.KNLOC(LL) .FTLOC(LL) .OGLOC(LL) . 

> FA(»(1.IT).GKISK.TITLE.TITLG(1.IT),TITL2.GEN(3).1,3.3) 
135 CONTINDE 
138 CONTINDE 

IF (INDPOP.NE.l) RETURN 
100 CONTINUE 

KETDKN 
END 
SUBROUTINE PREPRF(TABLE, TITLE,GSCFAC) 

C*** PSEPAEE HEALTH EQUIVALENT FACTOES TO BE OUTPUT. 
REAL*8 CANC,NUCLID,TOTAL,RNLOC.OGLOC.ORC,CAN,GEN.OREP.R£EP,CREP. 

> GON 
COMM0N/COHRN/OREP(20),RREP(20),CREP(20),1LRN(20.20). 

A RRISK,RREF(2),RYRLL.NOREP,NRREP,NCREP 
LOGICAL GENEFF 
COmfON/HEAD/ORC 
DATA CAN/8H CANCER /.GON/8H GONAD / 

DATA TOTAL/ 8HW. BODY / 
INTEGER TABLE.FALOC.HLLOC.FTLOC 
LOGICAL IDO 

COMMON/COMLOC/RNLOCdO) .O6LOC(10) .FTLOC(IO) .FALOC(IO), 
> HLLOC(10).LTABLE(10).NTLOC 

COMM0N/COMGEN/GEN(3) .NGEN,GDOSE(3,40,4,2) , G R I S I ( 3 , 4 0 , 4 , 2 ) , 
> GENEFF.GRFAC(2),REPPER,GLLET(3),GHLET(3),GREF(3,40,4) 

DIMENSION TABLE(1),TITLE(1),TITLA(10,3), TITL2(2),FACD(4,3), 
> ITAB(7),NOTE(20),TITLG(10,3),FACG(4,3),NOTA(20),D£EF(2),NUN(8,3) 

DATA NDN/4H(NRE,4HN/TR,4B) ,5*4H ,4H(MRE, 
> 4BM/YR,4H) ,5*4B ,4H(PER,4BSON ,4HREIf/,4BTR) , 
> 4«4H / 

DATA NOTE/4HRAD0,4BN DA,4HDGBT,4HER E, 4BXPOS.4HURE , 
> 4HRISK.4H EQU,4HIVAL,4HENT:,10*4H /,NOTA/20*4H / 

DATA FACD/1.»1.,1.E6,1.B8,1.,1.,1.E«.1.E8,.001» 
A .001,1.E3,1.E5/ 

DATA FACG/1.,1.,1.,100.,1.,1.,1.,100.,.001,.001,.001,.1/ 
DATA TITLA/4HINDI,4HVIDU,4HAL R.4HISI ,4HEQ. ,4BRATE, 4H (MR, 
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> 4HEM/Y.4EEAR),4H .4HMEAN.4H na>.4HIVID.4HUAL . 4RRISK.4H EQ.. 
> 4H RAT.4HE(MR,4HEM/Y.4HEAR),4BCOLL,4HECTI. 4HVE R.4HISK .4HBQ R, 
> 4HATE(»4HPERS.4BON R. 4HEM/Y. 4HEAR) / 

DATA TTTLG/4HINDI.4HVIDU.4HAL G,4HENEr,4HIC R,4HTSK . 
A 4HEQ. .4H(MRE,4HM/YE.4HAR) , 
A4HMEAN.4H IND.4HJVID.4BUAL ,4BGENE.4HTIC .4RRISK, 
A4H EQ.,4H(MBE,4HM/Y), 
A4HCOLL.4H. GE,4HNETI,4HC RI.4HSK E.4BQ. (.4HPERS, 
A4HON R»4HEM/Y,4HEAR)/ 

DATA TITL2/4H ,4H / 
COMMON/COMCA/CANC(20),NCANC,RELABS<20),RISK(20,40.4,2) 
COMM0N/C0IIRF/RBF(20.40,4),FTABLE(7) 
00MMDN/00MNU/MTCLn>(40),NONCLD,PSIZE(40),RESP(40).GIABS ( 4 . 4 0 ) . 

> INDPOP 
NCANR=NCANC+1 
CANC(NCAN£)=TOTAL 
CREP(NCREP+1)=TOTAL 
DO 5 J=l,3 
FACDU, J)=FACD(4, J) *GSCFAC 
FACG(4,J)=FACG(4»J)*GSCFAC 
CONTINUE 

DO 20 IT-1.3 
IDO=.FALSE. 
DO 10 K=1.7 
ITAB(K)=0 
IF (TABLE(I).NE.IT.AND.TABLE(K).NE.4) GO TO 10 
ITAB(K)=1 
IDO=.TRUE. 

10 CONTINDE 
NCRR=NCREP+1 
IF(NCREP.EQ.O) NCRR=0 

OROCAN 
FAC=1. 
IF(IT.EQ.3)FAC=.001 
DO 12 J=1,NCRR 
DREF(J)>RREF(J)*FAC 

IF (IDO) CALL MULT(IT,FACD(1,IT),KEF,NCANR.CANC,TITLE, TTTLA(1,IT) 
> ,ITAB,TITL2,NOTE,NUN(1,IT),DREF,CREP,NCRK,20) 

OROGON 
IF(IDO.AND.GENEFF) CALL MULT(IT,FACG(1,IT),GRZP,1,GEN(3), 

> TITLE,TITLG(1,IT).ITAB,TITL2,NOTA.NOTA,0.,0..0,3) 
IF(IT.EQ.2) GO TO 38 
IF(NTLOC.EQ.O) GO TO 38 
DO 35 LL-1,KTL0C 
IF(FALOC(LL).NE.3) GO TO 35 
IF(LTABLE(LL).NE.IT .AND. LTABLE(LL) .NE.4) GO TO 35 
CALL LOCTAB(IT,RNLOC(LL),PTLOC(LL),OGLOC(LL),FACD(l,IT), 

A REF,TITLE,TrrLA(l.IT)>TITL2,CANC,NCANR,20.2) 
IF(GENEFF) CALL LOCTAb T,RNLOC(LL),PTL0C(LL),0GL0C(LL), 

A FACG(1,IT),GREF,TITLE,TITLG(1.IT),TITL2,GEN(3),1.3.2) 
CONTINDE 
CONTINUE 

IF (INDPOP.NE.l) RETURN 
20 CONTINUE 

RETURN 
END 
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SUBROUTINE DiTAB(AOAY.N0BGN.0fiGN,TITLE,TITU.DTABI£,TITLA,hWTE, 
A NUN.RFAC.CREP.NCREP) 

C*** THIS ROUTINE OUTPUT THE APPROPRIATE TABLES. 
REAL*8 ORGN,NDCLID.ORC.SUM,OEP,OKEP.HEP.CFAI.RADON 

DATA RADON/8HRN-222 / 
CO*MON/COMRN/OR£P(20) ,RKEP(20) .CFAK20) ,1LEN(20.20) , 

A RRISK.RREF(2)»RYRLL,NOREP,NRREP,NFKEP 
COMMON/HEAD/ORC 

INTBGER DTABLE 
DIMENSION ARRAT(20,40,4) .ORCN(l) ,TITLE(20) .TTTLAU) ,PATH(4,7) , 

> DTABLE(l) .TITLl(lO) ,NOTE(20).CREP(l) ,WLSUM(4) .RFAC(NCREP),NUN(8) 
DATA PATfl/4HINGE.4HSTIO,4HN ,4H ,4HINHA,4HLATI,4HON , 

> 4H .4HAIR ,4HIMME,4HRSIO,4HN .4HGROU.4HND S, 4HURFA.4HCE , 
> 4HINTE,4HBNAL,4H ,4B , 4HEXTE.4HRNAL.4H ,4H 
> 4H ,4H ,4H ,4B / 
DATA SUM/8BTOTAL / 
COMM0N/CONNU/NIJCLID(4O) ,N0NCLD.PSIZE(40) ,RESP(40) ,GIABS ( 4 , 4 0 ) , 

> INDPOP 
COW0N/COMUS/SUMK40.7) ,SUMT(40,3) ,PEK1(40) ,PEKY(40) ,TVAL(40), 

> FACO(20,4) 
C*»* SON OVER ALL NUCLIDES FOR EACH ORGAN AND PATHWAY 
C**» PATHWAY 5 IS INTERNAL, 6 IS EXTERNAL, AND 7 IS ALL PATHWAYS 

DO 10 1=1,7 
DO 10 I=l,NORGN 

10 SUNX(C,I)-0.0 
DO 30 1=1.4 
DO 20 K=l,NORGN 
DO 20 J-l.NONCLD 
SUMX(K,I)*SUJIX(K,I)+AKRAY(K,J,I) 
IF (I.LE.2) SUNX(K,5)»SUNX(K,S)+ARRAY(K,J,I) 
IF (I.0E.3) SimX(I,()«SU](X(K,6)+ARRAY(K,J,I) 
SU1II(K,7)=SUMX(I.7)+AERAY«,J,I) 

20 CONTINUE 
30 CONTINUE 

C**» TABLE 1 
IF (DTABLE(l) .Ett.O) 60 TO 80 
DO 70 I»l,4 
WRITE<6,10000) TITLE,TTTLl.TITLA 
WRITE(6,10200) (PATH(N,I),N-1,4) 
WRITE(6,10300) ORC,(ORGN(K),I-l,NORGN) 
WRITE(6,10400) 
DO 60 J-l.NONCLD 
DO 40 K-1,N0R6N 
PESI(I)-0.0 

40 IF (SDMX(K,I),NE.0.0) PER1(I)-ARRAY(I,J,I)/SUMI(I,I)*100. 
1RITE(6,10500) NUCLID(J),(ARRAY(E,J,I),K-1,N0R6N) 
WKITE(6,10600) (PATfl(N,I),N-1,4),(PERX(K),E-1.N0R6N) 
DO SO I-1,NOR0N 
11-5 
IF (LOT.2) II-6 
PERKD-0.0 
IF (SUMX(K.II).NE.O.O) PERX(K)-ARRAY(I,J,I)/SUMX(C,II)*100. 
PERY(K)-0.0 
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SO IF (SUMX(K.7).NE.0.0) PERY(I)=ARRAY(I.J.I)/SUMI(I»7)*100. 
WRITE(6,10600) (PATH(N.II),N=1,4),(PERX(I),K=l.NORGN) 
VRITE(6.10700) (PERY(K).K=1.N0RGN) 
WRITE(6,10100) 

60 CONTINUE 
WRITE(6,11000) (SUMX(K.I).K=1.N0RGN) 

IF(I.NE.2) GO TO 70 
DO 75 J=l,NONCLD 
IF(NDCLID(J).NE.RADON) GO TO 75 
WRITE(6.20100) NOTE 
IF(RFAC(1).BQ.0.0) GO TO 75 
WRT1£(6,10300)0RC, (CREP(JJ) ,JJ=1,NCREP) 
VKITE(6.20400)NUN.(RFAC(JJ) ,JJ=1,NCREP) 

75 CONTINUE 
70 CONTINUE 
C»*» TABLE 2 

80 IF (DTABLE(2) .EQ.O) GO TO 120 
DO 110 1=1.2 
VRITE(6,10000) TITLE.TTTLl.TTTLA 
11=1+4 
WRITE(6,10200) (PATH(N,II),N=1,4) 
WRITE(6,10300) ORC,(ORGN(I),K=1,N0RGN) 
VRITE(6,10400) 
DO 100 J=l,NONCLD 
DO 90 K=1,N0RGN 
L=l 
IF (I.EQ.2) L=3 
TVAL(K)=ARRAY(K,J,L)+ARRAY(K,J,L+1) 
PERY(K)=0.0 
IF (SDNX(K.II).NE.O.O) PERY(K)=TVAL(I)/SUMKK,II)»100. 
PERI(I)=0.0 

90 IF (SUMX(K,7).NE.0.0) PERX<K)=TVAL(I)/SUMX(K,7)*100. 
WRITE(6.10500) NDCLID(J), (TVAL(K).I=1,N0RGN) 
WRITE(6,10600) (PATH(N.II),N-1,4),<PERY(K).K-l.NOBGN) 
WRITE(6.10700) (PERI(K),K«1,N0RGN) 

100 CONTINUE 
WRITE(6,11000) (SUMX(I,II),K«l,NORGN) 
WRITE(6,10100) 

IF(I.NE.l) GO TO 110 
DO 115 J-l.NONCLD 
IF(NUCLID(J).NE.RADON)GO TO 115 
WRITE(6,20100) NOTE 
IF(RFAC(1).EQ.0.0) GO TO 115 

WRITE(6,10300)ORC,(CREP(JJ),JJ*1,NCREP) 
WRITE(6»20400)NUN, (RFAC(JJ).JJ-l.NCREP) 

115 CONTINUE 
110 CONTINUE 
C»*« TABLE 3 
120 IF (DTABLE(3).EQ.0) GO TO 170 

WRITE(6,10000) TTTLE,TITL1,TITLA 
WRITE(6,10900) 
WRITE(6,10300) ORC,(ORGN(K),K-1,N0RGN) 
WRITE(6.10400) 
DO 160 J-l.NONCLD 
DO 130 K-1.N0RGN 
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130 TVAL(I)=0.0 
DO 150 K=l,NORGN 
DO 140 1=1.4 
TVAL(I)=ARRAY(I,J.I)+TVAL(I) 

140 CONTINJE 
PERI(K>=0.0 
IF <SUMX(K,7).NE.0.0) PERX(I)=TVAL(K)/SUMX(K.7)*100. 

ISO CONTIi.JE 
WRITE(6,10500) NUGLIJH J) , (TVAL(I) ,1=1 .N0B6N) 
TRITE (6,10700) (PERI(I),1=1.NORGN) 
¥RITE(6,10100) 

160 CONTINUE 
1RITE(6,11000) (SUW(I.7),I=1,N0RGN) 

DO 165 J«1,N0NCLD 
IF(NDCLII>(J) .NE.RADON) GO TO 165 
WRITE(6,20100) NOTE 
IF(RFACU).BQ.O.O) GO TO 165 
IRITE(6.10300)ORC, (CREP(I),£=1,NCREP) 
WRITE(6,20400)NUN, (RFAC(JJ), JJ=1 .NCREP) 

165 CONTINUE 
C*** TABLE 4 

170 IF (DTABLE(4).BQ.O) GO TO 260 
DO 250 1=1.NORGN 
WRITER,10000) TITLE,TTTLl.TITLA 
¥RITE(6,11100) ORC.ORGWK) 
WRITE(6,11200) (NUCLID(J),J-l,NONCLD),SDM 
WRITE(6,11300) 
DO 180 1=1,3 
DO 180 J-1,N0NCLD 

180 SUMY<J,I)*0.0 
DO 200 1*1,4 
DO 190 J«l,NONCU) 
IF (I.LE.2) SUMY(J,1)-SUMT(J,1)+ARRAT(I.J.I) 
IF (I.GF.3) SUMY(J.2)*SUMT(J,2)+ARRAY<I,J»I) 
SUMY(J,3)-SUMT(J,3)+ARRAY(I,J,I) 

190 CONTINUE 
200 CONTINUE 

DO 220 1*1,4 
WRITE(6,11400) (PATH(N,I),N-l,4),(ARRAY(I,J.I),J«l,NONCLD). 
> SUKX(K,I) 
DO 210 J-l,NONCLD 
II-l 
IF (I.GT.2) 11*2 
PERI(J)-0.0 
IF (SUMf(J,II).NE.0.0) PERX(J)-ARRAT(I,J.I)/SUMY(J,II)nOO. 
PERT(J)-0.0 
IF <SUMY(J,3).NE.0.O) PERY(J)-ARRAY(K»J,I)/SUMY(J,3)*100. 

210 CONTINUE 
WPP-0.0 
IF (SUNX(I,4+II).NE.0.0) WPP-$UNX(K,I)/SUMX(I,4+II)*100. 
WP-0.0 
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IF (SUMX(K,7).NE.0.0) WP=SDMKt,I)/SDM(If7)*100. 
WRITE(6,11500) (PATB<N,4+II),N=l,4),(PERX(J).J=l.NONCU)),WPP 
WRITE(6,11600) (PERY(J).J=1,N0NCLD),VP 
WRITE(6,10100) 

220 CONTINUE 
DO 24* 1=1.2 
«UTE(6,11400) (PATH(N,I+4),N=1.4).(SD1IT(J.I),J=1.N0NCLD). SUXX(K, 
> 4+1) 
DO 230 J=1,N0NCLD 
PERI(J)=0.0 

230 IF <SUmr(J.3).NE.0.0) PERX<J)=SUMY<J,I)/SU1IY<J,3)»100. 
WP=0.0 
IF (SUMKI.7) .NE.O.O) 1P=SDMX(E.4+I)/S0MX(K,7)*100. 
WRITE(6,11600) (PERI(J).J=1,N0NCLD),WP 
WBTTE(6,10100) 

240 CONTINUE 
WRITE(6,11700) (SUMT(J,3),J=l,N0NCLD).SUMXiK,7) 
DO 245 J=1,N0NCLD 
IF(NDCLID(J).NE.RADON) GO TO 24S 
JJ=NCREP 
1F(0RGN(I).EQ.SUM) GO TO 256 
DO 255 JJ=1,NCREP 
IF(OBGN(I).NE.CREP(JJ)) GO TO 255 

256 WRITE(6,20100) NOTE 
IF(RFAC(1).EQ.0.0) GO TO 250 
WRITE(6,20400)NUN, RFAC(JJ) 

255 CONTINUE 
245 CONTINUE 
250 CONTINUE 

C*»* TABLE 5 
260 IF (DTABLE(5).EQ.O) GO TO 35C 

DO 340 J«=1,N0NCLD 
WRITE(6,10000) TITLE,TTTL1.TITLA 
WRITE(6,11800) NUCLID(J) 
DO 270 1*1,3 
DO 270 K~1,N0KGN 

270 SDMY(I,I)-0.0 
DO 280 1-1,4 
DO 280 K-1,N0RGN 
IF (I.LE.2) SUHY(I,1)-SUMY(I,1)+AMAY(I,J,I) 
IF (I.GE.3) SUKT(K,2)-SUMT(K. ^+ARRAY(I,J,I) 
SUMY(K,3)-SUMY(E,3)+AR]tAY(r j.i) 

280 CONTINUE 
WRITE(6.11900) 0RC,(0BGN(K),K«1,N0BGN) 

WSITE(6,11300) 
DO 300 1-1,4 
WRITE(6,11400) (PATH(N,I),N«1,4),(ARRAT(K,J,I),I-1,N0BGN) 



312 

11=1 
IF (I.6E.3) 11=2 
DO 290 I=1,N0RGN 
PEBX(K)=0.0 
IF (SUMY(I,II).NE.O.O) PERX(I)=ARRAY(K.J.I)/SUMY(I,II)*100. 
PERY(I)=0.0 
IF (SUMT(K,3).NB.0.O) PERY(K)=AK1AI<K,J,I)/SUMY(K.3)*100. 

290 CONTINUE 
IUTE(6.11500) (PATE(N,II+4)»N=1,4), (PERI(K),1-1.NOBGN) 
ffEI?E(6.11600) (PEKY(K),K=1,N0KGN) 
fEITE(6,10100) 

300 CONTINUE 
DO 320 1=1,2 
1KITE(6,11400) (PATH(N,I+4),N=1,4).(SUMY(I.I),K=1,N0BGN) 
DO 310 K=1,N0EGN 
PE£X(I)=0.0 
IF (SUMY(I.3).NE.0.0) PEKX(K)=SUKY(K,I)/SU1IY(I,3)*100. 

310 CONTINUE 
IUTE(6,11600) <PERX(1).I=1»N0BGN) 
WRTTE(6,10100) 

320 CONTINUE 

IHTE(6,11700) (SUMY(I,3),I=1,N08GN) 
DO 330 K=1,N0RGN 
PERX(K)*O.0 

330 IF (SDHX(E,7).NE.0.0) PEEX(I)=SUMY(I,3)/SUia(K.7)*100. 
WRITE(6,10700) (PERX(K).K=1,N0KGN) 
L-l 
IKITE(6,20100) NOTE 
IF(KFAC(1).EQ.0.0) 00 TO 340 
WRITE(6,10300)ORC, (CREP(I),I=1,NCREP) 
WRITE(6,20400)NUN, (RFAC(I),L«1.NC£EP) 

335 CONTINUE 
340 CONTINUE 

C**« TABLE 6 
350 IF (DTABLE(6).EQ.O) GO TO 500 

DO 360 1-1,7 

TVAL(I)-0.0 
DO 360 J-1,N0NCLD 
SUNXU.D-O.O 

360 CONTINUE 
390 DO 400 1-1,4 

DO 400 J-1,N0NCLD 
SUNX(J,I)-ARRAT(N0B6N,J,I) 
IF(I.0E.3) 00 TO 401 

SDMX(J,5)-SUM1(J,5)+ARR/."(N0RCN,J,I) 
TVAL(5)-TVAL(5)+AR5AY(NORGN,J,I) 
60 TO 402 

401 SUXX(J,6)-iUia(J,6)+ARRAY(N0BGN,J,I) 
TVAL(6)-TVALI6)TABKAT(NOKON,J,I) 

402 SUMI(J,7)-SUMX(J,7)+AERAY(NORON,J,I) 
TVAL(I)-TVAL(I)+AKRAY(NORGN,J,I) 
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TVAL(7)-TVAL(7)+AEBAY(NOBGN.J,I) 

400 CONTINUE 

410 CONTINUE 
WRITE(6,10000) TITLE, TTTLl.TTTLA 

WSITE(6,12100) OKC 
WRITE(6,11200) (NTOID(J).J=1,N0NCLD),SUM 

DO 430 1-1.4 
IRITE(6,11400) (PATfl(N,I).N»1.4).(SD1iX(J,I).J=l,N0NCLD).TVAL(I) 
11*5 
IF (I.6E.3) 11=6 
DO 420 J-l.NONCLD 
PEEX(J)=0.0 
IF (SUMX(J,II).NE.0.0) PERX(J)=SUMX(J,I)/SUMX(J.II)*100. 

PERY(J)=0.0 
IF <SUMX(J,7) .NE.0.0) PBRY(J)=SUMX(J.I)/SUlIXlJ,7)»100. 

420 CONTINUE 
WP-0.0 
IF (TVAL(II).NE.O.O) WP-TVAL(I)/TVAL(II)»100. 
WPP=0.0 
IF (TVAL(7).NE.0.0) WPP=TVAL(I)/TVAL(7)»100. 
WMTE(6,11500) (PATH(N.II),N-1,4), (PERX(J) ,J-l»NONCLD),WP 
WRITE(6.11600) (PERY(J),J-1,N0NCLD),WPP 
IKITE(6.10100) 

430 CONTINUE 
DO 450 1-5,6 
WRITE(6,11400) (PATH(N,I),N-1,4),(SUMX(J.I).J-1,NONCLD),TVAL(I) 
DO 440 J-1,N0NCLD 
PERK J) -0 .0 
IF <SUKX(J,7).NE.0.O) PERX<J)-SUMX(J,I)/S0ia(J,7)»100. 

440 CONTINUE 
WRITE(6»11600) (PERI(J),J-1,N0NCLD) 
WKITE(6,10100) 

450 CONTINUE 
WRITE(6,11700) (SUHX(J,7).J-1,N0NCLD),TVAL(7) 
DO 460 J-1,N0NCLD 
PEM(J)-0.0 
IF (TVAL(7).NE.0.0) PERX(J)-SUMX(J,7)/TVAL(7)»100. 

460 CONTINUE 
WBITE(6,12000) (PERX(J),J-1,N0NCLD) 
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DO 465 J-l.NGNCLD 
IF(NUCLID(J) .NE.1ADON) GO TO 465 
WRTTE(6.20100) NOTE 
IF(RFACd).BQ.O.O) 60 TO 470 
¥BITE(6,20400)NUN. RFAC 

470 CONTINUE 
465 CONTINUE 
€•*• TABLE 7 
500 IF(DTABLE(7).BQ.O) RETUSN 

DO 510 1-1,7 
DO 510 J=1,N0BGN 
SUNK J, I) =0.0 

510 CONTINUE 
DO 550 1-1.4 
DO 550 J=1,N0RGN 
DO 550 K-l.NONCLD 
SUMX(J,I)=SUIIX(J,I)+ABBAY(J.K,I) 
IF(I.6E.3) GO TO 501 
SUlfX(J,5)=SUlfX(J,5)+ABRAY(J,K,I) 
GO TO 502 

501 SUMX(J,6)-SUIIX(J,6)+ARKAY<J,K,I) 
502 SUMX(J,7)=SUMX(J,7)+ABRAY(J.K,I) 
550 CONTINUE 

VRTTE(6,10000) TITLE,TTTLl.TITLA 
1BITE(6,12200) 
WRITE(6,10300) OSC, (ORGN(K) ,K-1,N0RGN) 
WBITE(6,11300) 
DO 575 1-1,4 
WKITE(6,11400) (PATH(N,I),N-1,4),(SUMX<J.I),J-1,N0BGN) 
11=5 
IF(I.GE.3) II-6 
DO 560 J-1,N08GN 
PERX(J)-0.0 
IF(SU1IX(J,II) .NE.0.0) PERX(J)-SUKX(J,I)/SUIIX(J,II)*100. 
PERY(J)-0.0 
IF(SUia(J,7).NE.0.0) PERY<J)-SUMX(J,I)/SUMX(J,7)*100. 

560 CONTINUE 
WBITE(6,11500) (PATH(N,II),N-1,4),(PERX(J),J«1,N0BGN) 
WRITE(6,11600) (PEKY(J),J«1.N0BGN) 
WRITE(6,10100) 

575 CONTINUE 
DO 590 1-5,6 
WRITE(6,li400) (PATfl(N,I),N-l,4),(SUMX(J,I),J-l,N0RGN) 
DO 580 J-1,N0RGN 
PERX(J)«0.0 
IF(SUMX(J,7).NE.0.0) PESX(J)-SUNX(T,I)/SUNX(J,7)*100. 

580 CONTINUE 
WKITE(6,11600) (PERX(J),J-1,N0RGN) 
WRITE(6,10100) 
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590 CONTINUE 
¥BJTE(6,11700) (STJMX(J,7) ,J=1 ,NORGN) 
DO 600 J=l,NONCLD 
IF(NUCLID(J) .NE.RADON) GO TO 600 
WRITE(6,20100) NOTE 
IF(RFAC(1).BQ.0.0) 60 TO 600 
DO 610 L=1,NCREP 

610 WLSUM(L)=0.0 
DO 612 JJ=1,1 
DO 612 L=1.NCREP 
WLSUM(L)=fLSOK(L)+RFAC(L) 

612 CONTINOE 
WRITE(6,10300)ORC, (CREP(L),L=1.NCREP) 
WUTE(6,20400) NUN, (¥LSUM(U,L=1,NCREP) 

600 CONTINDE 
RETURN 

10000 FORMAT(1E1,2CI,20A4/21X,10A4/21I,2A4) 
10100 FORMAT(IX) 
10200 FORMATCO*** FOR PATHWAY: ',4A4//> 
10300 F0RMAT(1B0,A8,1H:,22X,10(21,A8)/(33X,10(21,A8))) 
10400 F0RMAT(9H0NUCLn)ES/) 
10500 FORMAK1X,A8,231,1P10G10.3/(331,1P10G10.3)) 
10600 FORHATdlH % OF T0TAL,1X,4A4,4X, :P10G10.3/(33X.1P10G10.3)) 
10700 FORMAT*11B % OF TOTAL,21X,1P10G10.3/ (33X,1P10G10.3)) 
10800 FORMAT('OTOTAL ' ,21X,1P10G10.3/(33X,1P10G10.3)) 
10900 FORMAT('0»*» FOR ALL PATHWAYS:'//) 
11000 FORMATC TOTAL',26X,1P10G10.3/(33X,1P10G10.3)) 
11100 FORMAT*'0»*»F0R'»A8,':',A8//) 
11200 FORMATC NUCLIDES',23X,10(2X,A8)/(33X,10(2X.A8))) 
11300 FORMATC PATHWAYS'/) 
11400 FORMAT(1X,4A4,15X,1P10G10.3/(33X,1P10G10.3)) 
11500 FORMAT(6H % OF ,1I,4A4,9X,1P10G10.3/ (33X,1P10G10.3)) 
11600 FORHAT(18H % OF ALL PATHWAYS,14X,1P10G10.3/ (33X,1P10G10.3)) 
11700 FORMAT(24H TOTAL OVER ALL PATHWAYS,8X,1P10G10.3/(33I,1P10G10.3)) 
11800 FORMATCOFOR NUCLIDE:',A8) 
11900 FORMAT(1I,A8,23X,10(2X,A8)/(33X,10(2X,A8))) 
12000 F0RMAT(11H % OF TOTAL,21X,1P10G10.3/(33X,1P10G10.3)) 
12100 FORMATC0**»SUMMED OVER ALL',A8) 
12200 FORMAT('0*"SUMMED OVER ALL NUCLIDES') 
20100 FORMATCO'/////10X,20A4) 
20400 FORKAT(1I,8A4,1P10G10.3) 

END 
SUBROUTINE CHLOC(PLOC.CONCGSCFAC) 
REAL*8 CANC,NUC,NUCLID,RADON,OREP,CREP,RREP,PNUC 
DIMENSION C0NC(4),FAC(4),I0R(4) 

DATA FAC/2*1.E-5,10.,1000./ 
DATA BRTHRT/.83E6/ 

DATA RADON/8HRN-222 / 
DATA IOR/3,4,1,2/ 
COMMON/COMEX/EXPP(20,20,40,4),POP(20,20),POPFAC,TOTFAC, NOL.NOU, 

> NRL,NRU,IDIST(20),ILOC,JLOC 
COKMON/COMCA/CANC(20),NCANC,RELABS(20),RISf(20,40,4,2), RTABL£(7), 
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> AGEX.YRLL(20.40.4.2) 
COMM0N/COttF/REF(20.40.4) ,FTABLE(7) 

COMMON/COMNO/NIJCLID( 40) .NONCLD.PSIZEUO) ,RESP(40) .GIABS (4.40) .DID 
COMM0N/COMN/OREP(20) .KKEP(20) .CMP(20) ,WLRN(20.20) 

A ,BBISK.BIEF(2).RYRIX.NOBEP,NBBEP.NCKBP 
C0MMON/C0MUS/TRISK20.20) .10(400) 
COMMON/PASS/PNDC( 40) .PCONK40) ,PCON2(40) .P00N3(40). 

p PC0N4(40).PP0P.LIND.IJ>IST 
DIMENSION SKISK(400).ANBLEU6) 

DATA ANGJJE/4BN .4HNNB .4HNE .4HENE .4BE . 
A 4HESE ,40SB .4BSSE .4HS .4HSSW .4HSV .4BWS1 . 
B 4BW .4EWNW ,4HNf .4BNNW / 

EQUIVALENCE (TRISKU.1) .SBISK(l) ) 
FAC(4> «?AC(4)*GSCFAC 
N0P-JLOC+<ILOC-1)*20 
BO 2 1-1,20 
DO 2 L-1,20 
P0P(L.K)«1.0 
fLKN(L,K)«0.0 
TftISK(L.K)*0.0 

2 CONTINUE 
DO 10 £=1,40 
DO 10 J-1.20 

DO 5 1-1.4 
DO 5 L*l,20 

5 EXPP(L.J.i:.I)*0.0 
10 CONTINUE 

N0L=1 
NOU-1 
NRL-1 
NRTM 
DO 90 II«1,N0NCLD 
IDIST(1)=LDIST 
IND-LIND 
NUC-PNUC(II) 
CONC(l)-PCONKII) 
CONC(2)«PCON2(II) 
CONC(3)«PCON3(II) 
C0NC(4)-PC0N4(II) 
DO 30 J-l.NONCLD 
IF (NUC.EQ.NUCLID(J)) GO TO 40 

30 CONTINUE 
GO TO 90 

40 CONTINUE 
IF (NUC.BO.RADON) GO TO 160 
DO 70 ILO-NOL.NOt) 
DO 70 JLO-NRL.NBU 
DO 5'J NC-l.NCANC 
DO 50 L-1,4 
DO 50 N-1,2 
TJTSI(JLO,IL0)«TRIgI(JL0,ILO)+£I8K(NC,J.I0R(L),N)* 

A C0NC(L)*FAC(I0R(L)> 
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SO CONTINUE 
DO 60 1-1 ,4 
ETPPCJLO,ILO.J,IOR(I))=C0NC(I) 

60 CONTINUE 
70 CONTINUE 

P0P(1.1)=PP0P 
GO TO 90 

160 CONTINUE 
C*** SPECIAL SECTION FOR RADON-222 

DO 190 ILO=NOL,NOO 
DO 190 JLO=NRL,NKU 

C REMX26) *FRAC,1LEVEL 
170 EXPP(JLO,ILO,J,3)»tLEVEL*l.E-6/(10.*fFRAC) 

EXPP(JLO,ILO,J,2)=WLEVEL*BR1HRT*8760./(10.*WFKAC) 
EXPP(JL0.IL0,J,1)=0.0 
EXPP(JLO,ILO,J,4)=0.0 
DO 180 N=l,2 
DO 180 1=1,4 
DO 180 NC=1.NCANC 
TRISK( JLO, ILO)=TRISK( JLO. ILO) +RISKNC. J , I , N ) *EIPP( JLO, ILO, J.K) * 

A FAC(E) 
180 CONTINUE 

WLRNCJLO,ILO)=WLEVEL 
TRISE(JLO,IL0)=TRISK(JLO,ILO)+WLTVEL»RRISK 

190 CONTINUE 
WRITE(6,20100) 

20100 FORHATC THERE ARE NO GROUND SURFACE CONCENTRATION', 
> ' OR INGESTION RATE EXPOSURES FOR RN-222.') 

90 CONTINUE 
110 IF (ILOC.NE.O.AND.JLOC.NE.O) GO TO 130 

LENO=N0U-NOL+l 
LENR=NRU-NRL+1 
NLOC°LENO*LENR 
J=0 
DO 120 ILO=NOL,NO0 
DO 120 JLO=NRL,NRU 
IFdND.EQ.l .AND. POP(ILO.JLO).NE.0.0)TRISI(JLO,ILO)= 

< TRISI(JLO,ILO)/POP(ILO,JLO) 
J=J+1 
SRISK(J)*TRISK(JLO,ILO) 
I0(J)»J 

120 CONTINUE 
CALL VSORTP(SRISK,NLOC,I0) 
N0P-NLOC*PLOC».01+.5 
IF (NOP.GE.NLOC) NOP-NLCC 
IF (N0P.LE.1) NOP̂  
LOC-IO(NOP) 
ILOC-(LOC-l)/LENR+1 
JLOOLOC- (ILOC-1) *LENR 
IF (JLCC.EQ.O) JLOONRU 
ILOOlLOC+NOL-1 
JLOOJLOC+NRL-1 
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130 POPFAC=l. 
TOTFAC=l. 
IF (IND.NE.l) 60 TO 150 

IF (POP(ILOC,JLOC).NE.0.0) POPFAC=l./POP(ILOC,JLOC) 
TOTPOP=0.0 
DO 140 E1=NRL.NRU 
DO 140 K2=N0L,N0U 

140 TOTP0P=T0TPOP+POP(K.tl) 
TOTFAC=l./TOTP0P 

150 ANG=ANGLE(MOD(17-ILOC,16)+l) 
WR1TE(6,10000) IDIST(JLOC),ANG,SRISK(NOP) 
RETURN 

10000 FORMAT( '1THE LOCATION USED FOR THE SELECTED INDIVIDUAL'. 
> ' EXPOSURE IS M 7 , ' METERS ',A4,'FROM THE SOURCE.'/ 
> ' THE FATAL CANCER RISE AT THAT LOCATION IS ',610.3) 
END 
SUBROUTINE VSORTP (A,LA,IR) 

C 
DIMENSION A(1),IU(21),IL(21),IR(1) 

C 
C 

C 
C 

C 
C 

M=l 
1=1 
J=LA 
R=.375 

10 IF (I.EQ 
20 IF (R.6T 

R=R+3.90625E-2 
GO TO 40 

30 R-R-.21875 
40 K-I 

IJ«I+(J-I)*R 
T-A(IJ) 
IT«=IR(LJ) 

IF (A(I).LE.T) 
A(IJ)-Ad) 
A(I)«T 
T-A(IJ) 
IR(IJ)-IR(I) 
IR(I)-IT 
IT-IR(IJ) 

50 L-J 

IF (A(J).OE.T) 
A(IJ)-A(J) 
A(J)«T 
T-A(IJ) 
IR(IJ)-IR(J) 
IR(J)-IT 
IT-IRdJ> 

J) 60 TO 100 
.5898437) 60 TO 30 

SELECT A CENTRAL ELEMENT OF THE 
ARRAT AND SAVE IT IN LOCATION T 

IF FIRST ELEMENT OF ARRAT IS 
THAN T, INTERCHANGE WITH T 

GREATER 

GO TO 50 

IF LAST ELEMENT OF ARRAT IS LESS THAN 
T, INTERCHANGE WITH T 

GO TO 70 
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C 
C 

IF FIRST ELEMENT OF ARRAI IS GREATER 
THAN T. INTERCHANGE WITH T 

IF (A(I).LE.T) GO TO 70 
A(IJ)=A(I) 
A(I)=T 
T=A(IJ) 
DUU)=IR<I) 
IR(I)=rT 
IT=IR(IJ) 
GO TO 70 

60 TT=A(L) 
A(L)=A(I) 
A(K)=TT 
ITT=IR(L) 
Dt(L)-IR(I) 
TR(I)=ITT 

C 
C 

C 
C 

70 L=L-1 
IF (A(L) 

80 M+l 
IF (A(K) 

GT.T) GO TO 70 

LT.T) GO TO 80 

C 
C 

IF (K.LE.L) GO TO 60 

IF (L-I.LE.J-K) GO TO 90 
IL(M)=I 
IU(K)=L 
W L 
M-M+l 
GO TO 110 

90 IL(K)=K 
IU(M)=J 
J«L 
M-M+l 
GO TO 110 

FIND AN ELEMENT IN THE SECOND HALF OF 
THE ARRAY WHICH IS SMALLER THAN T 

FIND AN ELEMENT IN THE FIRST HALF OF 
THE ARRAY WHICH IS GREATER THAN T 

INTERCHANGE THESE ELEMENTS 

SAVE UPPER AND LOWER SUBSCRIPTS OF 
THE ARRAY YET TO BE SORTED 

C 
C 

BEGIN AGAIN ON ANOTHER PORTION OF 
THE UNSORTED ARRAY 

100 M-M-l 
IF (M.EQ.O) RETURN 
I«IL(M) 
J-IU(M) 

110 IF (M.GT.21) WRITE(6,10000)M 
IF (J-I.GE.l) GO TO 40 
IF (I.EQ.l) GO TO 10 
I-I-l 

120 I-I+l 
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IF (I.BQ.J) GO TO .100 
T-AU+1) 
rD=IR(I+l) 
IF (A(I).LE.T) GO TO 120 
K=I 

130 A(K+1)=A(I) 
nt(I+l)=IR(I) 
K=l-1 
IF (T.LT.A(D) GO TO 130 
A(K+1)=T 
I£(I+1)=IT 
GO TO 120 

C 
10000 FORMATC IN VSORTP, IN',13) 

END 
SUBROUTINE 10JLT(IM.OONFAC,ARIAn,NOC,NA]IN0C,TnLE,TITLl, TABLE, 
> TITL2,NOTE,NUN,RFACI,CREP,NCREP,NDIM) 
INTEGER TABLE 
REAL*8 NUCLID,NAMNOC,CKEP,OtEP,lREP,FREP,PUI,,TBEQ 

COMMON/COMRN/OREP(20) ,BREP(20) ,FREP(20), 
A 1LRN(20,20) ,RR1SI»RREF(2) ,KHLL,NOREP,NWlEP,NFREP 

COMMON/COMNU/NUCLID(40) ,NONCLD,PSIZE(40) ,KESP(40) ,GIABS(4,40) . 
> INDPOP 
COMMDN/COMEX/EXPP(20,20,40,4),POP<20,20).POPFAC.TOTFAC, NOL.NOU, 

> NRL,NRU,IDIST(20),ILOC,JLOC 
DIMENSION ARKAYI(NDIM,40,4),AMtAIO(20,40,4),C0NFAC(4).ITTLE(l). 

> TITLKl) ,TITL2(1) ,NAMNOC(l) ,TABLE(1) ,N0TE<1) ,CREP(20) ,RFACI(20). 
> RFAC0(20),NUN(1) 
GO TO (10,30,50),IM 

10 DO 20 1*1,4 
DO 20 J-1,N0NCLD 
DO 20 K«1,N0C 
AUATOd, J , D-ARRAYI (K, J, I) *EXPP( JLOC, ILOC, J,1)*C0NFAC(I) *POPFAC 

20 CONTINUE 
RFACO(1)-0.0 
IF(NCSEP.EQ.O) GO TO 80 
DO 25 I-l.NCREP 

25 RFACO(I)-1FACI(I)*WLRN(JLOC,ILOC)*POPFAC 
GO TO 80 

30 DO 40 1-1,4 
W> 40 J-1.N0NCLD 
DO 40 1-1,NOC 
ARRAY0(I,J,I)-0.0D0 
DO 40 II-NOL,NOU 
DO 40 JJ-NBL.NBU 
AKRAY0(K,7,I)-AROT0(K,J,I)+AUtAYI(C,J,I) •EXPP(JJ,II,J,I)« 
> CONFAC(I)»TOTFAC 

40 CONTINUE 
RFACO(1)-0.0 
RFACO(2)-0.0 
IF(NCBEP.EQ.O) GO TO 80 
DO 45 I-l,NOtEP 
DO 45 II-NOL.NOU 
DO 45 JJ-NRL,NRU 
BFACO(I)-RFACI(I)*WLRN(JJ,II)•TOTFAC+RFACO (I) 
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45 CONTINUE 
GO TO 80 

50 DO 70 1=1,4 
DO 70 J=1,N0NCLD 
TEXPP=0.0 
DO 60 II=N0L,NOU 
DO 60 JJ=NRL,NRU 
TEXPP=TEXPP+EXPP(JJ.II,J.I) 

60 CONTINUE 
DO 70 1=1,NOC 

ASlATOd, J , I ) =ARRAYI (K, J , I ) *TEXPP*CONFAC( I ) 
70 CONTINUE 

RFAC0(1)=0.0 
IF(NCKEP.EQ.O) GO TO 80 
TWLRN-O.O 
DO 65 II=N0L,NOU 
DO 65 JJ=N1L,NKD 
TWLRN=TWLfiN+WLRN(JJ.II) 

65 CONTINDE 
DO 75 I=1.NCREP 
RFACO (I)-=RFACI(I)*T*LRN 

75 CONTINDE 
80 CALL D£TAB(ARKAYO,NOC,NAMNOC»TITLE,'nTLl.TABLE,TITL2,NOTE, 

A NUN, RFACO, CREP.NCREP) 

RETDBN 
END 
SUBROUTINE HDORGF 
REAL*8 ORGN.ORGB 

COMMON/COMIOR/FACO(20,4) 
DIMENSION ORGB(20),0RGDAT(20),IPATH(20) 
COMMON/COM0R/0RGN(20),N0RGN,TIME(20),D0SE(20,40,4,2) 

NAMELIST/ ORGANF/NORGB,ORGB,ORGDAT,IPATH 
READ(26,ORGANF) 
WRITE(6,10OO0) 
DO 10 J*l,NORGB 
WRITE(6,10100) 0RGB(J),ORGDAT(J) 
IF (IPATB(J).NE.5> WRITE(6,10200) IPATH(J) 

10 IF (IPATH(J).EQ.5) WRITE(6,10300) 
DO 80 K-l.NORGN 
DO 30 1-1,4 

30 FACO(E,Z)-0.0 
DO 40 J-l.NORGB 
IF (ORGN(E),EQ.0EG3(J)) GO TO 50 

40 CONTINUE 
GO TO 80 

50 IF (IPATH(J).EQ.5) GO TO 60 
FACO(K,IPATH(J))-ORGDAT(J) 
GO TO 80 
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60 DO 70 1 - 1 , 4 
FACOd, I)=ORGDAT( J) 

70 CONTINUE 
80 CONTINUE 

RETURN 
10000 FORMAT( 'OOtGAN DOSE WEIGHTING FACTORS'// 

A ' ORGAN FACTORS PATHWAYS'/) 
10100 FORMAT < 1 I , A 8 . 1 I , F 8 . 5 ) 
10200 FORMAT('+',191.12) 
10300 F0RMAT('+',19X.' 1 2 3 4 ' ) 

END 
SUBROUTINE L0CTAB(rT.RN.PT.OG.FACD.ARRAI,TITLE.TTTU,TrTLA. 

< 0R6N.N0RGN.NDIM.N9) 
REAL*8 RN.0G,SUM,NUCLID.0RGN.fL0PT(2).OREP.RMP,CREP,PUL. 

A TBEQ 
COMMON/COMRN/OREP(20) ,RREP(20) .CREP(20) .1UM20.20) .RRISE, 

A RREF(2),RYRLL,N0REP,NRREP,N(XEP 
COMMON/COMCA/DU*( 6468) ,A6EX 
INTEGER FT 
DIMENSION TITLE(20) ,TTTLA(2) ,TFTL1(10) .ARRAY(NDIM.40.4) . 

< 0RGN(1),FACD(1).TPATH(4.7).IDIR(16) 
COMM0N/COMUS/0UTPUT(40.40) ,H0LDC(40) ,HOLDR(40) 
DATA I D I R / 1 , 1 6 , 1 5 , 1 4 , 1 3 , 1 2 , 1 1 , 1 0 , 9 , 8 , 7 , 6 , 5 . 4 , 3 , 2 / 

DATA TPATB/4HINGE.4HSTI0.4HN ,4H ,4HINHA.4HLATI,4BON , 
> 4B .4HAIR .4HIMKE.4HRSI0,4BN .4BGROU.4HND S, 4HURFA.4HCE , 
> 4HINTE.4HRNAL,4H ,4H » 4HEXrE.4HENAL,49 ,4H 
> 4HALL ,4H ,4H ,4H / 

DATA SUM/8HSUH /,WLOPT/8HWORILEVL,8HWLSUM / . 
A PUL/8HFDLMNARY/.TBEQ/8BBODY EG./ 

C0MM0N/COMNU/NUarD(40) ,NONa.D.PSrZE(40) ,RESP(40) ,6IABS ( 4 , 4 0 ) , 
> INDPOP 

COMM0N/C0MEX/EXPP(20,20,40.4),POP(20,20).POPFAC.TOTFAC. NOL.NOD. 
> NIL,NRU,IDIST(20),ILOC,JLOC 

COMMON/COMWOR/ffT(20.4) 
10000 FORMAT(1H1,20X.20A4/21X,10A4/21X,2A4) 

DO 10 1 - 1 , 4 0 
HOLDR(K)-0.0 
HOLDC(I)«0.0 
DO 10 L-1 ,40 

10 OUTPUT(L,K)-0.0 
TSUM-0.0 
DO 12 J - 1 , 2 
IF(RN.BQ.ILOPT(J)) GO TO 1000 

12 CONTINUE 
14 CONTINUE 

IF(RN.EQ.SUM) GO TO 75 
IF(RN.EQ.1L0PT(2)) GO TO 75 
DO 50 J-l.NONCLD 
IF(RN.EQ.NUCLID(J)) GO TO 70 

50 CONTINUE 
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WRITE(6,10500) EN 
10500 F08MATC RADIONUCLIDE \A8, 

A ' IS NOT IN LIST. TABLE WILL BE SKIPPED.') 
RETURN 

70 INE=J 
GO TO 80 

75 INB=1 
INE=NONCLD 

80 CONTINUE 
IF(OG.EQ.SUM) GO TO 175 
DO 150 J=l,NORGN 
IF(OG.EQ.OBGN(J)) GO TO 170 

150 CONTINUE 
WRITE(6,10600) OG 

10600 FORMATC ORGAN '.A8,' IS NOT IN LIST.', 
A ' TABLE WILL BE SKIPPED.') 

RETURN 
170 IOB=J 

IOE=J 
GO TO 180 

175 IOB=l 
IOE=NORGN 
IF(IT.EQ.3) GO TO 180 
IF(IT.EQ.l) GO TO 185 
IOB=NORGN 
IOE=NORGN 
GO TO 180 

185 CONTINUE 
GO TO 195 

180 DO 190 1=1,4 
DO 190 K=IOB,IOE 
¥T(K,I)=1. 

190 CONTINUE 
195 CONTINUE 

IPT=PT 
IPB=IPT 
IPE=IPT 
IF(IPT.LE.4) GO TO 184 

177 CONTINUE 
IPT-IPT-4 
GO TO (181,182,183),IPT 

181 IPB-1 
IPE=2 
GO TO 184 

182 IPB-3 
IPE-4 
GO TO 184 

183 IPB-1 
IPE-4 
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184 CONTINUE 
DO 300 IPT=IPB.IPE 
DO 300 IN-INB,INE 
DO 300 IO=IOB,IOE 
DO 300 II-NOL,NOU 
DO 300 JJ-NEL,NRU 
0UTFUT< JJ. II ) -OUTPUTC JJ. II) +ARRAKIO, IN. IPT) *FACD( IPI) * 

> EXPP(JJ.II,IN,IPT) 
300 CONTINUE 
305 IF(IT.EQ.3) GO TO 500 

DO 400 II-NOL,NOU 
DO 400 JJ-NRL,NRU 
IF(POP(II,JJ).BQ.O.0) GO TO 375 
0UTPUT(JJ.II)«OUTPUT(JJ,II)/POP(II.JJ) 
GO TO 400 

375 OUTPUT(JJ,II)=0.0 
400 CONTINUE 

WRITE(6,10000) TITLE,TITLl.TITLA 
IRITE(6,10100) RN,OG,(TPATB(I,IT),I-l,4) 
DO 600 JJ-NRL.NRU 
fRTTE(6,10200) IDIST(JJ) ,<OUTPUTUJ.rDIR(II>). 11-1,8) 

600 CONTINUE 
1RITE(6,10125) 
DO 605 JJ~NRL,NRU 
WRITE(6,10200) IDIST(JJ).(OUTPDT(JJ,IDIR(:i)).11-9,16) 

605 CONTINUE 
RETURN 

500 WRITE(6,10000) TITLE.TTTU.TTTLA 
DO 680 I1-1.16 
DO 680 JJ-NRL.NRU 
HOLDC(II)-OUTPUT(JJ,II)+BOLDC(II) 
H0LDR(JJ)-OUTOTUJ,II)+BOLDR(JJ) 

680 TSIW-OUTPUT(JJ.II)^TSUN 
fRITE(6.10100)RN,OG,(TPATH(I.PT),1-1,4) 
DO 700 JJ-NRL.NRU 

700 WRITE(6,10200) IDIST(JJ) ,(OUTPUT(JJ.IDIR(II)) .11-1.8) 
IRITE(6,10250) (HOLDCdDIR(II)) .11-1.8) 
WRITE(6.10175) 
DO 710 JJ-NRL.NRU 

710 WRITE(6,1020S)IDIST(JJ) ,(OVTPUT(JJ,IDIRdI) ) .11-9.16) ,B0LDt(JJ) 
ffRITE(6.10250) (HOLDCdDIRdI)) ,11-9,16) ,TSUK 
RETURN 

1000 IF(NDIR.NE.20) RETURN 
IF(OG.EQ.SUM) GO TO 1001 
IF(OG.EQ.PDL) GO TO 1001 
IF(OG.EQ.TBEQ) GO TO 1001 
IF(J.EQ.l) GO TO 305 
GO TO 14 
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1001 CONTINUE 
IF(NO.NE.l) GO TO 1200 

1100 DO 1150 II=NOL,NOU 
DO 1150 JJ=NRL.NRU 
OUTFUT(JJ.II)=YLRN( JJ.II) 

1150 CONTINUE 
OG-SOM 
PT=7 
GO TO 305 

1200 IF(N0.NE.3) GO TO 1300 
FAOl. 
IFdT.EQ.3) FAC=1./AGEX 
DO 1250 II=NOL,NOU 
DO 1250 JJ=NRL.NEU 
0UTFUT(JJ.II)=RRISK«VLRN(JJ.II)*FAC 

1250 CONTINUE 
IF(J.EQ.l) GO TO 305 
GO TO 14 

1300 IF(OG.NE.FUL) GO TO 1400 
FAC=1. 
IF(IT.EQ.3) FAO.001 
DO 1350 II=NOL,NOU 
DO 1350 JJ=NEL,NKD 
OUTPUT(JJ,II)=RREF(l)*WLBN(JJ.II)*FAC 

1350 CONTINUE 
IF(J.BQ.l) GO TO 500 
GO TO 14 

1400 IF(OG.NE.TBEQ) RETURN 
FAC»=1. 
IF(IT.EQ.3) FAC=.001 
DO 1450 II=NOL,NOU 
DO 1450 JJ*NRL,NRU 
0UTPUT( JJ. II)«RIL£F(2) *WLRN( JJ, II) «FAC 

1450 CONTINUE 
IF(J.EQ.l) GO TO 305 
GO TO 14 

10100 FORMATC FOR RADIONUCLIDE : ',A8/ 
> ' AND ORGAN/CANCER :',A8/ 
> ' AND PATHWAY : ',4A4/ 
> ' DIRECTIONS:',3X,'N'#12X,'NNE',10X.'NE',11X. 
> 'ENE'»10X,'E»,12X»'ESE',10X,'SE',11X,'SSE'/ 
> ' DISTANCE'/' (METERS):'/) 

10125 F0RMAT(////15X,'S',12X.'SSf'.101.'Sf',11X,'WSf',10X,'W 
> ,12X,'fNf',10X,'Nf',llX,'NNW'/' DISTANCE'/' (METERS):') 

10175 F0RMAT(////15X,'S',12X,'SSf',101,'Sf',11X,'WSf',10X, 'f' 
> .12X,'WNf'.10X.'NW'.llX,'NNf',10X,'SUM'/' DISTANCE'/ 
> ' (METERS):') 

10200 FORMAT(I10,1P8G13.3) 
10205 FORMAT(I10,1P9G13.3) 
10250 FORMAT('OSUM',6X,1F9G13.3) 

END 
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SUBROUTINE SUlMRYCnTLE.GSCFAC) 
REAL*8 NUaiD,O^N,CANC,TOTBOD,RNIX)C.OGLOC,GEN,TOTAL,fTSUll. 

A 0REP,RREP,CREP,RN222 
LOGICAL GENEFF.RNWR 

REAL LLET 
C 

COMMON/COMEI/EXPP(20,20,40,4),POP(20.20).POPFAC.TOTFAC, NOL,NOB, 
> NRL,NRU,IDIST(20).ILOC,JLOC 

COMMON/COMOR/OEGW 20),NORGN.TIME(20),D0SE(20,40,4,2), DTABLE(7) 
COMMON/C0MRN/0REP<20) ,KEEP(20) ,CREP(20) .tLRN(20,20) , 

A SRISK,XSEF(2),RIKLL#N0KEP,NSKEP,NCSEP 
COMMON/LETFAC/HLET(20),LLET(20) 
COMMON/COMNU/NUCLID(40),NONCLD,PSIZE(40),RESP(40).GIABS ( 4 , 4 0 ) , 
> rNDPOP 

COMMON/COMGEN/GEN(3),NGEN,GDOSE(3,40,4,2),G1ISI(3,40,4,2), 
> GENEFF.GRFAC(2),REPPEK.GLLET(3),GHLET(3)/GREF(3,40.4) 

COMMON/COMDS/STLOf(40),STBIG(40),STC0M(40),STGLO(40), 
A STGHI(40),STGCO(40) 

DIMENSION DOSFAC(4),GB*FAC(4),TITLE(20) 
DATA BN222/8HRN-222 / 
DATA DOSFAC/1.,1.,1.,100./, 

< GENFAC/1.,1.,1., 100./, TOTAL/ 8BTOTAL /,VISUM/8H1T. SUM / 
COMMON/COMtOR/DFAC(20,4) 
DOSFACM) =GSCFAC»DOSFAC( 4) 
GENFAC(4)=GSCFAC*GENFAC(4) 
RNWR~.FALSE. 
DO 5 JKL.NONCLD 
IF(NUCLID(J).EQ.RN222) RNWE-.TRUE. 

5 CONTINUE 
WLOO.O 
DO 10 II«N0L,N0U 
DO 10 JJ«NRL,NRU 
WLC«lLC+fLRN(JJ.II) 

10 CONTINUE 
fLE=lLC*T0TFAC 

C»*»* DOSE RATES BY ORGAN 
DO 50 J-1,40 
STflIG(J)-0.0 
STLOf(J)-0.0 
STCOM(J)-0.0 
STGLO(J)-0.0 
STGHI(J)-0.0 
STOC0(J)-0.0 

50 CONTINUE 
SUML-0.0 
SIIMH-0.0 
ST MOO. 0 
DO 100 L-1,N0RGN 
DO 100 1-1-4 
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FACNE¥=POPFAC*D0SFAC(I) 
FACNE2=P0»**'AC«GENFAC(K) 
DO 100 J- .NONCLD 
STHIG ( L) =STHIG (L) +DOSE( L. J . E, 2 ) *FACNEW*EXPP ( JLOC, ILOC. J»K) 
SUMH=SDMH+D0SE(L,J,I,2)*FACNEW*EXPP(JL0C.IL0C,J,I)*DFAC(L,I) 
STLOi(L)=STL0ff(L)+DOSE(L,J.C,l)»FACNEW^EIPP(JLOC,ILOC.J.K) 
SUML=SDML+D0SE(L,J.I,1)*FACNEW*EIPP(JL0C,IL0C,J.I)*DFAC(L.K) 
STCOM(L) =STCOM(L) +DOSE(L,J,K,1) *FACNEW*EXPP( JLOC, ILOC, J . I ) 

< *LLET(L)+D0SE(L,J.K,2)*FACNEW*EZPP(JL0C,IL0C,J.K)*HLET(L) 
SOMC=SDMC+DOSE(L,J,K,1)*FACNEW*EXPP(JLOC,ILOC,J,K)* 

< LLET(L)*DFAC(L,K)+D0SE(L,J,K,2)*FACNEW*EXPP(JL0C,IL0C,J,i:)* 
< HLET(L)*DFAC(L,I) 

IF(L.GT.NGEN) 60 TO 100 
STGHI(L)=STGHI(L)+GD0SE(L,J,K,2)»FACNW»EXPP(JL0C,IL0C,J,«:) 
STGLO(L)=STGLO(L)+GDOSE(L,J,K,1)*FACNE2«EIPP(JLOC.ILOC,J,I) 
ST6C0(L)=ST6C0(L)4ODOSE(L,J,K,l)*FACNE2*EXPP(JL0C,ILOC,J,K) 

< *GLLET(L)-K;D0SE(L,J,I.2)»FACNE2*EXPP(JL0C,IL0C,J.I)*GHLET(L) 
100 CONTINUE 

WRITE(6,10100) TITLE,(ORGN(L),L=1.NORGN).WTSUM 
WRIT£(6,10205) (STLOW(L),L=l,NORGN),SUKL 
WRITE(6,10210) (STHI6(L) ,L=1,NORGN),SDNH 
WRITE(6,10215) (STCOM(L) ,L=1,NORGN),SUMC 
WLI=WLRN(JLOC.ILOC)*POPFAC 
IF(RNWR)WRITE(6,20216) WLI 

20216 FORMAT CORADON DAUGHTER EXPOSURE:'/ 
A ' (WORKING LEVEL)',91.1PG10.3) 

WRITE(6,10290) (GEN(L),L=1,NGEN) 
WRITE(6,10220) (STGLO(L),L=l.NGEN) 
WRITE(6,10225) (STGHI(L),L=1,NGEN) 
WRITE(6,10230) (STGCO(L),L=l,NGEN) 

10100 FORMAT('l',20A4/30X,'ORGAN DOSE/EXPOSURE SUMMARY'// 
A '0*** SELECTED INDIVIDUAL •*•'/ 
B 'ODOSE RATES:'/ 
> 171,' ORGANS:',10(2X,A8)/(26X,10(2X,A8))) 

10205 FORMATC LOW LET (MRAD/Y)'.8I.1P10G10.3/ 
A (26X,1P10G10.3)) 

10206 FORMATC LOW LET (PERSON RAD/Y)»,1X,1P10G10.3/ 
A (26X.1P10G10.3)) 

10210 FORMATC HIGH LET (MRAD/Y) \7X,1P10G10.3/ 
A (26I.1P10G10.3)) 

10211 FORMATC HIGH LET (PERSON RAD/Y) MP10G10.3/ 
A (26X,1P10G10.3)) 

10215 FORMATC DOSE EQUIVALENT (MREM/Y) MP10G10.3/ 
A (26X.1P10G10.3)) 

10216 FORMATC DOSE EQ. (PERSON REM/Y)'.1P10G10.3/ 
A (26X.1P10G10.3)) 

10290 FORMAT('OGONADAL DOSES:'/ 
> 171,' GONADS:',10(21,A8)) 

10220 FORMATC LOW LET (MRAD)' ,10X,1P10G10.3/ 
A (26X.1P10G10.3)) 
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10221 F01MATC LOW LET (PERSON RAD)' ,4X,1P10610.3/ 
A (26X.1P10G10.3)) 

10225 FORMATC HIGH LET (HEAD) ' .9X.1P10G10.3/ 
A (26X.1P10G10.3)) 

10226 FOEMATC HIGH LET (PERSON RAD)'.3X.1P10G10.3/ 
A (26X.1P10G10.3)) 

10230 FORMATC DOSE EQUIVALENT (MKEM)',2X,1P10G10.3/ 
A (26X,1P10G10.3)) 

10231 FORMATC DOSE EQ. (PERSON REM)',3I,1P10G10.3/ 
A (26X.1P10G10.3)) 

IF(INDPOP.NE.l) GO TO 1000 
DO ISO J=1.40 
STHIG(J)=0.0 
STLOf(J)=0.0 
STCOM(J)=0.0 
STGHI(J)=0.0 
STGL0(J)M>.0 
STGC0(J)=0.0 

150 CONTINUE 
SUML=0.0 
SUMH=0.0 
SDJiOO.O 
DO 200 L=1,N0RGN 
DO 200 1=1,4 
FACNEW~TOTFAC*DOSFAC(K) 
FACNE2=T0TFAC*GENFAC(I) 
DO 200 J*1,N0NCLD 
DO 200 II-NOL.NOU 
DO 200 JJ«NSL,NKU 
STflIG(L)«SIHIGa)+D0SE(L,J,I,2)*EXPP(JJ,II,J,I)*FACNEW 
SOTffl=SDMH+DOSE(L,J,I,2)*EIPP(JJ,II,J,I)*FACNEf*DFAC(L,X) 
STLOW(L)-STI£W(L)+D0SE(L,J,I,l)*EXPP(JJ,II,J,I)*FACNEW 
SUML«SUML+DOSE(L, J ,K,1) *EXPP(JJ, I I , J . I ) *FACNEf *DFAC(L,I) 
STCOM(L)«STC0M(L)+DOSE(L, J ,K,1) *EXPP( J J , I I , J,K) *FACME9 

> *LLET(L)+DOSE(L,J,K,2)*EXPP(JJ,II,J,E)*FACNEf*HLET(L) 
SUMC»SUMC+DOSE(L, J . I . I ) •EXPPCJJ, I I , J . I ) »FACNEW* 

> LLET(L)«DFAC(L,I)+DOSE(L,J,I,2)»EIPP(JJ,II,J,I)*FACNEW* 
> HLET(L)*DFAC(L,I) 

IF(L.GT.NQEN) GO TO 200 
STGHI(L)-STGHI(L)4GD0SE(L,J,I,2)*EXPP(JJ,II,J.I)«FACNE2 
STGLO( L) -STGLO(L)+GDOSE(L,J,1,1)*EXPP(JJ,II,J,I)*FACNE2 
STGC0(L)-STG00(L)-K}D0SE(L,J,I,1)*EXPP(JJ.II,J,I)*FACNE2 

> *GLLET(L)+GDOSE(L,J,I,2)*EXPP(JJ,II,J,K)*FACNE2«GHLET(L) 
200 CONTINUE 

WRITE(6,10400) (ORGN(L).L-1.N0SGN),VTSUM 
10400 FORMAT(/'0**« MEAN INDIVIDUAL •••»/ 

A 'ODOSE BATE:'/ 
+ 171,' ORGANS:',10(2X,A8)/(26X,10(2X,A8))) 

WRITE<6,10205) (STLOW(L),L-l,NORGN),SUML 
WKITE(6,10210) (STEIG(L),L-l,NORGN),SUMH 
WRITE(6,10215) (STC0M(L),L-1,N0BGN),SUMC 
IF(RNWR)WMTE(6,2021tf) ILE 
IRITE(6,10590) (GEN(L).L-l.NGEN) 
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10590 F0KMAT('0GONADAL DOSES:'/ 
> 171,' GONADS:',10(21,A8)) 

1RTTE(6,10220) (STGLO(L),L=1,NGEN) 
1RIIE(6,10225) (STGHI(L).L=1.NGEN) 
¥RITE(6,10230) (STGCO(L),L=1,NGEN) 
DO 350 K=l,40 
STLOW(K)=0.0 
STHIG(K)=0.0 
STCOM(K)=0.0 
IF(K.GT.NGEN) GO TO 350 
STGLO(I)=0.0 
STGBI(K)=0.0 
STGCO(K)=0.0 

50 CONTINUE 
SUNL=0.0 
SUMH=0.0 
SUMOO.O 
DO 400 1=1.4 
DO 400 J=1,N0NCLD 
TEXPP=0.0 
DO 403 II=NOL,NOU 
DO 403 JJ=NRL,NEU 
TEXPP=TEXPP+EXPP(JJ,II,J,K) 

403 CONTINUE 
TEXPP=TEXPP».001 
DO 400 L=1,N0RGN 
STL0t(L)=STLOl(L)+D0SE(L,J,I,l)*TEXPP»D0SFAC(K) 
SUML~SUML+DOSE(L,J,1,1)*TEXPP*DOSFAC(K)*DFAC(L,K) 
STHIG(L)*STHIG(L)+D0SE(L,J,K,2)*TEXPP*D0SFAC(K) 
SU)IH>SU)ffl+D0SE(L,J,K,2)*TEXPP*D0SFAC(K)*DFACa,K) 
STCOM(L)«STCOM(L)+DOSE(L, J .K . I ) *TEXPP*DOSFAC(E)*LLET(L) + 

> D0SE(L,J,K,2)*TEXPP*D0SFAC(K)*HLET(L) 
SCMC=SUMC+DOSE(L, J.K, 1) *TEXPP*DOSFAC(K) •LLET(L) *i>F 'L.K) + 

> D0SE(L,J,K,2)*TEXPP*D0SFAC(K)*HLET(L)*DFAC(L,K) 
JF(L.GT.NGEN) 60 TO 400 
STGL0(L)*STGL0(L)+GD0SE(L,J,I,1)*TEXPP*GENFAC(I) 
STGHI(L)»STGHI(L)-K}D0SE(L,J,K,2)*TEXPP*GENFAC(K) 
STGCO(L) -STGCO(L) +GD0SE(L, J.K, 1) *TEXPP*GENFAC(K) •GLLET(L) + 

> GD0SE(L,J,I,2)*TEXPP*GENFAC(K)*GHLET(L) 
400 CONTINUE 

WRITE(6,10700) (OBGN(L),L«1,N0RGN).WTSUM 
10700 F0SIIAT(/'0*** COLLECTIVE POPULATION • * • ' / 

A 'ODOSE SATE:'/ 
> 1 7 1 , ' ORGANS: M 0 ( 2 X , A 8 ) / ( 2 6 1 , 1 0 ( 2 1 , A 8 ) ) ) 

WRITE(6,10206) (STLOW(L).L-1.N0RGN),SUNL 
WKITE(6,10211) (STHIG(L),L~1,N0RGN),SUMH 
WRITE(6,10216) (STCOM(L),L-l.NOSGN),SUMC 
IF(SNffR)WRITE(6.20416) WLC 

20416 FOKMAT('ORADON DAUGHTER EXPOSURE:'/ 
A ' (PERSON WORKING LEVEL)',2X,1PG10.3) 

WRITE(6,10790) (GEN(L),L-1.NGEN) 
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10790 FORMAT( 'OGONADAL DOSES:' / 
> 171,' GONADS:',10(2X.A8)) 

¥RITE(6,10221) (STGIO(L) ,L=l,NGBO 
¥RITE(6,10226) (STGHI(L) ,L=1,NGEN) 
WRITE(6,10231) (STGCO(L),L=1.NGEN) 

C**** DOSE RATES BT PATHWAY 
1000 DO 10S0 J=l»40 

STflI6(J)=0.0 
STL01(J)=0.0 
STCOM(J)=0.0 
STGHI(J)=0.0 
STGLO(J)=0.0 
STGC»(J)=0.0 

1050 CONTINUE 
DO 1199 1=1,4 
DO 1100 L=l,NORGN 
FACNEW=POPFAC*DOSFAC(I)•DFAC(L.I) 
FACNE2«POPFAC«GENFAC(K) 
DO 1100 J=l,NONCLD 
STHIG(I)=STflIG(I)+DOSE(L.J,K,2)»FACNEW*EXPP(JLOC,ILO€,J,I) 
STLOW a)=STLOf (l)+DOSE(L, J,K,1) *FACNEW»EXPP( JLOC. ILOC. J,K) 
STCO*«(I)=STCOM(i:)+DOSE(L>J,K,l)*FACNEW*EIPP(JLOC,ILOC,J,I) 

< *ILET(L)+DOSE(L,J,K,2)»FACNEf»EXPP(JLOC.ILOC,J,I)*HLET(L) 
IF(L.NE.NGEN) GO TO 1100 
STGHI(t)=STGHI(K)-KJDOSE(L,J,I>2)«FACNE2*EIPP(JLOC,ILOC,J,K) 
STGLO(I) =STGLO(I) +GDOSE( L, J. 1,1) »FACNE2«EXPP( JLOC, ILOC, J, K) 
STGCO(I)-STGCO(I)-KJDOSE(L,J,K,1)^FACNE2*EIPP(JLOC,ILOC,J,I) 

< •GLLET(L)+CD0SE(L,J,I,2)*FAQJE2*EXPP(JL0C.IL0C,J,K)*GHLET(L) 
1100 CONTINUE 

IF(K.6T.2) GO TO 1101 
STHIG(5)=STBIG(5)+STHIG(I) 
STLOW(5)=STLOf(5)+STLO¥(K) 
STCOM(5)«=STCOM(5)+STCOH(K) 
STGBT(5)=STGHI(5)+STBHI(K) 
STGLO(5)=STOLO(5)+STGLO(K) 
STGCO(5)-STGCO(5)+STCCO(I) 

1101 IF(K.LT.3)GO TO 1102 
STHIG(6)«STHIG(6)+STHIG(K) 
STLOW(tf) *STLO¥< 6) +STLOW(I) 
STCOM(6)-SrCOM(6)+STCO»((I) 
STGBI(6)-STGHI(6)+STGHI(£) 
STGLO(6)-STGLO(6)+STGLO(I) 
STGCO(6)-STGCO(6)+STGCO(K) 

1102 STHIG(7)-STHIG(7)+STHIG(£) 
STLOW (7)-STLOf (7)+STLOKI) 
STCOM(7)-STCOM(7)+STCOM(I) 
STOHI(7)»STGHI(7)+STGHI(K) 
STGLO(7)-STGLO(7)+STGLO(I) 
STGCO(7)-STGCO(7)+STGCO(I) 

1199 CONTINUE 
WBITE16.U100) TITLE 
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11100 FORMAT('1',20A4/30X.» PATHWAY DOSE/EXPOSURE SUMMARY'/ 
A »0»»* SELECTED INDIVIDUAL *•••/ 
B 'ODOSE RATES:'/ 
< ' WEIGHTED SUMS OF ORGAN DOSE RATES'/ 
< ' PATHWAYS: INGESTION ', 
< 'INHALATION AIR GROUND', 
< ' INTERNAL EXTERNAL TOTAL'/ 
< 45X.' IMMERSION SURFACE') 

WRITE(6,10205) <STLOW(L),L=l,7> 
WRITE(6,10210) (STHIG(L),L=1,7) 
WRITE(6,10215) (STCOM(L),L=1,7) 
IF(RNWR)WRITE(6,20216) WLI 
WRITE(6,11290) 

11290 FORMAT'.'0AVERAGE GONADAL DOSES:'/ 
< ' PATHWAYS: INGESTION ', 
< 'INHALATION AIR GROUND', 
< ' INTERNAL EXTERNAL TOTAL'/ 
< 4SX,' IMMERSION SURFACE') 

WRITE(6,10220) (STGLO(L) ,L=1,7) 
WRITE(6,10225) (STGHI(L) ,L=1,7) 
WRITE(6,10230) (STGC0(L),L=1,7) 
IF(INDPOP.NE.l) GO TO 11000 
DO 1150 J=l»40 
STHIG(J)=0.0 
STLOW(J)=0.0 
STCOM(J)=0.0 
STGHI(J)=0.0 
STGLO(J)=C.O 
STGCO(J)=K>.0 

1150 CONTINUE 
DO 1299 K=l,4 
FACNE2sT0TFAC*GENFAC(K) 
DO 1200 L=1,N0RGN 
FACNEW*TOTFAC*DOSFAC(K)*DFAC(L,K) 
DO 1200 J=l,NONCLD 
DO 1200 II«NOL,NOU 
DO 1200 JJ=NRL,NRU 
STHIG(K)=STHIG(X)+DOSE(L,J,K,2)*EXPP(JJ,II,J,K)*FACNEW 
STLOW(K)«STLOW(I)+DOSE(L, J,X,1) •EXPP( JJ, II, J,K) •FACNEW 
STCOM(K)-STCOM(K)+DOSE(L,J,E,l)*EXPP(JJ,II,J,K)*FACNEW 

> •LLET(L)+DOSE(L,J,K,2)*EXPP(JJ,II,J,K)*FACNEf*HLET(L) 
IF(L.NE.NGEN) GO TO 1200 
STGHI(I)-STGHI(K)+GDOSE(L,J,I,2)*EXPP(JJ,II,J,K)*FACNE2 
STGLO(X)=STGLO(K)+GDOSE(L,J,K,l)*EXPP(JJ,II,J,X)*FACNE2 
STGCO(K)-STGCO(I)+GDOSE(L,J,K,l)»EXPP(JJ,II,J,K)*FACNE2* 

A GLLET(L)+GDOSE(L,J,I,2)*EXPP(JJ,II,J,K)*FACNE2«GHLET(L) 
1200 CONTINUE 
.1203 IF(K.GT.2) GO TO 1201 

STHIG(5)-STHIG(5)+STHIG(K) 
STLOW(5)-STLOW(5)+STLOW(K) 
STCOM(5)=STCOM(5)+STCOM(X) 
STGHI(5)-STGHI(5)+STGHI(K) 
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STGL0(5)«=STGLO(5)+STGL0(I) 
STGC0(5)«STGC0(5)+STGC0(K) 

1201 IF(I.LT.3) 60 TO 1202 
STHIG(6)=STHIG(6)+STHIG«) 
STL0f(6)~STLCW(<)+STL0ff(K) 
STCOM(6)«STCOM(6)+STCOM(I) 
STGHI(6)=STGHI(6)+STGHI(I) 
STGL0(6)=STGL0(6)+STGL0(K) 
STGCO(6)*=STGCO(6)+STGCO(X:) 

1202 STBIG(7)-STflIG(7)+STflIG(K) 
STLOW(7)=STLO¥(7)+STLOW(I) 
STCOM(7)=STCOM(7)+STCOM(K) 
STGHI(7)«STGHI(7)^STGHI(C) 
STGLO(7)=STGLO(7)+STGLO(K) 
STGCO(7)=STGCO(7)+STGCO(K) 

1299 CONTINUE 
WRITE(6.11400) 

11400 FORMAT(/'0*** MEAN INDIVIDUAL **•'/ 
A 'ODOSE RATES:'/ 
< ' WEIGHTED SUMS OF ORGAN DOSE RATES'/ 
< ' PATHWAYS: INGESTION ', 
< 'INHALATION AIR GROUND', 
< ' INTERNAL EXTERNAL TOTAL'/ 
< 451,' IMMERSION SURFACE') 

1RITE(6,10205) (STLOW(L).L-1,7) 
WRITE(6,10210) (STHIG(L),L=1,7) 
WRITE(6,10215) <STC0M(L),L«1,7) 
IF(RNWR)VRITE(6,20216) WLE 
WRITE(6,11590) 

11590 F0RMAT('0AVERAGE GONADAL DOSES:'/ 
< ' PATHWAYS: INGESTION ', 
< 'INHALATION AIR GROUND', 
< ' INTERNAL EXTERNAL TOTAL'/ 
< 45X,' IMMERSION SURFACE') 

WRITER, 10220) (STGL0(L),L»1.7) 
WRITE(6,10225) (STGHI(L),L»1,7) 
WRITEC6,10230) <STGO0(L).L»1.7) 
DO 1350 K-1.40 
STLOf(K)«0.0 
STHIG(I)-0.0 
STCOM«)-0.0 
STGLO(K)-0.0 
STGHI(E)-0.0 
STOCO«)-0.0 

1350 CONTINUE 
DO 1499 i>l,4 
DO 1400 J-1,N0NCLD 
TEXPP-0.0 
DO 1404 II-N0L,NO0 
DO 1404 JJ-NRL,NHD 
TEXPP-TEXPP+EXPP(JJ,II,J,K) 
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1404 CONTINUE 
TEXPP=TEXPP*.001 
DO 1400 L=1,N0RGN 
STLOW(K) ~STLOW(I)+DOSE(L,J.R,1) *TEXPP*DOSFAC(K)*DFAC(L,K) 
STflIG(K)=STfiIG(I)+DOSE(L,J.I»2)*TOXPP»DOSFAC(I)*DFAC(L,I) 
STCOM(K) =STCOM(I) +DOSE(L, J, 1.1) *TEXPP*DOSFAC(K) •LLET(L) * 

> DFAC(L.I)+DOSE(L,J,I,2)»TEXPP*DOSFAC(K)»HLET(L)*DFAC(L,K) 
IF(L.NE.NGEN) GO TO 1400 
STGLO(K)-STGLO(I)+<JDOSE(L,J.K,1)*TEXPP*GENFAC(I) 
STGHI(K)=STGHI(K)4GD0SE(L,J,K,2)*TEXPP*GENFAC(K) 
STGCO(K)=STGCO(I)-Kn)OSE(L,J,I,2)*TEXPP*GENFAC(I)*GHLET(L) + 

A 6D0SE(L#J,E,1)*T£IPP*GENFAC(K)*GLLET(L) 
1400 CONTINUE 
1403 IFU.GT.2) GO TO 1401 

STLat(5)=STLOW(5)+STLOt(I) 
STHIG(5)=STHIG(5)+STflIG(I) 
STCOM (5)=STCOM(5)+STCOM(K) 
STGLO(5)=STGL0(5)+STGL0(K) 
STGHI(5)«STGHI(5)+STGHI(K) 
STGCO(5)=STGC0(5)+STGCO(K) 
GO TO 1402 

1401 STLOW(6)=STLOW(6)+STLOW(I) 
STHIG(6)=STHIG(6)+STflIG(I) 
STCOM(6)«STCOM(()+STCOM(K) 
STGLO(6)=STGLO(6)+STGLO(K) 
STGHI(6)=STGBI(6)+STGHI(I) 
STGCO(6)=STGCO(6)+STGCO(I) 

1402 STLOW<7)=STLOW(7)+STLOW(K) 
STflIG(7)=STHIG(7)+STflIG(i:) 
STCOM(7)=STCOM(7)+STCOM(I) 
STGLO(7)«STGLO(7)+STGLO(K) 
STGHI(7)=STGHI(7)+STGHI<I) 
STGCO(7)=STGCO(7)+STGCO(K) 

1499 CONTINOE 
11700 FORMAT(/'0*»* COLLECTIVE POPULATION **•'/ 

A 'OOOSE RATES:'/ 
< ' WEIGHTED SUNS OF ORGAN DOSE RATES'/ 
< ' PATHWAYS: INGESTION ', 
< 'INHALATION AIR GROUND', 
< ' INTERNAL EXTERNAL TOTAL'/ 
< 451,' IMMERSION SURFACE') 

WRITE(6,11700) 
WRITE(6,10206) (STLOf(L),L-1,7) 
WRITER ,10211) (STHIG(L),L»1,7) 
WRITE(6,10216) (STCOM(L),L-1,7) 
IF(RNWR)W»JTE(6,20416) WLC 
WRITE(6,11790) 

11790 FORMAT('0AVERAGE GONADAL DOSES:'/ 
< ' PATHWAYS: INGESTION ', 
< 'INHALATION AIR GROUND', 
< ' INTERNAL EXTERNAL TOTAL'/ 
< 451,' IMMERSION SURFACE') 
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WRITE(6,10221) (STGLO(L),L=1,7) 
WRITE(6,10226) (STGHI(L),L=1,7) 
WRITE(6,10231) (STGCO(L),L=1,7) 

C*»»* DOSE KATES BY NUCLIDE 
11000 DO 2050 J'1.40 

STHIG(J)=O.0 
STL01(J)«0.0 
STCOM(J)=0.0 
STCLO(J)-0.0 
STGHI(J)=0.0 
STCCO(J)-0.0 

2050 CONTINUE 
SUML=0.0 
SUMH»0.0 
SUMOO.O 
SUMGL=0.0 
SUMGH<=0.0 
SUMGC-0.0 
DO 2109 J=l,NONCLD 
DO 2100 K-1,4 
FACNE2=POPFAC*GENFACU) 
DO 2100 L=l,NORGN 
FACNEw=POPFAC*D0SFAC«) *DFAC(L,K) 
STHIG(J)=STflIG(J)+DOSE(L,J.K.2)*FACNEW*ElPP(JLOC,ILOC,J,K) 
STL0W(J)=STL0f(J)+DOSE(L,J,i:,l)*FACNEW»EIPP(JLOC>rLOC.J,K) 
STCOM(J)=STCO»C(J)+DOSE(L,J,K,l)*FACNEf*EIPP(JLOC,ILOC,J.I) 

< *LLET(L)+DOSE(L,J,I,2)»FACNEW*EXPP(JLOC,ILO€,J,I)»HLET(L) 
IF(L.NE.NGEN) GO TO 2100 
STGHI(J)=STGHI(J)-K5DOSE(L,J,t,2)*FACNE2*EIPP(JLOC,ILOC,J,K) 
STGLO(J)=STGLO(J)-H3DOSE(L,J,K,1)*FACNE2*EIPP(JLOC,ILOC,J,I) 
STGCO(J)-STGCO(J)+<;DOSE(L,J,K,l)*FAOflE2*EIPP(JLOC,ILOC,J,I)* 

A GLLET(L)+GDOS£(L,J,I,2)»FACNE2*EXPP(JLOC.ILOC.J,£)*GHLET(L) 
2100 CONTINUE 

SUML-SUML+STLOf (J) 
SUXH-SUMH+STHIG(J) 
SUMOSUMC+STCOM(J) 
SUMGL ŜUMGL+STGLOU) 
SUMGH»SUMSH+STGHI(J) 
SUMGO SUMGC+STGCO ( J) 

2109 CONTINUE 
WRITE(6,12100) TITLE,(NUCLID(L),L-1,N0NCLD).TOTAL 

12100 FORMAT(»1' .20A4/30X, 'NUCLIDE DOSE/EXPOSURE SUMMARY'// 
A '0*** SELECTED INDIVIDUAL •••'/ 
A 'ODOSE RATES:'/ 
A ' WEIGHTED SUNS OF ORGAN DOSE RATES'/ 
A 151,' NUCLIDES:',10(21,A8)/(26X,10(21,A8))) 

WRITE(6,10205) (STLOt(L),L-1.NONCLD),SUML 
WRITE(6,10210) (STHIG(L),L-1,N0NCLD),SUMB 
WRITE(6,10215) (STCOM(L),L-l,NONCLD),SUMC 
IF(RNWR)WRITE(6,20216) WLI 
WRITE(6,12290) (NUCLID(L) ,L«l,NONCLD) .TOTAL 
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12290 FOBKAT('0AVERAGE GONADAL DOSES:'/ 
A 151,' NUCLIDES: M0(2X.A8)/(26X,lO(2X.A8))) 

WRITE(6.10220) (STCLO(L),L=l, NONCLD), SUMGL 
WRITE(6.10225) (STGHI(L) ,L=1.NONCLD),SUCH 
WRITE(6,10230) (STGCO(L),L=1,NONCLD).LoHGC 
IF(INDPOP.NE.l) GO TO 21000 
DO 2150 J=l,40 
STHIG(J)=0.0 
STLOW(J)=0.0 
STCOM(J)=0.0 
STCLO(J)=0.0 
STGHI(J)=0.0 
STGCO(J)=0.0 

2150 CONTINUE 
SUML=0.0 
SUMH=0.0 
SUMC=0.0 
SUMGL=0.0 
SUMGH=0.0 
SUMGC=0.0 
DO 2209 J=l,NONCLD 
DO 2200 1=1,4 
FACNE2=TOTFAC*GENFAC(K) 
DO 2200 L=1,N0RGN 
FACNEW=TOTFAC*DOSFAC(K) *DFAC(L,K) 
DO 2200 II=NOL,NOU 
DO 2200 JJ=NRL,NRU 
SIflIG(J)=STHIG(J)+DOSE(L,J.K,2)*EXPP(JJ,II,J,B:)*FACNEW 
STLOW(J)=STLOW(J)+DOSE(L, J . K . I ) »EXPP( 11. I I , J.K) 'FACNEV 
STCOM(J)-SrCX)lf(J)+DOSE(L,J,K,l)*EXPP(JJ.II,J,I)»FACNEW 

> •LLET(L)+DOSE(L,J,I.2)*EXPP(JJ,II,J,K)*FACNEW*BLET(L) 
IF(L.NE.NGEN) GO TO 2200 
STGL0(J)»STCL0(J)+GD0SE(L,J.I,l)*EIPP(JJ.II,J,i:)«FACNE2 
STGHI(J)=STGHI(J)+GDOSE(L,J,I,2)*EXPP(JJ,II,J,K)»FACNE2 
STGCO(J)-STGCO(J) +GD0SE(L,J.C.1)*EXPP<JJ,II,J,I)*FACNE2* 

A GLLET(L)-KJDOSE(L,J,I,2)*EXPP(JJ/II,J,K)*FACNE2*GHLET(L) 
2200 CONTINUE 

SUML=SUML+STLOV(J) 
SUMH=SUMH+STHIG(J) 
SCMOSUMC+STCOMQ) 
SUMGL*SDMGL+STGLO(J) 
SUMGB-SUMGH+STGHI (J) 
SUMGOSUMGC+STGCO(J) 

2209 CONTINUE 
WRITE(6,12400) (NUCLID(L),L->1,NONCLD),TOTAL 

12400 FORMATC/'O*** HEAN INDIVIDUAL • • • ' / 
A 'ODOSE RATES:'/ 
A ' WEIGHTED SUMS OF ORGAN DOSE RATES'/ 
> 1 5 1 , ' NUCLIDES: M0(2X,A8) / (2«X,10(2X,A8) )> 

WRITE(6,10205) (STLOW(L) ,L-1,NONCLD),SUML 
WRITE(6,10210) (STHIG(L),L-1,NONCLD),SUMH 
WRITE(6,10215) (STCOM(L),L-1,NONCLD),SUMC 
IF(RNWR)WRITE(6,20216) WLE 
WRITE(6,12590) (NUaiD(L) ,L-1,NONCLD) ,TOTAL 
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12590 FOKMATC *0AVERAGE GONADAL DOSES:'/ 
> 151,' NUCLIDES:',10(21. A8)/(26X.10(21. A8))) 

WRITE(6,10220) (STGLO(L),L-1,NONOLD).SUMBL 
WRITE(6.10225) (SIGHI(L) ,L«1,N0NCIJ>),SUI6H 
WRITE(6,10230) (STCCO(L) ,L-l,NONCU>) .SUMGC 
DO 2350 1-1.40 
STLOt(I)=0.0 
STHIG(K)=0.0 
STCOM(I)°0.0 
STGLOUO-0.0 
STGHHD-O.O 
STGCO(K)«0.0 

2350 CONTINUE 
SUML-O.O 
SUMH-0.0 
SUMOO.O 
SUMGL-0.0 
SUMGB>0.0 
SUMGC-O.O 
0 0 2409 J-l.NONCLD 
DO 2400 1 - 1 , 4 
TEXPP=0.0 
DO 2403 II-NOL.NOU 
DO 2403 JJ-NKL,NEU 
TEXPP-TEXPP+EXPP(JJ#II,J,E) 

2403 CONTINUE 
TEXPP-TEXPP*.001 
DO 2400 L-l.NORGN 
STLOW(J)-STLOt(J)+DOSE(L,J,I,l)*TEIPP*DOSFAC(I)*DFAC(L,I) 
STHI0(J)-STflIG(J)+DOSE(L,J,I,2)*TEIPP*D0SFAC(I)*DFAC(L,K) 
STtXW(J)-STCOM(J)+DOSE(L,J.I,l)*TEIPP*DOSFAC(I)*LLET(L)* 

> DFAC(L,I)+DOSE(L,J,K.2)*TEIPP»DOSFAC(K)*HLET(L)*DFAC(L,K) 
IF(L.NE.NGEN) GO TO 2400 
STGLO( J) «SIGL0( J) +GDOSE(L, J. 1,1) *TEXPP*GENFAC(K) 
STGBI(J)-STGHI(J)+GD0SE(L,J,I,2)*TEXPP*GENFAC(K) 
STGCO(J)-STGCO(J)+€D0SE(L,J,I,l)*TEIPP»GENFAC(I)*GLLET(L) + 

A GDOSE(L,J,I,2)*TEXPP*GEHFAC(K)»GHLET(L) 
2400 CONTINUE 

SUML-SUML+STLOf(J) 
SUMH*SUMH+STHIG(J) 
SUMC-SUIIC+STCOIKJ) 
SUMGL-SUMGL+STGLO(J) 
SUMGH-SUMGH+STGHI(J) 
STJMGC-SUMGC+STGCO(J) 

2409 CONTINUE 
WRITE(6,12700) (NUCLID(L) ,1^1,NONCLD).TOTAL 

12700 FORMAT(/'0*** COLLECTIVE POPULATION * * • ' / 
A 'ODOSE BATES:'/ 
A ' WEIGHTED SUMS OF ORGAN DOSE RATES'/ 
> 1 5 1 , ' NUCLIDES: M0(2I ,A8) / (2 t fX,MH2X,A8)) ) 

WRITE(6,10206) (STLOW(L) ,L-1,NONOD) .SUML 
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WRITE (6.10211) (STSIG(L),L=1.N0NCLD),SUMH 
WRITE(6,10216) (STCOM(L),L=l,NONCLD).SDMC 
IF(RNWR)WRITE(6,20416) WLC 
TRITE(6,12790) (NUCLID(L) ,L=1,N0NCLD).TOTAL 

127 90 FORMAT( ' OAVERAGE GONADAL DOSES:' / 
> 15X,' NUCLIDES: \ 1 0 ( 2 X , A 8 ) / ( 2 6 X , 1 0 ( 2 X , A 8 ) ) ) 

WRITE(6,10221) (STGLO(L),L=l.NONCLD).SUMGL 
WRITE(6,10226) (STGHI(L),L=l.NONCLD),SUMGH 
1SITE(6,10231) (STGCO(L),L=l.NONCLD),SUMGC 

21000 GALL SUMMR2(TITLE,RNWR.GSCFAC) 
RETD1N 
END 

SUBROUTINE SUMMR2(TITLE,RNWR.GSCFAC) 
REAL*8 NUCLID.ORGN.CANCTOTBOD.RNLOC.OGLOC.GEN.TOTAL. 

A C!EP,RREP,CREP,PUL 
DATA PDL/8HPULMNART/ 
LOGICAL GENEFF,RNWR 

REAL LLET 
C 

COmfON/COMEX/EXPP(20.20,40,4),POP(20,20).POPFAC.TOTFAC, NOL.NOU, 
> NRL,NRU,IDIST(20),IL0C,JL0C 

COMMON/COMRN/OREP(20) REEP(20),CREP(20),WLRN(20.20), 
A RRISK.RREFU) .RTRLL.NOREP.NRREP.NCREP 

COMMON/COMCA/CANC(20),NCANC,RELABS(10),RISK(20,40,4,2), RTABLE(7), 
> AGEX,YRLL(20,40,4,2) 

COMMON/COMRF/REF(20,40,4),FTABLE(7) 
COMMON/COMNU/NUCLID(40),NONCLD>PSIZE(40),RESP(40).GIABS ( 4 , 4 0 ) , 

> INDPOP 
COMM0N/C0MGEN/GEN(3),NGEN,GDOSE(3,40,4,2),GRISK(3,40,4,2), 

> GENEFF,GRFAC(2),REPPER,GLLET(3),GaLET(3),GRHF(3,40,4) 
COMMON/COMUS/STLOW(40),STHIG(40),STCOM(40),STREQ(40), 

A STGLO(40),STGHI(40),STGCO(40),STLLL(40),STBLL(40),STCLL(40), 
B STGRQUO) 

DIMENSION RISFAC(4),REQFAC(4),GENFAC(4),TITLE(20) 
DATA RISFAC/2*1.E-5,10.,1000./, 

< REQFAC/1.,1.,1.E6,1.E8/, 
< G ENFAC/1.,1.,l.,100./ (TOTAL/8HTOTAL / 

C***« RISK RATES BT CANCER 
RISFAC(4)-RISFAC(4)*GSCFAC 
REQFAC(4)-REQFAC(4)*GSCFAC 
GENFAC(4)-GENFAC(4)•GSCFAC 
LP-1 
DO 25 K-1,NCANC 
IF(CANC(K) .EQ.PUDLP-E 
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CONTINUE 
DO 50 J-1.40 
STHIG(J)=0.0 
STLOf(J)«0.0 
STC0M(J)=O.0 
STOLO(J)«0.0 
STGBI(J)-0.0 
STGCO(J)=0.0 
STE£Q(J)=0.0 
STOR0.(J)-O.O 
STLLL(J)»0.0 
STHLL(J)M).0 
STCLL(J)=0.0 
CONTINUE 
SUML=0.0 
SU10H>.0 
SUMOO.O 
SOMLLL-0.0 
SUMHLL=0.0 
SUMCLL-0.0 
1BB0~0.0 
RLJ>0.0 
XlP«SnLL«ffLKN( JLOC, ILOC) *POPFAC 
RR~KRISK«1LRN( JLOC,ILOC)*POPFAC 
IF(WLRN(JLOC,ILOC).NE.O.O)RLL>*RULL/RRISI 
RP=RR 
DO 109 L-l.NCANC 
DO 100 1-1,4 
FACNEV*POPFAC»RISFAC(K) 
FACNE2=POPFAC*GENFAC(I) 
DO 100 J-l.NONCLD 
STHIG(L)-S1HIG(L)+RISI(L,J,I,2)*FACNEW*EIPP(JL0C,IL0C,J,I) 
STHLL(L)«S11ILL(L)+YRLL(L, J,I,2) •FACNEf *EXPP( JLOC, ILOC, J,K) 
STLm(L)-STU>i(L)+RISI(L,J,I,l)*FACNEW*EIPP(JLOC,ILOC,J»I) 
STLLL(L)=STLLL(L)+YltLL(L, J,I,1) *FACNEW*EXPP( JLOC. ILOC, J,I) 
STC0M(L)-STC0M(L)+RISI(L,J,I,l)»FACNEf*EIPP(JL0C,IL0C,J,I) 

< +RISI(L,J,I,2)»FACNEW»EIPP(JL0C,IL0C,J,I) 
STCLL(L) -STCLL(L) +IRLL(L,J,K, 1) *FACNEf*EXPP( JLOC, ILOC, J,K) 

< +YRLL(L,J,I,2)»FACNEf»EIPP(JL0C,IL0C,J,K) 
STREQ(L) «STREQ( L) +EEF(L, J, K) *POPFAC*REQFAC(K) *EXPP( JLOC, 

< ILOC.J.I) 
IF(L.GT.l) GO TO 100 
IBB0«TBEQ+REF<NCANC+1, J,I) •POPFAC*RBQFAC(K) *EXPP( JLOC, 

< ILOC,J,K> 
STORQ(L)-STORQ(L)-K}REF(L,J.K)*FACNE2*EZPP(JL0C,IL0C.J.K) 
STBLO(L)-STOLO(L)-K3RISK(L,J,K,1)*FACNE2*EXPP(JLOC,ILOC,J,K) 
STGHI(L)-STGHI(L)-K}RISI(L,J,I,2)»FACNE2*EIPP(JLOC,rLOC,J,I) 
STOCO(L)'STOCO(L)^}RISK(L,J,X,l)*FACNE2*EXPP(JLOC,ILOC,J,K) + 

A GRISI(L,J,I,2)»FACNE2*EXPP(JLOC,ILOC,J,K) 
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100 CONTINUE 
SUML=SUML+STLOf(L) 
SUMH=SUMH+STBIG(L) 
SUMLIX=SUMLLL+STLLL(L) 
SUMHLL=SDMHLL+STHLL(L) 
SUMCLL=SUMCLL+STCLL( L) 
SUMC=SUMC+STCOM( L) 
IF(L.EQ.LP) STCPP=STCLL(L) 
IF(L. EQ. LP) STCCB=STCOM (L) 
IF(STL0W(L) .NE.0.0)STLLL(L)=STLLL(L)/SILOf (L) 
IF(STfiIG(L).NE.O.O)STHLL(L)=STHLL(L)/STHIG(L) 
IF(STCOM(L) .NE.0.0)STCLL(L)=STaX(L)/STCOM(L) 

109 CONTINUE 
IF( SUML. NE. 0 . 0 > SUMLLL=SUMLLL/ SUML 
Il-(SUMH.f<E.O.O)SUMHLL=SUMHLL/SUMB 
I*(SUMC.NE.O.O) TRT=(RXRLL«WLRN(JL0C,ILOC)*POPFAC+SUHCLL)/ 

A (SUMC+RRISK*P0PFAC»1LRN( JLOC.ILOC)) 
IF(SUMC.NE.O.O)SUMCLL=SUMCLL/SUIIC 
YRP=ST€PH+YRP 
RP=RP+STCCH 
IF(RP.NE.O.O) YRP=YRP/RP 
VR1TE(6,10100) TITLE 
VRITE(6,10102)(CANC(L),L=1,NCANC).TOTAL 

10100 FORMATC1'»20A4/30X.'RISK/RISK EQUIVALJNT SUMMARY'// 
A '0«*» SELECTED INDIVIDUAL • • • ' / 
B 'OLIFETINE FATAL CANCER RISK:'/) 

10102 FORMAT(161,' CANCERS:',10(2X,A8)/(26X,10(2X,A8))) 
VRITE(6,10205) (STLOW(L),L=1,NCANC),SUML 
WRXTE(6.10210) (STHIG(L),L-l.NCANC),SUMH 
WRITE(6,10215) (STCOM(L),L=1,NCANC),SUMC 
IFUtNWR)fRITE(6,20216) RR 
TT=SUMC+RR 

20216 FORMATC'OLDNG CANCER RISK FROM RADON DAUGBTER EXPOSURE ', 
A 8X.1PG10.3) 

IF(RNWR)WRITE(6,20217) TT 
20217 FORMATC TOTAL FATAL CANCER RISK FROM ALL EXPOSURES', 

A 12X.1PG10.3) 
10205 FORMATC LOW LET ' ,16X,1P10G10.3/(26X,1P10G10.3)) 
10210 FORMATC HIGH LET',161,1P10G10.3/(261,1P10G10.3)) 
10215 FORMATC TOTAL',181,1P10G10.3/(261,1P10G10.3)) 

WRITE(6,30100) 
30100 FORMAT('OAVERAGE LIFE LOSS PER PREMATURE DEATH:') 

WRITE<6,10102) (CANC(L),L-l.NCANC),TOTAL 
WRITE(6,10250) (STLLL(L),L-1,NCANC) SUMLLL 
WRITE(6,10255) (STHLL(L) ,L*1,NCANC),SUMHLL 
WRITEC6,10260) (STCLL(L),L»1,NCANC).SUMCLL 
IF(RNWR)WRITE(6,20218) RLL 

20218 FORMATCOAVG LIFE LOSS FROM RADON DAUGHTER EXPOSURE ', 
A 'FOR LUNG',31,1PG10.3) 

IF(RNWR)WRITE(6,20219)YRP 
20219 FORMATC AVG LIFE LOSS FROM ALL EXPOSURES FOR LUNG', 

A 13X.1PG10.3) 
IF(RNWR)WRITE(6.20220) YRT 
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20220 FORMAT(' AVG LIFE LOSS FROM ALL EXPOSURES (TOTAL) '. 
A 12X.1PG10.3) 

10250 FORMAT** LOW LET (TR) ',12I,1P10G10.3/(26I.1P10G10.3)) 
10255 FORMATC HIGH LET (YR)' .11X.1P10G10.3/(26X.1P10G10.3)) 
10260 FORMATC COMBINED (YR)' ,11X,1P10G10.3/(26I»1P10G10.3)) 

WRITE(6,30200) 
30200 FORMATCOFATAL CANCER RISK EQUIVALENT:') 

WRITE(6,10102) (CANC(L),L=1.NCANC).TOTAL 
WRXTE(6.10220) (STRBQ(L),L=1,NCANC).TBEQ 
WRITE(£.10221) TBEQ 

10220 FORMATC (MREM/1R) ',151.1P10G10.3/(261,1P10G10.3)) 
10221 FORMATC '0WHOLE BOOT FATAL CANCER RISK EQ(MREM/TR)', 

> 24X.1PG10.3) 
ROsRREF(l) *WLRN( JLOC. ILOC) •POPFAC 
RT=RREF(2)*WLRN(JLOC.ILOC)•POPFAC 
TTP=RQ+STRBQ(LP) 
TTQ=RT+TBEQ 
IF(RNWR)WRITE(6,20221) RQ 
IF(RNWR)WRITE(6,20222) RT 
IF(RNWR)WRITE(6,20224) TIP 
IF(RNWR)WRITE(6.20223) TTQ 

20221 F0RMAT(' LUNG RISK EQUIVALENT(MREM/TR) FROM RADON ' . 
A 'DAUGHTER EXPOSURE '.4X.1PG10.3) 

20321 FORMAT(' LUNG RISK EQ. (PERSON REM/TR) FROM RADON ' . 
A 'DAUGHTER EXPOSURE',61,1PG10.3) 

20222 FORMAT(' WHOLE BODY RISK EQ (MREM/YR) FROM RADON ' . 
A 'DAUGHTER EXPOSURE ' ,61 ,1PG10.3) 

20322 FORMAT(' WHOLE BODT RISK EQ (PERSON REM/TR) FROM RADON ' , 
A 'DAUGHTER EXPOSURE',1X.1PG10.3) 

20223 FORMATC WHOLE BODT RISK EQ (MREM/TR) FROM ALL EXPOSURES'. 
A17X.1PG10.3) 

20224 FORMATC PULMNARY RISK EQ (MREM/YR) FOR ALL EXPOSURES'. 
A 20X.1PG10.3) 

20323 FORMATC WHOLE BODY RISK EQ (PERSON REM/YR) FROM ALL EXPOSURES'. 
A11X.1PG10.3) 

20324 FORMATC PULMNARY RISK EQ (PERSON REM/YR) FOR ALL EXPOSURES'. 
A 14X.1P610.3) 

WRITE (6 ,10190) 
10190 FORMAT('OGENETIC RISKS:') 

WRITE(6,10225) STGLO(l) 
10225 FORMATC LOW LET (EFFECTS/BIRTH)',1X.1P10G10.3/ 

> (26X.1P10G10.3)) 
WRITE(tf,10230) STGHK1) 

10230 FORMATC HIGH LET (EFFECTS/BIRTH)'.1P10G10.3/ 
> (26X.1P10C10.3)) 

WRITE(6,10235) STGCO(l) 
10235 FORMATC COMBINED (EFFECTS/BIRTH)' ,1P10G10.3/ 

> (26I.1P10O10.3)) 
WRITE(6,30300) STGRQ(l) 
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30300 FORMAT*'OGENETIC RISK EQUIVALENT:'/ 

A ' (MREM/YR)',15X.1P10G10.3/(261,1PI0G10.3)) 
IF(INDPOP.NE.l) GO TO 1000 
DO 150 J=l,40 
STHIG(J)=O.0 
STLOt(J)=0.0 
STCOM(J)=0.0 
STGLO(J)=0.0 
STGBI(J)=0.0 
STGCO(J)=0.0 
STKEQ(J)=0.0 
STLLL(J)=0.0 
STHLL(J)=0.0 
STCLL(J)=0.0 
STGRQ(J)=0.0 

J50 CONTINUE 
TBEQ=0.0 
SUML=0.0 
SUMH=0.0 
SUMC=0.0 
SUMLLL=0.0 
SUMHLL=0.0 
SUMCLL=0.0 
RRM=0.0 
RLL=0.0 
RQM=0.0 
RTM=0.0 
YRP=0.0 
DO 206 II=N0L,NOU 
DO 206 JJ=NRL,NRU 
RQN=BQM+SKEF (1) *WLRN( J J, 11) rrOTFAC 
RTM=RTM+RREF( 2) *ILRN( JJ, II) *TOTFAC 
RRM=RRISK*VLRN(JJ,II)*TOTFAC+RRM 
YRP»RYRLL*WLRN(JJ,II)•TOTFAC+YRP 

206 CONTINUE 
IF(RRM.NE.O.O)RLL-TRP/RRM 
RP=YRP 
DO 209 L»1,NCANC 
DO 200 K«1.4 
FACNEW=TOTFAC*RISFAC(I) 
FACNE2«TOTFAC*GENFAC(K) 
DO 200 J*l,NONCLD 
DO 200 II«NOL,NOU 
DO 200 JJ-NRL,NRU 
STflIG(L)-SlHIG(L)+RISK(L,J,K,2)*EXPP(JJ,II,J,K)*FACNEW 
S1HLL(L)-STHLL(L)+YRLL(L,J,K,2)*EXPP(JJ,II,J,K)*FACNEV 
STLOW(L) -STLOW(L) +RISKL, J,K, 1) *EXPP( JJ, I I , J .I) *FACNEW 
STLLL(L)-STLLL(L)+yRLL(L,J,K,l)»EXPP(JJ,II,J,I)*FACNEW 
STCOM(L)-STCOM(L)+EISI(L,J I,1)*EXPP(JJ»II,J,I)«FACNEW 

> +RISK(L,J.K,2)«EXPP(JJ,IJ,J,K)*FACNEW 
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STOX(L)=STCLL(L)+IlLL(L»J,K.l)*BXPP(JJ.II.J.I)»FAanEf 
> +TRLL(L,J.K,2)«EXPP(JJ.II,J,K)*FACNEf 

STRBQ(L) =STREQ(L) +RRF(L, J. K) *EXPP( JJ, I I . J.K) *TOTFAC 
> •RHIFAC(I) 

IF(L.NE.l) 60 TO 200 
TBBQ=lBKH8EF(NCANC+l,J,I)*EXPP(JJ,II,J.I)*T0TFAC*EEaFAC(i:) 
STGHft(L)=STGMi(L)4€REF(L,J.I)*EIPP(JJ,II,J»I)*T0TFA(WENFAC(K) 
ST6LO(L)=SIGL0(L)+GRISK(L,J,K,l)*BXPP(JJ»II.J.K)»FACNE2 
STGHI(L)=STGei(L)-KJRISI(L,J.K,2)*EIPP(JJ,II,J,i:)*FACNE2 
STGCO(L) =STGCO(L)+08ISKL, J,K. 1) *BXPP( JJ, I I . J.K) •FACNE2+ 

A GRISK(L,J.I,2)*EXPP(JJ.II.J.K)*FACNE2 
200 CONTINUE 

SDML=SDML+STL01(L) 
SDMH=SDlffl+STflIG(L) 
SDMC=SUMC+STCOM(L) 
SOMLLL=SUMLLL+STLLL(L) 
SUMHLL=SUMHLL+STHLL(L) 
SUMCLL=SUMCLL+STCLL(L) 
IF(L.EQ.LP) STCPH=STCLL(LP) 
IF(L.EQ.LP) STCCH=STCOM<LP) 
IF(STLOW(L).NE.0.0)STLLL(L)^STLLL(L)/STLOW(L) 
IF(STHIG(L).NE.O.O)STHLL(L)=STHLL(L)/STHIG(L) 
IF(STCOM(L) .NE.0.0)STCLL(L)=STCLL<L)/STCOM(L) 

209 CONTINUE 
IF(SUML.NE.0.O)SDMLLL=SDMLLL/SDML 
IF(SUMH.NE.O.O)SUMHLL=SU)fflLL/SUKH 
IF(SUMC.NE.O.O) TRT~(YRP+SUMCLL)/(RRM+SUMC) 
YRP-STCPH+YRP 
RPcRRM+STCCH 
IF(RP.NE.O.O)YRP=YRP/RP 
IF(SUMC.NE.0.0)SUMCLLcSUMCLL/SUMC 
WRITEU,10400) TITLE 
VRITE(6,10402)(CANC(L),L"1,NCANC).TOTAL 

10400 FORNAT('l',20A4/3OX,'RISK/RISK EQUIVALENT SUMNAST'// 
A »0**» MEAN INDIVIDUAL ••••/ 
B 'OLIFETIME FATAL CANCER RISE:'/) 

10402 F0RMAT(16I,' CANCERS:',10(21,A8)/(26X,10(2X,A8))) 
WRITER, 10205) (STL0W(L),L-1,NCANC),SUKL 
WRITE(6,10210) (STHIG(L),L-1,NCANC),SUMH 
WRITEU,10215) (STCOM(L),L-1,NCANC),SUMC 
IF(RNWR)WRITE(6,20216) RRN 
TTlfr-SUMC+RRM 
IF(RNWR)fRITE(6,20217)TTM 
WRITE(6,30100) 
WRITE(6,10102) (CANC(L),L-1,NCANC),TOTAL 
WRITEC6,10250) (STLLL(L),L-1.NCANC).SDMLLL 
WRITE(6,10255) (STILL(L),L»1,NCANC),SUMHLL 
WRITE(6,10260) (STCLL(L),L-1,NCANC),SUMCLL 
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IF(RNf£)¥RITE(o,20218) RLL 
IF(RNWR)WRITE(6,20219) YRP 
IF(KNVR)fRITE(6,20220) 1ST 
fRITE(6,30200) 
fMTE(6,10102) (CANC(L),L=1,NCANC).TOTAL 
WRITE(6,10220) (STREQ(L),L=1,NCANC),TBEQ 
WKITE(6,10221) TBBQ 
IF(RNWR)WRITE(6,20221) RQM 
IF(RNVR)1RITE(6,20222) KTH 
TTP=RQK+STREQ(LP) 
IF(RNtR)VRITE(6,20224) TTP 
TTQ)f=RTM+TBEQ 
IF(BNffR)¥RTTE(6,20223) TTQN 

WRITE(6,10590) 
10590 FORMAT*'0GENETIC RISKS:'/) 

VRITE(6,10225) STGLO(l) 
WRITE(6.10230) STGBI(l) 
WRITE(6,10235) STGCO(l) 

IMTE(6.30300) STGRQ(l) 

DO 350 K=l,40 
STLOt(K)=0.0 
STHIG(K)=0.0 
STCOM(K)=0.0 
STGL0(K)=0.0 
STGHI(K)*0.0 
STGCO(K)=0.0 
STREQ(K)=0.0 
STLLL(K)=0.0 
STHLL(K)=0.0 
STCLL(K)=0.0 
STGBQ(K)=0.0 

350 CONTINUE 
SDML=0.0 

TBEQ"0.0 
SUHH-0.0 
SUMC-0.0 
SUMLLL-0.0 
SUMHLL-0.0 
SUMCLL-0.0 
WLT-0.0 
DO 401 II-NOL.NOU 
DO 401 JJ-NRL.NRU 
WLT-WLT+WLRN(JJ.II) 
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401 CONTINUE 
RRC=RRISI*¥LT/AGEX 
RQC=RREF (1) »WLT*. 001 
RTC=RREF(2)*¥LT*.001 
DO 400 1=1 .4 
DO 400 J=l,NONCLD 
TEXPP=0.0 
DO 403 II=N0L.NOU 
DO 403 JJ=NRL,NRD 
TEXPP=TEXPP+EXPP(JJ.II,J,X) 

403 CONTINUE 
DO 400 L=1,NCANC 
STLOf(L)=STLOt(L)+EISI(L,J,K,l)*TEIPP*RISFAC(I)/AGEX 
STLLL(L)=STLLLa)+YRLL(L, J . K . I ) *TEXPP*RISFAC(E) /A6EX 
SUML=SDML+RISI( L. J»K, 1) *TEXPP*RISFAC(K) /A6EX 
SDMLLL=SUMLLL+YBLL(L,J,I,1)*TEIPP*RISFAC(K)/AGEI 
STBIG(L)=STBIG(L)+RISI(L,J,K,2)*TEXPP*BISFAC(K)/AGEX 
STHLL(L)=STHLL(L)+YRLL(L, J .K.2) *TEXPP*RISFAC(K) /A6EX 
SUMH«SUMH+RISK(L. J.K, 2) *TEXPP*RISFAC(E) /A6EZ 
SUWHLD=S0MHLL+YRLL(L,J,C,2)*TEIPP*EISFAC(I)/AGEI 
STCOM(L)-SrCOM(L)+RISK(L,J,I,l)*TElPP*ElSFAC(I)/AGEX+ 

> RISK(L,J.K.2)*TEXPP*RISFAC(K)/AGEX 
STCLL(L)=STCLL(L)+1RLL(L,J,K,1)*TEXPP* 

> RISFAC(K)/AGEX+ 
> YRLL(L,J.K.2)*TEXPP*RISFAC(E)/AGEX 

SUMC=SUMC+RISK(L,J.E.1)*TEXPP*RISFAC(K)/AGEX+ 
A RISE(L,J,K.2)*TEXPP*RISFAC(K)/AGEX 

SUMCLL=SUMCLL+YRLL(L,J.I,1)*TEXPP*RISFAC(K)/AGEX+ 
A YRLL(L,J,K,2)*TEXPP*RISFAC(K)/AGEX 

STREQ( L) =STREQ< L) +REF ( L, J, I) •TEXPP»REQFAC (E) •. 001 
IF(L.NE.l) GO TO 400 
TBE0«TBEQ+REF(NCANC+1.J.K) *TEXPP*REQFAC(E)*.001 
STG]MKL)=STGRQ(L)-H}REF(L.J.K)*TEXPP*GENFAC(K)*.001 
STGLO(L)-STGLO(L)-KJRISK(L,J,I,l)*TEXPP*GENFAC(r)»REPPER 
STGHI(L)=STGHI(L)-H3RISI(L,J,K,2)*TEXPP*GENFAC(I)*REPPER 
STGCO(L) *STGCO(L) +GRISKL, J. 1 ,1) *TEXPP*GENFAC(E) •REPPER+ 

A GRISE(L,J.K.2)*TEXPP*GENFAC(K)*R£PPER 
400 CONTINUE 

WRITE(6,10700)TITLE, (CANC(L),L-1,NCANC).TOTAL 
10700 FORMAT('1'.20A4/29X,'RISK/RISE EQUIVALENT SUMMARY'/ 

1 / ' 0 * * « COLLECTIVE POPULATION • • • ' / 
A 'OCOLLECTIVE FATAL CANCER RISE:' / 
A 1 6 1 , ' CANCERS:',10(2X,A8)/(26X,10(2X,A8))) 

WRITE(6, 10705) (STL0W(L),L-1,NCANC),SUML 
10705 FORMAT(' LOW LET(DEATBS/YR)'.6X.1P10G10.3/ 

A (26I .1P10G10.3)) 
WRITE(6,10710) (STHI6(L},L-1,NCANC),SUMH 

10710 FORMAT*' HIGH LET(DEATHS/YR)' ,5X,1P10G10.3/ 
A f26X.lP10G10.3)) 

WRITE(6,10715) (STCOM(L).L-l.NCANC),SUMC 
IF(RNWR)WRITE(6,20316) RRC 
TTC-SDMC+RRC 
IF(RNfR)IRITE(6,20317) TTC 
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20316 FORMAT( 'OLUNG CANCER RISK(DEATflS/YR) FROM RADON DAUGHTER'. 
> ' EXPOSURE',8X.1PG10.3) 

20317 FORMAT( ' TOTAL FATAL CANCER RISE(DEATHS/TR) FROM ALL'. 
> ' EXPOSURE',12X,1PG10.3) 

CWRITE(6,10750) (STLLL(L) ,L=1.NCANC).SUMLLL 
CWRITE(6,10755) (STHLL(L),L=1,NCANC),SUMHLL 
CWRITE(6,10760) (STCLL(L),L=1,NCANC),SUMCLL 
10750 FORMATC LOST LOW LET',12X,1P10G10.3/(26I,1P10G10.3)) 
107SS FORMATC LIFE LOST HIGH LET',6X,1P10G10.3/(26X,1P10G10.3)) 
10760 FORMATC LIFE LOST COMBINED',61,1P10G10.3/(261,1P10G10.3)) 
10715 FORMATC TOTAL (DEATHS/YR)'.6X.1P10G10.3/ 

A (26X.1P10G10.3)) 
WRITE(6.30200) 
WRITE(6.10102) (CANC(L),L=1,NCANC),TOTAL 
WRITE(6,10719) (STREQ(L),L=1,NCANC),TBEQ 

10719 FORMATC (PERSON REM/TR) ' ,9X,1P10G10.3/ (26X, lP10l , lO.3) ) 
WRTTE(6,10321) TBEQ 

10321 FORMATCOWHOLE BODY FATAL CANCER RISK EQ(PERSON PEM/YR) \ 
1 18X.1PG10.3) 

IF(RNWR)WRITE(6,20321) RQC 
IF(RNWR)fRITE(6,20322) RTC 
TTPC=EQC+STREQ(LP) 
IF(RNfR)WRITE(6,20324) TTPC 
TTQC=RTC+TBEQ 
IF(RNffR)WRITE(6,20323) TTQC 

10720 FORMAT('OGENETIC RISK EQUIVALENT:'/ 
1 ' (PERSON PEM/YR)',9X,1P10G10.3/ 
A (26X.1P10G10.3)) 

WRITE(6,10790) 
10790 FORMAT('OGENSTIC RISKS:') 

IKITE(6,10725) STGLO(l) 
10725 FORMAT(' LOW LET(EFFECTS/YR)',51,1P10G10.3/ 

> (26X,1P10G10.3)) 
WRITE(«, 10730) STGHI(l) 

10730 FORMATC HIGH LET(EFFECTS/YR) ' ,4X,1P10G10.3/ 
> (26X.1P10G10.3)) 

WRITE(6,10735) STGCO(l) 
10735 FORMATC COMBINED(EFFE7TS/YR)',4X,1P10G10.3/ 

> (26X.1P10G10.3)) 
WRITE(6,10720' STGRQ(l) 

C«*» RISK RATES BY PATHWAY 
1000 DO 1050 J-1,40 

STHIG(J)«0.0 
STLOW(J)«0.0 
STCOM(J)-0.0 
STREQ(J)-0.0 

STGRQ(J)«0.0 
STGLO(J)-0,0 
STGHI(J)*0.0 
STGCO(J)-0.0 
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1050 CONTINUE 
DO 1199 1=1.4 
DO 1100 L=1,NCANC 
FACNEW=POPFAC*RISFAC(I) 
FACNE2=P0PFAC*6ENFAC(E) 
DO 1100 J=1.N0NCLD 
STHIG (I) =STflI6(K) +RISHL. J, I . 2 ) *FACNEV*EXPP( JLOC. ILOC. J . I ) 
STLOf(I)=STLOf(K)+RISI(L,J,I,l)*FACNEf*EIPP(JLOC,ILOC,J,K) 
STCO«(K)=STCOM(K)+RISK(L,J,Ifl)*FACNEW*EIPP(JLOC,ILOC,J,I) 

< +RISI(L,J.I,2)*FACNEW*EXPP(JLOC,ILOC.J.I) 
IF(L.NE.l) GO TO 1100 
STREQ(I)=STREQ(K)+REF(NCANC+1, J.I)*POPFAC«REQFAC(I) * 

< EXPP( JLOC. ILOC, J . I ) 
STGRQ(I) =STGBQ(K) +GREF(L. J.*) *POPFAC*GENFAC(I) * 

< EXPP(JLOC.ILOC.J,I) 
STGHI (I) =STGHI (I) +GRISKL. J, I.2 ) *FACNE2*EXPP( JLOC. ILOC, J,I) 
STGLO(I)=STGLO(I)-KJRISI(L, J.I.I) *FACNE2»EXPP( JLOC, ILOC,J,I) 
STGCO(I) =STGC0(t) +GRISHL, J.I.I) *FACNE2*EXPP( JLOC, ILOC, J, I)+ 

A GRISI(L,J,I,2)*FACNE2»EXPP<JLOC,ILOC»J.I) 
1100 CONTINUE 
1103 IF(I.GT.2) GO TO 1101 

STHIG(5)-STHIG(5)+STHIG(I) 
STLOW(5)=STLOW(5)+STLOW(K) 
STCON(5)-STCOM(5)+STCOM(I) 
STGHI(5)=STGHI(5)+STGHI(I) 
STGLO(5)~STGL0(5)+STGLO(I) 
STGCO(5)=STGCO(5)+STGCO(I) 
STGRQ(5)«=STGRQ(5)+STGRQ(I) 
STREQ( 5)»STSEQ( 5)+STREQ(I) 

1101 IF(I.LT.3)GO TO 1102 
STHIG(6)=STHIG(6)+STBIG(K) 
STLOK 6) ~STLOI( 6) +STLOW (I) 
STCOM(6)«STCOK(6)+STCOM(I) 
STGRQ(6)-=STGRQ(*)+STGRQ(I) 
STREW 6 ) =STREQ( 6 ) +STREQ(I) 
STGBI(6)«STGHI(6)+STGHI(I) 
STGLO(6)-STGLO(6)+STGLO(I) 
SlXX»(6)-STGC0(tf)+STGCO(I) 

1102 STi'IG(7)-STHIG(7)+STHIG(I) 
STLOW(7)-STLOf (7)+STLOW(I) 
STCOM(7)-STCOM(7)+STCOM(I) 
STGK (7) «STGRQ(7)+STGRQ(I) 
STREQ<7)-STREQ(7)+STREQ(I) 
STGHK7) -STGHK7) +STGHKI) 
STGLO(7)-STGLO(7)+STGLO(I) 
STGCO(7)-STGCO(7)+STGCO(I) 

1199 CONTINUE 
WRITE(6,11100) TITLE 
WRITE(6,11102) 



347 

11100 FORMAT('1'.20A4/30X,'PATHWAY RISK/RISK EQUIVALENT SUMMARY* 
A //'0*«* SELECTED INDIVIDUAL •••'/ 
A 'OLIFETIME FATAL CANCER RISK:'/) 

11102 FORMAT*' PATHWAYS: INGESTION '. 
< 'INHALATION AIR GROUND'. 
< ' INTERNAL EXTERNAL TOTAL'/ 
< 45X,' IMMERSION SURFACE') 

WHITE(6,10205) (STLOW(L),L=1.7) 
WRITE(6,10210) (STHIG<L).L=1,7) 
WKITE(6,10215) (STCOM(L),L=1.7) 
IF(RNWR)WRITE(6,20216) RR 
IF(RNWR)WRITE(6.20217)TT 
WRITE(6.30200) 
1RXTE(6,11102) 
WRITE(6.10220) (STREQ(L) ,L=1,7) 
IF(RNWR)WRITE(6,20422) RT 

20422 FORMAT*'0WHOLE BODY RISK EQ(MREM/TR) FROM RADON', 
> ' DAUGHTER EXPOSURE'.71,1PG10.3) 

IF(RNWR)WRITE(6.20223) TTQ 
WRITE(6,10290) 
WRITE(6,11102) 

102 90 FORMAT(' OGENETIC RISKS:') 

WRITE(6,10225) (STGLO(L),L=1,7) 
WRITE(6,10230) (STGHI(L),L=1.7) 
WRITE(6,10235) (STGCO(L),L=1,7) 
WRITE(6,J0300) (STGRQ(L),L=1,7) 
IF(INDPOP.NE.l) GO TO 11000 
DO 1150 J-1,40 
STHIG(J)-0.0 
STLOW(J)-0.0 
STCOM(J)-0.0 
STREQ(J)-0.0 

STGRQ(J)-0.0 
STGLO(J)-0.0 
STGHI(J)-0.0 
STGCO(J)-0.0 
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1150 CONTINUE 
TBBQ=0.0 
DO 1299 1=1.4 
FACNEf«TOTFAC*BISFAC(K) 
FAOffi2~TOTFAC*GENFAC(K) 
00 1200 L=1»NCANC 
DO 1200 J=1.N0NCLD 
DO 1200 II<=N0L,NOU 

DO 1200 JJ«NRL,NHJ 
STflIG(I)-STHIG(I)+RISI(L.J,I.2)*EIPP(JJ,II,J.i:)*FACNEW 
STLOf(I)=STL0f(I)+EISK(L,J,K4)*EXPP(JJ,II,J,i;)*FACNEf 
STCO«(I)=STCOM(I)+IL[SKL,J,I,l)*EXPP(JJ,II,J,t)«FACNEf 

> +RISK(L,J,K,2)*EXPP(JJ,II,J,K)*FACNEr 
IF(L.GT.l) GO TO 1200 
STRBQ(I)«STRBQ(I)+EEF(NOWC+l,J,K)*EIPP(JJ,n,J,I)* 

> TOTFAC*BBQFAC(K) 
STGHQ(I) -STGBQ(K) +GREF(L, J. I ) *EXPP( JJ . I I , J , K) • 

> TOTFAC*GENFAC(K) 
STGHI(I)«STGHI(I)+GRISI(L,J,i:,2)*EXPP(JJ,II,J,K)»FACNE2 
STGLO(I) ~STGL0 (K) -KJRISK L. J. I , 1) *EXPP( J J, I I , J, I ) *FACNE2 
STGCO(C)«STGC0(I)+GRISI(L, J.K,1) *EXPP( JJ. I I . J.K)*FACNE2+ 

A GRISK(L,J,K»2)*EXPP(JJ.II.J.K)*FACNE2 
1200 CONTINUE 
1203 IF(E.6T.2) GO TO 1201 

STHIG(5)~STHIG(5)+SIHIG(K) 
STL0K5) -STLOK 5)+STL0W(K) 
STCOM(S) *STC01f ( 5)+STCOM(K) 
STGRQ(5)*STGR0< 5)+STGRQ(K) 
STRBQ(5)«STREQ(5)+STR]»(K) 
STGLO(5)«=STGL0(5)+STGL0(K) 
STGHI(5)~STGHI(5)+STGHI(K) 
STGCO(5)=STGCO(5)+STGCO(I) 

1201 IF(K.LT.3) GO TO 1202 
STHIG(6)-STBIG(6)+STBIG(I 
STLOt(6)-STLOW(6)+STL01(I 
STCOM(6)-STCOM(6)+STCOM(K; 
STGRQ(6)-STGRQ(6)+STGKQ(I 
STREQ(6)«STRE0(6)+STREQ(i: 
STGLO(6)-STOLO(6)+STGLO(K 
STGHI«i)-STGHI(<))+STGHI(I 
STGCO(6)-STOCO(6)+STGCO(I 

1202 STBIG(7)-SlHIG(7)+S'raiG(I 
8TL01 (7) -STLOf (7) +STL01 (I 
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STCOM(7)=STCOM(7)+STCOM (K) 
STGRO(7)=STGRQ(7)+STGRQ(I) 
STREQ( 7 ) =STREQ( 7 ) +STREQ(K) 

STGLO(7)=STGLO(7)+STGLO(I) 
STGHI(7)=STGHI(7)+STOTI(I) 
STGCO(7)=STGCO(7)i-STGCO(K) 

1299 CONTINUE 
WRITE(6.11400)TITLE 
WRITE(6,11102) 

11400 FORMAT( / »1»,20A4/ 
> 291.'PATHWAY RISK/RISK EQUIVALENT SUMMARY'// 
A *0***IILAN INDIVIDUAL •*•'/ 
B 'OLIFETIIIE FATAL CANCER RISK:' / ) 

WRITE(6,10205) (STL01(L).L=1,7) 
WRITE(6,10210) (STHIG(L),L=1,7) 
WRITE(6,10215) (STCOM(L),L=1,7) 
IF(RNfR)WRITE(6,20216) RRM 
IF(RNWR)WRITE(6,20217) TTM 
WRITE(6,30200) 
WRITE(6,11102) 
WRITE(6,10220) (STREQ(L),L=1,7) 
IF(RNffR)WRITE(6,20422) RTM 
IF(RNWR)WRITE(6,20223) TTQM 
WKITE(6,11590) 
WRITE(6,11102) 

11590 FORMAK'OGENETIC RISKS:'/) 
WRITE(6,10225) (STGLO(L),L=1,7) 
WRITE(6,10230) (STBHI(L),L=1,7) 
WRITE(6,10235) (STGCO(L),L=1,7) 
WRITE(6,30300) (STGRQ(L),L=1,7) 
DO 1350 1=1,40 
STLOW(K)=0.0 
STHIGU)«0.0 
STCOM(K)=0.0 
STGLO(I)-0.0 
STGHI(K)»0.0 
ST6CO(K)-0.0 
STREQ(K)-0.0 
STGRQ(I)-0.0 

1350 CONTINUE 
DO 1499 K»l,4 
DO 1400 J-1,N0NCLD 
TEXPP-0.0 
DO 1404 II-N0L,N0U 
DO 1404 JJ-NRL.NRU 
TEXPP-TEXPP+EXPPfJJ.II.J.r> 
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1404 CONTINUE 
DO 1400 L=1.NCANC 
STLOW (I) =STLOW(t)+RISK(L, J .1 ,1 ) •TEIPP*RISFAC<E) /A6EX 
S1HI6(C)»STHI6(C)+RISK(L,J,K.2)«TEXPP*KISFAC(E)/A6EX 
STCOK(t)=SrCOM(I)+RISI(L,J»I,l)*TEIPP*RISFAC(I)/AfiEX+ 

> EISC(L,J,C,2)*TEXPP*EISFAC(K)/A6BX 
IF(L.GT.l) GO TO 1400 
STRBO(I)-STMO(I)+EEF(NCANC+l,J.I)*TEIPP*tBQFAC(I)«.001 
STGRQ(I)=STGRQ(I)+GEEF(L,J,I)*TEIPP*GENFAC(I)*.0Ol 
STGLO(K) =STGLO(K) +GRISKL. J, I , 1 ) «TEXPP«GENFAC(K) •REPPER 
STGHI <K) =STGHI (K) +GRISKL, J ,1 ,2) *TEXPP*GENFAC(K) *REPPER 
STGCO(I)-STGCO(I)+<}RISI(L.J,I,l)*TEIPP*GENFAC(I)*REPPEE+ 

A GRIS~(L,J,K,2)*TEXPP*GENFAC(K)*REPPER 
1400 CONTINDE 
1403 IF(I.6T.2) 60 TO 1401 

STLOt(5)=STLOt(5)+STLOf(I) 
STHIG(5)=STHIG(5)+STHIG(K) 
STCOM(5)~STCOM(5)+STCOM(K) 
STGLO(5)=STGLO(5)+STGLO(I) 
STGHI(5)=STCHI(5)+STGHI(I) 
STGCO(5)=STCCO(5)+STGOO(I) 
STGRQ(5)=STGRQ(5)+STGRQU) 
STREQ( 5) -STREW 5 ) +STREQ(I) 
GO TO 1402 

14C1 STLO¥(6)=STLOW(6)+STLOW(I) 
ST1IG(6)-STHIG(6)+STHIG(I) 
STCOM(6)=STCOM(6)+STCOM(I) 
STGIX>(6)«STGLO(6)+STGLO(I) 
STfcHT(6)»STGHI(6)+STGHI(I) 
STGCO(6)«STGCO(6)+STGCO(I) 
STGRQ(6)-STGRQ(6)+STGRQ(K) 
STRBQ(6)*STREQ(6)+STREQ(E) 

1402 STLOW(7)-STLOW(7)+STLOW(K) 
STBIG(7)-STHIG(7)+STHIG(I) 
STCOM(7)-STCOM(7)+STCOM(K) 
STGRQ(7)-STGRQ(7)+STORQ<K) 
STREQ(7)«STREQ<7)+STREQ<I) 
STGLO(7)«STGLC(7)+STGLO(K) 
STG1I(7)"STGHI(7)+STGHI<E) 
STGCO(7)-STGCO<7)+STOCO<K) 

1499 CONTINDE 
WRITE*6,11700 )TITLE 
¥RITE<«,11102) 

11700 FORMAT*/'l',20X4/ 
> 29X.'PATHWAY RISK/RISI EQUIVALENT SUMMARY'// 
A '0*»* COLLECTIVE POPULATION • * • ' / 
B 'OCOLLECTIVE FATAL CANCER RISE:'/) 

WRITE(6,10705) (STL0W(L),L«1,7) 
WRITEC6,10710) (STBIG(L),L-1,7) 
WRITE(6,10715) (STCOM(L),L-l,7) 
IF(RNWR)WRITE(6.20316) RRC 
IF(RNWR)WRITE« .20317) TTC 
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¥RITE(6.30200) 
VRITE(6.11102) 
WRTTE<6.10719) <ST*EQ<L) ,L=1,7) 
IF(RNVR)WRITE(6,20522) RTC 

20522 FORMATC'OWHOLE BODY RISK EQ(PERSON REM/TR) FROM RADON '» 
> 'DAUGHTER EXPOSURE',2X.1PG10.3) 

WRITE(6,20323) TTQC 
IRITE(6,11790) 
WRITE(6,11102) 

11790 FORMAT('06ENETIC RISKS(PERSON REM/TR):'/) 
WRITE(6,10725) (STGL0(L),L=1,7) 
WRITE(6,10730) (STGHI(L),L=1,7) 
WK1TE(6,10735) <STGC0(L),L=1,7) 
¥RITE(6,10720) (STGRQ(L) ,L=1.7) 

C**** RISK RATES BT NUCLIDE 
11000 DO 2050 J=l,40 

STHIG(J)=0.0 
STLOff(J)=0.0 
STCOM(J)=0.0 
STGLO(J)«0.0 
STGHI(J)=0.0 
STGCO(J)=0.0 
STREQ(J)=0.0 
STGRQ(J)=0.0 

2050 CONTINUE 
SOML=0.0 
SUMH=0.0 
SDMOO.O 
SUMGL=0.0 
SUMGH=0.0 
SUMGC=0.0 
SUMRQ=0.0 
SUMGQ-0.0 
DO 2109 J*1,N0NCLD 
DO 2100 K-1,4 
FACNEf=POPFAC*RISFAC(K) 
FACNE2=P0PFAC*GENFAC(K) 
DO 2100 L=1,NCANC 
STHIG(J)-STHIG(J)+RISK(L,J,K,2)*FACNEW»EXPP(JL0C,IL0C,J,K) 
STLOW(J)=STLOf(J)+RISK(L,J.K,l)*FACMEW*EXPP(JL0C,ILOC,J,K) 
STC0M(J)-STCX»l(J)+RISK(L,J»K,l)*FACNEW*EXPP(JL0C,IL0C,J,K) 

< +RISK(L,J,K,2)*FACNEW«EXPP(JL0C.IL0C.J,K) 
IF(L.GT.l) GO TO 2100 
STRBQ(J)-STREQ(J)+REF(NCANC+1»J.K)•POPFAC*REQFAC(K)• 

< EXPP(JLOC,ILOC,J,K) 
SUMRQ-SUMRQ+REF(NCANC+1,J,K)*POPFAC*REQFAC(K)* 

< EXPP(JLOC,ILOC,J,K) 
STGHQ(J)-STGRQ(J)+GREF(L,J,K)*POPFAC«GENFAC(K)* 

< EXPP(JLOC,ILOC,J,K) 
SUHGQ-SDIIGO+GRP.Fn.. J. K) •vOPVArw.mvkr(r\ * 
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< EIPP(JLOC.ILOC.J.I) 
SI6HI(J)-STOHI(J)-K»ISK(UJ,Kv2)*EXPP(JL0C.ILOC#J,K)*FACHE2 
STGLO(J)=STGLO(J)+<JRISI(L,J,K.l)*EIPP(JLOC.ILOC,J,I)*FACNE2 
STGO0(J)-STCCO(J)+<JRISI(L,J.C.l)»EIPP(JL0C.ILOC.J,I)*FACNE2+ 

A GRISI(L.J,I,2)«EXPP(JL0C»IL0C,J.I)*FACWE2 
2100 CONTINUE 

SIM>S01IL+SIL0t(J) 
SUMB=SUMB+STflIG(J) 
SUMOSUMC+STCOMU) 
SUMGL-SUMGL+STGLOU) 
SUMGH=SUMGH+STGHI(J) 
SUMGOSUMGC+STGCO(J) 

2109 CONTINDE 
WRITE!6,12100) TITLE 
WRITE!6,12102) (NUCLID(L) ,L»1,N0NCLD) .TOTAL 

12100 FORMAT( ' 1 • . 20A4/30X.' NDCLIDB SISK/KISK E4DIVALENT SUMMARY' / 
1 / '0*«* SELECTED INDIVIDUAL • * • • / 
A 'OLIFETIME FATAL CANCER EISI:') 

12102 FORMAT!151,' NUCLIDES:',10(21,A8)/(26I,10(21,AS))) 
WRITE(6,10205) (STLOf(L),L«1,N0NCLD),SUML 
WRITE!6.10210) (STBIG(L) .W.NCNCLD),SDHH 
WRITE(6»10215) (STCOM(L) ,L~l,N0NOI» ,SUMC 
IF(RNfR)WRITE(6,20216) RS 
IF(RNtR)WRITE(6,20217) TT 
WRITE(6.30200) 
WRITE(6,12102) (NUCLID(L),L=1.N0NCLD).TOTAL 
WRITE(6,10220) (STREQ(L) ,L~1,N0NCU» ,SUMRQ 
IF(RNWR)WRITB(6,20422) KT 
IF(RNWR)WRITE(6,20223) TTQ 
WRITE(6.12290)(NUCLID(L) ,L>1,N0NCLD).TOTAL 

12290 F0SMATC06ENETIC KISXS:'/ 
A 151 , ' NUCLIDES:',10(21, A8)/(261,10(21,A8))) 

WRITE(6,10225) (STOL0(L),L«l,NONCLD).S0M6L 
WR1TE(6,10230) (STGHI(L) ,L-1,N0NCLD) .SUCH 
WRITE(6,10235) (STGCO(L) ,L-1,N0NCU» .SUMGC 
WRITE(6,30300) (STGRQ(L) ,L-l,NONCLD).SUMGQ 
IF(INDPOP.NE.l) GO TO 21000 
DO 21S0 J-1,40 
STHI6(J)-0.0 
STLOW(J)-0.0 
STC0M(J)«0.0 
STtEQ(J)-0.0 
STGRQ(J)-0.0 
STGX0(J)-0.0 
STGHI(J)«0.0 
STOCO(J)-0.0 
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2150 CONTINUE 
SDML=0.0 
SUMH=0.0 
SUMC=0.0 
SUMGLM>.0 
SUMGH=0.0 
SDMGOO.O 
SUMRQ=0.0 
SDMGO=0.0 
DO 2209 J=l,NONCLD 
DO 2200 L=1,NCANC 
DO 2200 1=1,4 
FACNEV=TOTFAC*RISFAC(E) 
FACNE2=T0TFAC*GENFAC(K) 
DO 2200 II=NOL,NOC 
DO 2200 JJ=NRL.NRU 
STflIG(J)=STHIG(J)+RISK(L.J,I,2)»EIPP(JJ,II.J,I)*FACNEW 
STLOW(J)=STLOW(J)+RISK(L,J,KJ)»EIPP(JJ,II,J.K)*FACNEf 
STCOM(J)=STCOH(J)+RISK(L,J,E,l)*EXPP(JJ,II,J,K)*FACNEr 

> +HSK(L,J,K,2)*EXPP(JJ.H,J.I)»FACNEf 
IF(L.GT.l ) 60 TO 2200 
STRB0.(J)=STEBQ(J)+BEF(NCANC+1,J,K)*EXPP(JJ,II,J,K)*T0TFAC* 

> REQFAC(E) 
SUMRQ=SOMMHREF(NCANC+1,J,I)»EXPP(JJ,II,J.K)*TOTFAC« 

> REQFAC(K) 
STGRQ(J)=STGRQ(J)+GREF(L,J,K)*EXPP(JJ,II,J,I)*T0TFAC» 

> CEMFAC(K) 
SUMGO=SUMGQ+GREF(L, J , I ) ÊXPFC JJ, I I , J . I ) *TOTFAC« 

> GENFAC(K) 
STGHI(J)=STGHI(J)+6BISI(L,T,I,2)*EXPP(JJ,II.J,I)*FACNE2 
STBLO( J)=STGLO( J)-KJRISKL, J , 1 ,1) *EXPP( JJ , I I , J.K) *FACNE2 
STGCO(J)=STGCO(J)+€RISK(L,J,I,2)»EXPP(JJ,II,J,I)«FACNE2+ 

+ GRISI(L,J,K.1)*EXPP(JJ.II,J,I)*FACNE2 
2200 CONTINUE 

SUML=SUML+STLOW(J) 
SUMH=SUMH+STHIG(J) 
SCMC=SDMC+STCOM(J) 
SUMGL=SUMGL+STGLO(J) 
SUMGH-SUMGH+STGHI(J) 
SUMGC-SUMGC+STGCtKJ) 

2209 CONTINUE 
WRITE( 6,12400)TITLE, (NUCLID(L) ,L~l,NONCLD) .TOTAL 

12400 FORMAT('1',20A*/ 
> 30X,'NUCLIDE RISK/RISK EQUIVALENT SUMMARY'// 
A '0»*» MEAN INDIVIDUAL • • • • / 
B 'OLIFETINE FATAL CANCER RISK:'/ 
A 1 5 1 , ' NUCLIDES: \ 1 0 ( 2 1 , A 8 ) / ( 2 6 1 , 1 0 ( 2 1 , A 8 ) ) ) 

WRITE(6,10205) (STLOW(L),L»1,NONCLD),SUML 
WRITE(6,10210) (STBTG(L),L»l,NONCLD),SUMH 
WRITE(6,10215) (STCOM(L) ,L-l,NONCLD),SUMC 
IF(RNWR)WRITE(6,20216) RRM 
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IF(RNWR)WRITE(6,20217) TTM 
WRITE(6,30200) 
WRITE(6,12102) (N0CLID<L).L=l.NONCLD). TOTAL 
1KITE(6.10220) (STREQ(L),L=1,N0NCLD).SOMRQ 
IF(RNfR)WRTTE(6,20422) RIM 
IF(RNWR)1RITE(6,20223) TTOJi 
WRITE(6.12590) (NUCLID(L) ,L=1,N0NCLD) .TOTAL 

12590 FORMAT('OGENETIC RISKS:'/ 
A 151 , ' NUCLIDES:*,10(21,A8)/(26X,10(2X.A8))) 

WRITE(6,10225) (SWIXHL),L=1,N0NCLD) .SUMBL 
WR1TE(6,10230) (STGHI(L),L=1,N0NCLD).SUMGH 
1RITE(6,10235) (STGCO(L) ,L=1,N0NCLD),SUMGC 
WRITE(6,30300) (STGRQ(L) ,L=1,N0NCLD).SUMGQ 
DO 2350 1=1.40 
STLO*(I)=0.0 
STHIG»)=0.0 
STCOM(K)*0.0 
STGLO(I)=0.0 
STGHI(C)-0.0 
STGCOU)>0.0 
STREQ(I)=0.0 
STGRQ(K)=0.0 

2350 CONTINUE 
SUML=0.0 
SUMH=0.0 
SUMOO.O 
SUMGL=0.0 
SUMGH=0.0 
SUNGOO.O 
S0KRQ=0.0 
SUMG«=0.0 
DO 2409 J=l,NONCLD 
DO 2400 K=l,4 
TEXPP=0.0 
DO 2403 II-NOL.NOU 
DO 2403 JJ-NRL.NRU 
TEXPP-TEXPP+EXPP(JJ,II,J.I) 

2403 CONTINUE 
DO 2400 L-l.NCANC 
STLOf ( J)-STLOW( J)-t-RISK(L, J,K, 1) *TEXPP*RISPAC(K)/A6EX 
STflIG(J)-STBIG(J)+RISK(L,J,K,2)*TEXPP*RISFAC(I)/AGEX 
STCO«( J)-STCWK J)+RISKL, J ,1 ,1) «TEIPP*RISFAC(I)/AOEX+ 

> RISK(L,J,K,2)«TEXPP*RISFAC(K)/AGEX 
IF(L.GT.l) GO TO 2400 
STREQ(J)-STREQ(J)+REF(NCANC+1,J,I)*TEXPP*REQFAC(I)*.001 
SUMRO-SUMRCttREF(NCANC+l, J ,1) *TEXPP*REQFAC(K) • .001 
STGRQ(J)-STGRQ(J)+GREF(L.J,I)*TEIPP»GENFAC(r)».001 
SUMGO«SUMGQ+GREF<L,J,I)*TEXPP*GENFAC(K)*.O01 
STGLO(J)-STGLO(J)+GRISr(L,J,r.l)*TEXPP*GENFAC(I)*REPPER 
STOHI(J)-STGHI(J) -KJRISKL,J,1,2)•TEXPP*GENFAC(I)*REPPER 
STGC0(J)-STGC0(J)40RISK(L,J,K,1)«TEXPP*6ENFAC(E)*REPPER 

A +GRISK(L,J,K,2)«TEIPP*GENFAC(K)*REPPER 
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2400 CONTINUE 
SUML=SUML+STLOt(J) 
SUMH=SUMH+STHIG(J) 
SUMC=SUMC+STCOM(J) 
SUMGL=SUMGL+STGLO(J) 
SUMGB=SUMGB+STGHI(J) 
SUMGOSUMGC+STGC0(J) 

2409 CONTINUE 
WHITE(6,12700)TITLE. (NUCLID(L),L=1.NONCLD).TOTAL 

12700 FORMAT(»1»,20A4/ 
> 291,'NUCLIDE RISK/KISK EQUIVALENT SUMMARY'// 
A ' 0 * * * COLLECTIVE POPULATION • * • ' / 
A 'OCOLLECTIVE FATAL CANCER RISK:'/ 
A 15X, ' NUCLIDES:',10(21,A8)/(26X,10(2X,A8))) 

WRITE(6.10705) (STLOl(L),L=1,N0NCLD),SUML 
WRITE(6,10710) (STflI6(L),L=l,N0NCLD),SUMH 
IRITE(6,10715) (STCOM(L),L=l,NONCLD),SUMC 
IF(RNWR)WRITE(6,20216) RRC 
WRITE(6,20217) TTC 
WRITE(6,30200) 
WRITE(6,12102) (NUCLID(L),L=l,NONCLD).TOTAL 
WRITE(6.10719) (STREQ(L),L=1.NONCLD).SUMRQ 
IF(RNWR)WRITE(6,20522) RTC 
IF(RNfR)WRITE(6,20323) TTQC 
WRITE(6.12790) (NUCLID(L),L=l,NONCLD),TOTAL 

12790 FORMAH 'OGENETIC RISKS:'/ 
A 15X,' NUCLIDES:',10(2X,A8)/(26X,10(2X,A8))) 

WKITE(6,10725) (STGLO(L),L=l,NONCLD),SUMGL 
WRITE(6,10730) (STGHI(L),L=1.N0NCLD),SUMGE 
WRITE(6,10735) (STGCO(L),L=l,NONCLD),SUMGC 
WRITE(6,10720) (STGRQ(L),L=1.NONCLD).SUMGQ 

21000 RETURN 
END 



APPENDIX B 

IBM JOB CONTROL LANGUAGE 



IBM JOB CONTROL LANGUAGE 

Job control language (JCL) to execute PKESTO-II on an IBM 3033 
specifies two input units, and one output unit, and one intermediate 
(temporary) data storage unit. Nuclide information and DARTAB 
NAMELIST information are read as card images from logical unit five. 
The RADRISK data are read from a magnetic tape (unit 25). Output is 
to the lineprinter (unit 6). The JCL also specifies 900k bytes of 
memory for the GO step and approximately 30 seconds of central 
processing unit time. The CPU time required for this 1000 y 
simulation of the Barnwell, S.C. site, for 40 radionuclides, was 
62.6 s and the job cost was $5.99. The cost for this simulation during 
"prime CPU time" would have been about il2.00. 
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J E S 2 J O B L O G S Y S T E M X 1 0 A N O D E N X 1 0 

2 2 . 0 2 . 3 7 JOB 8 5 5 0 & I E F 6 7 7 I EARNING MESSAGEDSJ FCR JOB CJEBARN ISSUED 
2 2 . 0 2 . 3 7 JOB 8 5 5 0 SHASP373 CJEBARN STARTEC - I N I T 4 - CLASS E - SYS X10B 
2 2 . 0 2 . 3 7 JOB 8 5 5 0 6 I E F 4 0 3 I CJEBARN - STARTEC - T I M E = 2 2 . 0 2 . 3 7 
2 2 . 0 5 . 5 1 JOB 8 5 5 0 I E F 2 3 4 E R 5 C 8 . P - 1 5 4 J , P V T . C J E B A R N , G O 
£ 2 . 0 5 . 5 1 JOB 8 5 5 0 * I E F 2 3 3 A M 5 C Q . X 2 3 7 6 5 . . C J E B A R N . G O , S . S V 0 1 7 6 0 3 . N A L L 
2 2 . 0 8 . 5 2 JOB 8 5 5 0 J E F 2 3 4 E K 5 C 8 . X 2 3 7 6 5 t P V T . C J E B A R N 
2 2 . 0 8 . 5 2 JOB 8 5 5 0 C I E F 4 0 4 I CJEBARN - ENDED - T I M E = 2 2 . 0 8 . 5 2 
2 2 . 0 8 5 2 JOB 8 5 5 0 * H A S P 3 9 5 CJEBARN ENDED CLASS=E 

J E S 2 JOB S T A T I S T I C S — 

0 8 MAY 8 5 JOB E X E C L T 1 0 N DATE 

7 . 0 9 6 CARDS READ 

3 . 7 7 0 SYSOUT P R I N T RECCROS 

O SYSOUT PLNCH RECORDS 

2 8 6 . 1 5 0 SYSOUT SPOOL BYTES 

6 . 2 6 MINUTES hALL-CLOCK T I M E 



XX 
XXFORT EXEC 1 
XXFT55F001 OD 1 
XX 1 
XX 
XXFTSYNAD DO 
X X S T E P U B 00 i 
XX SY SI. IN OO I 
XX 1 

//FORT•SYSPRINT 

1 / / C J E B A R N JOB ( 2 4 6 3 6 . T A P E . I 5 ) . • X C S O EMERSON B 2 2 8 * • T I M E = ( 3 . 2 0 > • JOB .550 
• / PASS*ORD= 
* * * J O B P A R H L I N E S = 3 0 . C C P I E S = 0 0 2 . F 0 R M S = 4 1 0 1 
• • • R O U T E XEC STANDBY 
• • • R O U T E XEQ WHENEVER 

2 • • EXEC h C R T D C L G . R E G I G N . F O R T = 5 4 0 K , P A R M . F O R T = • X R E F » , 
• / PARM.CO= » D U M P = H . E U = - 1 • . R E G I C N . G 0 = 9 O 0 K 

3 XXFORTOCLG PROC C L S I Z E = 3 8 4 K . L K S I Z E = 2 7 0 K . P L O T = D I S H . L I B = L A B , 
G O S I Z E = 1 0 0 K , G O T I M E = , O U T = « + » 

4 XXFORT EXEC P G M = I E K A A O O . R E G I O N = t C L S I Z E 
5 X X F T 5 5 F 0 0 1 OD OSN= £ 6 L > U M P T 2 . 0 1 SP= ( MOD, PASS) • U N I T=SYSD A. 

D C B = ( R E C F M = F B , L R E C L = 2 0 . B L K S I Z E = 3 2 0 ) . 
5 r A C E = ( 3 2 0 . ( 4 0 0 . 2 5 6 0 } , R L S E ) 

6 XXFTSYNAD DO S Y S 0 L T = 6 0 U T . D C B = ( R E C F M = F A . B L K S I Z E = 1 3 3 ) 
7 X X S T E P L I B 0 0 D S N = S Y S 2 . P A L I B . D I S P = S H R 
8 X X S Y S L I N DO O S N = e t L O A D S E T . l ' N I T = S Y S D A . S P A C E = ( 8 v 0 , ( 4 0 0 , 2 0 ) . R L S E ) . 

0 1 S P = ( M G D . P A S S ) , O C E = ( R E C F M = F B . L R E C L = 8 0 . B L K S I Z E = S O O ) 
OO DUMMY 

X / S V S P R I N T DO S Y S O U T = £ O U T , D C B = B L K S I Z E = l 100 
1 0 XXSYSPUNCh DD SYSOUT=B 
11 X X S Y S L T 2 DD UN I T = S Y S D A , S P A C E - ( 1 02<* • ( 30 • i O ) ) 
12 / / F O R T . S Y S I N DO • 
13 XXLKEO EXEC P G M = I E W L . P A R * = • L I S T . M A P • . R E G I O N = & L K S I Z E , 

XX C O N D = < 5 . L T . F C R T ) 
14 X X S Y S L I B OD O S N = S Y S 1 m C L l E . L I B , O I S P = S H R 
15 XX DD D S N = S Y S l . L O G L I B . O I S P = S H R 
16 XX 0 0 OSN=GRAPHICS.&PLOT . . H B , D I S P = S H R 
17 X X S Y S L I N OD DSN=£f .LOADSET. D I SP= ( OLD • DELETE ) 
18 XX 0 0 DONAME=SYSIN 
19 XXSYSLMOO OO D S N = £ £ F J O B L I B ( N A M E X ) . U N I T = S Y S D A . D I S P = ( N E W . P A S S ) , 

XX S P A C E = ( 3 0 7 2 , ( 5 0 , 1 0 . 1 ) ) 
2 0 X X S V S P R I N T 0 0 S Y S 0 U T = £ C ' J T . 0 C B = B L K S I Z E = 6 0 5 
2 1 XXSYSUT1 OD U N I T = < S Y S O A , S E P = < S Y S u I N . S Y S L M O D ) ) . S P A C E = ( 3 0 7 2 . ( 5 0 . 1 0 ) ) 
2 2 XXGO "EXEC P m = * . L K E D . S Y S L M C D . C O N D = ( ( 5 , L T , F 0 R T ) , ( 5 . L T . L K E D ) ) . 

XX R E G I C N = £ G O S I Z E , T I M E = G G O T I M E 
2 3 XXDUMP DC S Y S O U T = £ O U T . C C B ~ ( R E C F M = F A . B L K S I Z E = 1 3 3 ) 

00000010 
00000020 
00000030 
00000040 

C00000050 
00000060 
00000070 
000 00080 

C00000090 
00000100 

OJ 
00000110 2 
00000120 
00000130 

C00000140 
C0000150 
00000160 
00000170 
00000180 
00000190 
00000200 

C00000210 
00000220 
00000230 
00000240 

C000C0250 
00000260 
00000270 



24 XXFT06F001 OD SYSOUT=&OUT,CCB=<RECFM=VBA.LRECL=137.BLKSIZE=1100) 0 0 0 0 0 2 6 0 
2 5 XXFT53F001 DD DSN=£&FJOBLI8(NAME*) .DlSP=<OLD.DELETE>» 00000290 

XX DCB= (RECFM= U,BLKSI2E= 256 ) .LABEL= < » . . IN ) 00000100 
26 XXFT55F00 1 OD DSN~££DUMPT2,0ISP=(OLD•DELETE) 0 0 0 0 0 3 1 0 
27 / V G O . F T 0 5 F 0 0 1 OD • 
28 / / G O . F T 2 5 F 0 0 1 DO UNIT=TAPE62 ,D ISP-<OLD•PASS) . 

/ / V O L = S E R = X 2 3 7 6 5 , L A B E L = ( l . S L . . : N ) . D S N s S . S Y O 1 7 6 0 3 . N A L L . 
/ / DCB=IRECFM=VBS.LRECL=240.BLKSI2E=2440.DEN=4} 

29 / V G 0 . F T 2 6 F 0 0 1 DO UNIT=SYSDA.DSN=&CDATA.DISP=<NEW,DELETE), 
/ / SPACE=(TRK .< 10 .5 ) .RLSE) .CCB=(RECFM=FB.LRECL=80.BLK S IZE=400 0 ) 

30 / / G 0 . F T 3 0 F 0 0 1 DO UNIT=SYSDA.DSN^eCTMPCNO.DISP=(NEW.PASS)• 
/ / SPACE=(TRK.< 1 0 . 5 ) ).DCB=(RECFM=VS.LRECI -•» *~>.0.BLKS I Z E = 3 l 24 ) 
/ / 

http://DSNsS.SYO17603.NALL
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•KXY0001 
•KXY0O02 
•KXY0002 
• K.XY0002 
• KXYO0O2 
•KXY0003 
*KXY0004 
* 

DONAME 
F T 5 5 F 0 0 1 
S T E P L I 8 
S Y S L I N 
SYSUT2 

CSNAPE 
S Y S 8 5 1 2 8 . T 2 2 O 2 3 7 . R A 0 0 0 . C J E B A R N . D U M P T 2 
S Y S 2 . P A L I B 
S Y S 8 5 1 2 8 . T 2 2 0 2 3 7 . R A 0 0 0 . C J E B A R N . L 0 A D S E T 
S Y S 8 5 1 2 8 . T 2 2 0 2 3 7 . R A O O O . C J E B A R N . R 0 0 0 0 0 0 1 

V I R T U A L STORAGE USED 60AK TCTAL EXCP COUNT FOR 
0 8 MAY 8 5 . 1 2 6 2 2 . 0 5 . 0 5 . 2 5 CPU T I M E FOR STEP 

CUU 
181 
2 8 8 
180 
48A 

EXCP'S(IO) BLOCK SIZE* 
141 320 * 
387 13030 * 
571 800 * 
141 4096 * 

STEP lt240 * 
0000 MIN 14.89 SEC * 

EXECUTED - COND CODE 

I E F 2 3 6 I ALLOC. FOR CJEEARN LKED 
I E F 2 3 7 I 4 I D ALLOCATED TO SYSLIB 
I E F 2 3 7 I 4 I D ALLOCATED 
1 E F 2 3 7 I 408 ALLOCATED 
I E F 2 3 7 I 28C ALLOCATED 
I E F 2 3 7 I 180 ALLOCATED 
I E F 2 3 7 I DMY ALLOCATED 
I E F 2 3 7 I 48A ALLOCATED 
I E F 2 3 7 I JES2 ALLOCATED 
I E F 2 3 7 I 181 ALLOCATED 
I E F 1 4 2 1 CJEBARN LKEC -
I E F 2 6 5 I SYS1.LABLIB 
I E F 2 8 5 I VOL SER NCS= 
I E F 2 8 5 I SYS1.LOGLIB 
I E F 2 8 5 I VOL SER NCS= 
I E F 2 8 5 I GRAPHICS.DISK.LIB 
I E F 2 8 S I VOL SER NCS= * V T 2 I F • 
I E F 2 8 5 I SYSCTLG.VSYSFK1 
I E F 2 8 5 I VOL SER NCS= SYSPK1. 
I E F 2 8 5 I SYS85128.T22C237.RA000.CJEBARN.L0ADSET 
I E F 2 8 S I VOL SER NCS= X3B1C0. 
I E F 2 8 S I SYS85128 .T220237 .RA000 .CJEBARN.FJCBLIB 
I E F 2 8 S I VOL SER NCS= PVSDA1 • 
I E F 2 8 5 I JES2.JOB0C55C.SO0105 
I E F 2 8 5 I SYS8S128.T220237.RAOOO.CJEBARN.R0000002 
I E F 2 8 5 I VOL SER NCS= X 3 B 1 C 1 . 
I E F 3 7 3 I STEP /LKED / START 8 5 1 2 8 - 2 2 0 5 
I E F 3 7 4 I STEP /LKED / STOP 8 5 1 2 8 . 2 2 0 5 CPU OWIN 

TO 
TO 
TO SYS00S59 
TO SYSLIN 
TO 
TO SYSLMCO 
TO SYSPRINT 
TO SYSUT1 
STEP *AS EX! 

*VT918. 

fVT918. 

0000 
KEPT 

KEPT 

KEPT 

KEPT 

DELETED 

PASSED 

SYSOUT 
DELETED 

01 .21SEC SRBOMIN 00 .37SEC VIRT 

u> a* 

264K SYS 384K 



• K X Y 0 0 0 1 
• K X Y O O 0 2 
• K X Y 0 0 0 2 
• K X Y 0 00 2 
• K X Y 0 0 0 2 
• K X Y 0 0 0 2 
• K X Y 0 0 0 2 
• K X Y 0 0 0 2 
• K X Y O O 0 3 
• K X Y 0 0 0 4 
* 

OONAME 
S Y S L I B 

CUU 
41D 
41D 
4 0 8 
28C 
180 
48A 
i a i 

DSNAME 
S Y S 1 . L A B L I B 
S Y S 1 . L C G L I B 
G R A P H I C S . D I S H . L I B 
SYSCTLG.VSYSPK1 
S Y S 8 5 1 2 8 . T 2 2 O 2 3 7 . R A O 0 O . C J E E A R N . L O A D S E T 
S Y S 8 5 1 2 8 . T 2 2 0 2 3 7 . R A O 0 0 . C J E B A R N . F J O B L I B 
S Y S 8 5 1 2 8 . T 2 2 0 2 3 7 . R A 0 0 0 . C J E B A R N . R 0 0 0 0 0 0 2 

E X C P * S ( I 0 ) 
2 2 6 

S Y S 0 0 9 5 9 
S Y S L I N 
SYSLMOD 
SYSUT1 
V I R T U A L STORAGE USED 2 6 4 K 
0 8 MAY 8 5 . 1 2 8 2 2 . 0 5 . 5 1 . 1 6 

571 
185 
216 

TCTAL EXCP COUNT FOR STEP 1 . 1 9 8 
CPU T I M E FOR STEP 0 0 0 0 M I N 0 1 . 5 8 SEC 

BLOCK S I Z E * 
7294 * 

* 
* 
* 

8 0 0 * 
19069 * 
1 9 0 6 4 * 

* 
* 
* 

I E F 2 3 C I 
I E F 2 3 7 I 
I E F 2 3 7 I 
I E F 2 3 7 I 
I E F 2 3 7 I 
X E F 2 3 7 I 
I E F 2 3 7 1 
I E F 2 3 7 I 
I E F 2 3 7 I 
I E F 2 3 7 I 
I E F 1 4 2 I 
I E F 2 8 5 I 
I E F 2 8 S I 
I E F 2 6 5 I 
1 E F 2 8 5 I 
I E F 2 8 5 I 
I E F 2 8 5 I 
I E F 2 8 5 I 
I E F 2 8 5 I 
I E F 2 8 5 I 
I E F 2 8 5 I 
I E F 2 8 5 I 
I E F 2 3 5 I 
I E F 2 8 5 I 
I E F 2 8 5 I 
1 E F 2 8 5 I 
1 E F 3 7 3 I 
1 E F 3 7 4 I 

A L L O C . FOR CJEEARN 6 0 
48A ALLOCATED TO P G M = * . D D 

ALLOCA TEO 
ALLOCATED 
ALLOCATED 
ALLOCATED 
ALLOCATED 
ALLOCATED 
ALLOCATED 
ALLOCA TED 

J E S 2 
J E S 2 
4£A 
1 8 1 
J E S 2 
5 C 8 
ISO 
4€A 

TO 
TO 
TO 
TO 
TO 
TO 
TO 
TO 

CJEBARN GO - STEP 

DUMP 
F T 0 6 F 0 0 1 
F T 5 3 F 0 0 1 
F T 5 5 F 0 0 1 
F T 0 5 F 0 0 1 
F T 2 5 F 0 0 1 
F T 2 6 F 0 0 1 
F T 3 0 F 0 0 1 
MAS EXECUTEC - CONO CODE 0 0 0 0 

S Y S 8 S 1 2 8 . 1 2 2 0 2 3 7 . R A 0 0 0 . C J E B A R N . F J C B L I B KEPT 
VOL SER NCS= M V S D A 1 . 
J E S 2 . J O B 0 £ 5 5 C . S 0 0 1 0 6 SYSOUT 
J E S 2 . J 0 B 0 € 5 o C . S 0 0 1 0 7 SYSOUT 
S Y S 8 5 1 2 8 . T 2 2 0 2 3 7 . R A 0 0 0 . C J E B A R N . F J C B L I B DELETED 
VOL SER NCS= P V S D A 1 . 
S Y S 8 5 1 2 8 . T 2 2 0 2 3 7 . R A 0 0 0 . C J E B A R N . D U H P T 2 DELETED 
VOL SER NCS= X 3 B 1 C 1 . 
J E S 2 . J O B 0 C 5 5 0 . S I 0 1 0 2 S Y S I N 
S . S Y 0 1 7 6 0 2 . N A L L PASSED 
VOL SER NCS= X 2 3 7 6 5 . 
S Y S 8 5 1 2 8 . T 2 2 0 2 3 7 . R A 0 0 0 . C J E B A R N . D A T A DELETED 
VOL SER NCS= X 3 B 1 C 0 . 
S Y S 8 5 1 2 8 . T 2 2 0 2 3 7 . R A O O O . C J E B A R N . T M F C M O PASSED 
VOl. SER NCS= P V S D A 1 . 

STEP / G O / START 8 5 1 2 8 . 2 2 0 5 
STEP / G O / STOP 8 5 1 2 8 . 2 2 0 8 CPL OMIN 4 5 . 2 7 S E C SRB OM I N 0 0 . 8 1 SEC V I R T 8 4 0 K SYS 



* * 
• K X Y 0 0 0 1 DDNAME CUU CSNAME E X C P * S ( I O ) B L O C K S I Z E * 
4 K X Y 0 0 0 2 P G M = * . D D 48A S Y S 8 S 1 2 8 . T 2 2 0 2 2 7 . R A O O O . C J E B A R N . F J O B L I 8 3 1 9 0 6 9 « 
4 K X Y 0 0 0 2 F T 5 3 F 0 0 1 48A S Y S 8 5 1 2 8 . T 2 2 0 2 3 7 . R A O 0 0 . C J E E A R N . F J O B L I B 2 5 6 * 
4 K X V 0 0 0 2 F T S 5 F 0 0 1 181 S Y S e t 1 2 8 . T 2 2 0 2 3 7 . R A O O O . C J E B A R N . 0 U M P T 2 * 
* K X Y 0 0 0 2 F T 2 5 F 0 0 1 £C8 S . S Y C l 7 6 0 3 . N A L L 1 . 3 3 5 2 4 4 0 * 
• K X Y 0 0 0 2 F T 2 6 F 0 0 1 180 S Y S C 5 1 2 8 . T 2 2 0 2 3 7 . R A O O O . C J E B A R N . O A T A I S 4 0 0 0 * 
• K X Y 0 0 0 2 F T 3 0 F 0 0 1 48A S Y S e S l 2 8 . T 2 2 0 2 3 7 . R A 0 0 0 . C J E E A R N . T M P C M O 3 1 2 4 4 
4 K X Y 0 0 0 3 V I R T U A L STORAGE USED 8 4 0 K TOTAL EXCP COUNT FOR STEP 1 . 3 5 3 * 
4 K X Y 0 0 0 4 0 8 MAY 8 5 . 1 2 6 2 2 . 0 8 . 4 7 . 9 4 CPU T I M E FOR STEP 0 0 0 0 M I N 4 6 . 0 8 SEC 4 

I E F 2 8 S I S . S Y O 1 7 6 0 . 2 . N A L L KEPT 
1 E F 2 8 5 I VOL SER NCS= X 2 3 7 6 5 . 
1 E F 2 3 7 1 4eA ALLOCATED TO S Y S 0 0 0 0 1 
I E F 2 8 5 I S Y S 8 5 1 2 8 . T 2 2 0 E 4 7 . R A O O O . C J E B A R N . R O O O O O O 1 KEPT 
I E F 2 8 5 I VOL SER NCS= *»VSOAl . 
I E F 2 8 5 I S Y S 8 5 1 2 8 . T 2 2 0 2 3 7 . R A 0 0 0 . C J E B A R N . T M P C M 0 DELETED 
I E F 2 8 5 I VOL SER NCS= M V S D A 1 • 
I E F 3 7 5 I JOB • C J E B A F N • START 8 5 1 2 8 . 2 2 0 2 
I E F 3 7 6 I JOB / C J E B A F N / STOP 8 5 1 2 8 . 2 2 0 8 CPU 1 M I N 0 0 . 7 5 S E C SRB OMIN 0 1 . 8 0 S E C 

4 K X Y 0 0 0 3 TCTAL EXCP COUNT FOR JOe 3 . 7 9 1 
4 K X Y 0 0 0 4 0 8 MAY 8 5 . 1 2 8 2 2 . 0 8 . 5 2 . 5 9 CPU T IME FOR JOB 0 0 0 1 M I N 0 2 . 5 5 SEC 

• K X Y 0 0 0 5 4 4 A P P R 0 X I M A T E JOB COST* S 5 . 9 9 ( S T A N D B Y ) 
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APPENDIX C 

INPUT DATA, SUPPORTING INFORMATION FOB EXAMPLE PROBLEM 

C.l GENERAL DESCRIPTION OF THE SITE* 

C.l.l Location and cliaate 

The Barnwell low-level radioactive waste disposal facility is located 
8 km west of the town of Barnwell, South Carolina, in Barnwell Connty. The 
38 ha site is leased frost the state of South Carolina by Chen-Nuclear 
Systems, Inc. (CNSI), which operates the facility. The site is adjacent to 
the Allied General Nuclear Services Barnwell Fuel Facility on the west and 
is only 0.3 bi froa the eastern boundary of the Savannah River Plant. 

The Barnwell site is in a largely rural setting, with auch of the land 
in the region used for faming or growing tiaber. Priaary fara products 
are soybeans, corn, cotton, and dairy products. The population of the 
county in 1970 was slightly above 17,000. 

The cliaate near Barnwell is relatively aild. The aonthly mean 
teaperatures range froa 8 to 27*C for January and July, respectively. 
Precipitation occurs mostly in the suaaer with a aean annual total of 
1.13 a. For the twenty year period before 1972, the aean precipitation 
ranged froa 0.73 a (1954) to 1.87 a (1964). Snowfall occurs only rarely in 
Barnwell County, as do daaaging winds or ice storns. The relatively long 
growing season ranges froa about 230-270 days. 

The ataosphere around the site would be considered relatively stable. 
The aean wind speed at the Savannah River Plant is only 0.4 a per second 
end inversion or neutral conditions occur aore than 75% of the tiae. 

C.l.2 Geology and soils 

The Barnwell site is located on the Atlantic Coast Plain physiographic 
province near the eastern edge of the Aiken Plateau portion of that 
province. The topography of the site is gently rolling with grade 
elevation averaging 74-80 a above nean sea level. The area is underlain by 
about 300 a of "flat-lying, loose to poorly consolidated sediaests of upper 
cretaceous, tertiary, and quaternary ages." Surface-quaternary soils 
include loose to aedina dense fine sand and silty sand to depths of 0.6-
2.1 a below grsde. Below the surface soils is found 4.3-9.1 a of the 
eabedded sandy clay and clayey fine sand of the Miocene Rawthorn formation. 
The Hawthorn is underlain by 11.6-18 a of the Barnwell formation 

'Unless otherwise stated, information in t»is appendix was found in 
Chea-Nuclear Systeas, Inc. (1980). 
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(late Eocene) and 14.6-35 • of the McBean formation (early Eocene). The 
Ellenton and Tuscaloosa formations, include sand and gravel with soae clay 
and cretaceous sediments underlying tertiary sands and clays. 

Topsoil of the region is generally fnqnay loamy sand of the family 
loamy siliceous thermic. According to Olson, Emerson, and Nungessser 
(1980), Barnwell county encompasses the following soil orders and 
ssborders: Order Ultisols, suborders Paleudults and Hapladults (gently 
sloping), suborders Ochrnquults, Paleudults, Hapludults, and Quartzip-
samments (gently sloping) and order Entisols, suborder Quartzipsamments 
(gently sloping). Suborders Paleudults and Hapludults comprise about 70% of 
the county soil: 

Portion' f the soil layer just below the topsoil to a depth of about 
2.1 m are ve; lira, tan and purple, and slightly micaceous. This soil 
layer is generally slightly clayey fine to coarse sand. Organic components 
of the soils of Barnwell county are listed in the main body of the report 
in Table 3.5. Information were taken from Olson, Emerson, and Nungesser 
(1980) and Chem-Nuclear Systems. Inc. (1980). 

C.1.3 Hydrology 

The Barnwell site is located between the Savannah River on the west 
and the Salkehatchie River on the east. The Salkehatchie is the near*** 
river at some 4.1 km, but the surface drainage of the site is to Lower 
Three Runs Creek a tributary of the Savannah River. There are no flowing 
streams on the site and Mary's Creek is a tributary of Lower Three Runs 
Creek. Flow rates in Lover Three Runs Creek varied from 0.14-14 m 1% 
during the 11-year period from July 1958 - August 1969, at Patterson's Hill 
Bridge. 

Surface water from precipitation is collected for evaporation by 
Chem-Nuclear. In event of a heavy rainfall, water above a predetermined 
level in the collection pond is pumped to another pond for further 
evaporation. This system was devised to prevent recharge of the ground 
water near the trenches and thereby reduce the likelihood of contamination 
of surface water. More details on surface water flows are to be found on 
?ages 93-95 of CNSI (1990). 

The Hawthorn formation contains the highest water table on the site 
and extends within 9.1 m of the surface. The Barnwell formation underlie 
the Hawthorn with a thickness of about 12 m. The Barnwell is slightly more 
permeable than the Hawthorn and has beon used for a few small wells in the 
area. 

The McBean and Congaree formations underlie the Barnwell formation to 
some 90 m below the surface. The Congaree is fairly permeable and the 
municipal wells for the town of Barnwell, the nearest aunicipal user, yield 
about 1400 liters per minute. Beneath the McBean/Congaree foraations are 
the Ellenton and Tuscaloosa formations. Although geologically 
dlfferentiable, groundwater is free to move between then and they are 
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considered a single aquifer. The Tnscaloosa is the principal aquifer for 
the site and extends to store than 300 • below the surface. 

Water table depth at the »ite gradually decreases as it nears the 
Savannah River. Fluctuations in the water table depth are a function of 
the locally varying permeabilities and the inclination of the piezometric 
surface. It is, therefore, not unusual to find significant differences in 
fluctuation patterns within relative saall areas. The water table at the 
site generally occurs at depths of 9.1-18 • with a siean of about 12.2 •. 
Noraal fluctuations between the high in late spring or summer and the low 
in fall or winter is about 2 m. 

The groundwater moves under the site to the west and south toward 
Mary's Creek, 914 • away. The velocity is estimated to be 5.0xl0~ m/d as 
shown by CNSI (1980). More detail about groundwater movement and 
composition at the site can be found in CNSI (1980) pages 10-14, 89-91, and 
95-98. 

C.2 INPUT VARIABLES FOR PRESTO-II 

C.2.1 Options or Control Variables 

Most of the input variables on the first four cards are for code 
control or option selection (see Table C.I). The operation and logic of 
each of these variables is discussed in the data section of the report. 
Sect. 3.3. All code variables are defined in Table 3.1. 

C.2.2 Site-description variables that are well-known 

Some of the input data describing the site are very well known and not 
likely to change drastically. The previous statement assumes that none of 
the following variables will be Arbitrarily varied for the purposes of a 
sensitivity analysis to determine the effect of a given parameter on code 
predictions. 

Noncontrol variables which are considered well known include the 
following (refers to Table C.l): TDEPTH (trench depth), OVER (overburden), 
DWELL (distance to nearest well), all variables on cards 16 and 17, BDENS 
(soil bulk density). STFLOf (stream flow), PD (site boundary to nearest 
stream), SAREA (area of contaminated surface soil), and the radiological 
decay rate. References or notes on calculation are given for each of these 
in Table C.l. 

C.2.3 Radionuclide-independent variables that are poorly \nown 

A number of the input variables listed in Table 3.1 and C.l are poorly 
known; that is to say, there may be a large amount of variation associated 
with the value listed in Table C.l. This is in spite of the fact that the 

file:///nown
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values listed have been taken frost referencable sources. This section will 
briefly describe the variation or source of variation expected in each of 
these variables as listed in Table C.l. 

WATL. Fraction of total irrigation water taken frost well. The 
referenced value is a state average of groundwater use as a fraction of 
total water use for 1970. Value say vary over time and across state. The 
national rar.ge of value is frost 0.01 (West Virginia) to 0.83 (Kansas). 
Most cossaon U.S. range 0.10-0.25. 

PORA, PORT, K>RS. Porosity of aquifer, trench, and surface region. 
In Table C.l, these values are equal to the reference surface porosity. 
This 'r likely incorrect for PORA, the porosity used within the trench. If 
the toul trench were tightly compacted, the value could be much lower. 
The more likely situation is that trench contents are variably porous due 
to heterogeneous materials and voids. Value used for P0RS is probably 
within 20% for surface soil users. 

PERMV. Permeability of trench bottom. Referenced value is probably 
reasonable for surface region, but the permeability inside trench is 
probably extremely heterogeneous. 

DENCON. Density of the trench contents. This number listed is 
strictly an assumption. For waste materials such as cardboard, clothing, 
gloves and soil, assuming few voids, the number may be reasonable. 
However, given or large masses of highly dense materials, the value listed 
is probably too small. 

RELFAC. User-option annual release fraction for activity leaching 
from trench. This value has been estimated (Dole and Fields, 1981) for 
three sites: Savannah River Plant (10~ ), Oak Ridge National Laboratory 
(10~ 6), and West Valley (2.5xl0~4). 

GWV. Groundwater velocity. Referenced value from CNSI (1980). 
AQTHX. Thickness of the aquifer. Used for dilution calculations. 

For Barnwell, depends on the aquifer and the location at which thickness is 
measured. The value in Table C.l based on the Barnwell formation. 

AQDI3P. Angle of pollutant dispersion in the aquifers plume. The 
value in Table C.l is an assumption. Obviously a function of rate of flow, 
porosity, and permeability. 

Card 19. Factors for use in the Universal Soil Loss Equation. Values 
listed in Table C.l were calculated as prescribed by McElroy et al. (1976). 
Eowever, the methods of McElroy et al. are generalixed for large sections 
of the country. More detailed methods might yield more precise value. 
Except for RAINF, all factors vary only from 0-1. RAINF ranges from 20 to 
350, nationwide. Range in the area of central Georgia-South Carolina 
appears to be about 200-270. The sediment delivery ratio (SEDELR) was 
conservatively set 1.0. 

ADEPTH. The active depth of the surface soil. Used to calculate soil 
and water radionuclide concentrations as a result of overflow. Value in 
table assumed. No reference for depth of subsurface runoff, etc., to 
substsnticte ADEPTH. Could reasonably be set to plow depth, nominally 
15 cm. Unlikely that ADEPTH would approach 1 m. 
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HJNOFF. Fraction of annual precipitation that runs off. Value of 
0.05 taken from CNSI (1980). Jack Robertson of USGS (personal 
communication) estimates a range of 4-7%. 

C.2.4 Radionuclide-specifxc parameters that are poorly known 

TRAM. Initial inventory of each radionuclide. Values in Table C.2 
for Barnwell are probably the best available inventory data. Nevertheless, 
these inventory data are probably incorrect because they are based on 
shipping invoices and not actual measurements of materials received. 

KD. Distribution coefficient, k.. Code allows a separate k. value 
for each radionuclide and for each of four regions at the site: The soil 
surface, the trench, the subtrench region, and the aquifer. Table C.2 
lists only one value of k. for each nuclide. The listed values are median 
values of a range of k. measurements compiled by Baes and Sharp (1982) for 
agricultural soils of pH 4.5 to 9.0. Even for that limited sample of 
media, the range of reported k, values is extreme. For example, the 
minimum k. range of any element in Table C.2 was over an order of magnitude 
for Cd (1.26-26.8). The maximum reported range of k. compiled by Baes and 
Sharp (1982) was for Kn (0.2 to 10 ) . The k of most of the elements in 
Table C.2 range over three or more orders of magnitude. One might expect 
that variation of k. in agricultural soils of pB 4.5-9.0 to be comparable 
to the variation of k. in other media such as addressed by the code. 

SO AM. The initial amount of spillage onto the surface. Listed in 
Table 3.4 as a constant 10 fraction of the initial inventory. Not likely 
that many data exist to support that or any number. One would presume that 
SOAM (1) varies between radionuclides and (2) is a small number at a well 
operated disposal facility. 

SOL. The solubility of the stored radionuclide. With inventory at 
other sites, the data about which we have the least information. Not only 
does solubility vary grctly depending on initial chemical form and 
conditions within the trench, there are likely to be several appropriate 
values for each radionuclide depending on the source of the wastes. Orders 
of magnitude variation may occur. Most reasonable approach to estimating 
SOL would be to assume some form for each radionuclide based on the likely 
generator of that type of material. The solubility option is not selected 
for runs for this site. 

BS, EV. Plant uptake factors for grain or fruits (reproductive) and 
grass (vegetative). The values listed in Table C.3 were derived by Baes 
et al. (1982). The BV, BB values embody a certain amount of uncertainty. 
However, relative to the magnitude of uncertainty in many o* the other 
parameters, these data ais fairly well known. 

FMC, FMG. Forage-to-milk transfer factors for cows and goats. Most 
of the listed values are taken from AIBD0S-EPA (Moore et al., 1979). In a 
few cases, values were calculated from Ng et al. (1968). Variation likely 
to be small compared to other parameters; also difficult to improve upon 
due to expense of determination. 
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FF. Forage-to-beef transfer factors. Most of the listed values are 
froa AIRDOS-EPA (Moore et al., 1979); but soae were calculated froa data in 
Ng et al. (1968). Variation probably saall compared to other paraaeters. 

C.3 ADDITIONAL SUPPORTING INFORMATION FOR INPUT DATA SET 

Table C.4 lists the aean annual wind direction frequencies and true-
averaged wind speeds for the Savannah River Plant, South Carolina. These, 
ox siailax data, should be used to calculate CHIQ for input. 

Table C.5 lists population deterained by the 1980 census for a polar 
grid surrounding the Barnwell site. 

Table C.6 lists 1978 hourly precipitation for the weather station at 
Augusta, Georgia. 

C.4 INPUT DATA SET 

Table C.7 lists the Barnvell input data set. 
This Appendix has described an exaaple siaulation perforaed using data 

believed representative of Barnwell, SC; however, aany site paraaeters vary 
significantly within the site itself. Soil paraaeters, hydrologic 
paraaeters, and local radionuclide waste coaposition aay vary greatly, yet 
transport and exposure scenarios are based on regional data and assnaptions 
representative of a large area. Radionuclide inventories are priaarily 
based on estiaated waste coaposition, rather than aeasured values. These 
considerations, together with the caveats offered in the Executive Suaaary 
and in Chapter 1, suggest that the results presented here aust be 
interpreted as estimates containing significant uncertainties. 
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Table C.l. Input data for Barnwell, SC; refer to Table 3.1. 
for foraats and definitions of variables 

Card 
nuaber Variable Value Reference or note 

1 TITLE 
2 LOCATE B a r n w e l l SC 
3 MAXTK 1000 

NONCLD 40 
LEAOPT 2 
NTR1 100 

NTK2 

PCT2 

200 

iomv 1 
IOPSAT 1 
IPET1 0 
IPRT2 1000 
IDELT 100 
IRRES1 0 
IKRES2 0 
LIND 1 
IAVG1 1 
IAVG2 1000 
TVAP 0 
IBSMT 0 
IAQSTK 0 
PCT1 0.01 

0.1 

WATL 1 .0 
WATA 1.0 
fATH 1 .0 
SATL 0 . 0 
SATA 0 . 0 
SATH 0 . 0 
PPN 1.130 
P 1002.; 
IIRR 0 . 0 
PHID 33.2 
S 0.56 

0.60 
0.64 
0.70 

User option 
User option 
User option 
Must be 40 or less 
User option 
Personal Coaannication, 
C. T. Hung to J. Broadway, 
March 18. 1983 
Personal Coaamnication, 
C. T. Hong to J. Broadway, 
Marcn 18, 1983 
User option 
User option 
User option 
US*T option 
User option 
User option 
User option 
User option 
User option 
User option 
User option 
User option 
User option 
Personal Coaaunication, 
C. T. Hong to J. Broadway 
to D. E. Fields, 
March 18, 1983 
Personal Coaannication, 
C. T. Hong to J. Broadway 
to D. E. Fields, 
March 18, 1983 
User option 
User option 
User option 
User option 
User option 
User option 
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Table C.l. (continued) 

Card 
nvaber Variable •nine Reference or note 

0.68 
0.65 

9 T 

10 

11 TD 

12 

13 TAREA 
TDEPTH 
OVER 
PORT 

DEN00N 
RELFAC 
FN 
IINFI, 

14 PERliC 
15 DTRAQ 

.0 

.3 

.9 

.1 

.7 

.7 

.2 

.4 

65 
65 
61 
66 
64 
69 

8.0 
9.1 
12.9 
18. 
22. 
25. 
27. 
26. 
23. 
18. 
12. 
8.4 
3.1 
3.3 
5.8 
10.3 
15. 
19. 
21. 
21. 
18. 
12. 
6.7 
2.6 
9150 
6.7 
1.5 
0.4 

2.0 
0 
1.0 
0.09 
43.3 
2.4 

.5 

.2 

.2 

.2 

.5 

.5 

CNSI (1980), p. 48 
CNSI (7.980), p. 48 
CNSI (1980), p. 47 
Sediaent porosity; 
CNSI(1980), p. 90 
As snaed 
User option 

Calculated 

Lowest water table depth 
less TDEPTH, CNSI, p. 88 
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Table C.l. (continued) 

Card 
amber Variable Value Reference or note 

DWELL 914 Site boundary to nearest 
spring; CNSI. p. 91 

GtV 21.5 Personal Communication, 
C. T. Rang £3 J. Broadway 
to D. E. Fields, 
March 18. 1983 

AQTHI 25 Inferred frost discussion 
CNSH1980), pp. 80-90 

AQDISP 0.3 Assumed 
PORA 0.4 CNSI (1980), p. 90 
PORV 0.4 CNSI (1980), p. 90 
PERMV 43.3 CNSI, (1980) 

16 H 1.0 Assumed 
V6 0.01 Calculated fron particle 

sizes 
U 0.4 Savannah River Lab. meteor.; 

National Climatic Center 
VD 0.01 Generic value 
ZG 8000 Distance to town of Barnwell, SC 
SLID 300 C. F. Baes III (personal 

communication) 
ROUGH 0.01 Generic value 

17 FTWIHD 0.49 Savannah River meteorology 
CBIQ 7.7E-9 Computed using AIRDOS-EPA, 

Moore et al. (1979) 
BE1 1.0E-6 Assumed lower than Nevada, 

Anspaugh et al. (1975) 
KE2 -0.15 Same as Anspaugh et al. (1975) 
RE3 1.0E-11 Assumed lower than Nevada, 

Anspaugh et al. (1975) 
BK 0 User option 
FTMECH 0 User option 

18 IT i User option 
IS 2 Savannah River meteorology 

19 RAINF 250 McElroy et al. (1976) 
pg 44, Fig. 3.2 

EBODF 0.23 McElroy et al. (1976) 
p. 46; see Table 3.5 

STPLNO 0.27 McElroy et al. (1976); 
Fig. 3.8 

COVER 0.30 McElroy et al. (1976); 
Table 3.3 

CONTRL 0.30 McElroy et al. (1976); 
Table 3.7 
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Table C.l . (continued) 

C*rd 
nuber Variable Value Reference or note 

20 

21 

22 

23 

24 

SEDELR 1.0 
POSS 0.4 
BDENS 1.6 
STFLOW 5300 
EXTENT 305 
ADEPTH 0.01 
PD 914 
RUNOFF 0.29 

Yl 0.19 

Y2 0.53 

PP 240 
XANBWE 0.0021 
TE1 720 
TE2 1440 
TBI 0 
TB2 2160 

TH3 24 
TH4 1440 

TBS 336 
TH6 336 
FP 0.77 
FS 0.94 
QFC 50 
QF6 6 
TF1 48 
TF2 96 

As s u e d ; see McElroy et a l . 
(1976), p, 60-68 
Set equal to sediaent 
porosity; CNSI (1980), p. 90 
CNSI (1980), p. 87 
CNSI (1980), p. 9.2 
User option; this value = 
trench length. CNSI, p. 48 
As sued 
Site boundary to nearest 
stream, CNSI p.91 
Calculated fro* Geraghty 
et al. (1973) 
Shor, Baes. and Sharp (1982); 
Appendix C 
Shor, Baes, and Sharp (1982); 
Appendix B 
As s u e s 15 ca plow depth 
Moore et a l . . 1979 
Generic; Moore et al.. 1979 
Table E-15 
Generic; Moore et al., 1979 
Generic; Moore et al., 1979, 
Table E-15 
Generic; Moore et al., 1979, 
Table E-15 
Generic; Moore et al., 1979, 
Table E-15 
Generic; Moore et al., 1979, 
Table E-15 
Generic; Moore et al., 1979, 
Table E-15 
Generic; Moore et al., 1979, 
Table E-15 
Shor, Baes, and Sharp (1982) 
Shor, Baes, and Sharp (1982) 
Generic; Moore et al., 1979, 
Table E-15 
Generic; Moore et al., 1979, 
Table E-15 
Generic; Moore et al., 1979, 
Table E-15 
Generic, Moore et al., 1979, 
Table E-15 
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Table C. l . (continued) 

Card 
nialtf Variable Value Kefereace or note 

TS 480 Generic; Moore e'. al.» 
Table E-15 

1979 

ABSH 9.9 State arerage; Etnier (1980) 
?14 1.0 Asswed 

25 FI 0.73 6roviag seasoa length/8760 
W1KATE 0.015 Calcalated frost Olson, 

aad Naagesser (1980) 
bersoa 

QC1 €0 Generic; Hcore et al.* 1979 
Q6W 8 Geaeric; Moore et al.. 1979 
QBf 50 Generic; Moore et al.. 1979 

26 ULEAFY 190 Generic, Moore et al.. 1979 
DFBOD 190 Geaeric, Moore et al., 1979 
UCMUJC 110 Geaeric, Moore et al.. 1979 
UGMXLZ 0 Geaeric, Moore et al.. 1979 
UMEAT 95 Geaeric, Moore et al.. 1979 
W A T 370 Geaeric, Moore et al.. 1979 
PAIR 8000 Generic, Moore et al.. 1979 
POP 7033 1980 Census; Dnrfee 

(personal cosomnication) 
27+ see Tables C.2 and C.3 
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Table C.2. Estimated radionuclide inventoriet for the Barnwell, 
Soatn Caroliaa, Beatty, Nevada, and West Valley. New York 

low-level waste facilities. 

Activity stored. Ci 

Naclide Barnwell. SC* Beatty, NV* West Valley, NT* 

B-3 34, ,499 
C-14 9.5 

Ma-54 9, ,737 
Fe-55 65, ,672 
Hi-59 0 
Co-60 432, ,755 
Hi-63 11, ,029 
Zn-65 7, ,613 
Ir-85 1 ,682 
Sr-90 2 ,617 
Y-90 2617 
Nb-94 0 
Tc-99 61 
tn-106 0 
Cd-109 16 
Sb-125 2.7 
1-125 0 
1-129 0 
Cs-134 37 ,069 
Cs-137 289 .403 
Ba-137M 289, ,403 
Ce-141 547 
Ce-144 2 .160 
Pa-147 179 
Be-187 1.5 
Pb-210 22 
Ra-226 0.6 
Ta-232 1.3 
D-233 0 
n-234 3.0 

106,696 
442 

9,737 
65,672 

0 
432,755 
11,029 
7,613 
1,682 
10,420 
10420 

0 
61 

10.420 
16 
2. 

444 
0 

37,069 
289,403 
289,403 

547 
2.160 
179 
1, 

22 
1629 

1. 
2. 

106,696 
442 
0 
0 
0 

76.710 
0 
0 

10,420 
10420 

0 
0 

10,420 
0 
0 

444 

0 
19.1 
19.1 

3 
42 

3,0 

0 
0 
1, 
0 

1629 
0 
2, 
0 

75 
42 
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Table C.2. (continaed) 

Activity stored. Ci 

Nuclide Berawell. SC* Beatty. NV* Vest Valley. NT 6 

IF-235 3.5 3.5 0.1 
U-236 0.5 0.5 0 
D-238 3,063 3.063 112 

Pe-238 0.2 38.481 38.481 
Pn-239 0.1 91.6 91.6 
P B - 2 4 1 0 0 0 
A B - 2 4 1 0 17.5 17.5 
Pn-242 0 0 0 
Aa-243 0 0 0 
Cn-243 0 0 0 

Taken from receiving invoices at Chea-Naclear 
Systems. Inc. (J. E. Till, personal coaamaicatioa). 

b No citable information available. These data 
represent merger of Barnwell, SC and Vest Valley, NT 
colvans, higher inventory of the two was listed for 
Beatty. NV. 

c Data inferred from volnme and mixed activity 
information listed in Giardiaa et al. (1977) aad Kelleher 
and Michael (1973). 
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Table C.3. Eleaeat-specific data listed by radionuclide.* 
lefer to Table 3.1 for definitios of variables 

Plant uptake factor* 

Nuclide C B B r FllC* FMBe FF* 

B-3 .01 4.8E-0 4.8B-0 1.0B-2 1.7B-1 1.2E-2 
C-14 .01 5.5E-0 5.5E-0 1.2E-2 1.0B-1 3.1E-2 

Mn-54 ISO 2.5E-1 5.0B-?. 2.5E-4 2.5B-4 8.OE-4 
Fe-55 55 4.0E-3 1.0E-3 1.2E-3 1.3E-4 4.0E-2 
Ni-59 150 6.0E-2 6.0E-2 6.7B-3 6.7E-3 5.3E-2 
Co-60 55 9.4E-3 9.4E-3 1.0B-3 1.OE-3 1.3E-2 
Ni-63 150 6.0B-2 6.0E-2 6.71-3 6.7E-3 5.3E-3 
Za-65 16 1.5E-0 9.0E-1 3.9E-2 3.9E-2 3.OE-2 
Kr-85 0 0 0 2.OE-2 2.OE-2 2.OE-2 

T-90 27. 2.5E-0 2.5E-1 8.0E-4 1.4E-2 6.OE-4 
Sr-90 27 2.5E-0 2.5B-1 8.0E-4 1.4E-2 6.0E-9 
Nb-94 350 2.0E-2 5.0B-3 2.5E-3 2.5E-3 2.5E-3 
Tc-99 0.033 9.5E-0 1.5E+0 2.5E-2 2.5E-2 4.0E-1 
Rv-106 220 7.5E-2 2.0E-2 1.0E-6 1.0E-6 1.0E-6 
Cd-109 6.7 5.5B-1 1.5E-1 1.3E-4 1.3E-4 5.3E-4 
Sb-125 45 2.0E-1 3.OE-2 1.5E-3 1.5E-3 4.0E-3 

1-125 0.01 1.0E-0 1.0E-0 6.0E-3 6.OE-2 6.0E-2 
1-129 0.01 1.0E-0 1.0E-0 6.0E-3 6.0E-2 6.OE-2 

Cs-134 1100 1.0E-2 1.0E-2 1.2E-2 3.0E-1 4.CE-3 
Cs-137 1100 1.0E-2 1.OE-2 1.2E-2 3.0E-1 4.0E-3 
Bs-137M 1100. 1.0E-2 1.0E-2 1.2E-2 3.0E-1 4.0E-3 
Ce-141 1100 1.0E-2 4.0E-3 1 .OE-4 1.0E-4 1.2E-3 
Ce-144 1100 1.0E-2 4.0E-3 1.0E-4 1.0E-4 1.2E-3 
P*-147 61 1.0E-2 4.0E-3 5.0E-6 5.0E-6 4.8E-3 
Be-187 7.5 1.5E-0 3.5E-1 2.5E-2 2.5E-2 8.OE-3 
Pb-210 540 1.0E-5 1.0E-5 1.0E-5 1.0E-5 1.0E-5 
Ra-226 220 1.5E-2 1.5E-3 1.5E-2 1.5E-2 3.4E-2 
Th-232 60,000 1.0E-5 1.0E-5 1.0E-5 1.0E-5 1.0E-5 
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Table C.3. (continued) 

Plant uptake factor6 

Nuclide K. b B B FMC* FMG e FF a v r 

D-233 45 1.0E-5 1.0B-5 1.0E-5 1.0E-5 1.0E-5 
U-234 45 1.0B-5 1.0E-5 1.0B-5 1.0E-5 1.0E-5 
D-235 45 1.0B-5 1.0E-5 1.0E-5 1.0E-5 1.0E-5 
D-236 45 1.0B-5 1.0E-5 1.0E-5 1.0E-5 1.0E-5 
B-238 45 1.0B-5 1.0E-5 1.0E-5 1.0E-5 1.0E-5 

Pu-238 1800 4.5E-4 4.5B-5 1.5E-6 1.5E-6 8.0B-3 
Pu-239 1800 4.5E-4 4.5E-5 1.5E-* 1.5E-6 8.0E-3 
Pu-241 1800 4.5E-4 4.5B-5 1.5E-6 1.5E-6 8.0E-3 
Pu-242 1800 4.5B-4 4.5E-5 1.5E-6 1.5E-6 8.0E-3 
Aa-241 810 5.5E-3 2.5E-4 0 0 
Aa-243 810 5.5E-3 2.5E-4 0 0 
Ck-243 3300 8.5E-4 1.5E-5 0 0 

Theoretically, the retention fractions RA and Kff say be 
eleaent-specific. However, we have chosen constant values of 
0.20 and 0.25, respectively. 

In units of al/g. Taken fro* Baes and Sharp (1983). 
B is for uptake into vegetative portions of plant (used 

for pasture grass, silage). B is for uptake into reproductive 
parts of plant (used for grain, fruit, prodr.ce except leafy 
vegetables). Units in (activity/g dry plane)/(activity/g dry 
soil). Taken froa Baes et al. (1982). 

uata taken fro* Moore et al., 1979 or calculated froa data 
in Ng et al. (1968). 

Data taken froa Moore «t al., 1979 or calculated froa Ng 
et al. (1968). If no value for goat's ailk is available, a value 
for cow's ailk is used. 

Data taken froa Moore et al., 1979 or calculated froa Ng 
et al. (1968). 
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Table C.4. Mean annual wind direction frequencies and 
true-average wind speeds (SSL/Barnwell) 

Wind speed for each s t a b i l i t y c lass (a / s ) 

Wind toward Frequency A B C D E F 6 

N 0.085 3.88 3.54 3.42 3.75 4.22 4.01 4.32 
NNV 0.067 3.97 3.32 3.61 3.88 4.46 4.43 3.68 
MT 0.043 3.25 3.36 3.25 3.39 4.30 3.91 4.04 

WNW 0.044 3.87 3.77 3.30 3.63 3.88 4 .08 3.49 
w 0.056 4.27 4.02 4.73 3.67 4.00 4 .70 4.55 

wsw 0.057 4.94 4.46 4.56 3.47 4.21 4.07 3.81 
sw 0.063 4.47 4.23 4.33 3.54 3.77 4 .28 4.02 

ssw 0.034 3.02 3.66 4.31 2.72 3.98 4.37 4.11 
s 0.026 3.61 3.31 3.67 2.59 3.01 3.88 4.52 

SSE 0.036 3.87 3.11 2.74 2.92 3.46 4 .04 4.85 
SE 0.060 2 «>8 3.30 3.78 3.17 3.58 3.92 4.12 

ESE 0.089 i . 4.02 3.17 4.24 4.24 4.24 4.00 
E 0.085 3.87 3.44 3.82 3.93 4.50 4.2? 3.59 

ENE 0.081 3.62 4.07 3.65 3.59 3.70 4.01 2.81 
NE . 0.080 3.70 3.69 4.09 3.75 3.88 3.56 3.65 

NNE 0.091 3.68 3.54 3 .7 ' 3.34 4.12 4.03 3.60 



Table C.5. Population diatr ibut ion by distance and direot ion for Barnwell, SC 

Distance fron s i t e trench (ka) 

DHL 0-10 10-20 20-30 33-40 40-50 50-60 60-70 70-80 80-90 90-100 

N 91 523 1177 1090 1398 1639 3214 11443 11275 5836 

NNE 114 931 2611 1637 2292 3143 3809 7526 21875 147549 

NE 2S4 1086 2158 2215 2922 3742 5508 5267 4975 6388 

ENE 666 2536 2085 4668 4276 3816 25374 11991 5566 5193 

E 290 1953 1689 2019 2586 2210 2883 4241 9745 7217 

ESE 360 609 1266 921 1500 1752 2557 5303 12599 3710 

SE 105 346 3090 3792 2392 5700 1765 2342 2278 4934 

SSE 124 259 542 727 918 2924 1577 1479 3048 5326 

S 72 153 468 555 1121 2599 1733 1840 3458 5410 

SSW 32 185 475 727 2757 2602 1683 2997 17106 1026 9 

SI 41 182 428 1258 1297 2484 3864 1842 2365 4159 

WSV 47 142 351 1140 3519 2975 1408 1986 5635 4380 

w 47 147 369 1006 2528 2792 1610 2549 5313 2916 

INI 37 59 627 3562 7106 107579 43485 12906 9371 12892 

NV 66 112 1605 3846 14793 52072 9811 3164 2244 2905 

NNV 73 631 2030 4109 25104 4335 3863 7271 4911 5404 

TOTAL 2439 9854 20971 33272 86509 202364 114144 84147 121764 234188 
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T«M« C.«. Hourly p r a c l f i u t i a a *»t« for tapiti, « ( t i t * 90495) • 

UimUM dnrfaa, tadicatM sour* of 4ty (IwMrMtM of Inches) 

"ft » 0* I 2 3 4 S 6 7 8 9 10 11 12 13 14 IS I( 17 18 19 20 21 22 23 24 TOT 

78 01 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
78 01 06 0 0 0 0 0 0 0 3 ? 0 0 1 4 0 0 0 0 0 0 0 0 0 0 0 9 
78 01 07 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
78 01 08 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 6 S 10 17 8 0 0 0 0 54 
78 01 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 6 10 10 21 8 12 13 80 
78 01 13 7 4 I 0 s 2 s 14 8 I 4 10 3 14 IS 2 0 0 0 0 0 0 0 0 95 
78 01 17 0 0 0 1 0 0 0 0 1 19 11 4 0 0 0 0 0 0 0 0 0 0 0 0 3C 
78 01 19 0 0 0 0 0 0 0 2 35 35 36 12 2 2 2 2 I 2 3 3 7 7 9 2 I9S 
78 01 20 1 4 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 
78 01 24 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 2 s 4 4 7 22 
78 01 25 6 9 12 17 17 14 46 19 2 2 6 2 5 s s 5 28 28 1 9 32 6 0 2 278 
78 02 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 Z 6 4 14 
78 02 02 6 4 2 3 t 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 
78 01 09 0 2 2 2 3 2 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 
78 02 13 0 a 0 0 0 0 0 0 3 9 12 0 0 0 0 0 0 0 0 0 0 0 0 0 24 
78 02 16 0 0 0 0 0 0 0 0 0 0 2 2 I 4 2 3 I 0 0 0 0 0 0 0 IS 
78 02 18 0 0 2 12 5 14 0 0 0 2 4 1 I z 1 I I 0 0 0 0 0 0 0 46 
78 02 28 0 0 0 0 0 0 0 3 I 2 2 I I 0 1 2 3 3 I I 1 0 0 0 22 
78 03 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
78 03 03 0 7 17 12 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 37 
78 03 07 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 3 3 1 I 13 
78 03 08 I 0 0 0 1 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 
78 03 09 0 0 0 0 0 0 0 0 0 0 0 0 I I 12 IB 31 20 II 3 2 2 0 0 101 
78 03 10 0 I I 0 0 0 0 2 0 2 0 0 0 0 0 e 0 0 0 0 0 0 0 0 6 
78 03 12 0 0 0 0 0 0 0 0 5 I 0 0 0 0 0 0 0 0 0 0 0 0 0 (1 6 
78 03 14 0 0 0 0 0 0 0 0 8 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
78 03 2S 0 0 14 I 4 20 I 0 1 I 0 0 0 0 1 2 4 4S •3 23 6 0 0 0 174 
78 3) 26 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
78 04 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
78 04 11 0 0 0 0 0 vl 0 0 0 0 0 0 0 0 0 0 0 0 12 8 0 1 1 2 24 
78 04 12 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
78 04 13 1 0 0 3 30 56 46 22 2 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 157 
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Tritli C.( . Hourly t rsc ly iUt loa fata for Aa««*t«. «A («aat.) 

Ritnfill Jurtng tadfcttrt Murs of ««y (luidrMtlis of Incites) 

TR HO M I 2 3 4 S 6 7 • 9 10 II 12 13 14 15 16 17 18 19 20 21 12 23 24 TOT 

78 04 18 0 0 0 0 0 0 0 0 0 0 0 0 4 I 0 0 0 0 0 0 0 0 0 0 5 
78 04 19 0 0 0 4 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 fl 0 0 0 0 13 
78 04 2S 0 0 0 0 0 0 3 4 6 3 29 11 1 0 0 0 u 2 8 1 0 0 0 0 80 
78 04 2$ 0 0 0 0 0 0 0 0 0 0 0 1 2 2 15 1 I 0 0 0 0 0 0 0 22 
78 04 30 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 45 10 0 ss 
78 05 01 0 0 0 0 0 0 0 0 0 I 24 21 1 0 0 0 0 0 0 0 0 0 0 0 47 
78 05 03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 8 3 16 8 6 45 
78 05 04 0 0 0 0 0 0 0 0 0 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 5 
78 05 07 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4, 7 6 1 I 0 0 0 0 17 
78 CS M 0 0 li 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 3 0 0 8 
78 05 09 0 0 0 0 0 0 0 IS 47 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 63 
78 05 18 0 0 0 0 0 0 0 0 0 0 0 0 20 3 0 0 0 0 0 0 0 0 0 0 23 
78 05 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 2 0 0 0 0 0 0 0 0 8 
78 06 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
78 06 03 0 0 0 0 0 0 0 0 0 0 0 0 2 3 2 0 0 0 0 0 0 0 64 2 73 
78 06 05 0 0 0 0 0 0 0 4 0 0 0 0 0 8 3 0 0 0 0 0 0 0 r* 0 15 
78 06 07 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 s IS 
78 06 08 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 5 34 0 0 0 3 1 0 63 
78 06 2$ 0 0 0 0 0 0 I 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 
7J 06 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
78 07 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
78 07 03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 7 
78 07 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 IS 0 0 0 0 0 IS 
78 07 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 2 0 0 12 
78 07 IS 0 0 0 0 0 0 0 0 0 0 0 0 0 28 5 so 26 1 0 0 0 0 0 0 110 
78 07 16 1 0 0 0 I 3 3 1 2 0 0 0 0 2 3 0 0 0 0 0 0 0 0 0 16 
78 07 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 4 
78 07 27 0 0 0 0 0 0 0 0 0 0 0 0 0 s 0 0 0 0 0 0 0 0 0 0 S 
78 08 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 
78 08 02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 *» 0 0 1 0 0 0 0 0 I 
78 08 03 0 0 0 0 0 5 0 0 0 0 0 0 0 0 3 4 D 0 0 0 0 0 0 0 12 
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Takl* C.«. Hourly precipitat ion data for Aataeta. OA ( c o a t . ) 

Rainfall during Indicated hours of day (hundredths of Inches) 

« HO » 1 2 3 4 5 < i 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 TOT 

78 08 04 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25 1 0 1 0 0 0 0 0 0 27 
78 08 OS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 16 
78 « 06 0 0 0 0 0 0 0 0 I z 0 0 0 6 0 0 0 0 0 0 0 0 0 0 9 
78 08 07 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 5 ? 0 0 0 0 0 0 0 7 
78 08 09 C 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 3 M 0 4 
78 08 14 C 0 0 0 0 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0 0 0 0 0 4 
78 08 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 w 2 0 0 0 0 0 0 52 
78 08 20 0 0 0 0 0 0 0 0 0 •• 0 0 0 0 0 0 0 0 0 6 0 0 0 0 6 
78 08 '.6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 I 0 0 0 0 0 0 0 4 
78 08.29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 'O 47 0 0 0 0 0 0 0 87 
7b 08 31 0 0 0 0 0 0 0 0 0 0 0 0 0 120 10 0 13 1 0 86 32 0 0 0 262 
78 09 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 
78 09 03 0 10 13 •o 77 3 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 123 
78 09 23 0 0 0 0 0 0 0 0 3 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 1 
'8 09 29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 1 1 
78 09 30 3 0 0 3 3 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 
78 10 01 0 0 0 0 3 0 0 0 0 0 0 : 0 0 0 r 0 0 0 0 0 0 0 0 3 
78 10 13 b 0 3 0 0 0 0 0 0 0 r 0 0 0 »2 12 1 0 4 0 0 0 0 2 HI 
78 10 14 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
78 11 01 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 " 0 
78 1. 07 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 13 1 2 3 2 3 27 
3 11 08 I 0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 J 0 0 1 

78 11 17 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 a 0 0 2 
78 11 27 0 0 0 0 0 0 0 4 IS 13 6 1 0 0 0 3 6 0 0 1 1 3 1 I 55 
78 11 29 0 0 1 0 0 0 0 0 1 2 13 22 24 17 9 2 16 12 11 11 3 5 3 1 153 
78 11 30 0 0 0 1 0 0 0 0 0 0 0 3 0 0 0 1 4 0 3 0 1 0 1 0 11 
78 12 01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
78 12 14 0 0 0 0 0 0 0 0 1 a 0 0 0 0 a 0 0 0 0 0 0 0 0 0 1 
73 12 05 0 0 1 2 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 
78 12 09 0 0 0 0 0 0 0 0 0 0 0 6 4 0 0 0 0 0 0 0 0 0 0 0 10 
78 12 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 s 5 
78 12 21 0 0 0 0 0 i I 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 10 
78 12 24 0 0 0 0 0 0 18 25 21 7 6 s 8 2 0 1 0 0 0 0 0 0 0 0 93 

Unlisted days had zero rainfall 



Table C.7. 

* * INPUT DATA AS READ I N * * 

BARNWELL — 40 NUCLIDES 
BARNWELL SC 

1000 4 0 1 100 2 0 0 1 
4 0 0 0 0 

• Oi • 1 1 . 0 
; 1 .130 1 0 0 2 . 2 0 

• 56 • 6 0 • 6 4 
. 6 1 • 66 • 6 4 
8 * 0 9 . 3 1 2 . 9 

2 3 . 7 1 8 . 2 1 2 . 4 
3 . 1 3 . 2 5 . 8 

1 8 . 5 12«S 6 . 7 
9 1 5 0 . 6 . 7 1 . 5 

4 3 . 3 
2 . 4 9 1 4 . 2 . 1 5 

1 . • 0 1 • 4 
• 49 7 . 7 E - 5 1 . . O E - 6 

1 2 
2 5 0 . • 22 0 . 2 7 

• 4 
9 1 4 . 

1 . 6 
• OS 

5 3 0 0 

• 19 • S3 2 4 0 . 
0 2 1 6 0 . 2 4 . 

5 0 . 6 . 4 8 . 
. 7 3 • 01S 6 0 . 

1 9 0 . 1 9 0 . 1 1 0 . 
H - 3 3 4 4 9 9 . 3 . . 4 E - 4 
H - 3 0 . 0 1 0 * 0 1 
H - 3 0 . 2 0 0 . 2 5 
C - 1 4 9 . S 9. • 5 E - 8 
C - 1 4 0 . 0 1 0 . 0 1 
C - 1 4 0 . 2 0 0 * 2 5 
MN-54 9 7 3 7 . C< . 7 E - 5 
MN-S4 I S O 1 5 0 
MN-54 0 . 2 0 0 . 2 5 

Barnwell input data set 

1 1000 

0 . 0 0 . 0 

• 65 • 65 

2 7 . 1 2 6 . 7 

2 1 . 2 2 1 . 2 

1 . 0 • 09 

0 . 4 4 3 . 3 
• 01 
0 . 0 

1 0 1000 100 0 0 

1.0 1 . 0 0 . 0 
3 3 . 2 

• 7 0 . 6 8 . 6 5 
• 6 9 

1 8 . 0 2 2 . 3 2 5 . 9 
8 . 4 

1 0 . 3 1 5 . 5 1 9 . 2 
2 . 6 
0 . 4 2« 0 

2 5 0 * 3 0 . 4 0 . 4 4 3 . 3 g 
• 01 8 0 0 0 . 300* . 0 1 *> 

- . 1 5 l . O E - 1 1 0 . 0 

• 30 «30 1 .0 
3 0 5 * 0 0 . 0 1 

. 0 0 2 1 7 2 0 . 1 4 4 0 . 
1 4 4 0 . 3 3 6 . 3 3 6 . . 7 7 . 9 4 

9 6 . 4 8 0 . 9 . 9 1 . 
8 . 5 0 . 
0 . 9 5 . 3 7 0 * 8 0 0 0 . 7 0 3 3 . 

0 0 5 . 6 4 E - 2 
0 . 0 1 0 . 0 1 

4 . 8 E - 0 4 . 8 E - 0 1 . 0 E - 2 1 . 7 E - 1 1 . 2 E - 2 
1 . 2 1 E - 4 

0 . 0 1 0 . 0 1 
5 . 5 E - 0 5 . 5 E - 0 1 . 2 E - 2 l . O E - 1 3 . 1 E - 2 

0 0 8 . 0 9 E - 1 1 .5E+2 
ISO 150 

2 . 5 E - 1 5 . 0 E - 9 7 . 5 E - 4 2 . 5 E - 4 8 . 0 E - 4 
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D.l GENERAL DESCRIPTION OF H E SITE* 

D.l.l Location and cliaate 

The Beatty low-level waste site is located 16 kn south-southeast of 
Beatty, Nevada, and 29 ka northwest of Lathrop Wells, Nevada. The site is 
in the Aaargosa Desert and lies in the Basin and Bange physiographic 
province whieh is characterised by broad, open, relatively flat-floored 
valleys separated by ragged aountain ranges. At the site the valley tends 
northwesterly. 

The area surrounding the disposal site gently slopes towards the south 
or southeast. Regional slope is about 6-8 n/kn. Precipitation in the area 
is very saall, averaging about 17 ca per year. Most of the annual 
precipitation cones in relatively high-intensity short suwaer 
thunderstorns. The rainfall profile is very erratic with little or no 
sustained rainfalls in the region. The relatively high teuperatures and 
low rainfall "suggests that virtually all precipitation is susceptible to a 
rapid return to ataosphere as water vapor." 

The area nearby the site is virtually uninhabited. The villages of 
Beatty and Lathrop Wells are the nearest populations. Las Vegas, 140 ka, 
southeast of the site is the nearest aetropolitsn area. 

D.l.2 Geology and soils 

Unconsolidated deposits of gravel, sand, silt, and clay fora the 
valley floor in the Aaargosa Desert The thickness of this aaterial has 
been tested by drilling only at a lew places, but the aaziaua thickness is 
at least 175 a. A definite stateaent regarding the thickness of the valley 
fill cannot be aade, but based on drilling at the Nevada Test Site the 
relief on the bedrock surface aay be rugged, and consequently abrupt 
changes in the depth to bedrock could be expected. Other types of bedrock 
beneath the fill of the Aaargosa Desert probably include sandstone, 
siltstone, congloaerate, doloaite, liaestone, stile, phyllite, schist, and 
aarble. The rocks have been classified as the Kjpsh Foraation, Stirling 
Quartzite, and Bonanza King Foraation. Thin dikes of brown or reddish 
brown rhyolite porphyry and dscite or rhyodacite porphyry also aty occur 
beneath the valley fill, but probably to a lesser degree. 

The aost significant feature of the bedrock units is that although 
they are dense, hard, and inherently iaperaeable, they do contain 
liaestone, doloaite, and aarble strata which aay develop permeability by 

•Unless otherwise noted, information in this sppendiz was found 
in Clebsch (1968). 
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solution. These rook also have been fractured and faulted during recent 
intensive tectonic activity. Test drilling on the Nevada Test Site has 
shown that similar bedrock units transmit substantial quantities of water 
through fractures ted possibly solution channels, and there is no reason to 
believe that the bedn-ck beneath the Amargosa Desert dess not also transmit 
water. However, water in the bedrock beneath the Beatty site is at great 
depth and greatly confined. 

The valley fill has been derived from the weathering of adjacent hills 
and mountain ranges. Its lithologic composition, grain size, and other 
physical characteristics are highly variable. Available information on the 
alluvial '"ill at the site indicates that the sediments are in general 
poorly sir'id mixtures of fine and coarse grained materials such as clay 
and boulde s or clay and gravel. Host of the material is thus interpreted 
to be a langlomerate, similar to the material exposed on the surface. Tw*. 
interesting intervals, however, are primarily clay or fresh-water limestone 
altered to clay, indicating deposition in still water, such as a lake. The 
clay layer from 81 to 99 m has considerable hydrologic significance. 

D.1.3 Hydrology 

There aie very few wells around the Beatty site and. therefore, 
groundwater occurrence and behavior is poorly known. Prior to opening of 
the site only two wells into the saturated zone were known within 13 km of 
the site. Nevertheless, information derived while surveying and operating 
the site indicate the average direction of flow to be southeast from the 
site for about 16 km. Following that, the flows are more southerly. The 
two nearest producing wells down-gradient from the proposed site are 
reported to be approximately 22 and 27 km east-southeast and south-
southeast of the site. The nearer well is near the site of Leeland, 
Nevada, and enters an aquifer about 45 n below the surface. The well 27 km 
from the site is 170 • deep and is ust.d for irrigation. 

There are no perennial streams or rivers within 16 km of the Beatty 
site. The Amargosa River channel, although dry, is the principal drainage 
channel. This river bed passes to within 3.5 km of the disposal site. 

I).; INPUT VARIABLES FOR PRESTO-II 

D.2.1 Options or control variables 

Most input variables on the first four data cards aie for code control 
or option selection (see Table D.l). The operation and logic of each of 
these variables is discussed in the data section of the report. Sect. 3.3. 
All code variables are defined ia Table 3.1, 



405 

D.2.2 Site—description variables that are well-known 

As with the Barnwell data set. Appendix C, son* input data describing 
Beatty are well known and not likely to change greatly. 

Noncontrol variables which are considered well known include the 
following (refer to Table D.l): TABEA (trench area). TDEPTH (trench depth). 
W E E (overburden), DTBAQ (trench to aquifer depth). all variables on cards 
IS and 17. BDENS (soil bulk denaity). SAIEA (area of contaminated surface 
soil), and the radiological decay rate. Beferences or notes on calculation 
are given for each of these in Table 0.1. 

D.2.3 Badionuclide-independent variables that are poorly known 

A nuaber of the input variable* listed in Tables 3.1 and D.l are 
poorly known or taken frost liaited data; that is to say. there nay be a 
large amount of variation associated with the value listed in Table D.l. 
This is in spite of the fact that the values listed have been taken from 
referencable sources. This section will briefly describe the variation or 
sources of variation expected in each of these variables as listed in 
Table D.l. 

WAIL. Fraction of total irrigation water taken from well. The 
referenced value is a state average of groundwater use as a fraction of 
total water use for 1970. Value may vary over time and across state. The 
range in the United States is from 0.01 (West Virginia) to 0.83 (Kansas). 
The most common United States range is 0.10-0.25. 

PORA,POST,FOBS. Porosity of aquifer, trench, and surface region. In 
Table D.l. these values are equal to each other. This is likely incorrect 
for PORT, the porosity used both within the trench. If total trench were 
tightly compacted, the value could be much lower. More likely situation is 
that trench contents are variably porous due to heterogeneous materials and 
voids. Clebsch (19(8) seems somewhat uncertain about the porosity. Be 
ststes that "the porosity of 201 is a reasonable value for material of this 
type, but it might be ss low as 101..." Nevertheless, it seems clear that 
the aquifer porosity should be relatively low. 

PEBMV. Permeability of trench bottom, permeability of surface region. 
The referenced value is probably reasonable for surface region, but as with 
porosity, the permeability inside trench is probably extremely 
heterogeneous. 

DEN00N. Density of the trench contents. The listed value is an 
assumption. For waste naterials such as cardboard, clothing, glores, and 
soil, assuming few voids, the number may be reasonable. Bowever, given 
uizeable voids or large masses of highly dense materials, the value listed 
is probably too small. Could range as high as 10. 
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RELFAC. User-option annual release fraction for activity leaching 
froa trench. Has been estiaated (Dole and Fields, 1981) for at least three 
sites: Savannah River Plant (10 ), Oak Ridge National Laboratory (10 ). 
and test Valley (2.5 x 10~ ) . Probably not constant fron eleaent to 
eleaent. 

DTRAQ, DWELL. Depth froa trench bottoa to aquifer, distance froa 
trench to well. Clebsch (1968) describes the locations of the two nearest 
producing wells. The nearer well is 22 ka distant and draws water froa an 
aquifer 240 • below surface. The farther well is 27 ka away and puaps froa 
a depth of 912 a. The listed value of DTRAQ is set conservatively froa 
these add other information in Clebsch (1968) as is the value of DWELL. 

GWV. Groundwater velocity. Referenced value froa C. T. Hung, 
Personal Coanunication to Jon Broadway, March 18, 1983. 

AQTHK. Thickness of the aquifer, used fo- iiution calculations. For 
Beatty depends on the aquifer and the location at which thickness is 
measured. The value in Table D.l is based on the discussion by Clebsch 
(1968) which seeas to indicate that aquifer thickness nay vary froa 4.3 to 
10.4 a. 

AQDISP. Angle of pollutant dispersion in the aquifer pluae. The 
value in Table D.l is an assumption. AQDISP is obviously a function of 
rate of flow, porosity, and permeability. 

Card 19. Factors for use in the Universal Soil Loss Equation. Values 
listed in Table D.l were calculated as prescribed by McElroy et al. (1976). 
However, the methods of McElroy et al. are generalized for large sections 
of the country. More detailed methods might yield more precise value. 
Except for RAINF, all factors vary only from 0-1. RAINF ranges froa 20 to 
350, nationwide. Range in the area of southern Nevada appears to be about 
15-20. The sediment delivery ratio (SEDELR) was set 1.0 because it is 
intended for use around construction sites, an assumption not justified 
after the trench has been closed and reseeded. 

ADEPTH. The active depth c * the surface soil, used to calculate soil 
and water radionuclide concentration as a result of overflow. Values in 
the table are assumed, fe found no reference for depth of subsurface 
runoff, etc., to substantiate ADEPTH, but it can reasonably be set to -low 
depth, nominally 15 cm. It is unlikely that ADEPTH would approach 1 m. 

RUNOFF. Fraction of annual precipitation that runs off. The 
referenced value is probably too large. Jack Robertson of USGS (personal 
coaaunication) estimates no runoff on the average. Listed value is set 
at 0.05. 
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D.2.4 Kadionnclide-speeific parameters that a** poorly known 

ISAM. Initial inventory of each radionuclide. The waives in 
Table D.3 for Beatty are simply the merger of the indicated values for 
Barnwell and West Valley. If both Barnwell and fest Valley had an 
inventory of a given radionuclide, the larger of the two were used for 
Beatty. We know of no referenceable radionuclide inventories for Beatty. 

KD. See discussion, in. Appendiz C.2. 
SOAM. See discussion in Appendiz C.2. 
SOL. See discussion in Appendiz C.2. 
BR, BV. See discussion in Appendiz C.2. 
FMC, FMG. See discussion in Appendiz C.2. 
FF. See discussion in Appendiz C.2. 

D.3 ADDITIONAL SUPPORTING INFORMATION FOR INPUT DATA SET 

Table D.2 lists the mean annual wind direction frequencies and true-
averaged wind speeds Jackass Flats, Nevada. These or siailar data should 
be used to calculate CHIQ for input. 

Table D.3 lists population determined by the 1980 Census for a polar 
grid surrounding the Beatty site. 

Table D.4 lists 1978 hourly precipitation for the Beatty, Nevada, Site 
260718. 

D.4 INPUT DATA SET 

Table D.5 lists the Beatty input data set. 
This Appendiz has described an ezaaple simulation performed using data 

believed representative of Beatty, Nevada; however, nany site parameters 
vary significantly within the site itself. Soil parameters, hydrologic 
parameters, and local radionuclide waste composition aay vary greatly, yet 
transport and ezposure scenarios are based on regional data and assumptions 
representative of a large area. Radionuclide inventories are primarily 
based on estimates of waste coaposition for different sites, and are used 
solely to construct an ezaaple data set. These considerations, together 
with the caveats offered in the Ezecutive Suaaary and in Chapter 1, suggest 
that the results presented here must be interpreted as estiaates of 
transport at the site, and that these estiaates contain significant 
uncertainties. 
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Table D.l. Iapat date fox Beatty, Newcda; refer to Tabl? 3.1 
for format* aad defiaitioaa of Tariables 

Card 
aaaber Variable Valae Kefereace or aote 

1 TITLE 
2 LOCATE Beatty NV 
3 MAXTR 1000 

NONCLD 40 
LEAOPT 2 
NMI 100 

NIK2 

PCT2 

200 

IOPYfY 1 
IOPSAT 1 
IPKT1 0 
IPRT2 1000 
UtELT 100 
HKES1 0 
ISRES2 0 
LIND 1 
IAV61 1 
IAV62 1000 
IVAP 4 
IBSKT 0 
IAQSTR 0 
pen 0.01 

0.1 

WAIL 1.0 
WATA 1.0 
WAIH 1.0 
SAIL o.o 
SATA 0.0 
SATH 0.0 
PPN 0.171 
P 898.83 
XIRR .646 
PHID 36.83 
S .68 

0.70 
0.72 
0.73 
0.78 
0.85 
0.81 

User optioa 
User optioa 
User optioa 
Mast be 40 or less 
User optioa 
Persoaal Coaaraaicatioa, C. T. Haag 
to J. Broadway to D. E. Fields, 
March 18, 1983 
Persoaal Coasmaicatioa, C. T. Baag 
to J. Broadway to D. E. Fields, 
March 18, 1983 
User optioa 
User optioa 
User optioa 
User optioa 
User optioa 
Usex optioa 
User optioa 
User optioa 
User optioa 
User optioa 
Usex optioa 
Usex optioa 
Usex optioa 
Persoaal Coasnuticatioa, C. T. Haag 
to J. Broadway to D. E. Fields, 
March 18, 1983 
Persoaal Coaamaieatioa, C. T. Haag 
to J. Broadway to D. E. Fields, 
March 18, 1983 
User optioa 
User optioa 
User optioa 
User optioa 
User optioa 
Usex option 

0.84 
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Table D.l. (coatinmed) 

Card 
nnaber Variable Valme Kefereace or note 

8 0.86 
0.79 
0.70 
0.70 

9 T -0.6 
2.1 
5.2 
10.1 
15.2 
19.9 
24.7 
23.6 

10 18.9 
12.3 
5.1 
0.6 

11 ID -8.9 
-6.9 
-7.6 
-4.6 
-3.2 
-1.7 
2.7 
3.3 

12 -1.4 
-3.4 
-5.7 
-7.2 

13 TAEEA 1.8E4 Morton (1968) 
TDEPTH 6.7 Morton (1968) 
OVER 1.2 Morton (1968) 
rorr 0.2 Clebtch (1968), p. 91; aet saae 

aa aoil 
DENCON 2.0 As sued 
SELFAC 0 User option 
FN 0.5 
XINFL 0.41 Calculated 
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Table D.l. (continued) 

Card 
nnaber Variable Value Reference or note 

14 PERHC 154 
15 DTRAQ 84 Clebsch (1968), p. 87 

NELL 6700 Clebsct (1968). p. 88 
GfV 182 Personal Coaannication, C. T. Hung 

to J. Broadway to D. E. Fields, 
March 18. 1983 

AQTHI 4.3 Clebsch (1968). p. 88 
AQDISP 0.3 As sued 
PORA 0.2 Clebsch (1968) 
PORV 0.2 Clebsch (1968) 
PERMV 154 Clebsch (1968) 

16 B 1.0 Assnaed 
VG 0.027 Calculated frost particle sizes 
U 4.48 Jackass Flats meteorology; 

National Cliaatic Center 
VD 0.027 Equal to VG 
XG 16,800 Clebsch (1968) 
HLID 300 Assnaed 
ROUGH 0.01 Generic value 

17 FTWIND 0.056 Jackass Flats aeteorology; 
National Cliaatic Center 

CHIQ 7.0E-9 Coapnted with external code, 
AIRDOS-EPA, Moore et al. (1979) 

RE1 1.0E-4 Anspangh et. al. (1975) 
KE2 -0.15 Anspangh et. al. (1975) 
RE3 l.OE-9 Anspangh et. al. (1975) 
RR 0 User option (>0 when farming) 
FTMECH 0 User option (>0 when faraing) 

18 IT 1 User option 
IS 4 Jackass Flats aeteorology; 

National Cliaatic Center 
19 RAINF 20 McElroy et al. (1976*), 

p. 44, Fig. 3.2 
ERODF 0.5 McElrcy et al. (1976), 

p. 46, Table C.2 
STPLNG 0.26 McElroy et al. (1976), 

Fig 3.8 
COVER 0.30 McElroy et al. (1976), 

Table 3.3 
CONTRL 0.40 McElroy et al. (1976), 

Table 3.7 
SEDELR 1.0 Assnaed; see McElroy 

et al. (1976), p. 60-68 
20 PORS 0.1 Clebsch (1968), p. 90 

BDENS 1.6 Assoaed 
STFLOW 2000 Clebsoh (1968), p. 73 
EXTENT 180 User option; set to trench 

ADEPTH 
length x 10 

0.01 Assuaed - user option 
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Table D.l. (continued) 

Card 
amber Variable Valve Reference or note 

21 PD 3000 Clebsch (1968). p. 73 
RUNOFF 0.05 Jack Robertson, 

(personal coann 
USGS 

mication) 
22 11 0.04 Sbor, Baes, and [ Sharp, 

Appendix C (1982) 
T2 0.76 Skor, Baes, and fnarp. 

Appendix B (1982; 
PP 240 Assented 15 em plow deptk 
IAWWE 0.0021 USNRC (1977) 
TBI 720 Generic, USNRC 

Table E-15 
(1977). 

TB2 1440 Generic, USNRC 
Table E-15 

(1977), 

23 TH1 0 Generic, USNRC 
Table E-15 

(1977). 

TH2 2160 Generic, USNRC 
Table E-15 

(1977). 

TE3 24 Generic, USNRC 
Table E-15 

(1977). 

TB4 1440 Generic, USNRC 
Table E-15 

(1977). 

TH5 336 Generic. USNRC 
Table E-15 

(1977), 

TH6 336 Generic, USNRC 
Table E-15 

(1977), 

FP 0.47 Sbor, Baes, and 
(1982) 

I Sharp 

FS 1.0 Shor, Baes, and Sharp 
(1982) 

24 QFC 50 Generic, USNRC 
Table E-15 

(1977), 

QFG 6 Generic, USNRC 
Table E-15 

(1977), 

TF1 48 Generic, USNRC 
Table E-15 

(1977), 

TF2 96 Generic, USNRC 
Table E-15 

(1977), 

TS 480 Generic, USNRC 
Table E-15 

(1977), 

ABSH 4.4 State average; Etnier (1980) 
P14 1.0 Assnaed 
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Table D.l. (continued) 

Card 
nasd>er Variable Valme Reference or note 

25 

26 

FI 0.65 
WIBATE 0.114 

QCf (0 
QGV 8 
out 50 
DLEAFT 190 
UPEOD 190 
UCKILK 110 
UGHLX 0 
DMEAT 95 
UIAT 370 
UAIK 8000 
FOP 2000 

27+ 

Growlag teasoa length/8760 
Estimated frost Baes 
et. al. (1982) and TV 
Generic. USNKC (1977) 
Generic, USNKC (1977) 
Generic, USNKC (1977) 
Generic. USNKC (1977) 
6eneric. USNKC (1977) 
Generic. USNKC (1977) 
Generic. USNKC (1977) 
Geaoric. USNRC (1977) 
Generic. USNKC (1977) 
Generic. USNKC (1977) 
1980 Censns; Dnrfee 
(personal coasranication) 
see Tables C.3 and C.4 
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Table D.3. Population distribution by dlstanoe and direotion for Beatty. NV 
Diatanoe froai site trench (tap 

DIR 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-101 
N 9 14 16 19 5 0 1 2 6 10 

NNB 9 17 16 19 6 1 2 4 7 7 

NE 10 21 21 26 28 17 19 20 20 22 

ENE 8 25 31 32 38 44 33 41 50 55 

E 10 30 90 50 62 55 54 49 67 69 

ESB 8 26 40 52 74 92 174 231 252 500 

SB 10 25 41 55 69 106 148 204 247 267 

SSE 10 27 37 SO 61 87 105 86 69 62 

S 10 25 44 50 56 78 66 50 23 68 

SSI 10 23 39 38 44 55 52 24 8 103 

sw 8 28 25 33 41 49 45 32 23 62 

vsw 8 17 24 31 44 51 46 40 43 49 

f 11 16 11 15 22 33 24 16 24 21 

WNW 7 12 5 3 8 3 11 10 7 16 

NV 7 13 8 2 1 2 5 8 11 18 

NNV 9 14 15 15 2 1 6 9 11 18 

Total 144 335 412 290 561 674 791 826 868 1347 
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E.l GENERAL DESCSIPTICN OF THE SITE* 

E.l.l Locatioa sad climate 

The test Valley disposal groaad is ia Western New York 
approximately 55 km soath-soatheast of Baffalo, New York, ia Cattaraagas 
Coaaty. The aearest Tillage is Spriagville, aboat 2.5 ka aorth of the 
aorthexn site boaadaxy. The low-leTel waste disposal groaad is part of 
a larger site kaowa as the Western New York Naclear Service Ceater 
(WNYNSC). 

The WNYNSC is located oa a relatively level plateaa jast soath of 
Cattaraagas Creek. Hills boaad the site oa all sides bat the aorth. 
Batterailk Creek* a tribatary of Cattaraagas Creek, has cat a valley 
throagh the ceater of the plateaa to a depth of aboat 30 a oa the 
eastern boaadary of the plaat site. The valley walls of Batterailk 
Creek aad its tribataries are steep aad badly eroded ia places. The 
WNYNSC eacoapasses 1350 ha of which the low-level waste disposal site 
inclades 10 ha. 

The regioa sarroaadiag West Valley is haaid aad greatly iaflaeaced 
by the preseace of Lakes Erie aad Oatario withia 80 ka. Precipitatioa 
(over 1.0 • per year) is evenly divided throaghoat the year, with heavy 
saowfall associated with cold air passage over Lake Erie. Wiads at the 
site are generally froa west sad soath, aad relatively stroag (speeds of 
4-8 a/s occar 59% of the tiae). The aeaa aaaaal teaperatare of the site 
is 1.1*C with Jaly beiag the waraest aoath (21.2*C) aad Jaaaary the 
coldest (-4.4»C). 

The area aroand the disposal site has a low popalatioa density. 
The 1976 estimated population of Cattaraagas Coaaty was 86,000. 

E.l.2 Geology and soils 

The West Valley site is ia the Glaciated Allegheay portions of the 
Appalachian Platean physiographic proviace. The regioa is overlain by 
variable thicknesses of glacial deposits above Paleozoic sediaeatatioa 
rocks. These strata dip slightly to the south (4-8 a/ka). The 
combination of a tending northward erosion slope aad soathward dip has 
exposed several different formations in eontigaoas, irregalsr east-west 
baads. 

The bedrock of the region is generally overlain by aaconsolidated 
glacial and glacially related deposits consisting of till, saad, gravel, 
silts, and clays. Till consists of ground rock fragaeats coataining 
cobbles and pebbles. At the WNYNSC, these deposits rang* in depth to 
170 a. The aineralology of the tills reseable that of the Paleozoic 

*Unless otherwise noted, information in this section is froa USD0E 
(1978) or Giardina et al. (1977). 
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rocks that were once exposed to glacial action in the region. The clay 
and silt fractions are dominated by quartz, nica, and chlorite; lesser 
snouts of calcite and dolomite are detectable in the silt fraction. 
Soils of the area nay be described by three general descriptions: fill* 
jointed-fractnred weathered till, and unweathered till. Fill is silty. 
moist, gray and brown mottled, with firm to soft consistency. The 
jointed-fractnred weathered fill is tough, homogeneous brown with 
scattered gravel bits, baring joints and fractures throughout, 
Unweatherod till is gray in color, plastic clay, with scattered gravel, 
occasional buff-colored spots and some pebbles. Sand lenses* may be 
encountered variously in places throughout the till. 

Both USDOB (1978) and Giardina et al. (1977) hare much more 
detailed and scholarly descriptions of the geology and soils of the West 
Valley region and site. 

E.l.3 Hydrology 

The West Valley site is underlain by three, or possibly four, 
aquifers. The top aquifer ranges from 0-6 m thick and consists of 
granular fluvial materials which are found on the surface of much of the 
site. This aquifer is "probably charged by surface infiltration that is 
prevented from further downward migration by the underlying, 
impermeable, silty till" (USDOB, 1978). The aquifer crops out in marshy 
areas and ai iis edges of erosirn gullies from streams within the site 
boundaries. Therefore, groundwater from the top aquifer is discharged 
as surface drainage within the site boundary. 

The second aquifer is a thin sand layer about 5 m below grade. It 
is confined above and below by impermeable fill; water level is 1.5 to 
5 m above the level of the aquifer, lae third aquifer is confined in a 
range of 31.4 to 37.8 m depth and consists of pebbly to silty sand. The 
last aquifer occurs in a weathered and fractured zone at the top of the 
shale bedrock. This aquifer may produce usable quantities of water even 
though it has relatively low permeability. The depth of this aquifer 
varies greatly because of the buried bedrock valley that underlies the 
site area. 

The site is drained of surface water by Cattaraugus Creek and 
Buttermilk Creek, its tributary. Cattaraugus Creek flows generally 
westerly and empties into Lake Erie about 65 km downstream. Buttermilk 
Creek is the major surface drainage system of the West Valley site. 
Although it originates south of the WNTNSC, the lower portions of 
Buttermilk Creek, including its confluence with Cattaraugus Creek, are 
completely within the site boundary. The mean annual flow of the 
Cattaraugus Creek part of the site is about 3.| z 10 m /yr of wh'.ch 
Buttermilk Creek contributes about 4.1 z 10 m /yr. 

A more detailed description of the groundwater and surface 
hydrology is given by both USDOE (1978) and Giardina et al. (1977). 
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E.2 INPUT VARIABLES FOR PRESTO-II 

E.2.1 Options or control variables 

Most of the input variables on the first five data cards are for 
code control or option selection (see Table B.l). The operation and 
logic of each of these variables is discussed in the data section of the 
report. Sect. 3.3. All code variables are defined in Table 3.1. 

E.2.2 Site-description variables that are well known 

As with the Barnwell and Beatty site data bases discussed earlier, 
soae of the input data describing the site are very well known and will 
neither change greatly nor largely affect predictions. 

Noncontrol variables which are considered well-known include the 
following (refer to Table E.l): TABEA (trench area), TDEPTH (trench 
depth). OVER (overburden), all variables on cards 16 and 18, BDBNS (soil 
bulk density). STFLOW (stress flow), SAREA (area of contaminated surface 
soil), and the radiological decay rate. References or notes on 
calculation are given for each of these in Table E.l. 

E.2.3 Radionuclide-independent variables that are poorly known 

A number of the input variables listed in Tables 3.1 and E.l nay 
have a large uncertainty associated with the value listed in Table E.l. 
This section will briefly describe the variation ox source of variation 
expected in each of these variables ts listed in Table E.l. 

1ATL. Fraction of total irrigation water taken from well. The 
referenced value is a state average of groundwater use as a fraction of 
total water use for 1970. Value nay vary over tine and across state. 
The mixture and poor quality of aquifers existing near the West Valley 
site would seen to make this parmeter value even nore uncertain. The 
U.S. range is froa 0.01 (West Virginia) to 0.83 (Kansas). The most 
common U.S. range is 0.10-0.25. 

P0RA. PORT, PORS. Porosity of aquifer, trench, and surface region. 
PERMV. Permeability of trench bottom. The listed value in 

Table E.l is from C. T. Bung, Personal Communication to Jon Broadway, 
March 18, 1983. 

DEN CON. Density of the trench contents. As with other sites the 
value listed is strictly an assumption. For waste materials such as 
cardboard, clothing, gloves, and soil, assuming few voids, the number 
may be reasonable. Bowever, given sizeable voids or large masses of 
highly dense materials, the value listed is probably too small and could 
range as high as 10. 

RELFAC. User-option annual release faction for activity leaching 
from trench has been estimated (Dole and Fields, 1981) for at least 
three sites: Savannah River Plant (10~ ), Oak Ridge National Laboratory 
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(10 )» and West Valley (2.5 z 10 ). These rallies are probably not 
constant between elements. 

DTRAQ. T- xh bottoa to aquifer depth. The listed value in 
Table E.l ia froa C. T. Hung, Personal Comnunication to Jon Broadway, 
March 18. 1983. 

GOT. Groundwater velocity. The referenced value ia froa a series 
of coapmter simulations of the West Valley aite. For this site, the 
value used for G¥V is likely not very important due to the iaperaeable 
strata that ainiaize infiltration. 

AQTHK. Thickness of the aquifer, used for dilution calculations. 
Por West Valley, depends on the aquifer chosen for transport and the 
location at which thickness is measured. The value in Table E.l ia 
based on the second aquifer deacribed by USDOE (1978). 

AQDISP. Angle of pollutant dispersion in the aquifer plume. The 
value in Table E.l ia strictly an assumption, since AQDISP is very much 
a function of flow rate, porosity, and permeability. Because of slow 
flow rates, the value is probably larger for West Valley than for other 
sites. 

Card 19. Factors for use in the Universal Soil Loss Equation. 
Values listed in Table B.l were calculated as prescribed by McElroy 
et al. (1976). However, the methods of McElroy et al. are generalized 
for large sections of the country. More detailed methods might yield 
more precise values. Except for KAINF, all factors vary only from 0-1. 
RAINF ranges from 20-350, nationwide. The value of RAINF in western 
New York is roughly 90-100. The sediment delivery ratio (SEDELR) was 
aet to 1.0 because it is intended to be used around large construction 
sites, an assumption that ia not justified after the trench has been 
closed and reseeded. 

ADEPTH. The active depth of the surface soil used to calculate 
aoil and water radionuclide concentrations as a result of overflow from 
trench. Value in table is assumed. The value of ADEPTH could 
reasonably be aet to plow depth, nominally 15 cm. It is unlikely that 
ADEPTH would approach 1 m. At West Valley, the impermeable soils may 
result in a much smaller active region ezcept for the shallow water 
table aquifer which leads to surface discharge. 

E.2.4 Radionuclide-apecific parameters that are poorly known 

TRAM. Initial inventory of each radionuclide. Values in Table C.3 
tot West Valley are sore accurate than values for Beatty, i.e., better 
records were kept for the West Valley site. Nevertheless, the 
West Valley inventory data are probably incorrect becauae they are baaed 
on broadly classed groups of radionuclides and not actual measurements 
of materials received. By examining the shippers/generators of the 
waste materials, in detail, the West Valley inventory eatimate could be 
improved but not perfected. 
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ED. See disons*ion in Appendix C.2. 
SOAK. See disonssion in Appendix C.2. 
SOL. See discretion in Appendix C.2. 
BR, BY. See disonssion in Appendix C.2. 
PMC, FIB. See disonssion in Appendix C.2. 
FF. See disonssion in Appendix C.2. 

E.3 ADDITIONAL SUPPORTING INFORMATION FOK INPUT DATA SET 

Table B.2 lists the nean annual wind direction frequencies and 
true-averaged wind speeds fox tne metropolitan Buffalo, Mew York, 
airport. These ox siailar data should be used to oaloulate CHIQ for 
input. 

Table B.3 lists population determined by the 1980 census for a 
polar grid surrounding the West Valley site. 

Table B.4 lists 1978 hourly precipitation for the weather station 
at Salamanca, New York. 

E.4 INPUT DATA SET 

Table E.5 lists the West Valley input data act. 
This Appendix has described an example siaulstion performed using data 

believed representative of West Valley, New York; however, many site 
parameters vary significantly within the site itself. Soil parameters, 
hydrologic parameters, and looal radionuclide waste composition may vary 
greatly, yet tranaport and exposure soenarios are based on regional data 
and assumptions representative of a large area. Radionuclide inventories 
are primarily based on estimated waste composition, rather than measured 
values. These considerations, together with the caveats offered in the 
Executive Summary and in Chapter 1, suggest that the results presented here 
must be interpreted as estimates containing significant uncertainties. 
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Tabla B.l. Input data for faat Vallay, Naw Tork, rafar to labia 3.1 
for foraata aad dafiaitions of rariablas 

Card 
naabar Variabla •alaa lafaranea or aota 

1 TITLE Uaar option 
2 LOCATE faat Vallay, NT Uaar option 
3 HAITI 1000 Uaar option 

NONCLD 40 Maat ba 40 or lata 
LEAOPT 2 Uaar option 
N T H 100 Paraoaal Co—anicatlon, 

C. T. Hang to J. Broadway 
to D. B. Fialda, 
March 18, 1983 

NTE2 200 Paraonal Coannnieation, 
C. T. Bang to 7. Broadway 
to D. E. Fialda, 
March 18, 1983 

IOPVWV 1 Uaar option 
IOPSAT 1 Uaar option 
IFBT1 0 Uaar option 
IPBT2 1000 Uaar option 
IDELT 100 Usar option 
IMES1 0 Uaar option 
HSBS2 0 Uaar option 
LINO 1 Uaar option 
IAV01 1 Uaar option 
IAVG2 1000 Uaar option 

4 I?AP 4 Uaar option 
IBSMT 0 Uaar option 
IAQSTR 0 Uaar option 

5 PCT1 0.1 Paraonal Coagannieation, 
C. I. Bang to J. Broadway 
to D. E. Fialda, 
March 18. 1983 

PCT2 0.2 Paraoaal Coaaranieation, 
C. T. Bang to J. Broadway 
to D. E. Fialda, 
March 18, 1983 

WAIL 1.0 Usar option 
WATA 1.0 Uaar option 
WATH 1.0 Usar option 
SAIL 0.0 Uaar option 
8ATA 0.0 Usar option 
SATE 0.0 Usar option 
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Ttbl* B. l . (eontimwd) 

VariaMa Vain* Raforoao* or mot* attibar 

10 

11 

12 

PPM 1.178 
P 966.93 
lit* 0.152 
PIID 42.25 
8 0.35 

0.40 
0.47 
0.53 
0.58 
0.66 
0.68 
0.65 
0.59 
0.51 
0.30 
0.28 

T -4.4 
-4.0 
0.3 
7.3 
13.0 
18.7 
21.2 
20.1 
16.5 
11.0 
4.5 
-2.0 

TD -6.8 
-6.9 
-3.6 
1.8 
7.4 
12.9 
15.2 
15.2 
11.6 
6.3 
0.7 
-4.8 
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Table E.l. (oontinued) 

Card 
•nbit Variable Vain* Reference or note 

13 TAREA 41500 

TDBPTH 6.7 
OVER 2.4 
FORT 0.25 

DENOON 2.0 
RELFAC 0 
FN 0.1 
UNFIL 0.05 

14 PBEMC 1.488 
IS DTSAQ 31 

DWELL 6500 
GWV 0.03 
AQ1BX 6.4 
AQDISP 0.3 
PORA 0.25 
PORV 0.25 
PERN 0.01! 

16 

17 

H 1.0 
VG 0.01 

U 4.2 
VD 0.01 
IG 6500 
HLID 300 
ROUGH 0.01 
FTfIND 0.049 
CHIQ 7.9E-9 

Personal Coamnioatioa, 
C. I. Hung to J. Broadway 
to D. E. Fielde, 
March 18, 1983 
Kortoa (1968) 
Morton (1968) 
Clebaeh (1968), p. 91u 
•at saae a* toil 

Aesamed 
Uaar optioa 
Uaar optioa 
Calculated 
Aasuaed 
Personal Coaaunication, 
C. T. Hung ice J. Broadway 
to D. E. Fialda, 
March 18. 1983 

A* timed 
Prudic (1981) 
USDOE (1978), p. 2-10 
Assumed 
Giardiaa et al. (1977), p. 100 
Giardiaa et al. (1977), p. 100 
Personal Comasicatioa, 
C. 7. Hang to J. Broadway 
to D. E. Fields. 
March. 18, 1983 
Aescaed 
Calculated fro* particle sizeeu 
Giairdina et. at (1977), p. 103 
Buffalo, NT meteorology 
Equal to VG 
Clebach (1968) 
Assuaed 
Generic value 
Buffalo, NT meteorology 
Conputed with external code, 
AIRDOS-EPA Moore, 
et. al. (1979) 
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Table E.l. (continued) 

Card 
nuaber Variable Value Reference or note 

1E1 1.0B-6 Anspaugh et. al. (1975) 
SE2 -0.15 Assuaed lower than 

Anspaugh et. al. (1975) 
SE3 1.0E-10 Assuaed lower than 

Anspaugh et. al. (1975) 
KR 0 User option >0 when 

faraing) 
FTMECH 0 User option >0 when 

faraing) 
18 IT 1 User option 

IS 4 Buffalo, NY aeteorology 
19 RAINF 100 McElroy et «1. (1976), 

p. 44, Fig. 3.2 
ERODF 0.19 McElroy et al. (1976), 

p. 46, Table C.2 
STPLNG 0.42 McElroy et al. (1976), 

Fig 3.8 
COVER 0.30 McElroy et al. (1976), 

Table 3.3 
CONTSL 0.50 McElroy et al. (1976). 

Table 3.7 
SEDELR 1.0 Assuaed, see McElroy 

et al. (1976), p. 60-68 
20 PORS 0.25 Giardina et at. (1977), 

p. 100 
BDENS 1.6 Assuaed 
STFLOt 4 0E7 OSDOE (1978), p. 2-10 
EXTENT 244 Set to aaxiaua trench length 
ADEPTH 0.1 Assuaed 

21 PD 380 Calculated froa aap 
in USDOE (1978) 

RUNOFF 0.53 Geraghty et. al. 
(1973), p. 21 

22 Yl 0.14 Shor, Baes, and Sharp, 
Appendix C (1982) 

Y2 0.56 Shor, Baes, and Sharp, 
Appendix B (1982) 

PP 240 Assuaed 15 ca plow depth 
XAMBVE 0.0021 USNRC (1977) 
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Table E.l. (continued) 

Card 
number Variable Value Reference or note 

23 

24 

25 

TEL 720 

TE2 1440 

TBI 0 

TH2 2160 

TH3 24 

TH4 1440 

TH5 336 

TH6 336 

FP 0.49 

FS 0.31 

QFC 50 

QFG 6 

TF1 48 

TF2 96 

TS 480 

ABSH 6.4 

P14 1.0 
FI 0.47 
URATE 0.042 

QCff 60 
QOW 8 
QBW 50 

Generic, USNRC (1977), 
Table E-15 

Generic, USNRC (1977), 
Table E-15 

Generic, USNRC (1977). 
Table E-15 

Generic, USNRC (1977), 
Table E-15 

Generic, USNRC (1977). 
Table E-15 

Generic. USNRC (1977), 
Table E-15 

Generic, USNRC (1977). 
Table E-15 

Generic. USNRC (1977). 
Table E-15 
Shor, Baes, and Sharp 
(1982) 

Shor, Baes, and Sharp 
(1982> 

Generic, USNRC (1977). 
Table E-15 

Generic, USNRC (1977), 
Table E-15 

Generic, USNRC (1977), 
Table E-15 

Generic, USNRC (1977), 
Table E-15 

Generic, USNRC (1977), 
Table E-15 
State average; Etnier 
(1980) 

Assuaed 
Growing season length/8760 
Esticated froa Baes 
et. al. (1982) and TW 

Generic, USNRC (1977) 
Generic, USNRC (1977) 
Generic, USNRC (1977) 
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Table E . l . (continued) 

Card 
number Variable Value Reference or note 

26 ULEAFY 190 Generic. USNRC (1977) 
UPBOD 190 Generic. USNRC (1977) 
uamjc 110 Generic, USNRC (1977) 
OGMILI 0 Generic. USNRC (1977) 
UMEAT 95 Generic. USNRC (1977) 
DWAT 370 Generic. USNRC (1977) 
9AIK 8000 Generic. USNRC (1977) 
POP 10.000 1980 Census; Durfee 

(personal coasmnication) 
27+ see Tables C.3 and C.4 



Table E.2. Mean annual wind direct ion frequencies and true-average wind speeds (Buffalo, NY), 

v , . Wind speed for each s t a b i l i t y c lass ( • / • ) 
tow«d *»•*«•»«* ; 

B C D E 

N 0.124 2.95 3.85 4.58 4.47 2.94 1.72 1.23 
NNW 0.056 2.95 3.85 4.58 4.48 2.89 1.72 1.23 
NV 0.020 2.89 3.77 4.58 4.38 2.95 1.71 1.23 
WNN 0.013 2.88 3.75 4.49 4.59 2.81 1.73 1.24 
W 0.036 2.92 3.75 4.57 4.43 2.90 1.78 1.21 
WSW 0.065 2.97 3.86 4.55 4.50 2.94 1.81 1.22 
SW 0.113 2.93 3.88 4.52 4.49 2.93 1.84 1.22 
SSW 0.131 2.96 3.82 4.59 4.49 2.91 1.85 1.22 

0.124 2.95 
0.056 2.95 
0.020 2.89 
0.013 2.88 
0.036 2.92 
0.065 2.97 
0.113 2.93 
0.131 2.96 
0.112 2.92 
0.065 2.94 
0.033 2.72 
0.012 2.78 
0.013 2.78 
0.036 2.93 
0.069 2.94 

S 0.112 2.92 3.77 4.55 4.48 2.91 1.84 1.22 £ 
SSE 0.065 2.94 3.88 4.55 4.48 2.92 1.83 1.22 * 
SE 0.033 2.72 4.04 4.58 4.46 2.92 1.77 1.21 
ESE 0.012 2.78 3.78 4.49 4.54 2.81 1.73 1.24 
E 0.013 2.78 5.55 4.51 4.42 2.84 1.59 1.25 
E N E 0.036 2.93 3.85 4.63 4.49 2.81 1.66 1.20 
NE 0.069 2.94 3.85 4.59 4.52 2.95 1.64 1.27 
NNE 0.099 2.94 3.83 4 .60 4.47 2.88 1.71 1.23 
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Table E.4. Hourly precipation data for Salamanca, NT (site 307398)* 

IUinfill during indicated Hours of My (lundrwieiK of Incftexi 

T8 m M I 2 3 4 S < 7 8 9 10 II 12 13 '4 15 16 17 IS 19 20 21 22 23 24 TOT 

78 01 01 0 a 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 
78 01 02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 r 
78 01 03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
78 01 04 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 20 
78 01 08 0 0 Q 0 a 0 0 0 10 0 0 0 a 0 10 0 0 10 0 20 10 10 10 0 80 
78 01 09 10 0 0 0 0 10 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 a 0 20 
78 01 10 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 10 
78 01 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 10 
78 01 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 10 
78 01 17 0 0 0 0 0 0 0 c 0 0 10 0 0 0 0 0 10 0 0 10 10 10 0 10 60 
78 01 IS 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 10 

78 01 20 0 0 0 0 0 0 0 a 0 0 0 10 0 10 0 0 0 0 0 0 0 0 0 10 30 
78 01 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 10 
78 01 2S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 10 
78 01 26 10 10 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 
78 01 28 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 20 
78 02 01 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
78 02 02 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 u 0 0 0 0 0 10 

78 02 05 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 10 20 

78 02 06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 10 

78 02 07 0 0 0 0 0 0 0 0 10 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 10 
78 02 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 10 

78 02 25 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 20 

78 03 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

78 03 03 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 10 

78 03 12 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 

78 03 14 0 0 0 a 0 20 20 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 so 
78 03 IS 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 

78 03 17 0 0 0 0 10 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 20 

78 03 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 10 0 0 0 0 0 0 20 

78 03 ' 2 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24 20 

78 03 25 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 10 

78 03 26 0 0 0 0 0 a 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
78 04 01 0 0 10 0 0 a 0 0 0 0 10 a 0 0 0 0 0 0 0 0 0 0 0 0 20 

78 04 03 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
78 04 0-1 0 0 0 0 0 0 0 0 0 0 0 10 0 0 20 10 10 0 10 30 20 10 0 0 120 

78 04 06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 10 0 0 0 0 0 10 30 
78 04 11 0 0 0 0 0 0 0 0 0 0 0 0 10 10 10 0 0 0 0 0 0 0 0 0 30 
78 04 16 a 0 0 0 0 0 0 0 10 fj 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
78 04 20 0 0 0 0 0 0 10 0 0 0 10 0 0 0 0 10 0 0 10 0 0 10 0 0 50 
78 04 21 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
78 OS 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7* 05 04 0 0 0 0 0 0 0 0 0 10 0 0 n 0 0 0 0 0 0 0 0 0 0 0 10 
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Table E.4. (continued) 

Rtinftll during indicated Xomn of 4»y (HuMrMtkt of i«d>c$) 

f t MO M 1 2 1 4 S 6 7 8 9 10 11 12 13 l» IS io 17 IS 19~20 21 22 21 2« TOT 

78 OS OS 10 20 40 20 0 10 0 a 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 no 
78 OS 08 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 a 0 0 20 10 «0 
78 OS 09 0 0 0 0 0 0 0 10 0 0 0 0 a 0 0 10 0 0 0 0 0 0 0 0 20 
78 OS 12 0 0 0 0 0 0 0 a 0 0 a a 0 0 a 0 10 0 0 0 0 0 0 0 10 
78 OS 11 0 0 0 0 0 0 0 0 0 0 10 0 20 10 0 la 0 10 0 0 0 0 0 0 CO 
78 OS 14 0 0 0 0 0 0 0 10 0 10 0 10 0 0 0 0 0 0 0 0 0 0 0 a 30 
78 OS 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 10 10 30 
78 OS 17 10 0 20 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 
78 05 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 0 40 
78 06 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 
78 06 02 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 0 0 0 0 0 0 10 0 0 50 
78 06 07 0 0 0 0 0 0 0 0 0 0 0 0 20 10 0 0 0 0 0 0 0 0 0 0 30 
78 06 08 0 0 0 0 0 0 0 0 0 to 40 10 0 0 0 0 0 0 0 0 3 0 0 0 60 
78 06 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 :o 0 10 0 0 so 
78 06 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 70 10 0 0 0 80 
73 06 19 0 0 10 <0 10 10 0 0 10 0 0 0 0 0 0 0 0 0 0 a a 0 0 0 80 
78 06 21 0 0 a 0 0 0 0 0 20 0 0 10 0 0 0 0 0 0 0 0 a 0 0 0 w 
78 06 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 a a a 0 0 0 20 
78 07 01 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 a 0 0 0 0 
78 07 08 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 SO 20 0 0 0 0 0 80 
78 07 21 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 60 to 0 0 10 0 0 0 0 no 
78 07 27 0 0 10 10 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 
78 07 29 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 10 10 20 a 0 0 0 70 
78 07 11 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
76 08 01 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
78 08 01 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 10 
78 08 06 0 0 10 0 0 0 10 a 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
78 08 07 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 10 
78 08 09 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 to 0 0 0 0 0 0 10 
78 08 10 0 0 0 0 0 3 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 10 
78 08 IS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 70 0 0 0 0 0 0 20 
78 08 19 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 3 0 20 20 10 10 0 0 90 
78 08 28 0 0 0 0 0 0 0 10 0 a 0 0 0 0 0 0 0 0 0 0 0 0 20 10 40 

78 08 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 10 
78 09 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
78 09 01 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
78 09 08 0 10 10 10 0 0 0 0 0 0 0 0 0 0 1) 0 0 0 0 0 0 0 0 0 10 
78 09 10 0 0 0 0 0 0 0 0 0 0 0 0 40 10 0 0 0 0 0 0 0 0 0 0 so 
78 09 12 0 0 0 0 0 0 60 20 10 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 90 
78 09 IS 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
78 09 16 0 0 0 0 0 0 0 0 10 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 
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Table E.4. (coatinned) 

i l t infotl A i r l a j Indicated hoars of do? (huosrcdtM of Incntt) 

T l l O O t I 2 J 4 S « 7 8 9 10 11 12 11 l« 15 16 17 IS 19 20 21 22 21 2« TOT 

78 09 17 0 0 a 0 0 0 a 0 0 0 10 10 0 0 0 0 0 0 0 0 0 0 10 a XI 
78 09 (8 0 0 0 0 10 0 10 0 0 0 0 0 0 0 0 10 0 a 0 30 0 10 0 0 70 
78 09 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 20 
78 10 01 0 10 0 0 0 0 0 0 0 0 0 a 0 0 0 0 a 0 0 0 0 0 0 0 10 
78 10 04 0 10 20 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 
78 10 05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 10 
7a 10 OC 0 0 c 1 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 10 0 0 10 0 10 
78 10 07 10 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 10 0 0 0 0 10 
7* '0 08 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 10 10 0 a 0 0 10 
It 10 12 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 0 0 10 
78 10 11 10 10 10 0 0 0 20 10 10 10 0 0 0 0 0 0 0 10 0 0 0 0 0 10 100 
78 10 14 0 10 10 10 0 10 20 10 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 too 
78 10 15 0 0 0 a 0 3 a 0 0 0 0 0 a 0 0 0 0 10 0 0 0 0 0 0 10 
78 10 It 0 0 0 0 0 0 0 0 0 0 0 0 10 0 a 0 0 0 0 0 0 0 0 0 10 
78 10 20 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a a 0 0 0 0 0 0 0 10 
78 !0 21 0 0 0 0 0 0 0 0 0 a n a 0 0 a 10 0 0 0 0 0 0 0 0 10 
78 10 26 0 0 10 10 0 0 0 0 0 20 10 10 20 20 0 0 0 a 10 0 0 0 0 0 110 
78 II 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 c a 0 0 
78 II 07 0 0 0 0 a 0 0 a 10 0 0 0 0 0 a 0 0 r 0 0 0 0 0 0 20 
78 II 14 0 0 a 0 a 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 10 
78 II 17 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 10 10 10 0 0 0 40 
78 11 21 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
78 II 21 0 0 0 0 0 0 0 0 0 0 a 10 0 0 0 0 10 0 0 0 0 0 0 0 20 
78 II 24 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 10 0 0 0 0 10 0 10 
78 11 25 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 lu 
78 II 27 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 10 0 10 0 0 0 0 a 0 10 
78 12 01 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
78 12 01 0 a 0 0 0 0 0 0 10 0 10 0 10 0 0 10 0 0 0 0 0 0 0 0 40 
78 12 04 0 0 0 0 10 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 10 
78 12 08 0 0 10 0 0 0 10 0 0 0 0 0 0 0 10 0 10 0 0 10 0 10 0 0 60 
78 12 09 10 10 0 10 a 10 0 0 0 0 0 0 0 a 0 0 0 0 0 10 0 0 0 0 $0 
78 12 12 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
78 12 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 10 
78 [2 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 0 0 20 
78 !2 17 10 0 0 0 0 0 0 0 10 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 30 
78 12 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 f, 0 10 
78 12 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 0 10 10 10 10 60 
78 12 21 10 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 10 0 0 0 30 
78 12 24 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 10 20 50 
78 12 2i 10 20 20 10 0 10 0 0 0 0 10 0 0 0 0 10 0 0 0 0 0 0 0 0 90 
78 12 27 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
;s 12 11 0 0 0 0 0 10 0 0 0 0 0 0 0 a 0 0 0 0 10 0 10 10 10 0 50 

UMttttd djyt hjd no r«tlf«11 
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Variables Used in PRESTO-II 

Nue Definition Units 

ABSH Absolute Huaidity of the Ataosphere g/a 
ADEPTS Aqnifer Depth • 
ADtCON Atmospheric Concentration Ci/» 
AQAM Amount of Nuclide at Well Site Initially Ci 
AQAVG Average Nuclide Concentration at Well Site c*/« 
AQCON Nuclide Concentration at Well Site Ci/a 
AQDISP Aqnifer Dispersion Angle radians 
AQTHK Aqnifer Thickness a 
AOVOL Aquifer Dilution Factor a 
ATAM Aaount of Nuclide Initially in Ataosphere Ci 
ATAV6 Average Nuclide Concentration in Ataosphere Ci/a~ 
ATCON Nuclide Concentration in Ataosphere Downwind Ci/a 
ATHASS Nuclide Mass Nuaber 
BDENS Bulk Density of Soil g/cc 
BR Concentration Fraction for Uptake of Radio­

nuclide from Soil by Reproductive Parts of 
Crops 

BV Concentration Fraction for Uptake of Radio­
nuclide froa Soil By Vegetative Parts of 
Crops 

CCMI1 Nuclide Concentration in Cow's Milk for M.I.E. by 
Ataospheric Deposition pCi/L 

CCMI2 Nuclide Concentration in Cow's Milk for G.P.E. by 
Ataospheric Deposition pCi/L 

CFEED Radionuclide Concentration in Aniaal's Feed 
CGMI1 Nuclide Concentration in Goat's Kilk for M.I.E. 

by Ataospheric Deposition pCi/L 
CGMI2 Nuclide Concentration in Goat's Milk for G.P.E. 

by Ataospheric Deposition pCi/L 
CHIQ User Specific CHI/Q for Ataospheric Exposures s/a 
CL1 Radionuclide Concentration in Leafy Vegetable for 

M.I.E. by Ataospheric Deposition pCi/kg 
CL2 Radionuclide Concentration in Leafy Vegetable for 

G.P.E. by Ataospheric Deposition pCi/kg 
CHEAT Nuclide Concentration in Beef Meat by Ataospheric 

Deposition pCi/kg 
C0CMI1 Nuclide Concentration in Cow's Milk for M.I.E. 

by Irrigation pCi/L 
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Naae Definition Units 

C0CMI2 

C0GMI1 

C0GMI2 

COL1 

C0L2 

COMEAT 

CONIBL 
COP1 

COP2 

COVER 
CPAST 

CP1 

CP2 

CS 
CSP 

CSPO 

CSPT 
CSPOT 
CSTO 

Cff 
CffAT 

Nnclide Concentration in Cow's Milk for G.P.E. 
by Irrigation 
Nnclide Concentration in Goat's Milk for M.I.E. 
by Irrigation 
Nnclide Concentration in Goat's Milk for G.P.E. 
by Irrigation 
Nnclide Concentration in Leafy Vegetable for 
M.I.E. by Irrigation 
Nnclide Concentration in Leafy Vegetable for 
G.P.E. by Irrigation 
Nnclide Concentration in Beef Meat by 
Irrigation 
Erosion Control Practice Factor 
Nnclide Concentreton in Produce for M.I.E. 
by Irrigation 
Nnclide Concentration in Produce for G.T.R. 
by Irrigation 
Coyer Factor 
Nnclide Concentration in Pasture Grass 
Consuaed by Aniaals 
Nnclide Concentration in Produce for M.I.E. 
by Atnospheric Deposition 
Nuclide Concentration in Produce for G.P.E. 
by Ataospheric Deposition 
Concentration in Surface Soil 
Soil Radionuclide Concentration Due to 
Ataospheric Deposition 
Soil Radionuclide Concentration Due to 
Irrigation Deposition 
Soil Radionuclide Concentration Running Total 
Soil Radionuclide Concentration Running Total 
Nuclide Concentration in Stored Feed Consumed by 
AninsIs 
Concentration in Surface Water 
Nuclide Concentration in Irrigation Water 

pCi/L 

pCi/L 

pCi/L 

PCI/kg 

pCi/kg 

pCi/kg 

pCi/kg 

pCi/kg 

pCi/kg 

pCi/kg 

pCi/kg 
Ci/kg 

pCi/i 

pCi/i 
pCi/i 
pCi/i 

pCi/kg 
Ci/n3 

pCi/«3 
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Name Definition Units 

DECAY Radioactive Decay Constant 
DECN Decay Correction Factor 
DEHCOK Density of Trench Contents 
DEPO Deposition rate per nnit source strength 
DERATE Ataospheric Deposition Rate 
DERATG Ataospheric Radioanclide Deposition Rate 
DOVES Annual Thickness of Trench oyer Burden Eroded 
DTRAO Distance froa Trench to Aquifer 
DWELL Distance froa Trench to Well 
ERODF Erodibility Factor 
ERREST Estiaate of Error in Integrations 
EXPN Noraalized Exposure. EU/Q 
EXPOS Noraalized Down Wind Ataospheric Exposure per Unit 

Source Release 
EXTENT Cross Slope of Extent of Spillage 
FF Aniaal's Nuclide Daily Intake to Flesh Factor 
FI Fraction of Tear Crops are Irrigated 
FMC Cow's Nuclide Daily Intake to Milk Factor 
FUG Goat's Nuclide Daily Intake to Milk Factor 
FP Fraction of the Tear Aniaals Graze on Pasture 
FS Fraction of the Daily Feed that is Fresh Grass 
FTMECH Fraction of Tear Mechanical Suspension Occurs 
FTWIND Fraction of Tiae Wind Blows Toward Population 
GWV Ground Water Velocity 
H Source Height 
HLID Lid Height 
HTIME Horizontal or Aquifer Transport Tiae 
IAVG1 First Tear of Averaging Calculation for Results 
IAVG2 Last Tear of Averaging Calculation for Results 
IBSMT Control Variable; Tear of Basenent Construction 
IDELT Increaental Year for Printing Annual Suaaaries 
II Nuclide Nuaber 
INSITE Control Variable; Value 1 Iaplies On-Site 

Calculation 

- 1 

g/ca 
- 2 

pCi/aVh 
pCi/yr 

s / i 

s / i 

r1 

, - i 

a/yr 

7 * 
yr 
yr 
7* 
y * 
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Name Definition Units 

IOPSAT Option Indicator for Calculating Length of 
Saturated Zone 

IOPT Options for Special Radionuclides H-3 and C-14; 
I0PT«1 if H-3 and C-14 are not included in this 
run; IOPIV2 if only H-3 is included; IOPT>=3 if 
only C-14 is included; I0P1V4 if both are 
included -

IOPVWV Option Indicator for Calculating Vertical 
Water Velocity 

IPLU 1 Implies Transverse Plume Calculation Reqnired 
IPKT1 Initial Tear for Printing Annual Summaries yr 
IPRT2 Final Tear for Printing Annual Summaries yr 
IRRES1 First Tear of Mechanical Suspension yr 
IRKES2 Final Tear of Mechanical Suspension jx 
IS Stability Class 
ISEC 1 Implies Sector Average Inquired 
IT Type of Stability Formulation (1 for PG. 2 for 

Briggs-Snith) 
ITIME Total Transport Time from Trench to Well yr 
LDIST Distance From Release Point to Receptor m 
LEAOPT Leaching Option for Trench Material 
LIND Population Indicator 
LLIND Population Indicator Passed to DARTAB 
LOCATE Site Location 
LU2 Logical Unit for Output 
MAXTR Number of Tears in Simulation 
NN Nuclide Number 
NONGLD Number of Nuclides in Simulation 
NUCLID Nuclide Names 
NTEAS Current Tear of Simulation 
NTRl First Tear of Programmed Cap Failure 
NTR2 Second Tear of Programmed Cap Failure 
OLD!AT Water in Trench at Start of Tear 
OVER Trench over Burden Thickness m 
P14 Fractional Equilibrium Ratio for C-14 
PC Fraction ot Trench Cap that has Failed 
PC0N1 Air Concentration Ci/i 

It 

3 
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Nut Definition Units 

PC0N2 
PC0N3 
P00N4 
PCT1 
PCT2 
PD 
PERMS 
PERMV 
PNUC 
POLB 
POLO 
POP 
PORA 
PORS 
PORT 
PORV 
PP 
PPOP 
QBW 
QCW 
QFC 
QFG 
QFRAC 
QGW 
QING 

QINH 
RA 
RAINF 
RE1 
RE2 
RE3 
RELFAC 

Ground Surface Concentration 
Collective Ingestion Rate 
Collective Inhalation 
Fraction of Intact Cap in NYR1 
Fraction of Intact Cap in NTR2 
Dovnslope Distance to Stress 
Permeability of Soil 
Pemability Beneath Trench 
Nuclide Names 
Amount of Nuclide Leaving Bottom of Trench 
Amount of Nuclide Overflowing Trench 
Population 
Aquifer Porosity 
Porosity of Soil 
Porosity of Trench Contents 
Porosity of Subtrench Region 
Surface Density for Soil 
Population 
Rate of Water Consumption by Beef Cattle 
Rate of Water Consumption by Milk Cows 
Rate of Feed Consumption by Cattle 
Rate of Feed Consumption by Goats 
Fraction of Ingestion due to Water 
Amount of Water Consumed by Goats 
Annual Intake of Radionuclide by Ingestion of 
Contamincted Food Considering Atmospheric and 
Aquatic Pathways 
Annual Intake of Radionuclide by Inhalation 
Retention Fraction of Atmospheric Deposition 
Rainfall Factor 
First Anspaugh Resuspension Factor 
Second Anspaugh Resuspension Factor 
Third Anspaugh Resuspension Factor 
Release Factor for Trench Leaching 

Ci/m" 
pCi/ 
pCi/ 

m/yr 

Ci 
Ci 

L/d 
L/d 
kg/d 
kg/d 

L/d 

pCi/yr 
pCi/yr 

- 1 
J-l/2 

-1 
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Naae Definition Units 

RETARH 
RETARV 
ROUGH 
RR 
RUNOFF 
RW 
SAREA 
SDEEP 

SEDELR 
SINFL 
SOAM 
SOAVG 
SOCON 
SOILOS 
SOL 
SSTREM 
STAM 
STCON 
STFLOY 
STPLNG 
STAVG 
SWATA 
SWATH 
SWATL 
TAREA 
TDEPTH 
TE1 

TE2 

TF1 
TF2 
TBI 

TH2 

Horizontal Retardation Factor 
Vertical Retardation Factor 
Hoiker Roughness Parameter 
Re suspension Rate 
Fraction of Precipitation that Rons Off 
Retention Fraction by Irrigation 
Area of Spillage 
Amount of Soluble Surface Component Going to 
Trench 
Sediment Delivery Ratio 
Watershed Yearly Infiltration 
Amount of Surface Spillage 
Average Surface Concentration 
Surface Concentration 
Annual Soil Loss Rate Due to Erosion 
Solubility Constant 
Amount Surface Component Going to Stream 
Amount of Nuclides in Stream 
Nuclide Concentration in Stream 
Stream Flow Rate 
Slope Steepness and Slope Length Factor 
Average Nuclide Concentration in Stream 
Fraction of Animals Drinking Water From Stream 
Fraction of Humans Drinking Water From Stream 
Fraction of Irrigation Water From Stream 
Trench Area 
Trench Depth 
Period Pasture Grass Exposed During Growing 
Season 
Period Crop/Vegetation Exposed During Growing 
Season 
Transport Time Feed-Milk Receptor for M.I.E. 
Transport Time Feed-Milk Receptor for G.P.E. 
Period Delay Between Harvest of Pasture and 
Ingestion by Animal 
Period Delay Between Stored Feed and Ingestion 
by Animal 

-1 
s 

~2 

m 

Ci 

m 
Ci 
Ci/m* 
Ci/m2 

kg/m3 yr 
g/mL Ci 
Ci/m3 

m3/yr 

Ci/i 

h 
h 
h 

h 

h 
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Naae Definition Units 

TH3 Period Between Harvest of Leafy Vegetation and 
Ingestion by Man for M.I.E. 

TH4 Period Between Harvest of Produce and Ingestion 
by Man for M.I.E. 

TH5 Period Between Harvest of Leafy Vegetation and 
Ingestion by Man for 6.P.E. 

TH6 Period Between Harvest of Produce and Ingestion 
by Man for 6.P.E. 

TITLE Title of Data Set 
TRAM Aaount of Nuclide in Trench 
TS Time from Slaughter of Meat to Consumption 
U Velocity, Wind 
UAIR Annual Inhalation Rate of Air 
UCHLK Annual Intake of Cow's Milk 
UGMILK Annual Intake of Goat's Milk 
ULEAFT Annual Intake of Leafy Vegetation 
DMEAT Annual Intake of Beef Cattle's Meat 
UPROD Annual Intake of Produce 
UWAT Annual Intake of Drinking Water 
VD A taospheric Deposition Velocity 
VG Velocity, Gravitational Fall 
VOLB Voluae of Water Leaving Trench Bottoa 
VOLO Voluae of Water Overflowing Trench 
VOLUSD Voluae of Water Used froa Well 
VTIME Vertical Transport Time 
VWV Vertical Water Velocity (Trench to Aquifer) 
WIRATE Irrigation Rate 
VWATA Fraction of Aniaal's Drinking Water froa Streaa 
WWATH Fraction of Huaan's Drinking Water froa Streaa 
WWATL Fraction of Irrigation Water froa Streaa 
XAMBEF Effective Decay Constant 
XAMBWE Weather Decay Constant 
XG Gauge Distance froa Source Base 
XINFL Annual Infiltration Rate 
H D Cheaieal Exchange Coefficient 
ILSAT Length of Saturated Zone 
Tl Ag Productivity for Grass Consuaed by Aniaals 
T2 Ag Productivity for Vegetation Consuaed by Man 
ISO Ataospheric Source Aaount at Spillage 

h 

h 

h 

Ci 
h 
a/s 
•V 
L/yr 
L/yr 
kg/yr 
kg/yr 
kg/yr 
L/yr 
a/s 

a 3 

a 3 

y* 
a/yr 
L/a 2 

r 1 

L-l 

a 
aL/g 
a 
kg/-2 

kg/-2 

Ci 
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