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ABSTRACT

PRESTO-1II (Prediction of Radiation Effects from Shallow Trench
Operations) is a computer code designed for the evaluatior of possible
health effects from shallow—land and, waste-disposal trenches. The model
is intended to serve as s non-site-specific screening model for assessing
radionuclide transport, emsuing exposure, and health impacts to s static
local population for a 1000-year period following the end of disposal
operations. Human exposure scenarios comsidered include normal releases
(including leaching and operational spiliage., human intrusion, and
limited site farming or reclamation. Pathwrys and processes of tranmsit
from the trench to an individual or population include ground-water
transport, overland flow, erosion, surface water dilution, suspension,
atmospheric tramsport, deposition, inhalation, external exposure, and
ingestion of contaminated beef, milk, crops, snd water. Both population
doses and individual deses, as well as doses to the intruder and farmer,
may be cz” ulated. Cumulative health effects in terms of cancer deaths
are calcur_.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 SUMNARY

The U.S. Environmental Protection Agency (EPA) is responsible for
developing a generally-applicable environmental standard for the disposal of
low—level radioactive waste (LLW). A methodology was developed to assist in
assessing the potential human health impacts from such operatioms. This
methodology was called PRESTO (Prediction of Radiation Effects from Shallow
Trench Operations) (Little et 21., 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. PRESTO-1II 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-1I differs from the EPA code in the following respects:

¢ PRESTO-II contains a different approach for computing infiltration
throogh 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 variabl: from experimentially determined permeability and
hourly precipitation values. 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 tremch cap
infiltration as a fraction of calculated watershed infiltration. All of
these methods provide values for infiltration through an jintact tremch
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 dev point, monthly ambient air temperatures, and the observed
fractior of maximum monthly sunshine,

According to Morton, this evapotranspiration model has been verified over
a8 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 mcdel to be superior to both tae Thornwaite-Mather
(1955) and Penman (1948) approaches to modeling evapotranspiration inm
certain environments.

¢ The computation of trench water balance (including water level, water
overflow, and water percolation through the treanch bottom), is made using
a finite element approach in the PRESTO-II code. In comparison, a finite
difference approach with a onme-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 we! years, and that the
time-averaged vertical extent of the saturated zo.e within the trench is
available for use in other calculations (such as those determining
radionuclide leaching and contaminsted water release from the trench).

® A streamlincd 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 scemarios 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-FEPA 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 treaches. The code
can de used to make rstimates 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..,
USNRC, (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 resulte
in the prediction of more rapid radionuclide transport than would actually
occur st some arid sites. Thus, in most cases, the model results are
conservative for such sites. The DARTAY 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 assessmant
period using a life-table apprcach developed by EPA (Dunning et al., 1980).

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

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
may be used to estimate doses to populations as an aid to the ALARA process.
It may also be used to estimate doses to maximally exposed irdividual 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 sitc 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 human ingestion in an amount appropriate for the number of exposed persons
specified, and remaining radionuclides may be withdrawn to be used for
irrigating crops and watering livestock. A second reason to accoun? for both
asount and concentration of radionuclides at the well is to inscre that the
amount withdrawn at the well (based on the calculated concentration at tke
well) does not exceed the amount available. As a result of this calculation,
the dose and risk calcolated for a single individral may erceed the dose and
risk calculated for individual members of a large population taking water from
a well.

Use of PRESTO-II to calculate population doses for comsiderations of
ALARA, or to calculate maximally exposed onsite or offsite individual doses
for consideration of compliance vwi‘h maximum exposure regulations, is
determined by the user’s choice of popmulation size, well location, and othe:r
input option velues a1 d parameters.

PRESTO-II is designed to consider the LLW shallow burial sitmation
discussed below. The LLW disposal site consists 0" several disposal trenctes.
The PRESTO-II code treats all trenches at the site as one combined trench
(Fields et al., 1982). Waste materials may be buried in many types of
containers ranging from plastic bags or cardboard boxes to steel drums. The
treanch may be backfilled to eliminate voids and decrease subsidence, thus
minimizing possible trench cap cracking. Vhen completely filled, the trench
may be assumed covered with a cap of soil or clay mounded above grade to
facilitate runoff and decrease infiltration of precipitation.

Water, principally from precipitation, is often a primary transport
mediom for radioactivity from LLW stored in shallow trenches. Precipitation
falling on the trench may either infiltrate the soil or trench cap, run off
the sorface, or evaporate, and radionuclides may be transported from a LLW
disposal trench by groundwater or by precipitation runoff. Runoff also causes
e-osion of the scil surface and ercde the trench cap. Vater percolating
downward through the trench to the subtrench soil zone may ultimately emter an
aquifer. Rndionuclides that finally reacn the aquifer will gemerally be
transported more slowly than the characteristic flow velocity of water in the
aquifer because the radionuclides interact with the solid materials in the
aquifer. Some of the radionuclides which enter the aquifer may eveatunally
reach irrigation or drinking wells or surface streams.

Contaminated water from the trench may overflox onto the surface soil.
Once overflow has occurred, radionuclides may be transported by runoff water
to nearby streams and become available for human consumption via irrigatiom or
drinking.

Hunans may also be exposed to radionuclides transported from LLW sites by
atmospheric processes. Rasdionuclides left on the soil surface by trench
overflow, by spillage during disposal operations, or by complete removal of
the trench cap may be suspended in the atmosphere and tramsported downwind
where they may be inhaled or deposited on vegetation and soil. In the case of
deposition, the radioactivity may produce external exposure to humans or may
enter into the food chain and result in radioactivity in crops, neat, and
milk,

The code allows the user to select human exposure scenarios including:
migration of radioactivity from the trench in hydrnlogic and atmospheric
environmental pathways to fcod and drinking water, the presence of a resident
introder on the site, and farming of the site. Processes considered in
calculating individual or population exposure include: groundwater tramsport,
precipitation runoff, trench water overflow and seepage, chemical exchange,
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trench cap e¢rosion, stream dilution, and resuspension and stmospheric
dispersion of contaminated soil followed by inhalation or deposition on crops
and land.

The termination of LLW dispcsal operations (as associated with rina®
trench closure) is the starting {ime for the total assessment period
considered by the code. The user specifies the total length of the assessment
period, from 1 to 1000 years. 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 treanch cap begins to fail and
the temporal profile of this failure, which resunlts in exposure of the treamch
contents. The code time step is fixed at ome 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 radiomuclid:s due to time speat in the
basement of the residence, which is assumed to have walls made of trench
material. The user-specified length of residency, time in the assessment
period when the residence is first occupied, and the composition of the
ini’lial treach inventory will 11 coantribute to the dose from externmal
exposure.

Farming th»~ zite after loss of institutional control is treated as a
separate intzrrsion scemario. By farming the sitc a farmer will be affected by
most of the hydrologic and atmorpheric tramsport 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 useoc 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 comcentration of radioactivity than water used by the
off-site population. The farming proceis may also mechanicslly suspend
contaminated soil in the atmosphere. Such mechznical suspension aay impact
both the farmer and a downwind population.

Annual-average concentrations of each radionuclide in e¢nvirommental 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 populatica by ingestion and
inhalation. These intake data are used by the exposure and risk submodels to
cstimat: 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 comstant, annunal-
averaged radionuclide concentration levels. For atmospheric tramsport
calculations, the total population is assumed to reside within the same 27, °-
degree sector. User—specified parameters give the fractinn of the year that
+*b> wind blows into that sector. A uger option allows the results of the
r.tmuipheric dispersion calcunlation in the code to be replaced by an externally
cslculated dispersion coefficient which coansiders several pcpulation centers.
Each member of the populacion is assumed to eat the same quantities of food
(vegetables, beecf, and milk). These foods are assumed produced on the same
fields and spray irrigated with contaminsted wate.. Contaminated water is

xvi



assumed drunk by beef and dairy cattle. The code user may independently
specify the fractions of water taken from wells or streams and used for human
consumption, for irrigation, or for livestock consumption.

PRESTO-II considers only one scenario per computer run. The scenario to
be simulated may be structur:d 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 York. These
deta 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 erposure 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 2re available. Results from each of the
three sites suggest that there may be low health risk to nearby populations
from shallov land disposal of LLY. A summary of results for one scenario at
the Barnwell site is presented in Table I. ’

To assist the PRESTO-II user in compiling radioraclide data, a
radionuciide Daughter Inventory Gemerator (DIG) computer code has been written
(Fields and Sharp, in press). This cede facilitates the construction of the
LLV disposal site irventory radiornclide 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 radiomuclide
inventory charccterizes wastes that have undergonme radioactive decay and
dauvghter ingrowth before leaching and tramsport, thns identifying daughter
radionuclides that should be considered for inclusion in the pollutant source
term. The oucput of the DIG code also includes radionuclide decay constants,
which are required in tt» PRESTO-II code ianput data set.

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

PRESTO-1I, like any complex computer code, may be misapplied.
Misapplication may consist of trying to apply the cude 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 radionmuclide
inventory, site meteorology, surface and subsurface hydrology and geology, and
future population demograhics. One seriouns misapplication of the PRESTO-IX
methodology would be use of carelessly chosen kg values to determine
hydrologic transport. Element—specific values of k4 vary widely as sites,
chemical forms, and other waste components are changed.

Some release and transport scenarios, such as those necessary to consider
ma jor meteorological changes, mining of the trench contents, in—-situ combusion
of trench wastzs, and intrusion and radiomuclide transport by burrowing
animals or plant roots, are not comsidered in the PRESTO-II mondel and code.
The nser must make significant changes to the code and the input dats 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 problem based on Barawell, SC data.
Bstimated 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 persom 7.2B-8

Contributions to net annval death rate by pathway or mode

INTERNAL 5.5E-4
INGESTION 5.5E-4
INHALATION 1.8B-14
EXTERNAL 9.1E-13
ATR IMMERSION 2.3E-17
GROUND SURFACE 9.1E~-13

Contributions to net annval death rate by radionumclide
(20 selected radionunclides):

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

Cs-134 3.2E-14
Cs—-137 2.38-13
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-17
U-238 1.1E~-14
Pu-238 1.6E-18
Pc-239 2.9E-18
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1. INTRODUCTION

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 ap to 1000 years folloring the end
of lowlevel waste (LLW) disposal operations. The code is intemded to be
as generic as possible, in that differeat transport mechanisms may be
considered, but there has been no inteant to tailor the code to a
particular site. Nevertheless, the assumption in the PRESTO-II
methodology of saturated hydrologic tramsport results in the prediciion
of mere rapid radionuclide tramsport tham would actually occur at some
arid sites. In most cases, the model results are comservative for such
sites.

The PRESTO-1I 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 decisicn
making. Furthermore, PRESTO-II, like any complex computer code, mry te
misapplied. Misapplication may consist of trying to apply the code to
examine a site where ome or more modeling assumptions are invalid, or of
choosing values of input parameters that do not mecuret:ciy reflect
variables such as radionuclide inventory, site meteorology, surfaze and
stbsuiface hydrology and geology, and future population demographics.
Some r.lease and transport scemarios, such as those neccssary to comsider
major meteorological changes or mining of the trench contents, are mot
considered in the PRESTO-1II model and code. The user must make
significant changes to the code and the input data in order to comsider
those scenarios.

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 envirommental concentrations and intake values.

1.1 DESCRIPTION OF A LOV-LEVEL WASTE DISPOSAL SITE

The description of the life cycle of s shallow land-disposal site
may help to explain the modeling approsch. Following site selection and
procurement, trenches are dug on the site. The PRESTO-II code treats all
trenches at the site as one combined trench (Fields et al., 1982). Waste
materials in various types of contaimers ranging from plastic bags or
cardboard boxes to steel drums are added to the tranch; there is
currently no standard container for LLVW disposal. Once a trench is
filled, or at various stages of filling, the tremnch may be backfilled to
eliminate voids and decrease the potential for subsidence and cracking of
the trench cap. Following backfilling, the trench ir covered with a cap
‘of so0il or clsy mounded above grade to facilitate runoff of precipitation
and decrease infiltration. To minimize erosion ' 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



current and past LLW facilities have Included some of the practices
described above.

At homid sites, hydrologic tramsport is the principal process by
which the general public may become exposed to radioactivity from LLVW
stored in shallow trenches. Figure 1.1 is a schematic representation of
the subsurface zome at a LLY disposal site. Figure 1.2 is a similar
representation of the surface zome. Precipitation at a site may
infiltrate the s0il or trench cap, run off the ~urface, or evaporate.
Depending on the ground cover, length and steepness of slope, etc.,
runoff may cause erosion of soil from the surface.

Hydrologic transport of radionuclides fiom an LLY burial trench may
be by the ground water or via surface rupoff. Groundwater or
precipitation entering the trench may mix with the waste material and
become contaminated. This contaainated water may either overflow the top
of the trench or percolate downward through the bottom of the trench to
the subtrench soil zonme and ultimately enter an aquifer. Transport
velocities are calculated assuming saturated flow. The calculated
velocity may therefore be too high fur arid sites, where unsaturated
transport would be expected to occur. The .se of a saturated flow
transport velocity results in predictions that are, for the most part,
conservative. The water in the aquifer wiil have a characteristic flow
vi:locity from a few meters per yrar to hundreds of meters per year.
Radionuclides that finmally 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 materials in the agquifer. Some of tke
radionnclides in the aquifer may eventually appear at wells used as
sources of irrigation or drinking water, or at the point where the
aquifer communicates with surface streass.

A trench dug in materisl of iow permeability may eventually overflow
if rainfall is high enough and if methods are mot used to remove treach
water. Once overflo~ has occurred, the radionuclides may be transported
by runoff to nearby streams and become available for human consumption
via irrigation or drinking by animals or humans. An additional
contribution to the surface radionuclide inventory arises from the
possibility of radionuclide spillage during trench filling operations.
Humans residing away from the burial site may be exposed to contaminated
stream or aquifer water if this water is used for irrigation of food
crops or drinking.

Humans may also be exposed to radionuclides transported from LLW
sites by atmospheric processes. Radionuclides left on the soil surface
by trench overflow, by spillage during tremch filling operatioms, or by
somplete erosion of the trench cap may be suspended in the atmosphere by
wind or mechanical disturbances. These radionuclides may then be
transported downwind where they may be inhaled or deposited on the ground
and vegetatinn., Deposited radioactivity may onter the Zood chain and
result in radioactive contamination in crops, meat, and milk. Deposition
on the s0il surface may also result in external exposure of humans 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 oxposed to radioactivity
from a LLY disposal site, and which are considered in the PRESTO-II
model. If the trench cap erodes away, the trench contents will be more
accessible to envirommental tramsport 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 radionmwclidss if he digs into the trench.
Factoxrs such as the length of residency in a2 house with a basement,
length of time after burial, and injtial radionuclide inventory will all
influence the dose and subsequest risk.

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

The PRESTO-II mod. | may be used to calculate doses snd risks to an
individual cr population averaged over a2 user—specified time interval.
The wmodel is relatively siwple so that input data requirements and
computer cuists are reasonably srall.

1.2 BASIC XODEL ASSUMPTIONS

A variety of model assumptions have been made in developing the
PRESTO-II methodology. The motivating factors for these a.sumptions
included economy of submodels, both in nomber and in computer time
required for their use; defensibility of assumptions; data requirements
of calculational methods; availability of previously documented
algorithms; and fiexibility 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 LLVW.

Although the code usor 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 s 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 snnual average values.

The model also assumes that the radiomuclide invintory entered as
input data is the amount of activity found in the trenches at the end of
the disposal operation. VWaste materials in the trench sre assumed to be



an uncanistered homogeneous mixture of radionuclides and nther waste
materials.

The in—growth of dauvghter products of radiologic:l decay is not
calculated by the model to maintain model simplicity and to avoid the
eitensive calculations required to deal with the the ingrowth of daughter
products. In cases where the major dose contribution is from external
exposure to a short-lived progeny in equilibrium with 2 parent
radionuclide present in the treanch inventcry, the user may wish to
include the daughters in the trench inventory as described at the eamd of
Sect. 2.2.3, To assist the PRESTO-1I user in compiling radionuclide
data, a radionuclide Caughter Inventory Gemerator (DIG) computer code has
been written (Fields and Sharp, in press). This cole ‘acilitates the
construction of the LLW disposal site inventory radionuclide data set for
the PRESTO-II code. The DIG code accepts a table of radionuclide names
and smovats initially present in a waste stream and produces a tabulation
of radionuclide names and amounts, including daughters, present afte: a
user—spocified elapsed time. The output of the DIG code also includes
radionnclide 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 preparisg
PRESTO-11 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 uysicochemical interaction between
the radionuclide and the solid geologic media has been grouped into a
singlec factor, the distribution coefficient, k.. Different values of k
can be used for soil, the mixture 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 from the treach bottom to the
aquifer and then horizontal through the aquifer. Each element is
transported horizontally with a velociy estimated from user—znpnlied
values of velocity in the agquifer, aquifer porosity, kd, and aquifer
density. A similar calculation is made for vertical transport below the
tren.h, but, for vertical transport, the water velocity may be either
specified or calculated. The radionuclide inventory as corrected for
radioactive decay is conserved throughout 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 calcvlates the annual
infiltration through an intact trench cap. Other unit response models
calculate an annnpl average source term for atmospheric transport and an
annual average e¢rosion from the trench cap.

Bookkeeping submodels keep track of the results of unit respomse
submodels and user-supplied control options. For example, onmne
bookkeeping submodel (TRENCH) maintains a water balance in the trench by



calculating sn annual average value for the level of standing water in
the trench and the annusl volumes of water leaving the trench via trench
overflow and by disep percolationm.

Annual-average concentrations over the user—specified assessment
period of each radionuclide in enviromnmental 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 tramsport 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 perameters 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 nssulpfion simplifies the
calculations and is appropriate because of the large uvacertainties in
predicting individual mobility, population demography, agricultural
practices, and geologic and hydrologic changes that might occur during
the simulation period.

Several scenarios of human -sposure 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 user may design other
scenarios of interest. The PRESTO-II code makes 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 fractionm
of the drinking and irrigation water that is supplisd 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 population., Individual dose
calculations for atmospheric releases undec the normal scenario may be
calculated for a person at the site boundary in the prevailing downwind



direction. Individual doses due to waterborne effluents may also be
calculated at the site boundary.

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

The farming 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 inuale 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 ruspension 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.

TLe code is structured to consider only one scenario per computer
run. The scenario to be simrlated 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. Subrequent®
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-1I mcdel has been run using many combinations of input
deta 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 LLY
disposal sites. The sites chosen were selected based partially on the
need to consider a variety of hydrologic and climatic situvations, 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



suitable for use at many other locations if input data are zvailable.
Results from 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 nmearby populations from the considered local shallow land
disposal of LLV,

Table 1.1 Radiological exposure pathways for various scenarios

Scenario For population For individual
Normal Ingests off-site water Ingests site-boundary water
Ingests off-site foods Ingests site-houndary foods
Inhales downwind air Inhales site-boundary air
Intrusion None Ingests trench well water
Direct exposure from residency
Farming Ingests on-site foods Ingests on-site foods
Ingests off-site water Ingests on-site water
Inhales suspended soil
Erodel Inhales suspended Inhales suspended
trench material at centroid material at boundary

Direct exposure from
plume

Direct exposure to
exposed trench




2. DISCUSSION OF METHODOLOGY

2.1 ENVIRONMENTAL TRANSPORT PATHWAYS

Pathways of environmentsl 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
30il surface may be tramnsported to a2 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 followving two
sources: the contaminated soil surface, which becam" contaminated from
overflow or from operational sy lage, or the exposed trench contents
following possible erosion of the total cap sometime in the future.
Hemans may ultimately be impacted by iahalation 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 irradiationm
following deposition on ground surfaces.

The approach to calculating radiomuclide concentratiomns in the
pertinent environmental metia will be described in more detsil 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. Wbether the transport pathway is
predominantly via the acuifer or via ovsrland flow of water, an
important quantity is the asount of water entering the trench via
infiltration through the intact and failed portions of the cap.

Computstion of Infiltrastion Through Failed Trench Cap

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
annpally calculated by the following equation:

'T = AT[fc(P. + I.) + (1 - fc)'a] ' (2.1)

11
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where

= volume of water entering trench (-slyi.

‘i :
AT = sreu of trench (m"),

fc = fraction of trench cap that has failed (umitless),
P_ = annual precipitation (n/y),

I = annual irrigation (m/y),

I. = annnal infiltration for intact portion of cap (m/y).

In PRESTO-EPA, '. was computed using subroutine INFIL and the
value of W, was added to standing water from the previous year to
calculate the maximum depth of standing water in the current year. In
PRESTO-II, Morton’s model (subroutine EVAPO) may be used to compute "
and the average depth of water in the trench is determined as described
in the discussion associated with Eq. (2.4).

Trench Cap Modifications

The trench cap may fail by two methods: erosion or mechanical
disturbance. In the former case, the thickness of material removed
annually from the trevch cap by sheet erosion is calculated using an
adaption of the universal soil loss equation (USLE) (Wischmeier and
Smith, 1965).

The annual amount of erosion is subtracted from the cam thickness
for the current year of simulation. If the remaining thickness is less
than 1 cm, the cap is considered to be completely failed and fc is set
to 1,0, The USLE may be written as follows:

| )
[}

L fRfoLfoCfPfD , (2.2)

where

=y
(o
.}

annuval sediment logss from surface erosion (mass/y),
= rainfall factor (see text),

= g0il - erodibility factor (mass/unit area),

= slope - length factor (unitless),

= glope - steepness factor (unitless),

= cover factor (unitless),

= erosion control practice factor (unitless),

L I T T L. T T )
9 v O u -t rR»w

= gsediment delivery factor (unitless) .
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¥Ye used the parameterization scheme of McElroy et al. (1976) to
specify site—specific values of the factors in Eq. (2.2). The rainfall
factor, fk' expresses the erosion potential of average annual rainfall
in the locality. This factor is defined by McElroy as a summation of
the individual storm 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 storms, 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,
fL and fs for slope—length and steepness account for the fact that soil
loss is affected by both Yength and degree of slope. The code usage of
the USLE combines both .. :tors 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 s0il eroded from land tfnt 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, fP' allows for reduced erosion potential
by the effect of practices that alter drainage patterns and lower
ronoff rate and intensity. The sediment delivery ratio, fD' 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 these
desired (m/yr) within the code. See Chap. 3 for a description of input
units.

The second method of trench cap failure eccounts 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-IX
methodology it corresponds to total failure of some part of the cap.
The code :ser may specify some rate of cap failure as shown in
Fig. 2.3. By specifying appropriate values for the (x,y) pairs in
Fig. 2.3, the user may parameterize selective removal of the cap from a
portion of the trench area. Mathematically th.. function is
represented by

fc =0 if t < N1 ’

(P, - P)'(t -N)
Z 1 1 (2.3)
+ P1 if Nli ts N2 ’

f = —=
c (N2 - Nl)

fc = P2 if t > N2
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Even though P2 might be specified less thar 1.0 in year Nz. the cap
might uvltimately fail completely by virtue of erosion. As fc changes,
the smount of water added to the trench annually also changes.

Computation of Annual Infiltration through Intact Trench Cap

Three options sre provided in the PRESTO-1I control optioms for
specifying annual infiltration through intact portions of the trenmnch
cap. The first to be discussed is the vse 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 throogh the intact portion »f the treamch
cap, is non-zero, and makes the infiltration through the intact portionm
of the cap equal to parsmeter XINFL times the area of the intact
portion of the treach. 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 discussed in =
later section) times the intact area of the cap.
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We w1ll first develop a finite elemert approach to estimate
infiltration through an intact trench cap. This approach replaces the
finite difference approach used in earlier implementations of the
PRESTO methodology, including PRESTO-EPA. The finite difference
approach was replaced due to its tendency to overpredict trench
overflow within a one-year time step.

The annual-average depth of water in tke trench may be calculated
by first rearranging terms in a time—averaged (steady-state) expression
of Darcy’s law to compute a test depth D:

v
= L[ (2.4)
’ L(rﬁ‘)

-
L[]

test depth of water in trench during current year (m),

length of saturated zome below trench (m),
'T = volume of water annually entering trench (n3/yt).
rp = permeability of material below the trench (n/yr),

trench cross—sectional area (nz).

s

The average annual water depth in the trench (D ), the volume of
water leaving the bottom of the trench (VB). and the volume of water
overflowing the trench (Vo) are given by:

for D 0 ,D_ =0, and VB = 'T P Vo =0,

v
for 0 (DD, Dy =D, Vg=W,6 Vo=0, (2.5)
rpAp(D + 1)

for D> Dy, Dy =Dy, Vo=~ , Vo=W -V .

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 nf the tremch cap will now be briefly discussed. If water
infiltr.tion 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 the site. A simple model of
infiltration for the intact trench cap is used. 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 occurs, the depth of water over
the cap is equal to that over the remainder of the site. This
assumption seems reasonable, although 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 ome for non—trench areas. This
assumption is not strictly true (saturated zome thicknmess is a complex
function of time) but the error it introduces should not be large. Yo
have therefore chosen in PRESTO-II to require the model user to specify
a value FN, the ratio of (intact) cap infiltration to site
infiltration. As explained sbove, 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:

L.f
cT I¥

= (Chemical Exchange Option) ,
¥ Ap(D, Oy * Dyfykyspc)

ASN

C: " u NchNv (Solubility Option) , (2.6)
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where

T .

C' = concentration of redionuclide i in trench water
(Ci/m”),

IT = amount of nuclide i in treamch (Ci),

f' = fraction of total waste contacted by water
(1 for LEAOPT = 1 or 3; { 1 for LEAOPT = 2 or 4),

AT = trench ares (nz).

D-ax = maximum depth of standing water (m),

OT = porosity within “rench (unitless),
DT = trench depth (m),

kd2 = distribution coefficient within waste for
radionuclide i (mL/g),

Pc = density of waste material (g/cna).

S = elemental solubility (g/ml),
1

>
[

radionuclide decay coefficient (yr

),

mass of radionuclide (g/mole),
= Avagadro's number,

ratio (yr/s),

&
n

= ratio (Ci(dis/s)_l).
= ratio (mL/ms).

zZ =
I

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 om kd 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 aguifer to a well. The
velocity of radionuclide transport is retarded relative to water by
vertical and horizontal retardation factors, Rv and RH' calculated by

C1 . pakls 1+ P§ d4 (2.7)

Ry o, ' Bg=1+7¢g -

\j \
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kd4 = distribution coefficient of aquifer (mL/g),

20
: where
:
E Pg = bulk demsity of soil (g/cns).
% k43 = distribution coefficient of subtrench zome (mL/g),

3 6, = subsurface porosity (unitless).

The expected total transit time from tremch to well in years is
called the breakthrough time, tt' The breakthrough time is calculated
by summing the vertical and horizontal tramsit times, tv and tH‘ which
are respectively calculated by:

ty, = Vv t

DRy _ DgRy (2.8)
- 51,

v Vv H H

where
Dv = distance from trench to aquifer (m),
DH = length of aquifer flow to well (m),
Vv = vertical water velocity (m/yr),
VH = water velocity in aquifer (m/yr),

and retardation factors are as defined above.

For most radionuclides, a maximum well-water conceatratiom
level usually occurs just following breakthrough, i.e., the
arrival of the leading edge of the contaminated aquifer water at
the well. Since the concentration of radionuclide in the surface
s0il of the disposal ares is influenced by trench leachate
overflow and leaching by precipitation, and since the stresm
concentration is influenced by initial inputs and by inputs of
leschate from the soil surface, the year of maximum stream
concentration may slso be difficult to anticipate. Similarly,
atmospheric concentrations are determined by initial conditions
and by mechanisms effecting surface soil concentrations and these
values, too, may peak at unexpected times. Breskthrough time,
year of maximum concentration, and concentration values are
printed in the code output (see Sect. 4.7).

The amount of each radionuclide released from the trench
annually is decayed the appropriate amount as determimed by tv and
tﬂ' The equation used here is:

T YRR TN TR TR S TR Tmem——we e, m o




21

I'.n+t = IB.nexp(-lt).

where

1' att = activity of each radionuclide released
* from trench bottom in year n and in tramsit
t years (Ci),

IB a = 8ctivity of each radionuclide released
' in year n from trench bottom (Ci),

n = corrent year of simulation,

A = radiological decay constant (yr-l)

This amount of each racionuclide is divided by s volume of water
available at the well annually, VA, to calculate a maximum
radionuclide concentration in well water later used for irrigation or
drinking. If, based on the water volume that is calculated to be
required from the well, this calculated maximum concentration leads
to more radionuclide being removed from the well than is available,
the concentration is recomputed, subject to the constraint that the
quantity of radionuclide removed at the well is equal to the quantity
that is available.

The volume of contaminated water avsilable for pumping from the
well is dependent on several parameters. Our approach assumes that a
previously uncontaminated aquifer with a flow velocity S, provides
water to a well. A bolus of contaminated water from a LLV trench is
diloted each year by the volume of aquifer water that flows beneath
the trench in one year, plus the volume of additional water into
which the bo.us diffuses. If the volume of the bolus is small in
comparison to ‘he volume of aquifer water involved, then these
assumptions leac to the equation:

VA = SAOADA[\lAT + 2tan(al2)Dnl .
where

V., = total volume of contaminated yater available for
A ¥
removal from well annually (="/y),

SA = groond-water velocity (m/yr), N

OA = gaquifer porosity,

(2.9)

(2.10)
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DA = thickness of the aquifer (m),

a = constant angle of spread of the contaminant plume
in the aquifer (radians),

AT = trench area (-2).

DB = trench to well distance (m).

Alpha is the dispersion ..gle of a contaminated plume in the
water orf an aquifer. This dispersion angle must be estimated or
empirically determined (e.g., by chemical analysis, conductivity
measuroments, or radioactivity measurements 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 moves 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 removed times
radionuclide concentration against the total available radionuclide

mass In+t as calculated in Eq. (2.9). Total well water used, Vy» is
calculated by

Vg = [3.9 x 10'W L + gLy + 1.5 x 10°L,0 Ny, (2.11)

where

V., = annval well water used (L/y).,

==

3.9 x 10" ~ 4492 -2 irrigated per person per
year x 8760 h/yr,

W, = irrigation rate (L/-2°h).

LL = fraction of irrigation from well (input
variable WATL),

U' = individual annual water consumption
(n”/yr-person),

Ln = fraction of human water use from well
(input varisble WATH),

1.5 x 10" = water fed to cattle consuymed by humans
(L/person-yr),

LA = fraction of animal water use from well
(input varisble WATA),

NP = gize of the population (number of persons).
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Units of Vi are converted to -3 within the code. If the mass 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 may eventually reach the stroam.
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 calculated concentrations of radionuclides in well water are
sveraged over the length of the simunlation 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
additio~, 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. Vater inputs to the watershed consist of precipitation and
irrigation. Losses of water may include runoff, evapotranspiration, and
deep seepage. To summaxize these hydrologic sources and sinks on an annual
basis, we utilize the following mass balance equation:

P +I =% +E +R , » (2.12)
a a

where

P_ = annual precipitation (m/y),

I_= annual irrigation (m/y),

¥ = annual deep seepage or infiltration (w/y),
E

= annual total evapotranspiration, including surface
evaporation and plant transpiration (m/y).

R_ = annual runoff (m/y).

We define a constant runoff fraction as

f =R /P . (2.13)
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 - fr)Pa + I. - E‘ . (2.14)

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

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

The average annual total evapotranspiration, Bh' may be calculated by
a model devised by Morton (1976, 1978) and input into Eg. (2.14). As
adaptation of Morton’s model is included in PRESTO-II as 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 wide range of climates and
reasonably estimates evaportranspiration at 122 river basins on three
continents. According to Wallace (1978), the Mortom model is superior to
both the Thornwaite-Mather (1955) and Penman (1948) approaches to modeling
evapotranspiration in arid environments. Futhermore, Morton’'s model has
been applied to generate evapotranspiration for esch of the 0.5 dby 0.5
degree latitude/longitude cells considered in the extensive data base for
the CRRIS system of transport codes (Baes and Miller, 1981) that has been
developed for the Environmental Protection Agency. Morton warns agsinst
using the model near sharp environmental discontinuities such as coastlines
or mountain ranges.

Trench overflow transport and stream contamipation

As mentioned abave, 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 §urf:c3 will then have a component of contaminated soil with
concontragion Ci/m” and a component of contaminated water in the surface
soil of C' Ci/w’. The material comprising Cs is considered relatively
insoluble and becomes s source term for resuspension sand 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.

VWater and associtted radionuclides on the surface may either enter the
stresm or re-euter the trench. The amount of each radionuclide added to
the stream is representad by the product of C'. the radionuclide concen-
tration in the surface soil water, and the annval yolume of runoff from the

contaminated soil surface, WSTREM, The value of C' for each radionuclide
is oalculated by:
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3
Ce 10 (2.15)
kg * My

where

radionuclide concentration in surface soil water (Ci/na).

<
]

Is = smount of radionuclide on surface (Ci),
kdl = distribution coefficient for surface soil region (mL/g),
.S = mass of soil in contaminated region (kg),

mass of water in contaminated soil region (kg),
= m kg/l3 = ml/L.

™

1

Equation (2.15) is used to compute the concentration of radionuclide in the
surface soil interstitial water (units of Ci/m”). The equation is
numerically correct. The equation appears dimensionally incorrect, due to
the presence of numerous conversicn 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 radiopuclide concentration in the contaminated surface soil
region, Cs. is calculated using:

S _ ,,-3.8
Cg = 107Gk, (2.16)

Cg = radionuclide concentration in soil Ci/kg,

10"3 = -3'g/nL'k;.

The contaminated region of surface soil is defined by the user in
tems of length, SL (m), width, S' (), and depth, SD (m). These
parameters allow the calculation of soil (Hs) and water mass (I') in the
contaminated soil region by:

3 3
Hs = 10 psS'SLSD . I' = 10 OSS'SLSD , (2.17)

where

Pg = soil bull density (;/cns).
Os = g0il porosity (unitless),

3

10" = (cns'k;/ls'g) for soil and (kg/ls) for water,

.S and H' are expressed in units of kg.
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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

'S = frP‘S'SL . (2.18)

An additional wmount of contamirated 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 LLW site surfaze soil
is given by

'D = (1 - fr)P‘S'SL . (2.19)

The arnual comtribotion of radiomuclides from the contaminated
surface-soil region to the stream, R,, is then the prodgct of 'S and the
radionuclide concentration in the surface ->il water, (Eq. 2.15). The
amount of each radionuclide annuvally added back into the trench from the
contaminated surface soil regionm is the product of 'D and . The concen—
tration of radionuclides in the stream is the quotient of Rs 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 STAM(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 rsdionuclide
removed from the stream is conserved by first computing a value based on
the predicted amount of water extracted from the stream:

I_- vs‘# , (2.20)

where
Ir = annual amount of nuclide removed from stream (Ci/y),

C: = radionuclide concentration in stream (Ci/ns).
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and V. is as defined in a marner analogous to Eq. (2.11). For ihe
calculatinn of Vs. the fractional water uses by humans and animals, and for
irrigation, as specified by input variables SATH, SATA, and SATL on input
card 5, are used in place of the corresponding variables WATH, WATA, and
WATL defined for well water use in Eq. (2.11). If I a5 computed above is
iarger than the annual input of that nuclide to the stream, R., then the
radionuclide concentration in the stream is recalculated to ensure conser—
vation of mass:

Ry
(: - V; . (2.21)

Time—averaged concentrations of each radionuclide in well water and
stream water are calculated for the appropriate number of simulation years
by dividing the sum of the annual radionuclide concentrations in the well
water and the stream water by the lengtk of the simulation. The time—
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

Ysternal Calc¢ulation of E/Q Ratio

The DWNWND model (Fields and Miller, 1980) as modified for use in
PRESTO-1] is a compact algorithm suitable for quantifying atmospheric tran-
sport at sites where the population is concentrated into s single, small
community. For cases in waich this distribution is not appropriate for
use, we have made provision for the code user to enter an extermally com—
puted population average valve for the air concentration, E, to source
strength, Q, ratio. An externally computed E/Q ratio should be used for
complex population distributions. This value is entesred as variable CHIQ i
on input card 17. Ome code which the user might use for determining E/Q in 3
such cases is AIRDOS-EPA (Moore et al., 1979). A second code that may
prove uteful, if the population resides in a small number of communities,
is DWYNWND (Fields and Miller, 1980). X
In many cases, uncertsinties in the computed atmospkeric source
strength for contaminated areas are larger than differences between the
internally computed and externally determined E/Q ratios.
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Internal Atwospheric Transport Model Capability and Formulation

The atmospheric tramsport portion of the PRESTO-II code will be
discussed in two parts: (a) a description of source strength computation
and (b) a discussion of the calculation of atmospheric concentration at the
residence site of the specified at-risk population. For most applications,
PRESTO-II is expected to be applied to a site of known population
distribution, and the user must input geographical and meteorological
parsmeters 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 u: 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, & 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 soii leaching of radionuclides. The portion of a
radionuclide that is sorbed onto soil particlivs 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. The given LLW site is described by
meteorological variables including:

F' = fraction of the year wind blows toward at-risk
individoals,
H = source height (m),
HL = 1id height (m),
8 = stability class,
Th = type of dispersion formulation,

H_ = Hosker roughness parameter (m); about 0.01 x physical
roughness,
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U = wind velocity (m/s),

"

Vd velocity, deposition (m/s),

velocity, gravitational fall (w/s),

L] OQ<
]

gauge distance from source base (m).

Source Term Characterization

The release rate for atmospheric transport is termed the source
strength. In PRESTO-II, source strength is directly dependent on the
surface soil-sorbed radionuclide concentrations, qG‘ The source strength
is the arithmetic sum of two parts, that parameterized by a time-dependent
resuspension factor R (Anspaugh et al., 1975) and that parameterized by a
resuspension rate Rr ?Healy, 1980) .

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

L nelexp(nez\jﬁ +R,, (2.22)

where T is elapsed time (days) and ie has vnits of inverse meters, then the
radionuclide concentration CA in the atmosphere above but close to the
source is given by

c, = R.Cc . (2.23)

Using Anspaugh’s values of 1 x 10-4. -0.15, and 1 x 10—9 for xel' R°
and Re3' respectively, the value of R_ calculated as above is probably
conservative for more humid sites. As data from 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 sdditions 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 surfacne
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 for later additions to the surface inventory.

The user wishing to specify a time--independent windblown resuspension
factor may do so by se.ting the valr.s of R 1 and R , to zero. VWhen this
is done, determination of windblown snspons:on of af% contributions to the
surface inventory will be treated identically, regardless of the time that
the contribution is made.

2'
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It is possible (Fields, 1982) to develop atmospheric source terms from
known soil-surfice radionuclide concentration and extent, wind speed, and
mechanical disturtance parameters. In Bq. (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 UBDIV , where U is vind velocity, HD 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 ares, A,
and s tentative correction fraction, F, is computed uvsing the equation:

.. _VAE . (2.24)

UHD

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

Qr = CAHDUF\IK . (2.25)

A second source compoment results from mechanical distmrbance of site
surface soi: Mechanical disturbance occurs during a user—specified
interval. VWithin this interval, the fraction of time per year that the

disturbance occurs is F-ecb' The source term component for mechanical

disturbance is parameterized by the resuspension rate, Rr' baving units of
inverse seconds, to wit

Q-ech = CGanncch . (2.26)

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

Q= Qr + Q.“h . 12.27)

Iransport formulstjon

The PRESTO-II code uses s Gaussian-plume atmospheric transport model,
which is an extension of an equation of the form (Slade, 1968):
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This equation describes a distribvtion of bell-shaped (Gaussian)
profile, where E represents the downwird, ground-level, sector—centerline
radionuclide concentration, ¢ the sonzce strength, and H the corrected
source release height (to be discussed later). Dispersion parameters, o
and o, 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 eclevation z and horizontal distance y from the plume
conter. MNass 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 pirme 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, Hoff’ 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 plvme centerline
will tilt downward with an angle from the horizontal, the tangent of which
is VSIU. The elevation of the plume centerline a distance x dowawind is
then

(2.28)

H=H, -v/0, B0, (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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Congideration of the Effects on Transport of s Stable Air Layver

The Gaussian—plume formulation has been modified for use in PRESTO-II
to account for the presence of a stable 2ir 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
some height HL. Pagquill (1976) has summarized some reasonable
approximations to the modified vertical concentration profile for various
ranges dowrwind, and his remarks have influenced our approach. We coupute
a8 limiting value of °, defined as

B
o_(limit) = 2(B - 3)/2.15 . (2.30)

This equation follows from setting the ground-level comtribution to the
plume from an image source located above the stadble air layer to 0.1 of the
plume concentration. It is assumed that the limiting vslue of o

calculated in this manner is correct for distances beyond the distance for
which the value of . for no 1id present becomes greater than o_ (limit).
For shorter downwiné distances where the vertical dispersion coefficieant is
less than oz(lilit). the Pasquill-Gifford value of °, is used. For gresater
downwind distunces, where czzg (1limit), the value of cz(li-it) given inm Eq.
(2.30) is uvsed instcad. The lfd height is a user-speciied value, BL' in
the PRESTO-II code. For LLY applications, the source height will ususlly
be sufficiently low that the influence of will be small. For some
sites, however, the influence of an intervening ridge may necessitate a
larger effective source height.

Corgection for the Effects of Plume Depletjon

The plume is depleted st ground level during travel as the
particulates are deposited. Both fallout and electrochemical deposition
msy be important considerations, and ground cover characteristics zre of
major importance. (Under certein 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.
Nea- ground level the deposition process is often characterized by a
deposition velocity V, (Gifford and Pack, 1962; Murphy 1976s,b). The
deposition rate W is gefined by

LI VdE . (2.31)

Ve may compute the magnitude of plume depletion dQ/dx as a function of
downwind distance x out to a final distance X within the downwind sector by
integrating scross the plume. Using Eq. (2.28) and setting z = 0O, we have
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The most often used dispersion parameterization scheme for the Gaussian
pluome is the Pasquill-Gifford approach; this is the approach we find most
appropriate for long-term LLY assessment calculations.

Pasquill (1961, 1974) considered ground level-emission tracer studies
and wind-direction fluctuation data to arrive at a dispersion
paremeterization 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 smell source distances (<1 km). The so-called
Pasquill-Gifford form of inis 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 2nd other environmental media are used to
calculate human intake/exposure and potential health risk.

Radionuclides in water may impact 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 contenis 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 s
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 ths ground
surface (person-Ci/m”), the average collective ingestion rate (person—
pCi/yr) and the average collective inhalicion 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 sare constant during the total period of the
assessment (between and including years IAVGl, and IAVG2 on input card 3),
as required for input to DARTAB,

The concentration of each radionuclide on the ground sunrface for
year i, Q(i)s (Ci/m“)., is updated on a yearly basis using
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(2.32)
9 _ [m _ela_a 4_ 1’_
dx Y vdEdy T QU xe ¥%2 exp[

By performing the indicated quadrature across the plume and further
integrating along the longitudinal direction to express the loss of release
agent as a multiplicative factor, it can be showm (Miller, Hoffman, and
Shaeffer, 1978) that the ratio of the air concesntration considering
deposition processes, Ed. to the air concentration withomt regarding
deposition, E, is

HZ)

o — 2.33
Ed ) 2 Vd X exp. (53—7, dx . ( )
= O ®P1T VT u 0 o

Since o_ is a complicated empirical function of the downwind distamce x,
Eq. (2.33) must be evaluated numerically.

In the PRESTO-1I 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 1l/¢
factor in Bq. (2.32). y

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

2.032F,F Q
= . dw oxp _( HE ). (2.34)
X0 2
z 20z

This value is corrected for deposition by multiplying by the Fq 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 preseuce of
updrafts.

Jt 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 DWNWND code (Fields and Miller, 1980) which has been
incloded 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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t.v
p(i) - A4 (2.35)
s A,
S
and
Qi) = [ati - Dg + Dii)glexp - (hg + 1) , (2.36)
where

CA = mean ground level radionuclide concentration at
population of interest (Ci/m”),

Vd = deposition velocity (m/s),
D(i)s = amount of radionuclide deposited in year i (Ci),
ls = s0il loss coastant (y—l). and

A = radiological decay constant (y-l).

In PRESTO-II, separate contributions to the redionuclide surface soil
inventory are computed for atmospheric deposition and for irrigation
deposition. Thcse inputs are summed to yield the total ground-surface
radionuclide concentration.

Appropriate bnit conmversions are made within the code. The collective
inhalation rate is calculated by moltiplying the population size by the
generic individual inhalation rate of radionuclides. Qinh' calculated by

Q =0 'C (2-37)

where

U‘ = inhalation rate (nslyr).

The units of O are converted to pCi/yr for input to the health risk
portion of the code.

The collective ingestion rate is the input to DARTAB that requires the
most calculations by PRESTO-II. Ingestion includes intake of drinking
water, beef, milk, and crops. Except for drinking water, all of these
media may be contaminated by either atmospheric processes or by irrigation.
For the most part, we use the equations from AIRDOS-EPA (Moore et al.,
1979) to calculate radionuclide concentrations in beef, milk, and crops
consomed by humans.
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The atmospheric deposition rate onto food surfaces or soil that is
used in subsequent calculation of radiomuclide content in the food chain is

X

R AR %

= } 15 (2.38)
d CAVd 3.6 x 10

where

s

mean ground level radionuclide concentration
at point of interest (Ci/m’),

V, = mean rate of radionuclide deposjtion omto
d 2043
ground or plant surfaces (pCi/m”-h),
3.6 x 101% = sec/B-pCi/Ci.

The following equation estimates the concentration Ev of a given
nnclige in and on vegetation at the depnsited location (except for “H
and ~ C):

B x CSpP

(2.39)
ve

< [_Rll-exp(—kete)]
v

where Cv is measured in pCi/kg, d is defined sbove, and

R = the fraction of deposited activity retained on crops
(onitless),

le = the effective renovnl_{lte constant for the radio-
nuclide from crops (h ), where le =L+ A, A
v is the radioactive decay constant, and A_ is the
- removal rate constant for physical loss gy wveathering,
f te = the time period that crops are exposed to contami-

nation during the growimg season (h),

. Y = the agricultural groductivity (yivld)
‘ [kg(dry weight) /2],

B = the radionuclide concentration factor for uptake from
soil by edible parts of crops, [pCi/kg (wet weight) per
pCi/kg dry soill; B values are read is as dry weight
basis values, snd convesrted by the code to wet weight
basis values.
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CspP

soil radionuclide concentration, updated yearly
(Pci/ﬂ ) »

P = the effective "inrfuce density” for soil
[kg(dry s0il)/mn"), and

th = time interval between harvest and consumption of
the food (h).
Vegetation concentrations of radionuclides 3B and 14
discussed in Eqs. (2.52) and (2.53).

C are developed as

The rate constant for contaminant removal from the soil, l‘ (h_l), is
estimated using
A = I (2.40)
s 1+pk, '
0.15-8760- [—-6—1—]
s
where

r_ = soil permesdility (m/yr),
p_ = soil bulk density (s/cns).
kd = distribotion coefficient of the radionuclide (mL/g),

@ = surface soil porosity (unitless),

(=4
[

W
"

depth of soil layer (m),
h/yr.

®
~
[~ .3
o
i}

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 animal forage is calculated
by use of the equation

C_ = ’ - (2-41)
£ fpf'Cp + (1 fpf‘)C‘ ’
where

C = the radionuclide concentration in stored feeds
{calculated using BEq. (2.39) with t, = 2160 k (90 &)}
(pCi/k.)'
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f = the fraction of the year that animals graze on
pasture (unitless),

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

The concentration of each radionuclide in milk is estimated as
C = F_C.Qeexp(-At)) , (2.42)

where

C = the radionuclide concentration in milk (pCi/L),

Cf = the radionuclide conceantration in the animal’s
feed (pCi/kg),

F_ = the average fraction of the snimal’s daily intake of
a given radionuclide which appears in each liter of
milk (d/L),

Qf = the amount of feed consumed by the animal per day
(kg (wet weight)/d),

t, = the average transport time of the activity from the
feed into the milk and to the receptor (k),

A = the rsdiological decsy constant a™h.
The radionuclide conceatration in meat from atmospheric deposition

depends, ss with milk, on the amount of feed consuvmed and its level of
contamination. The radionuclide concentration in meat is estimated using

G - F CoQexp(-At ® , (2.43)

where

CF = the nuclide concentration in animal flesh (pCi/kg).

Ff = the fraction of the animal’s daily intake of s given
radionuclide which appears in each kilogram of
flesh (d/kg),

Cf = (ke concentration of radionuclide in the animal’s
feed (pCi/kg),

Qf = the amount of feed consumed by the animal per day (kg/d),

t = the average time from slaughter to consumption (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,, the fraction of
the year during which irrigation occurs. The t in the exponment becomes
t', equivalent to f; in hours. For irrigation calculations, the deposition
rate, d, in Eq. (2.40), becomes Ir’ expressed as

I =cC-v , (2.44)
r v I
where
Ir = radionuclide application rate (pCi/nz-h).
C' = radionuclide concentration in irrigation

water (pCi/L),

=
"

[ = irrigation rate (L/nz'h).

The concentration in water, C_, is an average of well and stream water
weighted by the respective amounts of each that are used as specified by
input parameter WATL 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.

(e}
]

: : - 2.45
Fn(Cf 0, + C Q) exp( ltf) ( )

()
!

= Ff(cf.of + C"ov)exp("'lt’) ’ (2-46)

where

Q' = the amount of water consumed by the animal (L/4).

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

= (2.47)
Qing Qv * Qmilk * Qmoat * Qv ’
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where the variables represent individual annual intakes of a given radio-
nuclide via total ingestion, and ingestion of vegetation, milk, meat, and
drinking water, respectively, in pCi/yr. The annual intakes via each type
of food, Qv for in:ztance, are calculated as

S vy .
Qv = (CI + CA) Uv . (2.48)
where
Qv = annual radionuclide intake from vegetation (pCi/yr).

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

= radionuclide concentration in vegetation from
atmospheric deposition (pCi/kg).

U = individual annusl intake of vegetation (kg/yr).

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

As mentioned earlier, Egs. (2§38)—(2.46) do not apply directly to
calculations of coencentrations ¢f "H or * 'C in foodstuffs. For application
of tritium in irrigation water, we assume that the concentration in all
vegetation, Cv, is the same e&s the tritium cnoncentration in drinking water;
therefore,

c =c, (2.49)

where Cv and C_ are in pCi/kg and pCi/L, respectively. The concentraticn
of "H in :ni-n!'s feed, C_, is therefore also equal to C'. Then, from
Eqs. (2.45) and (2.46), the concentration of tritiom in animal’s milk and
flesh and be written as

c, =F cla +a), (2.50)

CF = Ff°C'(Qf + Q') , (2.51)
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where

Cn = concentration of tritiem in milk (pCi/L),

F; = fraction of the animal's dgily intnke.of 3h that
appears in each liter of milk (1/L) times
conversion/factor (L/kg),

C' =3g concentration in animai'’s drinking water (pCi/L),

Qf = animal's daily intake of forage (kg/d),

Q' = cow's daily intake of water (kg/d),

CF = concentration of tritium in animal’s flesh (pCi/kg),

Ff = fraction of the animal’'s daily intake of 3H that

appears in each kg of flesh (1/kg).

The exponential decay term is neglected duc to the relatively lomg half-
life of tritium.

For vegetation contaminated by atmospheric deposition of tritium, 35
concentrations are calculated by

C
2.52
¢ =2.(0.7500.501 x 10" , (2.52)
v h
where
Cv = tritium concentration in vegetation (pCi/kg).
CA = concentration of 38 in air (Ci/ms).
h = absolute humidity of the atmosphere (g/ns).
0.75 = fraction of the plant mass that is water,
0.5 = ratio of tritium concentration in plant water to
that in atmospheric water,
15 _ 12 .o 3
1x 1077 = (1 x 107 pCi/Ci) x (10" g/kg).

The mean groond level air cgncentration of 3H, CA' 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 carbom in
vegetation is thelzame as that ratio in the sorrounding atmosphere. The
concentration of ~ C is given by

0,11 , (2.53)

15
0.16 0°")

Cv = CA-r'( )-(1 x1
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where

Cv = 1‘C concentration in vegetation (pCi/kg),

CA = mean ground-level concentration of 14C in air
(Ci/m”). also calculated from equations given in
Sect. 2.1.2,

r = ratio of the total release time of 14C to the total
annosl time during which photosynthesis occurs, p(1,

0.11 = fraction of the plant mass that is natural carbon,

0.16

concentration of natural carbon in the atmosphere (glls).

2.2 DOSE AND RISK CALCULATIONS

2.2.1 DARTAB Calculations

In Eqs. (2.40-2.50) we showcd 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
radiolcgical dose and resulting health risk. The remainder of tkis 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 "Genersl Equations.”

Badiological dose quantities

The annval dose committed to an average individuoal or to a population
at location k for the 1th organ, ith nuclide, and jth exposure pathway is
given by

K.E(x)-DF, .y (2.54)

P(k) !

Dijl(k) =

where K, contains any numerical factors introduced by the units of Eij
the expbdsure to the ith radionuclide in the jth pathway, Dpijl is the

dose-rate factor for the ith radionuclide, the jth pathway and the 1th
organ, azd P(k) is the exposed population at location k. All Ei and DFi,1
for various nuclides (index i) and organs (index 1) have consist%nt units’
DARTAB performs three calculations and tabulations of dose rate and
dose: (1) dose rate to an individual at s selected location, (2) dose rate
to s mesn or average individual, and (3) collective population dose rate.
As a component of PRESTO-II, calculstions (1) and (2) are equivalent, as is

(x),
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calculation (3) for a population of 1. Table 2.3 lists units of DFi.l and
Ei' for each of the four pathways for selected individual dose calcula-
tions. Dose rates, D...,, are in mrad/yr.

Mean individual dose rates are calculated using

2 P(x) x D (K)
D - >

ij1 = ) P
3

1 (2.55)

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

The collective dose rate for the exposed population is the product of
Di'l and the number of persons exposed. Units of the collective dose rate
aré¢ person—rad/yr.

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

D, (x) =§Dijl(k) , (2.56)
or nuclides:
D, (x) = %Dijl(k) . (2.57)

The total dose to the Ith organ at location k, Dl(k), is then

Diik) = } ) Dy () - (2.58)
j i

The dose equivalent (mrem), Bl' for the 1th organ is given as

+ QF(bigh-LET) x D, (k,high-LET) , (2.59)
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where QF denotes the quality factor. The factor is defined as 1 (low—LET

radiations) or 20 (high-LET radiations).
To combine dose rates to different organs, a weighted sum is used:

— {
D,y = % LA OB (2.60)

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

2w, =1.0. (2.61)
1

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

Health effects 2stimates

The healch risk and risk equivalent are computed in a manner similar
to the dose calculations. The health risk or individual risk of premature
death to an individual at location k for the 1th cancer, ith radiomuclide,
and jth exposure pathway is given by:

=105
Ry (K) = 10 T-K.E, (KRF, ., /P(X) , (2.62)

i 3

where

(k) = is the expostcre to or intake rate of the ith radio-
nuclide through the jth exposure or intake mode at
location k in the emvironment, and

Eij

RFijl = the mortality risk factor per unit exposure or intake
rate of the ith radionuclide inm the jth exposure or

intake mode for the 1th cancer site.

and where K, again serves to reconcile the units of E.j(k) and RFi . The
total individnnl risk represented by the exposures ana intakes of 211
radionuclides through all pathways is given ss:

(x) )} RF,./P(K) , (2.63)

-5
R(k) =107 } K, % Ey Py

J
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and the health risk can be summed over pathways, radionuclides, or cancers.
The mean or average individuoal risk is estimated in a2 similar way.

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

-5
_10"° (2.64)
HE = 2 K, ZEij(k) g BF, . )

vhere Te is the mean individual lifetime (70.7 yr).
In DARTAB, life loss (years) per premature death is calculated by

Y, (k) = § K, é Eij(k)n'ijl? K, ; E;;(KIRF,., . (2.65)

where

Yl(k) average life lost (years) per premature death from

cancer 1 at location k, and

d

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 lth site, while the denomimator is the total
number of deaths dune 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, Ye(k), is merely
the sum over all locations, k, of Y (k) calculated using Eq. (2.65). As
with the dose calculations, it should be noted that PRESTG-II sssumes that
the total population resides at ome location, k = 1, Therefore, mean
individucl 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 documertation report, Begovich et al. (1981), pages 5-10, or the
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report by Dunning, Leggett, and Yalcintas (1980). The latter describes the

theory and development of the RADRISK code that gemerates the risk factors
utilized by DARTAB.

s e ?. | r—— | e s s

The DARTAB subroutine of the PRESTO-II model contains algorithms to
compute the dose rate per unit radionuclide surface concentration to am
individual standing on & 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 computation so that the calculation
computes a value appropriate for am individual spending part of his time in
a basement. Ve assume in this calculation that the basement actually
extends into and is surrounded by the trench contents. Furthermore, we
assume that most of the individual’s time is spent at the center of the
basement, that the basement radius is three meters, and that the radistion
attenvation coefficient of the trench may be approximated by that of earth,
with attenuation coefficients takenm from literature published by the
British Standards Institute (1966). The elapsed time between closure of
the waste disposal area and construction of the basement is an input
parameter for the model.

We define a conversion factor F which will be used to convert the
radionuclide concentration in the trench surrounding the basement to 2
value appropriate for an input parameter to the infinite-plane calculation.
Provided the besement is continuously occupied, this conversion factor is
defined by the equation

D,/p (2.66)

Dp/a ’

F =

where

Db/p = dose rate in basement per mnit of radionuglide
concentration in trench [(wrad/yr)/(pCi/m”)],

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

In BEq. (2.66), o represents the radionuclide concentration per umit surface
area on the infinite plane and p represents the radionuclide concusntration
per onit volume in the treanch 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
D, = :f Fp (mrad/yr) . (2.67)
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We may compute the basement whole-body gamma dose rate per unit of
radionuclide concentration at a distance one meter above the basement floor
by integrating the radiation flux from easch volume eclement of the trench
material over the trench volume v. For uniform radionuclide concentration
and for a single photon energy, this equation is

% _, Blugry) —lugry * wyrqy (2.68)
e dv

pC v r2

C = units transformation constant [(-rad/yr)/(pCi/-Z)].

= 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
Simmons equation were taken from Eisemhauer

and Simmons (1975) and for Taylor’s formula were
taken from Morgan and Turner (1967),

=
1
HV
|

r = distance from point of interest to -~lement of volume
of the trench dv (m),

B_ = linear attenuation coefficient of air (-1).
by = linear attennation coefficient of tremch (n—l).

r = distance in air from point of interest to element
o volume dv (m),

Iy = distance in trench from point of interest to element

of volume dv (m).

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

Bh ] y B(EIrT)c-(u.r.+uTrT)d
pC v(beyond floor) r2 v
B(ppry) =(p r_+pnra)
. bl u SR U M o SR
v(beyond wall) r2
B(prrn) —(p 1 +pnr.)
- 2n[fg+d f:+d y"f%%l;e 2 "TT dzdyl
r
Bt} —(p_r_ +pora)
[+ f:m fl_I“zy___‘l'z_J_e afatPrT dzdyl , (2.69)
r



where
R = basement radius (m),
z = distance of point of interest from floor (1 m).
= basement height (m),
d = cut-off thickness of trench, chosen to be 10 mean

free paths (or 10/pT).

The first integrand refers to the section of the trench immediately below
the basement floor, while the second integrand refers to the treanch
material outside the walls of the basement. For this calculation, the
basement is assumed circular, and we have used a2 two-dimensional Simpson’s
rule method (NcCormick and Salvadori, 1964) to numerically evaluate the
integrals.

Eq. (2.69) has been evaluated to determine values of the ratio D /pC,
and we have found that as the assumed basement radius varies from 3-6 m,
the computed value of D /pC changes by only 30% (being greater for the
smaller basement radius) for radiation energies ranging from 20 keV through
10 MeV. Ve 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 m per unit surface concentration from
an infinite plane is given by the equation

R T ® -ur
le tas=2nde M ar -2, (2.70)
r 1

& k”
[
—

C = units transformations constant [(lradlyr)l(pCillz)].
1= f;(l/r)oxp(-u‘r)dr (dimensionless), o

p_ = linear attenuation coefficisnt of air (» 7).,

1 = height of point of interest (m).

In this transformation, the incremental area elc-entzds is 2nXdX, where X
is the radius projection onto the plane; and since r = X + 1, we have
XdX = RAR. I, the value of the integral in this equation, may be computed
npumerically using a polynomial approximation (Gautschi and Cahill, 1964)
for values of §  corresponding to different values of y emergies. The
results of these calculations are susmarized 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 plame calculation. Values of this ratio for
energies between 10 keV and 10 MeV are given for a basement radius of 3.0
in Table 2.5. Ve see that a conservative average value of F may be chosen
to be 0.1 m.

If we assume that the basement is occupied ome—third of each day, we
mus . multiply either the calculated dose rate or radionuclide concentration
within the trench by one-third. Ve may. therefore, include the estimated
basement exposure dose ratz in the infinite plane dose-rate calculation of
the DARTAB subroutine by mnltiplying the average radionuclide volume
concentration within the trench during the basement occupancy period by
0.1 » (ihe volume to the surface correction term F) and by ome—third (the
fraction of time the basement is assumed to be occupied). Thus, the true
value of ¢ is augmented by the quantity 0.033p to yield a value that
corresponds to the planme dose plus the basement dose. 1In the PRESTO-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 simnlation 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 mode by appropriately selecting the value for
IBSMT on input card 3.

2.2.3 Handling of Daughter Products

The PRESTO-II code does not make calculations to account for ingrowth
of dauvghters 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 dauvghter is
short-lived relative to the parent, the radionuclide comcentrations
calculated for environmental media may be in error because of this
ingrowth.

For example, when 137Cs (1# = 30 yr) is included in tre~ch inventory,

one can reasonably expect that f§7.3a (T, = 2.55 min) would be in secular

equilibrium with the parent nuclide. If' 137'3. is not listed as part of
the trench inventory, tl:n no environmental concentrations of 7.31 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 situvations where external exposures may be importunt, and where as
in the above example, the daunghter is present, the user should include the
daughter product in the initial trench inventory. Im such cases, the
daughter should be entered with the same activity, decay coefficient, and
environmental transport parameters as the paremt. By so entering the
daughter, the effect of secular equilibrium will be achieved throughout
transport in the enviromment. The fact the Cs snd Ba probably do not have
identical chemical and environmental behavior will be relatively
unimportant 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 dynamics of the daughter alone
inside a human body tend to result in low doses. In particular, this is
true because the DARTAB calculation will not be affected by the decay rate
of the daughter as indicated in the emvironmental transport portion of the
PRESTO-11 input data set.
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Table 2.1 Leaching options specified by LEAOPT

Option Leach calculation method

1 Total contact, distribution coefficient
Immersed fraction, distribution coefficient
Total contact, soluwbility

Immersed fraction, solubility

Kelease fraction

th & W

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

Day Night
Surface wind
speed (at 10 m), Incoming solar radiation Thinly overcast
m/sec or £3/8
Strong Moderate Slight 24/8 low cloud 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 Units of exposure factor, Ei , and dose rate

factor, DFi‘l' for selected individual dose rate
calculations by DARTAB, Table 2.4 lists similar
factors for risk

Units of factor

Pathway

B DF;i1
Ingestion (person—-pCi)/yr (mrad/yr)/{(pCi/yr)
Inhala*ion (person-pCi)/yr (ntad/yr)/(pCi/yg)
Air i sersion (person-Ci)/m (mrad/yr)/(Ci/cp™)

Grourd surface-exposure (person—Ci)/m (mrad/yr)/(Ci/m")
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Tatle 2.4 Units of years lost factor, YLijl, and mortality rask
factor, RFjj1, for health risk calculations by DARTAB,
corresponding to exposure factors listed in Table 2.3

Units of factor

Pathway
YLjj1® BFjj1
Ingestion yr life loss/{(pCi/yr) (denths/lOg person)/{pCi/yr)
Inhalation yr life loss/(pCi/yr) (deaths/10° persomn)/(pCi/yr)
Air immersion yr life loss/(pCi/cm3) (deaths/105 person)/ (pCi/cm3)
Ground surface-
exposure yr life loss/(pCi/cem(2) (deaths/103 person)/(pCi/cm2)

8Years of life lost is total years lost per cohort of 105 people.

Table 2.5, Results of basement and infinite plane
unit dose rate computations

v energy

MeV F (m)

0.05 0.015

0.10 0.045

0.20 0.061

0.50 0.087

1.0 0.087

2.0 0.088

4.0 0.092

6.0 0.098

8.0 0.099

10.0 0.101




3. CODE DESCRIPTION

3.1 SUBROUTINE STRUCTURE, INFORMATION FLOW, AND INPUT PARAMETERS

The PRESTO-II code is structured in a modular form to permit simple
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 850K 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 trunsports’le
to other IBM installations. Non-IBM users will probably hav: to modify the
NAMELIST inputs (see Sect. 3.3.2) snd 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
rainwvater infiltration through the intact portion of the tremch 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 vsed elsewhere in the simulation.
Scheduled event submodels are thosc 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 & life—table approach. The
subroutine structure of the code is shown im Fig. 3.1.

3.2 SUBROUTINE DESCRIPTION

Table 3.1 lists the primary subroutines used in PRESTO-II and their calling

sobprogram, along with their input and output data. Subroutine functions
are described in the following text.

MAIN The main calling program of PRZSTO-II defines the most
commonly used variables of the code, specifies dimeasion and
common areas, and initializes variables and input comtrol
parameters. The input and output subroutines, SOURCE and
OUT, are called directly by MAIN (Fig. 3.1), as are the unnit
response model subroutines AIRTRM, and ERORF. MAIN also
calculates the vertical water velocity, retardation factors,
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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
column to aquifer in Fig. 2.1) and the basement exposure
correction factor (Sect. 2.2.2).

MAIN calls bookkeeping subroutines to calculate quantities
associated witl trench water balance, trench .;ap 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 concentraticns. In addition
aquifer volume, hypothetical radionuclide withdrawal from
well, and material balance are calculated in MAIN,

Risk evaluation svbmodels called from MAIN account for
radionuclide conceitrations in food due to atmospheric
deposition and wat~r irrigation, radionuclide intake by man.
These subroutines are IRRIG, 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 number 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 sre divided by the number of years
considered in the simulation and the results rre printed.
Maximum concentration values are identified by comparing
stored concentration values to the values determined in each
iteration of the same yearly simulation loop. Jf the new
value is greater, then it, and the n~rresponding year
number, are stored for printing in the concentration tables.

This subroutine is the main calling program for the
atmospheric transport submodel. AIRTRM calculates (22.5
degree) sector-averaged atwmospheric 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 omnto
surfaces per unit source strength, DEPO. To make these
calculations, AIRTRM accesses four other subroutines,
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SIGMAZ, DPLT, YLAG, and SINPUN, and utilizes a number of
user—input parameters including source height, H; 1lid
height, HLID; stability class, IS; type of suitability class
formulation, IT; Hosker roughness parameter, ROUGH; wind
velocity, U; 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.

This function calculates, and returns to both MAIN and
TRENCH the fraction of the trench cap that has failed. Carp
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, NYEAR;
the first, NYR1, and last, NYR2, years of user-specified
failure; the corresponding user—specified percentages of cap
failure for those years, PCIl 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
NYR2. 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 eroded 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 O and 1.0. Rates of
infiltration are subsequently altered in MAIN and TRENCH.

These functions are called respectively by subroutine IRRIG
and IRRIZA 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
agricultuoral 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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These functions are utilized by subroutines FOOD and FOODA
to calculate radionuclide concentrations in pasture grass
and stored feed consumed by animals, and in leafy vegetables
and produce consumed by humans. CV is essentially the same
as function COV, except that CV is for atmospherically
deposited radionuclides and COV accounts for radionuciides
deposited during spray irrigation. For each radionuclide,
input data include agricultural productivity, fractiom 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.

In the original form, DARTAF 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 ecleven subroutines and contains over 3000 FORTRAN source
statements. DARTAB subroutines are RDSTOR, FACOUT, CHLOC,
PREPDR, PREPRF, PREPHR, NULT, 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 RADRISK (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.

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

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
vsed in USLE have been published by McElroy et al. (1976).
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The code user inputs all six of these factor values. The
calculated erosion rate is returned to MAIN where it is
converted to an annual erosion rate in meters. This erosion
rate is ntilized by MAIN to determine the thicknmess of the
cap.

This subroutine calculates the areal evapotranspiration at
watershed (nontrench) area of a site. As originally written
by Morton (1976; 1978) the cod- comsidered only five-year
averages of evapotranspiration and did not calculate
infiltration. Morton’s code has been adapted to calculate
watershed infiltration on an annual basis and to consider
water added via irrigation. As presently coded, watershed
infiltration is calculated using fractional runoff values
input by the code user.

User input parameters for subroutine EVAPO are site
latitude, annual precipitation, average monthly ratio of
observed to maximum possible sunshine duration, average
monthly dewpoint and ambient air temperatures, annual
irrigation rate, and fractional runoff. These data may be
obtained from National Climatological Summary tables (NOAA,
1979) and other sources (Geraghty et al., 1973; Olson,
Emerson, and Nungesser, 1980). The calculated annual
infiltration is used by subroutine TRENCH to maintain a
water balance in the trench.

Subroutine FOOD is called only once per simulation and
calculates the average concentration of each radionuclide in
foods contaminated by atmospheric deposition and root
uptake. The deposition input to FOOD is calculated in
subroutine AIRTRM. The equations and internal parameters
used by FOOD are those in AIRDOS-EPA (Moore et al., 1979).
Output from FOOD is used by the subroutine HUMEX to
calculate the human exposure via ingestion of these
contaminated foodstuffs. Subroutine FOODA is called from
MAIN each simulation year.

Subroutine HUMEX accepts user supplied foodchain parameter
and receives averaged data from subroutines AIRTRM, FOOD,
IRRIG, and VERHOR to calculate the average annual human
intskes vis ingestion and inhalation., Output from HUMEX
supplies the input to the DARTAB subroutines for
calculations ¢f risk and dose and tabulation of health
results. Subroutine HUMEXA is called from MAIN each
simulation year.
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Foods may be irrigated with contaminated water from either
sorface or grouond-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 from direct
deposition by irrigation and subsequent root uptake in
foodcrops. Subrootine IRRIGA is called from MAIN each
simplation year.

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
2 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 immersed-fraction options, 2 and 4,
assume that the wetted fraction of the waste equal's 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 kd. 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.

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, treanch
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
values of IPRT1, IPRT2, and IDELT in the input data deck.

This subroutine is called by both AIRTRM and DPLT 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 ~ight schemes, shown in
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Table 3.1. Necessary input data include the dowawind
distance, XG, stability class, IS, Hosker roughness
parameter, ROUGH, and 1id height, HLID. Other data
necessary for Lagrangian interpolations (by function YLAG)
are contained internally in SIGMAZ and need not be input by
the user.

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

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

Subroutine SURSOL computes the amount of soluble radio-
nuclide that enters the stream annually. Input variables to
SURSOL include the aversge depth of active exchange in the
soil, ADEPTH; the average downslope distance to the stream,
PD; the cross tlope extent of the spillage, EXTENT; the
average annual infiltration, XINFL; the bulk density of
s0il, BDENS; the wet density of soil, DWET; and amount of
spillage, SOAM; and the surface soil distribotion
coefficient, XKD. Variables output from SURSOL include
SSTREM, SDEEP, and CW, the amounts of radionuclide going to
the stream and the treach, and the rsdionuclide concen-
tration in water, respectively.

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,
IRRES] and IRRES2; the resuspension rate, RR; and the wind
velocity, U. SUSPND assumes that all radionuclides to be
resuspend:d 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, YSOl, and resuspension by mechanical disturbance,
YS02. The resuspension factor calculated uses the empirical
equation of Anspaugh et al. (1975).

The atmospheric source term, YSO (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 foocstuffs and
for inhalation by the general population. The value of E/Q
is calculated by AIRTRM,

Subroutine TRENCH determines the trench water balance.
Input variables include trench dimensions, porosity and
permeability of trench contents, trench water volume from
the previons 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 maximuva water depth to the trench depth and
overflowing any amount greater than trench volume. The
variables VOLO, VOLB, OLDWAT, and DMAX that quantify
overflow, bottom loss, water level during the previouns year,
and maximum water depth in trench, respectively, are uvsed by
the subrootine LEACH, discussed previously.

This subrontine calculates and decays the amouant of each
radionuclide, AQAM, 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 simolation, NYEAR; transit time from the trench to the
well, ITIME; the volume of water leaving the treanch bottom,
VOLB; the amount of each radionuclide leaving the bottom of
the trench, POLB; and the radioactive decay constant, DECAY,
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YLAG This function performs a Lagrangian interpolation of the
SIGZ block data and is called by subroutine SIGMAZ. The
original program was written by Brooks and Long (1970) and
adapted for use here. All input dats are supplied by
SIGNAZ.

3.3 USER INPUT TO PRESTO-1I

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 concentrationms, (2) data used
specifically by DARTAB and submitted for creating tabular output, and
(3) dosimetric and health effects data (created by RADRISK) slso used by
the DARTAB 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.

Some of the data for each site were readily available, and others were
estimated from other sites. Eaiily 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
sbout 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 aqngfet flow velocity are
available from 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 may be evaloated at a later
date.

A recent survey of k, values for agricultural soils (Baes and Sharp,
1983) was the primary source of distribution coefficient data. The
asctivity inventory of the sites may be the least accessible of any of the
necessary data. For the Barnwell facility, incoming radionuclide activity
has beer listed on a computerized data base. These data are probably the
most reliable of the three sites, but are also proprietary until published
in the open literature. The Vest Valley facility radionuclide invenmtory
was described by EPA in 1977 (Giardina et al., 1977). However, the
inventory was described without reference to specific radionuclides in most
cases. Virtually no data on sctivity inventory exist for the Beatty site;
inventory input for that site were estimated by merging the inventories
from other facilities.
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The necessazy data for the food chain, human exposure, dose, and risk
portions of PRESTO-II are generally generic in natuore. Transfer coeffi-
cients for crops, meat, and milk, and human ingestion and inhalation rates
are taken from ATIRDOS-EPA (Moore et al, 1979) or other assessment
literasture (Baes et al., 1982). Site-specific food chain data include the
productivity of pzsture grass and produce, the irrigation rates, and the
amount of lend irrigated.

Table 3.2 is a description of the site specific input dats format.
Values of the listed variables for the Barnwell, Beatty, and VWest Valley
sites, respectively, in the described format are inclunded in the input
listing in Appendices C-E. The site specific data is read from logicsal
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 DARTAB Subroutine

This input provides the user options for prc:essing the exposure data,
dosimetric data, and tabulations of output. The first data card is a title
card. The remaining deta are read vsing the IBM FORTRAN NAMELIST format.
The data must be in s special form in order to be read with NAMELIST. The
dats is groaped in NAMELIST groups. (The first character in each data
record to be read must be a2 blank and the first record of each group must
have an ¢ as its second character followed by the NAMELIST group name.)

The name cannot coatain cmbedded blanks and must be followed by a comma.
The data items follow, separsted by commas. The data items are of the
fom:

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 ¢gEND. An
example of this type of input canm be seen in Appendix C. Table 3.7 lists
the NAMELIST group names and the variables in each grovp.

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

The remainder of this section will describe ,ertinent valunes 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: ILOC, JLOC. These are the direction imdices of the
exposure array that is used tc locate an individual for
which s 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 expcsure value for each of
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air concentration, ground surface concentration,
collective inhalation rate and collective ingestion
rate, for only ome location. These values are the first
entry of the array; hence, both indices should be
specified as 1.

PLOC. This variabl s an indirect indicator of
location. Because Ph .STO-II does not provide s two-
dimensional exposure array to DARTAB, PLOC should be set
to 100 or omitted.

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

ILET. For LLYW 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 scensrio, where external exposures are of
greater importance, the user may wish to set ILET

to 2,2.

DTABLE, RTABLE, 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 individusl.” A valune
of two will yield tables for the mean individual.
Specifying three will craate 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 mesn individoal will be
identical. Users wishing to consider only population
impacts shounld specify 3 rather than 4 for each desired
table type.

OUTPUT. If specified .TRUE,, then NONCLD pages, one per
radionuclide will be onutput to list the dose rate
factors., These are probably rot desired for every ruam.
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Namelist CANCER:

Namelist GENTIC:

Namelist RNUCLD:

65 2

GSCFAC. Except where extennating sitvations exist in

given site-specific applications, we suggest using a
value of 1.0.

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

HLET, LLET. Ve 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.

NCANC, CANC. Table 3.8 lists the 18 cancers we
recommend for inclusion.

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

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. Ve use the DARTAB defanit 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 ALET, 1 and 20, respectively.

NONCLD. This number must be equivalent to .he same
variable in transport portiom of code, Card 3, but
always less than or equal to 40.

s
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NUCLID. Alphanumeric names of the NON(CLD radionmuclides.
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 ym for each radionuclide except gases. This
will ensure deposition in the lung.

RESP. A respiratory clearance class, either day ('D’'),
week ('W’'), year ('Y’), 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. MNore extensive lists are givem 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, upper large
intestine and lover large intestine). Bowever, 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).

NTLOC. Since PRESTO-II does not provide a location

array of environmental concentrations to DARTAB, NTLOC
must be set to zero.

ENLOC. Ve suggest setting this value to SUM rather than
printing numerous radionuclide tables. Certsin
applications may require output on individual nuclides.

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

PTLOC, This variable specifies the pathwsy to use in
printing the location table. Values of 1-7 will result
in ingestion, inhalation, air immersion, ground surface
exposures, internal exposures (sum 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.

Namelist 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 namelist includes these organ dose
weighting factors for 18 organs (NORGB = 18). Names and
weighting factors of the organs are listed in
Table 3.10. VWe 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 Subroutine

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. I 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 York,
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 Datas

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 major PRESTO-II subroutines

Subroutire Called by Input Output
name

AIRTRM MAIN Atmospheric Deposition rate;

parameters atmospheric dispersion
coefficient

DARTAB MAIN Air concentrations, Health risks,
bhuman intake by radiological doses
inhalstion and
ingestion, population
size

DPLT AIRTRM Atmospleric parameters; Plume depletion
vertical dispersion coefficient
coefficient

ERORF MAIN Erosion parameters Erosion rate

FOOD MAIN Food chsain Concentrations in

FOODA parumeters, meat, milk,
atmospheric and produce
concentration

EVAPO MAIN Site environmental Watershed
dats infiltration

HUMEX MAIN Concentrations in Human intake

HUMEXA meat, milk, water, by inhalation
produce, and air and ingestion

IRRIG MAIN Food chain Concentrations in

IRRIGA parameters, meat, milk,
concentrations and produce
in water

LEACH MAIN Trench and waste Activity overflowing,
characteristics; activity percolating
water overflowing
or percolating

ouT MAIN Prints annual summaries
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Table 3.1 (continued)

Subroutine Called by Input Output
name
SIGMAZ AIRTRM Dispersion scheme Vertical dispersion
DPLT choice; other coefficient

stmospheric parameters

SIMPUN DPLT Control parameters Simpson’s rule integral

SOURCE MAIN Reads site data Returns site data

to rest of code

SURSOL MAIN Surface characteristics, Concentrations in
distributions stream, surface soil,
coefficient added to aquifer

SUSPND MAIN Trench characteristics, Atmospheric sonrce
surface charactsristics, term, air concentration
suspension factors above trench

TRENCH VMAIN Trench dimension, Vater depth in trench,
characteristics, volume overflowing
annual infiltraticn and lesving bottom

VERHOR MAIN Aquifer characteristics, Activity in well

dispersion correction
integral
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Table 3.2. PRESTO-II envirommental and nuclide input 3Jata format
Card Variables
Format
number .
Name Meaning
1 20A4 TITLE
2 20M  LOCATE Burial site information
Code Control Data 1
3 1515
I5  MAXYR Length of simulation (yr)
15 NONCLD Number of radionuclides
IS LEAOPT Leaching option
IS NIR1 First year of cap failure function
I5 NYR2 Last vear of cap failure function
15 IOPVW  Vertical water velocity option
IS IOPSAT Saturation option
I5 IRT1 Yearly print cut begimning (yr)
IS IPRT2 Yearly print out ending (yr)
IS IDELT Print annuzl summary each IDELT years
I5 IRRES1 Mechanical suspension beginning year
I5 IRRES2 Mechanical suspension ending year
IS5 LIND Popalation indicator
I5 TAVG1 First year of averaging window
I5 IAVG2 Last year of averaging window
Code Control Data 2
4 k) &
I5 IVAP Trench cap infiltration switch
I5 1B SMT Basement calculation begincing year
I5 1IMaSTR Aquifer tc stream switch
Cap Tntegrity and Water Use Data
5 8F10.0
F10.0 PCT1 Fraction of cap failure at year NYR1
F1¢.0 PLT2 Fraction of cap failure at year NYR2
F10.0 WATL Fractional well water use for land (1.0 if
all land water comes from well, 0.0 if none)
F10.0 WATA Fractional well water use for animals
(1.0 if all water comes from well,
0.0 if none)
F10.0  WATH Fractional well water used by humans (1.0 if
all human water used from well, 0.0 if none)
F10.0 SATL Fractional surface water use for land
(1.0 if all land water comes from surface,
0.0 if none)
F10.0 SATA Fractional surface water use for animals
(1.0 if all animal water comes from
surface, 0.0 if none)
F10.0 SATH Fractio.nl surface water use by humans

(1.0 if ai'! human water used comes from
surface, 0.0 if none)
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Table 3.2. (continued)

Variables
Card Format

nunbes Name Meaning

Evapoiranspiration Data

6 4F10.0
F10.0 PIN Average precipitation (m/yr)
F10.0 P Average barometric pressure (mbar)
F10.0 XIRR Irrigation (m/yr)
F10.0 PHID Site Latitude (degrees)
7-8 12F10.0 S(I) Ratio of observed to maximum sunshine
twelve monthly values (Jan.-Dec.)
9-10 12F10.0 T(I) Average ambient temperature (°C)

twelve monthly values (Jan.-Dec.)
11-12 12F10.0 TD(I) Average dewpoint temperature (°C)
twelve monthly values (Jan.-Dec.)

Trench Data

13 8F10.0
F10.0 TAREA  Trench area (m?)
F10.0 TDEPIH Trench depth (m)
F10.0 OVER Cap thickness (m)
F10.0 PORT Trench porosity
Fi0.0 DENOON Density of waste materials (g/cms)
F10.0 RELFAC Annual activity release fractiom

F10.0 FN Ratio of trench cap to watershed
infiltration
F10.0 XINFL Non-trench annual infiltration rate (m/yr)
14 F10.0 PERMC Trench permeability (m/yr)

Aquifer Data

15 8F10.0
F10.0 DTRAQ Trench to aquifer deyth (m)
F10.0 DWELL Trench to well distance (m)
F10.0 GWY Groundwater velocity (m/yr)
F10.0 AQTHK Aquifer thickness (m)
F10.0 AQDISP Aquifer dispersion angle (radians)
F10.0 PORA Aquifer porosity
F10.0 PORV Subtrench porosity
F10.0 PERW Subtrench permeability (m/yr)

Atmospheric Data 1

16 7F10.0
F10.0 H Atmospheric source height (m)
F10.0 VG Gravitational fall velocity (m/s)
F10.0 U Mean wind speed (m/s)
F10.0 VD Deposition velocity (m/s)
F10.0 XG Source~to-receptor distance (m)
r10.0 ALID Atmospheric 1id height (m)

F1C.0 ROUGH Hosker roughness factor (m)
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Table 3.2. (continued)

Card Varisbles
number Format
Name Meaning
Atmospheric Data 2
17 7F10.0
F10.0 FIWIND Fraction of time wind blows toward
population
F10.0 CHIQ User—-specified E/Q for impacted
population
F10.0 RE1 Beginning coefficient in resuspension
equation
F10.0 RE2 Decay factor in resuspension
equation
F10.0 RE3 Final coefficient in resuspension
equation., Values of RE1, RE2, and RE3 must
include both the algebraic sign and the
magnitude.
F10.0 RR Resuspension rate (s 1)
F10.0 FTMECH Fraction of year mechanrical disturbance
occurs
Atmospheric Data 3
18 21§
I5 IT Type of stability class formulation
15 IS Stability class
Universal Soil Loss Equation Factors
19 6F10.0
F10.0 RAINF Rainfall factor
F10.0 ERODF Erodability factor
F10.0 STPLNG Slope steepness—length factor
F10.0 COVER Cover factor
F10.0 CONTRL Erosion control factor
F10.0 SEDELR Sediment delivery factor
Surface Soil Data 1
20 5F10.0
F10.0 PORS Soil porosity (umitless)
F10.0 BDENS  Soil bulk density (gm/cm3)
F10.0 STFLOW Stream flow rate (m”/yr)
F10.0 EXTENT Cross slope extent of spillage (m)
F10.0 ADEPTH Depth of soil active region for soluble
contamination (m)
Surface Soil Data 2
21 2F10.0
F10.0 PD Average downslope diste : ceam (m)
F10.0 RUNOFF Fracticn of precipitat. - - . s off
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Table 3.2. (continued)

Card Variables
Format

number Name Meaning

ir-Foodchain Data 1

22 6F10.0

F10.0 Y1 Productivity for grass (kg/n2 yr)

F10.0 Y2 Productivity for vegetation (k /m2 yr)

F10.0 PP Surface density for soil (kg/w“)

F10.0 XAMBWE VWeathering decay constant (x'1y

F10.0 TE1 Period pasture grass exposed during
growing season (h)

F10.0 TE2 Period crops/veg. exposed during
growing season (h)

Air-Foodchain Data 2
23 8F10.0

F10.0 TH1 Period between harvest of pasture and
ingestion by animal (h)

F10.0 TH2 Period between storage of feed and
ingestion by animal (h)

F10.0 TH3 Period between harvest of leafy
vegetation and ingestion by man (h)

F10.0 TH4 Period between harvest of produce and
ingestion by man (h)

F10.0 THS Period between harvest of leafy

vegetables and ingestion by man for
general populatioan exposure (h)

F10.0 TH6 Period between harvest of produce
and ingestion by man for general
population exposure (h)

F10.0 FP Fraction of year that animals graze on
pasture
F10.0 FS Fraction of daily feed that is fresh

grass, while animals are on pasture

Air-Foodchain Data 3

24 7F10.0

F10.0 QFC Amount of feed consumed daily by cattle (kg)

F10.0 QFG Amount of feed consumed daily by goats (kg)

F10.0 TF1 Transport time feed-mill-receptor for
maximum individual exposure (h)

F10.0 TF2 Transport time feed-mill-receptor for
general population exposure (h)

F10.0 TS Time from slaughter of meat to
consumption (h)

F10.0  ABSH Absolute humidity of the atmosphere (g/m3)

F10.0 P14 Fractional equilibrium ratio for C-14
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Table 3.2. (continued)

Variables

Card
numbe r Format
Name Meaning
Yater—-Foodchain Data
25 5F10.0
F10.0 FI Fraction of year crops are irrigated
F10.0 WIRATE Irrigation rate (L/m‘-h)
F10.0 Q¥ Amount of water consumed by cows (L/d)
F10.0 QGV¥ Amount of water consumed by goats (L/d)
F10.0 QBW Amount of water consumed by beef
cattle (L/d)
Human Intake Data
26 8F10.0
F10.0  ULEAFY Leafy vegetation (kg/yr)
F10.0 UPROD Produce (kg/yr)
F10.0 UOILK Cow milk (L/yx)
F10.0 UGMILK Goat milk (L/yr)
F10.0 UMEAT Meat (kg/yr)
F10.0  UWAT Drinking water (L/yr)
F10.0 UAIR Inhalation rate (m’/yr)
F10.0 POP Population
Radionuclide Inventory Data
27 A8,2X,
6F10.0
A8,2X NUCLID(I) Radionucl ide name
F10.0 TRAM(I) Amount of NUCLID(I) in trench
at t = 0 (Ci)
F10.0 SOAM(I) Amount of spillage on surface
at t = 0 (Ci)
F10.0 STAM(1) Amount of radionuclide in stream
at t = 0 (Ci)
F10.0 ATAM(1) Amount of radionuclide in air
above trench at t = 0 (Ci)
F10.0 DECAY(I) Decay constant (yr °)
F10.0 SAL(I) Solubil ity (g/mL)
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Table 3.2. (continued)

Card Variables
Format
numbe r Name Meaning
Chemical Exchange (kd) Date
28 A8,2X,
4F10.0
A8,2X NUQID(I) Radionuclide name
F10.0 XKD(1,I) Surface k; (mL/g)
F10.0 XKD(2,I) Trench k, (mL/g)
F10.0 XKD(3,I) Subtrench vertical zome k; (ml/g)
F10.0 XKD(4.,I) Aquifer k; (nL/g)
Radionuclide—Specific Foodchain Data
29 AB,2X,
9F10.0
A8,2X NUQLID(I) Radionuclide name
F10.0 RA(I) Retention fraction for air
F10.0  RW(I) Retention fraction for irrigation
F10.0 BV(1) Soil-to~plant uptake factor for
vegetative parts
F10.0 BR(I) Soil-to—plant uptake factor for
reproductive parts (grain)
F10.0 FMC(I) Forage-to—milk transfer factor for
cows
F10.0 FMG(I) Forage-to-milk transfer factor for
goats
F10.0 FF(I) Forage-to—-beef transfer factor
30,33+ — same as card 27 for subsequent radionuclides —
31,34+ — same as card 28 for subsequ'ct radionuclides —
32,35+ — same as card 29 for subsequent radionuclides —

Optional Hourly Precipitation Data

2(12,1X),
24F3.0)
I2

n

24F3.0

IDA
HP

Month cof rainfall event

Day of rainfall event

Hourly precipitation values for MO
and IDA (tenths of mm) (one data card
for each day haviug measurable
precipitetion) (last card must have
99" jin first two columns)




76

Table 3.3. Description of site—specific input data

CARD 1

CARD 2

CARD 3

TITLE. Identifies the run; may be up to 80 characters in
length.

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

Code Control Data 1.

MAXYR. The number of years for which the simulation will
run,

NONCLD. The number of radionuclides which are used in the
simulat’ -; must be 40 or less.

LEAOPT. fhe leaching option. Radionuclides will be
removed from trench in different manners 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. NYR2 must
be greater than or equal to NYRI,

IOPVWV. Option for calculation of the vertical water
velocity (VWV) beiow tke treach. If IOPVWY = 1 then VWV
equals irfiltration rate divided by soil porosity. If
IOPVWV # 1 then VWV equals the permeability.

IOPSAT. Option to control length of saturated flow (XLSAT)
below trench. If IOPSAT = 1 then XLSAT equals quotient of
infiltration and porosity. If IOPSAT £ 1 then the
saturated length is set to the vertical distance from
trench bottom to aquifer.

IPRT1,IPRT2,IDELT. Variables to control begimning year of
annual summary, ending year, and the time step between
printing, respectively. An annual summery will be printed
for each year between years IPRT1 and IPRT2 into which
IDELT divides evenly.

IRRES]1,IRRES2, Beginning and ending year of mechanical
suspension of contaminated soil into atmosphere. Used for
farming scenario.

LIND, If LIND = O, then PRESTO-II computes concentrations
and rates for maximally exposed individuals. If LIND =1,
then gemeral population concentrations are computed. This
value is used solely by DARTAB, and a value of 1 is
suggested.

JAVG1,IAVG2. Beginning and ending yecars of averaging of
concentration values.



Table 3.3. (continued)

CARD 5

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 O, 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 (w/yr). If IVAP = 4,
cap infiltration is calculated as the sum of, on an hcurly
basis, the minimum values of the hoarly precipitation rate
(m/yr) and the trench cap permeability (m/yr).

IBSNT. The beginning year for application of the basement
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 mno
correction is calculated.

IAQSTR. If IAQSTR is greater than O, water and
radionuclide not removed from the aquifer at the well is
added to the stream.

Cap Integrity and Water Use Data 1.

PCI1, PCT2. The fraction of the cap that is assumed failed
by some artificial means in years NYRI and NYR2,
respectively. Failure of the cap comstitu.:s 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 NYR2 a linear interpolation is performed between
pairs (NYR1, 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.

VATL. Fraction of well water use for irrigation (1.0 if
water comes from well!, 0.0 if none). The sum of WATL and
SATL should be 1.0, and mass should be similarily conserved
for WATA and SATA and for WATH and SATH,

WATA. Fraction of well water use for animals (1.0 if water
comes from well, 0.0 if nonme).

WATH. Fraction of well water used by humans (1.0 if
watered vsed from well, 0.0 if none).

SATL. Fraction of surface water used for irrigation (1.0
if water comes from surface, 0.0 if nonme).
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Table 3.3. (continued)

CARDS 7-8

CARDS 9-10

CARDS 11-12

CARD 13

SATA. Fraction of surface water used for animals (1.0 if
all water comes from surfac:, 0.0 if nome).

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

PPN. Average precipitation in the site county. Values in
Table 3.2 were taken from the geoecology data base (Olsom,
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 EVAPO 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 southerm
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 fcom January through December. Values in Tables 3.3
and 3.11 taken from Olson, Emerson, and Nungesser (1980)
pust be be entered in order from JanuvaryDecember. MNust 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). Must be entered in order from January-December. See
Table 3.3.

ID(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).

Trench Data.

TAREA. The total combined trench horizontal cross-
sectionsl area for the hypothetical trench being simulated.
Tha effezts of only one trench are calculated. Values
listed in Table 3.3 are characteristic of single trench at
each site. Must be X O,

TDEPTH., Nominal depth (m) of operating tremch, ground
surface to bottom.
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Table 3.3. (continued)

CARD 14

CARD 15

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 > O,

DENCOg. 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 (mon-
cap) infiltration. Used for IVAP = 1,

XINFL. Annual infiltration rate for tremch cap (m/yr).
Used for IVAP = 2,

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

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 treach to the well used for
irrigation and drinking (m). For Barnwell, the number
represents the distance to the nearest sprimg. 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 ) O.

GWV. Velocity of the groundwater in the aquifer (m/y).
Flow rates for Bernwell and Beatty were taken from Chem—
Nuclear Systems, Inc. (1980) and Clebsch (1968),
respectively. Values for West Valley were estimated from
Giardins et al. (1977) and Prudic (1981). Must be
entered > O,

AQTHK. 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
ancertain. Must be > 0.

AQDISP. Dispersion angle of the pollutant plume in the
aquifer (radians). Used with AQTEK the calculate dilntion
volume. Values in Table 3.3 are arbitrary. Must be
entered <(n rsdians.
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Table 3.3. (continmned)

CARD 16

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

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 dume 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.

U. 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, but data from the nearest STAR
dats site may be used. Must be entered } O.

VD. Deposition velocity (m/g). Values in Table 3.3 are

set equal to VG based on the suggestion by Sehmel (1980)

that for large particles Vd approaches V . Nominal generic
. B

value is 0.01 m/s.

XG. Distance (m) from source (tremch) to population or
individual of interest. Values in Table 3.3 estimated from
site description reports and maps of area.

HLID. Height of the inversion layer or 1id (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 gemeric.

Atmospheric Data 2.

FIWIND. 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)

CARD 18

CARD 19

CHIQ. The user-specified dispersion coefficient for tke
population of interest may be calculated by an external
atmospheric dispersion code such as Moore et al. (1979).
If > 0, will override any calculation of atmospheric
dispersion within code.

RE1, RE2, RE3. Factors (including algebraic signs) in the
resuspension rate equation RE = RElexp(RE2 \|t) + RE3.

RR. During the period beEIeen years IRRES1 and IRRES2, the
resuspension rate RR (sec *) will be included as a source

term to subroutine AIRTR., Sece description of subroutine
SUSPND, Sect. 3.2.

FIMECH. The rate of resuspension, RR, will be modified by
this fraction, which has a value between zero and unity.

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 rnearest
meteorology station to site of interest.

Factors for the Universal Soil Loss Equation (USLE). The
parameterization scheme of McElroy et al. (1976) was used
to generate cach 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 Ei'DDF for each site are shown in Table 3.5.
These data were taken from site description reports or from
8 description of chemical characteristics of great soil
groups by county in Olson, Emerson, and Nungesser (1980).
Data for Bestty are less cextain than the other sites and
should be viewed circumspectly.
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Table 3.3. (continued)

CARD 20

STPLNG. The slope steepness—length factor. For each site,
the slope steepness and length of slope were estimated
uvsing 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 essume that the
trench has been successfully reseceded into some grassy
species. According to McElrxoy et al. (1216) Table 3.3, the
value of the cover factor ranges from 10 —0.45 for
pemanent 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.

CONTRL. The erosion control practices factor. Assuming
reasonable so0il comservation 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.

Surface Soil Data 1.

PORS. Porosity of the surface soil. Values taken {rom
site description reports referenced eerlier. Must be > O.

BDENS. Bulk density of the soil (s/cns). Values in Table
3.3 are roughly the national averige. Must be entered > 0.

STFLOW. Annual flow rate of the n'irest stream (n3/yr).
Estimated from site descriptions. sust be 2 O,

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 surface
water. Arbitrarily chosen to be 0.1 cm; must be nonzero,.
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Table 3.3. (continued)

CARD 21

CARDS 22-26

CARD 22

CARD 23

Surface Soil Data 2.

PD. Horizontal distance from trench to nearest stream (m).
Estimated from site description reports. Muz% be > 0.

RUNOFF. Fraction of the annual precipitation that runs off
annvally. Values in Table 3.3 are estimated from
precipitation run off estimates from U.S. Geological Survey
(Robertson, personsl commwnication, USGS, Restom, Virginia,
1981; CONSI, 1980; and Geraghty et al., 1973).

Foodchsin 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 dsta are, for the mo:-t part, the gemeric
values suggested in that guide.

Y1, Y2. Agricultural productivity for pastnri grass and
other consumed vegetation, respectively (kg/m”). Table 3.3

values are county-specific as reported by Baes et al.
(1982).

PP. Surface density of soil (k;/lz). Assumes a 15 cm plow
depth. PFor farming scenario, this value should be in
agreement with the value of BDENS, CARD 20. Must be
entered > O.

XAMBYE. The weathering removal decay cogitant for
atmospheric deposition onto foodcrops (h ~). Values in
Table 3.3 are generic.

TE1, TE2. Period of time that pasture grass or crops/leafy
vegetables, respectively, are exposed to contaminated air
dniing each growing season (h). Table 3.3 values are
generic.

TH1-TH6. These six variables represest the delay time
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 pruvduce for the gemeral population,
respectively (h). Values listed are genmeric.

FP. PFraction of each year that animals graze on pasture
grass. Generic value listed in Table 3.3.

FS. This varisble is the fraction of an animal’s daily
feed that is fresh grass for the period of time animals are
in pasture. Value listed is genmeric.
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Table 3.2. (continued)

CARD 24

CARD 25

CARD 26

QFC. The amount of feed consumed daily by cattle (kg).
Generic vslue listed in Table 3.3.

&FG. The amount of feed consumed dsily by dairy goats
(kg) . Genmeric value listed in T:ble 3.3.

TF1, TF2. The transport time (h) irom snimal feed into
milk and into the receptor human for the maximum individnal
and th2 general population exrosures, respectively. Values
listed are generic.

TS. Length of time between slaughter of animal and human
consumption of the resultant meat (h). Generic value is
20 a.

ABSH. TLe absolnte humidity of the atmosphere (g/-s).
Used in specific activity foodchain calculations for
tritium concentrations in foodstuffs. Site-specific viiues
in Table 3.3 taken from Etnier (1980).

P14. The fractionsl equilibrium ratio for 14C. Due to the

nominal long—leI‘th of the simulation, we assumed for
Table 3.3 that f will be in equilibrium with the
concentration of = C naturally occorring in the atmosphere
thus P14 = 1,0. For shorter simulations (MAXYR ¢ 1000 yr)
the user may wisk to lessen P14,

FI. PFraction of the year that crcps are irrigated.

WIRATE. Irrigation rate (L/-z-h). Caslculated from
information in the 1974 Census of Agriculture

(U.S. Department of Commerce, 1977) and Olson, Emerson and
Nungesser (1980) which provided total irrigation water and
area of applicastion for each LLW site omn & county basis,
Application time was set equivalent to number of frost free
days for county taken from Shor, Baes, and Sharp (1982).

QCW, QGW, GBW. Generic values for the amount of water
(L/8) consumed by milk covs. milk goats, and beef cattle,
respectively.

Human intake rates and population. All the variables on
this card as listed with units in Table 3.1 are genmeric
rates of ingestion and inhalation as suggested for AIRDOS-
EPA. The exception is POP, the population under
congsideration. POP was estimated from maps sand
computerized 1980 census data of each area.
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Table t.3. {continuved)

Radionuclide cards (Nos. 27-29, etc.)

CARD 27+

This group of cards includes three cards for each
radionuclide in the tiench inventory. As many as 40
radionuclides, and hence 120 cards, may be handled in this
block of data. The first card for each radionuclide will
be designated in this description as caxd 27+, the second
card for each radionuclide as 28+ and the last card for
each radionuclide as 29+.

For each radionuclide these cards contaim th- information
listed in Table 3.1 for CARD 27.

NUCLID. The nsme of the radionuclide as used in the code.
Must be written left justified and with no imbedded blanks
and with s 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 on CARDS 28+ and 29+ and in the namelist imput
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 are specific to Barnwell and were estimated
from receiving invoices over i1he life of the facility (also
sec Appendix C). TRAN values for West Valley were
estimated from Giardina et al. (1977) and are shown in
Appendix E. Beatty inventory dsta are nonexistent and as
listed in Appendix D are s blend of the other two
facilities.

SOAM. The amount (Ci) of spillage onto the surface that
exists at the begiuning of the simulation. As exhibited inm
Appendices C-E, SOAM is a constant 10  of TRAM. The user
sty wish to allow more or less spillage for a given
radicnuclide if such specific informatiom exists.

STAM. The amount (Ci) of radioactivity placed into the
stream nezrest the site at the beginning of the simulatinm.

ATAM. The amount of radioactivity of ecach radionuclide
(Ci) placed into the ai: directly above the trench at the
beginning of the simulation.

DECAY. The rasdiological decay conttant (yrl). As input is
equal to In 2 divided by the radiological half-life.
Half-1ife values were taken from Kocher (1981).
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Table 3.3. (continued)

CARD 28+

CARD 29+

CARD 27N+

SOL. The solability of the radiomuclide stored im the
trench (g/mL); The most uncertain pieces of data im the
present data base. Values in Table 3.4 and Appendices C-E
ware estimated from solwbilities of the oxide form of Llhe
element published ia the Handbook of Chemistry and Physics,
57th Edition (Veast, 1976). Since the solcbility approach
is in gemeral lesc accurate than the chemical exchange
approach, only a few solubility values are included for
model testing purposes. If well compacted, the enviromment
within the trench may de chenically reducing. Better
solubility estimates wonld arise from knowimg 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 iaformatiom about radionmuclide compounds
existing in the tremch. SOL is used only if LEAOPT = §
(see CARD 3).

Besides the nuclide name, this card contains only
distribution coefficients, K., for each of four regions as
specified in Tsble 3.1. For the sample runs in Appendices
C-E, the four K, values for each radiomnuclide 2zre set
equal. Some usérs may have acceis to detailied X, data fcr
their site of interest. If so, the values should be
changed to reflect site—specific comditions. It should be
noted that these K. values sru medians of numerous values
reported for agricultural soils with pH in the range of
4.5-7 (Baes and Sharp, 1983). Amy departur2 from taese
conditions may increase the already largz range of reported
K, valses and influence radiomuclide conzsztzations and
transport rates accordingly.

Except for the nuclide nsme, these data are element-
specific values used in AIRDOS~EPA and listed in Table 3.4,
For the sample runs in Appendices C-E, RA snd RV were set
to 0.2 and 0.25, cespectively. for all nuclides.

Whese 27N is (27 + 3%NONCLD), being the number of
radionuclides considered. This card and subsequent cards
conteins one year of hourly precipitation data for the
rite, formatted as specifiel ir Table 3.1. Day with no
precipitation nned not be included. The horrly
precipitation data are read ii and only if parameter IVAP
on input 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 values
Card

- —

number Variable

Barowell, SC Beatty, NV Vest Valley, NY

1 TIMLZ
2 LOCATE Barowell ST Beatty SC West Valley NY
3 MAXYR 1000* 1000" 1000*
NONCLD <40* <40* 40"
LEAOPT 2* 2* 2*
NYRL 100° 100° 100°
NYR2 200° 200° 200°
IOPVWY 1* 1t 1*
IOPSAT 1* 1* 1*
IPRT1 o* o* o*
IPRT2 1000* 1000* 1000*
IDELT 100® 100* 100°
IRRES1 o* o* o*
TRRES2 o* o® o*
LIND 1 1 1
IAVG1 1* 1t 1*
IAVG2 1000* 1000* 1000*
4 IVAP 4* 4* 4*
IB SMT o* o* o*
IAQSTR o* o* o®
5 PCT1 0.01°¢ 0.01° 0.1*
PCT2 0.1€ 0.1° 0.2*
VATL 1.0* 1.0* 1.0*
VATA 1.0* 1.0* 1.0*
VATH 1.0* 1.0* 1.0*
SATL 0.0* 0.0* 0.0*
SATA 0.0* 0.0* 0.0*
SATH 0.0* 0.0* o.c*
§ PPN 1.13 0.171 1.178
P 1002.3 898.8 966 .9
XIRR 0.0 0.646 0.152
PRID 33.2 36.83 42.25
7-8 8 See Table 3.11
9-10 T See Table 3.11
11-12 1D See Table 3.11
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Table 3.4. (continued)
Suggestod values
Casxd
vmber Variable g o rwell, SC  Beatty, W  ¥est Valley, NY
13 TAREA 9150 1.5E4 41500°
TDEPTH 6.7 6.7 6.7
OVER 1.5 1.2 2.4
PORT 0.4 0.2 0.25
DENCON 2.0* 2.0° 2.0
RELFAC o* o* ot
MW 1* 0.5* 0.a*
XINFL 0.09 0.41 0.05
14 PERNC 43.3 154 1.488
15 DTRAQ 2.4 84 31¢
DWELL 914 6700 6500*
Gwv 2.15 182¢ 3.0E-2
MTHK 25 4.3* 6.4*
MDISP 0.3* 0.3* 0.3*
PORA 0.4 0.2 0.25
PORV 0.4 0.2 0.25
PERMY 43.3 154 0.019¢
16 | 1.0 1.0 1.0
V6 0.01 0.027 0.01
U 0.4 4.48 4.2
D 0.1 0.027 0.01
X6 8000 16800 6500
oLID 300 300 300
ROUGH 0.01 0.01 0.01
17 FIVIND 0.49 0.056 0.0486
CRIQ 7.7E-9 7.0E-9P 7.9g-9°
RE1 1.0E-6 1.0E-4 1.0E-6
RE2 -0.15 -0.15 ~0.15
RE3 1.0B-11 1.0E-9 1.0E-10
RR 0. ol ol
FTMECH 0 0 0
18 IT 1 1 1
IS 2 4 4
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Table 3.4. (continued)

Sugpested values
Card

Vers
rumber  Variable oo roweii, SC  Beatty, W  West Valley, NY

19 RAINF 250 20 100
ERODF 0.23 0.5 0.19
STPLNG 0.27 0.26 0.42
COVER 0.30 0.30 0.30
CONTRL c.30 0.40 0.50
SEDELR 1.0 1.0 1.0
20 PORS 0.4 0.1 0.25
BDENS 1.6 1.6 1.6
STFLOW 5300 - 2000* 4.0E7
EXTENT 305" 180* 244"
ADEPTH 0.01* 0.01° 0.1"
21 PD 914 3000 380®
RUNOFF 0.05 0.05 0.53
22 Y1 0.19 0.04 0.14
Y2 0.53 0.76 0.56
PP 240 240 240
XAMBWE 0.0021 0.0021 0.0021
TE1 720 720 720
TE2 1440 1440 1440
23 TH1 0 0 0
TH2 2160 2160 2160
TH3 24 24 24
TH4 1440 1440 1440
THS 336 336 336
yi:(3 336 336 336
FP 0.77 0.47 0.49
FS 0.94 1.0 0.31
24 QFC 50 50 50
() 26 6 6 6
TF1 48 48 48
TF2 96 9 96
TS 480 480 480
ABSH 9.9 4.4 6.4

P14 1.0 1.0 1.0
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Table 3.4. (continued)

Suggested values
Card
nember Veariasble

Barnwell, SC Beatty, NV  Vest Valley, NY

25 F1 0.73 0.65 0.47
WIRATE .015 .114 042
aoy 60 60 60
GV 8 8 8
QBW 50 50 50

26 ULEAFY 190 190 190
UPROD 190 190 190
UOIILK 110 110 110
UGMILK 0 0 0
UMEAT 95 95 95
UWAT 370 370 : 370
UAIR 8000 8000 8000
POP 7033 2000 10000

27,28+ See Table 3.4

'Designates either a control variable or listzd value very
uncertain for the site.

l"IIIQ calculated external to PRESTO-II using atmospheric
dispersion model (AIRDOS—EPA) and known population
distribution,

®Personal Communication, C. Y. Hung to Jon Broadwsy, March
18, 1983 routed to D. E. Fields.
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Tadble 3.5. Radionnclide-specific data used to prepare data bdases for example sites,

Nucl ide ™A Decay sa® B BVS muc’ 12 FF© m°
B3 34,499 5.64E-2 0 4.8B-0 4.8E-0 1.0E2 1.7E1 1.2E2 0.0
c-14 9.5 1.21E-4 0 S.SE-0 S.SE-0 1.2E2 1.0E-1 3.1E2 0.0

M54 9,737 8.09E-1 1.5B+2  S.0E-2 2.55-1 3.5E-4 2.5E-4 4.0E-4 6.5H1

Fe-55 65.672 2.57E-1 s.SE+1  1.0E-3 4.0E-3 2.SE-4 1.3E4 2.0E2 2.SA

Ni-59 0 8.66E-6 150 6.0E-2 §6.0E-2 1.0E3 6.7E-3 6.0E3 1.5R

Co-60 432,755 1.32E-1 s.SF+1  7.0E-3 2.0E-2 2.0E-3, 1.0E-3 2.0E-2 4.SA

Ni-63 11,029 6.29E-3 1.B+2 6.0E-2 6.0E-2 1.0E-3 6.7E-3 6.0E-3 1.5E2

Zn-65 7.613 1.04E-0 1.6B¢1 9.0B-1 1.5E-0 1.8E-3 3.9E2 1.0E-1 4.0R

Kc-85 1.682 6.47E-2 0 0 0 2.0E-2 2.0B-2 2.0E-2 0.0

$-90 2,617 2.42E-2 2.7E+22  2.5B-1 2.5E+0 1.5E-3 1.4B2 3.0E-4 3.5E

120-94 0 3.47E-5 3350 5.0B-3 2.0E-2 2.0E-2 2.SE-3 2.5E-1 3.5R

Tc-99 61 3.25E-6 3.362 1.SE+0 9.SE+0 1.0E-2 2.SE-2 8.5E-3 1.SED

Ru-106 0 6.89E-1 2.2E+2 2.0B-2 7.SE-2 6.0E-7 1.3E-4 2.0E-3 3.5R

€a-109 16 $.4SE-1 6.7E-0 1.SE-1 S.SE-1 1.0E-3 1.SE-3 S.5E-4 6.SED

Sb-125 2.7  2.50E-1 4.SE+  3.0E-2 2.0E-1 1.0E-4 1.5E3 1.0E-3 4.5A
I-125 0 4.22E-0 1.0E-2  1.0B+0 1.0E+0 1.0E-2 6.0E-2 7.0E-3 1.0R
I-129 0 4.08F-8 0.01 1.0E+0 1.0E+0 1.0E-2 3.0E-1 7.0E-3 1.0R

Cs-134 37,069 3.36E-1 1.1E43  3.0E-2 8.0E-2 7.0E-3 3.0E-1 2.0E-2 1.0E3

Cs-137 289,403 2.30E-2 1.1E+3  3.0B-2 8.0E-2 7.0E-3 3.0B-1 2.0E-2 1.0B3

Co-141 547 7.78E-0 1.1E+3  4.0E-3 1.0E-2 2.0E-5 1.0E-4 17.SE-4 8.5E2

Co-144 2.160 8.90E-0 1.1E+3  4.0BE-3 1.0E-2 2.0E-5 1.0E4 17.5E-4 8.5R2

Pr147 179 2.64E-1 6.1E+1  4.0E-3 1.0E2 2.CF% S.6L( S$.%%3 6.5

Re-187 1.5 1.47E-11 7.SE-0  3.SE-1 1.SE+0 1.5E-3 2.5Bz 8.0E-3 7.SE0

Pb-210 22 3.11E-2 9.9E+1  9.0BE-3 4.SE-2 2.SE-4 6.2E-4 3.0BE-4 9.0R

Ra-226 0.6 4.33B-4 2.2E42  1.SE-3 1.SE-4 4.SE-4 1.SE-2 2.5B-4 4.5E

Th-232 1.3 4.93E-11 6.0E+4  8.SE-5 8.SE-4 S.0E-6 S5.0E-4 6.0E-4 1.SBS
1233 0 4.28E6 4.5E+1  4.0B-3 8.5B-3 6.0E-4 S.O0B-4 2.0B-4 4.582
U-234 3.0  2.83E-6 4.SE+1  4.0E-3 8.SE-3 6.0E-4 5.0B-4 2.06-4 4.5B2
v-235 3.5  9.85E-10 4.SE}1  4.0B-3 §.SE-3 6.0E-4 S.0E-4 2.0E-4 4.5B2
v-236 0.5 2.96E-8 4.SE41  4.0E-3 8.5E-3 6.0E-4 S.0E4 2.0E-4 4.5B2
U-238 3063 1.55E-10 4.SE+1  4.0B-3 8.SE-3 6.0E-4 S.OB-4 2.0E-4 4.5B2

Pu-238 0.2 7.908-3 1.8E+3  4.SE-S 4.SE-4 1.0B-7 1.SE-6 5.0E-1 4.5E3

Po-239 0.1 2.87E-5 1.8E+3  4.SE-S 4.SE-4 1.0E7 1.5E-6 5.0E-7 4.5E3

Pu-241 0 s.2SE2 1800 4.58-5 4.SE-4 1.0E-7 2.SE-6 S.0E-7 4.SE3

Po-242 0 1.83E-6 1800 4.5E-5 4.SE-4 1.0E7 1.5E-6 5.0E-7 4.SE3

Am-241 0 1.51F-3 8.1E»2  2.5E-4 5.SE-3  4.0E-7 3.566 7.0m

An—243 ) 8.72E-5 810 1. SE-4 S.SE-3  4.0E-7 31.5E6 1.0R

Ca-243 ) 2.17E-2 3300 1.5B-5 8.5E-4 2.0E-S 3.56-6 2.083

U244 0 3.94i-2 3300 1.SE-5  8.SE-4  2.0E-S 3.5E-6 2.08

‘annol of TRAA are specific to Barowell. Other variables msy not change between sites.
bSolubility option not used for example runs,

SVelues are taken from Baes et al. (1982). Vslues for BR ssd BV are bssed on dry plsnt
weight.
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Table 3.6, Soil charucteristics inflwencing erodibility
factor, FRCOF (or fk)’ at each site

Grain size distribution, %

Organic
Site Clay Silt amd Sand matter, Permesbility,
fine sand % cm/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 infut for subroutime DARTAB,

Namelist
group Variable Description

INFUT HEL Diieciion index of the exposure array to use
for individual tables.

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

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

AGEX Average life expectancy (y) (Default - 70.7565).

ILET Array dimensioned to 2. 1ILET(7) = 0
indicates separate high and low LET (linear
energy transfer) tables. 1 indicates
combined table. 2 jindicates both sets
of tables will be output. ILET(1)
refers to dose rate tables. TLET(2)
refers to health risk tables.

DTABLE All indicate which tables are to be output

RTABLE for dose rates, health risks, and risk

FTABLE 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 mean individual

3 = table for collective group

4 = all three of the above.

OUTPUT Logical variable which indicates whether
dose factors are output.

GSCFAC Ground surface correction factor. Accounts
for roughness.

ORGAN NORGN Number of organs.

ORGN Alphanumeric double precision names of
organs,

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

QFACTOR HLET Relative biological effect factor to use
for high-LET dose rates to comnvert
absorbed dose to dose equivalent (rem),
NORGN values.

LLET 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.
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Table 3.7. (continned)

Namelist
group Variable Description

GENTIC GENEFF Logical variable indicates output of gentic

effects

GEN Alphanumeric double precision mames of the
organs to be considered for gemetic
effects.

NGEN Number of organs:.

GRFAC Risk conversion factors (genctic effects

per rad/million births) GRFAC(1) corre—
sponds to low-LET doses. GRFAC(2)
corresponds to high-LET doses.

RMPPER Replacement rate for the population.

GLLET Relative biological effect factor to use
for low-LET genetic doses to conmvert
absorbed dose to dose equivalent (rem).
One value for each orgunm.

GHLET Same as GLLET but for high-LET.

RNUCLD NONCLD Number of radionuclides.
NOCLID Alphanumeric double precizion radionuclide

names.
PSIZE Activity median aerodynamic diameter
associated with each radionuclide (um).
RESP Respiratory clearance class associ.ted with
each radionuclide.
GIABS GI absorption factors.
LOCTAB NTLOC Number of location tables to be output.
RNLOC Radionuclide to use for table. SUNM results

in the sum of all nuclides, WORKLEVL
results in working level calculations,
WLSUM resuvlts in total risk for all

nuclides.

0GLOC Organ or cancer to use for tabl:. SUM
results in sum of all cancers.

PTLOC Pathway to use.

FALOC Factor to be printed

=0 both high- and low-LET
=] only combined LET table
=2 all three tables.

HLLOC Factor to be printed
=0 both high~ and 1ow-LET
=1 only combined LET table
=2 all three tables
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Table 3.7. (continued)

Naneli st
group Variable Description
LTABLE Indicates selected individual (LTABLE-1),
mean individual (LTABLE=2), or collective
group (LTABLE=3).
ORG ANF NORGB Nusber of organ dose weights to use to
combine dose rates.
ORGB 1he organs to be used.
ORGDAT Organ dose weighting factors.
IPATH Exposure pathway affected (1 = ingestion;
2 = jinhalation; 3 = air immersion;

4 = ground surface; 5 = 2ll pathways).
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Table 3.8. Values of namelist input commonly used in PRESTO-II

Namelist

group Variable Suggested value

INPUT mwoc* 1

JLoc* 1

PLOC* 100 or omit

AGEX® 70.7565 or omit
1,1

DTABLE 0,0,0,0,0,3,3
RTABLE 0,0,0,0,0, 3,3
FTABLE omit

OUTPUT .FALSE,

GSCFAC 1.0

.4
ORGAN ngy 18
ORG 'R-MAR ‘', 'ENDOST ', '*PUL ', 'LIVERR ',
'S-WALL ', ’'LLI-WALL’, 'KIDNEYS-’, ’'SPLEEN’,
*THYROID ', 'MUSCLE ', 'THYNUS ', 'PANCREAS °,
'SI-WALL ', ‘ULI-WALL’, 'GVARIES ’, ’'BL VWALL ’,
'TESTES ', 'UTERUS '
TIME 70 for each ORGN
QFACTOR HLET 20 for each ORGN
LLET 1 for each ORGN
CANCER NCANC 18
CANCER® 'R MARRW', 'ENDOST ', 'PULMNARY’, 'BREAST °

, 'ST WALL ’, 'PANCREAS’, °'LLI WALL’,
'KIDNEYS ’, ’'BL WALL ’‘, 'ULI WALL’, *SI VWALL °’,
, '"TESTES ', 'SPLEEN ‘', 'UTERUS ',
‘THYMUS ‘', ’THYROID '
RELABS 1 for sach CANCER

GENTIC GENEFF .FALSE.

Nazg 3

GEN 'TESTES— ', 'OVARIES-', ’'AVERAGE-’
GRFAC 200, 20000

REPPER .014133 or omit

GLLET 1 for each GEN

GHLET 20 for each GEN

RNUCLD NONCLD Same as NONCLD, Card 3, Tsble 3.3. See
Table 3.5 for names. Must be written without
imbedded blanks, in same order as listed inm
transport section of input, Cards 26+. Each
name must be set in apostrophes.

PSIZE 1.0 for each NUCLID, except O for gases
RESP One value per NUCLID see Table 3.10
GIAB3 Four values per NUCLID see Table 3.11
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Table 3.8. (continued)

Namelist .
group Variable Suggested value

LOCTAB NTLOC® (]
rNLOCY P 1 A
ocLoc’ ' SU———*
TLOC 7
FALOC 1
HLLOC 1
LTABLE 3

ORGANF NORGE 18
ORGB see Table 3.9
ORGDAT see Table 3.9
IPATH 5 for each ORGB

®Indicated varisbles must be entered with the indicated value or
the code will not operate properly. Remaining variable values are
merely suggestions and may be changed if the user desires or the
scenario dictates.

bNanes must be eight characters wide including blanks. Hyphen
indicates a blank and should not be typed in data set.
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Table 3.9. Possible types of detail tables output by DARTAB
specified by DTABLE (dose tables), RTABLE (risk tsbles),and
FTABLE (risk equivalent tables).

Label
Array Table Table
position type Column Row label
1 a Organs or Radionuclides Individual
cancers pathways
2 b Organs or Radionuclides External and
cancers internal
3 c Organs or Radionuclides All pathways
cancers
4 d Radionucl ides Pathways Organs or
cancers
5 e Organs or Pathways Radionuclides
cancers
6 f Radionucl ides Pathways Summed over
' organs or
cancers
7 g Organs or Pathways Summed over

CALCETS nuclides
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Table 3.10.

Organ .ames and organ dose weighting

faccors for DARTAB as used in PRESTO-1I

Organ ORGR ORGDAT
Bladder wall 'BL~VALL-’ .0166
Endosteal tissue ' ENDOST—' .0147
Kidneys 'KIDNEYS-’ .0166
Liver 'LIVER—"’ .0746
Luwer large intestine wall ‘JLI-WALL' .0332
Muscle 'MUSCLE—' .1908
Ovaries ' OVARIES-' .0083
Pancreas ‘PANCREAS’ .0581
Pulmonary tissue ‘epPULs-—' .2908
Red marrow 'R-MAR—-' .1559
Small intestine vall 'SI-WALL-' .0083
Spleen ' SPLEEN—"' .0083
Stomach wall 'S-WALL—' .0415
Testes 'TESTES—' .0083
Thymeus  THYNUS——* .0083
Thyroid *THYROID-* .0405
Upper large intestine wall 'ULI-WALL'’ .0166
Uterus ‘UTERUS—' .0083
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Table 3.11. Rsdionuclide-specific DARTAB data for use in
namelist section of PRESTO-1I

a
. Absorption factors for
Nuclide  PSIZE RESP small intestir. GIABS(2)

B3 0 9.5E-1
C-14 0 Q . 5E-1
MN-54 1.0 v, D 1.0E-1
FE-55 1.0 ¥. D 1.0E-1
NI-59 1.0 ¥, D 5.0E-2
C0—-60 1.0 Y, ¥ 5.0E-2
NI-63 1.0 ¥, D 5.0E-2
ZN-65 1.0 Y. Y. D 5.0E-1
R-85 0 o 0
SR-90 1.0 Y 1.0E-2
1.0 D 3.0E1
NB-94 1.0 Y, ¥ 1.0E-2
TC-99 1.0 ¥, D 8.0F-1
RU-106 1.0 Y, D, VW 5.0E-2
CD-109 no data available
SB-125 1.0 ¥, D 2.0E-1
I-125 1.0 D 9.5E-1
I-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, ¥ 3.0E-4
CE-144 1.0 Y. ¥ 3.0E-4
PM-147 1.0 Y. v 3.0E-4
RE-187 no data available
PB-210 1.0 ¥, D 2.0E-1
PO-210 1.0 ¥, D 1.0E-1
RA-226 1.0 v 2.0E-1
TH-232 1.0 Y. w 2.0E-1
U-233 1.0 Y 2.0E-1
1.0 ¥, D 2.0E-1
U-234 1.0 Y 2.0E-3
1.0 v, D 2.0E-1
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Table 3.11. (continued)

Nuclide PSIZE RESP Absorption factors for"
small intestine GIABS(2)

U-235 1.0 Y 2.0E-3

1.0 ¥. D 2.0E-1

U-236 1.0 Y 2.0E-3

1.0 v.D 2.0E-1

U-238 1.9 Y 2.0E-3

1.0 Y. D 2.0E-1

PU-238 1.0 Y, v 1.0E-4
PU-239 1.0 Y 1.0E-4
1.0 w 1.0E-3

PU-241 1.0 i, v 1.0E-4
AM-241 1.0 I, » 1.0E-3
AN-243 1.0 Y, W 1.0E-3
M-243 1.0 Y. v 1.0E-3
M-244 1.0 Y, w 1.0E-3

YFour v. ‘ues of GIABS must be entered for each
nuclide; bowever, the first, third, and fourth values
are zero.



Table 3.12,

Values given here are from Olsen, Emerson, and Nungesser, 1980.

(See Table 3.1 for a description of variables)

Input dats for subroutine EVAPO as used in the PRESTO-II ocode.

Barnwell Beatty Wost Valley
Month

$(I) T(I) TI(I) S(I) T(I) TD(I) $(1) T(I) TD(ID)
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 5.8 0.72 5.2 -1.6 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 0.8 18.9 -1.4 0.59 16.5 11.6
October 0.66 18.2 12.5 0.7% 12.3 ~3.4 0.51 11.0 6.3
November 0.64 12.4 ¢€.7 V.70 s.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

[A0}
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4. DESCRIPTION OF OCTPUT OF THE PRESTO-II CODE

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

Tae 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 ontput 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 PRELININARY
ANALYSIS OF INPUT DATA

In the second section of the output of the PRESTO-II code, the
input data are organized and summari.sd 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 rusn.

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 pser-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 comtrol
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 sito—to—population distance, the 1lid
height, the Hosker surface roughness factor, th? 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 umiversal
soil loss equation parameters, the surface soil porosity amd bulk
density, the runoff fraction for rainfall, the stream or river flovw
rate, the cress~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 so0il) and C-14 equilibrium data.

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

The ouvtput labeled "human ingestion and inhalation rate
irformation” 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,”

summerize radionuclide data used for the transport calrulationms.
First, an inventory table labeled " information on individual nuclides”
.vecifies the initial inventory in the trench, on the soil surface, in
the stream, and in the ajir. 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 so0il column, and the aquifer.

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

Also, radionuclide atomic mass numbers are extracted from the
radionuclide names and used in the calculations. Resclts from the mass
extraction algorithm are printed in a table labeled "initial
caloculations” as a convenience for the user who may be using the
PRESTO~II code on other than the IBM 3033 computer, and who may be
using other slphanumeric string manipolation functions.
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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 Joss calculatiom
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 tramsport
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 =24
fluox values are presented for a nueber of key pathways and regions Hf
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 et which population exposures
are most significant. Humarn 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 & fruction of the total
assessment period) are inciuded. 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 imput 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 inm 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/m and Ci/m, respectively. The
exposure rates for ingestion and inhalation are presented in units of
pCi/y. Altbhough the exposure terms are dependent on the concenmtrations
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 s0il 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 DARTAB CONTROL INFORMATION

DARTAB control information includes run identification data,
sumsaries of output table control inforaatiom, lists of organs and
cancers to be considered in the run, dose equivalent factors for low-
and high-LET (linear gnergy 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
wvere 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 tablss 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 coatrol 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 tebles printed are dependent un
the DARTAB cosntrol data.
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PRESTO~11: A MCDEL FCR PREDICTYING THE MIGRATION OF RADIODACTIVE WASTES
FROM SHALLCW TRYNCH HUR AL SITES

TH1S RUN WwAS MADE AT 22,.,09n ON o05/08/8%

SARMWELL — 30 NUCLIDES

808 CONTROL INFORMATION 82

THE BURIAL SITE 1S LOCATED AT SARNWELL SC
THE SIMULATICN WILL RUN FOR 1000 YEARS AND wILL INCLUDE 40 NUCLIDES
LEACHING CPTICN NUMBER | WILL BE LUSED
IN YEAR 1C0 +40.01 OF THE CAP WwWILL BE ASSUMED TU FAIL
THIS wlLL CONTYINUE UNTIL 0Oel 0 HAS FAILED IN YEAR 200
CAP MAY ALSO FAIL BY SURFACE ERCSICN
VERTICAL WATER VELOCITY WILL BE CALCULATED USING INFILTRATIUN AND POROSITY
LENG M OF VERTICAL SATURATED LONE WILL BF CALCULATED USING INFILTRATION AND POROSITY
POFPULATION INCICATYCR IS
GENERAL POPULATICN EXPCSURE wILL BE USED YO CALCULATE HEALTH EFFECTS
1.000 OF IRR1.-#TIGN WATER alll BE GOTTEN FROM wELL
1«v00 OF DRINK]I: ° WATER FOR ANIMALS WILL BE GOTTEN FROM WELL
1« .00 OF DRINKIM . wATER FOR HUMAANS WILL BE GOYTEN FROM WELL
0.0 OF IRRIGAY ON WATER wWILL BE GOTTEN FROM STREAM
0.0 OF DRINKING WATER FOR ANINALS wllLL BE GOTTEN FROM STREAM
0.0 OF ORINK]I NG WATER FOR HUMAMNS WILL BE GOTTEN FROM STREAM
TRENCH CAF INFILTRATICH WILL BE CALCULATEN FROM HOURLY PRECIPITATION

888 CLIMATIC 1IANFORMATION sse

THE AVERACGE ANNUAL FRECIPITATION IS L+130 METERS
THE AVERAGE ATMOSPHERIC PRESSURE IS 1002.,30 MBAR

THE LATIVLDE OF THE SITE IS 33.20

NCNTH FRACTION OF SUNSHINE AVERAGE TEMP C AVG DEWw POINMNT TEMP C
JAN «56 8.00 3.10
FEB «60 9.30 3.30
MAR « 64 12.90 S.80
APR «70 1 8.00 10,30
MAY «08 22030 15.50
JUN «68 28.90 1920
JUL 65 2712 2120
AVUG «6S 26.70 21420
3SEP b1 2370 18.80
oCcY 66 18.20 12,50
OV -2 12440 Ce70

VEC «6S de40 2460

L1T



red TREMIM INFO-MATIUN S8«

THE TRENCF HAS AN AREA GF 0e91S0E 03 SQUARE METERS AND A DEPTH OF 046700F 01

TRENCH POFOSITY 1€ 0.40
TRENCH CAF PERMEABILITY IS 43.300 METERS PER YEAR

v AQUIFER INFORMATION 20

THE GROUNC WATER HAS A VELOCIYY UF 2¢150 METERS PER YEAR
TRENCH TO AQUIFER ODISTANCE 1S 2e4 METERS

TRENCH TO WELL DISTANCE IS 914.00 METERS

THE AQUIFER THICKNESS 1S 25400 MZTERS

THE AQUIFER DISPERSION ANGLE IS 03000 RADIANS

FIROSITY CF ThE AQUIFER REGION IS ¢€.40000

PLROSITY EENEATH THE TRENCH IS 0440000

PEFMEABIL ITY BENEATH THE TRENCH 1S 43.200 METERS/YEAR

METERS

8T1



*2¢ ATHMUSPIERIC INFURMATIUN 338

SOURCE HE IGHT 1S 1.0 METERS

MELOCITY CF GRAVIYATION FALL IS 0«01 METERS/SECOND

WIND VELOCITY 1S 0+40 METERS/SECCND

DEPOSITION VELOCITY 1S 0es01 METERS/SECOND

GAUGE DISTANCE FKRCM SCURCE IS B8000,00 METERS

LID HEIGHT S 300.00 METYEFS

HOSKER ROLGHNESS FACTCR IS 0.01

TYPE OF SYABILITY FCRFMULATICN IS [}

STABILITY CLASS IS 2

FRACTION CF TINE wIND BLOWS TOWARD POPULATION IS 0,490000

NORMAL 12ED DCwN WIND ATMOSPHERIC EXPUSURE Is ?<7000E-09 Cl/7M¥33 PER CI/SEC

RESUSFENS ION FACTOR PARAMETERS 0 «1000E-05 ~0.1500E 00 O«1000E-10

FROM YE AR 0 TO YEAR O THE RESUSPENSIDN RATE DUE TO MECHANICAL DISTURBANCES WIL- BE 0.0
THIS wltbL CCCUR CURING 0.0 OF EACH YEAR

33 SURFACE INFORNMATION 222

PARAMETERS FCR UNIVERSAL LOSS EQUATION

RAINFALL 250,00
ERQDIBILITY 0.23
STEEFNESS-SL.OPE 0.27
COVEFR 030
EROSICN CONTFROL 0,30
DEL IVERY RATIC 1.00

SOl POROSITY IS 0.40000
SOIL LULK DENSITY 15 1.60000 GsCC
HUNOFF FRACTICN IS 0.05000

STREAMN FLCW RATE IS S.3000E 03 CUBIC METENRS PER YEAR
CROSS SLCFE EXTENT CF SPILLAGE IS 305.00 METERS

ACTIVE SOIL. DEPTH 1S 0«01 METERS
AVERAGE DCWN SLOPZ DiSTANCE TO STRCAM IS 914,00 METERS

611



+t3 AIR-FGLOCHAILN

INFURMA, ICN sxe

AGRICUL TURAL PRCDODUCTIVITY FCR GRASS 0.19 KG/M382
AGRICUL TUFRAL PRODUCTIVITY FCR VEGETATICN 0e53 KG/M®32
SURFACE DENSITY FCR SCIL 240.00 KG/7M*e2

WEATHER DECAY CONSTANT 0«00 1/HOURS

PERI10D
PERIOD
PERI1OD
PERIOD
PERIOD
PERIOD
PERIOD
PERIOD

PASTURE

CRCP/VEGETATION EXPOSURE GROWING SEASON

BETWEEN
BETWEEN
BETWEEN
BETNEEN
BETWEEN
BE TWEEN

GRASS EXPOSURE GROWING SEASON 720.00 HOURS

HARVEST PASTURE GRASS AND INGESTIDN BY ANIMAL

1440.,00 HOURS

0.0 HOURS

STORED FEED AND INGESTICN 8Y ANIMAL 21 €0400 HOURS
HARVEST LEAFY VEGETABLES AND INGESTION BY MAN(MeleEe) 24400 HOURS

HARVEST PRODUCE ANC INGESTION BY MAN(M.I+E.)
HARVEST LEAFY VEG ANC INGESTION BY MAN(GeP.Ee)
HARVEST PRODUCE ANC INGESTION BY MAN(G.PJE.)

FRACTION CF YEAR ANIMALS GRAZE ON PASTURE 0.77
FRACTION CF LAILY FEED THAT 1S FRESH GRASS 0.94

AMOUNT OF FEEC CONSUMED BY CATTLE 50,00 KG

ANMOUNT OF FEEC COMNSUMED BY GOATS 6.00 KG

TRANSPORT TIME FEED-MILL-RECEPTCR FOR M.l1.E. 48.00 HOURS
TRANSPORT TIME FEED-MILL-RECEPTCOR FOR GeP.Ee. 96 .00 HOURS
TIME FROM SLAUGHTER OF MEAT TO CONSUMPTION 480,00 HOURS
ABSOLUTE huMIDITY OF THE ATMCSPHERE 9«90 G/Me83
FRACTIONAL EQUILIBRIUM RATIC FOR (-14 1.00

1440. 00 HOURS
336.00 HOURS
336.00 HOURS

YA



*5% WATER-FOOQDCHAIN INFCRMATION *x%

FRACYION CF YEAR CROPS ARE IRRIGATED O0.73
IRRIGATION RATE
OF WATER CONSUMED BY COWS 60,00 L/D

AMOUNT OF WATER CONSUNMED BY GUOATS 8.00 L/D

OF WATER CONSUMED BY BEEF CATTLE 50.00 L/D

AMOUNT

AMOUNT

0.01

L/(M®&Z2—H)

k& HUMAN INGESTION AND INHALATICN RATE INFCORMATION #*xx%

ANNUAL
ANNUAL
ANNUAL
ANNUAL
ANNUAL
ANNUAL
ANNUAL

INTAKE
INTAKE
INTAKE
INTAKE
INTAKE
INTAKE

INFALATION RATE OF AIR

OF
GF
OF
OF
OF
oF

A POPULATION CF

LEAFY VEG
FRCDUCE

COW'S MILK
GOAT*S MIL
MEAT 95

190,00 KILUGRAMS PER YEAR
190.00 KILOGRAMS PER YEAR
11000 LITERS PER YEAR
K 0.0 LITERS PER YEAR
«00 KILOGRAMS PER YEAR

DRINKING WATER 270.00 LITEPS PER YEAR

7033

WILL BE CONSIDERED

8000.00 CUBIC METERS PER YEAR

171



*&%x NUCLIDE INFORVNATION *x=%

NUCL1DE

H-3
C—-14
MN—Sa&
FE-S55
NI-59
C0-60
NI—-63
ZN—-65
KR—-85
SR—-90
Y¥Y-90
NB—-94
TC-99
RU-106
CD-109
SB—-125
I-12%
I-129
CsS—-13a
CS-137
BA—-137M
CE—-141
CE-144
PM—147
RE-187
PB-210
RA-22E€
TH-232
u-233
U-234

AMT I~ TRENCH

Cl
3.4499E 04
9.5000E QO
9« 7370E 03
6.5672E C&
0eO
4,3276E 05
11029E 04
7«.6130E 03
1+.6820E 03
26170E 03
2.6170E 03
0.0
6.1000E 01
000
1.6000E 01
2 TO00E 00
0.0
0«0
3. 7T069E OA
2.8940E 05
28940E CS5
S« &700E 02
2¢1600E 03
1« 7900E 02
1«5000E 00
2. 2000E 01
6« 0000E-01
1.3000E 00
0.0
3.0000E 0O

SPILLAGE
CI
3.4000E-04
9«5000E-08
Qe 7000E-05
6.6000E~-04

0.0

4.3000E-03
1¢ 1000E-04
7 €000E—-0S5
1¢7000E-05
2¢6000E-0S
2¢6000E-0S
OO0

61000E-07
Qe O

1<€6000E-07
2¢7000E-08
0.0

0.0

3.7000E—-04
2¢%9000E-03
2¢S000E-03
S« 5000E-06
2 2000E-05
18000E-06
1 S000E-08
2 +2000E-07
64 0000E-09
1«3000E-08
0.0

3.0000E-08

STREAM AMT

0.0
0.0
0«0
0e O
0«0
(o ]
0«0
0«0
0.0
0«0
0.0
00
0.0
0«0
0.0
0.0
0.0
O0e0
0.0
0.0
0«0
0.0
0.0
0.0
060
Qe 0
0.0
0.0
00O
0«0

cl

AMT IN AIR

De 0
0.0
0.0
0.0
Oe0
0.0
0.0
Oe0
060
0e0
Oe0
Oe0
0.0
O0s 0
OeO
0.0
0.0
0.0
Oe0
0.0
0.0
0.0
Qe0
0.0
0.0
0.0
0.0
OeO
[+ P ¢]
D0

INFORMATION ON

Cl1

INDIVIDUAL NUCL IDES

DECAY CONST

iy
5 e6400E-02
) «2100E-04
80900E-01
2.5700F-N1
8 «6600E--06
1.3200E-01
6 «2900E-03
1 <0%00E 00
6 «4T700E-02
2 +4200E-02
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ANNUAL SOIL LCSS IS 3.1315E-01 KILOGRAMS PER SQUARE METER
OR 1.9S572E-04 METERS IS REMOVED FROM THE SURFACE
ANNUAL INFILTRATION INTO TRENCH IS 07127 METERS
VERTICAL WATER VELOCITY IS 17816 METERS PER YEAR
NORMALI ZEC DCwWN WIND ATMOSPERERIC EXPOSURE PER UNIT SDURCE RELEASE IS

Cl1/M*x3 PER CI/SEC

0.7700E-08

WATER OUTFLOW FROM TRENCH BCTTOM IS APPROACFING DILUTION VOLUME IN AQUIFER FOR YEAR
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0.0
0.0
0.0
0.0
0.0
0.0
0e O
Oe O
0.0
0¢0
0.0
Oe O
0.0
0.0
060
Oe O
Oe O
0.0
0.0
0.0
O0e O
[+ P o)
0e 0
0«0
0.0

SOLUBLE TO
STRE AM
Cl

7«2004E-0S
2.128 4E-08
9.2024E-07
2+.5476E-05
0«0
1.8808E-04
2¢3288E-06
2¢9877E-06
3.5727E-06
2096 3E-06
2096 3E—-06
0.0
1¢3648E-07
0«0

14459 3F-08
1222 3E—-09
0.0

0.0
8¢3683E~07
86968 7E-06
Be9687E-06
Te2763E—-12
9496 SE-12
643602E-08
2278 2E-09
1¢3551E-09
8983 4E-11
Te6490E-13
0.0

1743 E-09
2.034%E-09
2906 4E—-10
1.8020E-06

SOLUBLE TO

TRENCH
Cl

2¢4405E-04
72138E-08
3«1190E-06
8. 6348E-05
000
6.3747E-04
T« 8932E-06
10126E-05
1¢2109E-05
7¢1052E—-06
7«1052E-06
0«0
4,625S8E~-07
0.0
4.9461E-08
44 1428E-09
0«0

0.0
2¢8363E-006
3:0398E-05
3.0398E-0S
2¢4662E-11
3.2187E-11
2¢1557E-07
7¢7218E-09
4.,5929E-09
3¢0448E-10
2¢5925E~-12
0«0
Se9105E-09
6¢8955E-09
9.8508E~-10
6¢1075E-06

ATMOSPHERE
AT SPILLAGE

ClI/M&x%x 3
8.7976E-18
2 ¢600SE-21
1 «6866E-15
1«7120E-14
0.0
1¢2639E-13
442681E-15
S5+.8406E-16
0.0
69155E~-16
6e9155E-16
0.0
Se5029E-20
Oe0
1 1946E-18
67203E~-19
0.0
0«0
lel247E-14
1 e2054E-13
12054E£-13
Qe7794E-20
1 e2763E~-19
Q4 47403E-17
20877E-19
8.9406E~-18
2e4147E-19
Se6074E-19
0«0
9 «5878E-19
1.1186E~-18
1 «5S980E-19
9 .9075E-16

ATMOSPHERE
DOWN WIND

CI/M& %3
3.3193E-26
9.8115E-30
6¢3634E-24
6.4593E~23
0,0
4,7687E-22
1.6103E-~-23
2¢2037E-24
0.0
2.6092E-24
2¢6092E-24
0.0
2eC762E~-28
0.0
4,507T2E-27
2¢5356E~-27
0.0

0.0
A.2435E-23
45479E-22
4.54T9E-22
3.6898E-28
4.8156E-28
17885€E-25
7.8768E-28
3e3733E-26
9«1108E~-28
2¢1157€-27
0«0
36175E-27
4,2204E-27
6.0292E-28
3.7381E-24

WELL WATER
CONC
Cl/M%%3
0.0
0.0
Oe0
0«0
0e0
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
060
0.0
0.0
0.0
0«0

1¢e1
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ANNUAL SUMMARY FOR YEAR

THE TRENCHK CAP HAS HAD
THE MAXIMUM CALCULATED WATER DEPTH IN TRENCH DURING THE YEAR IS 0.0

100 OF THE SIMULATION

1«00 PER CENT FAILURE

METERS

64731E €3 CUBIC METERS OF WATER LEFT BOTTOM OfF TRENCH

0.0

AMOUNT IN
TRENCH
ClI
1.7017E-75
86233 4E-76
6.8959E-32
4.1118E-07

0.0
72707E-01
S«6748E 03
3e7223E-42
0.0
1le9114E 02
1.9118E 02
0.0
1¢e2577E-4D
0.0
1e5549E-23
Je3319E-11

CUBIC METERS OF WATER

TRENCH
OVERFLCW

0.0
[+ ¢ ]
0.0
0.0
00O
0.0
0.0
0.0
060
0.0
0.0
O0e 0
00
0.0
0.0
0.0

CI

TRENCH
DRAI NAGE
Ccl

0.0
Qe0
2427 1E-35
3946 8E-10
0.0
6e¢9790E-04
19973E 00
1228 2E—-44
O0e0
3¢7373E-01
3737 3E-01
0.0
1+9E8EE—-40
0.0
1 2252E-25
3«9090E—-14

OVERFLOWED TRENCH

NUCLIDE TRANSPORT INFORMATION

AMQUNT AT
WELL
CI
0.0
0.0
0.0
0es0
0.0
0e0
Oe0
0.0
0.0
0.0
0.0
0.0
0.0
0e0
0.0
0.0

£el
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TH=-232
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uU—-235
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AM- 241
PU-242
AM—243
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0.0
O0e0
9.4220E-11
2.8S87E Ca
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S«6185E-10
7« 4000E-01
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1«2S98E 00
0.0
2+6650E 00
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4.4430E-01
24721 8E 03
9. 0497E~-02
9.9414E-02
0.0
Ge0
0.0
0.0
0.0

0.0
0«0
0.0
0.0
O« O
0«0
[¢ o)
OeO
0«0
0.0
0.0
O0e O
0.0
0.0
0«0
0.0
0.0
0.0
0.0
0«0
0.0
0.0
0«0
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0.0
0.0

0.0
0«0
00
0.0
0.0
0.0
0.0
0.0
0«0
0«0
0.0
0.0
0.0
0.0
0«0
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0.0
0.0
0.0
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0.0
0.0
0e0
0«0
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ANNUAL SUMMARY FOR YEAR

THE TRENCHF CAF HAS HAD
THE

200 OF THE SIMULATION

1000 PER CENT FAILURE
MAXIMUM CALCULATED WATEFR DEPTH IN TRENCH DURING THE YEAR IS 0.0

METERS

6.0439E €3 CULUBIC METERS OF WATER LEFT BOTTOM OF TRENCH
CUBIC METERS OF WATER OVERFLOWED TRENCH

0.0

AMOQUNT 1IN
TRENCH
(o §
6.0460E-78
8.1344E-76
4.890SE-67
2¢ SB4S5E-18

0.0
1.2263E-06
2¢9241E 03
0.0
Qe 0
1.4072E 01
1¢4072E 01
0.0
3.8866E-75
0.0
1+.S€05E~47
441315E-22
0.0

TRENCH
OVERFLOW

0.0
060
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
040
0.0
Oe O
0.0
0.0
0.0

Cl

TRENCH
DRAINAGE
Cl

0.0
0.0
1.6072€E-70
2316 2E-21
0«0
1.0990E-09
9+.6091E-01
0.0
0.0
2.5687€E-02
245687E-02
0.0
0.0
0.0
1.1474E-49
4+,5253E-25
0.0

NUCLIDE TRANSPORT I[NFORMATION

AMOUNT AT
WELL
ClI
0.0
0e0
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

LET



1-129

CS—-134
Cs-137
BA-137M
CE-141
CE-144
PM—147
RE-187
PB-210
RA-226
TH-232
u-233

u-234

U-23S

U—-236

u-238

PU-238
PU-239
PU- 241
AM—-241
PU—-242
AM—243
CM-243

0.0
2.4004E-25
2.8243E 03
2.8243E (3
0.0
0.0
1.7698E-21
3.7570E-01
4.2925€-02
S.2466E-01
1.2996E 00
0.0
2.3787E €0
2.7768E 00
3.9670E-01
2.4302€ 03
4.0954E-02
S.8844E-02
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
Q.0
0.0
0.0
0.0
060
0.0
0«0
0.0
0.0
0.0
Oet
000
0.0
0.0
0.0
0.0
0.0
0.0

0.0
1075 7E-—-29
12€657E-01
12657E-01
0.0
0.0
1430 1E-24
24680E-03
3918 3E-06
1.1755E-04
1067 7E-06
0.0
2¢6054E-03
30415E-03
44345 1E-04
2661 E8E 00
1121 EE-06
2T069E-Q06
0.0
Oe0
0.0
0.0
00

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

BE1



NUCLIDE

H-3
C-14
NN-54
FE-S5S
NI-S9
Ccg-60
NI-63
ZN—-65
KR—- 85
SR-90
Y-90
NB-94
TC-99
RU-106
CD—-109
SB-12¢
I-128
I-129
Cs-134
csS—-137
BA—-137M
CE-141
CE-144
PN-147
RE-187
PB-2190
RA-226
TH-232
U-233
U-234
U-23%S
U-236

SURFACE
SOIL CCNC
Cl/M%x% 3

Oe0
0.0
0.0
9414 0E-55
0.0
4.4163E-43
le 88€69E-20
0«0
0«0
S«6007E-54
S5¢6007E-54
0.0
D0
0.0
0.0
9.9911E-€3
0.0
0.0
3¢1511E-41
3« 7222E-13
Je7222E-13
0.0
0.0
Se 3035E-56
0.0
3¢1159E-19
1le2142E-21
2¢ TS94E-15
0.0
Se7524E-41
6.7151E~AL
9.5930E-42

SURFACE
WATER CONC
CI/N¥%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
O0e 0
0.0
0.0
0.0
0.0
0.0
0«0
0.0
0.0
0«0
0.0
0«0
OO0
0.0
0.0
Oe 0
0.0
00

SOLUBLE TO

STRE AM
ClI

0.0

0.0

0.0

2¢695SE—-49
OO0
1264 7E-37
1e5612E—-15
0.0
0.0
3.2672E-48
3.2672E-48
Oe0
0.0
0.0
0.0
3497 0E—~-S7
Ce0
0.0
4,5120€E-37
S e3297E-09
S¢3297E—-09
0.0
0.0
1 «e3694E-50
0.0
9.0885E~-15
8.6927E-17
7 e243 €EE—-13
0«0
2¢0134E-35
2¢3504E-35
3.3577E-36

SOLUBLE TO

TRENCH
Cl
0.0
0e¢0
0.0

9¢1374E-49
0.0
A4«2866E-37
S562916E-15
0.0
0«0
11074E-47
1«1074E-47
Oe0
0«0
0.0
0«0
1+18S3E-56
OeO
0.0
1¢5293E-36
1«8064E-08
L«8064E-08
00
0.0
446413E-5S0
0.0
3.0804E~-14%
2¢9463E-16
2¢4551E-12
0.0
648242E-35
7¢9662E-35
1«1380E-35

AT MOSPHE RE
AT SPILLAGE

CI/M*% 3
0.0
0.0
0.0
3e1811E-62
0.0
1.4923E-50
S e0243E-28
0.0
0.0
1 «8925E-61
1 «8925E-61
0«0
0.0
0.0
0«0
3.3761E-70
0«0
0.0
1 «0648E-48
1 «2578E-20
12578€-20
0.0
0.0
1e7921E-63
0.0
1 0529E-26
4.1029E-29
Qe3243E~-23
0«0
19438E-48
2¢2691E-48
3 e2416E-49

ATMOSPHERE
DOWN WIND

CI/M®%x3
0.0

0«0

0.0
1¢2002E-70
0.0
S5¢6305E-59
18957€E-36
0.0

0.0
7¢1405E-70
7«1405E-70
0.0

0.0

0.0

0.0
162738E-78
0.0

0.0

4,01 75E~-57
4.7456E~29
4,7456E-29
0.0

0.0
647616E-72
0.0
3¢9726E-35
1.5480E£-37
3.5181E-31
0e O
7e¢3340E-57
8¢.5614E~-57
1¢2231E-57

WELL WATER
CONC
CI/M%¥%x3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
.0
Oe0
0.0
0.0
00
0.0
0.0
00
0e0
0.0
0«0
00
0«0
0«0
0.0
0.0
0«0
O.0
0.0
0.0
0«0
(o Y0 ]
0.0
0.0
0.0

6€T



u-238

PU—-238
PU—-239
PU—-241
AM—-241
PU-242
AM=-2423
CM—243

S« 947 7E-38
1.6135E-17
3e8946E-17
0.0
0«0
0e¢0
0.0
0.0

0.0
0.0
Qe O
0e0
VeO
00
Oe©O
060

2081 7€E-32
l1¢4119E-13
3«4079E-13
0.0
0«0
0.0
0.0
0«0

7¢0558E-32
4,785~ -13
1e15S1E-12
0«0
00
0«0
0.0
0.0

2 ¢0098E—45
S .45823E-25
1 «3160E-2¢4
0.0
0.0
00
0.0
0«0

T«5829E~-54
2.0571E-33
4,9654E-33
0.0
0.0
0.0
0.0
0,0

0eO
0.0
0.0
040
Oe0
0.0
0.0
0.0

o7l



NUCL1IDE

H-3
C-14
MN-Sa&
FE-S5
NI-59
C0-60
NI-63
ZIN—-65S
KR-8S
SR—-90
Y-90
NB—-94&
TC—-99
RU-106
CD—-109
$8-1285
I-12S

ANNUAL SUMMARY FOR YEAR 360 OF THE SIMULATION

THE TRENCH CAP HAS HAD 10.00 PER CENT FAILURE
THE MAXIMUM CALCULATED WATER DEPTH IN TRENCH DURING THE YEAR 1S
6.0439E C3 CLBIC METERS OF WATER LEFT BOTTOM OF TRENCH

0«0 METERS

0.0 CUBIC METERS OF WATER OVERFLOWED TRENCH
NUCLIDE TRANSPORT INFORMATION
AMOUNT 1IN TRENCH TRENCH AMOUNT AT
TRENCH OVERFLCW DRAI NAGE WELL
Cl Cl Cl Cl

0.0 0«0 0.0 0.0
B8.0365E-76 Oe¢ 0 0.0 0.0

0.0 0«0 0.0 0.0
16297TE-29 0.0 1.4605E-32 0.0

0«0 O0+0 Oe0 Oe0
2:0749E-12 [+ +] 1.859€E-15 [+ 8]
1.5085E 03 Ge0 4.9572E-01 0.0

0.0 0«0 0.0 0.0

0.0 0.0 0.0 0.0
1«042€E 00 0.0 1.9033E-03 0.0
1.0426E 00 O« 0 16903 3E-03 0.0

Oe O 0.0 0.0 0.0
3.8853E-7S 0.0 0.0 0.0

0«0 0.0 0.0 Ce0
1.6070E-71 0.0 1181 7E—-73 0.0
S«1427E-33 0.0 S5 ¢6329E-36 00

060 Oe O Ge0 0.0

7T



1-129
CS-134
CcS-137
BA—137Md
CE-141
CE-144
PM—147
RE-187
PB—-210
RA-226
TH-232
U-233
U—-234
U—-23S
U—-236
U-238
PU-238
PU—-239
PU—-241
AM-241
PU-242
AM—243
CM—-243

GCeO
6.1096E-40
2¢7909E 02
2¢7T90SE 02
0«0
0.0
Se¢ 5906E-33
1¢9520E-01
18970E-03
4.9124E-01
1.2994E 00
0.0
2¢1314E 00
24888E 00
3¢5556E-01
2¢1782E C3
1+48536E—-02
9¢8284E-02
Oe0
0.0
0«0
0.0
0«0

O« 0
0«0
0.0
Q0«0
0.0
0«0
0.0
0.0
0.0
OO
Oe0
0.0
0«0
Oe0
O« 0
Ce0
0.0
0«0
OO0
Oe 0
0.0
0.0
0«0

et R TR e NS RETE D] 3 T R L (TR R R R P el

(s Y ¢]
2e¢ T380E—-44
1 «2S06E-02
1¢2506E-02
0.0
0.0
4S174E-36
1.2823E-03
1¢731 7E-07
11007E-04
1¢0676E-06
0.0
2¢3345E-03
2726 1E-03
3894 SE-04
23858E 00
Se0760E-07
2¢6915E-06
Oe0O
O0e0
Ce0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
Oe0
Oe0
0.0
00
0.0
0.0
0.0
G.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Oe0
0.0

TR A T T R TR S LR Y

(A2}



NUCLIDE

H-3
Cc-14
MN-S54&
FE-SS
NI-59
CO0-60
NI-62
ZN—-65
KR-8%
SR—-90
Y—-90
NB-94
TC-99
RU-106
CD-109
SB-12S
1-125
I—-129
€S—-134
CS-137
BA-137
CE-141
CE-144
PM—147
RE-187
PB-210

SURFACE
SOIL CCNC
CI/M& %3
Qe D
0.0
OO
T«e5168E-77

0.0
9¢4623E-60
3.6547E-25
0.0
0.0
Se¢49S 7E-75
S« 49STE-TS
O« 0
0.0
0.0
Oe O
0.0
0.0
0.0
1le9442E-56
8.9156E-15
8.9156E~-15
0.0
0.0
1¢9246E-77
0.0
7.8400E-22

SURFACE
WATER CCNC
Cl/7ME%3
0.0
Oe O
0.0
0.0
0e 0
0.0
0«0
Ce O
0.0
0.0
0.0
0«0
0«0
0.0
0«0
0«0
0.0
0.0
Oe¢O
0.0
0.0
0.0
0.0
0.0
0«0
Oe0

SOLUBLE TO
STRE AM
Cl

OO

0.0

0.0

2152 €E-71
Oe0

24709 7E~54
38375E-20
0.0

0.0
3.205SE-69
3¢ 2059E-69
040

Oe0

000

OO

Qa0

0e0

0s0

24783 8E-52
1¢2766E—10
1+276€EE~-10
0«0

060
4.969S5E-72
0.0
2¢2867E~17

SOLUBLE TO

TRENCH
Ci
0.0
0.0
0«0
7¢2960E-71
0«0
9.1843E-54%
1¢3007E-19
0.0
0.0
1«0866E-68
1.0866E-68
O«0
OeO
0.0
Oe0
OO0
0.0
0.0
9¢4353E-52
4e3268E-10
443268E-10
Oe0
0.0
1.6844E-71
Oe O
77506E-17

ATMOSPHERE

AT SPILLAGE

CI/M*%x 3
00
0.0
0.0
040
0.0
3«1974E-67
1 e2350E~32
0.0
00
0.0
0.0
0.0
o.o
0.0
0«0
0.0
0.0
0.0
6 «5696E-64
340127E-22
3.0127E-22
0.0
0 «0
00
0«0
2 ¢6492E-29

ATMOSPHERE
OOWN WIND

CI/M%%3
0.0

0«0

0«0

0«0

(o Py 0]
1.2064E-75
4.6595E-41
0.0

0.0

0e¢0

0.0

0.0

0.0

0.0

00

0.0

Oe0

0.0
2¢4787€E-72
1e1367E-30
1¢1367E-30
0«0

0.0

00

Q.0
Q9.9955€£-38

WELL WATER
CONC

CI/M%x%3

0.0
0«0
0«0
0.0
CeO
0.0
0.0
0«0
0.0
0.0
0.0
0«0
Oe0
0.0
0«0
OeO
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0

£Vl
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0°o0
0°0
0°0
o*0
o°o0
o°®o0
0°*0
o°0
0°o0
0°0
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o0*0

0°0
0°0
0°0
0°0
0°0
£e~-391L0°2
vE-35906°C
L9-32220°L
0L-392ET1°1
0L—3E826°L
04-3968L"*9
0°0
1E~-3L92v°€E
Ov-3E2SL0°]
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0°* 0
o* o
0°0
0* 0
0°0
SC-3906%°S
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€9-36100° €
19-3£101°2
19-36664° 1
o* 0
£2~-32290°*6
2g-31206°€F

0°*0
0°0
0°0
0°*0
0°*0
€1-30618°v
$1-3€480°6
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NUCLIDE

H-3
Cc-14
MN-S4
FE-SS
NI-5S9
C0-60
NI-63
IN-65
KR-8S
SR-90
Y—-90
NB-94
TC—-99
RU-106
CD-109
SB—-12S

ANNUAL SUMMARY FOR YEAR

THE TRENCF CAP HAS HAD
THE MAXIMULM CALCULATED WATER DEPTH IN TRENCH DURING THE YEAR IS 0.0

400 OF THE SIMULATION

10.00 PER CENT FAILURE

METERS

6«08439E 03 CLBIC METERS OF WATER LEFT BOTTOM OF TRENCH

0.0

AMOUNT [N
TRENCH
CI

0.0
7¢9397E-76
0.0
1.027€E-40
0.0
3+45108E-18
7.7822E 02
0.0
0.0
7. 7255E-02
?.7255E-02
0.0
J+8840E-75
0.0
0.0
6.4013E-44

CUBIC METERS OF

TRENCH
OVERFLOW

0.0
O0e 0
0.0
0«0
Oe 0
0.0
0«0
O0e0
0.0
0.0
Oe0
Oe O
0.0
00
Oe 0
0.0

Cl

WATER

TRENCH
DRAI NAGE
ClI

0.0
0.0
0.0
9209 0E-44
0.0
34146 3E-21
24557 4E-01
0.0
0.0
1<4102E-04
14102E-04
0.0
0.0
0.0
0.0
7«0115E-47

OVERFLOWED TRENCH

NUCL IDE TRANSPORT INFLRMATION

AMOUNT AT
WELL
CI
0.0
00
0«0
0.0
060
0.0
0«0
0«0
Oe0
0.0
00
060
0«0
0.0
0.0
0.0

Syl



1-125
1-129
CS-134
CcS—-137
BA-137M
CE-141
CE-144
PM—147
RE-187
PB-210
RA—22 €
TH=-232
U-233
uU-234
U-235
uU-236
u-238
PU-233
PU—-23S
PU-241
AM-241
PU—~242
AM-243
CM-243

0.0
00
1+.5552E-54%
20 7STEE Q1
2.7TS78E 01
0.0
0.0
le 7660E-44
1.0142E-01
84383 BRE-05
445995E-01
1.2992E 00O
0.0
1«9CS8E 00
2¢2307E 00
3.1869E-01
1e95S23E 03
8.3890E-03
S«T727TE-02
Q0
0.0
0.0
0.0
0.0

0.0
040
0.0
0«0
Oe 0
0«0
O« 0
0.0
0¢0
0«0
[+ P+ ]
0.0
0.0
Oe 0
0.0
0«0
Qe 0
Qe 0
0.0
O« O
0.0
0.0
O« O
0.0

0.0
0.0
6+49691E-59
1+2358€E-03
1.2358E-03
0.0
0«0
1.4270E-47
6.6621E-04
7¢6531E-09
1.0306E-04
1.0674E-06
0.0
2.0918€E-03
2¢4434E-03
3+4906E-04
2.1384E 00
2¢2974E-07
2676 3E-06
0.0
0.0
040
0.0
0.0

0.0
00
Oe0
040
0.0
0.0
Oe¢0
0.0
O0e0
0.0
0e0
Oe0
0e0
0.0
0.0
00
00
0.0
0.0
O0e0
0.0
00
0.0
Oe0

9v1




NUCLIDE

H-3
C-1s
MN—-54
FE-SS
NI-59
Cc0-60
NI-63
ZN—-65
KR—-8S
SR-90
¥Y—-90
NB-94
TC—-99
RU—-106
CD—-109
sB—-12S
I-1c°
1-129
cs—-134
CS—-137
BA-137N
CE-141
CE-144
PM—147
RE—-187
PB—-210
RA-22¢€
TH-232
u-233
U-234
U-23S
U-236
u—238

SURFACE
SOIL CCNC
CIl/7M*%x3

0.0
0.0
0.0
040
0.0
26 0274E-76
8.9832E-30
0.0
0«0
0.0
0.0
0.0
e 0
0.0
0.0
0.0
0.0
0.0
1l¢1995E-71
2.1354E-16
2.1354E-16
0.0
0.0
Q0.0
0.0
le972€E—-24
1.0983E-27
26180E-15
0.0
4.9302E-67
Se7587E-67
B842267E-68
S« 1006E-64

SURFACE
WATER CCNC
CI/N&%x3
0.0
0.0
0«0
0.0
Oe0
0.0
Oe 0
0.0
0«0
0.0
Oe¢0
0.0
0.0
Oe0
Oe O
0.0
0.0
0.0
0.0
Os0
0.0
0.0
00
OO
Oe¢ O
Ce0Q
0.0
0.0
Oe 0O
Qe 0
O0¢0
0.0
Oe¢ 0

SOLUBLE TO

STRE AM
Cl
0.0
G.0
0.0
0.0
OCeO
S5¢8059E-71
9432 €E-2S
0.0
0e¢0
0.0
0.0
0.0
0.0
Ce0
0.0
0.0
0.0
0«0
1«7176E-67
340577E-12
3¢0577E~-12
0.0
Oe0
0.0
0.0
Se7S3 €EE~-20
7«8628E-23
6e8724E-13
OeC
1+7256E—-61
2¢01S€E-61
2«87T94E—-62
1+7853E~-58

SOLUBLE TO

TRENCH
(o8 §

0.0

O0eO

0.0

0«0

0«0
1.9678E~-70
3.1971E-24
0.0

0.0

0.0

0«0

0«0

0.0

0.0

0.0

Ce0

Ce0

0«0
5¢8215E-67
1.0364E-11
1¢0364E-—-11
0.0

00

0.0

0.0
L«9501E~-19
2¢6650E—-22
2¢3293E-12
0.0
S.8488E-61
6¢8316E-61
Qe TS95E-62
6.0509E~-58

ATMOSPHERE
AT SPILLAGE

Cl/M&%3
0.0
0«0
0.0
0«0
0.0
0.0
3 .0355E-37
040
0.0
0.0
0.0
0«0
0.0
040
0.0
0«0
0.0
00
0.0
T e2159E~-24
T «2159E-24
0.0
00
0.0
00
6 «6657E-32
3«7111E-35
B8 ¢8465E-23
0.0
1 «6660E~74
1 «9459E-74
2e7T799E-75
1 «e7235E-71

ATMOSPHERE
DOWN WIND

Cl/7M¥%3
0«0

0«0

0.0

0.0

0«0

00
141453E-45
00

0«0

0.0

0«0

0.0

0«0

0.0

0«0

0.0

0.0

060

0.0
20¢7226E~ 32
27226E-32
0.0

0.0

0.0

0.0
2¢5150E-40
1¢4002E-43
3¢3378E-31
060

0.0

0.0

000

0.0

060
0.0
0.0
0«0
00
060
Oe0
OCe0
Ce0
0«0
0.0
00
0.0
060
[e PR s}
0.0
Oe0
00
0.0
000
060
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

WELL WATER
CONC
CI/M*%%3

[
~J



PU-238
PU-239
PU-241
AM-241
PU-242
AM-242
CM-243

S.8185E-19
6677 3E-18
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
O0es0
0.0
0«0
Q00

S.0913E-15
S549322E-14
0e0
0.0
0.0
0.0
0.0

1«7256E-14
2«0106E-13
0«0
0.0
0.0
0.0
0e0

1 9661E~26
2 «2908E-2S
0.0
0.0
0.0
0.0
0.0

Te4182E-3S
8+.6433E-34
0.0
0.0
0.0
0.0
0.0

0.0
0.0
Oe0
0«0
0.0
OeO
0.0

o TGRS N a——

8yl



NUCLIDE

H-3
C—-14
MN—-54
FE-S5S
NI-SS
C0-60
NI-63
ZN-65
KR—-8S
SR-99
Y¥-90
NB-94
TC-99
RU-10¢€
CcD-109
s$SB-125

ANNUAL SUMMARY FOR YEAR 500 OF THE SIMULATICN

THE TRENCF CAP HAS HAD 1000 PER CENT FAILURE
THE MAXIMUM CALCULATED WATER DEPTH IN TRENCH DURING THE YEAR 1S
6.0439E (03 CLBIC METERS OF WATER LEFT BOTTOM OF TRENCH

0«0 METERS

0.0 CUBIC METERS OF WATER OVERFLOWED TRENCH
NUCL IDE TRANSPORT INFORMATION
AMOUNT IN TRENCH TRENCH AMOUNT AT
TRENCH OVERFLOW DRAI NAGE WELL
cl Cc1 Cl Cl

0.0 0.0 0«0 2¢4118E-53
T7«8442E-76 0.0 0.0 1¢1043E-44
0.0 0.0 0.0 0.0
6¢4793E-52 0.0 54806 7E-SS 0.0

0.0 0.0 0.0 0.0

S« 9402E—-24 0.0 S5¢3235E-27 0«0
4,0146E 02 0.0 13193E-01 0.0

Q.0 0.0 0.0 0«0

0«0 0.0 0.0 0«0
Se7243E-03 0.0 1.0449E-0S 0.0
57243c-03 0.0 14044 9E-0S 0.0

0.0 0.0 0.0 0.0
3.8828E-75 0.0 0.0 3.0729E-06
Q.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0
7«9680E-55 0.0 8.727€E-58 0.0

671



I-128

I-129

CS—-13a
CS—-137
BA—-137M
CE-141
CE-144
PM-147
RE—-187
PB~-210
RA-226
TH-232
U-233

U-234

U-23s

U-236

u-238

PU-238
PU-239
PU-241
AM—- 241
PU-242
AM—243
CM—-243

Qe 0
0.0
3+ 9585SE-69
2e7251E €O
2.7251E 00
0.0
0.0
S« S7TB6E—-S56
Se 2€91E-02
3.7052E-06
4¢306S5E-01
1.2990E 00
0e0
1«7111E 00
1.9S94E 00
28S564E-01
1+74G8E 03
3« 796 7E-03
9.7179E-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
0.0
0.0
0.0
Oe¢O
0.0
Oe O
0.0
o.o
0.0
0.0
O0e O
0.0
O+0
0.0
0«0
0.0
0.0

0.0
0.0
1.7739E-73
1221 2E-04
L1221 2E-04
0.0
0.0
4.,507?7E~-59
3+.461 3E-04
3.3823E-10
9649 1E—05
1.0672E-06
0.0
1874 3E-03
2¢1900E-03
3.1287E-04
1 9166E 00
10397E—-07
2661 3E-06
0.0
0.0
0.0
0.0
0.0

s

OeV
0«0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0«0
0.0
0.0
OeO
0.0
°.°
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0sT



NUCLIDE

H-3
cC—-14
MN-5S4
FE-SS
NI-59
C0—60
NI-63
ZN—-6S
KR—-85
SR-90
Y—-99
NB—-94
TC-99
RU—-106
CD—109
SB—125
I-12S
I-129
CS—-134
CcS—137
BA—137M
CE-141
CE-144
PN—147
RE-187
PB-210
RA-226
TH-232
U—-233
u—234
U-235
U—236
U—-238

SURFACE
SOIL CCNC
CI/7M%x%x3

0.0
0eO
0.0
0.0
0D
0«0
2 208B1E-34
0.0
0«0
0.0
0.0
VeO
0.0
0.0
0.0
0e O
0.0
0.0
0.0
Se1149E—-18
Se1149E—-18
0.0
0.0
0.0
0.0
449632E—-27
1«¢044SE-30
2¢5S00E~-15
Oe O
0.0
0.0
0.0
4,7235E~-77

SURFACE
WATER CONC
CI/M%%¥3
0.0
O«0
0.0
OO
0«0
0.0
0.0
0.0
Oe
0.0
0.0
0.0
0.0
0.0
0.0
0.0
O«0
0.0
0.0
O O
0«0
0.0
0«0
O«0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
060

soLuBLE TO

STRE AM
Lo |
0.0
0.0
0.0
0.0
0«0
Ce0
2318BESF—-29
0.0
0«0
c.0
6,90
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
7Te3239E-14
7323GE-14
0.0
0.0
0.0
0.0
1.4477E-22
7.4780E-26
6.6940E-13
0.0
0.0
0.0
0.0
1.6533E-71

SOLUBLE TO

TRENCH
CclI
0.0
Ne O
0.0
0.0
0.0
Oe0
7«8584E-29
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¢4823E-13
2¢4823E-13
0.0
0.0
040
0.0
449066E-22
245346 E-25
22689E-12
0.0
0.0
0.0
00
S56036E-71

ATMOSPHERE
AT SPILLAGE

CIl/M%% 3
0.0
00
Oe0
0«0
0.0
0.0
7Te¢4613E-42
060
0«0
00
0a0
00
0«0
0.0
0«0
0O e0
0.0
0«0
0.0
17284E-25
17284E-25
0«0
00
0.0
00
1e6771E-34
3 .5295E-38
Be6168E-23
0«0
0«0
0.0
0«0
Oe0

A TMOSPHERE
DOWN WIND

CIl/M%%3
0.0

Oe0

0.0

OeQ

0«0

0«0
2¢8151E-50
Oe0

0e0

0e0

O0eO

0.0

0.0

0.0

0.0

OeO

0.0

0.0

0.0
6.5212E~-34
6.5212E-34%
060

0.0

0.0

0.0
GeH278BE-43
1¢3317E-46
3.2511E-31
0.0

000

0.0

0.0

0.0

WELL WATER

CONC

CI/M%%*3

Te6847E-60
3+5185E-51
Oe.0
0Oe0
0«0
Oe0
0.0
0.0
0.0
Oe0
0.0
0.0
Ge7911E-13
0.0
00
Oe0
0.0
0.0
0«0
0«0
000
00

"0e0

0.0
0.0
0.0
0«0
0.0
0.0
OO0
0.0
0«0
0.0

161



PU—-238
PU-239
oy-241
AM-241
PU—-242
AM—243
CM—243

1.1049E-19
2.8285E-18
0«0
0.0
0.0
0.0
0.0

Ne0
0.0
0.0
0.0
0.0
0«0
CeO

9.6683E-16
2¢47S0E-14
O0e0
0.0
0.0
0.0
0.0

3e¢2770E~-1S
8.3888E-14
0.0
0.0
0.0
0.0
0.0

3 «7336E-27
9 «5579E-26
0.0
0.0
0.0
0.0
0.0

1.4087€E-35
3.6062E-34
0.0
060
0.0
00
0.0

0.0
0.0
0«0
0«0
0.0
060
0e0

7C1



NUCLIDE

H-3
C—14
MN—Sa&
FE-SS
NI-59
C0-60
N1-63
ZN—-65
KR—-85
SR-90
Y—90
NB—-94
TC—-99
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THE

ANNUAL SUMMARY FOR YEAR

THE TRENCEF CAP HAS HAD
MAXIMULM CALCULATELC WATEF

600 OF THE SIMULATION

1000 PER CENT FAILURE
DEPTH IN TRENCH DURING THE YEAR IS 0.0

METERS

6.0439E C3 CULUBIC METERS OF WATER LEFT BOTTOM OF TRENCH

0.0

AMOUNT IN
TRENCH
(o |

0.0
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0.0
4. 0855E-€3
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1.00S 1E-29
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TREN .H
DRAI NAGE
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CUBIC METERS OF WATER OVERFLOWED TRENCH

NUCLIDE TRANSPORY INFORMATION

AMOUNT AT
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ANNUAL SUMMARY FOR YEAR 700 OF THE SIMULATION

THE TRENCF CAP HAS HAD 10.00 PER CENT FAILURE

THE MAXIMULM CALCULATED WATER DEPTH IN TRENCH DURING THE YEAR IS
6.0439E C3 CLBIC METERS OF WATER LEFT BOTYTYOM OF TRENCH
0.0 CUBIC METERS OF WATER OVERFLOWED TRENCH

0.0 METERS

NUCL IDE TRANSPORT INFORMATION

AMOUNT 1IN TRENCH TRENCH AMOUNT AT
TRENCH OVERFLOW DRAI NAGE WELL
ClI Cl cl Cl1
0.0 OeO OeO 0.0
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/1€T



I-125%
I-129
Cs—13a
Cs—-137
BA-137M
CE-141
CE-144
PM-147
RE-187
PB—-210
RA-226
TH—232
U-233
U-234
U-23%S
U-236
Uu-238
PU-238
PU-239
PU-241
AM-241
PU-242
AM-242
CM-2423

0.0
0.0
0.0
2¢6608BE-02
2. 6608E—-02
0.0
0.0
S5.8431E-79
1e4224E-02
T«2368E-09
3+ 7753E-01
1.2%87E 0O
0.0
1«3737E 0O
1.6062E 00
20¢2947E-01
1.4057E 03
Te7773E-04
9<6082E-02
0.0
0.0
0.0
0.0
0.0

0.0
Oe O
0.0
0e 0
0«0
0.0
0«0
O0e0
Oe 0
0.0
Oe O
0«0
OO0
0«0
O0e0
0.0
0.0
0.0
0«0
0.0
OO0
0.0
0.0
0.0

0.0
0.0
0.0
1¢1924E-06
1.1924E-06
0«0
0.0
0«0
9343 7E-05
54606 1E-13
8+4590E-05
1.0663%E-06
0.0
1504 7E-03
1«7S93E-03
2¢5134E-04
1¢5397E 00
2.1298E-08
2631 2€E-06
0.0
0.0
0.0
0.0
0.0

00
0.0
0.0
0.0
0.0
0.0
0«0
0.0
0.0
00
0.0
0eO
0.0
0.0
0.0
0.0
0«0
0.0
0.0
0.0
0.0
0.0
060
0.0

TR 5T TR TR o 7 5 T 64 - e LAY L A

RGI



0°*0
o*o0
0°0
0°¢0
o°*o0
o°o0
o°0
0*0
0°0
0°0
0®*0
0°*0
0°0
0°o0
0o°o0
0o*o0
0°0
0°0
0°*0
o°o0
o*0
0o*°o0
0°o0
o*0
0°0
0°0
0°0
o°0
0o°0
0°o0
0°o0
0°*0
0o°o0

159

ExRN/ID

ONDD

Y3lvmM T3IM

0o°*0

0°0

c°0

o°*o

. n*o
I€-35%80°€E
25 -3sv0e*1
BvY-36500°¢
o°o

o°0

0°0

0°0
LE-J2T9L°E
LE=-32T1el°E
0°0

o°0

o°*0

o°o

o°0

0°0

0°0

0°0

o°0

0°0

0*o0

o¢o0
6S-38004°1
0°0

0°0

0o*0

0°0

0°0

0°0
CHIN/LD

ONIM NMOCQ
3YIHISONWLY

0°0
0°0
0®0
0*o0
0°0
g2-32s41°8
Yv-3G261°F
6€£-32190°1
0°0
0°*0
o®* o0
o°*o0
62-38S16°6
62-38G16°6
0°*0
0°0
0*0
0°0
0°o0
0o*o
0*0
o*o0
0*0
0°®°o0
0°0
0*0
1S-36L40S°" Y
0o*o
0°o0
0*0
0* 0
0°0
0*0
£ %xaW/ID

J9VIT1dS LY
34 3IHISONW LY

0°0
0°0
o*o
o°*0
0°0
21-392s1°2
1£-39262°2
42-32901°¢
0°0
0°0
0°0
00
91-31%2¥°*1
91=3142v°1
0*0
o°o
0*0
0°*o0
0°o
0°*0
0°0
0°o
0°0
0°0
0*0
0*0
8E~3IBLOL®Y
0*0
0°0
0°*0
00
o°o
0*0
1D
HONIJML

ol 378N70S

0*0
0°0
0°0
c°o
0°0
£1-360S5€°*9
2E=-30v9L°9
8g-35v91°6
0°*0
0°0
0*0
0°*0
41-32L10C°?
21-3L102°%
0*0
o°®o
0°0
0°*0
0¢o0
0°0
o°o
o*0
0°o0
0°¢0
0°o0
0°0
8€-3B00%°1
0°0
o*o
0°0
0°0
o0°0
0°0
12
WY 3YLS

01 379NT0S

0°0
E*2N/1ID

ONDD H3lvAm
3ovddns

o*0

0°0

0°0

0°0

o°o

S1-3€61%°*°
LE-383L¥%°6
cE—-302v1°F
0°0

0°0

Lol o]

0°0
12-3vd%c6°2
12-3vvE6°2
0°0

0°0

0°0

0o°0

0°0

0°0

0o°o

o°0

o°o

o*0

0o°o

o°o

ev-3T o1
0°0

o*0

0°0

0°0

o°o

0°0
ExeN/1D
ON3D 10S
IDVYIYNS

see-N
gc-N
sge-N
see—n
egee-n
ce2—H1
922-vy
otrz2-ed
481 -3
Lo 1-Nd
*v1-3D
1¢¥-3D
wWeET—-VvE
LET-SD
®ET-SD
621-1
sci-1
s2i1-8s
601-0O
901 -NY
66-01
+6-8N
06—-A
o6-¥s
S8-uM
S9-NZ
€9—IN
09-0D
6S~-IN
SS-34
®S—NN
»1-D
£—H

3CITMNN



160

o*0
0o°o0
0°0
0°0
0°0
0°0
o°*o

0°*0
0*0
0°*0
0°*0
0°0
SE-3€L42°9
LE-386L0°S

0°0
o°o
o* 0
0*o
o*o0o
9C—-3ALEI9* T
g2g-3vovE* 1

0°0
0°0
0°0
0°0
0°0
*T71-3209%°1
91-32181°1

0°0
o°0
0°0
0°*0
0°®0
S1-3£80E° Y
41-3v984°E

0°0
c°o
o°0
0°*0
0°*o0
o*°o
0°0

0°0
0°0
0°0
0*0
0°0

61-39€26°y
12-3vve6°E

E®Z2-NO
EYC-NY
eve—Nnd
T1v¥2—-NY
o2 -Nd
6¢ce—-Nd
eeg—-Nd




ANNUAL SUMMARY FOR YEAR 800 OF THE SIMULATION

THE TRENCF CAP HAS HAD 10.00 PER CENT FAILURE

THE MAXIMULM CALCULATEC WATER DEPTH IN TRENCH DURING THE YEAR 1S 0.0
6.0439E (3 CUBIC METERS OF WATER LEFT BCTTOM OF TRENCH
0.0 CUBIC METERS OF WATER OVERFLCWED TRENCH

METERS

NUCLIDE TRANSPORT INFORMATION

NUCLIDE AMOUNT [N TRENCH TRENCH AMOUNT AT

TRENCH OVERFLOW DRAI NAGE WELL

CclI ClI CclI CI
H-3 0.0 0.0 00 0.0
C-14 7«5643E-76 0.0 0.0 Qe 0
MN—-54 0.0 0.0 0.0 0e0
FE-S55 0.0 0.0 00 0.0
NI-S59 0.0 0.0 Oe0 Oe0
C0O-60 2¢8774E-41 0.0 2,578 7E—-44 0.0
NI-63 Se5118E 01 0.0 1«8113E-02 OO0
ZIN—-6S5 0.0 0«0 0.0 0«0
KR-85 0.0 0.0 0.0 060
SR-90 2¢328¢E-C6 0.0 4.2507E-09 O«0
Y—-90 20328€EE-C6 0.0 442507E-09 Oe0
NB—-94 O« 0 O«0 0.0 Qe0
TC-99 3.87905-75 0. 0 0.0 0.0
RU-106 0.0 0«0 O0e0 00
CD—-109 0.0 0.0 0.0 0.0
sSB-12% 0.0 0.0 0.0 0«0
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0.0
0O
0.0
Oe O
0«0
0.0
0.0
0.0
O« 0
0.0

SOLVUBLE TO

STRE AM
108 §
0.0
0.0
0.0
0.0
0.0
0«0
34443 2E-43
0.0
0.0
0.0
00
0.0
0.0
0«0
0.0
0.0
0.0
0.0
0«0
1.0064E-18
1.0064E-18
0.0
0.0
0.0
0.0
2¢3059E-30
6+.4230E~-35
6.1860E-13
Ce0
0.0
0.0
0.0
0.0

SOLUBLE TO

TRENCH
Cl
0.0
0.0
0.0
0.0
0.0
0.0
1¢1670E-42
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3e4111E-18
3.4111E-18
0.0
0.0
0.0
0.0
7.8154E-30
2¢1804E-34%
240967E-12
0.0
0.0
0.0
0«0
0.0

ATMOSPHERE
AT SPILLAGE

CI/M%%x 3
060
0.0
00
0.0
0.0
0.0
11080E-55
0.0
0.0
0.0
Ce0
0«0
0«0
0.0
0.0
0«0
0.0
0.0
0.0
23751E-30
2¢3751E-30
00
0.0
0.0
0.0
2 6714E-42
3¢0363E-47
7 e9629E-23
0.0
0.0
040
0«0
0.0

ATMOSPHERE
DOWN WIND

CI/M%x%x3
0«0

OeO

0¢0

0«0

0.0

0.0
4.1806E-64
0.0

0e0

0.0

00

0.0

060

060

0.0

Oe0

0.0

O0e¢0

0e0
8¢9611E-39
8.9611E-36
0.0

0e0

0.0

0.0
1.0079E-50
1¢1456E-55
3¢0044E-~-31
0.0

0.0

0e0

0.0

0.0

Oe0
0«0
0.0
0.0
Oe0
Oe0
0.0
0«0
060
0«0
00
O.0
0.0
0.0
0.0
Oe0
0.0
000
0e0
Oe0
0e0
0.0
0«0
0.0
0.0
0.0
00O
0.0
G.0
Oe«0
0.0
Oe¢0
0.0

WELL WATER
CONC
CI/M¥%3

£91



PU-2339
PU-239
PU—241
AMN-241
PU-242
AM-242
CM—-243

7566 3E-22
2+0542E-19
0«0
0.0
0.0
0.0
0.0

0e 0
040
O« O
0«0
Oe O
00
0.0

6.6207E-18
1e7S75E-15
Oe0O
0.0
060
0«0
0.0

20¢2440E-17
640924E~-1S
0.0
0.0
0.0
0.0
0.0

2 «5567E-29
6 «9415E-27
0«0
0.0
060
0.0
0.0

BT TR

e - e ey

Ye6465E~-38
2:6190E~-35
0.0
0.0
0.0
060
0.0

0«0
0.0
0.0
Oe0
0«0
00
0.0

991



NUCLIDE

H-3
C—-1s
MN—-54
FE—-SS
NI-S59
Cc0o—-60
NI-63
ZN-65
KR—-85
SR-90
Y—-90
NB-94
TC—99
RU-10¢€
CD—-109
SB-125

ANNUAL SUMMARY FOR YEAR

6+40439E 03 CUBIC METERS OF WATER
CUBIC METERS OF WAVYER

0.0

AMOUNT IN
TRENCH
C1

0.0
T«4733E-76
0.0
0.0
0.0
4+ B8€E8SE-47
2 8434E 01
0.0
0.0
17254E-07
1+7254E-07
0.0
3.8777E-75
0.0
0.0
0.0

THE TRENCH CAP HAS HAD
THE MAXIKULM

CALCULATED WATER DEPTH IN

TRENCH
OVERFLCW

0.0
0.0
0.0
L0 o]
0.0
0.0
0.0
0.0
0«0
0.0
0.0
0.0
Ce0
0.0
0.0
GeO

Lo |

TRENCH
DRAI NAGE
L §

0.0
0.0
0.0
0«0
0.0
4363 1E-50
9¢3439E-03
0.0
0.0
3e1495E-10
3«1495E-10
0.0
0«0
0.0
0.0
0.0

900 OF THE SIMULATICN

1000 PER CENT FAILURE
« RENCH DURING THE YEAR IS
LEFT BOTTOM OF TRENCH
OVERFLOWED TRENCH

NUCLIDE TRANSPORTY 'INFORMATION

AMOUNT AT
WELL
Cl
C:0
OO0
0.0
0.0
0.0
0«0
0.0
0.0
0.0
0.0
0.0
0.0
OeU
0.0
0.0
0.0

0.0

METERS

S9T



I—-12%
I-129
€sS—-134
CS-137
BA—137M
CE-141
CE-144
PM—-147
RE-187
PB-210
RA-22¢€
TH-232
U—-233
u-234
U—-235
U-23¢
U—-238
PU-238
PU-23¢9S
PU-241
AM-241
PU-242
AM—243
CM—-243

0e O
0.0
0.0
24598 1E-04
2+5981E-04
0.0
0.0
0.0
38395E-03
14134E-11
3¢3097E-01
1.2983E 00
0.0
1.1029E 00
1« 2903E 00
1.8434E-01
1.1293E 03
1.5930E-04
9¢5002E-02
0.0
0.0
0.0
0.0
0.0

O« 0
0.0
°.°
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0«0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
Je O
0.0

0«0
0.0
0.0
1.1643E-08
1¢1543E-08
0«0
0.0
0.0
2.522Z2E--05
1290 3E-15
7<415€EE-0S
1+ 066€CE-06
0.0
1.2080E-03
144133E-03
2.0191E-04
1.2370€ 0O
4 .362€E-09
2601 7E-06
0«0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
Ce0
0.0
0.0
O0e0

.Y
0.0
0.0
0.0
0.0
Oe0
0.0
O0e¢0
0.0
0.0
0.0
0«0
0.0
0.0
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NUCLIDE

H-3
C—-14
MN-54
FE-55
NI-5S
co-60
NI-63
ZN—65
KR-85
SR—-90
Y—90
NB-94
TC-99
RU-106
CD—-109
SB—-125
I-12%
I-129
CS—-134
CcsS—-137
BA-137M
CE-141
CE-144
PM-147
RE-187
28-210
RA-226
TH—232
U—-233
J—23a
U-235
u—236
u-238

SURFACE
SOIL CCNC
CI/Z7M%&x3

0.0
0.0
Q.0
0«0
0.0
0.0
8. 0600E-52
040
0.0
0.0
0.0
O« O
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1683 5E—~24
1.6835E-24
0.0
0.0
0.0
0.0
1.9891E-37
854S 7E—43
2¢2953E—-15
0«0
0.0
0.0
0.0
0.0

SURFACE
WATER CONC
CI/M%®%3
0.0
0«0
O0e O
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0«0
0.0
Ve 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

SOLUBLE TO

STRE AM
ClI
0.0
0.0
°.°
0«0
0.0
o.o
8e4633E-48
0.0
0.0
0«2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2¢410€E-20
2¢4106E-20
0.0
0.0
0«0
0.0
S.801 8E-33
6.1181E-38
6.0254E--13
0«0
0.0
0«0
0.0
0.0

SOLUBLE TO

TRENCH
ClI
0.0
0.0
0.0
0.0
0.0
0.0
24868SE-47
0.0
0.0
0«0
0.0
0.0
0.0
0.0
0.0
0.0
040
0.0
0«0
841703E-20
8e1703E-20
0.0
0.0
0.0
0.0
1+9664E-32
2.0737E~-37
20422E-12
0.0
0.0
0.0
0.0
0.0

ATMOSPHERE
AT SPILLAGE

CI/M&%x3
0.0
00
0.0
0e0
0.0
0e0
27236E-60
0.0
060
060
0.0
0.0
0.0
0.0
0«0
Oe0
00
0«0
0.0
5 +6888E-32
S «6888E-32
0.0
0.0
0.0
0.0
6 «7214E-4S
28877E~50
T7Te7561€E-23
0«0
0.0
0.0
0.0
0.0

ATMOSPHERE
DOWN WIND

Cl/M*x%3
0.0

Oe«0

0.0

0«0

0.0

040
1«0276E-68
0.0

0.0

0«0

0.0

0.0 .

0.0

0.0

O

Oe

Oa)

0.0

Jde O
2+1464E-40
241464E-40G
0.0

0.0

0.0

0.0
245360E- -
1« 089%
24926 -31
De0

040

0.0

0«0

0.0

0.0
0«0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Oe0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
(0e0
0.0
O0e0
0.0

B}

4
+e0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

WELL WATER
CONC
Cl/M%%3

Jot
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0°0
0°0
0°0
o°*o
0°0
0°0
0°0
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0°0
SE-34260°1
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0°0
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0°0
LS—-31968°2
OE~-31SSB* Y

0°0
0°*0
0°0
0°0
0°0

S1-361¥S°C
g81—-32192°%

0°0
0°0
0°0
0°0
0°0
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0°0
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0°0
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00
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NUCLIDE

H-3
C-14
MN—-S4
FE-S5S
NI-59
co-60
NI-63
ZN—-65
KR-8S
SR—90
Y-90
NB-94
TC-99
RU-106
CD-10S
SB-125

ANNUAL SUMMARY FOR YEAR

THE TRENCH CAF HAS HAD
THE MAXIMUM CALCULATEC WATEFR DEPTH IN TRENCH DURING THE YEAR 1S 0.0

1000 OF THE SIMULATION

1000 PER CENT FAILURE

METERS

6.0439E C3 CLBIC METERS OF WATER LEFT EOTTOM OF TRENCH

Q0«0

AMQUNT IN
TRENCHF
CI

0.0
Te3833E-76
0.0
0.0
Oe0
842374E-53
le4€68E Ol
0.0
0.0
1« 2784E-C8
1.2784E-C8
0.0
3.876SE-75
0.0
0.0
0.0

CUBIC METERS OF WATER

TRENCH
OVERFLOW

0.0
0.0
0«0
0.0
O0e 0
0«0
Oe 0O
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

CI

TRENCH
DRAI NAGE
Lo §

0.0
0.0
0.0
0.0
0.0
73823E-56
4.8202€E~03
0.0
0«0
2¢3337E-11
2¢3337E-11
0«0
0.0
0.0
0«0
0.0

OVERFLOWED TRENCH

NUCL IDE TRANSPORT INFORMATION

AMOUNT AT
WELL
Cl
0.0
060
OeO
0.0
0.0
0.0
060
O0e0
060
0.0
0.0
0e0
0«0
0.0
Qe
0.0

691



I-125

1-129

CS-13e¢
CS-137
BA-137M
CE-141
CE-144
PM—147
RE-187
PB-210
RA-226
TH-232
U—-233

U-234

U—-235

U-236

U—-238

PU—238
PU—-239
PU-241
AM- 241
PU—242
AM—242
CM-242

0.0
0.0
0.0
2¢5673E-05
2¢5673E-0S
0.0
0.0
O« 0
1¢994GE-03
6e2467TE-13
3.0988€E£-01
1.2681E QO
0.0
9.8813E-01
1« 1564E 0O
1.6522E-01
1.0122E 03
7.2101E-05
Se 38466E-02
0.0
OO
0.0
0.0
0.0

0.0
O0e 0
0.0
0.0
0.0C
0.0
0.0
0.0
0.0
0.0
0.0
0.0
O« 0
0.0
Ce 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
1.150SE-09
1¢1505E-09
0«0
040
0.0
1.310S€E-05
Se7022E-17
6.943 2E-05
14066E€E-06
0.0
1.08223E~-03
1.2667E-03
1.8097€-04
1.1087E 00
1.974 SE-09
2¢5870E-06
0.0
0.0
0.0
0.0
0.0

0.0
Oe0
0.0
0.0
Oe0
0.0
0.0
Oe0
00
Oe0
0.0
00
0«0
0.0
Oe0
0.0
0«0
0.0
Oe0
0.0
0«0
0.0
Oe0
O«0
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NUCLIDE

H-3
C-14
MN-54
FE-SS5
NI-59
cC-60
NI-63
ZN—-65
KR-85
SR-90
Y-90
NB—-94
TC-99
RuU-106
CD-109
SB—12S5
1-125
I-129
Cs—-134
Cs- 137
BA—-137M
CE-141
CE-144
PM—147
RE-187
PB—210
RA—-226
TH=-232
U=-233
U-234
u-235
U-23¢6
U—-233

SURFACE
SOIL CCNC
CI/ZM*%x2

0.0
0.0
0.0
0.0
0.0
0.0
1981 1E-57
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
O«0
0.0
0«0
4.0323€E-26
4.,0322E-26
0.0
0.0
0.0
0.0
S«0048E—-40
8.127SE-46
2.2357E-15
0.0
Ce.0
0.0
0.0
0.0

SURFACE
WATER CCNC
Cl/M**3
O« 0
0.0
0.0
O0e O
OeO
0.0
060
0.0
Ce0
0.0
0.0
0.0
C.0
O.0
0.0
0.0
0.0
0«0
0.0
0.0
0.0
0.0
0.0
0«0
Oe 0
0«0
0.0
0.0
0.0
0.0
0«0
0.0
0«0

soLuBLE TO
STREAM
Cl
0.0
0.0
0.0
0.0
0.0
0.0
240803E-52
0.0
0.0
0.0
0«0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
S57738E-22
Se7738E-22
0.0
0.0
0.0
040
1.4598E£-35
Se«8187E-41
5.8689E-13
0.0
0.0
0«0
0.0
Oe0

SOLUBLE TO
TRENCH
Cl
0.0
0.0
0.0
0.0
0.0
0.0
7.0508E~-52
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0«0
0.0
1.9569E-21
1.9569E-21
0.0
C.0
0.0
0.0

4e9477E-35

1e9722E-40
1.9892E-12
0.0
0.0
0.0
0.0
0.0

ATMOSPHERE

AT SPILLAGE

Cl/Mx% 3
0.0
0.0
0«0
0.0
0«0
0.0
6 +6945E-65
0«0
Q.0
0.0
0.0
0«0
0.0
0.0
0.0
00
0.0
0.0
Q «0

1 3626E-33
13626E-33

00
0.0
0«0
00

16912E-47
2 «7T464E-53

7 e5547E-23
00
0«0
040
0.0
0«0

ATMOSPHERE
DOWN WIND
CI/M%xx%x3
0.0
0.0
0.0
0.0
0.0
0.0

2¢5258E-73

0.0
0.0
0.0
0.0
0«0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Sel410E-42
Se1410E-42

0.0
0.0
0.0
0.0

6.380BE~-56

1¢0362E~61
2.8504E-31
0.0
0.0
0.0
V.0
0.0

WELL WATER
CONC
CI/M%xx%3
Oe0O
0.0
Oe0
0.0
0.0
0.0
0.0
Oe0
0.0
Oe0
0«0
O0e0
0.0
0.0
0.0

O.0 ~
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
00
0.0
0.0
0.0
0.0
Oe0
0.0
0.0

1
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NUCL 1DE

H-3
C-14
4N— 54
FE~-5%
Hl1-859
COo-6L
N1l-613
ZIN—-OS
Kk-85
SR- %0
Y-90
NB—-9e
TC—99
RU-106
CO—10%
S6-125
1-12S
1-129
C3—-134
C3-137
BA-13TM
CE-141
CE-laas
PM—147
RE—-187
pe-210
RA-226
T+ 232
u-233
U—234
u—23s
U—2216
u-238
PU—-238
PU-23¢
PU—241
AYM—-C41)
PU- 242
AM-242
CM-243

ATMCSPFRERE DOWNWIND

AVERAGE
Cl/7Meed
3.3199E-29%
S« 8134E-233
7+3013€E-27
8.04064E-20

0.0
6.1 648E-(S
2. 3423E-26
2.3327E-27
0.0
3.2728E-27
J.2728E-27
0.0
2.0776E-21
0.0
A.7630£-30
3¢ 1248E-20
°.°
°.c
S«5482E-206
60 9080E-25
©e9040E-25
3.6902E-31
4.8158E-
2.2372E-28
de TTO00E-3)
S« 0436E-29
1.3539E-30
3.6071E-
0.0
4.8101E-30
S«6188E-30
8+ 0268E-31
4. 976 7E-27
44 9460E-31
2.5207€-21
00
o.o
Qe0
V.0
Vel

NAX IMUMN
Cl/Mes]
3¢ 3193E-26
C«8115E-30
©.I6INE-2 4
6.43593E-23

0.0
4.7687E-22
Le61CZE-23
242037E-24
00
2¢6092E5-24
2.6092E~24
0.0
20762E-28
0.0
4eSIP2E-27
24 5356E-27
0.0
O0e 9
44 2435E-23
4 .54 79E-22
Q.54 79E-22
3« 6d$8E-28
4+.2156E-28
1.7885E-2%
T.8768E-28
3. 37323E-26
9« 1108E-28
24 118STE-27
0.0
J61TSE-2T
4022048027
6e 02S2E-28
3. 7381E-24
J.2021E-28
1l ¢é137E-28
0.0
°.°
veO
JVe0
e 0

AVIRALE CLICENTRAT IONS OVER THE YEALS
Al'NUAL CONCENTRATIONG

YE AR

QO OO o o 00 0 sv () 0= e 0 I e 0 4t 00 I 0 QO = WO ™= O M oo O bw b0 O ™ = o o

)

HAX T MUM

AVERAGE
Cl/Mee)
1 «4435F~106
& «B8HASE~VY
O a0
C .0
0.0
0«0
0.0
°.°
Se3316E-1Y
°.°
°.°
0.0
1 «$40SE-08
°.°
0.0
0.0
°.°
0«0
0«0
0.0
0«0
0«0
0«0
040
0.0
0.0
°.°
°‘°
0.0
(Y]
C.0
040
0.0
VG
0.0
0.0
e.o
0.0
Cet
e

IN WELL

A X T MUM
Cl/Mee
1.2226E~13
Le8)40F-00
0.0
Veu
0.0
0.0
0.0
0.0
$5.3816E-16
0.0
°.°
°l°
1.1 97SE-0S
0.0
0.0
0.0
o.o
°l°
0.0
°.°
°I°
0s0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Va0
ﬂh‘o
0.0
[<3Y1]
0.0
2.0
0.0
0.0
0.0
Je0
.0

VEAR

444
LX)

ONDO0OOCO00O0T00UCOO0O0O000O0O00O0O0O0O0OWOOONOOOCL OO

TU

AVEKAGE
Cl/Mee3
OAE-1}
LH3E~L1Y
249065C-11
1.2041E-11
0.0
lell20E~10
4,3586E-12
6,8870E~-13
6.7T410E-13
1L+0302E-1 2
1.0302E-22
0.0
2.560%E~14
°‘°
3.3287E-15
S.4453E-1¢
0.0
0.0
Se¢3372E~-12
4.,6108€E~-11
4,61085E~-11
1.373%€E~-18
le7920E-18
3,07HBE~1 &
6.3424E~16
403925 -18
2¢5170E~16
1e26A63C~-16
Wa
16267415
1¢478LE-1S
21123-1¢
1¢3096E-12
4.4101E~-17
4,2065E=-17
0.0
0.0
0.0
0.0
0.0

1000 OF YHE SIMULATILION

1N STREAM

HAX TMUM
Cl/7Mee]
1+35806E-08
A.0158E~12
1.7J63F-10
a4.80¢8E-09

°.°
3+.548TE-GE
A,3940E~-10
5.,6371E~10
6.7410E-10
J.988J3E~-10
JSH53E~10
0.0
2.8781C~11
0.0
2:7534E-12
?¢J06R2E=12
°.°
0.0
1+8789E-1C
1 46922E-09
1.6922E=-09
1e3729€E-15
Lo 7T9L1BE-1S
142000E-11
A 2988E~-13
2.8568E-13
1.69%0E~-14s
108432E-1A
0.0
3.2902E~13
3.8386E-13
Se48ITE~14
3.3999E~-10
7«2811E-106
J.86693E-16
0.0
Vel
°I°
Ve 0
0.0

YEAR

O OO OO ™ o o0 0 00 e C 0000 om0 om0 0o e e O o= 00 O " O a0 oo o 0 0 O ™= 0o 0a e

€LT



174

0°0

0°*0

0°*0

0*0

0°*0
Sl-3gtev*t
si1-32€Q8°¢
¢1-3v00S°E
81-384v9°*S
L 1-30266°¢E
L1-3Avsace e

0* 0
L1-39LEG" 2
Y 1=-3CL0L°E
P1-Iv0ES®T
S1-3L6%0°6
€1-3v092°L
91-3G5G6¢" 1
r-3E£6C2* 1
60-35¢56° 1
60-35¢56° 1
o1-3tene*]

o°o0

o*n
G 1-3286S" 09
S1-31299°1

0*o0
v1-3959¢%* 0

[ohal¢)
Si~-3vviS°
Z2i-3dvelis*E

o*0
1V=3220€°¢
60~-36910°1
60-312Z€S°*S

0*o0
60~-3G5LL1°%2
21-3£659° €
L1=-3LG%0° 1
91-3CSvS° /.

1YW 4334

0o°0

0°0
o*o
0*0
0o°0
0*o0

ozZ-3st22*c

UZ=3E492°9
S1=-35002°¢
61-236vLiL*9
ARl 24 FR4 Y
81-36%90°y

o°0
gl=31Sv0°¢E
St-36€86° 1
L1-3ECve v
S1-3226t°t
L1-321Q1°6
g1-300%1°2

g1=391eL°1
8u-3609¢L°1
00~-36092°1
60-3455E"* 1

0o°*0
0o*o0
21=-3¢116*¢E
L1=3v010°S
0°o0
91-326%8 Y
0*0

11 76100°1
11-36100"°1

0*0
el=3v¥20°L

t1-31EeS L

11-329€1°S

00
£1=-3v88S°*8
€1-3812v°1

81=-308v0°y

St-32282°1%
egeysy
MNIUIW SeAYOUD

oZ2-3stzZe*¢c
02-39v92°9
S1-35002°y
5 1-36vLL"9
fl=3v2el°Y
8 1-36v90°*¢

0°*0

gl-31sv0*¢

31-36€86° 1

L1~30E92° "

s1-3226€°¢C
L 1-35v61°6
g t-3ss52°2
g1-35L18°1
g80-31192°1
80=-31192°1
60-3085€E°1

0°0

0®o0
9t1-32L16°C
& 1=3v520°S

0*0
91~-326%8°Y

00
11=-30200°1
1 1-30200°1

0°0
2t1-39v90°¢L
11-31E9S" 1
T1-366E1°G

0°0
€1-35009°2
£t-3182v°*1
g1-308%0°y
Si1-3L4282°1

*3°I°w
AW SeLlvY0OD

0°0
o°o
0°*0
0°0
0°*0
6l-35¥89°2
51-3€022°S
v1-3%00S5°C
g1-385v9°S
41-30256°¢C
Li=-3veBC°E
0°*0
L1~ LEG®S
¢1-3€ES9 1
91-325€s°C
v1-38928°2
91 =-30159°2
21-32162°1
4 1=-3E1S50°L
60-35698°5
60-35698°5
01-3v215°y
0°0
o°o
S1-366S52"F
91=-3v5L1"y
o*0
S1-301%0°¢
0°0
21-360LL"%
21-36022"y
0°*0
11-3L£S8°S
ov-36582 1
1-32082°*"
o°0
11-3vy909°9
21-38e1°1
81-308v0°y
?1=-38442°9
*3°d*o
ATVIN 5 .M0D

WYMOCTIN ¥3d
WOTA1S0¢30 2IHIHGSOWAY DL 200 +dDNS NI

[ Rl o]
0*0
0*0
0° o0
0*0
61-35v89°*2
61-35022°S
¢1-3900S°€
@1—-385¢9°S
L1=-30256°¢C
L1-3vl8E*C
0°0
L1-39L€ES* 2
v t—-3cLS9° 1
91-38SCS €
v1-38928°*2
91-31299°2
L 1-32108° 1
o« 1-2G%1G° 1
60--3€EVL8"*S
60-3€£0L8°S
or—-3292S°* ¥
o*o
0*0
Sl-3gev92° €
91-38L81°¢
0*0
S1-301v0°y
0°* 0
21-3911LL*y
2i—-391LL" Y
0*0
11~-3d2L@8° S
or1-36s82°1
ot-3ce82t v
ne*o
T1-3L%1°2°9
St=31cH1"* 1
81-308v0° ¢
9t-38L82°9
*3°I°W
MNIUW SM0D

n*o o°*o
0*0 c*0
0°0 o*0
0*o0 [+ ]
oo 0°0

S1-3295S°1
S1-362v0°C
11=-31€90°C
S1-350v6°"
vl-398G0v°C
Yi-3E£v96°2
0°*0
s1-3t1122°*2
G1-322€£9°8
€1-30960°F
G1-3456L°2
21-392vC*1
St1-39S4v°1

G1-3068S°* 1
S1-30150°€
11-31¢90°¢E
G1-350v6°Y
vi-3vBSv°E
Y1-3Ev96°2

0°*0
si-31122°2
v1-32¢ET*1
€1-30960°F
*1-35¢95°1
2t-306vc" 1
S1-3954%°1

Si1-30822°1 st-30g22° %
60~3G9EE" Y 60-359EF. "¢
60-3S9€E"Y 60-359CF°Y
0r-31%2€°C ol-gJre2eee
90°0 0°0
(o] 00
¢ 1-35E68°1 v1-35256°1
vi-36828°2 v1-30506°2
o*o 0°0
St1=-3922€°1 ¢, -30685° 1
0*0 o°0

T1-3vves*2
t1-3veel*"
0°0
tt1-3cisE*1
01-36986"1
60-20892°€
oca
or-32L%8°*y
t1-30£02°%
81-349%2°9
St1-39462°1
*3°d*o
3d2NA0Yd

S21¥Nd> 001~
JCT . vHLAD

11-3c€5€°6
11-32€S€*6

o0°0
tt-38vec*l
01-36986° 1
60-30S9L°E

0*0
O1-386%8°Y
ti-329%2°y
81-3249%L°9
st-39¢62°1

*3°d*o

D3A Adv3IT

S1-34955°1
S1-366€0 °C
11-31€90°€
S1-3G0e6°¢
vi-3v2cv*E
vi-3EvI6°*2

0°*0
yt-31122°2
s1-381€9°8
€1-36E80°€
S1-32562°2
2t -3Geo0C "t
91-39908°"Y
91-35909°y
60-36€2E° Y
60-36£2C° Y
or-3€98¢t °€

0°*0

o*0
vi~-38ec8 "1
*i1-311e¢9°2

o°*o0
St-3922€°*1

o°o0
11=-319¢€2°2
t1-319¢cs°2

0°0
T1-3cs81 1
01-3€S96"°1
60-3620L °€E

0°*0
0t-32269" v
11-30102°€
81-349%L 9
S1-39262°1

*3°1°N

32NQO¥d

TR ONNCT Y

oo

[+ o]

0°0

0°0

J9*0
51-30s8S°1
ST—35150°¢€
11-31€90°¢C
S1—-350v6°"
s1-3v8Se°E
*1-3€vP6°2

0°0
vi-31122°2
1 —-32E€T* T
€1-3v660°C
*1—-35¢295°1
21-3219¢€"°V
S1—-35520 °2
St-31029°"1
60-3109E"Y
60-3t10vE "
01-31e9€ "€

o°0o

o0
*1-30026°1
*1-36196°2

o°0
St-30608S "V

[+l ]
11-3C19E°6
11-3€19€ 6

0°0
11—3992%°1T
01-3€286°1
60-382682 °F

o0
0Ol—-3ve88°Y
11-3c0LC "
81-3L9vL"9
St-39¢462°*1

*3°I°N

93A AJVIT

€e2-ND
Cv2 WY
Z2v2-Nd
192wV
1vd-Nd
6ET~Nd
etec -Nd
ec2 -N
9L —n
SE2-N
veZ-N
€E€2-N
2ES~HL
922-vy
o12-9d
481 -3y
Zel-Nd
* vt -3D
tet~3D
wIEl-YE
2€1-%9
*ET-SD
621-1
s21-1
z2¥1-9¢
621D
901-NY
66-21
*65-9N
06—-A
o€ -¥S
Se-yYX
S9-N2
€9—-IN
J9-0D
5C—IN
SG—-34
*S -NKW
*1-D
€E—H

ACTTONN



NUCL IDE

H-3
C—-14a
IN—-56
£-SS
Nl-59
CC-oC
Nl-&3
IN—-DYL
TR=-3F
PR=9D
Y-9cu
Nei—-39 3
TI=-99
RJI=-10s
CDo~-103%
SH-12¢
-3¢
1?9
Coa=1J

c5-1:?

dA-1 457w

CE-1
TE-133
DM-147
RE-1437
“3-21v
RA~-220
TH-2J3C

T u-232

U=23.
u-23s
U-236
U-233
Py-238
PU-235
PU-241
AM-241
PU~-242
AM- 42
CM-233

rMOT

"
)

GePeEe

LEAFY YiIG
M.! < Ee.
1 495E-07
GeT7129 00
3.7850E-13
2e5156E—-12

Ce0

12883ce-11
S.4617E-11
60793E—-1J
1.2553E—-C9
7.3494E-11
7.3494E-11
Ve 0

4.5 409E VI
0.0

1.0605E-15
6eI992E—-16
0.0

0.0

4.5552€—-13
9.5318E-11
9.5 1EE-11
3.0l 1E-22
e LOSOF -2
2e3771E—-1S
1.0278E- 14
S. 1450E-18
299G 7TE-1S
1. 1304E-17
VeO

2,2320E~18
2.6050E-18
3.7217€E-19
2.3075SE-1S
9.0121E-18
3.360%E-17
V.0

PRODUCE
MeleEo
1.4495€E-07
6.7123% 00
84 3969E-14
Be4312E-14

0s0

1.2610E-11
544562E-11
3.0832E-13
1.2423E-09
73207¢-12
7.3207E-12
Ve 0

4.53 09 01
040

2.6635c—16
1.0083E-16
0«0

0.0

4+.3144E-13
95461511
9e¢5461€-11
Se 6A25E-23
1.9980E-23
9«.1113E-16
243982E-15
Sell1S2E-18
20 99$5E-16
1«130485-17
0.0

242319E—2 8
2.€050E—-18
3.7217E-19
24J075E-15
9« 0006E-19
33€09E-18
Oe0

RACLONUILID:

LEAFY VEG
GeP oE
144495L-07
6eT7124aLE 00
4.6491E-12
3.4835E-13

Je0

1.2822E-11
Se«e460CE-11
S.8582E-13
1252 5E~-09
7T<3431E-11
T«3A431E-11
040

4.5409C O1
0.0

1.0460E-15
6937 AE-LE
0e0

0.0

4 .5010E-13
G.5736-11
FeSTIGE-1
Je7504E-22
1 .53343E~-22
24354 9E-15
1.02723E-14
5-1393€-18
29$96E-15
1.1304E-17
0.0

24232061
2.6050E—-18
3e7217E-1Y
2e3075E-1S5
9.0096E-18
343609E-17
0.0

0.0 0«0 040
040 0.0 0.0
0.0 0.0 C.0
0.0 0.0 0.0
GePele = GANERAL PCPULATION EXPUOSURE

MeloeEe — MNAXIMUM IKDIVIODUAL EXPOSURE

CONCENTRATION IN FOODS DUE TO IRRIGATION

PLCI CURIES PER KILOGRAM

PRODUCL
GePoEe.
1e4495E-07
6.7124E 0O
D0.2981E-14
Je7O08BE-148

D.o
«2AR2E- 1
S544605L-11
3.5149E~-123
1.2952%E-09
7«3431E-12
Te3A431E-12
0.0
4.5409E 01
0.0
2.8528E~106
1.0406E-16
0.0
0.0
4.5010E-12
9«57 39E-11
Q.5739E-11
1e5032E-22
€.1337E-23
G.4195E-16
2+3982E-15
S.1393°2-18
2¢9990.E-16
1a1303E-17
OUQ
242320E—-18
2e6050E-18
347217E-19
2¢307SE-15
9. 0096E~-19
3.3u09E-18
0.0
0.0
000
0.0
0.0

willlL EE USED TC CALUCULATE HEALTR EFFECTL

COW!'S MILX
MoleE o
1.5944E-07
L.1270E 01
S «B6YIE-15
2e0721E-14

0.0
Ge3817E-13
1.8289£~11
1«1082E-12
3«5044E-09
2e9347E-12
249347E-12
0.0
l.5884t 02
0.0
6 .6818BE-18
SelS9E-LT
O0.C
0.0
2 «6706E-13
S5e7397E-11
547397611
1 .8560E-24
T «7519E-25
5e8352E~-19
1.2847E~14
2 «S669E~21
22497E-15
5 +6519E-21
0.0
141160E-21
1 «J025E-21
1 «8609E-22
1.1537e~-t8
6 7553E-22
2 5207€E-21
0.0
0.0
OO0
0.0
00

COowes MILK
GePoEe
1¢5944E~07
l.1270& 01
5.6448E-15
Ee0692E~14

0.0
6.3771E-13
l.8088E-11
1«1019E-12
3.5032€6-09
2e9384E-12
2.9344E-12
0.0
1+5884E 02
0.0
6.6619C~-18
Se1S21E-17
0.0
V.0
Qe 6657E-13
5¢7390E-11
5. 7T390E-11
le778CE-24
7T.3629E-25
5¢826TE-16G
1.2847E-14
2e3664E-21
2424897E-15
5:65190-21
0.\)
lel160E-21
1.3025E~-21
1L.8609E~22
1.1537E~18
6e«7550E~22
2¢5207E-21
0.0
0.0
Ve 0
0.0
0.0

GDAT*S MILK

”.‘lEl
344497E-07
l«1500L O1

648039~ o
2.6937F 16
0.0

7«6581E~-14
2+1946E-12
13299E-123
4.2914E~-10
6e163J0E-12
6¢1630E-12
0.0

19449 01
00

8.0182E-19
641910E-18
Ce0

0.0

8,0119E-13
17219E~10
1. 7219€6~10
242272E-25
YeIV22E-26
740022E-20
1+5447E-15
3+0802E-22
206996E-16
647823E-22
0.0

1 «3392€-22
1e5630E-22
Ze2330E~-23
1 «3BASE-19
8. 1063E-23
3a0248E-22
0.0

0.0

0.0

0.0

0.0

GCAT®*S MILK

GePJEe
3e84497€E-07
1«1500C V!
“eT7T73BE~16
Ze 6899 —1¢
De0
TeC525E~14
241946E-12
1e3223E-13
4.289%E-10
6e1622E-12
6e . 622E-12
7«0
1le9449C 01}
Ve0
T7e9943E~-19
6.\VB825E-) 0
0«0
0.0
7e9971E-13
1e7217E-10
l«7217€-10
24 1343E-04
8.8525E=-2¢
6e9921E-20
1e5417E-1C
Je«0797E~22
2+ 6996E-16
6e7823E-22
Ce 0
143392€-22
1«5$€30E-22
242330E-23
1.3B45E~19
8.1060E-23
3.02480L-22
o.o
°.°
O0e0
040
0e0

olkt MEAT
1.9133E-07
£ 482725F 01
1 .7434E~1 4
6.8200E~-13
O'D
B.2824E~-12
1 .4863E-10
H4.098B7E-113
Je3860LE-09
el PBAM-12
2.l 9H8I~-1 2
040

S e4038E 03
0e0
2«6519E-17
1+353%E-1¢8
0.0

0.0
847558BE~14
1e9l11E=-11
Lell -t
15174L-03
S 49975C-24
D45 293C-1 6
441111E-15
245629E-21
5 «0992E~-15
S«6519E-21
040
1e1160E-21
1,3025€-21
1 .860GE=-22
1«1537E-18
J.6014E~-18
1.3443E-17
040

0.0

040

040

0.0

SLT



176

11-3E£186° €
ST~-3S512%°9
Y1-30S6%° v
vi-382588° €

0*0
v1-3.688°¢2
¥1-31€80° 1
El-38%E0* v
ST-30910° 2
e1-3L2684°1
St-39¢s8° €
S1-32286* 2
60-32£2S° S
60-32£2S* S
01-39BEY® ¥

0*o0

0* o0
v1-3866%°* 2
?1-3v018°E

0°o0
S1-30299°1

0*0
11-32819* 2
i1-32819° 2

o*o
11-31998°*1
01-36£48° 1
60-381IE6* v

o0* o
01-31LE%°9
T1-3S1Iv8°*S
L1-32058°2
£1-309s9°¢

AZ124d

NOILVIVHNI A8
INVINT TIVONNY

80-368¥91°1
21-323¢28°1
T11-3751€E"1T
It—-32L21°1
0°0

21 —-3850%*3
11-30E50°1
01-3935L41°1
T1-3Tev32°!
o1-32192°3
£1-3ST126°%Y
E1—342430°"
90-31228°2
90-31226°*2
20-39538°1
0°0

0°d

21 —32825*3
11-39011°1
0°0

SO0 345524°2
0°0
80—-39EL6°F
80 -39&cL6°:
90-38J20E"1
BO—-3668S°*1
20-3€L22*2
90-39300°*2
0°d
L0-3%036°¢c
€0 -3 19°1
€0 3ICEES*L
v0—-32v v vl
AZ1Dd

NOTL1S39N1 A8
BNVINT TYNNNY

ege-n
9eZ-N
sSge-N
vE€S-N
gge-n
cEZ—HL
922-vy
oy12c—ad
48 1-3d
4% 1—-Nd
»»1-3D
I 1-30
nee 1-ve
281-SD
YET1-SDO
621 -1
sel-1
s21-as
601-ad>
90 1-NY
66-O1
¥6—-8N
06-A
06-dS
58—y
S9-NZ
E9-IN
09-0D
6S—-1IN
SS-3d4
YS—NNW
%1-D
£€-H

301 1DONN



PU—238
PU—-239
PU—-241
AM—-241
PU—-242
AN-243
CM—243

l.4241E~-12
7.4050E-13
C.0
Ce0
C.0
C.0
Ce0

3 «9568BE-15
2+0166E-1S
0.0
0.0
0.0
0.0
0.0

LLT




FRACTION OF INGESTION DUE TO WATER

NUCL IDE FRACTION
H-3 03713
C~14 Q0e1409
MN~-54 00
FE~SS 0.0
NI-59 0.0
C0-60 0.0
IN—-65 Q0
KR-85 O0e«1442
SR-90 0.0
Y—-90 0.0
NB~-94 0«0
TC-99 00260
RU-10V 0.0
CD-109 0.0
SB-125 0.0
1-12S 0.0
1-129 060
CS—134 060
CsS~-137 0.0
BA—-137M Q0
CE-~146 0.0
PM—~147 0.0
RE-187 0.0
PB—-210 0«0
RA-226 0.0
TH-232 0.0
U-233 0.0
J—-234 0.0
U-236 0.0

u-238 0.0

8.1



179

00
0°0
o°*o0
o°*o0
0°*0
0o°0
0o*0

EvZ—NWO
EOS—NY
cve—-Nd
TSNV
T1v¥S-Nd
6ce—-nd
s c—Nd



|

1890

-t et WOt WDt D AD O et sttty Dttt e ODOOO

HY3IA

0*0

o°o

o°0

¢

0*0
60~39640°8
80~3v108°1
v0-32E01*2
#0~3C26L°C
20=-39%2€£°2
L0-3CSC0*2

0°*0
L0~F0061° T
80=-31921°¢
90~36L68°1
80~ ICe*Y
S0~3C9 " 'N* 1
80~-3%0ul*>
e0=-309L0°2
20~3908s°2
20~399s6°2
€0~-39L8€°2

a*0

0*o
L0~399C%* Y
L0-385€6°2

0°*0
80=-32891°1

o0
v0-3109¢°*1
v0~-3109¥° 1L

0°0
v0-366£2°1
*0~39090°6
20-31£89°2

0*0
£0~3CvE9°C
*0-3€00G" €
01-3%026°S
J0-39L98°1

AZ12d*NOSHI Y

3ivd
NO LLYTIWHNI

D ettt Pt OO w"m OO e ~.--;--o.—-a - 2OCOOO

<
<
<

vye

HY3A

o0

0*0

00

o0

0*0
90-31192°C
90=-3299%°9
20-3€2R1*9
90-3tC 268
S0~329 469
S0~30CS6°S

0°*0
so-3tzeer°t
$0~30689°¢C
*0-3962$°S
S0~-3904¢2°2
co-392e2 ¢
90-3119¢°C
80~-35v48°2
10 3LL21°t
10 34221t
00 3%230°1

0°0

0°*0
S0~-3€124°%y
s0-3£921°2

0*0
21 329s2°1

[- 24}
20-~328LL°Y
20~-3264L°Y
00 3vill’e
10-36220°1
10-36vS2°L
10 392801

.14 ]
00 IL982°2
Z0~-3E642"°5
01 361E9°y
20 308¢€%°‘9

A/Z12d4*NOSYH3d

vy
NOI LS 39NI

Q@ T m ONNEAMNMMOMOMT OO ™R A "NETOOOCCPTEONIODOOO

L.
<

N
L 4

¥¥3IA

FULSOINT WANNY WANWIYYN

ot
e

ORIV e

a*0 o 2*0
0*0 [} o0
o*0 o %0
0*0 ) [ 4]
0°0 [1] o*0
£2-30580° L ] e2-JLLCIP*1
Z2-36c900* 1Y 1 eZ-at202 ¢
@1-30216°*1 1 s2-310C¢L °C
22-3L6Ce* 2 1 e2-32620°9
1Z2-31402°% ¢ 1 LZ-3v022°¢
12-3TCOV* 1 ] L2T-AS2II*E
00 [+] 2°0
1Z2~30281* 1 L4 LZ~ILSITL *2
22-368261°* Y | 1 e2~-32011°6
oZ-392L€°* 1 ] 9Z-3CCLT*C
zZ-30326°2 T 0Z~-IN2 %L
02-3160C" ¢ ] s2-35002°1
92~3L4040% 2 t 82-39Sid ¢
92~-39298° ¢ ] e2-3609°¢C
9271~-320926"1 1 22-36295 "%
91-30926" 1 1 22-ISLeE Y
81~39095°8 1 €2~FSEv2 "
0* 0 0 0°0
00 0 2°0
2Z2-34C91* 9 T L2~396E5°2
Ze-astietd t 42-~32403°Y
0* 0 o 0°*°0
40-38812° € 1 892~329L3°2
0°0 o [ 3]
61-32261°6 ] *T=32603*2
61~-32L61°68 1 °2-32603°2
Li=-306vE" 1 0 00
61-35000°2 1 *2-ILEOZ *2
81~32600° 1 1 £Z~3C0P°*
ot-3ecte*t t 22~3189L°"
0*0 o o0
21-3C998° ¢ 1 C2-3C66y =D
61-31L16%9 1 *Z=ACER "9
90-29594°9 % oE-3at12%6
0*0 T 9Z2-3C8Iv *E
SeeN/lY EeeW/1D
NO YLV HINIDONOGD NOTLVHINIINGD
FOoVANS dv3A ¥lvy
+ AR ——

cvz-Nd
coz-ny
ze2-nd
TeZ =KV
1v2—0d
sc2—-nd
eeZ-nd
sEe-Nn
9c2-n
se2-n
vZ-n
FES—-0
Zez—H1
P22~V
otz-Qd
287 ~3Y
Lv1~Wd
ves -3
1v1-33
NLE1-vD
4€1-8D
vE1-55
s2v~1
§2T~1
czt-ac
501~0D
308 —-NY
66-21
Y6 ~-8N
06~A
06-MS
T By
$9-NZ
€oO-~IN
09-02
6S-1IN
ss~32
¥S—NN
v1-3
£~k

3IGL NN




BARNVLLL SIMUWAYTICN. Wii' AT %14 N, ALZSVUY 4, SCAMLE-S
TABLES FOR THE SELECTEV INDIVIDUAL wilL OE UCNE FCR THE LOCATION HAVING 100400 X OF THE HIGHEST TOTAL RISKe

O0SC RATE TABLES COMBINING LOW AND HIGH LETY WwiLL BE PRINTCO.
HEALTH RISK TABLES CCMBINING LOW AND HIGH LET WlLL BE PRINYLD.

O INOICATES THE TAwlL WILL NOT BF PRINTED
1 INOICATES INDIVIDLAL VALUES wilLL BE PRINTED
2 INDICATES MEAN INCIVIDUAL VALUTS willL BE FRINTED
J INDICATES COLLECTIVE VALUES wWlLL BE PRINTED
4 INDICATES ALL OF THE ADOVE wllLL BE PRINTED
~—QUANTIIY _ __ TABLE NCa. L 2. 2 & 5 ¢« 7
4«D0OSE RATES o 0 0o o o0 23 3
2HEALTH RISKS o 0 o o 0 3 3
3«RISK EQUIVALENT [ ACTGR o 0 0o 0o 0 o0 o
THE SRCUND SURFACE CORRECTICN FACTOR IS 0.50
THERE ARE 13 ORGANS TC BE OVTPUT., TrEY ARE!
ORGAN TIME ORGAN TINE URGAN TINE
R MAR 70. ENDOSY 70. PULe 70.
MUSCLE T0e LIVER 70« S wALlL T0.
PANCREAS 70. LL 1 wAlLlL 70. KIONEYS 70.
oL walL 70e VL1 wWALL T70. S1 BALL 70
OVARILES 70. TESTES T70. SPLEEN T0.
UTERVS 70. THYNUS T0. THYROI0 70.
ORGAN DOSE EQUIVALENTY FACTORS

LOw LETY HIGH LET
R RAR 1+C0000 20.0000
ENOOST 1.€000C 20.0000
SPALS® 1.€0000 20.0000
MUSCLE 1+€0000 20.0000
LIVER 10000 20.0000
S WALL 1. €0000 20.0000 )
PANCREAS 1.€0000 20.0000
LL1 wALL 1.€0000 20.0000
KIDNEYS 10000¢ 20.0000
BL wALL 1400000 20,0000
ULT WAL 1+ €C0000 200000
S1 wWALL 100000 20.0000
OVARIES 100000 2C.0000
TESTES 1« €C0004¢ 2040000
SPLEEN 1. 00000 20.9000
LTERUS 1.C0020 20.0000
THYMLS 1. CoCcoO" 20.2000

THYROL10 1. 0000 29.0000
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CAPNWELL SIMULATION, ¢SLL AY 913 My XG-8000 Me STAM=[ -8

CRUAN DCSEZEXPUSURE CUMMARY

exe SFALECTEZD INOIVICUAL oo

D.3E RATEZE:R
NRGANS 3

LCwW LET (MRAD/Y)
HIGH LET (MRAD/Y)
DDSE EQUIVALENT (MREW/Y)
GCNADAL ODGSES:
GONAD S 2
LUW LETY (MRAD)
HIGH LET (MRAD)
DOSE EQUIVALENT (MREM)

s6e MEAN INDIVIODUAL w%a»

JISE RATE:
ORGANS 3

LOw LET (MRAD/Y)
HIGH LET (MRAD/Y)
DOSE EQUIVALENT (MRIM/Y)
GONADAL DGSES:

GUONADS :
LCH LEY (NMRAD)

HIGH LET (MRAD)
JUSE EQUIVALENT (MREM)

R MAR CNDOST sPULe MUSCLE LIVER 3 WALL PANCREAS LLI WwWALL KIDNCEYS ab. wALL
ULL1 WwALL S wALL COVARIES YESYSS SPLEEN VYERUS THYMUS THYRO1D wT e SUM
O.ll4a 0133 64735E~03 04102 0.183 0.109 9. 625E-02 0.894 Oe 134 S+ 066E-02
Ce308 SeT28E~02 9¢3I5BE-02 9¢34EE-02 9¢S515F~02 9,520E~02 9.540E~02 3.90 0.26C

BeA42E~1S 1e20S5E=12 1e64YE~12 B¢Q001E-16 1eIBAE-14 2,123E~15 B.Q01E~106 9.287E~14 4,295F-14 4,IESE~16
Je0305-14 S24TE-1C Ba790E-16 9.805E~16 B.a89FE-16 A401lT~1"7 B.400E~L16H B4A00E-16 4,835E-13

Q2«114 04133 64 73SE-03 0.102 N.183 0+ 109 94H2SE-02 0894 0134 Se0L6E~02
0304 Se728E~02 9¢35BE~02 934BE-02 9.515E~02 9 .520E-~02 9.540E-0U2 3«90 0,265
TESTES OVARILES AV ERAGE
2.80 2.81 2.81
1.878E—14 1.87SE—-14 1.877E~149
280 2.81 2.81
R MAR ENDOST SPUL® MUSCLE LIVER S WALL PANCREAS LLI wALL KIDNEYS BL wWALL
ULT wALL SI wALL OVARIES YESTES SPLEEN UTERUS THYMUS THYRO1D WY e SUM
O.114 0133 6.73SE-03 04102 0. 183 0. 109 9. 025E~02 0.894 Oel 34 Se06¢tE~-02
Q0.304 SeT28E-02 94 3ISBE-02 9.348E-02 94515E-02 9.520E~02 9.540E~02 3I.90 0e265

Be842E-15 1.265E—12 1e064GE-12 B.40LlE~16 1.3B4E-14 2,123E-1S B.A01E~16 9.287E~14 A,295€C-14 4,355E-16
3e090E—14 S24T7E-15 Bo790E~ 16 B+8B0SE~ 16 B.489E-16 8,40lE~16 B8.400E~16 B4 00E-,i6 4 ,885E-13

O«119 0e133 6e735E-03 0,102 0.18) 0+109 Qe 625E~-02 04894 0e134 S« 066E-02
0300 Se728E-02 9e¢3S5BE-02 9.3IVBE-02 9515E-02 9.,520E~02 9+540E~-02 3eSO 0265

YESTES CVARIES AV ERAGE

2.80 2.81 2.81

LeBTEE-14 LoL7S0—14 3.877C-14

2.80 2.81 2.81

L81



e¢s COLLECTIVE FPOPULATICM ove

DOSE RATE:

OGRGANS: R MAR ENDOST PULS MUSCLE LIVER S WALL PANCREAS LL! wALL KIDNEYS BL WALL
ULT wALL S1 WALL OVARICS TESTES SPLEE! UTERUS THYMUS THYRO10D WV e SUM
LOwW LEY ("ERSOM RAD/Y) 0.80a 04938 44736E-02 0,721 129 0765 0.677 629 0.945 0256
2416 0.403 0.658 0.657 0.669 0.670 0.671 27 4 1.86

HIGH LET (PCRSON RAD/Y) S.937E-14 8.899E-13 1.160E-11 S.908E~15 9.735E-14 1.493E-14 5.908E-15 C.S532E-13 3,021E~13 3.063E-15
2.173E-13 J690E-14 6. 182E-18 6.192E-15 S5.9T1E-15 5.,908E-15 5.908E-15 5.908E~15 3 435E~-12

DOSE EG. (PERSIOMN REM/Y) 0.804 0.938 44 736E-02 Q721 Le29 0.76% 0677 629 0+945%5 04356
2.4 0.403 0.658 04657 0.659 04670 Q0e.671 27 .4 1.86
GONADAL DCSES:
GORADS: TYESTES OVARI S AV ERAGE
LCW LET (PEISON RAD) 19.7 1S.7 19.7
HIGH LET (PERSON RACLC) 1e321E-13 1218E-12 1:320E~-13
DOSE EQ.« (PERSON REVN) 167 1Se7 19.7

881



BARNWELL SIMULATICN. WELL AT Si14 M, XG=8000 M, SCAM=E-8
PATHWAY VOSE/Z EXPOSURE SUMMARY

e®a SELECTED INOIVICUAL eee

DOSF RATES?
WEIGHTED SUMS OF ORCAN COSE RATES
PATHRAYS: INGESTION INHALATICKN AIR GRLMIND INTERNAL EXTERNAL TOTAL
INMMERSION SURFACE
LOw LETY (MRAD/Y) 0.4 26% QA4Q8TE—12 1.093E—14 A4 ,3T74E-10 0.26S 4¢37TA4E-10 0.265
HIGH LET (MRAD/Y)} B8.280E-15 4.802E-12 0.0 0.0 4.80YC=-13 0.0 4+885€E~13
DOSE EQUIVALENT (MREM/Y) 04265 16409E—11 1.093E~14 4.374E-10 0.265 44374E~10 0e265

AVERAGE GONADAL DCSES:
PATHRAYS: INGESTION INHALATION AIR GROUND INIERNAL EXTERNAL TOTAL

IMMERSION SURFACE
LOW LET {(MRAD) 2.81 BeBL11E-12 2.738E-13 1.069E-08 2.01 14 069E-08 28]
HIGHR LET (MRAD)} 1.TBB8E~14 B8.848E-16 0.0 0.0 1«877E~-14 0.0 1.877E~-14
DOSE EQUIVALENT (MRENM) 2.81 B 829E-12 2,7J38E-13 1.,069E-08 2.81 1. 069E-08 2,81

$¢8 MEAN INDIVIDUAL ese

ODO0SE RATES:
WELIGHTED SUMS OF ORCAN DOSE RATES
PATHWAYS: INGESTION INHALATION AIR GROQUND INTERNAL EXTERNAL TOTAL
IMMERS ION SURFACE
LOW LET (MRADZY) 0.265 QeABTE-12 1.093E-14 4,3T4E-10 0,265 4.374E-10 04,268
HIGH LET (MRAD/ZY) 8e280E-15 4.E02E—-1J 0.0 0.0 4.885E~-13 0.0 4,8A5€E~13
DOSE EQUIVALENT (MREW'Y) 0.26S5 Le409E—11 1.093E-14 4.3T74E-10 0.265 4.374E=-10 0265

AVERAGE GONADAL DCSES:

PATHRAYS: INGESTION INHALATION AIR GROUND INTERNAL EXTERNAL TOTAL
IMMERSION SURFACE
LOW LET (MRAD) 2.81 BeB811E~12 2,7J38E~13 1.,069E-08 2.81 1. 069E-08 2.8]
HIGH LET (MRAD) 1.T78BEE-16 8.848E—-16 0.0 0.0 1.877E-14 0,0 1¢877F~14
DOSE EQUIVALENT [MREM) 2481 B<829E—12 2,738E-13 1.069E-08 2.81 1.069E-08 2.81

tea COLLECTIVE POPULATICN =ee

DOSE KATES:
MEIGHTED SUMS OF ORGAN CCSE RATES

PATHRAYS: INGESTION INHALATION AIR GROUND INTERNAL EXTERNAL TOTAL
IMMERSION SURFACE
Low LE=T (PERSDON RAD/Y) 1.86 3156E-11 7.GB86E-14 3,076E-09 Le 86 3.076E~09 1.86
HILH LET (PERSON RAZsY) S.823E-14 3.AT7E-~12 D0 Qe0 3.435E~12 0.0 Jed3SE~-12

DOSE EQe. (PERSOMN REM/Y) i.86 Qe I10E-11l 7.6ACE~16 3. CTOGE~09 '.386 3.UT6E-09 1.86

681



AVLRAGE GUNADAL DCSES:
PATHWAYS

LGCs LET (PERSON RAD)
Algh LET (PERSON RAC)
DOSE €Q. (PERSON REM)

INGESTION INHALATICN AIR

IMMERS ION
197 6a I19TE—11 1.926E-12
1e258E—-13 $.223E~1S 0.0
19.7 6e209E-11 1.92€E-12

GRYINC
SURFACE
7.%20%7-00

o.o
7520F-0¢

INTERNAL EXTERNAL

19«7 7.8C0E-0QAQ
1+320£-13 0.0
19.7 7+.520€-08

TOVAL

197
14320€E~-123
19.7

061



BARNNELL SIMULATICN. WELL AT 914 M. XG=8000 M., SOAM=E—-8
NUCLIDE DOSE/ZEXPOSURE SUMMARY
¥+ SELECTED INCIVICUAL ®ee

DOSE RATES:
WEIGHYED SUMS OF ORGCAN CCSE RATES

NUCL IDES: H-3 C-14 MN-S4 FE-SS NI-S9 co-60 NI=-63 ZIN-63 KR-85 SR-90
Y-90 NE-94 YC-99 RU-106 cD-109 56~128 =128 1-129 CS=134 WI=137
BA—137M CE-141 CE=-14% PM—147 RE-. 87 PB=-210 RA=-226 TH-232 U-233 U=-234
u=-27s u-236 u-238 Pu-238 Py 29 PU-241 Ak=241 PU=~242 AM=-243 CM—243
TOTAL

LUw LET (MRAD/Y) 1e244E~11 1.193E~02 1403Z2E-13 1.8275E-13 0.0 1e723E-10 7e141E-14 1.83SE-13 2. 159E~18 4.,407E~13
4 .840E-16 0.0 0.283 0.0 0.0 9+257E-17 0.0 0.0 1864E-11 1.106E-10
2eTT2E-10 6,408E-19 14070E-17 4.,729E~20 0.0 1e823E-13 Te468SE~i7 18S20E-17 0.0 6 .,858€E-18
2.2€4E=1S B8.804E-19 7.340E-13 4.,461E-19 6.629E-19 0.0 . 040 0.0 0«0 0.0
0.2¢ES

IGH LET (MRAD/Y) 0.0 0«0 0.0 0.0 O« O Ve 0 Q0.0 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 24178E~15 1.,561E-17 4.16SE~16 0.0 8.,338E~16
SeS594E-16 8.388E-17 4.844E-13 9.863E-17 2.185€E-16 0.0 0.0 0.0 0«0 0.0
4 .8ESE-L3

DOSE EQUIVALENT (MREMZ/Y) 1.245c=11 1e193E-02 14022E-13 1.82LE-13 0.0 1e723E-10 7.141E=14 1.,88SE-13 2,199E~15 4.407E-13
4 .840E-16 0.0 0.283 0«0 0.0 9.257€E-17 0.0 0.0 1eS64E~11 14106E~10
2¢7T2E-10 6.408E-19 1.073E-17 4.729E-20 0.0 4+539E~14 3.868E-16 B,348E~15 0.0 1.068E~14
1e34SE-14 L 6TBE-1S 1042E-11 1+913E~-19 4,370E-1S 0.0 0.0 Ged 0.0 0.0
0.26S

AVERAGE GCNADAL DOSES:

NUCLICEST MH-3 C-la MN-54 FE-SS N1-59 €0-60 NI-63 ZN=68 KR~-8S% SR-90
¥-90 No-94 TC-99 RU-106 €D~109 s8-12S -128 1-129 CS~134 C€sS-137
B8A-1374 CE-141 CE~144 Pr— 147 RE=1 87 PB-210 RA-226 TH=232 u-233 U=-234
U=-23S U-236 u-238 PU-C38 PU=-239 PU-241] AM=24) PU=242 AM-~243 CM—-243
TOTAL

LOW LET (MRAD) 3« S9SE-10 0,165 20842E-12 6.975E-12 0.0 4.450E-09 BeT721E~13 64L0SE~12 Se171E~-14 J.440E-13
2.018E-17 0.0 204 0.0 0.0 2+292€E-1S 0.0 Oe0 B3<.066E-10 4 .470E-09
6.630E-09 2.,632E—18 2,%28E-)8 1.120E-18 0.0 4.990F~1S 2.,118E-15 4.961E=16 0.0 1070E~-16
6a189E~18 1.36TE-17 To772E~14 9+021E—-18 1.743E-17 0.0 0.0 0«0 0.0 0.0

2.081

HIGH LET (MRAD) 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 C.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 9e230E-13 $.279E~18 9.3B0E~17 0.0 1038E=-17
103BE-17 1.627E 18 8.588E-18 6.387E-17 3.585E-16 0.0 0.0 0.0 0.0 0.0
1L.877E-14 .

DOSE EQUIVALENT (MREM) J.S9SE-10 0.16S 2.842E~12 6.975E-12 0.0 4.4S0E=09 B.T721E-13 6.808€E-12 8.171E-14 3J,440E-13
2+01BE-17 0.0 2 .64 0.0 0.0 2+292E~13 0.0 0e0 S4066E-10 4.,470E=-09
6.630E-09 2.632E-18 2.528E-18 1.120E-18 0.0 1e896E~13 2.304E~18 2.,3646E~-15 0.0 J«140E-16
6e210E=14 &4,6210E—-17 2.573E-13 1.,286E-13 7.188E-1S 0.0 0.0 G.0 0«0 0.0

2. 81

$88 MEAN INCIVIDUAL eee

DOSE RATES:
WEIGHTED SUMS OF ORGAN COSE RATES

NUCLIDES: M3 c-14 MN-Sa FE-5S NI-59 co-60 NI-63 ZN-65 KR-89 SR-90
v-90 NB-94 vCc-99 RU—106 co-109 Su-125  .-128 1-129 CsS~13a €sS=-137
BA-137TM  CE-141 CE-148 Pr—147 RE-1 87 PB-210 RA=226 ™H-232 U-233 U-234
u-235 U-236 u-238 PU-238 PU-239 PU-241 AM=-241 PU-242 AM=-243 CcM=-243
TaTAL
LOW LET (MRAD/Y) 14244E-11 1.193E-02 1.022E-13 1.83%3:13 0.0 16723E-10 7a«141E=14 1.BSSE~13 2,159E~15 4,407E-13

2+840€-16 0.0 0.253 0.0 0.0 9«257E~17 0.0 0.0 1e%64E~-11 1 «108E-10O

T61



2e772c-010 64303E- 12 1.070€-17 4,T29E-2V 040 VeB82IE~1Y ToAGIE~LT 1.5208~17 0.0 6.850~18

2e2C0L-1S B.A04E-1% T.J40E-13 4 .001E-19 6.629E-19 0.0 0.0 0.0 0.0 [ TY}]
0.263

R LET (NRAOZY) 0.0 0.0 0.0 ~e0 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 0«0 0.0 0«0 0.0 21T78E=1S 1.%G1E=17 4,163E~=16 0.0 S.335E-106
SeSPLE=10 CoIJBOE-17 4. 044E-1) 9.563E-17 2,188E~16 0.0 0.0 0.0 0.0 0.0
4.083E-12

DOSE EQUIVALINT (MREW/Y) 1e244E-11 1193E-02 L1.022E-1J 1.033E-13 0.0 LeT2IE=10 Ti01E=14 1.85SE-13 2,189€E~-15 4.,407€-13
4+840E-18 0.0 0292 0.0 0.0 9e¢23T7E~1IT 0.0 0.0 1e864E=-11 1.106F=10
2.TT2E-10 6.408E-19 L.0T0E-17 4.729F~20 0.0 4,.S39€-16 JB68E-~16 8,343E~-18 0.0 1.068€~14
L1eI4SE-14 1078E-15 10420 1L A.91IE~-13 4.370E-L1S 0.0 0.0 0.0 0.0 0.0
0.268

AVERACGT GONADAL DCSES:

NUCL 10ES: M=) C-14 MN-54 FE-SK NI1-59 CO=-60 Ni=-63 IN-63 KR~ &7 $R-90

Y-90 NO—- 98 TC-9% RU-108 <D~-1 0v 38-1295 t-12% I~129 €S5~1234 CS-137
8A-13TM CE~141 CE~-143 PH— L 47 RE-1 87 PB-210 RA=-226 TH=232 =233 U=-234
V=239 U=-236 V=238 PU-238 PU-229 PU-241 AM=281 PU~242 AN—-24) CH=-243
TOTAL

LOW LET (MRAD) 30 393E-10 0.168 20842E-12 6.978E-12 0.0 Q.480E~09 8T2IE-1] 6.,808E~12 BolTIE=I4 J,440E-}12
2.018E-17 0.0 2 .64 0.0 0.0 2«292€-1S 0.0 0.0 B.066E-10 4,470E~09
60e6I0E-09 2.632€E—-18 2+ 720E-18 1.120E-18 0.0 4.990E-13 2,118E-13 4,961E~-1¢ 0.0 1 «0T0E~10
6o109E~14 1 I6TE-1T7 TTTE-14 9021E-18 1.TA4QE~17 0.0 0.0 040 0.0 0.0
2.81

HIGH LET (MRAD) 0+0 0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 Qe230E~13 G.2T9E~18 9.,3%0&~17 0,0 1 «038E=-L7
103BE-17 1.627E=18 B.C88E-13 6.387E-17 3.38SE~16 0.0 0.0 0.0 0.0 0.0
1.877€E~1s

DOSE EQUIVALENT (MREM) 339310 0.16% 2.842E-12 6.973€~12 0.0 Q.4S0E-09 8,T21E=1I 6,008E=-12 S."TIE~14 3.,880E-1)
2.018€-17 0.0 2404 0.0 0.0 20292E-15 040 OV S.066E=10 4,4T70E~09
6.6J0€E~09 2.632E~18 2.9520E-18 1.120E~-18 0.0 1896E=1] 2.304E~18 2.,3606E-1% 0.0 3.140E~-16
0e210E—~L4 “B21E-17 2.37SE-13 1.286E~19 7,188E~1S 0. 0.0 0.0 0.0 040
2.0

e8¢ CCLLELTIVE POPILATICN 800

DOSE RATES:
WEIGHTED SUNS OF ORGAN DOSE RATES

NUCL IDES: =3 C-1a MN-S4 FE=-5S Ni-S9 c0-60 Ni=-63 IN-43% KR~0S SR-90
Y=-90 NB—94 TC-99 RU—-1006 C€0=109 sp- 1293 1-128 1-129 CS=-134 CS-137
8A~13"m CE~141 CE-l4as P L 47 RE-) 87 PB~210 RA~226 ™M=-232 v=-233 U=-234
U=-233 U=236 u=2J30 U—-238 PU-239 PU-241 AM=-241 PU=-242 AM~243 Cu=242
TOTAL
LOw LET (PERSON RADZY) 8. 749E=11 8.389E-02 7.190€-13 1.291€~12 0.0 Le212€-09 S.022E~13 1+J04E=~12 1,818E~14 3,099€-12
3.404E€~18 0.0 1.78 0.0 0.0 6.311E-LS8 0.0 0.0 11008~10 T7.773€~-10
L1 e9308=09 4.30TE-18 T.S2RE-1T7 3.I26E-19 0.0 1e282€=14 S.,250E~16 1,069E~16 0.0 4.0218-17
10393714 6.192E-18 3 1€2t-12 I138E-18 4,662E~-18 0.0 0.0 0.0 0.0 0.0
108
HIGH LEY (PERSON RAC/Y) 0.0 0.0 0.0 0.0 0.0 0.0 Ce0 0.0 Oe0 0.0
0.0 J.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 1eS32E~14 1 .,098E-16 2.,929E-18 0.0 Je752E-18
3.9E-1S S.099E- 16 I A0TE-12 6.T26E-16 1I3I7E~1S 0.0 0.0 0.0 040 0.0
3.0388-12
DOSE EQ. (PERSON REM/Y) 8.7498-11 8.389€—-02 T .190C-13 1.291E~12 0.0 1e212E=09 S.022E~13 1.304E-12 1.8518E~14 I 099E~12
3.404E8-13 0.0 178 00 0.0 6+311E~-16 0.0 0.0 1¢100E=-10 7.778E-10
1950709 4.507E-18 7.828E-17 3 326E-19 0.0 3e192E=13 2.T21E-18 S,809E-14 0.0 T «S09E~108
Del8L1E=14 L1.1B0E-14 To329C€-11 L1oI4SE~14 JO0T4E-14 0.0 0.0 0.0 0.0 Je0
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AVERAGE GONADAL DQSES:

NUCL IDES: n=3 c-14e PN-S4 = FE-SS NI-~59 co-60 Nl-63 ZIN-68 KR=-BS SA-90
v-90 NB-94 TC~99 RU-108 ch-109 38~-12% 1-129 1-129 CS-134 cS~137
BA-137M CE-141 CF~144 P-4 RE-) 87 PB=-210 RA-226 TH=232 U=-233 U=234
v-235 u-236 u=-238 Fu-238 PU-23% PU-2e1 AM—-241 PU-242 AM-243 CM-243
TCTAL
LOw LEY (PERSON RAD) 2.528E-09 l.16 14999E-11 4.905E~11 0.0 3.130E~08 62134E=12 4.7B6E-1] J.63TE-13 2,819E-12
1+419E-16 0.0 18,6 040 040 1+612E=14 0.0 0.0 3.56JE=09 3,.)40E-08
4 e663IE-08 1,851E~17 LT78E~17 7.879E-18 0.0 3 B509E~14 1.,490E~14 3,489L~15 0.0 7 +528E-16
4 ISIE-13 De6IIE-17 S+466E-13 6.344E-17 1.226E-16 0.0 0.0 040 0.0 0.0
19.7
HIGH LET (PERSON RAC) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 040 0e0
0.0 040 0.0 0.0 0.0 040 0.0 040 0.0 0.0
0.0 0e0 0.0 0.0 0.0 Ge892E=-18 6,SUGE=I7 6eST6E~-16 0.0 T «278€E-17
Te297E—17 L )A4E=17 6.321E-14 4.492E-16 2.521E-15 0.0 0.0 00 0.0 0.0
1.320E-13
DOSE EQe (PERSON REN) 24 %28E-09 116 1.999E~11 4,908E-11 0.0 3,1305~08 0.134E-12 4,7B6E~-1] 3.637F-13 2.4189E~12
1¢41SE-16 0.0 18.6 0.0 0.0 161 2E-14 0.0 0.0 3.863E~09 3.144E-08
4eB63E-08 L48S1E-17 1.778E-17 7.879E-18 0.0 1e333E-12 1.620E~-14 |+664E-14 0.0 24209E-15
Qe3GBE-13 J.250E-16 1+811E-12 9.047E~15 S.05SE-14 0.0 0.0 0.0 0.0 040
157
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SARNNELL SIMULATION, WELL AT €14 M, XG=8000 M. SCAM=E-D

ses SELECTED INCIVICUAL

RISK/ZRISK EQUIVALENT SUMMARY

299

LIFETIME FATAL CANCER RISK:

CANCERS:
LOW LEY
HIGH LET

TOoTaL

R MARROW ENDOST PULMNARY BREAST ST waLL PANCREAS LL1 WwALL KIDNEYS BL wWALL ULl wALL
S1 wALL CVYARIES TESTES SPLEEN UTERUS THYMUS THYRO1D LIVER TOTAL

J.T26E—-07 44 104E~08 4,038E-08 4.082E-07 9.429E~08 1.170E~07 6.203E-0T7 4,665E~-08 1,761E~08 1,080E-0V
DePGOE~09 L1.628€E~08 14623E-08 1.652E-08 103IE~08 | 6STE=~08 IeIITE=06 2.852E8~07 5.588E-06

34 930E=19 2.€36E~19 9¢492E~1T 2,6812-21 1.841E-20 B8.069E=21 6.445E-19 1 I11E=19 1+206E=21 1,072E-19
PelOAE=21 1.15S€E-21 1.1S7E-21 L2179E-21 1183E-21 1 1S3E-2]1 SOTIE-22 1,4906E-19 9.,663E-17

3. T26E-07 4. 104E~0C 4.098E-08 4.082E-07 9.429E~08 1 1T0E=07 62203E~07 #,6068E~08 1.761E~08 1.080E~07
Qe9IBE-09 1,625E-08 1.8623E~08 1+652E-08 1.65IE~08 | .65TE-08 I IITE~06 2.,882E~-07 B8.888E-06

AVERAGE LIFE LOSS PER FFREMATULRE DEATHI

CANCERS: R MARROW ENDOSY PULMNARY BREASY ST wALL PANCREAS LLI WALL KIDNEYS 8L wALL ULl wALL
ST WALL OVARIES TESTES SPLEEN UT ERUS THYMUS THYROID L1 VER TOTAL
LOW LET (YR) J1e3 253 2340 2146 21.8 214 218 21«4 214 21.8
21.0 213 21.3 21.3 2143 213 208.2 21 .6 26,2
HIGH LET (YR) 268 24,2 228 2Ce2 212 2042 218 20406 2040 1.3
2145 2040 20,0 20.1 2040 20.0 2641 19.6 22.8
CCNBINED (YR) 31.5 2%.3 23.0 2140 21.8 21e8 21«9 2le4 214 21.8
21.0 21D 2143 2143 21 +3 2143 2842 21«4 26.2
FATAL CANCER RISK ECUIVALENT:
CANCERS: R MARROW ENDCSTY PULMNARY BREAST ST wALL PANCREAS LLI wALL KIDNEYS BL wALL UL WwALL
S1 wALL OVARIES TESTES SPLEEN UTERUS THYMUS THYROLO L VER YOV AL
(MREM/YR) O«lle 0.133 0.TA2E-03 0.102 0.109 9.632E-02 0,094 De134 8.006E=02 04304
Se728E-02 9.J29E~02 9¢I19E~02 9.488E~02 9.490E-02 9,510E~02 390 0183 D.266
WHOLE RODY FATAL CAANCER RISK EOQ(MREM/YR) . 0,200
GENETIC RISKS!
LOW LEY (EFFECTS/BIRTH) S5.612E-07
HIGH LET (EFFECTS/BIRTH) 3.753E-19
COMBINED (EFFECTS/BIRTK) 5.612E-07

GENETIC RISK EQUIVALENT?
(MREM/YR)

935302
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JARNRELL SIMULATIONS WELL AT S14 M,

XG=8000 M,

SCAMSE-B

RISK/RISK EQUIVALENT SUNMARY

*es MEAN INDIVIDUAL eee

PULMNARY
TESTES

BREASTY
SPLEEN

ST waLL
UTERUS

PANCREAS
THYMUS

BL WALL
TOTAL

LLl walLlL ULT wALL

THYROUID

KIDNEYS
LIVER

3.T726E-0O7 4, 104E-08 4.,0C8E—-08 4.082E-07 Q.429E-08 1.170E-07 6<203E~07 4,66CE~-08 1,7¢61E~08 1.08%0E=07

DeISOE~09 1625E-N8 14623E-08 1 +052E~08 14653F~08 1 ,657E-08 I II7E-06 2,B82E~-07 8.838E-0¢

L IFEVINE FATAL CANCER RISK:
CANMCERS: R MARROW ENOOST
S1 wALL CVARIES
Lw LET
HIGH LEY
D1 04E-21 1.155E-2)
TOTAL

3.030E-19 2.636E-15 S.492E-17 2.651E-21
1elSTE-21 14179E~21 1.153€E-&)
JaT26E-07 4.104E<~O8 A.OSUE-O8 4.0B2E~07 9.429E5-08 1.1TOE~0O7 6e203E=07 4 ,668E~08 1.761E-08 1.,0%0E~07

1eB41E=20 B,0069E=21 GAASE~19 1,IJLIE~19 1,206E-2! J.072E-19

1e183E=21 B.97IE-22 1.496E~-19 9.665E~17

9.9SGE-00 1.025E-08 1.623E-08 1.6S2E-08 (,683E-08 [ 687E~08 3JII7E~06 2,8828~-07 5,898E-06

AVERAGE LIFE LO3S PER FREMATURE CEATH!

CANCERS: R MARROW ENDOST
Sl WALL OVARIES
LOw LET (VYR) 31.5 2943
2140 212
HIGH LET (YR) 2€.5 24,2
21.5 20.0
CCNBINED (YR) 31.5 253
21.0 213
FATAL CANCER RISK ECUIVALENT:
CANCERS: R MARROW ENOOSY
S1 wALL CVARIES
(MR EN/YR )} 01148 01133

WHOLE BODY FATAL CANCER RISK EQUMREM/YR)
GENETIC RISnS:

LOw LET (EFFECTS/BIRTH) S5.612E-07
HIGH LEY (EFFECTS/BIRTh} 3.753€-19
CCMBIRED (EFFECTS/BIRTE) S.E12E6-07

GENETIC RISK EQUIVALENY:

CMREM/YR) 942383E-02

PULMNARY
TESTES
230
213
228
2040
230
2143

PUL MNARY
TESYES

BREAST
SPLEEN
210
213
202
20,1
216
21.3

BREASY
SPLEEN

Ge742E-03 04102
Se728E-02 9¢I29E~02 94I19E~02 D .486E-02 9.490E~02 9.510E~02

ST WALL  PANCREAS LLJ wALL KIDNEYS  BL WAL. ULl wALL
UTERUS THYMUS THYROIL LI VER TOYAL
21.8 21.8 21.8 2lea 2108 21.8
21.3 21.3 28.2 21 .4 26.2
21.5 20.2 21.5 20.6 20.0 21.8
2040 2040 260 1940 2249
21.5 21.4 218 21.8 2144 21.8
213 21.3 26.2 2144 2642
ST wall PANCREAS LL] WALL KIDNEYS 8L WALL ULl WALL
uTERUS THYMUS THYROID LI VER YOTAL L
0 109 9.682¢ -02 0,894 0.13e 5.066E-02 0.304 <
3.90 0.183 0,266

0.230



JARNWELL SINUATION. WELL AT S14 M, XGuB8000 M, SCAMaf-8
RISK/ZRISK EQJIVALENY SUNMARY

sse COLLECTIVE POPULATICN o8>

COLLECTIVE FATAL CAMNER RISK:

CANCERS: R MARROW ENDOST PULMNARY BREAST ST wALL PANCREAS LL! wALL KIDNEYS BL WALL VL] wALL
St wALL CVARIES T ESTES SPLEEN UTERUS THYMUS THYROID L1 VER TOTAL
LOW LET(DEATRHS/YR) 3¢ T04E~0S5 4,079E-06 4,07IE=006 4.03TE=0S5 9eIT2E-0A 1¢16IE=05 6o 105E-0T 4,637E-C6 1.7310~06 ) 044E-05
P.096E~07 1.618E-06 1,61JE-06 1.6828-06 1.60IE~06 1 c64TE~06 J290TE-04 2,835E-08 5.85258-04
HIGH LET(ODEATHS/YR) 3.906E~1T7 2.€20E~17 9c4IUE=19 2.635E=19 [+830E~18 8.020E~19 GeQ00E~17 1.30J8=17 1.189E~19 1.066E17
9:049E~19 Lo148E-19 1,1306-19 1e172E=19 Lo14GE~19 1 1A46E~19 B.,9378~20 1.487C=17 9.,6078~18
TOTAL (DEATHS/VR) 3¢T04E-0S 4, 079E-06 4.073IE~06 A4.CSTE~0S3 9.3I72E-03 1.163E~08 6+165E~08 4.0637E-06 1.781K~06 1,044E~-05

DeBOGE—O7 L,010E—06 L CIIE~06 1o642E=06 1 .643E-06 1 s64TE=CF J,290TE~04 2,838E-08 %5.823E-04

FATAL CANCER RISK ECUIVALENT:

CANCERS: R MARROW ENDOAY PULNNARY BREAST SY walLL PANCREAS LL! wALL KIDNEYS Bl WALL ULl wALL

S1 wALL OVARIES TESTES SPLEEN UTERUS THYMUS THYROID L1VER TOTVAL

(PERSON REM/YR) 0. 802 0.938 4.TA2E-02 0,721 0a 765 0.679 6.29 0948 04380 RS )
0.40) 0686 Ce 688 04667 04667 0.669 274 129 1.87

WHOLE BODY FATAL CANCER RISK EQ(PERSON REM/ YR) 1.07

SENETIC RISKS:

LOW LETU(EFFECTS/YR) S.370E-03

HIGH LETC(EFFECTS/YR) 3.730€-17

COMBINEDIEFFECTS/YR) S.937eE-0S

SENETIC RISK EQUIVALENT?
{PERSON REN/YR) [-2% 11
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JARNWELL SIMULATION. WELL AT 914 M, XG=8000 M., SOAM=E-S
PATHNAY RISK/RISK EQUIVALENT SUMMARY

ses SELECTED INDIVICUAL see

LIFETINE FATAL CANCER RISK:

PATHWAYS:S INGESTICN INHALATIOMN AIR GROUND INTERNAL. EXTERNAL TOTAL
INMERS ION SURFACE
LOw LET SeSSBE-00 B,ST6E-17T 2.,20%E~19 9D.149E-15 S5.558C-06 9.150E~19 5.5%98E~06
HIGH LET 14 623E~-18 9+S03E~17 0.0 0.0 9.645E-17 0.0 Q.668E~17
TOVAL SeSSEE-V6 1+B0BE—1 € 2.283E-19 9.149PE~18 S,358E~-06 9.150E-13 S.5%8E~-06

FATAL CANCER RISK ECUIVALENT:

PATHWAYS: INGESTICKN INRMALATIOMN AlR GROUND INT' W W EXTERNAL YOTAL
IMMERS ION  SURFACE
(MREM/YR) Os26¢ Be6S0E-12 1.093E-18 4,37BE~10 0.2 % A4.37BE=-10 0,266

GENEY IC RISKS:
PATHBAYS: INGESTICAN INHALATION AlR GRUVND INTERNAL EXTERNAL YOTAL
INMERSION SURFACE
LON LET (EFFECTS/BIRTH) S.612E-07 1.762E—-18 S8 TE~20 2.138E-15 S.612E-07 2.138E~1" %.812E-07
HIGH LEY (EFFECYS/BIRTKH) J.27€E-19 1o T70E-20 0.0 0.0 Je77IE=19 040 Ne783E-19
CCMBIREC (EFFECTS/BIRTF) S.CGI2E-07 1.780E—18 Se477E-20 2138E~1S S.012E-07 2.138E~19 S,0612E-07

GENETIC RISK EQUIVALENT:
(MREM/YR) QuISIE-02 2+96TE—1I 9.1 JBE-1S 3.S04E-10 9. 83E~02 I, S564E-10 9ISIE=-02
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BARNWELL SIMULATION. WELL AT 914 M. XGuB8000 M, SCAMZE-8
PATHRAY RISK/RISK EQUIVALENY SUMMARY

SSaNEAN INDIVIDUAL oo

LIFEYIME FATAL CANCER FRISK:

PATHRAYS: INGESTICN INHALATIOMN AlR GROUND INTERNAL EXTERNAL TOTAL
IMMERSION SURFACE
LOms LETY Se8S8E~00 8,376E=17 2.2£8E-~19 9I49E~1S 8.38BE-06 9,180E~15 8,88/ o6
HIGH LET 1ea623E-18 9.503E-17 0.0 00 Ce6O3E-1T7 0.0 Q.86 -\7
YOTAL S.988E-06 1.80BE~-1¢€ 2.289E-19 9.149E-15 8,558E~0¢ -+ 180E~13 §.358E~08
FATAL CANCER RISK ECUIVALENT:
PATHWAYS: INGESTICA INHALATIOM AlR GROUND INTERNAL EXTERNAL TOTAL
[IMMERSION SURFACE
(MREN/YR) 0.28¢ B €S0E-12 1.0%JE-14 &.37BE-~10 0.2060 44378E~10 0,260

GENETIC RISKS:

PATHWAYS: INGESTICN INHALATION AlR GROUND INTERNAL EXTERNAL TJOTAL
IMMERSION SURF ACE
LOwW LEY (EFFECTS/BIRTH) SeO612E~07 1.7H2E-18 S.4T77E-20 2«138E-198 8.812c~07 24.1J8E~1% B.612E-07
MIGH LEY (EFFECTYS/BIRTH} 3<S7€E-19 1.T70E-20 0.0 0.0 3,733 ~19 0,0 JaTSIE~L19
CCMBINEC (EFFECTS/BIRTE) S OI2E-O7 L1o780E—-18 S.477E-20 2.13BE-15 B.612E-07 2,138E-1% S.612E-07

GENEYIC RISK EQUIVALENT:
{MREM/YR ) DeISIE=02 2496TE~13 90l JB8E~1S JeBOME~10 VIVIE-02 I, B64E~10 9.I8IE-02
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SARNRELL SINULATION. WELL AT 914 M, XGmB000 My SCAM=E-8
PATHRAY RISK/RISK EQUIVALENT SUMMARY

ass COLLECYIVE POPULATICN s

SOLLECTIVE FATAL CANMER RISK:

PATHRAYS?® INGESTICN INMHALATION AlR GROUND
IMMERNSION SURFACE
~Oa LET(DEATHS/YR) 5.82%€E~04 B.824E-17 2.2T72€~1T7 9.094E-12
HESH LET(CEATHS/YR) 1« CLAE~16 9,448E-1¢ 0.0 0.0
TOTAL (DEATHS/VYR) S.S2%E~04 1 79TE=14 2.272E-17 9.094E=-13
FATAL CANCER RISK ECUIVALENT:
PATHBAYS: INGESTIChN INHALATIOAN AlR GROUND
IMMERS ION SURFACE
(PERSON REMZYR) 1«87 GOUBAE=11 2.590E~14 JI.079E-DO

WHOLE B80DY RISK EQ (PERSON REN/YR) FRCM ALL EXPOSURES

SENETIC RISKS(PERSON REWN/YR):

PATHuWAYSS INGESTION INMALATIOM AlR GROUND
IMMERS ION SURFACE
+“O0w LETU FFECTS/YR) SeSTHE-O0S 17S2E~1€ S.444E-)8 24.126E~-1D
HICGH LET(EFFECTS/YR) 3¢SSSE-1T 1.759E-18 0.0 0.0
COMBINEDLEFFECTS/YR) SeaS78E-0S 14769E—"' "7 S.464E-18 2.126E-13
GENETIC RISK EQUIVALENT?
{PERSON REM/YR) 0658 2.086E-12 6.,420E-14 2.S07E-09

INTERNAL EXTERNAL TOTAL
S, 528E-04 9.098E-13 S5.825€E~-04
$+607E-15 0.0 9+607€E-18
8.528E-04 9,005E-13 S.825E~04

INTERNAL EXTERNAL TOVAL

1«87 3, 079E~09 1e87
1.87

INTERNAL EXTERNAL TOTAL
8.576E~0S 2.126E~13 8.878E-08

e TI0E-17 0,0 3+ 7N0E-17
: «STAE-05 2, 126E=13 5.8TaE-08

0. 8658 24507E~-0% O.06%8
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SARNGELL SINULATIUN. WELL AY 914 M, XG=2000 M. SCAMYE-D
NUCLIDE RISK/RISK FOUIVALENT SUMMARY

8o SELECTED INDIVICUAL st

LAFETINE PFATAL CANCER RISK:

NCL IDES: M=) Cc-14 UN-S4 FE-593 N1-39 Co=-60 NI=63 IN-69 KR=88 SR=90
¥-90 NB-94 TC~-99 AU~-106 Cco0~109 s8-12¢ t-128 1~129 CS~134 C8=137
BA-13ITR CE=141 CE-144 PH—147 RE-187 fB-210 RA=S L& TH=-232 U=233 U=-234
U-239 u-236 V=238 PU-2%8 P=-229 py-~241 AM-241 Pi=242 AM=243 CM=243
TOTAL
L0w LET 20602E~16 2.492E-07 2.1J7€~18 J.398€-18 0.0 J+8S92E=18 1,09.7~18 3.0338~18 4,822E~20 7.A008E~108
14014E-20 0.0 34309E-06 0.0 00 1.937E-21 0.0 0.0 3e200E~16 2.300E-13
SeTE-1S 1341823 2, 2118-22 0.0 0.0 2.839E-20 1.560E-21 J.138E-22 0.0 1 «R38E~-22
Q4 o099E=20 1361823 1.31IJE=17 T7,8023E-24 1.241E-2] 0.0 0.0 0.0 0.0 0.0
S.5888-06
HIGH LETY 0.0 00 00 0.0 0e 0 0.0 0.0 0.0 060 00
0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0«0 040
Je0 00 0.0 0.0 0.0 JeB2IE=1Y J2B0E~2) T.48B8E-20 0.0 1 «087E=19
L1o108E=19 1.681E~20 9.592E-17 1,639E-20 2.926E~20 0.0 0.0 0.0 0.0 040
9+.663E-17
TOTAL 2.0602E=16 2.492E-07 2.127E-18 I ,898E-18 0.0 3eS92E-1S 1.0928~30 3,833E~18 4.822€-20 T.098E~lD
1+014E-20 0.0 S¢J09E~00 0.0 040 1.937€-21 0.0 000 30200E~16 2.,300f-18
STE=-LS 1:IJ418-23 2.211E-22 0.0 0.0 4.100E~19 4.8010E-21 7,489E-20 0.0 1 «088E~-19
1e378E—19 1.,6830+20 1.090E-16 1.640E-20 2.,920E-20 0.0 0.0 0.0 00 00
S.3938€-06
TATAL CANCER RISK ECULVALENT:
NUCLIOES: H-3 c~-14 MN-34 rE-3S NI1-89 C0-60 NI-63 ZN-638 Kn-88 SA=90
*-90 o-94 TC=99 RU=-108 CcD-109 8~-129 1-128 1=-129 C8=13s C8-~137
BA-137TH CE-141 CE-144 PH~147 RE~1 87 P8-210 RA=2826 ™H=-232 U=233 U=-234
U=-239 U=-236 v-238 PU-238 ~=-2 39 PU-241 AM=241 PU-242 AM—-243 CH=243
TOTAL
CMREN/YR) 1o 248E-11 1¢193E=02 1.,0228-13 1.7228-1]3 0,0 12719810 S.225C€~14 {,834E=13 R.163E~15 I, 779E-13
4.,832E8-16 0.0 0e 284 0.0 0.0 9+266E-17 0.0 0.0 1+8608~11 1.2018=10
2eTTRE-10 G.416E~19 1,0%0E~-17 0,0 0.0 1 e966C~14 2.309E=16 I BBAE-18 0.0 B+.061E~19
TeSA9E=1S T95SE~106 S.210E-12 T.046E-16 1.001E~-13 0.0 0.0 0e0 0.0 0.0
0.208
GENETIC RI3KS:
NUCL IOES: w3 C-14 HAN-S4 rg-88 N1=-89 co-60 Ni=63 ZN-68 KR-08 SR-~90
v-90 NB—-94 TC-99 RU-108 C0-109 s8-128 1-128 =129 C8=134 c8~-137
B8A-13TH Cce=141 CE=144 PR=147 RE-1 87 PB-210 RA=-226 ™-232 U=233 U=234
U-238 U=-236 u=-238 PU-~238 y=-239 FU- 241 AN-241 PU=242 AN—-243 CMN=243
TOTAL
LOw LET (BFFECTS/BIRTH) 7o lO9E=~1T7 3J,300E-008 S.684C~19 1.393E8~18 0.0 0.900E=16 1.744€=19 1.,361E=18 1.,034€-20 6,880E-20
4.036E-24 0.0 Se 282E-07 0.0 040 4.384E-22 0.0 0.0 1.013E~16 8.9418=16
1eJ20E-18 S.2036~25 S, 037E-23 2.2418-28 0.0 D.9BO0E-22 4.,237E-22 9.923E-23 0.0 2.1641E8-23
Le2I8E=20 2TIVE-24 1.8340E-20 1804824 3487E-24 0.0 30 00 00 040
8.6128-07
HIGH LET (EFFECTE/BIRTNH) 0.0 040 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 0.0 0+0 0.0 Q.0 1e846E-19 1.0806€-22 1,68708-21 0,0 R0T0E~-22
200TSE=22 J2B4E~-2) 1.7988-19 1.277E-21 T.170E-21 0.0 0.0 0.0 0.0 00
3. 7838~-19
CONBINED (EFFECTS/BIRTH) T+ 189€-17 3.300E~08 S.084E-19 1, 193E~18 0.0 BeQ00E=16 1.TA4E=19 1.361E~18 1.034E~20 ¢.,880L~20
4.03BE-24 0.0 S¢202E8-07 0.0 0.0 4.384E8-.. 000 2.0 1.0130=-16 8,941FL~186
1e3R0E=19 S+.263E-29 3.037E-28 2.241E8-23 9.0 1.886E=19 6.093E-22 1.969€=21 0.0 2.204E~22
10209E=20 J¢G20E~23 1e9IIE~19 1.279E~-2] T7.174E=-21 0.0 0.0 0.0 00 0.0

S.4128-07
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GENETIC JMWSK ECUIVALENT:

(MREM/YR)

1198211 5¢499E—03 Se4TIE-14 2.325E-13 0.0
6+T26E~19 0.0 8. £803€-02 0.0 0.0
2210E-10 B .772E-20 6. 428E-20 I .734E-20 0.0

Le4B3E=10 2+907E~14 2,268E-13 1,724E-1%
T«B40E~17 040 0.0 1.689E~11
3,093E-14 1.,018E=-16 3,282E=16 0.0

2.098E—1S S.880E- 18 J.2SSE-14 2.132E-16 1.196E~-15 0.0 0e0 0.0 0.0

94333E-02

LedaTE=]4
1 +490E-10
3e806E~17
040

10¢



BARNKELL SIMULATLION: WELL AT Si4 M, Xi=8000 Me¢ SCAM=E-B
MICLIDE RISK/RISK EOQUIVALENT SUMMARY

see MEAN INDIVIDUAL *a»

LIFETIME FATAL CANCER RISK:

NUCLIDES: hH-3 C~14 MN-S4 FE~SS NI~S9
=90 NE—~9¢ TC~-99 RU=106 CD-13 09
BA-137TM CE=141 CE-148 PM=147 RE-1 87
U-23% U236 U-~238 PU-2380 PY=-23%9
TOTAL
LOuw LET 2¢602E-186 2.,492E~07 2.137€-18 J.S9BE~18 0,0

C0-60 NI-63 IN-63 KR=-88 SR-%0
$B-129% 1-12% 1=129 CS=134 Cs~137
PB-210 RA=-228 TH=232 U-233 U=234
PU=-241 AM=-241 PU=242 AM=243 CM~243

34S92E~13S 1.092E~18 3JLB6IJE~18 4,%522E~-20 7,8908E-)8

1<014E-20 0.0 S« 309E~06 ©.0 0.0 1937E=-21 0.0 00 3+260E~16 2.300E~-1S
STIDE-1S L1IW1E-23 2.,211E-22 0.0 0.0 2.8395E~20 1.560E-21 J.138E~22 0.0 1 +23%5E-22
S .099E-20 1e9561E-23 1.313E-17 T.B23E~-24 1.241E-23 0.0 0.0 0«0 0.0 0«0
S.5S80E-08
HIGH LET 0.0 0.0 0.0 0.0 0.0 0.0 0.0 040 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 0e0 0.0 0.0 0.0 Je823E-19 J.2S8E-21 7.488E~20 0.0 1.0878~19
1e108E-19 1.601E~20 9.592E~17 1.639E-20 2.926E-20 ©.0 0.0 0.0 0.0 0.0
Q.68SE-17
TOTAL 2¢602E~106 2.492E~07 2.,137E-18 I .598E~18 0.0 J.592E-15 1.092E-18 J,B2IE-)D 4,822E-20 7.89BE~18
1.014E-20 0.0 S+ 309E-06 0.0 0.0 1 937E-21 0.0 0.0 3¢260E~-16 2.300E~19
B.TSPE-15 1.J3412E-2] 2,21)E-22 0.0 0.0 4.108E=19 4,B81BE-2]1 7.489E~20 0.0 1.088E~19
1eSPBE=19 1,663E-20 1.090E-16 L.640E-20 2.9286E-20 0.0 0.0 0.0 0e0 0.0
S.558E-06
FATAL CANCER R1SK ECUlVALENT?
NUCL IDES: n-3 C-14 NN~S4 FE~-SS N1-S9 cD-60 Ni=-63 ZN~68 KR=85 SR-90
Y—-90 NE—-94 TC-99 RU-106 CD-109 sB~-12S 1-129 1-129 CS—124 C8~-137
BA-137TM CE—-141 CE~144 Ph=1 47 RE~-1 87 PB~210 RA-226 TH=232 U=232 U-234
V-23% v-236 U-238 PU-233 PU=2230 PU-241 AM=241 PU=-242 AM=243 CM—-243
TOTAL
UMREM/YR) Ye245E=11 1¢19IE-02 14022E~1I 1.722E-13 0.0 1e7IDE=10 34223E~14 1,2348~-1] 2,163E-18 3.779E-13
4.832E-16 0.0 0.« 254 0.0 0.0 9+266E-17 000 0.0 1860E~11 1.101E~10
24TTTE~LD 6,816E-219 1.0S8E~}17 0.0 0.0 1e966E-186 2,308E=18 3I,ULUBAE=-1S 0.0 5.,001E~1S
TeSAPE~1S3 T9SSE-106 Se21BE~12 TB406E~16 1.401E-1% 0,0 0.0 0«0 0.0 0.0
0.206
SENETIC RISKS?
NUCL IDES: H-3 C-is MN-54 FE~-SS N]-59 co0~-6&0 NI-63 IN-63 KR-8% SR-90
¥-50 NO—9s TC-99 RU=106 cD-109 SB-129% 1-128 I-129 CS~134 CS-137
BA-337M CE-~141 CE-144 PM=1 A7 RE-1 87 PB-210 RA=226 TH=232 U=-233 U-23s
u-23% u-236 U-238 PU-238 PU=-229 PU—-241} AM—24 ) PU=-242 AM=243 CH~243
TOYAL
~Ow LET (EFFECTS/BIRTH) 74189E—17 3.300E-08 S5.684E-19 1.395E-18 0.0 BeP00E-16 14744E=~19 1.381E~18 1,034E-20 6,B880E-20
4.03E-24 0.0 S.282E~07 0.0 0.0 4.584E-22 0.0 0e0 1+013E-16 B.,941E-16

1e320E-15 S.20JE~2% S+ (STE-2S 2.241E-2% 0.0 PePBOE~22 4.23TE-22 9.923F=23 0.0 2.141E-21
1e238E~20 24TI4E-24 1+ SSAE~20 1804524 3.48TE-24 0,0 0.0 00 0.0 040
S5.612E~07

il LET (EFFECTS/ZBIRTF) 0.0 0.0 0.0 0.0 0.0 Ce 0 0«0 040 0.0 0«0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 Oe0 0.0
0.0 00 0.0 0.0 0.0 1s846E=19 1.856E-22 1870E-2) 0.0 2.070E-22
2 OTSE-L2 Je2SAE-23 1.T7S8E-19 1.277E-21 7+170E-21 0,0 040 0.0 00 0.0
3.783¢~19

CONBINED (EFFECTS/RIRI M) T A10SE=L1T7 I J00E-28 B.0AE~LY 1.3958~-18 0.0 8.900. =10 1:7407=19 14361E-18 1.0J4E~20 4,080€~20

44,0307 24 0.0 3.202E~07 0,0 ded
13208 ~15 B.2€3L—2% S ITE-28 2,241E-2%3 0.0

4.584E-22 0.0 Jed 1.0138-16 8,%41E8~106
1.8036E~19 040IU-2 1.989E=21 0,0 20284L~22

1e299€~20 Io828(C~23 1. I33E~19 1.279E=2] 7.174E8-2]) 0,0 0.0 0.0 0.0 040

S.&128-07

GENETIC RISK EOQUIVALENT:

c0e



M ZMIYR )

Lal9BE=L1Ll S<499E~023 9V.473k-18 2,325t-12 0.0 LeWB83E=10 2490TE=10 2.2068c-13 1.T724E-15
6« T26€E-19 0.0 84 803€E-02 0.0 0.0 7+640E=-17 0,0 0.0 1.689E-.1
2210E—10 B.7T72E-20 8.428E-20 3.734E-20 0.0 3e093E=~14 12013E~16 3I2B2E-1¢ 0.0
2+098E-15 5.080E-18 3.29%E-14 2.132E-16 1.196E-1S 0.0 0.0 0.0 040
9.353€-02

lela7E=-14
1 «490E=-10
J80BE-17
0.0

£0¢



BARIWELL SIMULATION. WELL AT 914 M, XG=8000 M, SOAM=E-8
NUCL IDE RISK/RISK EQUIVALENT SUMMARY

®88 COLLECTIVE POPULATICN ¢se

COLLECTIVE FATAL CANER RISK:

NUCLIDES: nH-3 Cc-14 MN=-84 FE-8S N1=-39
Y- 90 NO=—9O4 TC-99 Au-108 C0~-109
BA=) 37H ce=-141 CE~-144 PH—14T RE-1 87
V=238 U-236 u=-238 PU=-238 PU-239
YOTAL

LOW LET(DEATHS/YR) 2+ S086E-14 7 ATTE-0S 24124E-16 I<37T7E-16 0.0

co-60 Ni=6) ZN=63 KR=88 SR=90
8-128 1-128 1-129 CS$=134 C3-137
PB-210 RA-2286 ™=-232 U=233 U=234
PU=~241) AM=-24} PU=242 AM=243 CM~243

JeSTOE=13 1.088E=16 I B810E=~16 4,494F~18 7.880E~1¢

1 <008E~-1. 1.0 5¢ 2TTE~04 0.0 0.0 1 .928E=19 0.0 0.0 3.2400E-16 2.2878-1)
SeT764E—13 13J3E-21 2.1976-20 0.0 0.0 24837E-18 1.5%1E~19 J.116E~-20 0.0 1 228F~20
A cOTOE=18 1851521 14309E~18 7779822 1.234E-21 0.0 00 0.0 0.0 0.0
S .323E-04
HIGH LET(DEATHS/YR) 0.0 Oe 0 0.0 0.0 0.0 [- TN ] 0.0 0.0 0e0 0.0
0.0 0.0 0.0 0.0 040 [ ] 040 040 0.0 040
0.0 0.0 0«0 Oe0 0.0 3800E-17 3.239E~19 T.4138-18 0.0 ) «OBOE~17
1e101E=17 10S1E-10 9«TI4E~1S 1.629E~18 2.909E-18 0.0 00 00 00 0.0
9«60T7E~-\S
TOTAL (ODEATS/YRY) 24SBGE~14 2.47T7E~0S 2.1 24E=10 ISTYE~-16 0.0 JeSTOE~13 1.088E=16 J+810E=-16 4.494E-108 7.8%0E~-18
1.008E~18 0.0 S¢277E~04 0.0 Qe 1 «928E=19 0.0 0.0 JeRM0E-14 2.287E~-12
SeTGOE=13 1.333F-21 2.09T7€E~-20 0.0 0«0 Qe0BAE=1T 4o709C=19 Te444E=-18 0.0 1.,081E=-17
1e568E=17 1.6936=18 1.,0084E-14 | 630E-18 2.,910E~18 0.0 0.0 040 0.0 0.0
S.S28€E-06
TOTAL FATAL CANCER RISK FROM ALL EXPOSURES S$.828E-04
FATAL CANCER RISK ECUIVALENT?
NJCL IDES: H-] c—14 MN-34& FE-SS NI=S9 Co=60 NI=-6) ZN-68 KR=88 SR=90
v-90 \S-94 1TC-99 RU— 1006 CO=-1 09 a8-12% 1-128 =129 C8=134 c8~137
BA~13ITHN CE-14} CE-144 Pr—1 47 RE-~}] 87 PB-210 RA=226 TH=232 U=233 U=234
v-23% U-238 u-238 PU-238 PU=-23¢ PU-241} AM=- 24} PU-242 AM=243 CH=242
TOYAL
t PERSON REN/YR) Ge7SAE—11 8.J8TE-02 T.190E-13 1.211E-12 0.0 Le209€=09 J,674E=1] 1.2908=12 1.822E~14 2.6888-12
3+412E-18 0.0 1.79 0.0 0.0 6.517€~16 0.0 0.0 1097E~10 7.741E€-10
1e9S1E-09 4.512E-18 T.4A39E-17 0.0 0.0 1o302E~-13 1 ,0218=-18 2.820E~-14 0.0 J.860E8=14
S.309E~14 S.895E-1% J.669E-1] S.S18E-18 9.,852E-18 2,0 0.0 0.0 0.0 0.0
1.7
SENETIC RISKS:
NUCLIDES: HNW-J) C=14 NN=S4 FE=S8S N1-S9 c0-60 N1=-63 ZN-68 KR-88 SR-90
Y-90 KB~-94 TC~99 RU=106 C€D~1 09 38-~129% I=128 1-129 Cs=-13¢ c8=137
BA=13TH CE~141 CE-148 PH—1 47 RE~1 87 PB-210 RA=226 TH=232 U=-233 U=23e
LV-23¢ v-236 U=-238 PU-230 PU-229 PU=-241 AM=24 1) PU=2428 AM=243 CM=243
TOTAL
~-Ow LETI(EPFECTS/YR) To1606E-193 I, 280806 S.6S0E8-17 1.387E-14 0.0 B B8006E=14 1 .TI0E~17 1383816 |.,020E~18 6,8308E-108
4.012E-22 0.0 8¢ 280€E-08 0.0 00 4.936E-20 0,0 040 1e00TE~14 8,887E~1H

LaJ18E=13 3.232E-2]3 S.,026E-23 2.227E~2] 0.0 9.9208-20 4.,211E-20 9.8863E-2] 0.0 2.128€-2])
Le230E-18 2.TITE-22 1+54SE-18 1.793E-22 J.,488FE~22 0.0 0«0 0¢0 0«0 0.0
S.578€~-083
11GH LETC(EFFECTS/YR) 0«0 0.0 0.0 00 0.0 0e O 0.0 00 0.0 O0e0
0.0 0«0 0.0 0«0 0.0 0.0 0.0 0.0 00 0.0
0.0 0e0 0«0 0.0 0.0 10838E=17 1.,843E-20 1,8898~19 0.0 2,087E~20
20003F~20 3.239E~21 1TOTE~1T 1.2708~19 T127E~-19 0.0 0.0 0.0 00 0.0
COMBINED(EFFECTSIVYR) 73."13‘25‘1573.2.0!-0‘ 3.6908=17 1,387E~16 0.0 BeBAGE=14 | T34E=1T7 1383816 1,028E~18 6,08388~18

4.0128-22 0.0 Se230E-0S8 0,0 0.0
1e318€6~13 B.2328-23 3.0268-23 2.2278-23 0.0

4,886E-20 0.0 0.0 1.007€~14 8.,887E~14
1:843E-17 6.,0806E=20 1,987E~19 0.0 2.2708~-20

1e2818=18 3.,807E-21 1941E8=17 1.271E~19 T130E-19 0.0 0.0 040 0.0 0.0

S+STHE-0S

%0t



GENETIC RI1SK EQUIVALENY:
(PZRSON REN/YR)

B«42TPE-L1 3.868E~02 6.663E-13 1.635€~12 0.0

1.043E=09 2.048E~13 1,8598E~12 1,212E~14 B.064E~14

Q.7 E-LB 0.0 O«819 0«0 0.0 S5.ITIE~1G D0 0s0 1018BE-10 1 .,O00BE-09
1+834E-09 6.1T0E-19 5.927E-19 2.626E-19 0.0 24176E=13 Tel42E-16 2.308E~1S5 0.0 24+677E~106
LeA7SE-14 4.13SE-17 2.289E- 13 1 499E-15 B8.409E~15 0.0 0.0 0.0 0.0 0.0

0658

1074



BARNWELL SIMULATION, WELL AT 914 M XGuBO0O0O0 M, SOAM=E-8
COLLECTYIVE DOSE ECe (PERSON REM /YEAR)

& SUMMED OVER ALL CRGAN

NUCLIDES H-3 -14a MN-54 FE-SS Nil-S¢ CO0=-60 1=-63 IN-6S KR=8S LR=90
Y-90 NB-D4 TC-99 RU-106 cD-109 Sp-129% 1~-128 1-129 C8~134 C8~137
BA~13TH CE-141 CE-144 PH-1aT RE-187 28=-210 RA-226 TH-232 u-233 U=-23s
U=-233 U=236 U=-238 PU-238 PU~239 PU~24) AM=24 ] PU=-242 AM=242 CM=243
YOTAL
INGESTION BeTAPE-11 B JIBVE-02 LBT76E-1]I 1.279E-12 0.0 B.SB9E-11 4.945E-13 1,228E~12 0.0 2.208€-12
0.0 0.0 1.78 0.0 0.0 1.1T6E-186 0.0 00 8.8590E~11 7.763E~10
0.0 384 1E-10 3486E-17 0.0 0.0 3.086E~13 0.0 0e0 0.0 9«690E~16
14081E-195 1.493E-16 B8.875E-13 0.0 2:350E-14 0.0 0«0 0«0 0.0 0.0
1.86
X OF 1QINTERNAL 100. 100. 96.8 99.2 0.0 780 98.5 99.9 Oe0 Tiel
0«0 0.0 100. 0«0 0.0 4.3 0e0 0.0 99.8 99.8
0.0 8.3 46,3 0.0 0.0 96,6 0.0 0.0 0.0 1.29
137 127 21 Qe 0 76.8 0.0 0.0 0.0 0.0 0.0
100.
X 07 ALL PATHNAYS 100. 100. 26.1 99l 0.0 T« 09 98.8 Q4.1 0.0 Tiel
0.0 0.0 100« 0.0 0.0 18.1 0«0 0.0 T8e1 99.8
0.0 0S.2 463 0.0 0.0 96.7 0.0 0.0 0.0 Le29
lela 1.26 1621 00 Té.4 0e 0 Oe0 0.0 0.0 0.0
100,
INHALAT 10N 0.0 0.0 6s202E~19 1 ,086E~14 0.0 2:421E~-11 7.781E-15 1.289E-1S8 0.0 B .D86E-1D
3¢401E~-13 0.0 J4122E-19 0.0 0.0 7+16GE=-18 0.0 Ce0 1e383E-13 1.1838=-12
G.828E-17 € O632E~19 4.043E-17 0.0 0.0 1<03LE-L4 . .1QBE~1S S.839E-14 0.0 T«410E~1 4
TeBLlIE~14 1.16SE-14 Te2I9E-11 1.I48E-14 T.236E-19% 0.0 0.0 0.0 0.0 0.0
9«910E-11
X OF INTERNAL 0.0 0.0 320 O.818 0.0 22.0 183 O.102 0.0 28.9
100. 0.0 1a753E-17 040 Oev S5.74 0.0 0.0 0s161 0.1852
100. 14,7 $3.7 0.0 0.0 J.23 100. 100« 0.0 98.7
9846 98.7 98.8 100, 23.9 0.0 0.0 0.0 0.0 6r0
S.31%E~-09
X OF ALL PATHNAYS 0.0 0.0 0.863 Oo.818 0.0 2.00 158 Pe684E~02 0.0 28.9
99.9 G0 1«733€E-17 0.0 0.0 1«10 0.0 040 0.126 0e182
3o S02E-06 14.7 3.7 0.0 0.0 3.23 80.7 90.8 0.0 98.7
82.6 98.7 8.8 100. 23.8 0.0 0.0 0.0 0.0 040
S«318E-09
AlR IMMERSION 0.0 0.0 24161E-16 S5,685E-21 0.0 5.88S8E~14 0.0 4 ,988E~17 0.0 0.0
40114E-24 0.0 0.0 0.0 0.0 4.718E~20 0.0 00 3.0888-15 0,0
14606E—-14 1.000E-21 J«212E-22 2.910E-23 0.0 2e144E~21 I 3IS2E~22 1.965E-23 0.0 1+868E-23
JelICE-20 1.130E~24 S889E-21 6.1426-28 5,601E-298 0.0 0e0 040 0.0 0.0
T+« GEBE-1 &
X OF EXTERNAL 040 0.0 441185E-02 1.,009E-03 0.0 8$.341€E«03 0.0 6.600E~02 0,0 0.0
1e348E-04 C.0 0.0 0.0 0.0 8.989E-03 0.0 0.0 1+286&-02 0.0
T«S18E-04 40.1 [.1. 7% 84 7TSOE—~03 0.0 G 0028-04 6¢392E-08 1.912€-08 0.0 9«8563E~0B
2e034E-04 2.291E5-0% 5.112E-03 4 .JL7E-0S 1.658E-0% 0.0 0.0 0.0 0.0 0.0
2.49SE-03
X OF ALL PATHWAYS 0.0 0.0 34006E-02 4.403SE-07 0.0 4,836E-03 040 3.822E~03 0.0 0.0
1.205E-07 0.0 0.0 0.0 0.0 7 241E-03 0.0 0«0 20804E-03 0.0
TeSIBE-04 2.219E-02 A4.266E-04 8.750E-03 0.0 6+TIGE=O0T7 1.232E=05 3.348E-08 0.0 2.488E~08
3o IJE-0T SeSTGE-09 B8+0I6E~09 4.5GSE~09 1.822E-09 0.0 0.0 0e0 0.0 0.0
4.1228-12
GROUND SURFACE 0.0 040 Se249E-13 F.632E-16 0.0 1el1028~09 0.0 ToeSA8E-14 L ,8188-14 040
3.03SE-18 0.0 0.0 0s0 0.0 84262E~16 0.0 00 2.,398E-11 0,0
1e930E~09 1.4906E-21 1+641E-22 J.JI25E-19 0.0 3eSTR2E-16 Be244E~16 1,028E=16 0.0 1983217
1aS41E=164 2,136E—18 1152E=14 1.423E~18 3I.ITEE-18 0.0 0.0 040 0.0 0.0

J<07CE-09

90¢



A o S ATERNAL 0.0 Vel 100. 100, 0.0 100, 0e0 999 100. 0.0

100. 0.0 0.0 0«0 0.0 100. 0.0 0.0 100« 0.0
100. $59.9 33.8 100, 0.0 100. 100. 100. 0.0 100,
100, ) e 100, 100, 100. 0.0 0.0 0.0 0.0 0.0
100,
X OF ALL PATHEAYS 0.0 0.0 73.0 4 .364E-02 0.0 90.9 0.0 8.79 100, (]
8+98SE~02 0.0 0.0 Ce 0 0.0 CNeRN 0.0 0«0 21.8 0.0
100, 34319E-02 2.179E~-04 100, 0.0 0.112 19.3 0el?8 0.0 2.601E~02
16.3 1«81VE-02 1.572€E-02 1.058E-02 1.099E-02 0.0 0.0 0.0 0«0 0.0
L«650E-07
INTERKAL 8.T49E=11 8.389F-02 1.930E=13 1.290E-12 0.0 Le101E-10 S.O0N2E=13 1,229E~12 0.0 3.099E-12
34401E-1S C.0 178 0e 0 0.0 .+24BE-16 Q.0 0.0 Be604E—-11 T+T775E-10
©6eBRBE-17 4.504E-18 7+528BE-17 0.0 0«0 34189E-13 2.196E-15 S.8%0E-14 0.0 TeBO07E~14
T-921E-14 1.18B0E-14 To328E-11 1.J45E-14 3,073E-14 0,0 0.0 0.0 0.0 0.0
1.86
X OF ALL PATHuAYS 100. 100. 270 100. 0.0 .09 . 94.2 0.0 100,
$9.9 0.0 100 0.0 0.0 19.2 Oe 040 78.2 100,
3.502E-06 99.9 100. 0.0 0.0 99,9 80.7 99.8 040 100
83.2 100. 100. 100. 100, 040 0.0 0.0 040 0.0
EXTERNAL 0.0 0.0 Se251E-13 S.632E-16 0.0 1+102E~09 0.0 T«553E=14 1.518E-14 0.0
3.08%E-18 0.0 0.0 0«0 0.0 S54263E=16 0.0 0«0 2439BE-11 0.0
Le950E—09 2.496E-2) 4.852E-22 3.,326E-19 0.0 JeST2E-16 S,244E-16 1,028E-16 0.0 1.983E-17
184 1E-148 2 136E-18 1.152F-14 1+423E-18 3.37BE-18 0.0 0+0 0.0 0.0 0.0
3.07&E-0%
X OF ALL PATHWAYS 0.0 0.0 73.0 4+364E-02 J,.0 90.9 0«0 Se79 100, 0.0
8+985E-02 0.0 0.0 0« 0 0.0 80.8 0.0 0.0 21.8 0.0
100. CeS3IBE-02 6.445E-04 100, 0s 0 0.112 19.3 0e¢17% 0.0 24601E-02
1642 1«810E-02 1.572E~02 1.058E-02 1.099€~02 0.0 0.0 0.0 0.0 0.0
TOTAL OVEX ALL PATHNAYS BeTADE-11 B.,IBF9E-02 74190E~1I 1.291E-12 0.0 1e212E-09 S54022E=13 1¢J0AE=12 1,51BE~-14 3,099E-12
3.” 4E-15 0.0 1.78 0.0 0.0 6e511E=16 0.0 040 1+100E=10 7.77%E~-10
1eYLO0E=09 4.507E-18 7.528E~-17 3.326E-19 0.0 3¢192E~13 2,721E-18 S.8B69E-14 0,0 T7+509E~-14
QeA6LE~-1A8 Lo1BOE-14 T I29E-L1 1434SE-14 3.074E-14 0.0 0.0 0«0 0.0 0.0
1.86
X OF TOTAL 4.693E-09 4.50 J+BS6E-11 6.927E-11 0.0 6e500E=08 2.694E~1) 6+996E—~1]1 B 143E~13 1.662E-10
1.828E-13 0.0 QueS 0.0 0.0 3.492E-14 0.0 0«0 S5+901E~09 4,170E~08
1e046E-07 2.417F-16 4,0J8E-15 1.784E-17 0,0 Le712E=11 1¢459E=13 3.148€~12 0.0 4,027E~12

SeO07SE=12 €eIIJNE-13 3J9INE-09 T.216E-13 1.649E-12 0.0 0.0 040 N0 0.0

£0¢



S8 SUMMED OVER ALL GONAT

NUCL 1DES

INGESTION

X OF LATERNAL

X OF ALL PATHWAYS

INHALATION

X OF INTERNAL

X OF ALL PATHEAYS

AlR IMMERSION

X OF EXTERNAL

X OF ALL PATHNAYS

GROUND 3URN" ACE

BARNWELL SIMULATICNe WELL AT 914 Me XG=B000 Ms SOAM=E-8
COLLECTIVE GENETIC DOSE ECs (PERSON REM)

-3 Cc-14 NN—-S 4 FE-SS N1-3¢ C0=~60 N1=63 ZN=68 KR~-88 SR=90
¥-90 ND—-9¢ TC-99 RU~-106 co~109 $b-123 1~128 1-129 CS~134 c8-137
BA=L3TN CE~141 CE~144 PM-147 RE~-187 PB=-210 RA=-228 TH-232 U=233 U=234
U—-23% U=-23¢6 u=-238 PU-~-238 PU-239 PU—-241 AM=241 PU~242 AN=-243 CM-24D
TOTAL

2.828E-09 .16 T+3J2E=-12 4.887€-11 0.0 3.307€=09 6,119€~12 4,598E-11 0.0 2.4128-12
00 0.0 18.6 0.0 0.0 3+.1308-18 0.0 0.0 Re9B4E=09 I.140E-08
0.0 1e8ITE=17 14672E-17 040 040 14J138=12 0.0 00 0.0 1¢363E~18
2¢651E-13 2.142E~16 1.200E-12 0.0 4.379E-14 0.0 0.0 0.0 0«0 0.0

197

100. 100. 99.7 9.7 0.0 99.6 99.8 99.9 0«0 9.7

0.0 C.0 100. 0.0 0.0 9.7 040 0.0 99.8 99.9

0.0 99.6 94,7 0.0 0.0 9.3 0.0 0.0 0.0 93.2
96.0 ®3.2 92.8 0.0 90.8 0.0 0e0 0.0 0.0 040
100.

100« 100. 3647 99 .6 0.0 10«6 9.8 96.0 040 99.7

0.0 0.0 100, Oe 0 0.0 19.4 0.0 0.0 83.7 99.9

0.0 9.3 P4.0 Qe 0 O0e 0O 98.98 0e0 Ce0 0.0 61.7

0,607 .73 6643 0e0 90.6 0«0 040 0.0 040 0.0
100.

0.0 0.0 2e284E=14 1.337E-1) 0.0 1¢168€=11 1.,802E~14 3J.0AB8~14 0.0 T e 39E~1B
1 «399€E-17 0.0 Te869E~20 0.0 0e0 Te9I2E-)08 0,0 Oe0 Qe6B1IE=12 4,848L~1]
34TO0E=17 T«I7TIE-20 1.081E-18 0.0 0.0 Qe716E~18 L1.300E=1S 1316E-14 0.0 0.972€~17
1108E=160 1.3868E~17 9363E-14 B8.984F~-15 4,646E-13 0,0 0.0 0:0 0.0 0.0
64 209€-11

0.0 0.0 0311 0.273 040 0,381 0248 60,621E~02 040 04308

100« 0.0 44021E-19 0.0 0.0 0.282 0.0 0.0 0s1886 0148
100. 0+400 S.92 0e 0 0.0 0. 734 100, 100. 0«0 G2
4401 6.82 Te23 100, 9.21 0.0 00 0.0 0.0 0.0

3. 146E-10

0.0 0.0 Oel14 0.273 0.0 3¢ 724C=02 0.248 64363802 0.0 0,308

9.88 0.0 4.021E8-19 0.0 0.0 44 Q0EE~02 040 0.0 0413 0,148

8.064E-08 0.J398 S.91L 0.0 0.0 0729 8407 79.1 0«0 4.82

2¢38386-02 4,82 Sel? 9.3 919 0e0 000 040 0.0 060

Je14¢EE-20

Q.0 0.0 S.207TE-138 S.021€8-19 0.0 1+496E-12 0.0 1.2338=18 040 040
1+ 739E-22 0.0 0.0 0.0 0.0 1e18CE=LB 0.0 Ce0 Te4108=14 0.0
Je49GE=1I 2.8S97E-20 8,042E-21 6.80608E-22 0.0 3:60808=20 9.8541E~21 4.,981E~-22 040 4.984E~22
BeB802E~19 JSSTE=2I 1+8080E-19 2.,008E-23 1,404E-23 0.0 0.0 0.0 0.0 0.0
1.926€-12

Q.0 0.0 4e1226-02 1.013E~-03 0.0 8,346E~03 0.0 6.39938-02 0.0 040
1eIS9E=04 0.0 0.0 0.0 0.0 8.918E-03 0,0 0«0 1.289E-02 0,0
T«49TE-04 40.0 68,9 8.717E~03 0.0 S.841E=04 £,408E=-08 1.431E-08 0.0 6.6028~08
2.028C~04 J.73I9E-03 I6I8E-05 . I26E-08 1.17IE-08 0.0 0.0 0.0 0«0 0e0
2.%612-03

0.0 0.0 2603€~02 [ +024E-06 040 4¢780£-03 0.0 2+876E-03 0.0 0.0
1< 223E-04 0.0 00 0.0 040 Te1828-03 0,0 0«0 2.0808~03 0.0
T«49TE~04 0,140 4+3238~02 8.TL17E-03 0.0 Q8s266E~00 8.888E-08 2.993£~06 0.0 2¢237E-08
2e01%€E=04 1.094€E-08 1.038E~03 2:J04E~07 2.778E-08 0.0 0.0 0e0 0.0 0e0
9739812

0.0 0«0 1e26JE=-11 ¢.988€-14 OV 2.798E-08 0.0 1869L=~12 J«037E~13 0.0
LeDPOF-16 0.0 Ve 00 UeO le290E€=14 0.0 0.0 S:T7468~10 0.0
Q88 IE-08 JO09IE~20 4:1620L~21 T.0878~-10 040 LeOJTE=14 1,490E=14 J,480t-12 0.0 Tea80E~- (0
AeJVE=135 9eSMIL=1T7 B UIGTPE—-L1D ¢ "67E~LT 1.197E-18 1.0 Oet 0.0 Ce0 O0eC

7.820E-08

80¢



A OF EXTERNAL

X OF ALL PATHWAYS

INTERNAL

X OF ALL PATHWAYS

EXTERNAL

X OF ALL PATHWAYS

TOTAL OVER ALL PATHuAYS

X OF TOTAL

100
100.
100«

0.0

89.4
80.9

0.770

0.0

040
0e0
100.
0e0

Oe0
0.0
1.9
0e0

999

0.0
100.

0.0

390

0.0
20.9

0e0

100
100,

0.0

0.0

100,
16e1

0.0

°.°

3¢3108E=09 Gol134E~12 A.,8990E~I1 0.0
3.128E=15 C.0

0.0

0.0
0.0
100,
0.0

0.0
0.0
3.8
0.0

2e419€-12

2.988Z-09 J,144E-08

1e323€~12 1¢308E-13 1+316E~14 0.0

106

19.8

99.2
040

100.
0.0

8.07

0.0

2.7982E-08 0.0

0«0 0.0 100, 100, 0.0
100. 0.0 0.0 0.0 0.0
100. 600 34.1 100, 0.0
100. 100, 1004 100, 100,
100.

0.0 0.0 63e2 0.101 0.0
©0.1 0.0 0e0 0.0 0.0
100« 0.210 2.3410-02 100, 0.0
9.4 293 28.9 0.693 0.237

3+.810E-07

24828E-09 1.106 TeISSE~12 4.900E-11 0.0

LeIV9E-LT7 C.0 18.6 0.0 0.0

3¢760E=17 1.884E-17 | .?777E-17 0,0 0.0

2¢T62E-15 2.299E=16 14294E~-12 B.984E-13 5,043E~-14 0,0
19.7

100. 100. 36.8 99.9 0.0

©.86 0.0 100. 0.0 0.0

8. 064E-08 99.06 99.9 0.0 0.0

0.632 707 TleS 99.3 99.8

0e0 00 1e263E~11 4.,938E-14 0.0
1279€E-16 0.0 0.0 0.0 0.0

Qe66IE-08 6.,490E-20 1.,220E-20 7.879E-18 0.0
$aJ40E-13 GeSI1E-17 SelO6T7E-1I 6.267E-17 1.197E-16 0.0

T7«320E-08
0.0
90.1
100.
99.4

2.528E-09
1«01 9€E-16
4.0663E-02
4<368E-12
19.7
1.281 608
T<«191E-16
2¢3863E-07
2213E-12

0.0

0.0
0.351

293

1«36
0«0

63.2 Oel01}
0.0 0.0
64 864E-02 100,
28.53 06923

0«0
0.0
0.0

0.237

1e999E~11 4.,908E-11 0.0

18.6 0.0

0.0

18S1E-17 1.778E-17 T7.879E-18 0.0
3.250E-16 1.811E-12 Q.047E-1Y 5,058E~14 0,0

S.88
0.0

1.013E-10 2.486E-10 0.0

P4l 0.0

0.0

9eITVE-17 9e010E-17 I 992E~17 040

1.647E~1S5 9.176E-12

1. 298E~14 0,0
LeO27E~14 1,490E~14 3J,480E~15 0,0

89.4

80.8
0770

0.0

0.0

0.0
0.0

91.9

0.0

0.0
96414
o.o
791
0.0
00
00

3.91
0.0

20.9

0.0
83.9

0.0
0.0

led63E-18
0,0

t00.
100.
66.2

060

1e870E=~12 3,6778-13 0.0

8.747E=-10 0,0

0.0

100,

16.1

0.0
0.0

TeASOE=IE
0.0

0.0
0.0
33.8
0.0

3e130E~08 60134E~12 6 ,786E-11 JGITE 13 2.419E-12
JeB03E=09 I, 144E~-08

1:612E~14 0.0
1e3IIE-12 1,620E~14 1,664E~14 0,0

0.0

0.0

- 2]

2.209€E-19
0.0

1.S86E-07 J210CE~-11 2.425E=10 1,843E-12 1.226F~}1
1+806E-08 1,893E8-07

8.168E=14 0.0
GT7STE~12 B8,211E-14 8,4328-14 0,0

4.884E-14 2.5026-13 0.0

0e0

Lel19E~14
0.0

602



BARNWELL SIMULATICNe WELL AT Ol4 M, XGuN000 M, SNAMNE-S8
FATAL CANCER RATE (DEATH/YR)

CONB LET

SSFSUMMED OVER ALL CANCER
NUCLIDES

IHGESTION

X OF 1ATERNAL

X OF ALL PATHWAYS

INMALATION

X OF INTERNAL

X OF ALL PATHEAYS

AIR RTMMERSION

X OF EXTERNAL

X OF ALL PATHWAYS

GFRTIUND SURF ACE

w3 =14 MN-S4 reg~ss N1-89 [4:24.1.] N1=6) IN=68 KR=AS SR=90
Y-90 NO—-9e TC-9¢ AU~ 106 CO=109 88-120 1=-128 =129 CS=134 C8~137
BA=13TH cg-141 CE~144 Pi= 147 RE=187 pB-2t0 RA=~226 TH=-232 y=-23) V=234
U-233 =236 y=238 PU=238 PU=239 Mi=24 1 AM=241 PU=248 AM=243 CH=3243
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A CODE FOR PREDICTING THE MIGRATION OF RADIOACTIVE WASTE FROM
SHALLOW LAND BURIAL SITES A¥y THE HREALTH EFFECTS THAT RESULT
FROM THESE LOW LEVEL RADICACTIVE WASTES.

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,
SUSPRD, 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
CCMI]

nn N

AQUIFER DEPTH

AQUIFER DISPERSION ANGLE

AQUIFER THICKNESS

AQUIFER DILUTION FACTOR

AMOUNT OF NUCLIDE AT WELL SITE

AVERAGE NUCLIDE CONCENTRATION AT WELL SITE
NUCLIDE CONCENTRATION AT WELL SITE

AVERAGE NUCLIDE CORCENTRATION IN ATMOSPHERE
NUCLIDE CONCENTRATION IN ATMOSPHERE DOWNWIRD
NUCLIDE MASS NUMBER

BULK DENSITY OF SOIL

NUCLIDE CONCENTRATION IN LEAFY VEGETABLES FOR
M.1.E. BY ATMOSPHERIC DEPOSITION

NUCLIDE CONCENTRATION IN PRODUCE FOR M.I.E.
BY ATMOSPHERIC DEPOSITION

NUCLIDE CORCENTRATION IN LEAFY VEGETABLES AND
PRODUCE ¥OR G.P.E. BY ATMOSPHERIC DEPOSITION
CONCENTRATION IN SURFACE SOIL

CONCENTRATION IN SURFACE WATER

NUCLIDE CONCENIRATION IN WATER

NUCLIDE CONCENTRATION IN COW'S MILK FOR M.I.E.
BY ATMOSPRERIC DEPOSITION

M
RADIANS
M

Mi%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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CCMI2
CGMI1
CGMI2
COPL1
COPL2
COPL3
CGMEAT
COCMI1
COCMI2
COGMI1
COGMI2
COMEAT
DECAY
DOVER
DTRAQ

DERATE
EXPOS

EXTENT
ERREST
FIWIND
FI

GNDCON
HTIME
IDELT
IPRT]
IPRT2
ITIME
IOPSAT

10PVWY
Lu2

NYEAR
NONCLD
NUCLID
OVER
PC

L L I T LI | [
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NUCLIDE CONCENTBATION IN COW'S MILK FOR G.P.E.

BY ATMOSPHERIC DEPOSITION PCI/L
NUCLIDE CORCENTBATION 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 CONCERTRATION IN LEAFY VEGETABLES AND

PRODUCE FOR G.P.E. BY IRRIGATION PCI/KG
NUCLIDE CONCENTRATIOR IN BFEF MEAT BY

ATMOSPHERIC DEPOSITION PCL/EG
NUCLIDE CONCENTRATION IN COW'S MILK FOR M.I.E.

BY IRRIGATIOR 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 IRRIGATIOR PCI/L
NUCLIDE CONCENTRATION IN GOAT'S MILK FOR

M.1.E. BY IRRIGATION PCI/L
NUCLIDE CONC IN BEEF MEAT BY IRRIGATION PCI/KG
BRADIOACTIVE DECAY CONSTANT /Y
ARNUAL THICKNESS OF TRENCH OVER BURDEN ERODED M
DISTANCE FROM TRENC. TO AQUIFEL M
DISTANCE FROM TRENCH TO WELL M

ATMOSPHERIC DE?0SITION RATE

NORMALIZED DOWN WIND ATMOSPHERIC EXPOSURE PER
UNIT SOURCE RELEASE

CROSS SLOPE EXTENT OF SPILLAGE |

FRACTION OF TIME WIND BLOWS TOWARD POPULATION
FRACTIOR 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
FINAC 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

SUMBER OF NUCLIDES IN SIMULATION

NUCLIDE NAMES

TRENCH OVER BURDEN THICKNESS M
FRACTION OF TRENCE CAP THAT HAS FAILED
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PCON1L = AIR CONCENTRATION CI/M¥**3
PCON2 = GROUND SURFACE CONCENTRATION CI/M**2
PCON3 = COLLECTIVE INGESTION RATE PCI .PERSON/Y
PCON4 = COLLECTIVE INHALATION PCI.PERSON/Y
PD = DOWNSLOPE DISTANCE TO STREAM M
POLB = AMOUNT OF NUCLIDE LEAVING BOTTOM OF TRENCH CI
POLO = AMOUNT OF RUCLIDE OVERFLOWING TRENCH Cl
POP = POPULATION
PORS = POSOSITY OF SOIL
PORT = POROSITY OF TRENCH CONTENTS
PERMS = PERMEABILITY OF SOIL M/Y
QING = ANNUAL INTAKE OF RADIONUCLIDE BY INGESTION

OF CONTAMINATED FOOD CONSIDERING ATMOSPHERIC

AND AQUATIC PATHWAYS PCL/Y
QINH = ANNUAL INTAKE OF NUCLIDE BY INBALATIOR PCI/Y
QFRAC = FRACTION OF INGESTION DUE TO WATER
RETARH = HORIZONTAL RETARDATIORN FACTOR
RETARY = VERTICAL RETARDATION FACTOR
SOAM = AMOUNT OF SURFACE SPILLAGE CI
SAREA = AREA OF SPILLAGE Max2
SDEEP = AMOUNT OF SOLUBLE SURFACE COMPONENT GOING TO

TRENCH CI
STAVG = AVERAGE NUCLIDE CONCENTRATION IN STREAM CI/M*+%3
STCON = NUCLIDE CONCENTRATION IN STREAM CI/M**3
SOILOS = ANNUAL SOIL LOSS DUE TO EROSION
SSTREM = AMOUNT SURFACE COMPONENT GOING TO STREAM C1
STFLOW = STREAM FLOW RAIE M**3/Y
TRAM = AMOUNT OF NUCLIDE IN TRENCH CI
vD = ATMOSPHERIC DEPOSITION VELOCITY M/S
VOLB = VOLUME OF WATER LEAVING TRENCH BOTTOM M*%3
VOLO = VOLUME OF WATER OVERFLOWING TRENCH M*%3
VOLUSD = HYPOTHETICAL VOLUME OF WATER USED FROM WELL M*%3
VIIME = VERTICAL TRANSPORT TIME Y
Wy = VERTICAL WATER VELOCITY (TRENCH TO AQUIFER) M/Y
WIRATE = IRRIGATION RATE L/M*x2-H
XINFL = ANNUAL INFILTRATIOR RATE M
XKD = CHEMICAL EXCHANGE COEFFICIENT ML/G
XLSAT = LENGTH OF SATURATED ZONE M
YSO = ATMOSPHERIC SOURCE AMOUNT AT SPILLAGE CI

OTHER VARIABLES ARE DEFINED IN SUBROUTINES WHERE THEY
ARE USED MOST FREQUENTLY.

DOUBLE PRECISION NUCLID,PNUC

COMMON/CNTRL/NONCLD ,MAXYR, TITLE( 20) ,LOCATE(12) ,NYR1 ,NYR2,

PCT1 ,PCT2,LEAOPT, LOPVWYV,IOPSAT,IPRT] ,IPRT2, IDELT,
IRRES!, IRRES2,LIND,TAVG , IAVG2,RR ,FTHMECH,

WWATL ,WWATA ,WWATH , SWATL, SWATA ,SWATH, IVAP , IBSMT,
TAQSTR

WA -
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COMMON/EVAP/PPN,PHID,P,XIRR,S(12),T(12),TD(12) ,XINFL,SINFL
COMMON/TRCH/TAREA , TDEPTH , OVER , FORT ,RELFAC , DENCON, OLDWAT ,FN, PERMC

COMMON/WATER/DTRAQ, DWELL ,GWV,XLSAT , STFLOM ,AQTHK , AQDISP,
1 PORA ,PORV, PERMV

COMMON/NUC/NUCLID(40) ,ATMASS(40) ,TRAM(40) , SOAM(40) ,ATAM(40) ,
1 AQAM(40,1000) ,STAM(40) ,POLO(40) ,POLB(40) ,CS(40) ,CH(40),
2 SSTREM(40) ,SDEEP(40) ,AIRCON(40) ,YS0(40) ,S0AVG(40),
3 AQCON(40) , STCON(40) ,ATCON(40) ,AQAVG(40) ,STAVG(40),
4 ATAVG(40) ,FMC(40) ,FMG(40) ,DECAY(40) ,XKD(4,40) ,SOL(40),
5 FF(40) ,RA(40) ,RW(40) ,BV(40) ,BR(40) ,DERATE(40) ,CWAT(40)

COMMON/LARD/RAINF , ERODF , STPLNG , COVER , CONTRL , SEDELR , SOILOS,
1 PORS , BDENS , IWET ,EXTENT ,ADEPTH, PD ,RUNOFF ,
2 INSITE

COMMON/AIR/H,VG,U,IT,IS,VD,XG,HLID,ROUGH,FTWIND, CRIQ,RE] ,RE2 ,RE3

COMMON/IRRFOO/Y1,Y2,TEl ,TE2,TH] ,TH2,TH3,TH4 ,TH5 ,TH6 ,FP,FS,
ULEAFY,UPROD,UCMILEK , UGMILK ,UMEAT , UWAT,UAIR,
QFC,QFG,TF1,TF2,TS,CL1(40),CL2(40) ,CP1(40),CP2(40),
CCMI1(40) ,cCMI2(40) ,CGMI1(40) ,CoM12(40),

CMEAT(40) ,COL1(40),COL2(40) ,COP1(40) ,COP2(40),
cocM11(40) ,COCMI2(40) ,COGMI1(40) ,COGMI 2(40),
COMEAT(40) ,QING(40) ,QINH(40) ,POP,

CSP(40) ,CSPT(40),CSPO(40) ,CSPOT(40)

SNownpwNn =

COMMON/FUNC/XAMBWE ,F1 ,PP,WIRATE,
1 QCW,QGW,QBW,ABSH,P14

COMMON/PASS/PRUC(40) ,PCON1(40) ,PCON2(40) ,PCON3(40),
1 PCON4(40) ,PPOP, LLIND,LDIST

COMMON/PCV/SOCON( 40)

DIMENSION ITIME(40)

DIMENSION NUCL(40,8) ,NUMBER(11),IDIG(3),BSMT(40)
DIMENSION AQMAX(40),STMAX(40),ATMAX(40) ,MXAQ(40) ,MXST(40) ,MXAT(40)
DIMENSION PC1(40),PC2(40),PC3(406),PC4(40),NPC1(40),

1 NPC2(40) ,NPC3(40) ,NPC4(40) ,BSMTA(40) ,AQSTR(40)
DATA LU2/6/

DATA 18W/0/

DATA MINUS/'-'/

DATA NUMBER/'1','2°%,937,%4"7,757,96"','77,87,197,10¢ 1 ¢/
IBK=0

Do 10 1=1,40

AQAVG(I)=0.

STAVG(I)=0.

ATAVG(1)=0.

S0AVG(1)=0,

BSMT(1)=0.0
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AQMAX(1)=0.0

STMAX(1)=0.0

ATMAX(1)=0.0

MXAQ(1)=0

MXST(I)=0

MXAT(I)=0

PCI(1)=0.

PC2(1)=0.

PC3(1)=0.

PC4(1)=0.

NPC1(I1)=0

NPC2(1)=0

NPC3(1)=0

NPC4(1)=0

DO 10 NN=1,1000

ANAM(X,NN)=0.

10 CORTINUE
OLDWAT=0.
----- INITIALIZE VARIABLES AND INPUT CORTROL PARAMETER.
C----- PRINT OUT INITIAL CONDITIONS.

CALL SOURCE(NUCL)
----- THE FOLLOWING EXTRACTS THE ATOMIC MASS FROM THE NUCLIDE
----- NAME. THE NUCLIDE NAME MUST CONSIST OF ONE OR TWO LETTERS,
----- A MINUS SIGN, AND ONE TO THREE DIGITS. NO IMBEDDED
----- BLANKS ARE ALLOWED. THE NAME MUST BE LEFT JUSTIFVED.

- o -

WRITE(LU2,7100)

DO 70 I=1,RONCLD

NDASH=2

IF(NUCL(I,NDASH) .EQ. MINUS) GO TO 20

NDASH=3
20 NNUM=KDASH+1

DO 50 kK=1,3

ICEAR=NUCL(I,NNUM+K-1)

DO 30 L=1,11

IF(ICHAR .EQ. NUMBER(L)) GO TO 40
30 CONTINUE
40 1DIG(K)=L

IF(IDIG(K) .EQ. 10) IDIG(K)=0
50 CONTINUE

NDIG=3

IF(IDIG(3) .EQ. 11) NDIG=2

IF(1IDIG(2) .EQ. 11) NDIG=1

INUCN=0

DO 60 L=1,NDIG

INUCR=INUCN+IDIG(L)*10%*(NDIG-L)
60 CONTINUE

ATMASS(1)=FLOAT(INUCN)

WRITE(6,7110)NUCLID(1),ATHASS(I)
70 CONTINUE



- -
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----- DETERMINE IF FARMING IS ONSITE

INSITE=0

IF(XG .GI. PD)GO TO 80
WRITE(LU2,7120)

INSITE=1

FARMGD=EXTENT*PD
PEOPLE=FARMGD/ 4492,
IF(PEOPLE .LT. POP) GO TO 80
POP=PEOPLE
WRITE(LU2,7130)POP

CORTINUE

- -

DETERMINE NORMALIZED ATMOSPHERIC EXPOSURE AND

----- DEPOSITION.

EXPOS=CHIQ
IF(CHIQ .LE. 0.0)CALL AILTRM(EXPOS,DEPO)

----- DETERMINE ANNUAL INFILTRATION RATE USING MORTON'S MODEL

CALL EVAPO
IF(IVAP .EQ. 2)XINFL=FN#SINFL
IF(IVAP .EQ. 3)XINFL=AMIN1(PERMC,PPN)

----- DETERMINE VERTICAL WATER VELOCITY, RETARDATION FACTOR,
----- VERTICAL TRANSIT TIME, HORIZONTAL TRANSIT TIME, AND
----- TOTAL TRANSIT TIME.

- o -

=PERMV
IF(IOPYWV .EQ. 1 .AND. XINFL .GT. 0.)VWV=XINFL/PORV
XLSAT=DTRAQ
IF(IOPSAT .EQ. 1)XLSAT=XINFL/PORV
TT=SINFL/PORV
IF(XLSAT .LE. 0.)XLSAT=AMIN]1(TT,DTRAQ)
WRITE(LU2,7000)
DO 90 1=1,NONCLD
RETARV=1.+( BDENS*XKD(3,1))/PORV
VTIME=DTRAQ*RETARV/VWV
RETARH=1 .+( BDENS*XKD(4,1))/PORA
HTIME=DWELL*RETARH/GWV
TEMP=VTIME+HTIME
IF(TEMP .GT. FLOAT(MAXYR) .AND. TEMP .LT. 1.1*FLOAT(MAXYR))IBK=1
ITIME(I)=INT(TEMP)
WRITE(LU2,7010)NUCLID(I) ,RETARV,VTIME ,RETARH ,HTIME, TEMP
CONTINUE
IF(IBK .EQ. 1)WRITE(LU2,7030)

----- DETERMINE ANNUAL SOIL LOSS DUE TO EROSION OF INSOLUBLE
----- MATERIALS (UNIVERSAL SOIL LOSS EQUATION).
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CALL ERORF
SOILOS=SOILOS*.22412
DOVER=SOILOS/£1000.*BDENS)
WRITE(LU2,7040)S0IL0S,DOVER
WRITE(LU2,7050)XINFL
WRITE(LU2,7060) VWV
WRITE(LU2,7070)EXPOS

100 CONTINUE

C---=- CALCULATE AQUIFER VOLUME
AQVOL=GWV*PORA*AQTHK#* ( SQRT (TAREA ) +2 . #*TAN(AQDISP/2. ) *DWELL)

----- COMPUTE HYPOTHETICAL RADIONUCLIDE WITHDRAWL FROM WELL AND
----- STREAM PER YEAR.
VOLUSW=(WLKATE*4492 .*xFI1*8760.*WWATL +
1 UWAT*WWATE + 15000,.*WWATA)*POP*1.0E-3
VOLUSS=(WIRATE*4492 ,*FI*8760.%SWATL +
1 UWAT*SWATH + 15000.%*SWATA)*POP*1 .0E-3

----- THE FOLLOWING LOOP WILL BE PROCESSED FOR EACH YEAR IN
----- THE SIMULATION.

DO 230 N=1,MAXYR

NYEAR=N

TRLS=0.

IF(DOVER ,.GT. OVER)TRLS=DOVER-OVER

TDEPTH=TDEPTH-TRLS

OVER=0VER-DOVER

IF(OVER .LT. 0.)OVER=0,

- -

----- CALCULATE TRENCH WATER BALANCE.
CALL TRENCH(NYEAR,VOLB,VOLO,DMAX,PC)
IF(VOLB .LE. .1*AQVOL .OR. ISW .GT. 0)GO TO 110
ISW=1SW+1
WRITE(LU2,7080)NYEAR
110 CONTINUE

----- THE FOLLOWING LOOP IS EXECUTED FOR EACH NUCLIDE,
DO 170 I=1,NONCLD
11=1
DECN=EXP(-DECAY(II1))
TRAM(1I)=TRAM(1I)*DECN
CS(11)=CS(II)*DECN
CW(II)=CW(II)*DECN

- - - -

----- CALCULATE THE AMOUNT OF LEACHING.

CALL LEACH(II,NYEAR,VOLB,VOLO,DMAX)

----- CALCULATE ADDITIONS TO AQUIFER,
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c .....
CALL VERHOR(II,NYEAR,ITIME)
AQCON(1I)=AQAM(11,NYEAR)/AQVOL
AMT=VOLUSW*AQCOR(1I)
IF(AMT .LE. AQAM(II,NYEAR) .OR. AMT .EQ. 0.) GO TO 120
c .....
C----- UPDATE WELL CONCENTRATION TO CONSERVE RADIONUCLIDE MASS
c _____
AQCON(11)=AQAM(II,NYEAR)/(VOLUSW)
120 IF(N .GE. IAVGl .AND. N .LE. IAVG2)AQAVG(IX)=AQAVG(II)+AQCON(II)
c .....
C----- CALCULATE EXCESS RADIONUCLIDE IN WELL GOING TO STREAM
c .....
AQSTR(11)=0.
IF(IAQSTR .GT. 0)AQSTR(II)=AQAM(II,NYEAR)-AMT
IF(AQSTR(II) .LT. 0.)AQSTR(II)=0.
c .....
C-=--= FIND YEAR OF MAXIMUM CONCENTRATION IN WELL.
c .....
IF(AQCOR(II) .LE. AQMAX(II)) GO TO 130
AQMAX(I1)=AQCON(1I)
MXAQ(1I)=R
130 CONTINUE
c .....
C----- CALCULATE TRANSPORT OF SOLUBLE SURFACE COMPONENT
c .....
CALL SURSOL(1I,NYEAR)
IF(NYEAR .EQ. 1)SSTREM(II)=STAM(I7}+SSTREM(II)
SSTREM(I1)=SSTREM(II)+AQSTR(II)
STCON(11)=SSTREM(I1)/STFLOW
AMT=VOLUSS*STCON(II)
IF(AMT .LE. SSTREM(II) .OR. AMT .EQ. 0.)GO TO 140
STCOR(II)=SSTREM(II)/(VOLUSS)

140 IF(N .GE. IAVG]l .AND. N .LE. IAVG2)STAVG(II)=STAVG(II)+STCOR(II)
IF(STCON(II) .LE. STMAX(II))GO TO 150
STMAX(II)=STCON(II)

MXST(1I)=N
150 CONTINUE

c

c _____

C--==- CALCULATE ATMOSPHERIC CONCENTRATION AND AMOUNT

C----- ABOVE SPILLAGE AREA

C"""

c
GNDCON=CS(11)*BDENS*ADEPTH*1.0E3
CALL SUSPND(NYEAR,II,GNDCON)
IF(NYEAX .EQ. 1)YS80(II)=YSO(II)+ATAM(II)
ATCOR(II)=YSO(I1)*EXPOS*FTWIND
IF(N .GE. IAVGl .AND. N ,LE, IAVG2,ATAVG(II)=ATAVG(II)+ATCON(II)
IF(ATCON(II) .LE. ATMAX(II)) GO TO 160
ATMAX(IX)=ATCON(1I)
MXAT(1I)=N

160 CONTINUE
BSMTA (11)=0,

IF(IBSMT .GT. 0 .AND. NYEAR .GE, IBSMT)BSMT(II)=BSMT(II)+TRAM(II)
IP(IBSMT .GT. 0 .AND., NYEAR ,GE, IBSMT)BSMTA(II)=+TRAM(1I)
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MATERIAL BALANCE

TRAM(II)=TRAM(11)*(1.0-TRLS/TDEPTH)-POLB(iI)-POLO(II)

IF(TRAM(II) .LT. 0.)TRAM(II)=0.

3.1536E7 IS THE NUMBER OF SECONDS IN A YEAR

CS(II)=CS(I1)+( (TRLS/TDEPTH*TRAM(II)-YSO(II)*3.1536E7)/

(EXTENT*PD*ADEPTH) ) *1 .0E-3/BDENS

CW(IZ)=CW(II1)+((POLO(1I)-SSTREM(II)-SDEEP(I1))/
(EXTENT*PD*ADEPTH*PORS) )

IF(CW(II) .LT. 0.) CW(II)=0.

IF(Cs(1I) .LT. 0.)CS(I1)=0.

COMPUTE SOIL CONCENTRATION

socon(11)=AnEPrnt1.0D12*(cw(11)*Pons+1ooo.*cs(II)*nnxns)
IF(N .GE. IAVGl .AND. N .LE. IAVG2)SOAVG(II)=SOAVG(II)+SOCON(II1)

CONTINUE

DO 220 1=1,NONCLD

11=1

DERATE(II)=ATCON(1I)*VD%3.6ELS

CALL FOODA(II)

IF(N .GE. IAVGl .AND. N .LE. IAVC2)CSPT(II)=CSPT(II)+CSP(II)
CALL IRRIGA(II)

IF(N .GE. JAVGl ,AND. N .LE. IAVG2)CSPOT(I11)=CSPOT(II)+CSPO(II)
CALL HUMEXA(II)

BSMTA(II)=BSMTA(I1)#*,03333333/(TDEPTH*TARFA)

CSP AND CSPO ARE CURRENIT TONCENTRATIONS

QSUR=(CSP(II)+CSPO(II))*1,( -12
TEMP=ATCON(II)

IF(PC1(I1) .GE. TEMP)GO TO 180
PC1(11)=TEMP

NPC1(II)=NYEAR

CONTINUE

TEMP=QSUR+BSMTA (11)

IF(PC2(11) .GE. TEMP)GO TO 190
PC2(11)=TEMP

NPC2(11)=NYEAR

CONTINUE

TEMP=QING(II)*POP

IF(PC3(11) .GE, TEMP)GO TO 200
PC3(11)=TEMP

NPC3(1I)=NYEAR

CONTINUE

TEMP=QINH(11)*POP

IF(PC4(11) .GE. TEMP) GO TO 210
PC4(11)=TEMP

NPC4(11)=NYEAR
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210 CONTINUE
220 CONTINUE
WD=DMAX
IF(WD .GT. TDEPTH)WD=TDEPTH
IF(MOD(NYEAR-IPRT1,IDELT) .EQ. 0 .OR. NYEAR .EQ. 1)
1CALL OUT(NYEAR,PC,WD,VOLO,VOLB)
230 CONTINUE
NEXYR=IAVG2-IAVGl+1
WRITE(LU2,7090)IAVG],IAVG2
DO 240 II=1,RONCLD
AQAVG(II)=AQAVG(II)/FLOAT(NEXYR)
STAVG(II)=STAVG(II)/FLOAT(NEXYR)
ATAVG(II)=ATAVG{II)/FLOAT(NEXYR)
SOAVG(11)=SOAVG(11)/FLOAT(NEXYR)
WRITE(LD2,7020)NUCLID(1I) ,ATAVG(II) ,ATMAX(II1) ,MXAT(II),AQAVG(II),

1 AQMAX(I1),MXAQ(II),STAVG(II),STMAX(II),MXST(II)
240 CONTINUE
C
c .....
C—---- CALCULATE RADIONUCLIDE CONCENTRATIONS IN 700D DUE TO
C---=- ATMOSPERIC DEPOSITION.
c .....
c
WRITE(LU2,7140)
WRITE(LU2,7150)
DO 250 I=1,NONCLD
11=1
DERATE(1I)=ATAVG(II)*VD*3.6E15
CALL FOOD(II)
WRITE(LU2,7010)NUCLID(1I),CL1(II),CP1(I1),CL2(1I),CP2(1I),
1 CCMI1(11),CCMI2(I1),CGMI1(1I),CGMI2(I1),CMEAT(II)
250 CONTINUE
c
c -----
C----- CALCULATE RADIONUCLIDE CONCEN.RATIONS IN FOOD DUE TO
C----- WATER IRRIGATION. ALS30 CALCULATE ANNUAL RADIONUCLIDE
| C----- INTAKE BY MAN.
c .....
c
WRITE(LU2,7160)
WRITE(LU2,7150)
DO 260 I=1,NONCLD
11=1
CALL IRRIG(II)
WRITE(LU2,7010)NUCLID(1I),COL1(II),COP1(TT),COL2(1II),COP2(II),
1 COCMI1(1I),COCMI2(11),COGMI1(I1),COGMI2(II),COMEAT(II)
CALL HUMEX(II)
260 CONTINUE
WRITE(LU2,7170,
IF(LIND .EQ. O)WRITE(LU2,7180)
IF(LIND .NE. O)WRITE(LU2,7190)
WRITE(LU2,7200)
PO 270 I=1,NONCLD

WRITE(LU2,7210)NUCLID(I),QING(I),QINH(I)
270 CONTINUE
WRITE(LU2,7230)
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----- CALCULATE VARIABLES NECESSARY TO PASS TO DARTAB.

----- DARTAB COMBINES RALIONUCLIDE ENVIRONMENTAL EXPOSURE
----- DATA WITH DOSIMETRIC AND HEALTH EFFECTS DATA TO GENERATE
----- TABULATIONS OF PREDICTEL IMPACTS.

PPOP=POP
LDIST=XG
LLIND=LIND

----- CSP AND CSPO ARE AVERAGE CONCENTRATIONS

DO 290 I=1,NONCLD

QSUR=(CSP(I)+CSPO(I))*].0D-12

QFRAC=0.

BSMT (T )=BSMT(I)/FLOAT (MAXYR-IBSMT+1)#*.03333333/(TDEPTH*TAREA)

IF(QING(I) .EQ. 0.0) GO TO 280

CWATH=(WWATH*AQAVG(I)+SWATH*STAVG(I))*1 .0E9

QFRAC=CVATH*UWAT/QING(1)
280 WRITE(LU2,7220)NUCLID(I) ,QFRAC

ENUC(1)=NUCLID(I)

PCON1 (1)=ATAVG(I)*POP

PCON2(1)=(QSUR+BSMT(1))*POP

PCON3(I)=QING(I)*POP

PCON4(1)=QINH(I)*POP
290 CONTINUE

WRITE(LU2,7240)

DO 300 I=1,NONCLD

WRITE(LU2,7250)NUCLID(1) ,PC1(1),NPC1(I),PC2(1),NPC2(1),

1 PC3(1),NPC3(I),PC4(I),NPC4(1)
300 CONTINUE

CalL DARTAB

STOP
7000 FORMAT('1',51X,'INITIAL CALCULATIONS',

1 //' ',2X,'NUCLIDE' ,4X, 'VERTICAL',5X, 'VERTICAL',

2 4X,"HORIZONTAL' ,3X, '"HORIZONTAL',

3 3X,'BREAK THRU',

4 /' ',1X,'RETARDATION' ,5X,'TIME Y',4X,

5 'RETARDATION',4X,'TIME Y',8X,'TIME Y')
7010 FORMAT(' ',A8,3X,9(1PEll.4,2X))
7020 FORMAT(' ',A8,3X,3(2(1PE11.4,2X),0P14,5X))
7030 FORMAT(/' ',5X, 'RADIONUCLIDE BREAKTHROUGH TIME IS ONLY SLIGHTLY',

1 ' GREATER THAN SIMULATION TIME AND LEADING EDGE OF PULSE',
2 ' MAY BE MISSED')

7040 FORMAT(//' ',10X,'ANNUAL SOIL LOSS IS ',l1PEll.4,' KILOGRAMS PER',
1 ' SQUARE METER',/' ',20X,'OR ',Ell.4,
2 ' METERS IS REMOVED FROM THE SURFACE')

7050 FORMAT(' ',10X,'ANNUAL INFILTRATION INTO TRENCH 1S ',
1 F8.4,' METERS')

7060 FORMAT(' ',10X,'VERTICAL WATER VELOCITY IS ',F8.4,' METERS',
1 ! PER YEAR')
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7070 FORMAT(' *,10X,'NORMALIZED DOWN WIND ATMOSPHERIC EXPOSURE',
1 ' PER UNIT SOURCE RELEASE IS ',Ell.4,' CI/M**3 PER CI/SEC')
7080 FORMAT(//*® ',5X,"WATER OUTFLOW FROM TRENCH BOTTOM IS APPROACHING',
1 ' DILUTION VOLUME IN AQUIFER FOR YEAR ',I4)
7090 FORMAT('1',35X,*AVERAGE CONCERTRATIONS OVER THE YEARS *,13,
* 70 ',14,' OF THE SIMULATION',
/' *,50X,"MAXIMUM ANNUAL CONCENTRATIONS',
///' *,1X,'NUCLIDE',8X,'ATMOSPHERE DOWNWIND',
24X,'IN WELL',26X,'IN STREAM',
//* '.7X,3(6X, AVERAGE® ,6X, " MAXIMUM' ,4X,'YEAR',1X),
/' ',7X,3(2(6X,'CI/M*x*3%),9X))
7100 FORMAT('1®,51X,*INITIAL CALCULATIONS',//' ',50X,'NUCLIDE',
1 10X,'MASS',//)
7110 FORMAT(' *,51X,A6,8X,F5.0)
7120 FORMAT(® ',5X, ‘THE POPULATION RESIDES ONSITE')
7130 FORMAT(® *,5X,'POPULATION RESET TO ',F10.0,' FOR ONSITE FARM')
7140 FORMAT('l1',30X,'RADIONUCLIDE CONCENTRATION IN FOODS DUE TO',
1 ' ATMOSPHERIC DEPOSITION',/*' ',55X,'PICO CURIES PER KILOGRAK')
7150 FORMAT(//* ',1X,*NUCULIPE',4X, 'LEAFY VEG' ,6X,'PRODUCE',5X,
1 'LEAFY VEG',6X,'Pi0ODUCE',4X,"COW' 'S MILK',3X,'COW''S MILK',
2 3X,'GOAT''S MLLK',2X,'GOAT''S MILK',3X,'BEEF MEAT',
3 /' ' J4X,'M,1.E.',7X,'M.1.E.'",7X,2("G.P.E.",7X),"M.I.E.",
4 7X,'G.P.E,*,7X,'M.1.E.',7X,'G.P.E.")
7160 FORMAT(////* *.35X,'RADIONUCLIDE CONCENTRATION IN FOODS DUE TO',
1 ' IRRIGATION',/' ',55X,'PICO CURIES PER KILOGRAM')
7170 FORMAT(///' *,5X,'NOTE: G.P.E. - GENERAL POPULATION',
1 ' EXPOSURE',/' *,11X,'M.1.E. - MAXIMUM INDIVIDUAL',
2 ' EXPOSURE')
7180 FORMAT('0',11X,'M.I.,E, WILL BE USED TO CALCULATE',

VNP WUNM-

1 ' HEALTH EFFECTS')
7190 FORMAT('0',11X,'G.P.E, WILL BE USED TC CALCULATE',
1 ' HEALTH EFFECTS')

7200 FORMAT('1',1X,'NUCLIDE',10X,'ANNUAL INTAKE',10X,
1 'ANNUAL INTAKE'/' ',18X,'BY INGESTION',11X,'BY INHALATION',
2 /* ',20X,2('PCI/Y',18X))
7210 FORMAT(' ',1X,A8,9X,1PE11.4,12X,1PE11.4)
7220 FORMAT(' ',50X,A8,8X,F8.4)
7230 FORMAT('1',50X,'FRACTION OF INGESTION DUE TO WATER',
1 //' ',50X,"NUCLIDE®,10X,'FRACTION')
7240 FORMAT('1f,55X,"MAXIMDM ANNUAL EXPOSURE®,
///,2X, NUCLIDE® ,12X,'AIR',8X,'YEAR',8X,
' SURFACE',6X,'YEAR',7X, ' INGESTION',5X,'YEAR' ,6X,
'INHALATION',5X,'YEAR',
/' ',15X,2( 'CONCENTRATION',12X),5X,
2('RATE',19X),
/' ',18X,'CI/M**3' ,18X,!CI/M**2!,
16X,2('PERSON.PCI/Y',12X)/)
7250 FORMAT(' ',A8,8X,4(1PE1l.4,4X,0P14,6X))
END

NNV SWN -

c
c
c
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SUBROUTINE AIRTRM(EXPOS,DEPO)

D.E. FIELDS, 2/81

COMPUTES ATMOSPHERIC EXPOSURE VALUES AT POINTS DOWNWIND FROM
RELEASE SITE FOR 22.5 DEG. SECTOR

RECEPTOR ASSUMED AT GROUND LEVEL

DEPO =DEPOSITION RATE PER UNIT SOURCE STRENGTH

EXPN =NORMALIZED EXPOSURE = EU/Q, S/M*%2,

EXPOS =EXPOSURE PER SOURCE STRENGTH NORMALIZED TO
WIND VELOCITY

H =SOURCE HGT, M
HLID =LID HEIGHT
IPLU =1 IMPLIES TRANSVERSE PLUME CALCULATION REQUIRED
ISEC =] IMPLIES SECTOR AVERAGE REQUIRED
18 =STABILITY CLASS
IT =TYPE OF STABILITY FORMULATION,
=1 FOR PG

=2 FOR BRIGGS-SMITH
ROUGH =HOSKER ROUGHNESS PARAMETER, M, ABOUT
-01*PHYSICAL ROUGHNESS

OO0

)] =VELNCITY, WIND, M/S

VD =VELOCITY, DEPOSITION, M/S

VG =SVELOCITY, GRAVITATIONAL FALL, M/S
KG =GAUGE DISTANCE FROM SOQURCE BASE, M

COMMON/AIR/H,YG,U,IT,1S,VD,XG,HLID,ROUGH,FTWIND, CHIQ,RE]l ,RE2,RE3

c

C TEST FOR INVALID COMBIMATIONS 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.0.)HLID=12000.

LID=HLID
1XG=XG

C ACCOUNT FOR PLUME TILT

=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=1.

GOT045

IF(VG.EQ.0..AND.VD.EQ.0.)
vD,U,1T,18,XG,ROUGH,HLID,COR,VG,H)

CALL DPLT(PI,HH,
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IF(COR.LT..999)WRITE(6,40) COR
FORMAT(2X,*DEPLETION CORRECTION FACTOR =',F8.4)
EXPO=EXP( -HBR*HH/ 2./S1GZ/S1GZ)
COMPUTE SECTOR AVERAGE VALUES
EXPN=COR*2.032+EXP0/SIGZ/XG
EXPOS=EXPN/U
DEPO=EXPOS*VD
CONTINUE
CONTINUE
RETURN
END

BLOCK DATA
D.E. FIELDS, 2/81

COMMON/C/BY(6) ,BZ1(6) ,B22(6),BZ3(6) ,A1(6),A2(6),B1(6),B2(6),
B3(6),PY(6,5) ,P2(6,5) ,Q1(6,5) ,QZ(6,5) ,XM(50)

FOR BRIGGS

DATA BY/.22,.16,.11,.08,.06,.04/,
Bz1/.2,.12,.08,.06,.03,.016/,
?22/90.,0.,.9002,.0015,.0003,.0003/,

-BZ3/1..1..'.5.-.5.-1..-1./

FOR PG

DATA Al/-.0234,-.0147,-.0117,-.0659,~.0059,-.0029/,
A2/.35,.248,.175,.108,.088,.054/,
Bl/c88;'-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/

FOR KLUG, ET. AL, TYPES OF DISPERSION,..

DATA PY/.469,.306,.23,.219,.237,.273,0.4.4,.36,.32,.0,.31,
0,1.7,1.44,.91,1.02,.0,.66,.66,.63,.53,.41,7.56,
e34,4.37,.40,.43,.46,7.56/

DATA QY/.903,.885,.855,.764,.691,.594,0.,.91,.86,.78,.0,.71,
0.0.717,.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/1038.10021908790n7270061005000039079085900776’00007090
.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.,000E+00,2.000E+00,3 .000E+00,4 .000E+00,5 .000E+00,
1.000E+01,1.500E+01,2.000E+01,2.500E+01,3.000E+01,
3.500E+01 ,4 .000E+01,4 .500E+01,5.000E+01,] .500E+02,
2.000E+02,3 .000E+02,4.000E+02,5 .000E+02,6 .000E+02,
7.000E+02,8 .000E+02,9 .000E+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 .000E+03 ,7 .000E+03 ,8.000E+03,
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 ,000E+05/
END
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FUNCTION CAP(NYEAR)
c
C
Chkx
Chxx
Cxxx THIS FUNCTION CALCULATES AND RETURKS THE FRACTION OF THE TRENCH
Cx** CAP THAT HAS FAILED. FAILURE CAN BE CAUSED BY EROSION AS
C#+*x DETERMINED FROM THE UNIVERSAL SOIL LOSS EQUATION OR BY USER
Cxx*x INPUTS. CAP=1 INDICATES TOTAL CAP FAILURE. THIS FUNCTION
Cikx 1S CALLED BY TRENCH.
Chkkk
Chkxk
Ckkkx
Cirk
Chkk
Cirkk
c

INPUT VARIABLES

NYEAR
NYR1
NYR2
PCT1

C

C

C CURRENT YEAR OF SIMULATION
C

C

c

c ECT2
c

C

c

c

c

c

C

FIRST YEAR OF FAILURE
LAST YEAR OF FAILURE

PER CENT FAILURE IN NYR1
PER CENT FAILURE IN NYR2
THICKNESS OF TRENCH CAP

OVER
OUTPUT VARIABLE

CAP = FRACTION OF CAP THAT HAS FAILED

DOUBLE PRECISION NUCLID
c
COMMON/ CNTRL/NONCLD ,MAXYR, TITLE( 20) ,LOCATE(12) ,NYR]1 ,NYR2,
PCT1,PCT2,LEAOPT,10PVWV,IOPSAT,IPRT1,1PRT2,IDELT,
IRRES1,IRRES2 ,LIND,IAVGl ,IAVG2,RR,FTMECH,
WWATL,WWATA ,WWATH, SWATL, SWATA , SWATH, IVAP,IBSMT,
1AQSTR

a3 - o3 - o - o]

(]

COMMON/TRCH/TAREA , TDEPTH , OVER , PORT ,RELFAC, DENWST, OLDWAT , FN, PERMC

CAP=0.0
IF(OVER .GT. 1.E-5) GO TO 20
CAP=1.0
RETURN
20 IF(NYEAR .LT. NYR1 .OR. NYRl .GE. NYR2) RETURN
CAP=((PCT2-PCT1)/(NYR2-NYR1) ) *(NYEAR-NYR1)+PCT1
IF(NYEAR .GT. NYR2) CAP=PCT2
RETURN
END
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FUNCTION COV(1,Y,TE,TH,B)

**%x  CALCULATION OF RADIONUCLIDE CONCENTRATION IN FORAGE, PRODUCE AND
LEAFY VEGETABLES. CALLED BY IRRIG.

AN OATOTOON

DOUBLE PRECISION NUCLID

(+]

COMMON/NUC/RUCLID(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) ,XED(4,40) ,SOL(40),
FF(40) ,RA(40) ,RW(40),BV(40) ,BR(40) ,DERATE(40) , CWAT( 40)

[ oA Ao

COMMON/ LAND/RAINF , ERODF , STPLNG , COVER , CONTRL , SEDELR, SOILOS,
& PORS,BDENS , IWET ,EXTENT ,ADEPTH,PD ,RUNOFF,
& INSITE

COMMON/ IRRFOO/Y1,Y2,TEl ,TE2,TH] ,TH2 ,TH3 ,TH4 ,TH5, TH6 ,FP,FS,
ULEAFY,UPROD,UCMILK ,UGMILK,UMEAT ,UNAT,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),
COCMI1(40),COCMI2(40),COGMI1(40) ,COGMI2(40),
COMEAT(40) ,QING(40) ,QINH(40) ,POP,

CSP(40) ,CSPT(40) ,CSPO(40) ,CSPOT(40)

e

COMMON/FUNC/XAMBWE,F1,PP,WIRATE,
& QCW,QGW,QBW,ABSHE,P14

COMMON/EVAP/PPN,PHID,P,XIRR,S(12),T(12),TD(12) ,XINFL,SINFL

COMMON/CNTRL/NONCLD , MAXYR , TITLE(20) ,LOCATE(12) ,NYRI ,NYR2,
PCT1,PCT2,LEAOPT, IOPVWV, IOPSAT, IPRT] ,IPRT2,IDELT,
IRRES! ,IRRES2 ,LIND, TAVG] ,1AVG2,RR, FTMECH,
WWATL ,WWATA ,WWATE , SWATL, SWATA , SWATH, IVAP, I BSHT,
TAQSTR

[ oJ - I - o2 - ]

CWATL=(WWATL*AQAVG(I ) +SWATL*STAVG(1))*1.0E9
NEXYR=1AVG2-IAVG]+1

DECA=DECAY(1)/8760.
DECSL=SINFL/(.15%(1.+BDENS/PORS*XKD(1,1)))/8760,
XAMBEF =DECA +XAMBWE
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TERM] =WIRATE*FI*CWATL*RW(1)*(1.0-EXP(-XAMBEF*TE))/(Y*XAMBEF)
CSPO(1)=CSPOT(1)/FLOAT(NEXYR)

IF(INSITE .EQ. 1)CSP(I)=SO0AVG(I)

TERM2=CSP(I)*B/PP

COV=(TERM]+TERM2 ) *EXP( -DECA*TH)

RETURN
END
c
c
c
FUNCTION COVA(I,Y,TE,TH,B,IFLAG)
c
C

Cxxx  CALCULATION OF RADIONUCLIDE CONCENTRATION IN FORAGE, PRODUCE AND
LEAFY VEGETABLES. CALLED BY IRRIG.

ONOOOOO

DOUBLE PRECISION NUCLID

(o]

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) ,AIRCON- "0} ,YS0(40) ,S0AVG(40) ,
AQCON( 40) , STCON(40) ,ATCON(4+*) ,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)

o - o0 - o - o - o)

COMMON/ LAND/RAINF ,ERODF , STPLNG , COVER , CONTRL , SEDELR, SOILOS,
& PORS ,BDENS,DWET , EXTENT ,ADEPTH, PD,RUNOFF,
& INSITE

COMMON/IRRF0O/YI,Y2,TEl ,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) ,CCMI1(40) ,COMI2(40),

CMEAT(40) ,COL1(40) ,COL2(40) ,COP1(40) ,CcOP2(40),
COCMI1(40),COCMI2(40),COGMI1(40),COCMI2(40),
COMEAT (40) ,QING(40) ,QINH(40) ,POP,
CSP(40),CSPT(40) ,CSPO(40) ,CSPOT(40)

e

COMMON/FUNC/XAMBWE,F1,PP,WIRATE,
& QCW,QGW,QBW,ABSH, P14

COMMON/EVAP/PPN,PHID,P,XIRR,8(12),T(12),TD(12) ,XINFL, SINFL



o0
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COMMON/PCV/ SOCOK( 40)

COMMON/ CNTRL/ RONCLD ,MAXYR,TITLE(20) ,LOCATE(12) ,NYR1 ,NYR2,
PCT1,PCT2,LEAOPT, IOPVWV, IOPSAT,IPRT] ,IPRT2, IDELT,
IRRES] ,IRRES2 ,LIND,IAVG] ,IAVG2 ,RR,FTMECH,
WHATL,WWATA ,WWATH, SWATL, SWATA, SWATH, IVAP , IBSMT,
IAQSTR

LR - -]

CWATL=(WWATL*AQCON (I )+SWATL*STCON(I))*1.0E9
DECA=DECAY(I1)/8760.

DECSL=SINFL/( .15*(1.+BDENS/PORS*XKD(1,1)))/8760.
XAMBEF =DECA +XAMBWE

TERM] =WIRATE*FI*CWATL*RW(I)*(1.0-EXP(-XAMBEF+*TE))/(Y*XAMBEF)
IF(IFLAG .EQ. 0)CSPO(I)=
&(CSPO(I)+CWATL*WIRATE*8760.*F1 ) *EXP( - ( DECA+DECSL)*8760.)
IF(INSITE .EQ. 1)CSPO(I)=SOCON(I)

TERM2=CSPO(1)*B/PP

COVA=(TERM1+TERM2) *EXP( ~-DECA*TH)

RETURN

END

FUNCTION Cv(I1,Y,TE,TH,B)

CALCULATION OF RADIONUCLIDE CONCENTRATION IN FORAGE, PRODUCE AND
LEAFY VEGETABLES CALLED BY FOOD

DOUBLE PRECISION NUCLID

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) ,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) ,SOL(40),
FF(40) ,RA(40) ,BRW(40) ,BV(40) ,BR(40) ,DERATE(40) ,CWAT(40)

"ol - ol - o - o0 -

COMMON/ LAND/RAINF , ERODF , STPLNG , COVER,, CONTRL , SEDELR, SOILOS,
& PORS ,BDENS , DWET ,EXTENT ,ADEPTH, PD,RUNOFF,
& INSITE

COMMON/ IRRFOO/Y1,Y2,TEl ,TE2,TH1 ,TH2 ,TH3 ,TH4 ,THS , 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) ,COL1(40) ,cOL2(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)

Lol B - o - - o - -

COMMON/FUNC/XAMBWE ,F1,PP,WIRATE,
& QCW,QGW,QBW,ABSH,P14
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COMMON/EVAP/PPN,PHID,P,XIRR,S(12),T(12),TD(12) ,XINFL,SINFL

COMMON/ CNTRL/ NONCLD,MAXYR,TITLE(20) ,LOCATE(12) ,NYR1 ,NYR2,
PCT1,PCT2,LEAOPT, I0PVWV, IOPSAT,I1PRT]1 - IPRT2,IDELT,
IRRES] , IRRES2,LIND,IAVG] ,IAVG2 ,RR ,FTMECH,
WWATL,WWATA ,WWATH, SWATL, SWATA , SWATH, IVAP, IBSMT,
IAQSTR

NEXYR=IAVG2-IAVGl+1

DECA=DECAY(1)/8760.

XAMBEF=DECA +XAMBWE

TERM1=DERATE(I )*RA(I)*(]1.0-EXP(-XAMBEFATE))/(Y*XAMBEF)
CSP(1)=CSPT(1)/FLOAT(NEXYR)

IF(INSITE .EQ. 1)CSP(I)=SOAVG(I)

TERM2=CSP(1)*B/PP

CV=( TERMI +TERM2 ) *EXP(-DECA*TH)

RETURN

m .

[ o o0 - oI - )

FUNCTION CVA(I,Y,TE,TH,B,IFLAG)

CALCULATION OF RADIONUCLICE CONCENTRATION IN FORAGE, PRODUCE AND
LEAFY VEGETABLES CALLED BY FOOD

DOUBLE PRECISION NUCLID

COMMON/NUC/NUCL1ID(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) ,SOL(40),
FF(40),RA(40),RW(40),BV(40) ,BR(40) ,DERATE(40),CWAT(40)

e

COMMON/ LAND/RAINF , ERODF , STPLFG, COVER , CONTRL , SEDELR, SOILOS,
& PORS ,BDENS , DWET ,EXTENT ,ADEPTH, PD ,RUNOFF,
& INSITE

COMMON/I1RRFOO/Y!,Y2,TEl ,TE2,TH1 ,TH2 ,TH3 ,TH4 ,THS , TH6 ,FP,FS,
ULEAFY,UPROD,UCMILK, UGMILK ,UMEAT , UWAT ,UAIR,
CCMI1(40),CCMI2(40),CGMI1(40),CGMI2(40),
CMEAT(40),COL1(40) ,cOL2(40) ,COP1(40) ,COP2(40),
COCMI1(40),COCMI2(40) ,COGMI1(40),COGMY2(40),
COMEAT(40) ,QING(40) ,QINH(40) ,POP,
CSP(40),CSPT(40),CSPO(40) ,CSPOT(40)

(- a0 - B - o - B - ol o0 - o
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COMMON/FUNC/XAMBWE,FI,PP,WIRATE,
& QCW.QGW,QBW,ARSH,P14

COMMON/EVAP/PPN,PHID,P,XIRR,S(12),T(12),TD(12) ,XINFL,SINFL
COMMON/PCV/ SOCON(40)

DECA=DECAY(I)/8760.
DECSL=SINFL/(.15%(1.0+BDEXS/PORS*XKD(1,1)))/8760.
XAMBEF =DECA +XAMBWE
TERM1=DERATE(I)*RA(I)*(1.0-EXP(-XAMBEF*TE) )/ (Y*XAMBEF)
IF(IFLAG .EQ. 0)
&CSP(1)=(CSP(I)+8760.*DERATE(I) ) *EXP( -(DECA+DECSL)*8760.)
IP(INSITE .EQ. 1)CSP(I)=SOCON(I)

TERM2=CSP(1)*B/PP

CVA=(TERM1+TERM2)*EXP( -DECA+TH)

RETURN

END

SUBROUTINE DPLT(PI,HH,VD,U,IT,IS,XG,ROUGH,HLID,COR,VG,H)

COMPUTES PLUME DEPLETION CORRECTION

20

DIMENSION XX(50),FX(50) ,AX(50)
COMMON/C/BY(6) ,BZ1(6) ,BZ2(6) ,B23(6),A1(6),A2(6) ,B1(6),B2(6),
& B3(6),PY(6,5),P2(6,5),QY(6,5),Q2(6,5) ,XM(50)
IF(1S.GT.6)1S=6
IKPM=1
IDUM=1
CALL SIGMAZ(XG,IT,IS,ROUGH,SIGZ,IKPM,HLID,VG,U,HH)
IKPM HAS BEEN RECOMPUTED
IKP=1KPM+1
SQRTPI=.79785
FX(IKP)=EXP(-.5%(HH/SIGZ)**2)/SIGZ
XX(IKP)=XG
DO 20 I=1,IKPM
XX(I)=XM(1)
CALL SIGMAZ(XX(I),IT.IS,ROUGH,SIGZ,IDUM,HLID,VG,U,HH)
FX(I)=EXP(-,5*(HH/SIGZ)**2)/SIGZ
CONTINUE
L=1
CALL SIMPUN(XX,FX,IKP,L,AX)
COR=EXP(-SQRTPI*VD/U*AX (IKP))
RETURN
END



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
Chhkkkkdkhkrkk*kx VARTABLES FOR UNIVERSAL SOIL LOSS EQUATIQON dkdkkkkdkkks
c
C RAINF=RAINRFALL FACTOR
C ERODF=ERODIBILITY FACTOR
C STPLNG=SLOPE-STEEPNESS AND SLOPE LENGTH FACTIOR
C COVER=COVER FACTOR
C CONTRL=EROSION CORTROL 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
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 CLLCULATIONS INSTEAD OF 5-YEAR AVERAGE CALCULATIONS
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Chkkhkkikkkhhkkirk LIST OF TERMS #hkkkdhhhhhkkkhhihhndhkihkkikkihiikikhik
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PHID = LATITUDE - NEGATIVE IK SOUTHERN HEMISPHERE
P = AVERAGE ATMOSPHERIC PRESSURE
PPN = AVERAGE ANNUAL PRECIPITATION

DEG
MB
MM

S(1) = RATIO OF OBSERVED TO MAX POSSIBLE SUNSHINE DURATIORN

MONNUM = MONTH NO STARTING WITH 1 FOR JANUARY

N = NUMBER OF DAYS IN MONTH

TD = DEW POINT TEMPERATURE

T = AIR TEMPERATURE

ALPHA(J)= CONSTANT IN COMPUTATION OF VAPOUR PRESSURE
BETA(J) = CONSTANT IN COMPUTATION OF VAPOUR PRESSURE
GAMMA(J)= SENSIBLE HEAT TRANSFER COEFFICIENT

FAZ(J) = VAPOUR TRANSFER COEFFICIENT * STABILITY FACTOR

L(J) = LATENT HEAT

ADEL(J) = DIFFERENCE BETWEEN MAXIMUM AND MINIMUM ALBEDOS

(J) =1 WHEN T 1S GREATER THAN OR EQUAL TO ZERO

(J) = 2 WHEN T IS LESS THAN ZERO

V = SATURATION VAPOUR PRESSURE AT T

VD = SATURATION VAPOUR PRESSURE AT TD

DELTA = SLOPE OF SATURATION VAPOUR PRESSURE CURVE AT T
PHI = LATITUDE

THETA = DECLINATION OF SUN

OMEGA = HALF THE ANGLE BETWEEN SUNRISE AND SUNSET

COSZ = COSINE OF THE SOLAR ZENITH ANGLE

NETA = BADIUS VECTOR OF SUN

GE = EXTRA-ATMOSPHERIC GLOBAL RADIATION
AZ = ALBEDO WHEN SUN IS AT ZENITH

AL = MINIMUM ALBEDO

AU = MAXIMUM ALBEDO

DUST = TURBIDITY COEFFICIENT

W = PRECIPITABLE WATER VAPOUR

TAUT = TRANSMISSIVITY FOR DIRECT BEAM SOLAR RADIATION
TAUA = PARTIAL TRANSMISSIVITY DUE TO ABSORPTION ALONE
GO = CLEAR SKY GLOBAL RADIATION

G = INCIDENT GLOBAL RADIATION

B = NET LONG WAVE RADIATION

NET RADIATION AT MINIMUM ALBEDO

NET RADIATION AT MAXIMUM ALBEDO

ETA = STABILITY FACTOR

FA = VAPOUR PRESSURE COEFFICIENT

LAMDA = HEAT TRANSFER COEFFICIENT

D = PENMAN WEIGHTING FACTOR

a e n

RA
RAL
A

KSI = IMPROVEMENT TO PRIESTLY-TAYLOR WEIGHTING FACTOR
M = ADVECTION ENERGY TERM

E = EVAPORATION FROM MOIST SURFACE AT AIR TEMPERATURE
RA = NET RADIATION

EP = POTENTIAL EVAPORATION

EA = AREAL EVAPORATION

RAM = NET RADIATION

DAYS
DEG C
DEG C

1/DEG C
MB/DEG
W/M/¥/MB

MB/DEG

RADIANS
RADIANS
RADIANS

W/M*M

MM

W/ (M*M)
W/ (M*M)
W/ (MxM)
W/ (M*M)
W/ (M=M)

W/M/M/¥B
MB/DEG

W/ (M*M)
W/ (M*M)
W/ (M*M)
W/ (M*M)
W/ (MxK)
M
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C EPM = POTENTIAL EVAPORATION ) MM
C EAM = AREAL EVAPORATION MM
C XIRR = ANNUAL IRRIGATION
C XINFL = ANNUAL INFILTRATION
Chikhhkkkkhkkkkkkkhkkkhkkkkhkkhhkkikihhkihkihhdhdhkhkkdhidhhkkkthkhidiikk
Chikkkhhkkihkkrk SPECIFICATIOR STATEMENTS *iidkkiikdkikkhkikihkikhhhhkhhkkikk
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, INET , EXTENT ,ADEPTH , PD ,RUNOFF,
& INSITE

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/
Chhkkkkkkkhkkkkkk CONSTANTS Ak hkhkkhkhkhkhkhkhkkhkhkkhkhkkhkkhkkkhkkkkhkitkkkkitkkkkkikkk
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 P1/3.141592654/

GAMMA(1)=0.66*P/1013.

GAMMA(2)=0.66*P/(1013,%1,15)

PHI=PHID*P1/180.

LNQ=-(PPN/(920.*(1013./P-SIN(ABS(PHI))) ) )**5

IF(LNQ.LT.-675.)LNQ=-675.

AZ=.11+,06*EXP(LNQ)

LNZ=-(PHID/38.)**8.

IF(LNZ.LT.-675.)LN2=-675.

LNZZ=-(PHID/6 .)**8

IF(LNZZ,.LT.~675.)LNZZ2=-675.

DO 25 I=1,12

TEAM(1)=0.0

TEPM(1)=0.0

TRAM(I)=0.0

25 CONTINUE
IF(T(1) .GE. 0.0) CONS(I) =1
IF(T(1) .LT. 0.0) CONS(I) =2
30 CONTINUVE
Chakkhkkkkhkhkkhkhkihk CALCULATIONS AXRAAAAARARRARARARARARAAAAAARRA A AR A AR AR A&
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DO 60 I=l .12
MONNUM=1
J=CONS(I)
V = 6.11%EXP(ALPHA(J) * T(I)/(T(I)+BETA(J)))
DELTA = ALPHA(J)*BETA(J)*V/(T(1)+BETA(J))**2.0
VD=6 .11*EXP(17 .27*TD(1)/(TD(1)+237.3))
TRETA=23.2*P1/180.*SIN( (29 . 5*MONNUM-94.)*P1/180.)
IF(THETA.LT.PHI-89.999*P1/180.) THETA=PHI-89.999%*P1/180.
IF(THETA .GT.PHI+89.999*P1/180.) THETA=PHI+89.999%P1/180.
ACOM=-TAN(PHI ) *TAN(THETA)
ACOM=-(SIN(PHI)/COS(PHI).)*SIN(THETA)/COS(THETA)
IF(ACOM,.LT.~1.)ACOM=-1,
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=P1/2.
GO TO 103
102 OMEGA=ATAN(SQRT((1.-ACOM**2)/ACOM**2))
103 C0SZ=SIN(PHI)*SIN(THETA)+COS(PHI)*COS(THETA)*SIN(OMEGA)/OMEGA
NETA=1 .+SIN((29.5*MONNUM-106.)*P1/180.)/60.
GE=1354 ., *COSZ*OMEGA/ (PI *NETA*NETA )
ZENA=ABS(PHI-THETA)
AL=AZ*(EXP(.855)-EXP((ZENA)*1.71/PI)*(COS(ZENA)*1.71/
*PI+SIN(ZENA)))/(1.296*(1 .-SIN(ZENA)))
AU=AL+ADEL(J)
DUST=( .47 +(COS(PHI-THETA) ) **2)*EXP((P-1013.)*(.17-AZ)*84.2/1013.)
W=VD/(.49+T(1)/129.)
LNX=((-.089*(P/(C0SZ*1013.) )**,75)-(.083*(DUST/COSZ)**.9)
*~(.0288%(W/COSZ)**.6))
IF(LNX.LT.-675.)LNX=-675.
IF(LNX.GT.700.)LNX=700.
TAUT=EXP(LNX)
LNY=(-.05-.01*(DUST/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)**] .8~ .0288+(W/COSZ)**,6)
IF(LNY.LT.LNX)LNY=LNX
TAUA=EXP(LNY)
GO=GE*(TAUT+TAUT*(1.-TAUT/TAUA)* ( 1+AL*TA(T))
G=GO*((.28+.1*EXP(LNZ)- .04%EXP(LNZZ))*
*(1.-8(1))+8(I1))
cc=1.-(G/GE-.18)/.55
IF(CC.LT.0.)CC=0.
IF(CC.GT.1.)CC=1,
=CC**,75
WFCS=.25-,005%(V-VD)
IF(WFCS.LT.0.)WFCS=0.
B=5.22%((273.4T(1))**4*x(1.-(.707+VD/158.)*(1.+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=GAMMA ( J) +20 .88*(T(I)+273.)**3./(FA*10.%*8.)
D=1./(1 .+LAMDA/DELTA)
KSI=.26+1./(1.+(LAMDA*( LAMDA+ .S*DELTA*(1.+VD/V)))/(DELTA*(LAMDA+
*DELTA*VD/V)))

MU=KSI-D

M= .66%B- .44%RAT

IF(M.LT.0.)M=0.

E=FA*(V-VD)

IF(E.LT.( . 7*KSI*M+MU*RAL)/(1.-D))E=( .7*KSI*M+MU*RAL)/(1.-D)
IF(M.GT.((1.~D)*E-MU*RAL)/KSI)M=((1.~D)*E-MU*RAL)/
*KSI

RA=RAU

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=N(MONNUM)*EP/L(J)

RAM=N(MONNUM) *RA/L(J)

N(2)=28

FAM=FLOAT(IFIX(EAM+.5’ )

EPM=FLOAT(IFIX{EPM+.,5))

RAM=FLOAT(IFIX(RAM+.5))

TEAM(MONNUM) = TE/M(MONNUM) + EAM
TEPM(MONNUM) = TEPM(MONNUM) + EPM
TRAM(MONNUM) = TRAM(MONNUM) + RAM
IF(MONNUM .EQ. 12) YEAR = YEAR + 1

60 CONTINUE

ChEAI KA IR AR A KRR T EAEE AR A AR AR AR A A AR R AR AR AEAARAAR AR A AR A A A AR A AR A AR kA kk

EAM1YR=0.0
RAM1YR=0.0
EYMIYR=0.0
EAM1YR = EAMIYK + TEAM(I)
EPM1YR = EPMIYR + TEPM(I)
RAMIYR = RAMIYR + 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('0','**%x CALCULATED SITE INFILTRA.ION LESS THAN',

& ' ZERO, INFILTRATION SET TO 1.0E-12 ')

IF(SINFL .LT. 0.)SINFL=1.0E-5

RETURN

END

OO0

DOUBLE PRECISION FUNCTION FCN(T)
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FCN DETERMINES FUNCTIONAL EVALUATIONS OF
THE INTEGRAND OF THE GROUNDWATER TRANSPORT MODEL.
FCN IS CALLED BY QUANCS.

OO OOOOO0

IMPLICIT REAL*8(A-H,0-Z)

[}

COMMON/DOUBLE/V,XL,D,R,AL

DATA PI/3.14159265D0/
P=V*XL/D

DN=AL*XL/V

TH=T*V/XL
F1=(R/TH-1.D0)
F2=P*TH/4.0D0O/R
F3=DN*TH
F4=(R*P/P1/TH**3)**,5
FCN=.5D0*V/XL*F4*DEXP(-F3~F2*F1+F1)
RETURN

END

anon

SUBROUTINE FOOD(IN)

*k*%% CALCULATION OF RADIONUCLIDE CONCENTRATION IN VEGETABLES, MILK AND
MEAT CONSUMED BY MAN RESULTING FROM ATMOSPHERIC DEPOSITION
CALLED BY MAIN,

INPUT VARIABIES

NN = NUCLIDE NUMBER

DECAY = RADIOACTIVE DECAY CONSTANT 1/Y

XAMBWE = WEATHER DECAY CONSTANTE 1/H
AIRBORNE MATERIAL

PP = SURFACE DENSITY FOR SOIL KG/M**2

RA = RETENTION FRACTION

BV = CONCENTRATION FRACTION FOR UPTAKE OF RADIONUCLIDE

OO0 OO0 0O00O00000

FROM SOIL BY VEGETATIVE PARTS OF CROPS
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BR

DERATE = RADIONUCLIDE DEPOSITION RATE

IOPT

Y1

Y2

TEl
TE2
TH1
TH2
TH3
THS
THS
TH6

FP
FS

FMC
FMG
QFC
QFG
TF1
TF2
FF

TS

ABSH
P14

= CONCENTRATION FRACTION FOR UPTAKE OF RADIONUCLIDE

251

FROM SOIL BY REPRODUCTIVE PARTS OF CROPS

OPTIONS FOR SPECIALS RADIONUCLIDES H-3 AND C-14
IOPT

IOPT = 2 IF ONLY H-3 IS INCLUDED
IOPT = 3 IF ONLY C-14 1S INCLUDED
IOPT = 4 IF BOTH ARE 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

FERIOD DELAY BETWEEN HARVEST OF STORED FEED AND
INGESTION BY ANIMAL

PERIOD DELAY BEIWEEN HARVEST OF LEAFY VEG AND
INGESTION BY MAN FOR MAXIMUM INDIVIDUAL EXPOSURE
PERIOD DELAY BEIWEEN HARVEST OF PRODUCE AND
INGESTION BY MAN FOR MAXIMUM INDIVIDUAL EXPOSURE
TIME DELAY BETWEEN HARVEST LEAFY VEG AND
INGESTION BY MAN FOR GENERAL POPULATION EXPOSURE
TIME DELAY BETWEEN HARVEST OF PRODUCE AND
INGESTION BY MAN FOR GENERAL POPULATION EXPrSURE
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 LITER OF MILK

= FRACTION OF THE GOAT'S DAILY INTAKE OF

RADIONUCLIDE WHICH APPEARS IN EACH LITER 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 RADIONUCLILCE FROM
FEED-MILK-RECEPTOR FOR G.P.E,

FRACTION OF THE ANIMAL'S DAILY INTAKE OF
RADIONUCLIDE WHICH APPEARS IN EACH KG OF FLESH
TIME FROM SLAUGHTER OF MEAT TO CONSUMPTION
ABSOLUTE HUMIDITY OF THE ATMOSPHERE

FRACTIONAL EQUILIBRIUM RATIO FOR C-14

INTERMEDIATE VARIABLES
XAMBEF= EFFECTIVE DECAY CONSTANT

CPAST
CSTO
CFEED

NUCLIDE CONC IN PASTURE GRASS CONSUMED BY ANIMALS
NUCLIDE CONC IN STOKED FEED CONSUMED BY ANIMALS
RADIONUCLIDE CONCENTRATION IN ANIMALS'S FEED

OUTPUT VARIABLES

PCI/M*x*x2-H

1 IF H-3 AND C-14 IS NOT INCLUDED IN THIS RUN

KG/M**x2
KG/M*+2
H
H

H

p/L
b/L
KG/D
KG/D
H

H
D/KG

H
G/Mw%3
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(g}

a0

a0

N
W
Ny

CL1 = RADIONUCLIDE CONC IN LEAFY VEG CONSUMED BY MAR

FOR M.I.E. PCI/KG
CL2 = RADIONUCLIDE CONC IN LEAFY VEG CONSUMED BY MAN

FOR G.P.E. PCI1/KG
CPl =~ RADIONUCLIDE CONC IN PRODUCE CONSUMED BY MAN

FOR M.I.E. PCI1/KG
CP2 = RADIONUCLIDE CONC IN PRODUCE CONSUMED BY MAN

FOR G.P.E. PCI/KG
CCMI1 = RADIONUCLIDE CONC IN COW'S MILK FOR M.I.E. PCI/L
CCMI2 = RADIONUCLIDE CuL:C IN COW'S MILK FOR G.P.E. PCI/L
CGMI1 = RADIONUCLIDE CONC IN GOAT'S MILK FOR M.I.E. PCI/L
CGMI2 = RADIONUCLIDE CORC IN GOAT'S MILK FOR G.P.E. PCI/L
CMEAT = RADIONUCLIDE CORC IN BEEF CATTLE'S MEAT PCI/KG

DOUBLE PRECISION NUCLID,H3,Cl4

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) ,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) ,SOL(40),
FF(40) ,RA(40) ,RW(40),BV(40) ,BR(40) ,DERATE( 40) ,CWAT(40)

[0 - o0 - -

COMNIIRRFOOI'YI .YZ .ml .TEZ oml .mz lm3 .ml‘ -THS 0m6 .FP DPSO
ULEAFY,UPROD,UCMILK ,UGMILK ,UMEAT ,UNAT,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) ,C0L2(40) ,COP1(40) ,COP2(40),
COCMI1(40),COCMI2(40),COoGMI1(40),COGMI2(40),
COMEAT(40) ,QING(40) ,QINH(40) ,POP,

CSP(40) ,CSPT(40) ,CSPO(40) ,CSPOT(40)

Lo a0 - - - oo -]

COMMON/FUNC/XAMBWE, F1,PP,WIRATE,
& QCW.QGW,QBW,ABSH, P14

DATA H3/8HH-3 /.Cl4/8HC-14 /
DECA=DECAY(NN)/8760.
IF(NUCLID(NN) .EQ. H3) GO TO 200
IF(NUCLID(NN) .EQ. Cl4) GO TO 300
CALCULATION OF CPAST= RADIONUCLIDE CONCENTRATION IN PASTURE GRASS
CONSUMED BY ANIMALS
100 B=BV(NN)
CPAST=CV(NN,Y1,TE1,TH1,B)
CALCULATION OF CSTO = RADIONUCLIDE CONCENTRATION IN STORED FEED
CONSUMED BY ANIMALS
CSTO=CV(NN,Y1,TEl ,TH2,B)
CALCULATION OF CFEED = RADIONUCLIDE CONC IN ANIMAL'S FEED
CFEED=FP*FS*CPAST+(1 .0~FP*F§)*CSTO
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C+** CALCULATION OF CLX = RADIONUCLIDE CONC IN LEAFY VEG CONSUMED

C BY MAN

Ctx%x 1. FOR MAXIMUM INDIVIDUAL EXPOSURE
CLI(NN)=CV(NN.Y2.TEZ.TH3 .B)

C

Cx** 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

Ck**x ], 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

Cxx*  CALCULATION OF CCMIX = RADIONUCLIDE CONCENTRATION IN COW'S MILK

Ck**x ] FOR MAXIMUM INDIVIDUAL EXPOSURE
CCM11 (NN)=FMC(NN) *CFEED*QFC+*EXP(-DECA*TF1)

C

Cik** 2 FOR GENERAL POPULATION
CCMI2(NN)=FMC(NN)*CFEED*QFC*EXP(-DECA*TF2)

c
Ckkkx  CALCULATION OF CGMIX = BADIONUCLIDE CONCENTRATION IN GOAT'S MI.K
c 1 FOR MAXIMUM INDIVIDUAL EXPOSURE
CGMI1 (NN)=FMG (NN ) *CFEED*QFG+*EXP( -DECA*TF1)
C

C*¥** 2 FOR GENERAL POPULATION
CGMI 2( NN) =FMG( NN) *CFEED*QFG*EXP( -DECA*TF 2)

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=3.7SE14%ATAVG(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

CCMI1(NN)=FMC(NN)*CV3*QFC

CCMI2(NN)=CCMI1(NN)

CGMI1(NN)=FMG(NN)*CV3*QFG

CGMI2(NR)=CGMI1(NN)

CMEAT(NN) =FF ( NN) *CV3*QFC

RETURN
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c
Cx*x*x  CALCULATION FOR SPECIAL RADIONUCLIDE: CARBON-14
c
Cx**  CALCULATION OF CVl4 = C-14 CONCENTRATION IN ALL VEGETATION
300 CV14=6.875EL4*ATAVG(NK)*Pl4
Cx**  CALCULATION OF C-14 CORCENTRATIOR IN VEGETATION, MILK AND MEAT
c CONSUMED BY MAN
CL1(NN)=CV14
CL2(NN)=CV14
CP1(NR)=CV14
CP2(RN)=CV14
CCMI1 (NN) =FMC(NN)*CV14*QFC
CCMI2(NN)=CCMI1(NKR)
CGMI1 (NN) =FMG ( NN) *CV142QFG
CGMI2(NN)=CGMI]1(NR)
CMUAT(KK) =FF (NN) *CV14*QFC

RETURN
END
c
c
c
SUBROUTINE FOODA(NN)
c
c
C
Cx*%x% CALCULATIOR OF RADIONUCLIDE CONCENTRATION IN VEGETABLES, MILK AND

MEAT CONSUMED BY MAN RESULTING YROM ATMOSPHERIC DEPOSITION
CALLED BY MAIN.

INPUT VARIABLES

NN = NUCLIDE NUMBER
DECAY = RADIOACTIVE DECAY CONSTANT 1/Y
XAMBWE = WEATHER DECAY CONSTANTE 1/R
AIRBORNE MATERIAL
PP = SURFACE DENSITY FOR SOIL KG/Ma*2
RA = RETENTION FRACTION
BV = CONCENTRATION FRACTION FOR UPTAKE OF RADIONUCLIDE
FROM SOIL BY VEGETATIVE PARTS OF CROPS
BR = CONCENTRATION FRACTION FOR UPTAKE OF RADIONUCLIDE

FROH SOIL BY REPRODUCTIVE PARTS OF CROPS
DERATE = RADIONUCLIDE DEPOSITION RATE PCI/M**2-H
I0PT = OPTIONS FOR SPECIALS RADIONUCLIDES H-3 AND C-14

QAN 0O0O0O0O0

I0PT = 1 IF H-3 AND C-14 IS NOT INCLUDED IN THIS RUR
IOPT = 2 IF ONLY H-3 IS INCLUDED

I10PT = 3 IF ONLY C-14 IS INCLUDED

I0PT = 4 IF BOTH ARE INCLUDED
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Yl

Y2

TEl
TE2
TH]
TH2
TH3
THA
TH5
TH6

FP
FS

FMC
FMG
QFC
QFG
TF1
TF2
FF

15

ABSH
P14
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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 DEIAY BEIWEEN HARVEST OF LEAFY VEG AND
INGESTION BY MAN FOR MAXIMUM INDIVIDUAL EXPOSURE
PERIOD DELAY BETWEEN HARVEST OF PRODUCE AND
INGESTION BY MAN FOR MAXIMUM INDIVIDUAL EXPOSURE
TIME DELAY BETWEEN HARVEST LEAFY VEG AND
INGESTION BY MAK FOR GENERAL POPULATION EXPOSURE
TIME DELAY BETWEEN HARVEST OF PRODUCE AND
INGESTION BY MAN FOR GENERAL POPULATION EXPOSURE
FRACTION OF YEAR THAT ANIMAL GPAZE 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 LITER OF MILK
FRACTION OF THE GOAT'S DAILY INTAKE OF
RADIONUCLIDE WHICH APPEARS IN EACH LITER 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 OF
RADIONUCLIDE WHICH APPEARS IN EACH KG OF FLESH
TIME FROM SLAUGHTER OF MEAT TO CONSUMPTION
ABSOLUTE HUMIDITY OF THE ATMOSPHERE

FRACTIONAL EQUILIBRIUM RATIO FOR C-14

INTERMEDIATE VARIABLES

XAMBEF
CPAST
CSTO
CFEED

EFFECTIVE DECAY CONSTANT

NUCLIDE CONC IN PASTURE GRASS CONSUMED BY ANIMALS
NUCLIDE CONC IN STORED FEED CONSUMED BY ANIMALS
RADIONUCLIDE CONCENTRATION IN ANIMALS'S FEED

OUTPUT VARIABLES

CLl

CL2

CPl

CP2

RADIONUCLIDE CONC IN LEAFY VEG CONSUMED BY MAN
FOR M,I.E.

RADIONUCLIDE CONC IN LEAFY VEG CONSUMED BY MAN
FOR G.P.E.

RADIONUCLIDE CONC IN PRODUCE CONSUMED BY MAN
FOR M,.I.E.

RADIONUCLIDE CONC IN PRODUCE CONSUMED BY MAN
FOR G.P.E.

KG/M#**2
KG/M**2
H
H

|34

D/L
D/L

KG/D
KG/D

D/KG

G/M**3

PCI/KG
PCI/KG
PCI/KG

PCI/KG
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CCMI1
cCcMI2
CGMI1
CGMI 2
CMEAT

RADIONUCLIDE CONC IN COW'S MILK FOR M.I.E. PCI/L
RADIONUCLIDE CONC IN COW'S MILK FOR G.P.E. PCI/L
RADIONUCLIDE CONC IN GOAT'S MILK FOR M.I.E. PCI/L
RADIONUCLIDE CONC IN GOAT'S MILK FOR G.P.E. PCI/L
RADIONUCLIDE CONC IN BEEF CATTILE'S MEAT PCI/KG

QOO OOO

DOUBLE PRECISION NUCLID,B3,Cl4

(>}

COMMON/NUC/RUCLID(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) ,ATRCOR(40) ,YS0(40) ,SOAVG(40) ,
AQCON(40) , STCON(40) ,ATCON(40) ,AQAVG( 40) , STAVG(40),
ATAVG(40) ,FMC(40) ,FMG(40) ,DECAY(40) ,XXD(4,40) ,SO0L(40),
FF(40) ,RA(40) ,EW(40) ,BV(40) ,BR(40) ,DERATE(40) , CWAT(40)

e

COMMON/IRRFO0/Y1,Y2,TEl ,TE2,TH] ,TH2,TH3,THS , TH5 , TH6 ,FP,FS,
ULEAFY,UPROD, UCMILK , UGMILK ,UMEAT,UWAT,UAIR,
QFC,Q?G,TF1,TF2,TS,CL1(40) ,CL2(40) ,CP1/40) ,CP2(40),
CCMI1(40),ccMI2(40) .CGMY1(40) , CGMI2(40),

CMEAT(40) ,COL1(40) ,COL2(40) ,COP1(40) ,COP2(40),
cocM11(40) ,cocMI2(40) ,COGMI L (40) ,COGMI2(40),
COMEAT(40) ,QTNG(40) ,QINH(40) ,POP,

CcSP(40) ,CcSPT(40) ,CSPO(40) ,CSPOT(40)

roerrere R

COMMON/FUNC/XAMBWE,FI,PP,WIRATE,
& QCW,QGW,QBW,ABSH,P14

DATA H3/8HH-3 / +Cl4/8HC-14 /
IFLAG=0
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=CVA(NN,Y1,TEl,TH1 ,B, IFLAG)
c CALCULATION OF CSTO = RADIONUCLIDE CONCENTRATION IN STORED FEED
c CONSUMED BY ANIMALS
IFLAG=1
CSTO=CVA(NN,Y1,TE1,TH2,B,IFLAG)
c CALCULATION OF CFEED = RADIONUCLIDE CONCENTRATION IN ANIMAL'S FEE
CFEED=FP*FS*CPAST+(1.0-FP*F8)*#CSTO
c
Ca*% CALCULATION OF CLX = RADIONUCLIDE CONC IN LEAFY VEG CONSUMED
c BY MAN
Ca#x 1, FOR MAXIMUM INDIVIDUAL EXPOSURE
IFLAG=1
CL1(NN)=CVA(NN,Y2,TE2,TH3,B,IFLAG)
c
Ca#% 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 COKC IN PRODUCE
c CONSUMED BY MAN
Cxx+ ], FOR MAXIMUM INDIVIDUAL EXPOSURE
B=BR(NN)
IFLAG=1
CP1(NN)=CVA(NN,Y2,TE2,TH4 ,B, IFLAG)
C
C+**x 2, FOR GENERAL POPULATION
1FLAG=1
CP2(NN)=CVA(NN,Y2,TE2,TH6 ,B, IFLAG)
c

Crax  CALCULATION OF CCMIX = RADIONUCLIDE CONCENTRATION IN COW'S MILK
Cx*x ] FOR MAXTMUM INDIVIDUAL EXPOSURE
CCMI1(NN)=FMC(NN)*CFEED*QFC*EXP( -DECA*TF1)

Cxx*x 2 FOR GENERAL POPULATION
CCMI 2( NN) =FHC (KN) *CFEED*QFC*EXP( -DECA*TF2)

c
C+++  CALCULATION OF CGMIX = RADIONUCLIDE CONCENTRATION IN GOAT'S MILK
C 1 FOR MAXIMUM INDIVIDUAL EXPOSURE
CGMI1 ( NN) =FMG( NN) *CFEED*QFG*EXP( -DECA*TF1)
c

Cx*+ 2 FOR GENERAL POPULATION
CGMI2( NN) =FMG(NN) *CFEED*QFG*EXP ( -DECA*TF2)

C++*  CALCULATION OF CMEAT = RADIONUCLIDE CGNC IN BEEF CATTLE'S MEAT
CMEAT ( NN) =FF ( NN) *CFEED*QFC*EXP( -DECA*TS)

RETURN
c
Ck*x*x  CALCULATION FOR SPECIAL RADIONUCLIDE: TRITIUM
C

Cx**x  CALCULATION OF CV3 = TRITIUM CONCENTRATION IN ALL VEGETATION
200 CV3=3.7SEL4*ATCON(NN)/ABSH
Cxk*  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)=FMG(NN) #*CV3*QFG
CGMI2(NK)=CGMI1(NN)
CMEAT(NN) =FF(NN) *CV3*QFC
RETURN
C
C#**  CALCULATION FOR SPECIAL RADIONUCLIDE: CARBON-1l4
c
C**%  CALCULATICN OF CV14 = C-14 CONCENTRATION IN ALL VEGETATION
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300 CV14=6.875E14*ATCON(NN)*P14
C*x*  CALCULATION OF C-14 CONCENTRATION IN VEGETATION, MILK AND MEAT CO
[ BY MAN

CL1(NN)=CV14
CL2(NN)=CV14
CP1(NN)=CV14
CP2(NN)=CV14

CCMI1 (NN) =FMC(NN)*CV14*(
CCMI2(NN)=CCMI1(NN)

CGMI11 (NN) =FMG ( NN) *CV14*QFG
CGMI2(NN)=CGMI1(NN)

CMEAT (NN) =FF (NN) *CV14*QFC
RETURN

END

OO0

SUBROUTINE HUMEX(NN)

CALCULATION OF ANNUAL RADIONUCLIDE INTAKE BY MAN. CALLED BY MAIN

INPUT VARIABLES

NN = RADIONUCLIDE NUMBER
ULEAFY = ANNUAL INTAKE OF LEAFY VEGETABLES (KG/Y)
UPROD = ANNUAL INTAKE OF PRODUCE (KG/Y)

UCMILK = ANNUAL INTAKE OF COW'S MILK(L/Y)

UGMILK = ANNUAL INTAKE OF GOAT'S MILK(L/Y)

UMEAT = ARNUAL INTAKE OF BEEF CATTLE'S MEAT(KG/Y)
UWAT = ANNUAL INTAKE OF DRINKING WATER(L/Y)

UAIR = ANNUAL INHALATION RATE OF AIR(M3/Y)

OUTPUT VARIABLES
QING = ANNUAL INTAKE OF RADIONUCLIDE BY INGESTION OF CONTAMINED
FOOD CONSIDERING ATMOSPHERIC AND AQUATIC PATHWAYS(PCI/Y)

QINH ANNUAL INTAKE OF RADIONUCLIDE BY INHALATION(PCI/Y)

OO0 O0OO0N

DOYBLE PRECISION NUCLID,PNUC

(o]

COMMON/CNTRL/NONCLD ,MAXYR, TITLE(20) ,LOCATE(12) ,NYR] ,NYR2,
PCT1 ,PCT2,LEAOPT, 10PVWV, IOPSAT,I1PRTl ,1PRT2,IDELT,
IRRES1,IRRES2,LIND,IAVG] ,1AVG2,RR,FTMECH,
WWATL,WWATA ,WWATH, SWATL, SWATA , SWATH, IVAP, IBSMT,
TAQSTR

Lol - o0 - I - o

c
‘ COMMON/TRRFON/Y1.Y2.TF1 .TRE2.TH1 .TH? .TH1.TH4 . THS5 . TH6 .FP.FS.




Lol - ol - ol - o B - o J - o B - ]

[l - a3 - - ol - o)

&
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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),CGMIL(40),CCMI2(40),

CMEAT (40) ,COL1(40) ,COL2(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)

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) ,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) ,SOL(40),
FF(40) ,RA(40) ,RW(40) ,BV(40) ,BR(40) ,DERATE(40) ,CWAT(40)

COMMON/PASS/PNUC(40) ,PCON1{40) ,PCONZ2(40) ,PCON3(40),
PCON4(40) ,PPOP,LLIND,LDIST

Cxxx* CALCULATION OF RADIONUCLIDE INTAKE BY CONSUMPTION OF VEGETATION,

C
C

100

200

Chkkk

QOO0

s NsEzEsEsEsNe Kz K2

MILK, MEAT AND DRINKING WATER

CWATH=( WWATH*AQAVG(NN) +SWATH*STAVG(NN) ) *1 .0E9

IF(LLIND ,EQ. 0) GO TO 100

QVEG=(CL2(NN)+COL2(NN) ) *ULEAFY+ (CPZ(NN) +COP2(NN) ) *UPROD

QMILK=( CCMI2(NN)+COCMI2(NN) ) *UCMILK+( CGMI 2(NN)+COGMI Z(NN) ) *UGMILK
GO TO 200

QVEG=(CL1 (NN)+COL1(NN) ) *ULEAFY+ (CP1(NN) +COP1 ( NN) ) *xUPROD
QMILK=(CCMI1(NN)+COCMI1 (NN) ) *UCMILK+(CGMI1(NN)+COGMI1(NN) ) *UGMILK
QMEAT= (CMEAT (NN) +COMEAT (NN) ) *UMEAT

QWAT=CWATH*UWAT

QING(NN)=QVEG+QMILK+QMEAT+QWAT

CALCULATION OF RADIONUCLIDE INTAKE BY INHALATION

COAIR=ATAVG(NN)*1.0E12
QINH(NN)=COAIR*UAIR

SUBROUTINE HUMEXA(NN)

CALCULATION OF ANNUAL RADIONUCLIDE INTAKE BY MAN. CALLED BY MAIN
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INPUT VARIABLES

NN = RADIONUCLIDE NUMBER

ULEAFY = ANNUAL INTAKE OF LEAFY VEGETABLES (KG/Y)

UPROD = ANNUAL INTAKE OF PRODUCE (KG/Y)

UCMILK = ANNUAL INTAKE OF COW'S MILK(L/Y)

UGMILK = ANNUAL INTAKE OF GOAT'S MILK(L/Y)

UMEAT = ANRUAL IKTAKE OF BEEF CATTLE'S MEAT(KG/Y)

UWAT = ANNUAL INTAKE OF DRINKING WATER(L/Y)

UAIR = ANNUAL INHALATION RATE OF AIR(M3/Y)

OUTPUT VARIABLES

QING = ANNUAL INTAKE OF RADIONUCLIDE BY INGESTION OF CONTAMINED
FOOD CONSIDERING ATMOSPHERIC AND AQUATIC PATHUWAYS(PCI/Y)

QINE = ANNUAL INTAKE OF RADIONUCLIDE BY INHALATION(PCI/Y)

DOUBLE PRECISION NUCLID,PNUC

e

COMMON/ CNTRL/NONCLD ,MAXYR, TITLE(20) ,LOCATE(12) ,NYR] ,NYR2,

PCT1,PCT2,LEAOPT, IOPVWV, IOPSAT,IPRT1,IPRT2,IDELT,
IRRES] ,IRRES2,LIND,IAVG]l ,IAVG2 ,BR,FTMECH,
WWATL,WWATA ,WWATH, SWATL , SWATA, SWATH, IVAP,IBSMT,
TAQSTR

COMMON/ IRRFO0O/Y1,Y2,TEl,TE2,TH1 ,TH2 ,TH3 ,TH4 ,TH5 ,TH6 ,FP, FS,

[l ol - a3 - B oI - o B - o)

ULEAFY,UPROD,UCMILK ,UGMILK ,UMEAT ,UWAT,UAIR,
QFC,QFG,TF1,TF2,TS,CL1(40) ,CL2(40) ,CP1(40) ,CP2{40),
CCMI1(40),CCMI12(40), 2GM11(40),CGMI2(40),

CMEAT(40) ,COL1(40) ,COL2(40) ,COP1(40) ,COP2(40),
COCMI1(40),COCMI2(40) ,COGMIL(40),COGMI2(40),
COMEAT(40) ,QING(40) ,QINH(40) ,POP,

CcsP(40) ,CSPT(40),CSPO(40) ,CSPOT(40)

COMMON/NUC/NUCLID{(40) ,ATMASS(40) ,TRAM(40) ,SOAM(40) ,ATAM(40),

o

&

AQAM(40,1000) ,STAM(40) ,POLO( 40) , POLB(40) ,CS(40) ,CW(40)
SSTREM(40) ,SDEEP(40) ,AIRCON(40) ,YS0(40) , SOAVG(40) ,
AQCON(40) ,STCON(40) ,ATCON(40) ,AQAVG(40) ,STAVG(40) ,
ATAVG(40) ,FMC(40) ,FMG(40) ,DECAY (4} ,XKD(4,40) ,SO0L(40),
FF(40) ,RA(40) ,RW(40) ,BV(40) ,BR(40) ,DFRATE(40),CWAT(40)

COMMON/PASS/PNUC(40) ,PCONL (40) ,PCON2(40) ,PCON3(40) ,

PCON4(40) ,PPOP,LLIND,LDIST

Cx*%* CALCULATION OF RADIONUCLIDE INTAKE BY CORSUMPTION OF VEGETATIORN,
MILK, MEAT AND DRINKING WATER

C
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) ) *UPROD
QMILK=(CCMI2(NN)+COCMI2(NN) ) *UCMILK+( CGMI2(NN)+COGMI2(NNK) ) *UGHILK
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GO TO 200
100 QVEG=(CL1(KR)+COL1(NN) ) *ULEAFY+(CP1(NN) +COP]1(NN) ) *UPROD
QMILK=(CCMI1(NN)+COCMI1(NN) ) *UCMILK+( CGMI 1 (NN)+COGMI1(NN) ) *UGMILK
200 QMEAT=( CMEAT(NN) +COMEAT(NN) ) *UMEAT
QWAT=CWATH*UWAT
QING(NN) =QVEG+QMILK+QMEAT+QWAT

c
Cx*++ CALCULATION OF RADIONUCLIDE INTAKE BY iNHALATION
c
COAIR=ATCON(NN)*1.0E12
QINH(NN)=COAIR*UAIR
RETURN
END
C
c
c
SUBROUTINE IRRIG(NN)
c
c
c
Ca*ikx CALCULATION OF RADIONUCLIDE CONCENTRATION IN VEGETABLE, MILK
c AND MEAT CONSUMED BY MAN RESULTI.G FROM WATER IRRIGATION.
C CALLED BY MAIN.
c
c
c
c
c
c INPUT VARIABLES
c
c NN = NUCLIDE NUMBER
c DECAY = RADIOACTIVE DECAY CONSTANTE 1/Y
c XAMBWE = WEATHER DECAY CONSTANTE 1/H
C PP = SURFACE DENSITY FOR SOIL EG/Mn*2
c RW = RETENTION FRACTION
c BV = CONCENTBATION 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
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 I0PT = 1 IF H-3 IS NOT INCLUDED IN THIS RUN
c IOPT = 2 IF H-3 18 INCLUDED
c Yl = AG PRODUCTIVITY FOR GRASS CONSUMED BY ANIMALS KG/Ma*2
c Y2 = AG PRODUCTIVITY FOR VEGETATION CONSUMED BY MAN RG/Mr&2
c TEl = TIME PASTURE GRASS EXPOSED DURING GROWiING SEASON H
c TE2 = TIME CROP/VEG EXPOSED DURING GROWING SEASON H
c THI = PERIOD DELAY BETWEEN HARVEST OF PASTURE GRASS
c AND INGESTION BY ANIMALS H
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PERIOD DELAY BETWEEN HARVEST OF STORED FEED
ARD INGESTION BY ANIMAL

PERIOD DELAY BETWEEN BARVEST OF LEAFY VEGETABLE
AND INGESTION BY MAN FOR M.I.E.

PERIOD DELAY BETWEEN HARVEST OF PRODUCE AND
INGESTION BY MAN FOR M.I.E.

PERIOD DELAY BETWEEN HARVEST OF LEAFY VEG

AND INGESTION BY MAN FOR G.P.E.

PERIOD DELAY BETWEEN HARVEST OF PRODUCE
PERIOD DELAY BETWEEN HARVEST OF LEAFY VEG
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 FACH 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 OF
RADIONUCLIDE WHICH APPEARS IN EACH KG OF FLESH
TIME FROM SLAUGHTER OF MEAT TO CONSUPTION
AMOUNT OF WATER CONSUMED BY COW

AMOUNT OF WATER CONSUMED BY GOAT

AMOUNT OF WATER CONSUMED BY BEEF CATTLE

INTERMEDIATE VARIABLES

XAMBEF=
COPAST=
COPAST=
COFEED=

EFFECTIVE DECAY CONSTANT

D/L

D/L
KG/D
KG/D

D/KG

L/D
L/D
L/D

RADIONUCLIDE CONC IN PASTURE GRASS CONSUMED BY ANIMALS
RADIONUCLIDE CONC IN STORED FEED CONSUMED BY ANIMALS

RADIONUCLIDE CONC IN ANIMALS'S FEED

OUTPUT VARIABLES

CcoLl =
CoL2 =
COPl =
cor2 =
COCMI1=
COCMI 2=
COGMI]=

COGMI 2=
COMEAT=

RADIONUCLIDE CONC IN LEAFY VEG CONSUMED BY MAN
FOR M.I.E.

RADIONUCLIDE CONC IN LEAFY VEG CONSUMED BY MAN
FOR G.P.E.

RADIORUCLIDE CONC IN PROCUCE CONSUMED BY MAN
FOR M.31.E.

RADIONUCLIDE CONC IN PRODUCE CONSUMED BY MAN
FOR G,P.E,

RADIONUCLIDE CONC IN COW'S MILK FOR M.I.E,
RADIONUCLIDE CONC IN COW'S MILK FOR G.P.E.
RADIONUCLIDE CONC IN GOAT'S MILK FOR M.I.E.
RADIONUCLIDE CORC IN GOAT'S MILK FOR G.P.E.
RADIONUCLIDE CONC IN BEEF CATTLE'S MEAT

DOUBLE PRECISION NUCLID,H3,Clé4

PCI/KG
PCI/KG
PCI/RG

PC1/KG
PCI/L
PC1/L
PCI/L
PCI/L
PCI/KG
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c
COMMON/CNTRL/NONCLD , MAXYR, TITLE( 20) ,LOCATE(12) ,NYR1 ,NYR2,
& PCT1,PCT2,LEAOPT,IOPVWV, IOPSAT,IPRT1,IPRT2,IDELT,
& IRRES1,IRRES2,LIND, IAVGl , 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),POLE(40),CS(40),CW(40),
& SSTREM(40) ,SDEEP(40) ,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) ,SOL(40),
& FF(40),RA(40) ,RW(40),BV(40) ,BR(40) ,DERATE (40) , CWAT(40)
c
COMMO,./ IRRFO0/Y1,Y.,T£1 ,TE2,TH] ,TH2 , TH3 , TH4 ,TH5, TH6 ,FP,FS,
& ULEAFY,UPROD,UCMILK ,UGMILK,UMEAT , UWAT,U..IR,
& 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),
& COCMI1(40),COCMI2(40),COGMIL1(40),COGMI2(40),
& COMEAT(40) ,QING(40) ,QINH(40) ,POP,
& CSP(40),CSPT(40),CSPO(40) ,CSPOT(40)
c
COMMNN/FUNC/XAMBWE,FI,PP,WIRATE,
& QCW,QGW,QBW,ABSH,P14
c
DATA R3/8HH-3 /
DECA=DECAV(NN)/8760.
CWATA=( WWATA*AQAVG(NN) +SWATA*STAVG(NN) ) *1 .0E9
CWATL=(WWATL*AQAVC(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,Y1,TEl,IH1,B)
c CALCULATION OF COSTO = RADIONUCLIDE CONC IN STORED FEED CONSUMED
c BY ANIMALS
COSTO=COV(NN,Y1,TEl ,TH2,B)
c CALCULATION OF COFEED = RADIONUCLIDE CONC IN ANIMAL'S FEED
COFEED=FP*FS*COPAST+(1 .0-FP*FS)*COSTO
c

Cx**x  CALCULATION OF COPLX = RADIONUCLIDE CONCENTRATION IN LEAFY

c VEGETABLE CONSUMED BY MAN

Ctx* 1, FOR MAXIMUM INDIVIDUAL EXPOSURE
COL1(NN)=COV(NN,Y2,TE2,TH3,B)

c

Cx** 2, FOR GENERAL POPULATION EXPOSURE
COL2(NN)=COV(NN,Y2,TE2,TH5,B)

c
Cx** CALCULATION OF COPX = RADIONUCLIDE CONC IN PRODUCE CONSUMED
c BY MAN

Cxx%x 1. FOR MAXIMUM INDIVIDUAL EXPOSURE
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B=BR(NN)
COP1(NK)=COV(NK,Y2,TE2,TH4,B)
c
c
_ Cx*% 2. FOR GENERA' POPULATION
; COP2(NN)=COV(NN,Y2,TE2,TH6,B)
. Cx** CALCULATION OF COCIX = RADIONUCLIDE CONCENTRATION IN COW'S MILK
; Cx** 1, FOR MAXIMUM INDIVIDUAL EXPOSURE
! COCMI] (BN)=FMC(NN) *( COFEED*QFC+CWATA*QCW ) *EXP( -DECA*TF1)
c
Ck+%x 2, FOR GENERAL POPULATION
COCMI2(NN)=FMC(NR)*( COFEED*QFC+CWATA*QCW ) *EXP( ~DECA+TF2)
c
C*x**  CALCULATION OF COGMIX = RADIONUCLIDE CONCENTRATION IN GOAT'S MILK
Cxx*x 1, FOR MAXIMUM INDIVIDUAL EXPOSURE
COGMI 1 (NK)=FMG ( NN) *( COFEED*QFG+CWATA*QGW) *EXP (-DECA*TF1,

Cxxx 2, FOR GENERAL POPULATION
COGMI 2 (NN)=FMG ( NN) *( COFEED*QFG+CWATA*QGW) *EXP( -DECA*TF2)
c
Cxk*x  CALCULATION OF COMEAT = RADIONUCLIDE CONC IN BEEF CATTLE'S MEAT
COMEAT ( NN) =FF ( NN) * ( COFEED*QFC+CWATA*QBW) *EXP ( -DECA*TS)
RETURN
C
Cit*x  CALCULATION FOR SPECIAL RADIONUCLIDE: TRITIUM
C TRITIUM CONC IN VEGETATION = TRITIUM CORCENTRATION IN ANIMAL'S
C FEED = TRITIUM CONCERTRATION IN WATER = CWATL
Cx**  CALCULATION OF H-3 CONCENTRATION IN VEGETATION, MILK AND MEAT CON
c BY MAN
200 COL1(NN)=CWATL
COL2(NN) =CWATL
COP1(NN)=CWATL
COP2(NN) =CWATL
COCMIL (NN)=FMC(NN) * (CWATL #QFC+CWATA*QCW)
COCMI 2(NN)~=COC'{I1(NN)
COGM11 (NN)=5MG(NN) *( CWATL*QFG+CWATA*QGW)
COGMI 2(NN)=COGMI1 (NN)
COMEAT (NN) =FF (NN) * (CWATL*QFC+CWATA*QCW)
RETURN
END

anon

SUBROUTINE IRRIGA(NN)

#*kk%% CALCULATION OF RADIONUCLIDE CONC IN VEGETABLE, MILK AND MEAT
CONSUMED BY MAN RESULTING FROM WATER IRRIGATION.
CALLED BY MAIN,

OO0
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INPUT VARIABLES

NN = NUCLIDE NUMBER
DECAY = RADIGACTIVE DECAY CONSTANTE 1/Y
XAMBWE = WEATHER DECAY CONSTANTE 1/d
PP = SURFACE DENSITY FOR SOIL KG/M*%2
— = RETENTION FRACTIOR
BV = CONCENTRATION FRACTION FOR UPTAKE OF RADIONUCLIDE
FROM SOIL BY VEGETATIVE PARTS OF CROPS
BR = CONCENTRATION FRACTION FOR UPTAKE OF RADIONUCLIDE
FROM SOIL BY REPRODUCTIVE PARTS OF CROPS
FI =FRACTIOR OF THE YEAR CROPS ARE IRRIGATED
WIRATE= IRRIGATION RATE L/M%*2-H
CWAT = RADIONUCLIDE CONCENTRATION IN WATER PCI/L
IOPT = OPTIONS FOR SPECIAL RADIONUCLIDE H-3
IOPT = 1 IF H-3 IS NOT INCLUDED IN THIS RUN
IOPT = 2 IF H-3 IS INCLUDED
Y1 = AG PRODUCTIVITY FOR GRASS CONSUMED BY ANIMALS KG/M#k2
Y2 = AG PRODUCTIVITY FOR VEGETATION CONSUMED RY MAN KG/M#*2
TEL = TIME PASTURE GRASS EXPOSED DURING GROWING SEASON H
TE2Z = TIME CROP/VEG EXPOSED DURING GROWING SEASON H
TH1 = 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 DELAY BETWEEN HARVEST OF LEAFY VEGETABLE
AND INGESTION BY MAN FOR M.I.E. H
TH4 = PERIOD DELAY BETWEEN HARVEST OF PRODUCE AND
INGESTION BY MAN FOR M.I.E, H
TH5 = PERIOD DELAY BETWEEN HARVEST OF LEAFY VEG
AND INGESTION BY MAN FOR G.P.E. H
TH6 = PERIOD DELAY BETWEEN HARVEST OF PRODUCE
TH5 = PERIOD DELAY BETWEEN HARVEST OF LEAFY VEG
FP = FRACTION OF YEAR THAT ANIMAL GRAZE ON PASTURE
FS = FRACTION OF DAILY FEED THAT 1S FRESH GRASS WHEN
ANIMALS GRAZE ON PASTURE
FMC = FRACTION OF THE COW'S DAILY INTAKE OF
RADIONUCLIDE WHICH APPEARS IN EACH L OF MILK D/L
FMG = FRACTION OF THE GOAT'S DAILY INTAKE OF
RADIONUCLIDE WHICH APPEARS IN EACH L 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. R
TF2 = TRANSPORT TIME OF RADIONUCLIDE FROM
FEED-MILK-RECEFTOR FOR G.P.E. H
FF = FRACTION OF THE ANIMAL'S DAILY INTAKE OF

RADIONUCLIDE WHICH APPEARS IN EACH KG OF FLESH D/KG
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TIME FROM SLAUGHTER OF MEAT TO CONSUPTION
AMOUNT OF WATER CONSUMED BY COW

AMOUNT OF WATER CONSUMED BY GOAT

AMOUNT OF WATER CONSUMED BY BEEF CATTLE

INTERMEDIATE VARIABLES

XAMBEF=
COPAST=
COPAST=
COFEED=

EFFECTIVE DECAY CONSTANT
RADIONUCLIDE CONC IN PASTURE GRASS CONSUMED BY ANIMALS
RADIONUCLIDE CONC IN STORED FEED CONSUMED BY ANIMALS

RADIONUCLIDE CONC IN ANIMALS'S FEED

OUTPUT VARIABLES

CoLl

CoL2

corPl =

coP2 =

COCMIl=
COCMI2=
COGMI1=
COGMI2=
COMEAT=

DOUBLE PRECISION NUCLID,H3,Cl4

COMMON/CNTRL/ NONCLD , MAXYR, TITLE( 20) ,LOCATE(12) ,NYR1 ,NYR2,
PCT1,PCT2,LEAOPT,IOPVWV,10PSAT,IPRT] ,IPRT2,IDELT,

RADIONUCLIDE
FOR M.I1.E.
RADIONUCLIDE
FOR G.P.E.
RADIONUCLIDE
FOR M.I1.E.
RADIONUCLIDE
FOR G.P.E.
RADIONUCLIDE
RADIONUCLIDE
RADIONUCLIDE
RADIONUCLIDE
RADIONUCLIDE

CONC
CONC
CONC
CONC
CONC
CONC
CORC

CONC
CONC

IN
IN
IN
IN
IN
IN
IN

IN
IN

LEAFY VEG CONSUMED BY MAN
LEAFY VEG CONSUMED BY MAN
PROCUCE CONSUMED BY MAN
PRODUCE CONSUMED BY MAN
COW'sS MILK FOR M.I.E.
COW's MILK FOR G.P.E.
GOAT'S MILK FOR M.I.E.

GOAT'S MILK FOP. G.P.E.
BEEF CATTLE'S MEAT

&

& IRRES] , IRRES2,LIND, IAVG] , IAVG2 ,RR, FTMECH,

& WWATL, WWATA ,WWATH, SWATL , SWATA , SWATH, IVAP, IBSMT,
& IAQSTR

COMMON/NUC/NUCLID(40) ,ATMASS(40) , TRAM(40) ,SOAM(40) ,ATAM(40) ,

[0 - ol - B - o - o)

COMMON/ IRRFO0/Y1,Y2,TEl ,TE2,TH1 ,TH2, TH3 ,TH4 , THS , 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) ,COL1(40),COL2(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)

L-a B "o BN - T - o0 - o - o - o

L/D
L/D
L/D

PCI/KG
PCI/KG
PCI/KG

PCI/KG
PCI/L
PCI/L
PCI/L
PCI/'L
PCI/KG

AQAM(40,1000) ,STAM(40) ,POLO(40) ,POLB(40) ,CS(40),CW(40),
SSTREM(40) ,SDEEP(40) ,AIRCON(40) ,YSO(40) , SOAVG(40),
AQCOK(40) ,STCON(40) ,ATCON( 40) 4AQAVG(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)
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c
COMMON/FUNC/XAMBWE,F1,PP,WIRATE,
& QCW,QGW,QBW,ABSH, P14
c
DATA H3/8HH-3 /
IFLAG=0
DECA=DECAY(NN)/8760.
CWATA=( WHATA*AQCON( NK) +SWATA*STCON(NN) ) *1 .0E9
CWATL=(WWATL*AQCON( NN) +SWATL*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,Y1,TE1,TH1 ,B,IFLAG)
C CALCULATION OF COSTO = RADIONUCLIDE CONC IN STORED FEED CONSUMED
c BY ANIMALS
IFLAG=1
COSTO=COVA(NN,Y1,TE1l ,TH2,B,IFLAG)
C CALCULATION OF COFEED = RADIONUCLIDE CONC IN ANIMAL'S FEED
COFEED=FP*FS*COPAST+(1.0-FP*FS)*COSTO
c

Cx**+ CALCULATION OF COPLX = RADIONUCLIDE CONCENTRATION IN LEAFY
c VEGETABLE CONSUMED BY MAN
Cx*+ 1, FOR MAXIMUM INDIVILUAL EXPOSURE

IFLAG=1

COL1(NN)=COVA(NN,Y2,TE2 ,TH3,B, IFLAG)

C
C***x 2, FOR GENERAL POPULATION EXPOSURE
IFLAG=1
COL2(NN)=COVA(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 .
COP1 (NN)=COVA(NN,Y2,TE2 4TH4 4B, IFLAG)
c
c
C**%x 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+*x 1, FOR MAXIMUM INDIVIDUAL EXPOSURE
COCMI1(NN)=FMC(NN)*( COFEED*QFC+CWATA*QCW) *EXP( -DECA*TF1)
c
C**x 2, FOR GENERAL POPULATION
COCMI2(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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Cr+x 2, FOR GENERAL POPULATION

20

c
c
C

c

C

Chix
Chak
Corex
Chis
Chksk
Chrksk
Chkk
Coas
Chik
Chax
Chnrk
Chiw
Chrkk
(3 22
Cheksk
Chak
Chisk
Chik
Chak
c

c

c

COGMI 2 (NN) =FMG ( NN) * (COFEED*QFG+CWATA*QGW) *EXP( -DECA*TF2)

CALCULATION OF COMEAT = RADIONUCLIDE CONC IN BEEF CATTLE'S MEAT
COMEAT ( NN) =FF( NN) * ( COFEED*QF C+CWATA*QBW ) *EXP( -DECA*TS)
RETURN

CALCULATION FOR SPECIAL RADIORUCLIDE: TRITIUM
TRITIUM CONC IN VEGETATION = TRITIUM CONCENTRATION IN ANTMAL'S
FEED = TRITIUM CONCENTRATION IN WATER = CWATL
CALCULATION OF H-3 CONC IN VEGETATION, MILK AND MEAT CONSUMED
BY MAN
0 COL1(NN)=CWATL
COL2(NN)=CWATL
COP1(NN)=CWATL
COP2(NN)=CWATL
COCMI1 (NN)=FMC(NN) * (CWATL*QFC+CWATA*QCW)
COCMI2(NN)=COCMI](NN)
COGMI1 (NN)=FMG( NN) * ( CHATL *QFG+CWATA*QGW)
COGMI 2(NN)=COGMI](NN)
COMEAT (NN)=FF (NN) * (CWATL*QFC+CWATA*QCW)
RETURN
END

SUBROUTINE LEACH(NN,NYEAR,VOLB,VOLO,DMAX)

THIS SUBROUTINE CALCULATES THE AMOURT OF EACH RADIONUCLIDE
THAT LEAVES FROM THEZ BOTTOM OF THE TRENCH TO THE AQUIFER

AND THE AMOUNT THAT LEAVES AS A RESULT OF WATER OVERFLOWING THE
TRENCH. THIS SUBROUTINE IS CALLED BY MAIN,

THERE ARE FIVE METHODS THAT MAY BE USED TO CALCULATE THESE
AMOUNTS, THEY ARE GIVEN BY THE FOLLOWING VALUES OF
LEAOPT:

1 TOTAL CONTACT,CHEMICAL EXCHANGE

2 IMMERSED FRACTION, CHEMICAL EXCHANGE

3 TOTAL CONTACT, CHEMICAL SOLUBILITY

4 IMMERSED FRACTION, CHEMICAL SOLUBILITY

5 RELEASE FACTOR

INPUT VARIABLES
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KN = NUCLIDE NUMBER

NYEAR = CURRENT YEAR OF SIMULATION

TAREA = ARFA OF TRENCH

TDEPTH = DEPTH OF TRERCH

PORT = POROSITY OF TRENCH MATERIAL

RELFAC = RELEASE FACTOR

LEAOPT = LEACHING OPTION

SOL = SOLUBILITY OF RADIONUCLIDE IN TRENCH
DENCON = DENSITY OF WASTE

VOLO = VOLUME OF WATER OVERFLOWING TRENCH
VOLB = VOLUME OF WATER LEAVING BOTTOM OF TRENCH
NONCLD = NUMBER OF NUCLIDES

TRAM = AMOUNT OF NUCLIDE IN TRENCH

OLDWAT = AMOUNT OF WATER IN TRENCH

DILFAC = DILUTION FACTOR

DMAX = MAXIMUM WATER DEPTH IN TRENCH

XKD = CHEMICAL EXCAANGE COEFFICIENT

OUTPUT VARIABLES

POLB
POLO

AMOUNT OF EACH NUCLIDE LEAVING BOTTIOM OF TRENCH
AMOUNT OF EACH NUCLIDE OVERFLOWING TRENCH

INTERMEDIATE VARIABLES

e

Lo - ol - o3 - o0 -

CCWAT = CONCENTRATION OF NUCLIDE IN WATER
FWET = WETTED OR IMMERSED FRACTION
POLOUT = TOTAL AMOUNT OF NUCLIDE LEAVING TRENCH

DOUBLE PRECISION NUCIID

COMMON/CNTRL/NONCLD ,MAXYR, TITLE(20) ,LOCATE(12) ,NYR1 ,NYR2,
PCT1,PCT2,LEAOPT,INPVWV,I)PSAT,IPRT] ,IPRT2, IDELT.,
IRRES] ,IRRES2,LIND,IAVG] ,IAVG2 ,RR,FTMECH,
WWATL,WWATA ,WWATH, SWATL, SWATA, SWATH, IVAP,IBSMT,
1AQSTR

COMMON/EVAP/PPN, PHID,P,XIRR,S(12),T(12),TD(12) ,XINFL,SINFL
COMMON/TRCH/TAREA , TDEPTH , OVER , PORT ,RELFAC ,DENCOHN,OLDWAT ,FN, PERMC

COMMON/NUC/NUCLID(40) ,ATMASS(40) , TRAM(40) ,SOAM(40) ,ATAM(40) ,
AQAM(40,1000),STAM(40) ,POLO(40) ,POLB(40) ,C8(40) ,cW{40),
SSTREM(40) ,SDEEP(40) ,AIRCON(40),Y30(40) ,S0AVG(40),
AQCON(40) ,STCON(40) ,A. CON(40) ,AQAVG(40) ,STAVG(40),
ATAVG(40) ,FMC(40) ,FMG(40) ,DECAY(40) ,XKD(4,40) ,80L(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*SOL(NN)*DECAY(NN)/ATHASS(NN)
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Cc--- 5.163E11=6 .02E23/3.7E10/8 50./3600E6
IF(DW .LE. 0.)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.
G0 To (200,100,400,300,500) ,LEAOPT
WRITE(LU6 ,6000)
6000 FORMAT(' ',"#+* 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
Co~-
C--- FOR OPTIONS 1 AND 2 COMPUTE CONCENTRATIONS USING
C--- CHEMICAL EXCHANGE.

c---
200 CCWAT=TRAM(NN)*FWET//TAREA*(DW*PORT+TDEPTH*FWET*XKD( 2 ,NN)
& *DENCON))
IF(SOL(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(NK)+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)
50 10 610
600 POLOUT=(VOLB+VOLO)*CCWAT
C---
C--~ DISTRIBUTE RADIONUCLIDE OUTPUT BETWEEN OVERFLOW AND SEEPAGE
c--—
610 YOLS=VOLB+VOLO
IF{vOLS .NZ, 0.) GO TO 620
POLB(NN)=0.0
POLO(NK)=0,0
RETURN
620 POLB(®N)=POLOUT*VOLB/VOLS
POLO(NX)=POLOUT*VOLO/VOLS
RETURN
END



SUBROUTINE OUT(NYEAR,PC,WDEPTH,VOLO, VOLB)

Cx** THIS ROUTINE OUTPUTS AN ANNUAL SUMMARY FOR YEARS
Cx*x REQUESTED BY USER INPUT. OUT IS CALLED BY MAIN.

Chax
Chkik
Chxx
Chax
[
[
c INPUT VA" ‘'BLES
(W
[ NYEAR = CURRENT YEAR OF SUMULATION
[ PC = FRACTION OF TRENCH CAP THAT HAS FAILED
[ WDEPTH = MAXIMUM DEPTH OF WATER IN TRENCH
c
DOUBLE PRECISION NUCLID
[
COMMON/ CNTRL/NONCLD , MAXYR, TITLE(20) ,1.0CATE( 12) ,NYR1 ,NYR2,
& PCil,PCT2,LEAOPT,IOPVWV,10PSAT,IPRT] ,IPRT2,IDELT,
& IRRES] ,IRRES2,LIND,IAVG] ,IAVG2,RR,FTMECH,
& WWATL,WWATA ,WWATH, SWATL, SWATA, SWATH,. IVAP, IBSMT,
& 1AQSTR
c
COMMON/NUC/NUCLID(40) ,ATMASS(40) , TRAM(40) ,SOAM(40) ,ATAM(40) ,
& AQAM(40,1000),STAM(40) ,POLO(40),POLI 40),CS(40) ,CW(40),
& SSTREM(40) ,SDEEP(40) ,AIRCON(40) ,YS0O(40) ,S0AVG(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

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=1,NONCLD
WRITE(LU6,6025)NUCLID(I),TRAM(1),POLO(i),POLB(I),
& AQAM(I,NYEAR)
10 CONTINUE
WRITE(LU6,6030)
DO 20 I=1,NONCLD
WRITE{LU6,6025)NUCLID(1),CS(1),CW(I),SSTREM(I),
& SDEEP(1),YSO(I),ATCON(I),AQCON(I)
20 CONTINUE
RETURN
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6000 FORMAT('*1'%,20X,*ANNUAL SUMMARY FOR YEAR *,I5,*' OF THE °*,
& *SIMULATION')
6005 FORMAT(///' *,10X,'THE TRERCH CAP HAS HAD ',.F6.2,
& ' PER CENT FAILURE')
6010 FORMAT(' ',10X,'THE MAXIMUM CALCULATED WATER DEPTH IN TRENCH ',
& 'DURING THE YEAR IS ',F6.2,' METERS')
6015 FORMAT(®' ',10X,1PE11.4,' CUBIC METERS OF WATER LEFT BOTTOM',
' QF TRENCH',/' ',10X,1PEll.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,
YOVERFLOM' ,4X,' DRAIRAGE ',5X,'WELL',
/' ',16X,4('C1',11X))
6025 FORMAT(® ',A8,3X,9(1PEll.4,2X))
6030 FORMAT(////* *.2X,'NUCLIDE',5X,'SURFACE',5X,'SURFACE',

[ )

[- o - -

& 4X,'SOLUBLE TO',3X, 'SOLUBLE TO',3X,'ATMOSPHERE',

& 3X,'ATMOSPHERE',3X, '"WELL WATER',

& /* *,13X,*'SOIL COKC',3X,'NATER CONC',4X,'STREAM',7X,

& 'TRENCH' ,4X,'AT SPILLAGE',3X,'DOWN WIKD',6X,'CONC',

& /' '.7X,2(6X,'CI/M**3*),9X,*CI',11X,*CI',3X,3(5%, '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
COMMON/C/BY(6) ,BZ1(6) ,B22(6) ,BZ3(6) ,A1(6) ,A2(6),B1(6),B2(6),
& B3(6),PY(6,5),PZ(6,5),QY(6,5),Q2(6,5),XM(50)
DIMENSION AONE(6) +BONE(6) ,ATWO(6) ,BTWO(6) ,CONE(6) ,DONE(6),
&CTJ0(6) ,DTWO(6) ,RGH(6)
DATA AONE/0.112,0.130,0.112,0.098,0.0609,0.0638/
DATA BOME/1.06,0.950,0.920,0.889,0.895,0.783/
DATA ATWO/5.38E-4,6.52E-4,9.05E-4,1,35E-3,]1 .96E-3,1 ,36E-3/
LATA 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.,4.29E43,4,.59E+4/
DATA DIW0/0.45,0.37,0.,-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 I=1,50
IKP=1
IF(XM(1) .GE.XG)GOTO9
8 CONTINUE
9 IF(IKP.LT.2)IKP=2
IKPM=IKP-1
CHOOSE TYPE OF COMPUTATION
IPOINT=IT
IF(IT.GT.3)IPOINT=4
G01T0(10,20,30,40) ,IPOINT
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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 HOSKER'S FORM. OF BRIGGS-SMITH DISPERSION VALUES, FROM ATM
20 ABS=ROUGH

Cl1 =YLAG(ABS,BGH,CONE,0,3,6,0)
D1 =YLAG(ABS,RGH,DONE,0,2,6 ,0)
C2 =YLAG(ABS,RGH,CTW0,0,3,6,0)
D2 =YLAG(ABS.RGH.DTH0.0‘2.6.0)
G=AONE(IS)*XG**BONE(IS)/(1.0+ATWO(IS)*XG**BTWO(IS))
F=Cl*(XG**Dl)
F=ALOG(F)
IF(ROUGH.LE.0.10) GO TO 26
F=F+ALOG(1 .+1 ./ (C2%XG**D2))
GO TO 27
26 F=F-ALOG(1.+C2#*XG¥**D2)
27 SIGZ=G*F
IF(SIGZ.1LT.1.0) SIGZ=1.0
GOT099
BRIGGS DISPERSION VALUES, FROM AIRDOS II
SIGZ=BZ1(IS)*XG*(1+BZ2(IS)*XG)**BZ3(IS)
GOTO099
DISPERSION VALUES AFTER KLUG, AND OTHERS
J=1T-3

w O
o

=1 FOR KLUG
=2 FOR BROOKHAVEN
=3 FOR ST. LOUIS
=4 FOR JULICH(50M)
=5 FOR JULICH(100M)
SIGZ=Pz{7S.J)*XG**QZ(IS,J)
99 SIGCAL=2.*(HLID-HH*.5)/2.15
IF(SIGZ.LT.SIGCAL) GO TO 1000
SIGZ=SIGCAL
1000 RETURN
END

a0 0 g;n

OO0

SUBROUTINE SIMPUN(XX,FX,NX,I,AX)
PROGRAM AUTHOR J. BARISH,

COMPUTING TECHNOLOGY CENTER, UNION CARBIDE CORP., NUCLEAR DIV.,
OAK RIDGE, TENN.

OO0

DIMENSION XX(2),FX(2),AX(2)

IF (I.LT.0) 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

8/

PPN
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D2=XX(IX+1)-XX(1X-1)

Dp3=D2/D1

A2=D3/6 .0%D2**2/ (XX (1X+1)-XX(IX))

A3=D2/2.0-A2/D3
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

40

C
C

C

IC=NX+]~1X

D1=XX(IC+1)-XX(IC)

AX(1C)=AX(IC+1)+D1/2.0%(FX(IC+1)+FX(IC))

IF (NX.EQ.IX) GO TO 20

D2=XX(1C+1)-XxX(1C-1)

D3=Dp2/(XX(IC)-XX(IC-1))

A2=D3/6 ,0%D2%*x2/D1}

A3=D2/2.0-A2/D3
AX(IC-1)=AX(1C+1)+(D2-A2-A3)*FX(IC-1)+A2*FX(1IC)+ A3*FX(IC+])

RETURN
END

SUBROUTINE SOURCE(NUCL)

Chkhkhkkhkhkhkhkkkkhhkhkkhkikkikhhkhkikhkkkkhkkkdkhkkkkkkkhhkkkhhkhkikkhkkhkkkhkkikk

Chkk
Chak
Chix
Chkk
Chkk
Chak
Chik

C

THIS SUBROUTINE PERFORMS THE NECESSARY INPUTS TO INITIALIZE
PARAMETERS AND VARIABLES. SOURCE IS CALLED FROM MAIN.

DOUBLE PRECISION NUCLID,NU,NC,DATE

H W N -

1

COMMON/CNTRL/NONCLD,MAXYR, TITLE( 20) ,LOCATE( 12) ,NYRI ,NYR2,

PCT1,PCT2,LEAOPT, I0PVWV, IOPSAT, IPRT] ,IPRT2,IDELT,
IRRES] , IRRES2,LIND, IAVGl ,IAVG2 ,RR, FTMECH
WWATL,WWATA ,WWATH, SWATL , SWATA , SWATH, IVAP, IBSMT,
1AQSTR

COMMON/EVAP/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,

PORA, PORV, PERMV

COMMON/NUC/NUCLID(40) ,ATMASS(40) , TRAM(40) , SOAM(40) ATAM(40),

WS WN

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) ,PMG(40) 4DECa 1 (40) ,XKD(4,40),80L(40) ,
FF(40) ,RA(40) ,RW(40) ,BV(40) ,BR(40), DERATE(40) ,CWAT (40)
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COMMON/ LAND/RAINF , ERODF , STPLNG , COVER, CONTRL , SEDELR, SOILOS,
1 PORS ,BDENS, IWET ,EXTENT ,ADEPTH, PD, RUNOFF,
2 INSITE

COMMON/AIR/H,VG,U,IT,1S,VD,XG,HLID,ROUGH, FTWIND,CHIQ,PEi ,RE2,RE3

COMMON/ IRRFO0/Y1.Y2,TEl,TE2,TH] ,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),CCM 2(40),CGMI1(40),CGMI2(40),

CMEAT(40) ,CcOL1(40) ,COL2(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)

NoOown SN

COMMON/FUNC/XAMBWE ,FI , PP, WIRATE,
1 QCW,QGW,QBW,ABSH,P14

DIMENSION MONTH(12),DAT(20),NUCL(40.8) ,HP(12,31,24)
DATA LUS/5/,LU6/6/,LU26/26/
DATA 1AMP/99/
DATA HP/8928%0.0/
DATA MONTH/®JAN','FEB','MAR','APR','MAY',*'JUN','JUL','AUG',
1 *SEP','0CT',"NOV','DEC'/
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----- CONTROL INFORMATION.

READ(LU26,7040)TITLE
READ(LU26,7040) LOCATE
READ(LU26,7060)MAXYR, NONCLD, LEAOPT , NYR1 ,NYR2 , IOPVWV, IOPSAT,

1 IPRT1,IPRT2,IDELT, IRRES] , IRRES2,LIND,IAVG] ,IAVG2
READ(LU26,7060) IVAP, IBSMT, IAQSTR
READ(LU26,7050)PCT1,PCT2 ,WWATL,WWATA ,WWATH, SWATL , SWATA , SWATH
IF(IAVGl .LE. 0)IAVGl=l
IF(IAVG2 .GT. MAXYR)IAVG2=MAXYR
IF(IAVGl .GT. IAVG2)IAVGl=1
IF(IAVG]l .GT. LAVG2)IAVG2=MAXYR

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)
CLOCK=FLOAT(ICLOCK)/360000.

[P
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WRITE(LU6,7100)CLOCK,DATE
WRITE(LU6,7110)TIiLE
WRITE(LU6,7120)
WRITE(LU6,7130)LOCATE
IF(NONCLD .GE. 1 .AND. NONCLD .LE. 40) GO TO 30
WRITE(LU6,7140)
STOP
30 CONTINUE
WRITE(LU6,7150)MAXYR , NONCLD
WRITE(LU6,7160) LEAQPT
IF(NYR1 .LT. NYR2)WRITE(LU6,7170)NYR1,PCT1,PCT2,NYR2
IF(IOPVWV .EQ. 1)WRITE(LU6,7180)
IF(IOPVWV .EQ. O)WRITE(LU6,7190)
IF(IOPSAT .EQ. 1)WRITE(LU6,7200)
IF(IOPSAT .EQ. O)WRITE(LU6,7210)
WRITE(LU6,7230)LIRD
IF(LIND .FQ. O)WRITE(LU6,7240)
IF(LIND .NE., 0)WRITE(LU6,7250)
WRITE(LU6,7270)WWATL ,WWATA , WWATH
WRITE(LUG6,7280) SWATL , SWATA , SWATH
IF(IBSMT .GT. O)WRITE(LU6,7300)IBSMT
TF(IAQSTR .GT. O)WRITE(LU6,731G)
IF(IVA¥ .EQ. 1)WRITE(LU6,7320)
IF(IVAP .EQ. 2 .OR. IVAP .EQ. O)WRITE(LU6,7330)
IF(IVAP .EQ. 3)wRITE(LU6,7340)
IF(IVAP .EQ. 4)WRITE(LU6,7350)

----- CLIMATIC INFORMATION
READ(LU26,7050)PPN,P,XIRR, PRID
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(LU6,741C)MONTH(I),S(I),T(1),TD(I)
40 CONTINUE

----- TRENCHR INFORMATION
READ(LU26,7050)TARFA , TDEPTH , OVER, PO..T, DENCON,RELFAC,FN, XINFL
READ(LU26,7050) PERMC
WRITE(LU6,7420)
WRITE(LU6,7430)TAREA, TDEPTH
VRITE(LU6,7440)PORT
IF(IVAP .EQ. !)WRITE(LU6,7450)FN



————— AQUIFER INFORMATION
READ(LU26 ,7050) DTRAQ , IWELL , GWV , AQTHK ,AQD"SP, PORA , PORV , PERMV
WRITE(LU6 ,7460)
WRITE(LU6,7470)GWV
WRITE(LU6,7480)DTRAQ
WRITE(LUG ,7490) DWELL
WRITE(LU6 ,7 500)AQTHK ,AQDISP
WRITE(LU6,7510) PORA , PORV , PERMV

----- ATMOSPHERIC INFORMATION
READ(LU26,7050)H,VG,U,VD,XG,HLID,ROUGH
READ(LU26,7050)FTWIND,CHIQ,RE] ,RE2 ,RE3 ,RR, FTMECH
READ(LU26,7060)IT,IS

WRITE(LU6,7520)

WRITE(LU6,7530)H

WRITE(LU6,7540)VG

WRITE(LU6,7570)U

WRITE(LU6,7560) VD

WRITE(LU6,7550)XG

WRITE(LU6,7580)HLID
WRITE(LU6,7590)ROUGH
WRITE(LU6,7600)IT,IS
WRITE(LU6,7610)FTWIND

IF(CHIQ .LT. 0.0)WRITE(LU6,7630)
IF(CHIO .GE. 1.0E-10)WRITE(LU6,7620)CRIQ
WRITE(LU6,7640)RE]l ,RE2,RE3
WRITE(LU6,7220)IRRES] ,IRRES2,RR, FTMECH

C-==-- SURFACE INFORMATION

READ(LU26,7050)RAINF , ERODF , STPLNG, COVER , CONTRL , SEDELR
READ(LU26,7950) PORS,BDENS, STFLOW,EXTENT ,ADEPTH
READ(LU26,7050) PD, RUNOFF

WRITE(LU6,7650)
WRITE(LU6,7660)RAINF,ERODF, STPLNG, COVER , CONTRL , SEDELR
WRITE(LU6,7670)PORS ,BDENS

WRITE(LU6,7680 )RUNOFF

WRITE(LU6,7690)STFLOW,EXTENT ,ADEPTH, PD

----- AIR-FOODCHAIN INFORMATION
WRITE(LU6,7700)
READ(LU26,7050)Y1,Y2,PP,XAMBWE, TEl , TE2
READ(LU26,7050)TH] ,TH2,TH3,TH4, THS , TH6 ,FP,F$S
READ(LU26,7050)QFC,QFG,TF1,TF2,TS,ABSH, P14
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WRITE(LU6,7710)Y1,Y2,PP,XAMBWE,TEl ,TE2
“ITE(L% .7720)“1 +»TH2 ,TH3 ,1H4 ,TE5, TH6 ,FP,FS, QFC
WRITE(LU6,7730)QFG,TF1,TF2,TS,ABSH, P14

C--~-- WATER-FOODCHAIN INFORMATION

WRITE(LU6,7740)
READ(LU26,7050)FI ,WIRATE, QCW,QGW,QBW
WRITE(LU6,7750)FI,WIRATE,QCW,QGW,QBW

Come-- HUMAN INGESTION AND INHALATION TNFORMATIOR

READ(LU26 ,7050) ULEAFY , UPROD, UCMILK , UGMILK , UMEAT, UWAT ,UAIR, POP
WRITE(LU6,7760)
WRITE(LU6,7770)ULEAFY ,UPROD, UCMILK , UGMILK , UMEAT, UNAT, UAIR,, POP

C--=-- NUCLIDE INFORMATION

WRITE(LU6,7790)
SMASS=1000 . *BDENS*EXTENT*PD*ADEPTH
WMASS=1000 . *PORS*EXTENT*PD*ADEPTH
DO 50 I=1,NONCLD
READ(LU26,7070)NUCLID(I),(NUCL(I,K) .,K=1,8) ,TRAM(I),
1 SOAM(T),STAM(I) ,ATAM(I),DECAY(1),SOL(I)
READ(LU26,7080) KU, (XXD(K,I) ,K=1,4)
READ(LU26,7080)NC,RA(1) ,RW(I),BV(I),BR(I),MC(I),FMG(I),FF(I)
CW(1)=1000.*SOAM(1)/(XKD(1,I)*SMASS+WMASS)
CS(1)=CW(1)*XKD(1,1)*]1.0E-3
WRITE(LU6,7780)KUCLID(1),TRAM(I) ,SOAM(I) ,STAM(I) ,ATAM(I),
1 DECAY(1),SOL(I)
50 CONTINUE
WRITE(LU6,7800)
DO 60 I=1,NONCLD
WRITE(LU6,7810)NUCLID(I),(XKD(K,I),K=1,4)
60 CONTINUE
WRITE(LU6,7820)
DO 70 1=1,NONCLD
WRITE(LU6,7810)NUCLID(I),RA(I),RW(1),BV(1).BR(I),PMC(I),
1 FMG(1),FF(I)
c
C#*%%* CONVERT DRY WEIGRT BR AND BV TO WET WEIGHT BR AND BV
C
BV(1)=.25%BV(I)
BP/7)=.25%BR(I)
70 CONTINUE
IF(IVAP .NE. 4)GO TO 100
80 READ(LU26,7010)M0,IDA,(HP(MO,IDA,I1H),IH=1,24)
IF(IAMP .NE. MO) GO TO 80
XINFL=0.
PERMCY=PERMC/8760.%10000.
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PO 90 1=1,12
DO 90 J=1,31
DO 90 K=1,24
RAIN=AMIKI] ( PERMCY ,BP(1,J,K))
XINFL=XINFL+RAIN/10000.
90 CONTINUE
100 CONTINUE
RETURN
7010 FORMAT(2(12,1X),24(F3.0) ,2X)
7020 FORMAT(' *,20A%)
7030 FORMAT('1',5X,'*+ INPUT DATA AS READ IN **' //)
7040 FORMAT(20A4)
7050 FORMAT(8F10.0)
7060 FORMAT(1615)
7070 FORMAT(A8,T1,8A1,2X,7F10.0)
7080 FORMAT(A8,2X,7F10.0)
7090 FORMAT('1',29X,'PKESTO-11: A MODEL FOR PREDICTING THE',

1 ' MIGRATION OF RADIOACTIVE WASTES',

2 /' ',48X,'FROM SHALLOW TRENCH BURIAL SITES')
7100 FORMAT('0',40X,*THIS RUN VAS MADE AT ',F6.3,' ON ',A8)
7110 FORMAT('0',2(/* *,20X,20A4))

7120 FORMAT(///* ',5X,%*** CONTROL INFORMATIOK #*#x')

7130 FORMAT('0',10X,'THE BURIAL SITE IS LOCATED AT ',12A4)

7140 FORMAT('0','*** ERROR :**+ INVALID NUMBER OF NUCLIDES')

7150 FORMAT(' ',10X,'THE SIMDLATION WILL RUN FOR',15,' YEARS AND',

1 ' WILL INCLUDE',13," NUCLIDES')

7160 FORMAT(' ',10X,'LEACHING OPTION NUMBER',I2,' WILL BE USED')
7170 FORMAT(' ',10X,'IN YEAR',14,' ,',[4.2,' OF THE CAP WILL BE',
1 ' ASSUMED TO FAIL',/' ',15X,'TEIS WILL CONTINUE',

2 ' UNTTL ',F4.2,'" HAS FAILED IN YEAR *,I4,

3 /' ',20X,'CAP MAY ALSO FAIL BY SURFACE EROSION')

7180 FORMAT(' ',10X,'VERTICAL WATER VELOCITY WILL BE CALCULATED',

1 ' USING INFILTRATION AND POROSITY')

7190 FORMAT(' ',10X,'PERMEABILITY WILL BE USED FOR MINIMUM',
1 ' VERTICAL WATER VELOCITY')

7200 FORMAT(' ',10X,'LENGTH OF VERTICAL SATURATED ZONE WILL BE',
1 ' CALCULATED USING INFILTRATION AND POROSITY')

72i0 FORMAT(' ',10X,'LENGTH OF VERTI’ 'L SATURATED ZONE WILL BE®,
1 ' SET TO THE TRENCH TO AQUIFER DISTANCE')

7220 FORMAT(' ',10X,'FROM YEAR ',14,' TO YEAR *,14,

' THE RESUSPENSION RATZ DUE TO MECHANICAL DISTURBANCES',
' WILL BE ',1PE11.4,/* *,15X,'THIS WILL OCCUR DURING ',
F5.2,' OF EACH YEAR')

7230 FORMAT(' ',10X,'POPULATION INDICATOR IS ',12)

7240 FORMAT(' ',]5X,"MAXIMUM INDIVIDUAL EXPOSURE WILL BE USED',

WA =

1 ' TO CALCULATE HEALTH EFFECTS')
7250 PORMAT(' ',15X,'GENERAL POPULATION EXPOSURE WILL BE USED',
1 ' TO CALCULATE HEALTH EFFECTS')

7260 FORMAT(' ',10X,'THE POPULATION WILL BE IXPOSED TO CONTAMINATED ’,
1 'MATERIALS FROM YEAR ',I3,' TO *,I4)
7276 FORMAT(' ',10X,F6.3.' OF IRRIGATION WATER WILL BE GOTTEN FROM ',
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'um'.
/' '.J0X,F6.3,' OF DRINKING WATER FOR ARIMALS WILL BE', .
' GOTTEN FROK WELL',
/* ',10X,F6.3,' OF DRINKING WATER FOR HUMANS WILL',
' BE GOTTEN FROM WELL')
7280 FORMAT(® °*,10X,F6.3,' OF IRRIGATION WATER WILL BE COTTEN FROM °*,
YSTREAM®,
/' *,10X,F6.3,' OF DRINKING WATER FOR ANIMALS WILL BE °*,
*GOTTEN FROM STREAM®,
/' '.10X,F6.3,' OF DRINKING WATER FOR HUMANS WILL®,
' BE GOTTEN FROM STREAM')
7290 FORMAT(' *,10X,'TRENCH CAP VERMEABILITY IS ',F8.3,
' METERS PER YEAR')
7300 FORMAT(® *,10X,*BEGINNING 1IN YEAR °',14,' PEOPLE WILL LIVE ',
1 *IN THE BASEMENT'®)
7310 FORMAT(®* ',]10Z,'UNUSEE WATFR AT WELL WILL GO TO SURFACE STREAM')
7320 7FORMAT(' °',10X,'TRENCH CAP INFILTRATICN WILL BE CALCULATED °*,

WV EWN
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1 'AS A FRACTION OF VATERSHED .NFILTRATIOR®)
7330 FORMAT(' *,10X,*INPUT VALUE WILL BE USED FOR TRENCH °,
1 YCAP INFILTRATIGN')
7340 FORMAT(' ',19X,'TRENCH CAP INFILTRATION WILL BE CALCULATED °*,
1 YFROM ANNUAL PRECIPITATION')
7350 FORMAT(® '.10X,*TRENCH CAP 1INFILTRATION WILL BE CALCULATED °*,
1 *FROM HOURLY PRECIPITATION')

7360 FORMAT(////* *,5X,"*%* CLIMATIC INFORMATION #%.t)
7370 FORMAT(//* *,10X,'THE AVERAGE ANNUAL PRECIPITATION IS °*,

1 F5.3,' METERS')
7380 FORMAT(' ',]10X,'THE AVERAGE ATMOSPHERIC PRESSURE IS °,
1 F7.2,' MBAR')

7390 FORMAT(' ',10X,'THE LATITUDE OF THE SITE IS ',F8,2)
7400 FORMAT(//* ',10X,'MONTH',15X,'FRACTION OF SUNSHINE',15X,
1 'AVERAGE TEMP C',18X,'AVG OEW POINT TEMP C'/)
7410 FORMAT(' *,11X,A4,24X,F3.2,27X,F6.2,30%,¥6.7)
7420 FORMAT('1',5X,"#*x TRENCH INFORMATION #*%')
7430 FORMAT(//* ',10X,'THE TRENCH HAS AN AREA OF ',
1 Ell.4,' sqmz.:)mms AND A DEPTH OF ',
2 Ell.4,' METERS
7440 FORMAT(' ',10X,'TRENCH POROSITY IS ',F8.2)
7450 FORMAT(' ',10X,"RATIO OF CAP PERMEABILITY TO WATERSHED SOIL',
1 ' PERMFABILITY IS ',F8.2)
7460 FORMAT(//* ',5X,"+t*% AQUIFER INFORMATION #*#&')
7470 FORMAT(//* *,10X,'THE GROUND WATER HAS A VELOCITY OF ',F10.3,
1 ' METERS PER YEAR')
7480 FORMAT(® ',10X,'TRENCH TO AQUIFER DISTANCE I8 *',F6.1,' METERS')
7490 FORMAT(' ',10X,'TRENCH TO WELL DISTANCY IS ',F8.2,' METERS')
7500 FORMAT(' *,10X,'THE AQUIFER THICKNFSS 1S ',F8.2,' METERS®,

1 /' ',10X,'THE AQUIFER DISPERSION ANGLE IS ',F8.4,' RADIANS')
7510 FORMAT(® *,10X,'POROSITY OF THE AQUIFER REGI1CN I8 *,F8.5,

1 /' ',10X,'POROSITY BENEATH THE TRENCH I8 *,F8.5,

2 /' ',10%,'PEKMEASILITY BENEATH THE TRENCH IS ',¥8.3,

3 ' METERS/YEAR')
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7520 FORMAT(//*1',5X,'#** ATMOSPHERIC INFORMATION *#x°?)
7530 FORMAT(//*' ',10X,'SOURCE HEIGHT IS *,F6.1,' METERS')
7540 FORMAT(' * 10X, 'VELOCITY OF GRAVITATION FALL IS °,
1 F6.2,' METERS/SECOND')
7550 FORMAT(' *,10X,'GAUGE DISTANCE FROM SOURCE IS *',F8.2,' METGRS')
7560 FORMAT(®* ',10X,'DEPOSITION VELOCITY IS ',F6.2,' METERS/SECOND')
7570 PORMAT(® *,10X,°'WIND VELOCITY IS *,F6.2,' METERS/SECOND')
7580 FORMAT(' *,10X,°'LID HEYCHT IS ',F8.2,' METERS')
7590 FORMAT(® ',1)X,'HOSKE. -SHNESS FACTOR IS ',F6.2)
7600 FORMAT(® ',10X,'TYPE OF STABILITY FORMULATIOR IS *,12,

1 /* ',10X,"STABILITY CLASS IS ',I2)
7610 FORMAT(® ',10X,'FRACTION OF TIME WIND BLOWS TOWARD POPULATION IS',
1 Fi0.6)

7620 FORMAT(' *,10X,'NORMALIZED DOWK WIND ATMOSPHERIC EXPOSURE ',
1 °I¢ *',1PEll.4," CI/M*%*3 PER CI/SEC')

7630 FORMAT(' °',10X,'NOBMALIZED DOWN WIND ATMOSPHERIC EXPOSURE PER ',
1 'UNIT SOURCE AREA WILL BE CALCULATED INTERNALLY')

7640 FORMAT(' *,10X,'RESUSPENSION FACTOR PARAMETERS °®,3(5X,Ell.4))

7650 FORMAT(//' *,5X,'*%*x SURFACE INFORMATION #+a‘')

7660 FORMAT(//* ',10X,'PARAMETERS FOR UNIVERSAL LOSS EQUATION',

/' ',15X,"RAINFALL ' F8.2,

/' ',15X,'ERODIBILITY ' ,F8.2,

/* ',15X,'STEEPNESS-SLOPE® ,F8.2,

/* ',15X,'COVER ' ,F8.2,

/' ',15X,'EROSION CONTROL',F8.2,

/' Y,15%,'DELIVERY RATIO *,F8.2)

7670 FORMAT(' *,10X,°'SOIl. POROSITY IS *,F8.5,

/' *,10X,'SOIL BULK DENSITY IS ',F8.5.' G/CC')

7680 FORMAT(' *,10X,'KUNOFF FRACTION IS ',F8.5)

7690 FORMAT(/' ',10X,

WV WN -
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1 10X, ' STREAM FLOW RATE IS °*,1PEll.4,' CUBIC METERS PER YEAR',

z /' ',10X,"CROSS SLOPE EXTENT OF SPILLAGE IS ',0PF8.2,' METERS®
3 /* '"+10X,*ACTIVE SOIL DEPTH IS °',F8.2,' METERS',

4 /' ',10X,"AVERAGE DOWN SLOPE DISTANCZ TO STREAM IS ',F8.2,

5 ' METERS'®)

7700 FORMAT(*1*,5Y, *** AIR-FOODCHAIN INFORMATION *%*')
7710 FORMAT(/' *,10X,'AGRICULTURAL PRODUCTIVITY FOR GRASS',Fl10.2,
1 * RG/Ma%27,
/' ',10X,'AGRICULTURAL PRCDUCTIVITY FOR VEGETATION',
F10.2,' KG/Mk*2?',
/' *,10X,"'SURFACE DENSITY FOR SOIL ',F10.Z,' KG/M##2',
/' '.,10X,'WEATHER DECAY CONSTANT',F10.2,' 1/HOURS',
/* ',10X,'PFRIOD PASTURE GRASS EXPOSURE GROWING SPASON',
F10.2,' EOURS',
/' *,10X,'PERIOD CKOP/VEGETATION EXPOSURE GRUWING SEASON',
F10.2,* HOURS')
7720 FORMAT(® ',10X,°*PERIOD BETWEEN HARVEST PASTURE GRASS AND',
' INGESTION BY ANIMAL',F10.2,' HOURS®,
/* ',10X,'PERIOD BETWEEN STORED FEED AND INGESTION',
' BY ANIMAL',F10.2,' HOURS',
/* ',10K,'PFRIOD BETWEEN HARVEST LEAFY VEGETABLES AND®,

WVONANEWN
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' INGESTION BY MAN(M.I.E.)',F10.2,' HOURS®,
/' ',10X,'PERIOD BETWEEN HARVEST PRODUCE AND INGESTION BY',
' MAN(M.I.E.)',F10.2,*' HOURS',
/* *,10%,'PERIOD BETWEEN HARVEST LEAFY VEG ',
YASD INGESTION BY MAN(G.P.E.)',Fl10.2,' HOURS',
/' '.10X,'PERIOD BETWEEN HARVEST PRGDUCE',
" AND INGESTION BY MAN(G.P.E.)',F10.2,' HOURS',

/' ',10X,"FRACTION OF YEAR ANTMALS GRAZE ON PASTURE',F10.2
/% *,10X,'FRACTION OF DAILY FEED THAT IS FRESH GRASS',F10.2,
/' *,10X,*AMOUNT OF FEED CONSUMED BY CATTLE',F10.2,' KG')
7730 FORMAT(® *,10X,'AMOUNT OF FEED CONSUMED BY GOATS',F10.2,' KG',

/' *,10KX,'TRANSPORT TIME FEED-MILL-RECEPTOR FOR M.I.E.',
F10.2,' HOURS',
/% *',10X,'TRANSPORT TIME FEED-MILL-RECEPTOR FOR G.P.E.',
F10.2,' HOURS®,
/' '.,10X,'TIME FROM SLAUGHTER OF MEAT TO CONSUMPTION',F10.2,
' HOURS',
/' *,10X,'ABSCIUTE HUMIDITY OF THE ATMOSPRERE',F10.2,
] c,u**al.
/' ',10X,'FRACTIONAL EQUILIBRIUM RATIO FOR C-14',F10.2)
7740 FORMAT('1',5X,'*** WATER-FOODCHAIN INFORMATION »%%')
7750 FORMAT(///' ',10X,'FRACTION OF YEAR CROPS ARE IRRIGATED',F10.2,
/' '.lOX.'IRRIGATIm RA'I.'E '.l’lo.z.' L/(H**Z-H)'.
/% *,10X,'AMOUNT OF WATER CONSUMED BY COWS °*',F10.2,' L/D°',
/' *,10X,*'AMOUNT OF WATER CONSUMED BY GOATS ',F10.2,' L/D',
/' *,10X,'AMOURT OF WATER CONSUMED BY BEEF CATTLE ',F10.2,
' L/D*}
7760 FORMAT(///* ',5X,'**% HUMAN INGESTION AND INHALATION RATE',
' INFORMATION #i»')
7770 FORMAT(/' ',10X,'ANNUAL INTAKE OF LEAFY VEG ',F8.2,
' XILOGRAMS PER YEAR',
/' ',10X,'ANNUAL INTAKE OF PRODUCE *,F8.2,
' KILOGRAMS PER YEAR',
/' *,10X,*ANNUAL INTAKE OF COW''S MILK ',F8.2,
' LITERS PER YEAR',
/' ',10X,'ANNUAL INTAKE OF GOAT''S MILK',F8.2,
' LITERS PER YEAR',
/' *,10X, ANNUAL INTAKE OF MEAT ',F8.2,' KILOGRAMS PER YEAR'
/' *,10X,"ANNUAL INTAKE OF DRINKING WATER',F8.2,
' LITERS PER YEAR',
/' *,10X, 'ANNUAL INHALATIOR RATE OF AIR ',F8.2,
' CUBIC METERS PER YEAR',/' ',10X,'A POPULATION OF ',
F10.0,' WILL BE CONSIDERED')
7780 FORMAT(® ',A8,3X,9(1PE11.4,2X)) .
7790 FORMAT('l1*,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',
S /' '.3X,4(12X,'C1'),8X,'1/Y',11X,'G/ML")
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7800 FORMAT(////* *.25X,*'DISTRIBUTION COEFFICIENTS ML/G',
1//* *,*"NUCLIDE®,6X,'SURFACE®,6X,'TRENCH" ,6X,'VERTICAL®,
2 SX,'AQUIFER'/)

7810 FORMAT(® ',A8,1X,9(1PEll.2,2X))

7820 FORMAT(///* *,*NUCLIDE',4X,'RETENTION® ,4X,'RETENTIiON',
1 4X,5( *TRANS COEFF',2X),/' ',12X,'IN AIR',6X,'IN WATER',
2 5X,'SOIL-V CROP',2X,'SOIL-R CROP',2X,'VEG-COW MILK',
3 2X,'VEG~GOAT MILK',2X,'VEG-MEAT',/' ',40X,5('D/KG',9X))
END

OO0

SUBROUTINE SURSOL(1I,NYEAR)

----- CALCULATES THE AMOUNT OF SOLUBLE SURFACE CGNTAMINANT THAT
----- ENTERS THE STREAM AND TRENCH ANNUALLY.
----- SURSOL IS CALLED BY MAIN, '

AOOOO

INPUT VARIABLES

ADEPTH = SOIL DEPTH OF ACTIVE EXCHANGE

XINFL = AVERAGE ANNUAL INFILTRATION

RUNOFF = FRACTION OF NET INPUT GOING TO STREAM
PD = DOWNSLOPE DISTANCE TO STREAM
BDENS = BULK DENSITY OF SOIL

EXTENT = CROSS SLOPE EXTENT OF SPILLASE

SOAM = AMOUNT OF SPILLAGE

XKD = CHEMICAL EYCHANGE COEFFICIENT

INTERMEDIATE VARIABLES

SMASS
WMASS

SOIL MASS
WATER MASS

OUTPUT VARIABLES

SSTREM = AMOUNT OF NUCLIDE GOING TO STREAM
SDEEP = AMOUNT OF NUCLIDE GOING TO TRENCH

Ccw = NUCLIDE CONCENTRATION IN WATER

Ccs = NUCLIDE CONCENTRATION IN SURFACE SOIL

OO OOOO
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DOUBLE PRECISION NUCLID

c
COMMON/EVAP/PPN,PHID,P,XIRR,S(12),T(12) ,TD(12) . XXNFL,SINFL
c
COMMON/NUC/RUCLID(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) ,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) ,SOL(40),
& FF(40) ,RA(40) ,RW(40) ,BV(40) ,BR(40) ,DERATE(40) , CWAT(40)
c
COMMOR/ LAND/RAINF , ERODF , STPLNG , COVER , CONTRL , SEDELR , SOILOS,
& PORS , BDENS, DWET , EXTENT , ADEPTH , PD, RUNOFF,
& INSITE
c
c
c
WSTREM=RUNOFF*PPN*EXTENT+PD
WDEEP=SINFLAEXTENRT*PD
SMASS=1000 . *BDENS*EXTENT*PD*ADEPTH
WMASS=1000 . *PORS*EXTENT *PD*ADEPTH
SUAM=CS(I1)*SMASS+CW(1I)*WMASS/1.0E3
WMASS=1000.*( PORS*EXTENT*PD*ADEPTH+WDEEP+WSTREM)
C-~--- ,
Cooem- COMPUTE NUCLIDE CONCENTBATION PER CUBIC METER OF WAT®R
c .....
CW(I1)=1000.*SUAM/(XKD(1,II)*SMASS+WMASS)
c .....
C--em= COMPUTE NUCLIDE CONCENTRATION PER KG OF SOIL
c .....
CS(IXI)=CW(IXI)*XKD(1,1I)*1.0E-3
SSTREM(X1)=WSTREM*CW(1I)
SDEEP(II)=WDEEP*CW(II)
RETURN
END
c
c
c
SUBROUTINE SUSPND(IYR,II,GNDCON)
c
c

Cxx* COMPUTES AIR CONCENTRATION AND ATMOSPHERIC SOURCE TERM

Cx*% AT SPILLAGE AREA. CALLED ANNUALLY BY MAIN,
Cork

Cakk
Carkek

INPUT VARIABLES

OOOTOO
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IYR = CURRENT YEAR OF SIMULATION
I1 = CURRENT NUCLIDE

SAREA = AREA COVERED BY SPILLAGE
GNDCON= GROUND CONCENTRATION

IRRES1= FIRST YEAR OF RESUSPENSION RATE

IRRES2= LAST YEAR OF RESUSPENSION RATE

RR = RESUSPENSION RATE

FTMECH=FRACTION OF YEAR FOR MECHANICAL DISTURBANCE
U = WIND VELOCITY

INTERMEDIATE VARIABLES

RE = RESUSPENSION FACTOR
YSOl = NORMAL CONTRIBUTION TO ATMOSPHERIC SOURCE
YSO02 = CONTRIBUTION TO ATMOSPHERIC SOURCE FROM MECHANICAL

DISTURBARCE

OUTPUT VARIABLES

LB o - )

B ol - B - o - )

&
&

AIRCON= AIR CONCENTRATION AT SPILLAGE AREA
YSO = ATMOSPHERIC SOURCE AMOUNT AT SPILLAGE AREA

ASSUME ALL RADICNUCLIDES DEPOSITED ON SOIL SURFACE AT
TIME ZERO.

DOUBLE PRECISION NUCLID

COMMON/ CNTRL/NONCLD ,MAXYR, TITLE(20) ,LOCATE(12) ,NYR] ,NYR2,
PCT1 ,PCT2,LEAOPT, IOPVWV, I0PSAT, IPRT1,IPRT2,IDELT,
IRRES] , IRRES2 ,LIND, JAVGl ,JAVG2 ,RR,FTMECH,
WWATL,WWATA ,WWATH, SWATL, SWATA, SWATH, IVAP, IBSMT,
IAQSTR

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) ,AIRCON(40) ,YSO(40) ,S0AVG(40),
AQCON(40) ,STCON(40) ,ATCON(40) ,AQAVG(40) ,STAVG(40),
ATAVG(40) ,FMC(40) ,FMG(40) ,DECAY (40} ,XKD(4,40) ,80L(40),
FF(40) ,RA(40) ,RW(40) ,BV(40) ,BR(40) ,DERATE(40) ,CWAT(40)

COMMON/ LAND/RAINF , ERODF , STPLNG , COVER, CONTRL , SEDELR, SOILOS,

PORS ,BDENS,WET ,EXTENT ,ADEPTH, PD, RUNOFF,
INSITE

COMMON/AIR/H,VG,U,1T,I8,VD,XG,HLID,ROUGH, FTWIND,CHIQ,RE]1 ,RE2,RE3



286

c

T=FLOAT(IYR)*365.
c .....
C---—-- RESUSPENSION FACTOR BY ANSPAUGH ET AL
c .....

RE=RE1*EXP(RE2*SQRT(T) ) +RE3

AIRCON( II)=RE*GNDCON

HD=1.0

F=SQRT(PD*EXTENT ) *VG/U/HD

IF(F .GT. 1.) F=1.0

YSO1=AIRCON(II)*HD+U*SQRT(PD*EXTENT)*F
c .....
C--—-- THE FOLLOWING IS FOR RESUSPENSION DUE TO MECHANICAL
C----- DISTURBANCES
c .....

YS02=0.

IF((1IYR .GE. IRRES1) .AND. (IYR .LE. IRRES2))

& YS02=PD*EXTENT*GNDCON*BRR*FTMECH
c .....

YSO(I11)=(YS01+Y502)

c IP(YSO(1I) .GT. ONAM(II))YSO(II)=ONAM(II)
RETURN
END

ananon

SUBROUTINE TRENCH(NYEAR,VOLB,VOLO,DMAX,PC)

Chkk

Chak

C*vx THIS SUBROUTINE MAINTAINS A TRENCH WATER BALANCE, WATER
C#*x* ENTERS THE TRENCH IN THE FORM OF PRECIPITATION AND EXITS
C#**x*x FROM THE BOTTOM IF POSSIBLE. IF MORE WATER ENTERS THE
Cx%* TRENCH THAN CAN EXIT FROM THE BOTTOM THE TRENCH MAY

C#*+x QVERFLOW,

Chit

Cxix

Chin

Cirta

Chk

Chak

C

C INPUT VARIABLES

C TDEPTH = TRENCH DEPTV

Cc 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 = ANNTJAL PRECIPITATION

c XINFL = ANNUAL INFILTRATION
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NYEAR = CURRENT YEAR OF SIMULATION

OUTFUT VARIABLES

DMAX = MAXIMUM DEPTB OF WATER IN TRENCH

OLDWAT = VOLUME OF WATER IN TRENCH AT END OF YEAR
VOLO = VOLUME OF WATER OVERFL.OWING TRENCH

VOLB = VOLUME OF WATER GOING OUT BOTTOM OF TRENCH

INTERMEDIATE VARIABLES

100

200

&

&
&

NEWWAT = VOLUME OF WATER ENTERING TRENCH
PC = FRACTION OF TRENCH CAP THAT HAS FAILED
REAL NEWWAT

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/WATER/DTRAQ,DWELL ,GWV ,XLSAT, STFLOW , AQTHK , AQDISP,
PORA , PORV, PERMV

COMMON/LAND/RAINF , ERODF , STPLNG, COVER , CONTRL , SEDELR, SOILOS,
PORS,BDENS ,DWET ,EXTENT,ADEPTH, PD, RUNOFF,
INSITE

PC=CAP(NYEAR)
NEWWAT=TAREA*(PC*SINFL+(1.-PC)*XINFL)
HTEST=DTRAQ*(NEWWAT/(PERMV+TAREA)-1.)
VOLO=0.

IF(TDEPTH-HTEST) 200,100,100
VOLB=NEWWAT

DMAX=HTEST

IF(DMAX .LT. 0.)DMAX=0.

RETURN

VOLB=PERMV*TAREA* (TDEPTH+DTRAQ) /DTRAQ
VOLO=NEWWAT-VOLB ’
DMAX=TDEPTH -
RETURN

END

SUBROUTINE VERHOR(II,NYEAR,ITIME)
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Chrx

Ciix THIS ROUTINE CALCULATES AND DECAYS THE AMOUNT OF RADIO
Cixx ACTIVE MATERIAL fHAT WILL REACH THE WELL IN A GIVEN YEAR.
Cixx THIS SUBROUTINE IS CALLED FROM MAIN.

Cikk
Chik
Cxxk
Chkk
Crk
Cik
c
c
C INPUT VARIBALES
c
c 11 = NUCLIDE NUMBER
c NYEAR = CURRENT YEAR OF SIMULATION
c ITIME = TRANSIT TIME FROM TRENCH TO WELL
c VOLB = VOLUME OF WATER LEAVING TRENCH
c POLB = AMOUNT OF NUCLIDE LEAVING BOTTOM OF TRENCH
c DECAY = RADIOACTIVE DECAY CONSTANT
c
c
c
C OUTPUT VARIABLES
c
C AQAM = AMOUNT OF RUCLIDE AT WELL SITE
C
DOUBLE PRECISION NUCLID
C
COMMON/CNTRL/NONCLD,MAXYR, TITLE(20) ,LOCATE(12) ,NYR] ,N¥R2,
& PCT1,PCT2,LEAOPT, 10PVWV, I0PSAT, IPRT1,IPRT2,IDELT,
& IRRES]1 , IRRES2 ,LIND, IAVG1 ,JAVG2 ,RK ,FTKECH,
& WWATL,WWATA ,WWATH, SWATL, SWATA , SWATH, VAP, IBSMT,
& IAQSTR
c
COMMON/NUC/NUCLID(40) ,ATMASS(40) ,TRAM(40) , SOAM(40) ,ATAM(40) ,
& A'JAM(40,1000) ,STAM(40) ,POLO( 40) , PCLB(40) ,CS(40) ,CW(40) ,
& SSTREM(40) ,SDEEP(40) ,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, ,80L(40),
& FF(40) ,RA(40) ,RW(40) ,BV(49) ,BR(40) ,DERATE(40) , CWAT (40)
C
DIMENSION ITIME(40)
c .....
Coe-m- CALCULATE CORRECT POSITION IN ARRAY AND DECAY THE MATERIAL
Coemm- FOR THE PERIOD OF TIME MATERIAL IS IN TRANSIT FROM TRENCH
C ----- TO HHILQ
c ......

ITMP=ITIME(II)

IF((NYEAR+ITMP) .GT. (MAXYR) .OR. ITMP .LT, 0) GO TO 10
AQAM(II,NYEAR+ITIME(II))=EXP(-DECAY(II)*1TIME(II))*(POLB(II)+
& SDEEP(11))
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10 CONTINUE
RETURN
D

FUNCTIUN YLAG(XI,X,Y,IND1,Rl,IMAX, IEX)
PRUGRAM AUTHORS A. A. BROOKS AND E.C. LONG,
COMPUTING TECHNOLOGY CENTER, UNION CARBIDE CORP., NUCLEAR DIV.,
04K RIDGE, TENN,

LAGRANGIAN INTERPOLATION

XI IS INTEPOLATED ENTRY INTO X-ARRAY

N I3 THE ORDER OF LAGRANGBAN INTERPOLATION

Y IS ARRAY FROM WHICH YLAG IS OBTAINED BY INTERPOLATICN
IND IS THE MIK-I POR X(I).GT.X1

IF IND=0,X-ARRAY WILL BE SEARCHED

IMAX IS MAX INDEX OF X-AND Y-ARRAYS

EXTRAPOLATION CAN OCCUR,IEX=-1 OR +1

DIMENSION X(1),Y(1)
IND=IND}
N=N1
1EX=0
IF (N.LE.IMAX) GO T0 10
N=IMAX
IEX=N
10 1F (IND.GT.0) GO TC 40
DO 20 J = 1,IMAX
IF (X1-X(J)) 30,130,20
20 CONTINUE
IEX=1
GO TO 70
30 1yD=J
40 IF (IND,GT.1l) GO TO 50
1EX=-1

50 INL=IND-(N+1)/2
IF (INL.GT.C) GO TO 60
INL=1
60 INU=INL+N-1
1F (INU.LE.IMAX) GO TO 80
70 INL=IMAX-N+1
INU=IMAX
80 s=0,
P=i,
DO 110 J=INL,INU
P=P*(XI1-X(J))
D=1.
DO 100 I=INL,INU
IF (I.NE.J) GO TO 90
XD=X1
€O TO 100
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90 XD=X(J)
100 D=D*(XD-X(1))
110 $=5+Y(J)/D
YLAG=S*P
120 RETURN
130 YLAG=Y(J)
GO TO 120
END
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SUBROUTINE DARTAB
REAL*E NUCLID,ORGN, CANC, TOTBOD,RNLOC, OGLOC, GEN, OREP , CREP, RREP,
A PO218,PB214,BI214,P0214,PULNO,LUNGS, NDP, TDP, PUL, RREPS
DATA P0218/8HPO-218 /,PB214/8HPB-214 /,BI214/8HBI-214 /,
A PO214/8HPO-214 /,PUL)0/SHPULMNARY/,LUNGS/SHLUNGS /,
B NDP/S8H®N-P* /,TDP 8H*T-B* /,PUL/S8H¢PUL®* /
LOGICAL GENEFF,OUTPUT
REAL LLET
INTEGER RTABLE, DTABLE,TABLE(7) ,FTABLE, PTLOC, HLLOC, FALOC

DATA TOTBOD/S8HTOT BODY /
DIMENSION TITLE(20),CONC(4),ILET(2) ,RREPS(4)
NAMELIST /INPUT/ILOC,JLOC,PLOC,AGEA, 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 /LOCTBL/NTLOC, RNLOC, OGLOC, PTLOC, FALOC, HLLOC, LTABLE
NAMELIST /GENTIC/GENEFF,GEN, NGEN,GRFAC,REPPER,GLLET,GHLET
COMMON/ COMEX/EXPP(20,20,40,4) ,POP(20,20) ,POPFAC, TOTFAC, NOL,NOU,
> NRL,NRU, IDIST(20),ILOC,JLOC
COMMON/ COMOR/ORGN(20) ,NORGN, TIME(20) ,DOSE(20,40,4,2), DTABLE(7)
COMMON/LETFAC/HLET(20) ,LLET(20)
COMMON/ COMCA/CANC(20) ,NCANC, RELABS(20) ,RISK(20,40,4,2), RTABLE(7),
> AGEX,YRLL(20,40,4,2)
COMMON/ COMRF /REF (20,40,4) ,FTABLE(7)
COMMON/ CONNU/NUCLID(40) ,NONCLD,PSIZE(40) ,RESP(40) ,GIABS (4,40),
> INDPOP
COMMNON/ COMLOC/RNLOC(10) ,06LOC(10) ,PTLOC(10) ,FALOC(1/)),
> HLLOC(10) ,LTABLE(10),NTLuC
COMMON/COMGEN/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)
COMMON/ COMRN/ OREP (20) ,RREP (20) , CREP (20) ,WLRN(20,20),

A RRISK,RREF(2) ,RYRLL,NOREP,NRREP, NCREP

COMMON/ COMUS/ARRAY (2200)
SET DEFAULT VALUES.
OUTPUT=.TRUE.
ILOC=0
JLOC=0
PLOC=100.
AGEX=70.7565
REPPER=1. 41330E-2
GSCFAC=.5
NORGN=0
NCANC=1
CANC(1)=TOTBOD
ILET(1)=0
ILET(2)=2
DO 10 J=1,7
DTABLE(J)=0
RTABLE(J)=0
FTABLE(J)=0



292

10 CONTINUE

20

Cees
40

Cooe

>

RTABLE(6)=4
ILET(1)=1
ILET(2)=1
DO 20 J=1,20
TIME(T)=170.
HLET(J)=20.
LIET(J)=1.
RELABS(J)=1.
CONTINUE
NGEN=0
NOREP=4
NCREP=1
NRREP=0
RREPS(1)=P0218
RREPS(2)=PB214
RREPS{3)=BI214
RREPS(4)=P0214
CREP(1)=PULNO
OREP(1)=LUNGS
OREP(2)=NDP
OREP(3)=TDP
OREP (4)=PUL
READ(26,11700) TITLE
WRITE(6,10000) TITLE
READ(26 , INPUT)
IF (PLOC.NE.O) WRITE(6,10100)PLOC
IF (ILET(1).EQ.0.0R.ILET(1).EQ.2) WRITE(6,10200)
IF (ILET(1).BQ.1.0R.ILET(1).BQ.2) WRITE(6,10300)
IF (ILET(2).rCQ.0.0R.ILET(2) .EQ.2) WRITE(6,10400)
IF (ILET(2).BQ.1.0R.ILET(2).BPQ.2) WRITE(6,10500)
WRITE(6,10600) DTABLE,RTABLE,FTABLE
WRITE($6,11900) GSCFAC
READ 1N ORGAN PARAMETERS
READ(26 , ORGAN)
WRITE(6,10700) NORGN
WRITE(6,10800) (ORGN(I),TIME(I),I=1,NORGN)
IF (ILET(1).GT.0) READ(26,QFACIR)
IF (ILET(1).GT.0) WRITE(6,10900) (ORGN(I),LLET(I),BLET(I), I=1,
NORGN)
READ IN CANCER PARAMETERS

50 READ(26, CANCER)

Coes

11800

11850

<
<
<
<
<

WRITE(6,11000) NCANC
WRITE(6,11100) (CANC(I),RELABS(I),I=1,NCANC)
READ IN GENETIC PARAMETERS
READ(26, GENTIC)
IF(GENEFF) WRITE(6,11800) (GEN(I),I=1,NGEN)
IF (GENEFF) WRITE(6,11850) GRFAC,REPPER
FORMAT (' OGENETIC DOSES ARE PRINTED FOR '
3(1X,A8))
FORMAT(' THE RISK FACTOR (PER RAD/MILLION BIRTHS)',
* FOR GENETIC DOSE ARE :'/
G15.8 ,’ FOR LOW LET, AND'/
G15.8,’ FOR RIGH LET,’/
* AND THE REPLACEMENT RATE POR TBE POPULATION IS :'/
1X,610.5,' YEAR-1')
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Cees CKIVERT TO /MRAD/BIRTHS
GRFAC(1)=CRFAC(1)*1.E-9
GRFAC(2)=GWFAC(2)*1.E-9
Ceoe READ IN RADIONUCLIDE PARANETERS
READ(26 ,RNUCLD)
WRITE(6,11200) NONCLD
WRITE(6,11300) (NUCLID(I) ,PSIZE(I) ,RESP(I), (GIABS(J,I),J=1,4),I=1,
> NONCLD)
DO 30 1=1,NONCLD
DO 25 K=1,4
IF(NUCLID(I) .BQ.RREPS(K)) GO TO 27
25 CONTINUE
GO TO 30
27 NRREP=NRREP+1
RREP(NRREP) =RREPS (K)
30 CONTINUE
NTLOC=0
READ(26 ,LOCTBL)
IF(NTLOC.EQ.0) GO TO 55
WRITE(6,11305) NTLOC
WRITE(6,11310) (RNLOC{I) IGLOC{I),PTLOC(I),FALOC(I),HLLOC(1,,
> 1=1,NTLOC)
55 CONTINUE
11305 FORMAT(’0’,12,’ LOCATION TABLES ARE TO BE OUTPUT FOR: '/
> ' NUCLIDE ORGAN PATHWAY QUANTITY LET'/
> ! OR CANCER’/)
113i0 FORMAT(1X,A8,1X,A8,4X,12,7X,12,7X,12)
Ceos READ IN DOSE RATES AND HEALTH RISKS
CALL RDSTOR(OUTPUT)
Cees CHOOSE LOCATION AND FIND EXPOSURES
CALL CHLOC(PLOC,CONC,GSCFAC)
IF(NORGN.NE.O) CALL RMPORGF
CALL SUMMRY(TITLE,GSCFAC)
IF (NORGN.LE.0) GO To 70
Coss DECIDE IF LOW AND HIGH LET ARE TO BE SEPARATE TABLES
Coos AND THEN OUTPUT TABLES
ID0=0
DO 60 J=1,7
IF (DTABLE(J).NE.O) IDU=1
TABLE(J)=DTABLE(J)
60 CONTINUE
IF(NTLOC.EQ.0 .OR. IDO.EQ.1) GO TO 67
DO 65 J=1,NTLOC
IF(FALOC(J) .EQ.1) IDO=1
65 CONTINUE
67 CONTINUE
Coos ILET = O MEANS ONLY TABLES FOR LOW AND HIGH LET SEPARATELY
Cees ILET = 1 MEANS ONLY A TABLE FOR LOW AND HIGH LET COMBINED
Coos ILET = 2 MEANS BOTH SETS OF TABLES
IF (IDO.EQ.1) CALL PREPDR(TABLE,ILET(1),TITLE,GSCFAC)
70 1D0=0
DO 80 J=1,7
IF (FTABLE(J).NE.O) IDO=1
80 TABLE(J)=FTABLE())
IF(NTLOC.EQ.0 .OR. IDC.EQ.1) GO TO 87
DO 85 J=1,NTLCC
IF(FALOC(J) .EQ.3) IDO=1
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85 CONTINUE
87 CONTINUE
IF (ID0.BQ.1) CALL PREPRF(TABLE,TITLE,SSCFAC)
Cses OUTPUT RISK TABLES
IDO=0
DO 90 J=1,7
IF (RTABLE(J) .NE.0) IDO=i
90 TABLE(J)=RTABLF(J)
IF(NTLOC.PQ.0 .OR. IDO.BQ.1) GO TO 97
DO 95 J=1,NTLOC
IF(FALOC(J) .BQ.2) IDO=1

95 CONTINUE

2 CONTINUE
IF (IDO.BQ.1) CALL PREPHR(TABLE, ILET(2),TITLE,GSCFAC)
RETURN

10000 FORMAT('1°*,20A4)
10100 FORNAT(’ TABLES FOR THE SELRCTED INDIVIDUAL WILL BE DONE FOR’,
>’ THE LOCATION HAVING’, F8.2,’ % OF THE HIGHEST TOTAL RISK.'/)
10200 FORNAT{’' DOSE RATE TABLES FOR LOW AND BHIGH LET WILL BE ',
> 'PRINTED SEPARATELY.’)
10300 FORMAT(’ DOSE RATE TABLES COMBINING LOW AND EIGH LET °,
> 'WILL BE PRINTED.’) :
10400 FORMAT(’ HEALTH RISK TABLES FOR LOW AND HIGH LET WILL BE ’,
> 'PRINTED SEPARATELY.'’)
10500 FORNAT(' HEALTH RISK TABLES COMBINING LOW AND HIGH LET ',
> 'VWILL BE PRINTED.’)
10600 FORMAT{'00 INDICATES THE TABLE WILL NOT BE PRINTED’/
A’ 1 INDICATES INDIVIDUAL VALUES VILL BE PRINTED’/
B’ 2 INDICATES MEAN INDIVIDUAL VALUES WILL BE PRINTED'/
C’ 3 INDICATES COLLECTIVE VALUES VILL BE PRINTED’/
D’ 4 INDICATES ALL OF THE ABOVE WILL BE PRINTED’//

> ' QUANTITY TABLE NO. 1 2 3 4 5 6 7'/
y '+ '/
> ' 1.DOSE RATES *,7(12,1X)/

> ' 2.HEALTH RISKS *,7(12,1X)/

> ' 3 .RISK PQUIVALENT FACTOR ',7(12,1X))

10700 FORMAT('OTHERE ARE ’,I14,’ ORGANS TO BE OUTPUT. THEY ARE:'/)
10800 FORMAT(1X,’ORGAN’,4X,’TIME’,4X,’ORGAN’,4X, 'TIME’, 4X,
1'ORGAN’ ,4X, 'TIME’/
> (3(1X, A8,2X,F4.0,2X)))
10900 FORNAT(’'O ORGAN DOSE EQUIVALENT FACTORS '/
A LOW LET HIGH LET’/
A (2X,A8,F15.5,1X,F15.4))
11000 FORMAT('OTHERE ARE ’,I4,’ CANCERS TO BE OUTPUT.’/
> ' A 1 INDICATES ABSOLUTE RISKx A 2 IS RELATIVE RISK.’)
11100 FORMAT(’  CANCER CANCER CANCER CANCER’/ (1X,4(A8,
> 1X,F2.0,1X)))
11200 FORMAT('OTHERE ARE ’,I14,’ RADIONUCLIDES TO BE OUTPUT.’)
11300 FORMAT(’ NUCLIDE PARTICLE SIZE CLEARANCE CLASS ',
> 20X,’G.I. ABSORPTION FRACTION’/49X, ’'STOMACH',8X,°8I’,13X, 'ULI’,
> 12X,°’LLI’/ (1X,A8,1X,F10.5,6X,10X,A1,4X,4F15.5))
11700 FORMAT(20A4)
11900  FORMAT('OTHE GROUND SURFACE CORRECTION FACTOR 1. ',F3.2/)
END
SUBROUTINE RDSTOR(OUTPUT)
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- Cese THIS SUBROUTINE READS AND STORES DOSE RATES
Cess AND HEALTH RISKS FOR ORGANS AND CANCERS
REAL*8 NUC,NUCLID,ORGN, CANC,0,C,0G,GEN,OREP, CREP,RREP
LOGICAL GENEFF,OUTPUT
COMMON/ COMOR/ORGN(20) ,NORGN, TIME(20) ,DOSE(20,40,4,2), DTABLE(7)
COMMON/ COMRN/OREP(20) ,RREP(20) , CREP(20) , WLRN(20,20),
A RRISK,RREF(2),RYRLL, NOREP, NRREP, NCREP

COMMON/ COMCA / CANC(20) ,NCANC, RELABS(20) ,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 (4,40),
> INDPOP
COMMON/ COMUS/ C(40) ,0(40) ,D(2,40) ,R(2,49) ,RF(40) ,YLL(2,40),
> 6(2,3),06(3),DCHK (20, 40) ,RCEK(20,40) ,GCHK(3,40)
COMMON/ COMGEN/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)
LOGICAL®1 FAL,TRU,DCHK,RCEK, GCHEK, IW
DATA TRU/.TRUE./,FAL/.FALSE./
Ces*  ZERO OUT ALL ARRATS
NDO=NORGN+1
DO 35 N=1,2
DO 30 J=1,4
DO 30 K=1,NONCLD
DO 10 L=1,NDO
DOSE(L,K,J .N)=0.0
IF(L.GT.~3PN) GO TO 10
GDOSE(L,K, ¥,N)=0.0
10 CONTINUE
NDO=NCANC+1
DO 20 L=1,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 X=1,20
DCHK(K, L)=TRU
RCHK (K, L) ~TRU
37 CONTINUE
PO 39 K=1,3
SCHK (K, L)=TRU
39 CONTINUE
38 CONTINUE
Ce#*  READ FIRST RECORD
41 READ(25,END=180) NUC,SIZEIN,RESPIN,GIIN,TIMIN,IND
IFIND=0
Ce#*  CHECK TO SEE IF THE RADIONUCLIDE IS IN OUTPUT LIST
DO 50 K=1,NONCLD
IF (NUC.EQ.NUCLID(K)) GO TO 60
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CONTINUE
CONTINUE
IF(IFIND.EQ.0)GO TO 125
GO TO 41
FIND OUT WHAT TYPE OF RECORD FOLLOWS
IRA=IND/10
1IF(IRA.JT.2) GO TO 401
ICHOS=IND-IRA*10
IF (ICBOS.NE.2) 60 TO 75
DO 70 L-1.,4
IF (ABS(GIIN(L)-GIABS(L,K)).6T.1.E-6) GO TO 40
CONTINUER
IF (ICHOS.NE.3) GO TO 80
IF (ABS(SIZEIN-PSIZE(K)).GT.1.E-6) 60 TO 40
IF (RESPIN.NE.RESP(K)) GO TO 40
IF (IND.LE.5) GO TO 130
THE NEXT TVO RECORDS CONTAIN CANCERS AND RISKS
IF(IFIND.NE.O) GO TO 81
M(zs) m.m.(C(I)nlglnNC)
READ(25) ((YLL(L,I),L=1,ILET),I=1,NC)
READ(25) (RF(I),I=1,NC),TRF
IFIND=1
REF(NCANC+1 ,K,ICBOS—1)=TRF+REF (NCANC+1,K, ICHOS-1)
CHECX TO SEE IF THE CANCER IS IN OUTPUT LIST
DO 110 I=1,NC
20 90 J=1,NCANC
IF (C(I).BQ.CANC(J)) GO TO 100
CONTINUE
GO0 TO 110
THE CANCER NAMES NATCH, NOW DO WE HAVE RELATIVE OR ABS RISK
IF (RELABS(J).NE.IRA) GO TO 110
A MATCH, STORE THE RISK
RISK(J,K,ICHOS-1,1)=R(1,I)
YRLL(J.X,ICHOS-1,1)=YLL(1,1)
IF (1LET.LE.1) GO TO 105
YRLL(J,X,ICHOS-1,2)=YLL(2,I)
REF(J,K,ICHOS~1)=RF(I)
IF(IND.NE.3)GO TO 110
DO 106 L=1,NRREP
IF(NUCLID(K) .BQ.RREP(L)) GO T0 107
CONTINUE
GO TO 110
DO 108 L=1,NCREP
IF(C(I).EQ.CRFP(L)) GO TO 109
CONTINUE
GO TO 110
RISK(Y,K,2,2)=0,0
YRLL(J,K,2,2)=0.0
CONTINUE
THE RISKS HAVE BEEN STORED OR SKIPPED, GO TO NEXT RECORD
GO TO 40
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Cess SKIP THE RECORDS
125 READ(25,END=180) DUM
READ(25,END=180) DUV
IF(IND.LE.5 .OR. IND.GT.90) GO TO 41
READ(25, END=180) MM
READ(25,END=180) DUNM
GO TO 41
Csees THE NEXT TWO RECORDS CONTAIN ORGANS AND DOSE RATES
130 IF(IFIND.NE.O) GO TV 131
IEAD(?J) m.ILEf. (O(I):I';l'“))
READ(25) ((D(L,I),L=1,ILET),I=1,NO;
131 IFIND=1
Cees FOR INTERNAL DOSES, ALSO CHECK OTHER NUCLIDE PARAMETERS
Csese CHECX TO SEE IF THE ORGANS ARE ON OUTPUT LIST
140 DO 170 I=1,NO
DO 150 J=1,NORGN
IF (0(I).BQ.ORGN(J)) GO TO 160
150 CONTINUE
GO T0 170
Cesos A MATCH SO STORE THE DOSE
160 IF(IND.GT.3) GO TO 159
IF(ABS(TININ-TIME(J)) .GT.1.E-6) GO TO 40
159 DOSE(J,.K,IND-1,1)=D(1,1)
IF (ILET.GY.1) DOSE(J.K,IND-1,2)=D(2,I)
DCHK(J ,K) =FAL
IF(IND.NE.3) GO TO 170
DO 162 L~-1,NRREP
IF(NUCLID(K) .BEQ.RREP(L)) GO TO 163
162 CONTINUE
GO T0 170
163 DO 165 L=1,NOREP
IF(ORGN(J) .EQ.OREP(L)) GO Tv 167
165 CONTINUE

GO T0 170
167 DOSE(J ,K,2,2)=0.0
170 CONTINUE

IF(IND.LT.4) GO TO 40
DO 172 I=1,NO
DO 152 J=1,NGEN
IF(0(Z).EQ.GEN(J)) GO TO 161
152 CONTINDE
GO T0 172
161 GDOSE(J ,K,IND-1,1)=D(1,1)*30.
IF(ILET.GT.1)GDOSE(J,K,IND-1,2)=D(2,1)*30.
172 CONTINUE
GO TO 40
Cesee DOSES HAVE BEEN SKIPPED OR STORED, GO TO NEXT RECORD
180 CONTINUE
IW=TRU
DO 200 K=1,NONCLD
DO 200 J=1,NORGN
IF(.NOT.DCHK(J,K)) GO TO 200
IF(IW) WRITE(6,900)
WRITE(6,901) ORGN(J) ,NUCLID(K)
IW=FAL
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CONTINUE

FORNAT('0 THE FOLLOWING NUCLIDES AND ’,
*ORGAN DOSE FACTORS WERE NOT FOUND’,
* IN THE INPUT DATA SETS:’/

* ORGAN NUCLIDE'/)
FORMAT(1X,A8,1X,A8)

Iv=TRU

DO 300 K=1,NONCLD

DO 300 J=1,NCANC

IF(.NOT.RCBK(J,K)) GO TO 300

IF(IW) WRITE(6,902)

IV=FAL

FORMAT('OTHE FOLLOWING NUCLIDES AND ',
*CANCER RISK FACTORS WERE NOT FOUND’,
* IN THE INPUT DATA SETIS:'/

* CANCER NUCLIDE'’/)

WRITE(6,901) CANC(J) ,NUCLID(K)
CONTINUE

IF(.NOT.GENEFF) RETURN
IV=TRU

DO 400 K=1,NONCLD

DO 400 J=1,NGEN

IF(.NOT.GCHK(J,K)) GO TO 400

IF(IW) WRITE(6,903)

Iv=FAL

FORNAT('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)
CONTINUE

DO 625 Z=1,NOMCLD

DO 625 K=3,4

NGN=NGEN-1

AVG=0.0

DO 600 I=1,NGN

AVG=AVG+GDOSE(1,7,K,1)

CONTINUE

GDOSE(NGEN, J,K, 1) =AVC/FLOAT(NGN)
CONTINUE

DO 700 L=1,2

DO 700 I=1,4

DO 700 K=1,NONCLD
GRISK(1,K,I,L)=GDOSE(3,K,I,L)*GRFAC(L)
CONTINUE

DO 705 I=1,4

DO 705 K=1,NONCLD
GREF(1,K,1)=(GRISK(1,K,I,1)+GRISK(1,K,1,2))/(30.*GRFAC(1))
CONTINUE

IF(OUTPUT) CALL FACOUT

RETURN

IF(IRA.NE.9) GO TO 800

ICHOS=0

IF(IND.BQ.98) ICHOS=3

IF(IND.EQ.99) ICHOS=2



299

IF(ICHOS.BQ.0) GO TO 125
IF( .NOT.GENEFF) GO TO 125
IF(ICBOS.NE.2)GO TO 507
DO 505 L-1,4
505 IF (ABS(GIIN(L)-GIABS(L,K)).GT.1.E-6) GO TO 40
507 IF(ICHOS.NE.3)GO TO 510
IF (ABS(SIZEIN-PSIZE(K)).GT.1.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, (0G(I),I=1,NG)
READ(25) ((G(L,I),L-1,LET),I=1,NG)
511 IFIND=1
520 DO 530 I=1,NG
DO 525 J=1,NGEN
IF(OG(I).PQ.GEN(J)) GO TO 540
525 CONTINUE
GO TO 530
540 GDOSE(J ,K,ICHOS-1,1)=6G(1,1I)
IF(LET.GT.1) GDOSE(J,K,ICHOS-1,2)=G(2,I)
GCHK(J ,K)=FAL
530 CONTINUE
GO TO 40
800 IF(IND.NE.33) GO TO 125
READ(25) NC,ILET,(C(I),I=1,NC)
READ(25) ((R(L,X),L=1,ILET),I=1,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)
NCREP=NC
RYRLL=YLL(1,1)
RREF(1)=RF(1)
RREF(2)=TRF
GO TO 40
END
SUBROUTINE FaCOUT
REAL*8 NUCLID,ORGN, CANC,O0G,GEN, OREP, CREP, RREP,RN222 ,VBODY
DATA RN222/8HRN-222 /,WBODY/'W BODY '/
LOGICAL GENEFF
COMMON/ COMOR/ORGN(20) , NORGN, TIME(20) ,DOSE(20,40,4,2) ,DTABLE(7)
COMMON/ COMRN/OREP(20) ,RREP(20) ,CREP(20) ,WLRN(20,20),
A RRISK,RREF(2),RYRLL,NOREP,NRREP,NCREP
COMMON/ COMCA/ CANC(20) ,NCANC,RELABS(20) ,RISK(20,40,4,2),
A 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(4,40),
A INDPOP
COMMON/ COMGEN/GEN(3) ,NGEN,GDOSE(3,40,4,2) ,GRISK(3,40,4,2),
A GENEFF,GRFAC(2) ,REPPER,GLLET(3) ,GHLET(3) ,GREF(3,40,4)
DO 1000 K=1,NONCLD
WRITE(6,10000) NUCLID(K)
WRITE(6,10100)
10000  FORMAT(’1FOR NUCLIDE : ’,A8//)
10100 FORMAT(’ DOSE RATE CONVERSION FACTORS'/
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10200

10300
100

10175

> WD

10250

10400

200

10190

10275

10600
300
1000
400

450
10700

300

1X,'ORGAN’ ,11X, * INGESTION’ ,10X, ' INHALATION’,

9X,'AIR’ ,5X, 'GROUND’ /

12X, 'LO¥W LET’,3X,'HIGH LET’,2X,'LO¥W LET',

3X, 'HIGH LET’,2X, 'IMMERSION’,1X, ' SURFACE’)
WRITE(6,10200) (ORGN(I),((DOSE(I,X,J,N),N=1,2),J=1,2),
(DOSE(I1,K,J,1),J=3,4),1I=1,NORGN)
FORMAT((1X,A8,1X,6(1PG10.3)))

IF(.NOT.GENEFF) GO TO 100

WRITE(6,10300)

'IIT!(G.IOZOO) (Gm(l).((GI)SE(I.K.J.N).N=1.2)-.T=1.2).
(GDOSE(I,X,J,1) ,J=3,4),1I=1,NGEN)

FORMAT(’ GENETIC EFFECT LOSE RATE CONVERSION FACTORS')
CONTINUE

WRITE(6,10175)

FORNAT(°0’,28X, 'RISK CONVERSION FACTORS’,35X,

'YEARS OF LIFE LOST FACTORS'’/
1X,'CANCEP’ ,10X, ' INGESTION’,10X, ' INHALATION’ ,
9X,°AIR’,SX, "GROUND’ , 9X, * INGESTION’ ,10X, ' INHALATION’,
7X,'AIR’ ,5X, 'GROUND’ /

12X, 'LOW LET’,3X,'HIGH LET’,2X, 'LOY LET’,

3X,’HIGH LET’,2X, ‘IMMERSION'’,1X, ' SURFACE’ ,3X,

'LO¥ LET’,3X,’HIGH LET’,2X,’LOW LET’,

3X,'BIGR LET’,2X, ' IMMERSION',1X,’SURFACE’)
WRITE(6,10250) (CANC(I),((RISK(I,K,J,N),N=1,2),7=1,2),
(RISK(I1,K,J,1),)=3,4),((YRLL(I,K,J,N),N=1,2),J=1,2),
(YRLL(I1,K,J,1),J=3,4),I=1,NCANC)
FORMAT((1X,A8,1X,12(1PG10.3)))

IF(.NOT.GENEFF) GO TO 200

WRITE(6,10400)

FORMAT(' GENETIC EFFECT RISK CONVERSION FACTORS’)
WRITE(6,10200) GEN(3), ((GRISK(1,K,J,N),N=1,2),J=1,2),
(GRISK(1,K,7,1) ,)=3,4)

CONTINUE

WRITE(6,10190)

FORMAT( 'ORISK EQUIVALENT CONVERSION FACTORS’/
1X,'CANCER' ,3X, ' INGESTION',1X, ' INHALATION’,

4X,'AIR’ ,4X, 'GROUND’ /31X, ' IMMERSION’ ,2X, ' SURFACE')
NALL~NCANC+1

CANC(NALL) =WBODY

WRITE(6,10275) (CANC(1),(REF(I1.K,J),J=1,4),I=1,NALL)
FORMAT((1X,A8,1X,4(1PG10.3)))

IF(.NOT.GENEFF) GO TO 300

WRITE(6,10600)

FORMAT(’ GENETIC FFZECT RISK EQ. CONVERSION FACTOR’)
CONTINUE

CONTINUE

DO 400 I=1,NONCLD

IF(NUCLID(I).EQ.RN222) GO TO 450

CONTINVE

RETURN

WRITE(6,10700) RRISK,RYRLL,RREF

FORMAT(’1FOR RN-222 WORKING LEVEL CALCULATIONS:'/
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* RISK CONVERSION FACTOR = ’',1PG10.3/
* YEARS OF LIFE LOST FACIOR = ’,1PG10.3/
' RISK BEQ. OONVERSION FACTOR (PULMNARY)
' RISK EQ. CONVERSION FACTOR (W BODY )
RETURN
END
SUBROUTINE PREPDR(TABLE, ILET, TITLE, GSCFAC)
THIF ROUTINE PREPARES DOSE RATES TO BE OUTPUT.
REAL®., ORGN,NUCLID, RNLOC, OGLOC, ORC, ORG, LAST , GEN, OREP, RREP, CREP,
A GON
COMMON/HEAD /ORC
COMMON/ COMRN/OREP(20) ,RREP(20) , CREP(20) ,WLEN(20,20),
A RRISK,RREF(2),RYRLL,NOREP,NRREP,NCREP
COMNON/ COMWOR/FACO(20,4)
COMMON/ COMGEN/GEN(3) ,NGEN,GDOSE(3,40,4,2) ,6RISK(3,40,4,2),
> GENEFF,GRFAC(2),RLPPER,GLLET(3) ,GHLET(3) ,GREF(3,40,4)
DATA ORG/8H ORGAN /,LAST/SHWT. SUM /,GON/8H GONAD /
COMMON/ COMLOC/RNLOC(10) ,0GLOC(10) , PTLOC(10) ,FALOC(10),
> HLLOC(10) ,LTABLE(10) ,NTLOC
REAL LLET -
INTEGER TABLE,FALOC,HLLOC, PTLOC
DIMENSION TABLE(1),TITLE(1),TITLA(10,3), FACD(4,3),TLET(2,3),
> TITL2(2),ITAB(7),TITLB(10,3),TITLGA(10,3),TITLGB(10,3),
> FACG(4,3),NOTE(20),NOT2(20) ,0FAC(20,20) ,NUN(8,3)
DATA NUN/4H(WOR,4HKING,4H LEV,4HEL) ,4*4H +4H(WOR,
> 4BKING,4H LEV,4HEL) ,4%4H »4H(PER,4HSON , HWORK,
> 4HING ,4HLEVE,4HL) ,2%4H /
DATA NOTE/4HRADO,4HN DA,4HUGHT,4HER E,4HXPOS,4HURE:,
> 14%4H /,NOT2/20%*48 /
LOGICAL IDO,GENEFF
DATA TITLA/4HINDI,4BVIDU,4HAL D,4BOSE ,4HRATE,4B (MR, 4BAD/Y,
> 4HEAR),4H 40 »4HMEAN,4H IND,4HIVID,4HUAL , 4HDO3E,4H RAT,
> 4HE (M,4HRAD/,4HYEAR,4B) ,4HCOLL,4HECTI, 4HVE D,4HCSE ,4HRATE,
> 4H (PE,4HRSON,4H RAD,4B /YE,4HAR) /
DATA TITLB/4HINDI,+BVIDU,4HAL D,4HOSE ,4HEQ. ,4HRATE,4H(MRE,
> 4HM/YE,4HAR) ,4H »4HMEAN,4H IND,4HIVID,4HUAL , 4HDOSE,4H EQ.,
4H RAT,4HBE (M,4HREM/,4HYR) ,4HCOLL,4HECTI 4HVE D,4HOSE ,4HEQ. ,
4H (PE,4HRSON,4H REM,4H /YE,4HAR) /
DATA TITLGA/4HINDI,4HVIDU,4HAL G,4HENET,4HIC D,4HOSE ,
4H(MRA,4HD) ,4H »48 ’
4HMEAN,4B IND,4HBIVID,4BUAL ,4HGENE,4HTIC ,4HDOSE,4H (MR,
4HAD) ,4H .
4HCOLL ,4HECTI,4BVE G, 4BENET,4HIC D,4HOSE ,4B( PE,4HRSON,
4H RAD,4H) /
DATA TITLGB/4HINDI,4BVIDU,4HAL G,4HENET,4HIC D,4P_SE ,
4HEQ. ,4H(MRE,4HM) ,4H ’
4HMEAN, 4B IND,4BIVID,4HUAL ,4HBGENE,4HTIC ,4HDOSE,4H EQ.,
41 OR,4HEM) |,
4HCOLL,4BECTI,4BVE G,4HENET, 4HIC D,4HOSE ,4HEQ. ,4H(PER,
4HSON ,4HREM)/
DATA TLET/4HLOW ,4HLET ,4BHIGH,43 LET,4H »4B '
COMMON/ COMOR/ORGN(20) ,NORGN, TIME(20) ,DOSE(20,40,4,2)
COMMON/LETFAC/HLET(20) ,LLET(20)
COMMON/ COMNU/NUCLID(40) ,NONCLD, PSIZE(40) ,RESP(40) ,GIABS (4,40),

*,1PG10.3/
’,1PG10.3)
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> INDPOP
DATA FACD/1.,1,,1.,100.,1.,1.,1.,100.,.001,.001,.001,.1/
DATA FACG/1.,1.,1.,100.,1.,1,.,1.,100.,.001,.001,.001,.1/

Cssese22722722?

Cess

MULTIPLY DOSES BY EXPOSURES
PREPARE TABLE FOR HIGH AND LOW LET SEPARATELY
Do 5 J=1,3
FACD(4,J)=FACD(4,J)*GSCFAC
FACG(4,J)=FACG(4,J)*GSCFAC
CONTINUE

Do 50 L-1,2

10 DO 20 Kk=1,2
20 TITL2(K)=TLEI(K,L)

42

DO 40 IT=1,3
DO 42 J=1,NOREP
DO 42 x-1,1
OFAC(J,K)=1.
CONTINUE
IDO=_FALSE,
IF(ILET.BQ.1) GO TO 35
DO 30 k=1,7
ITAB(K)=0
IF (TABLE(K).NE.IT.AND.TABLE(K).NE.4) GO TO 30
ITAB(K)=1
IDO=.TRUE.

30 CONTINUE

35

45
38

CONTINUE
IF (ITAB(6) .NE.0) ITAB(6)=0
ORC=0RG
IF (IDO) CALL MULT(IT,FACD(1,IT),DOSE(1,1,1,L),NORGN,ORGN,TITLE,
> TITLA(1,IT),ITAB,TITL2 ,NOTE,NUN(1,IT) ,OFAC, OREP,NOREP,20)
ORC=GON

IF(IDO.AND.GENEFF) CALL JULT(IT,FACG(1,IT),GDOSE(1,1,1,L),NGEN,

> GEN,TITLE,TITLGA(1,IT), {TAB,TITL2 ,NOT2,N0T2,0.,0.,0,3)
IF(IT.EQ.2) GO TO 38
IF(NTLOC.EQ.0) GO TO 38
DO 45 LL=1,NTLOC
IF(FALOC(LL) .NE.1) GO TO 45
IF(HLLOC(LL) .EQ.1) GO TO 45
IF(LTABLE(LL) .NE.IT .AND. LTABLE(LL).NE.4) GO TO 45
CALL LOCTAB(IT,RNLOC(LL),PTLOC(LL),(CGLOC(LL),FACD(1,IT),
A DOSe(1,1,1,L),TITLE,TITLA(1,IT),TITL .,ORGN,NORGN,20,1)
IF(GENEFF) CALL LOCTAB(IT,RNLOC(LL),PTLOC(LL),0GLOC(LL),
< FAC6(1,IT) ,GDOSE(1,1,1,L),TITLE, TITLGA(1,IT),TITL2 ,GEN, NGEN,
< 3,1)
CONTINUE
CONTINUE
IF (INDPOP.NE.1) GO TO 50

40 CONTINUE
50 CONTINUE

Cose

COMBINE HIGR AND LO¥ LET USING INPUT QUALITY FACTORS
DO 70 K=1,2
TITL2(K)=TLET(K,3)

70 CONTINUE
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DO 80 I=1,4
DO 80 J=1,NONCLD
DO 80 K=1,NORGN
DOSE(K,J,I,1)=(DOSE(K,J,I,1)*LLET(K)+ DOSE(K,J,I,2)*HLET(K))
DOSE(NORGN+1,J,I,{)=DOSE(NORGN+1,J,1,1)+DOSE(K,J,I,1)*FACO(K,I)
IF (K.GT.NGEN) GO TO 80
GDOSE(K,J,I,1)=(GDOSE(K,J,I,1)*GLLET(K)+GDOSE(K,J.I,2)*GHLET(K))
80 CONTINUE
Do 100 IT=1,3
IDO=.FALSE,
IF(I1EKT.EQ.0) GO TO 95
DO 90 .. 7,6
ITAB(K. 9
IF (TABI %(K) .NE.IT.AND.TABLE(K) .NE.4) GO TO 90
ITAB(K)=1
IDO=.TRUE.
90 CONTINUE
95 CONTINUE
ORGN(NORGN+1)=LAST
ORC=0RG .
IF (I90) CALL MWULT(IT,FACD(1,IT),DOSE,NORGN+1,0RGN, TITLE,
< TITLB(1,IT),ITAB,TITL2,NOTE,NUN(i,IT),OFAC,OREP,NOREP,20)
ORC=GON
IF(IDO.AND.GENEFF) CALL MULT(IT,FACG(1,IT),GDOSE,NGEN,GEN,
< TITLE,TITLGB(1,IT),ITAB,TITL2 ,NOT2,N0T2,0.,5.,0,3)
IF(IT.EQ.2) GO TO 138
IF(NTLOC.EQ.0) GO TC 138
PO 135 LL~1,NTLOC
IF(FALOC(LL) .NE.1) GO TO 135
IF(HLLOC(LL) .EQ.0) GO TO 135
IF(LTABLE(LL) .NE.IT .AND. LTABLE(LL).NE.4) GO TO 135
CALL LOCTAB(IT,RNLOC(LL) ,PTLOC(LL) ,0GLOC(LL) ,FACD(1,IT),
> DOSE,TITLE,TITLB(1,IT),TITL2,0RGN,NORGN,20,1)
IF(GENEFF) CALL LOCTAB(IT,RNLOC(I'.,,PTLOC(LL),0GLOC(LL),
> FACG(1,IT),GDOSE,TITLE,TITLGB(1,IT),TITL2 ,GEN,NGEN,3,1)
135 CONTINUE
138 CONTINUE
IF (INDPOP.NE.1) RETURN
100 CONTINUE
RETURN
END
SUBROUTINE PREPHR(TABLE, ILET, TITLE,GSCFAC)
Cose PREPARE HREALTH RISKS TO BE OUTPUT
REAL*$ CANC,NUCLID,RNLOC, OGLOC,ORG, CAN, LAST, GEN, RREP, OREP, CREP,
A BL,GON
COMMON/ HEAD /ORG
COMMON/ COMRN/OREP ( 20) ,RRE¥(20) , CREP(20) ,WLRN(20,20) ,
A RRISK,RREF(2),RYRLL,NOREP,NRREP,NCREP
DATA CAN/8H CANCER /,LAST/SHTOTAL /,BL/8H /,
A GON/8H GONAD /
INTEGER TABLE,FALOC, HLLOC,PTLOC
LOGICAL IDO,GENEFF
COMMON/ COMLOC/RNLOC(10) ,0GLOC(10) ,PTLOC(10) ,FALCC(10),
> HLLOC(10),LTABLE(10),NTLOC
COMMON/ COMGFN/ GEN(3) .NGEN.GDOSE(3.40.4,2) ,GRISK(3,40,4,2),
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> GENEFF,GRFAC(2) ,REPPER,GLLET(3) ,GHLET(3) ,GREF(3,40,4)

DIMENSION TABLE(1),TITLE(1),TITLA(10,3), TLET(2,3),TITL2(2),
> FACD(4,3),ITAB(7),TITL6(10,3),FACG(4,3) ,NOTE(20) ,NOT2(20)
> ,NUN(8,3) ,DRISK(2)

DATA NOTF./4HRADO,4HN DA,4N'GHT,4HER E,4HXPOS,4HURE ,4HRISK,
> 4E: »12%4H / ,NOT2/20%4H /
DATA NUN/16%*4H »4H(DEA,4HTH/Y,4HR) ,5%4H /

DATA TITLA/4HINDI,4HVIDU,4HAL L,4HIFET,4HIME ,4HRISK, 4H (DE,
> 4HATHS,4H) ,4H »4HMEAN, 48 IND,4HIVID,4HUAL , 4HLIFE,4HTINE,
> 4H RIS, 4BK (D,4HEATH,4HS) ,4HFATA,4HL CA,4HENCER,4H RAT,
> 4BE (D,4HEATH,4H/YR),3%4H /

DATA TITLG/4HINDI,4BVIDU,4HAL G,4HENET,4BIC E,4HFFEC,4HTS P,
< 4HER B,4H]IRTH,4H ,
< 4HMEAN,4B IND,4HIVID,4HUAL ,4BGENE,4HTIC ,4HEFFE,4HCIS ,
<( 4H/BIR.4HIR |,
<{ 4BCOLL,4HECTI,4HVE G,4HL.3T,4HIC E,4BFFEC,4HT(EF,4HFECT,
< 4HIVE/,4HYR) /

DATA FACD/2*1.E-5,10.,1000.,2%1.E-5,10.,1000.,4%0./

DATA FACG/1.,1.,1.,100.,1.,1.,1.,100.,.001,.001,.001,.1/
2227772
DATA TLET/4BLOW ,4HLET ,4HAIGH,4B LET,4HCOMB,4H.LET/
COMMON/COMCA/CANC(20) ,NCANC, RELABS(20) ,RISK(20,40,4,2) ,RTABLE(7),
> AGEX,YRLL(20,40,4,2)
COMMON/ COMNU/ NUCLID(40) ,NONCLD, PSIZE(40) ,RESP(40) ,GIABS (4,40),
> INDPOP
MULTIPLY RISKS BY EXPOSURES
PREPARE HIGH AND LOW LET SEPARATELY
DO 2 J=1,3
FACD(4,J)=GSCFACSFACD(4,])
FACG(4,J)=GSCFAC®FACG(4,])
CONTINUE

DO 5 J=1,4
FACG(J,3)=FACG(J,2) *REPPER

FACD(J ,3)=FACD(J,2) /AGEX
DO 50 L~1,2
DO 20 k=1,2
TITL2 (K)=TLET(K,L)

DO 25 I=1,4

DO 25 J=1,NONCLD

DO 25 K=1,NCANC

RISK(NCANC+1,7J,1,L)=RISK(K,J, I,L)+RISK(NCANC+1,7,1,L)
CONTINUE

DO 40 IT=1,3
IDO=.T ALSE.

IF(ILET.EQ.1) GO TO 35

pO 30 K=1,7
ITAB(K)=0
IF (TABLE(K) .NE.IT,AND.TABLE(K).NE.4) GO TO 30
IDO=.TRUE.

ITAB(K)=1
CONTINUE
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35 CONTINUE
ORG=CAN
DRISK(1)=RRISK
IF(IT.BQ.3) DRISK(1)=RRISX/AGEX
DRISK(2)=DRISK(1}
IF (IDO) CALL MULT(IT,FACD(1,IT),RISK(1,1,1,L),NCANC+1,CANC, TITLE,
> TITLA(1,IT),ITAB,TITLZ ,NOTE,NUN(1, IT) ,DRISK, CREP,NCREP, 20)
ORG=GON
IF(IDO.AND. GENEFF) CALL MULT(IT,FACG(1,IT),GRISK(1,1,1,L),
> 1,GEN(3),TITLE,TITLG(1,IT),ITAB,TITL2,NOT2,N0T2,0.,0.,0,3)
IF(IT.BQ.2) GO TO 38
IF(NTLOC.EQ.0) GO TO 38
DO 45 LL~1,NTLOC
IF(FALOC(LL) .NE.2) GO TO 45
IF(HLLOC(LL) .EQ.1) GO TO 45
IF(LTABLE(LL) .NE.IT .AND. LTABLE(LL).NE.4) GO TO 45
CALL LOCTAB(IT,RNLOC(LL),PTLCC(LL),O0GLOC(LL) ,FACD(1,IT),
> RISK(1,1,1,L),TITLE,TITLA(1, IT),TITL2, CANC,NCANC,20,3)
IF(GENEFF) CALL LOCTAB(IT,RNLOC(LL),PTLOC(LL),0GLOC(LL),
¢ FACG(1,IT),GRYISK(1,1,1,L),TITLE, TITLG(1,IT),TITL2,
7/ GEN(3),1,3,3)
45 CONTINUE
38 CONTINUE
IF (INDPOP.NE.1) GO TO 50
40 CONTINUE
50 CONTINUE
Coee COMBINE HIGH AND LOW LET USING INPUT QUALITY FACTORS
DO 70 1I=1,4
DO 70 J=1,NONCLD
RISK(NCANC+1,J3,1,1)=0.0
DO 70 K=1,NCANC
RISK(K,J,I1,1)~RISK(K,),I,1)+RISK(K,T,I,2)
RISK(NCANC+1,J,1,1)=RISK(NCANC+1,J,1,1)+RISK(K,J,I,1)
IF(K.GT.1) GO TO 70
GRISK(K,J,I,1)=GRISK(K,),I,1)+GRISK(K,),I,2)
70 CONTINUE
CANC(NCANC+1) =LAST
DO 80 Kk=1,2
TITL2 (K)~TLET(K,3)
80 CONTINUE
DO 100 IT=1,3
TDO=_FALSE.
IF(ILET.PQ.0) GO TO 95
DO 90 k=1,6
ITAB(K)=0
IF (TABLE(K) .NE.JT.AND,TABLE(K) .NE.4) GO TO 90
IDO=, TRUE.
ITAB(K)=1
90 CONTINUE
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CONTINUVE

DRISK(1)=RRISK

IF(IT.BQ.3) DRISK(1)=RRISK/AGEX

DRISK(2)=DRISK(1)

ORG=CAN
IF (IDO) CALL MULT(IT,FACD(1,IT),RISK,NCANC+1,CANC,TITLE, TITLA(",
> IT),ITAB,TITL2 ,NOTE,NUN(1,IT) ,DRISK, CREP,NCREP, 20)

ORG=GON

IF(IDC.AND.GENEFF) CALL MULT(IT,FACG(1,IT),GRISK,1,GEN(3),
> TITLE,TITLG(1,IT),ITAB,TITL2 ,NOT2,N0T2,0.,0.,0,3)

IF(IT.BQ.2) GO TO 138

IF(NTLOC.EQ.0) GO TO 138

DO 135 LL=1,NTLOC

IF(FALOC(LL) .NE.2) GO TO 135

IF(HLLOC(LL) .BQ.0) GO TO 135

IF(LTABLE(LL) .NE.IT .AND. LTABLE(LL).NE.4) GO TO 135

CALL LOCTAB(IT,RNLOC(LL) ,PTLOC(LL),0GLOC(LL) ,FACD(1,IT),
> RISK,TITLE,TITLA(1,IT),TITL2, CANC,NCANC,20,3)

IF(GENEFF) CALL LOCTAB(IT,RNLOC(LL),PTLOC(LL),0GLOC(LL),
> FAC8(1,IT),GRISK,TITLE,TITLG(1,IT),TITL2 ,GEN(3),1,3,3)

CONTINUE

CONTINUE
IF (INDPOP.NE.1) RETURN

100 CONTINUE

Cese

RETURN
END
SUBROUTINE PREPRF(TABLE, TITLE, GSCFAC)
PREPARE HEALTH PBQUIVALENT FACTORS TO BE OUTPUT.
REAL*8 CANC,NUCLID, TOTAL,RNLOC, OGLCC. ORC, CAN, GEN, OREP, RREP, (REP,
> GON
COMMON/ COMRN/OREP (20) , RREP(20) , CREP(20) ,WLRN(20,20),
A RRISK,RREF(2),RYRLL,NOREP,NRREP,NCREP
LOGICAL GENEFF
COMMON/HEAD/ORC
DATA CAN/8H CANCER /,GON/8H GONAD /
DATA TOTAL/S8EW. BODY /
INTEGER TABLE,FALOC,HLLOC, PTLOC
LOGICAL IDO
COMMON/ COMLOC/RNLOC(10) ,06LOC(10) ,PTLOC(10) ,FALOC(10),
> HLLOC(10),LTABLE(10) ,NTLOC
COMMON/ COMGEN/ 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 TABLE(1),TITLE(1),TITLA(10,3), TITL2(2),FACD(4,3),
> ITAB(7),NOTE(20) ,TITLG(10,3) ,FACG(4,3) ,NOTA(20) ,DREF(2),NUN(8,3)
DATA NUN/4H(MRE,4HNM/YR,4B) »3%40 »4H(MRE,
4HM/YR,4H) ,5%48 »4B(PER,4HSON ,4HRENM/,4HYR) ,
448 /
DATA NOTE/4HRADO,4BEN DA, 4BUGHT,4HER E, 4HXPOS,4HURE ,
> 4HRISK,4H EQU,4HIVAL,4HENT:,10%4H / ,NOTA/20%*48 /
DATA FACD/1.,1.,1.E6,1.E8,1,,1,,1.B6,1.E8,.001,
A .001,1.E3,1.ES/
DATA FACG/1.,1.,1.,100.,1,,1,,1,,100.,.001,.001,.001,.1/
DATA TITLA/4HINDI,4HVIDU,4HAL R,4HISK ,4HEQ. ,4HRATE, 4H (MR,

v\
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> 4HEM/Y,4EEAR) ,4H » 4HMEAN, 4B IND,4HIVID,4HUA., , 4HRISK,.4H EQ.,
> 4H RAT,4HE(MR,4HEM/Y,4HEAR) ,4HCOLL ,4BRECTI, 4HVE R,4HISK ,4HFQ R,
> 4HATE(,4HPERS,4HON R,4HEM/Y,4HEAR)/
DATA TITLG/4HINDI,4BVIDU,4HAL G,4HENEI,4HIC R,4HISK ,
A 4HFQ. ,4H(MRE,4HM/YE,4HAR) ,
A4HMEAN,4H IND,4HIVID,4HUAL ,4HGENE,4HTIC ,4HRISK,
A4H BEQ. ,4H(MRE.4HN/Y),
A4HCOLL,4H. GE,4HNETI,4HC RI,4HSK E,4BQ. (,4HPERS,
A4HON R,4HEN/Y,4HEAR)/
DATA TITL2/4H »4H /
COMMON/COMCA/ CANC(20) ,NCANC, RELABS(20) ,RISK(20,40,4,2)
COMMON/ COMRF/REF (20,40,4) ,FTABLE(7)
COMMON/ COMNU/NUCLID(40) ,NONCLD, PSIZE(40) ,RESP(40) ,GIABS (4,40),
> INDPOP
NCANR=NCANC+1
CANC(NCANR)=TOTAL
CREP (NCREP+1) =TOTAL
DO 5 I-1,3
FACD(4,Y)=FACD(4,J)*GSCFAC
FACG(4,J)=FACG(4,J)*GSCFAC
CONTINUE
DO 20 IT=1,3
IDO=.FALSE.
DO 10 Kk=1,7
ITAB(K)=0
IF (TABLE(K).NE.IT.AND.TABLE(K) .NE.4) GO TO 10
ITAB(K)=1
IDO=.TRUE.

10 CONTINUE

NCRR=NCREP+1

IF(NCREP.EQ.0) NCRR=0

ORC=CAN

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),REF,NCANR,CANC,TITLE, TITLA(1,IT)
> ,ITAB,TITL2 ,NOTE,NUN(1,1T),DREF,CREP,NCRR,20)

ORC=GON

IF(IDO.AND.GENEFF) CALL MULT(IT,FACG(1,IT),GRI¥,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.0) GO TO 38

DO 35 LL=1,NTLOC

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),0GLOC(LL),FACD(1,IT),
A REF,TITLE,TITLA(1,IT),TITL2,CANC,NCANR,20,2)

IF(GENEFF) CALL LOCTAb ‘T,RNLOC(LL),PTLOC(LL),O0GLOC(LL),
A FACG(1,IT),GREF,TITLE,TITLG(1,IT),TITL2,GEN(3),1,3,2)

CONTINUE

CONTINUE
IF (INDPOP.NE.1) RETURN

20 CONTINUE

RETURN
END
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SUBROUTINE DRTAB (ARRAY, NORGN, ORGN, TTTLE, TITL1, DTABLE, TITLA, NOTE,
A NON,RFAC, CREP,NCREP)
THIS ROUTINE OUTPUT THE APPROPRIATE TABLES.
REAL*8 ORGN,NUCLID,ORC, SUM, CREP,OREP,RREP, CFAK ,RADON
DATA RADON/SHRN-222 /
COMMON/ COMRN/OREP(20) ,RREP(20) , CFAK(20) ,WLRN(20,20),
A RRISK,RREF(2),RYRLL,NOREP,NRREP, NFREP
COMMON/HEAD/ORC
INTBGER DTABLE
DIMENSION ARRAY(20,40,4),0RGN(1),TITLE(20),TITLA(2),PATH(4,7),
> DTARLE(1),TITL1(10),NOTE(20), CREP(1) ,WLSUN(4) ,RFAC(NCREP) , NUN(8)
DATA PATH/4HINGE,4HSTIO,4EN ,4H »4HINHA, 4HLATI,4BON ,
> 48 ,4HAIR ,4HIMME,4HRSIO,4HN ,4BGROU,4HEND S, 4HURFA,4HCE ,
> 4HINTE,4HENAL, 48 »48 » 4HEXTE,4BRNAL,4H 4B ,
> 48 »41 »4H »48 /
DATA SUM/SHIOTAL /
COMMON/ COMNU/NUCLID(40) ,NONCLD, PSIZE(40) ,RESP(40) ,GIABS (4,40),
> INDPOP
COMMON/CONUS/ SUMX (40,7) ,SUNY(40,3) ,PERX(40) ,PERY(4%) ,TVAL{40),
> FACO(20,4)
SUM OVER ALL NUCLIDES FOR EACH ORGAN AND PATHWAY
PATHWAY 5 IS INTERNAL, 6 IS EXTERNAL, AND 7 IS ALL PATHWAYS
bo 10 I=1,7
DO 10 K=1,NORGN

10 SUMX(K,I)=0.0

20

30
Cese

40

DO 30 I=1,4
DO 20 K=1,NORGN
DO 20 J=1,NONCLD
SUMI(K, I)=SUNX(K,I)+ARRAY(K,J,I)
IF (I.LE.2) SUMX(K,5)=SUMX(K,S)+ARRAY(K,J.I)
I¥ (I.GE.3) SUMX(K,6)=SUMX(K,6)+ARRAY(K,J,I)
SUMX(K,7)=SUMX(K,7)+ARRAY(K,J,I)
CONTINUVE
CONTINUE
TABLE 1
IF (DTABLE(1).BQ.0) GO TO 80
DO 70 I=1,4
WRITE(6,10000) TITLE,TITL1,TITLA
WRITE(6,10200) (PATH(N,I),N=1,4)
WRITE(6,10300) ORC, (ORGN(K) ,K=1,NORGN)
WRITE(6,10400)
DO 60 J=1,NONCLD
DO 40 K=1,NORGN
PERI(K)=0.0
IF (SUMX(K,I).NE.0.0) PERX(K)=ARRAY(K,J,I)/SUMX(K,I)*100.
WRITE(6,10500) NUCLID(Y), (ARRAY(K,J,I),K=1,6NORGN)
WRITE(6,10600) (PATH(N,I),N=1,4),(PERX(K),K=1,NORGN)
DO 50 K=1,NORGN
II=§
IF (1.6T.2) II=6
PERX(K)=0 .0
IF (SUMX(K,II).NE,.0.0) PERX(K)=ARRAY(K,J,I)/SUMX(K,IX)*100,
PERY(K)=0.0
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50 IF (SUMX(K,7).NE.0.0) PERY(K)=ARRAY(K,J,I)/SUMX(K,7)*100.
WRITE(6,10600) (PATH(N,II),N=1,4),(PERX(K),K=1,NORGN)
WRITE(6,10700) (PERY(K),K=1,NORGN)
WRITE(6,10100)

60 CONTINUE
WRITE(6,11000) (SUMX(K,I) ,K=1,NORGN)

IF(I.NE.2) GO TO 70
DO 75 J=1,NONCLD
IF(NUCLID(J) .NE.RADON) GO TO 75
WRITE(6,20100) NOTE
IF(RFAC(1) .BQ.0.0) GO TO 75
WRI1E(6,10300)0RC, (CREP(JJ),JJ=1,NCREP)
WRITE(6,20400)NON, (RFAC(JJ) ,JJ=1,NCREP)
75 CONTINUE
70 CONTINUE
Coss TABLE 2

80 IF (DTABLE(2).EQ.0) GO TO 120
DO 110 I=1,2
WRITE(6,10000) TITLE,TITL1,TITLA
II=]+4
WRITE(6,10200) (PATH(N,II),N=1,4)
WRITE(6,10300) ORC, (OBRGN(K),K=1,NORGN)
WRITE(6,10400)

DO 100 J=1,NONCLD

DO 90 K=1,NORGN

L=1

IF (I.BQ.2) L=3

TVAL(K)=ARRAY(K,J,L)+ARRAY(K,J,L+1)

PERY(K)=0.0

IF (SUMX(K,II).NE.0.0) PERY(K)=TVAL(K)/SUMX(K,II)*100.
PERX(K)=0.0

90 IF (SUMX(K,7).NE.0.0) PERX(K)=TVAL(K)/SUMX(K,7)*100.
WRITE(6,10500) NUCLID(J), (TVAL(K),K=1,NORGN)
WRITE(6,10600) (PATH(N,II),N=1,4),(PERY(K) ,K=1,NORGN)
WRITE(6,10700) (PERX(K),K=1,NORGN)

100 CONTINUE
WRITE(6,11000) (SUMX(K,II),K=1,NORGN)
WRITE(6,10100)
IF(I.NE.1) GO TO 110
DO 115 J=1,NONCLD
IF(NUCLID(J) .NE.RADON)GO TO 115
WRITE(6,20100) NOTE
IF(RFAC(1).BQ.0.0) GO TO 115
WRITE(6,10300)ORC, (CREP(JJ),JJ=1,NCREP)
WRITE(6,20400) NUN, (RFAC(JJ),JJ=1,NCREP)
115 CONTINUE
110 CONTINUVE
Cose TABLE 3
120 IF (DTAELE(3).EQ.0) GO TO 170
WRITE(6,10000) TIYTLE,TITL1,TITLA
WRITE(6,10900)
WRITE(6,10300) ORC, (ORGN(K) ,K=1,NORGN)
WRITE(6,10400)
DO 160 J=1,NONCLD
DO 130 K=1,NORGN
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160

165
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170

180

190
200

210
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TVAL(K)=0.0

DO 150 K=1,NORGN

DO 140 I=1.4

TVAL(K)=ARRAY(K,J, I) +TVAL(K)

CONTINUE

PERX(K)=0.0

IF (SUMX(K,7).NE.0.0) PERX(K)=TVAL(K)/SUMX(K,7)*100.

CONTL:..UE
WRITE(6,10500) NUCLID(Y),(TVAL(K) ,KX=1,NORGN)
WRITE(6,10700) (PERX(K),K=1,NORGN)
WRITE(6,10100)
CONTINUE
WRITE(6,11000) (SUMX(K,7),Kk=1,NORGN)
DO 165 J=1 ,NONCLD
IF(NUQLID(J) .NE.RADON) GO TO 165
WRITE(6,20100) NOTE
IF(RFAC(1) .PQ.0.0) GO TO 165
WRITE(6,10300)0RC, (CREP(K),K=1,NCREP)
WRITE(6,20400)NON, (RFAC(JJ),JJ=1,NCREP)
CONTINUE
TABLE 4
IF (DTABLE(4).EQ.0) GO TO 260
DO 250 K=1,NORGN
WRITE(6,10000) TITLE,TITL1,TITLA
WRITE(6,11100) ORC,ORGN(K)
WRITE(6,11200) (NUCLID(J) ,J=1,NONCLD) , SUM
WRITE(6,11300)
DO 180 I=1,3
DO 180 J=1,NONCLD
SUNY(J,I)=0.0
DO 200 I=1,4
DO 190 J=1,NONCLD
IF (I.LE.2) SUMY(J,1)=SOMY(J,1)+ARRAY(K,J,I)
IF (I.GE.3) SUNY(J,2)=SUMY(J,2)+ARRAY(K,J,I)
SUMY(J,3)=SUMY(J,3)+ARRAY(K,J,I)
CONTINUE
CONTINUE
DO 220 1I=1.,4
WRITE(6,11400) (PATH(N,I),N=1,4), (ARRAY(K,J,TI),J=1,NONCLD),
> SOMX(K,I)
DO 210 J=1,NONCLD
II=1
IF (X.6T.2) II=2
PERI(J)=0.0
IF (SOMY(J,II).NE.0.0) PERX(J)=ARRAY(K,J,I)/SUMY(J,1X)*100.
PERY(J)=0 .0
IF (SOMY(J,3).NE.0.0) PERY(J)=ARRAY(K,J,I)/SUMY(J,3)*100.
CONTINUE
WPP=0.0
IF (SUMX(K,4+11).NE.0.0) WPP~SUMX(K,I)/SUMX(K,4+11)*100,
WP=0.,0
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IF (SUMX(K,7) .NE.0.0) WP=SUMX(K,I)/SUMX(K,7)*100.
WRITE(6,11500) (PATH(N,4+II),N=1,4),(PERX(J),J=1,NONCLD) ,WPP
WRITE(6,11600) (PERY(J),J=1,NONCLD),WP
WRITE(6,10100)
CONTINUE
DO 240 J=1,2
WRITE(6,11400) (PATH(N,I+4),N=1,4),(SUMY(J,I),J=1,NONCLD), SUMX(K,
) 4+1)
DO 230 J=1,NONCLD
PERX(J)=0.0
IF (SUMY(J,3).NE.0.0) PERX(J)=SUMY(J,I)/SUMY(J,3)*100.
wP=0.0
IF (SUMX(K,7).NE.0.0) WP=SUMX(K,4+I)/SUMX(K,7)*100.
WRITE(6,11600) (PERX(J),J=1,NONCLD),WP
WRITE(6,10100)
CONTINUE
WRITE(6,11700) (SUMY(Z,3),J=1,NONCLD),SUNX(K,7)
DO 245 J=1,NONQLD
IF(NUCLID(J) .NE.RADON) GO TO 245
JJ=NCREP
IF(ORGN(K) .BQ. SUN) GO TO 256
DO 255 JJ=1,NCREP
IF(ORGN(K) .NE.CREP(JJ)) GO TO 255
WRITE(6,20100) NOTE
IF(RFAC(1) .EQ.0.0) GO TO 250
WRITE(6,20400)NUN, RFAC(JJ)
CONTINUE
CONTINUE
CONTINUE
TABLE §
IF (DTABLE(S).EQ.0) GO TO 35C
DO 340 J=1,NONCLD
WRITE(6,10000) TITLE,TITL1,TITLA
WRITE(6,11800) NUCLID(J)
DO 270 I=1,3
DO 270 K=1,NORGN
SUMY(K,I)=0.0
DO 280 I=1,4
DO 280 K=1,NORGN
IF (I.LE.2) SUMY(K,1)=SUMY(K,1)+ARRAY(K,J,I)
IF (I.GE.3) SUNY(K,2)=SUMY(K. ‘+ARRAY(K,J,I)
SUMY(K,3)=SUNY(K,3)+ARRAY(F J,1)
CONTINUE
WRITE(6,11900) ORC, (ORGN(K) ,K=1,NORGN)

WRITE(6,11300)
DO 300 I=1,4
WRITE(6,11400) (PATH(N,I),N=1,4), (ARRAY(K,J,I),K=1,NORGN)
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II=1

IF (I.GE.3) II=2

DO 290 K=1,NORGN

PERX(K)=0.0

IF (SUMY(K,II).NE.O0.¢) PERX(K)=ARRAY(K,J,I)/SUMY(K,IX)*100.

PERY(K)=0.0

IF (SUMY(K,3).NE.0.0) PERY(K)=ARRAY(K,J,I)/SUNY(K,3)*100.
290 CONTINUE

WRITE(6,11500) (PATH(N,II+4),N=1,4), (PERX(K),K=1,NORGN)

WRiiE(6,11600) (PERY(K),K=1,NORGN)

WRITE(6,10100)
300 CONTINUE

D0 320 1=1,2

WRITE(6,11400) (PATH(N,I+4) ,N=1,4),(SUNY(K,I),K=1,NORGN)

DO 310 K=1,NORGN

PERX(K)=0.0

IF (SUMY(K,3).NE.0.0) PERX(K)=SUMY(K,I)/SUMY(K,3)*100.
310 CONTINUE

WRITE(6,11600) (PERX(K),K=1,NORGN)

WRITE(6,10100)
320 CONTINUE

WRITE(6,11700) (SUMY(K,3),K=1,NORGN)
DO 330 K=1,NORGN
PERX(K)=0.0
330 IF (SUMX(K,7).NE.0.0) PERX(K)=SUMY(K,3)/SUMX(K,7)*100.
WRITE(6,10700) (PERX(K),K=1,NORGN)
L=1
WRITE(6,20100) NOTE
IF(RFAC(1) .EQ.0.0) GO TO 340
WRITE(6,10300)0RC, (CREP(K),K=1,NCREP)
WRITE(6,20400)NUN, (RFAC(K),K=1,NCREP)
335 CONTINUE
340 CONTINUE
Cees TABLE 6
350 IF (DTABLE(6).PQ.0) GO TO 500
DO 360 I=1,7

TVAL(Y)=0.0
DO 360 J=1,NONCLD
SUMX(J,I)=0.0
360 CONTINUE
390 DO 400 I=1,4

DO 400 J=]1 ,NONCLD

SUMX(J, I)=ARRAY(NORGN,J,I)
IF(I.GE.3) GO TO 401

SUMX(J,5)=SUMX(J,5)+ARRA™ (NORCN,J,I)
TVAL(5)=TVAL(5)+ARRAY (NORGN,J,I)

GO TO 402

401 SUMX(J,6)=5UMX(J,6)+ARRAY (NORGN,J,I)
TVAL(6)=TVAL(6)~ARRAY(NORGN,J, I)

402 SUMX(J,7)=SUMX(J,7)+ARRAY(NORGN,J,I)

TVAL(I)=TVAL(I)+ARRAY(NORGN,J,I)
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TVAL(7) =TVAL(7) +ARRAY (NORGN, J, I)
400 CONTINUE

410 CONTINUE
WRITE(6,10000) TITLE,TITLI,TITLA

WRITE(6,12100) ORC
WRITE(6,11200) (NTCLID(J),J=1,NONCLD),SUM

DO 430 I=1,4

WRITE(6,11400) (PATH(N,I),N=1,4),(SUMX(J,I),J=1,NONCLD),TVAL(I)
II=5

IF (I.GE.3) II=6

DO 420 J=1,NONCLD

PERX(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) PERY(J)=SUMX(J,I)/SUMX(J,7)*100.

420 CONTINUE
wP=0.0
IF (TVAL(II).NE.0.0) WP=TVAL(I)/TVAL(II)*100.
WPP=0.0
IF (TVAL(7) .NE.0.0) WPP=TVAL(I)/TVAL(7)*100.
WRITE(6,11500) (PATH(N,II),N=1,4), (PERX(J),J=1,NONCLD),WP
WRITE(6,11600) (PERY(J),J=1,NONCLD) ,WFP
WRITE(6,10100)
430 CONTINUE
DO 450 I=5,6
WRITE(6,11400) (PATE(N,I),N=1,4), (SUMX(J,I),J=1,NONCLD),TVAL(I)
DO 440 J=1,NONCLD
PERX(J)=0.0
IF (SUMX(J,7).NE.0.0) PERX(J)=SUMX(J,I)/SUMX(J,7)*100.
440 CONTINUE
WRITE(6,11600) (PERX(J),J=1,NONCLD)
WRITE(6,10100)
450 CONTINUE
WRITE(6,11700) (SUMX(J,7),J=1,NONCLD) ,TVAL(7)
DO 460 J=1,NONCLD
PERX(J)=0.0
IF (TVAL(7).NE.0.0) PERX(J)=SUMX(J,7)/TVAL(7)*100.
460 CONTINUE
WRITE(6,12000) (PERX(J),J=1,NONCLD)
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Cesve

500

510

501
502
550

560

375

580
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DO 465 Y=1,NONCLD

IF(NUCLID(J) .NE.RADON)} GO TO 465

WRITE(6,20100) NOTE

IF(RFAC(1) .BQ.0.0) GO TO 470

WRITE(6,20400)NUN, RFAC

CONTINUE

CONTINUE

TABLE 7

IF(DTABLE(7) .EQ.0) RETURN

DO 510 I=1,7

DO 510 J=1,NORGN

SUMX(J,1)=0.0

CONTINVE

DO 550 I=1,4

DO 550 J=1,NORGN

DO 550 K=1,NONCLD

SUMX(J,I)=SUMX(J,I)+ARRAY(J,K,I)

IF(I.GE.3) GO T0 501

SUMX(J,5)=SUMX(J,5)+ARRAY(J,.K,I)

GO TO 502

SUMX(J,6)=SUMX(J,6)+ARRAY(J K, I)
SUMX(J,7)=SUMX(J,7)+ARRAY(J ,K,I)

CONTINUE

WRITE(6,10000) TITLE,TITL1,TITLA

WRITE(6,12200)

WRITE(6,10300) ORC, (ORGN(K) ,K=1,NORGN)

WRITE(6,11300)

DO 575 I-=1,4

WRITE(6,11400) (PATH(N,I),N=1,4),(SUMX(J,I),J=1,NORGN)
II=5

IF(I.GE.3) II=6

DO 560 J=1,NORGN

PERX(J)=0,0

IF(SUMX(J,II) .NE.0.0) PERX(J)=SUMX(J,I)/SUMX(J,11)*100.
PERY(J)=0.0

IF(SUMX(J,7).NE.0.0) PERY(J)=SUMX(J,I)/SUMX(J,7)*100.
CONTINUE

WRITE(6,11500) (PATH(N,II),N=1,4), (PERX(J),J=1,NORGN)
WRITE(6,11600) (PERY(J),J=1,NORGN)

WRITE(6,10100)

CONTINUE

DO 590 I=5,6

DO 580 J=1,NORGN

PERX(J)=0.0

IF(SOMX(J,7) .NE.0.0) PERX(J)=SUMX(7,I)/SUMX(J,7)*100.
CONTINUE

WRITE(6,11600) (PERX(J),J=1,NORGN)

YRITE(6,10100)



315

590 CONTINUE
WRITE(6,11700) (SUMX(J¥,7),J=1,NORGN)
DO 600 J=1,NONCLD
IF(NUCLID(Y) .NE.RADON) GO TO 600
WRITE(6,20100) NOTE
IF(RFAC(1) .BQ.0.0) GO TO 600
DO 610 L=1,NCREP
610 WLSUM(L)=0.0
DO 612 ¥J=1,1
DO 612 L=1,NCREP
VWLSUM(L)=VYLSUM(L)+RFAC(L)
612 CONTINUE
WRITE(6,10300)0RC, (CREP(L),L=1,NCREP)
WRITE(6,20400)NUN, (WLSUM().),L=1,NCREP)
600 CONTINUE
RETURN
10000 FORMAT(1E:,2CX,20A4/21X,10A4/21X,2A4)
10100 FORMAT(1X)
10200 FORMAT(’0*** FOR PATHWAY:',4A4//)
10300 FORMAT(1HO,A8,1H:,22X,10(2X,A8)/(33X,10(2X,A8)))
10400 FORMAT(9HONUCLIDES/)
10500 FORMAT(1X,A8,23X,1P10610.3/(33X,1P10610.3))
10600 FORMAT(11H % OF TOTAL,1X,4A4,4X, 'P10610.3/(33X,1P10610.3))
10700 FORMAT(11B % OF TOTAL,21X,1P10610.3/ (33X,1P10G10,3))
10800 FORMAT( 'OTOTAL *,21X,1P10610.3/(33X,1P10610.3))
10900 FORMAT('0***¢ FOR ALL PATHWAYS:'//)
11000 FORMAT(' TOTAL'’,26X,1P10610.3/(33X,1P10G10.3))
11100 FORMAT( '0®**FOR’,A8,':’,A8//)
11200 FORMAT(’ NUCLIDES’,23X,10(2X,A8)/(33X,10(2X,A8)))
11300 FORMAT(' PATHWAYS'/)
11400 FORMAT(1X,4A4,15X,1P10610.3/(33X,1P10610.3))
11500 FORMAT(6H % OF ,1X,4A4,9X,1P10610.3/ (33X,1P10610.3))
11600 FORMAT(18H % OF ALL PATHWAYS,14X,1P10610.3/ (33X,1P10G10.3))
11700 FORMAT(24B TOTAL OVER ALL PATHWAYS, 8X,1P10G10.3/(33X,1P10G610.3))
11800 FORMAT('OFOR NUCLIDE:',A8)
11900 FORMAT(1X,A8,23X,10(2X,A8)/(33X,10(2X,A8)))
12000 FORMAT(11H % OF TOTAL,21X,1P10610.3/(33X,1P10G10.3))
12100 FORMAT('0***SUMMED OVER ALL',AS8)
12200 FORMAT(’'O***SUMMED OVER ALL NUCLIDES’)
20100 FORMAT(’0’'/////10X,20A4)
20400 FORMAT(1X,8A4,1P10G10.3)
END
SUBROUTINE CHLOC(PLOC, CONC, GSCFAC)
REAL®8 CANC,NUC,NUCLID,RADON,OREP,CREP,RREP, PNUC
DIMENSION CONC(4),FAC(4),IO0R(4)
DATA FAC/2¢1.E-5,10.,1000./
DATA BRTHRT/.83E6/
DATA RADON/SHRN-222 /
DATA IOR/3,4,1,2/
COMMON/ COMEX/EXPP(20,20,40,4) ,POP(29,20) ,POPFAC, TOTFAC, NOL,NOU,
> NRL,NRU, IDIST(20),ILOC,JLOC
COMMON/ COMCA/CANC(20) ,NCANC, RELABS(20) ,RISK(20,40,4,2), RTABLZ(7),
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> AGEX,YRLL(20,40,4,2)
COMMON/ COMRF /REF (20,40 ,4) ,FTABLE(7)
COMMON/ COMNU/NUCLID(40) ,NONCLD, PSIZE(40) ,RESP(40) ,GIABS (4,40),IND
COMMON/ COMRN/OREP(20) ,RREP(20) , CREP(20) ,VLRN(20,20)
A ,RRISK,RREF(2),RYRLL,NOREP,NRREP,NCREP
CONNON/ COMUS/TRISK (20,20) , I0(400)
COMMON/PASS /PNUC(49) , POON1(40) , PCON2(40) ,PCON3(40),
p PCON4(40) ,PPOP,LIND, LDIST
DIMENSION SRISK(400),ANGLE(16) :
DATA ANGLE/4HEN ,4ENNE ,4HENE ,4HENE ,4HE
A 4HESE ,42SE ,4BSSE ,4HS ,4HSSW ,4HSW ,4HWSVW ,

B 4BW ,JEWNY 4HNY ,4HNNV /

30

40

BQUIVALENCE (TRISK(1,1),SRISK(1))
FAC(4)=7AC(4)*GSCFAC
NOP=JLOC+(ILOC-1)*20
2 2 K=1,20
DO 2 L=1,20
POP(L,X)=1.0
VLRN(L,K)=0.0
TRISK(L,K)=0.0
CONTINUE

DO 10 K=1,40

DO 10 J=1,20
PO 5 I=1,4
DO 5 L=1,20
EXPP(L,J.K,I)=0.0
CONTINUE

NOL~=1

NOU=1

NRL=1

NRU=1

DO 90 II=1,NONCLD

IDIST(1)=LDIST

IND=LIND

NUC=PNUC(II)

CONC(1)=PCON1(II)

CONC(2)=PCON2(I1)

CONC(3)=POON3(1I)

CONC(4)=PCON4(II1)

DO 30 J-I.NWG.D

IF (NUC.EQ.NUCLID(J)) GO TO 40

CONTINUE

G0 TO 90

CONTINUE

IF (NUC.EQ.RADON) GO TO 160

DO 70 ILO~NOL,NOU

DO 70 JLO=NRL,NRU

DO 50 NC=1,NCANC

DO 50 L=1,4

DO 50 N=1,2

TRVSK(JLO, ILO) =TRIEK(JLO, ILO) +RISK(NC,J , IOR(L) ,N)*®

A CONC(L)*FAC(IOR(L)}



317

50 CONTINTE
DO 60 J=1,4
EzPP{JLO, ILO,J, IOR(I))=CONC(I)
60 CONTINUE
70 CONTINUE
POP(1,1)=PPOP
GO TO 90
160 CONTINUE
Coses SPECIAL SECTION FOR RADON-222
DO 190 ILO=NOL,NOVU
DO 190 JLO=NRL,NRU
C READ(26) WERAC,WLEVEL
170 EXPP(JLO,ILO,J,3)=WLEVEL*1.E-6/(10,*WFRAC)
EXPP(JLO,ILO,J,2)=VLEVEL*BRTHRT*8760./ (10, *WFRAC)
EXPP(JLO,1L0,J,1)=0.0
EXPP(JLO,ILD,J,4)=0.0
DO 180 N=1,2
DO 180 k=1,4
DO 180 NC=1.NCANC
TRISK(JLO, ILO)=TRISK(JLO, ILO) +RISK(NC,J ,K,N) *EXPP(JLO, ILO,J,K)*
A FAC(X)
180 CONTINUE
VLEN(JLO, ILO)=WLEVEL
TRISK(JLO, ILC)=TRISK(JLO, ILO) +WLC VEL*RRISK
190 CONTINUE
WRITE(6,20100;
20100 FORMAT(' THERE ARE NO GROUND SURFACE CONCENTRATION’,
> ' OR INGESTION RATE EXPOSURES FOR RN-222.°')
90 CONTINUE
110 IF (ILOC.NE.O,AND.JLOC.NE.V) GO TO 130
LENO=NOU-NOL+1
LENR=NRU-NRL+1
NLOC=LENO®LENR
J=0
DO 120 ILO=NOL,NOU
DO 120 JLO=NRL,NRU
IF(IND.EQ.1 .AND. POY(ILO,JLO).NE.0.0)TRISK(JLO,ILO)=
< TRISK(JLO,ILO)/POF(ILO,JLO)
J=J+1
SRISK(J)~TRISK(JLO, ILO)
10(J)=J
120 CONTINUE
CALL VSORTP(SRISK,NLOC, I0)
NOP=NLOC*PLOC*.01+.5
IF (NOP.GE.NLOC) NOP=NLCC
TF (NOP.LE.1) NOP-
LOC=I0(NOP)
ILOC=(LOC-1) /LENR+1
JLOC=LCC~(ILOC-1)*LENR
IF (JLCC.EQ.0) JLOC=NRU
ILOC=1L0C+NOL-1
JLOC=JLGC+NRL~1
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130 POPFAC=1.
TOTFAC=1.
IF (IND.NE.1) GO TO 150
IF (POP(ILOC,JLOC).NE.0.0) POPFAC=1./POP(ILOC,JLOC)
TOTPOP=0.0
DO 140 K1=NRL,NRU
DO 140 K2=NOL,NOU
140 TOTPOP=TOTPOP+POP(K2,K1)
TOTFAC=1 . /TOTPOP
150 ANG=ANGLE (MOD (17-IL0OC, 16) +1)
WRITE(6,10000) IDIST(JLOC),ANG, SRISK(NOP)
RETURN
10000 FORMAT('1THE LOCATION USED FOR THE SELECTED INDIVIDUAL’,
> ' EXPOSURE IS ’,I17,' METERS ',A4,'FROM THE SOURCE.'’/
> * THE FATAL CANCER RISK AT THAT LOCATION IS ’,610.3)
END
SUBROUTINE VSORTP (A,LA,IR)

C

DIMENSION A(1),IU(21),IL(21),IR(1)
C

N=1

I=1

J=LA

R=.375

10 IF (I.EQ.J) GO TO 100
20 IF (R.GT..5898437) GO TO 30
R=R+3 .90625E-2
GO T0 40
3¢ B=R-.21875
40 K=1
C SELECT A CENTRAL ELEMENT OF THE
C ARRAY AND SAVE IT IN LOCATION T
1J=I+(J-I)*R
T=A(1J)
IT=IR(1J)
C IF FIRST ELEMENT OF ARRAY IS GREATER
C THAN T, INTERCHANGE WITH T
IF (A(I).LE.T) GO TO 50
A(1IY)=A(T)
A(I)=T
T=A(1J)
IR(1J)=IR(I)
IR(I)=IT
IT=IR(1J)
50 L=Y
C IF LAST ELEMENT OF ARRAY IS LESS THAN
C T, INTERCHANGE WITH T
IF (A(J).GE.T) GO To 70
A(IY)=A(Y)
A(J)=T
T=A(IJ)
IR(1J)=IR(J)
IR(J)=IT
IT=IR(1Y)
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90

100

110

120

IF (A(I).LE.T)
A(IY)=A()
A(I)=T
T=A(1J)
IR(1Y)=IR(I)
IR(I)=IT
IT=IR(IY)
G0 TO 70
TT=A(L)
A(L)=A(K)
A(K)=TT
ITT=IR(L)
IR(L)=IR(K)
IR(K)=IIT

GO TO 70

L=L~1
IF (A(L).GT.T) GO TO 70

K=K+1
IF (A(K).LT.T) GO TO 80

IF (K.LE.L) GO TO 60

IF (L-I.LE.J-K) GO TO 90
IL(M)=1
IU(K)=L
I=X

M=M+1

G0 TO 110
IL(M)=K
I0(M)=J
J=L
M=M+1

G0 TO 110

M=M}-1

IF (M.EQ.0) RETURN
I=IL(M)

TI=1IU(M)

IF (M.GT.21) WRITE(6,10000)M

IF (J-1I.GE,1) GO TO 40
IF (I.BQ.1) GO TO 10
I=I-1

I=I+1
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IF FIRST ELEMENT OF ARRAY IS GREATER
THAN T, INTERCHANGE VITH T

FIND AN ELEMENT IN SECOND HALF OF
THE ARRAY WHICH IS SMALLER THAN T

g

FIND AN ELEMENT IN THE FIRST HALF OF
THE ARRAY WHICH IS GREATER THAN

|

INTERCHANGE THESE ELEMENTS

SAVE UPPER AND LOWER SUBSCRIPTS OF
THE ARRAY YET TO BE SORTED

BEGIN AGAIN ON ANOTHER PORTION OF
THE UNSORTED ARRAY



c
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25
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000

10

20

30

40
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IF (I.BQ.J) GO TO 100
T=A(I+1)

IT=IR(XI+1)

IF (A(I).LE.T) GO TO 120
k=1

A(K+1)=A(K)
IR(K+1)=IR(K)

K=K-1

IF (T.LT.A(X}) GO TO 130
A(K+1)=T

IR(K+1)=IT

GO TO 120

FORMAT(* IN VSORTP, M=',I3)
END
SUBROUTINE MULT(IM, OONFAC,ARRAYI,NOC, NANNOC, TITLE, TITL1, TABLE,
> TITL2 ,NOTE,NUN,RFACI, CREP,NCREP,NDIN)
INTEGER TABLE
REAL®*8 NUCLID,NAMNOC, CREP,OREP,RREP, FREP, PUL, TBEQ
COMMON/ COMRN/OREP(20) ,RREP(20) ,FREP(20),
A WLRN(20,20) ,RRISK,RREF(2) ,RYRLL, NOREP , NRREP , NFREP
COMMON/ COMNU/ NUCLID( 40) ,NONCLD, PSIZE(40) ,RESP(40) ,GIABS(4,40),
> INDPOP
COMMON/ COMEX/EXPP(20,20,40,4) ,POP(20,20) ,POPFAC, TOTFAC, NOL,NOU,
> NRL,NRU, IDIST(20),ILOC,JLOC
DIMENSTON ARRAYI(NDINM,40,4) ,ARRAY0(20,40,4) ,CONFAC(4,; ,TITLE(1),
> TITL1(1),TITL2(1) ,NAMNOC(1) ,TABLE(1) ,NOTE(1),CREP(20) ,RFACI(20),
> RFACO(20) ,NUN(1)
G0 T0 (10,30,50),1IM
DO 20 I=1,4
DO 20 J=1,NONCLD
DO 20 K=1,NOC
ARRAYO(K,J, I)=ARRAYI (K, J,I)*EXPP(JLOC, JLOC,J, I) *CONFAC(I) *POPFAC
CONTINUE
RFACO(1)=0.0
IF(NCREP.FQ.0) GO TO 80
DO 25 I=1,NCREP
RFACO(I)=RFACI(I)*WLRN(JLOC, JLOC)*POPFAC
6> TO 80
DO 40 I=1,4
0 40 J=1,NONCLD
DO 40 K=1,N0C
ARRAYO(K,J,I)=0.0D0
DO 40 II=NOL,NOU
DO 40 JJ=NRL,NRU
ARRAYO(K,J,I)=ARRAYO(K,J,I)+ARRAYI(K,J,I) *EXPP(JJ,II,J,I)®
> CONFAC(I)*TOTFAC
CONTINUE
RFACO(1)=0.0
RFACO(2)=0.0
IF(NCREP.PQ.0) GO TO 80
DO 45 I=1,NCREP
DO 45 II=NOL,NOU
DO 45 JJ=NRL,NRU
RFACO(I)=RFACI(I)*WLRN(JJ, IT) *TOTFAC+RFACO(I)
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45 CONTINUE
GO TO 80
50 DO 70 I=1,4
DO 70 J=1,NONCLD
TEXPP=0.0
DO 60 IXI=NOL,NOU
DO 60 JJ=NRL,NRU
TEXPP=-TEXPP+EXPP(JJ,11,7,1I)
60 CONTINUE
DO 70 X=1,NOC
ARRAYO(K,J,I)=ARRAYI(K,J, I)*TEXPP*CONFAC(I)
70 CONTINUE
RFAC0(1)=0.0
IF(NCREP.BQ.0) GO TO 80
TWLRN=0.0
DO 65 II=NOL,NOU
DO 65 JJ=NRL,NRU

TWLRN=TVLRN+WLRN(JJ,I1I)
65 CONTINUE

DO 75 I=1,NCREP

RFACO(I)=RFACI (I)*TWLRN
75 CONTINUE

80 CALL DRTAB(ARRAYO, NOC, NAMNOC,TITLE,TITL1,TABLE, TITL2 ,NOTE,
A NUN,RFACO, CREP,NCREP)

RETURN
END
SUBROUTINE RDORGF
REAL*8 ORGN,ORGB
COMMON/ COMWOR/FAC0(20,4)
DIMENSION ORGB(20) ,0RGDAT(20), IPATH(20)
COMMON/ CONOR. JRGN( 20) , NORGN, TIME (20) ,DOSE(20,40,4,2)

NAMELIST/ ORGANF/NORGB,ORGB, ORGDAT, IPATH
READ(26 , ORGANF)
WRITE(6,10000)
DO 10 J=1,NORGB
WRITE(6,10100) ORGB(J) ,ORGDAT(J)
IF (IPATH(J).NE.5) WRITE(6,10200) IPATH(J)
10 IF (IPATH(J).PQ.5) WRITE(6,10300)
DO 80 K=1,NORGN
DO 30 i3,
30 FACO(K,I)=0.0
DO 40 J~1,NORGB
IF (ORGN(E) .EG.ORG3B(J)) GO TO 50
40 CONTINUE
GO TO 80
50 IF (IPATH(J).BQ.5) GO TO 60
FACO(K, IPATH(J) )=ORGDAT(J)
GO TO 80
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60 DO 70 I=1,4
FACO(K, I)=ORGDAT(J)
70 CONTINUE
80 CONTINUE
RETURN
10000 FORMAT( 'OORGAN DOSE WEIGHTING FACTORS'//
A ' ORGAN FACTORS PATHWAYS'/)
10100 FORMAT (1X,A8,1X,F8.5)
10200 FORMAT( '+’ ,19X,12)
10300 FORMAT('+’,19X,’ 12 3 4°)
END
SUBROUTINE LOCTAB(IT,RN,PT,0G,FACD, ARRAY, TITLE, TITL1,TTILA,
< ORGN,NORGN,NDIM,N))
REAL*8 RN, 0G, SUN,NUCLID, ORGN, YLOPT(2) , OREP, RREF, (CREP, PUL,
A TBEQ
COMMON/ COMRN/OREP (20) ,RREP(20) ,CREP(20) ,WLEN(20,20) ,RRISK,
A RREF(2) ,RYRLL,NOREP,NRREP,NCREP
COMMON/ COMCA /DUN(6468) , AGEX
INTEGER PT
DIMENSION TITLE(20),TITLA(2),TITL1(10),ARRAY(NDINM,40.4),
< ORGN(1),FACD(1),TPATH(4,7),IDIR(16)
COMMON/ CONUS/OUTPUT (40,40) ,BOLDC(40) ,HOLDR(40)
DATA 1IDIR/1,16,15,14,13,12,11,10,9,8,7,6,5,4,3,2/
DATA TPATH/4HINGE,4HSTIO.4HN ,4H »4HINHA, 4HLATI ,4HON ,
> 48 +4HAIR ,4HIMME,4HRSIO,4HN ,4HGROU,4HND S, 4HURFA,4HCE ,
> 4HINTE, 4BRNAL, 4H »48 » 4HEXTE, 4HRNAL,43 »48 ,
> 4BALL ,4H »48 »48 /
DATA SUM/8BSUN / ,VLOPT/SEWORKLEVL,8HVLSUM /,
A PUL/SHPULMNARY/, TBEQ/8HBODY EQ./
COMMON/ COMNU/NUCLID(40) ,NONCLD, PSIZE(40) ,RESP(40) ,GIABS (4,40),
> INDPOP
COMMON/ COMEX /EXPP(20,20,40,4) ,POP(20,20) ,POPFAC, TOTFAC, NOL,NOU,
> NRL,NRU, IDIST(20), ILOC,JLOC
COMMON/ COMWOR/WT(20,4)
10000 FORMAT(1H1,20X,20A4/21X,10A4/21X,2A4)
DO 10 K=1,40
BOLDR(K)=0.0
BOLDC(K)=0.0
DO 10 L~1,40
10 OUTPUT(L,X)=0.0
TSUN=0.0
DO 12 J=1,2
IF(RN.BQ.VLOPT(J)) 60 TO 1000
12 CONTINUE
14 CONTINUE
IF(RN.EQ.SUM) GO TO 75
IF(RN,.EQ.WLOPT(2)) GO TO 75
DO 50 J=1,NONCLD
IF(RN.EQ.NOCLID(J)) GO TO 70
50 CONTINUE
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WRITE(6,10500) RN
10500 FORNAT(' RADONUCLIDE ’,AS8,
A ' IS NOT IN LIST. TABLE WILL RE SKIPPED.’)

RETURN
70 INE=Y

GO TO 80
15 INB=1

INE=NONCLD
80 CONTINUE

IF(0G.BQ.SUM) GO TO 175
DO 150 J=1,NORGN
IF(0G.PQ.ORGN(J)) GO TO 170
150 CONTINUE
WRITE(6,10600) OG
10600 FORMAT(' ORGAN ’,A8,’ IS NOT IN LIST.’,
A ' TABLE VWILL BE SKIPPED.')
RETURN
170 I0B=J
I0E=Y
GO TO 180
175 I0B=1
IOE=NORGN
IF(IT.EQ.3)
IF(IT.EQ.1)
IOB=NORGN
IOE=NORGN
G0 TO 180
185 CONTINUE
GO TO 195
180 DO 190 I-=1,4
DO 190 k=I0B, IOE
¥I(K,I)=1.
190 CONTINUE
195 CONTINUE
IPT=PT
IPB=IPT
IPE=1PT
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

TO 180
TO 185

88
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184 CONT ANUE
DO 300 IPT=IPB,IPE
DO 300 IN=INB, INE
DO 300 I0=IOB, IOE
DO 300 II=NOL,NOU
DO 300 JJ=NEL,NEU
OUTPUT(JJ, 11)=00TPUT(JJ, II)+ARRAY(IO, IN, IPT) *FACD(IPT)*
> EXPP(JJ,IL,IN,IPT)
300 CONTINUE
305 IF(IT.EQ.3) GO TO 500
DO 400 II=NOL,NOU
DO 400 JJ=NRL,NRU
IF(POP(11,JJ).BQ.0.0) GO TO 375
OUTPUT(JJ, II)=00TPUT(J),II) /POP(IX,JJ)
GO TO 400
3715 OUTPUT(JT,11)=0.0
400 CONTINUE
WRITE(6,10000) TITLE, TITL1,TITLA
WRITE(6,10100) RN,O€, (TPATB(K,PT) ,K=1,4)
DO 600 JJ=NRL,NRU
WRITE(6,10200) IDIST(JJ),(OUTPUT(JJ,IDIR(II)), IX=1,8)
600 CONTINUE
WRITE(6,10125)
DO 605 JJ=NRL,NRU i
WRITE(6,10200) IDIST(JJ), (OUTPUT(JJ, IDIR(IX)),II=9,16)
60S CONTINUE
RETURN
500 WRITE(6,10000) TITLE,TITL1,TITLA
DO 680 II=1,16
DO 680 JJ=NRL,NRU
HOLDC(II)=0UTPUT(JJ,11)+BOLDC(II)
HOLDR(JJ)=0UTPUT(JJ,IX) +ROLDR(JJ)
680 TSUM=0UTPUT(JJ, 11)+TSUN
WRITE(6,10100)RN, 0G, (TPATH(K, PT) ,K=1 ,4)
DO 700 JJ=NRL,NRU
700 WRITE(6,10200) IDIST(JY), (OUTPUT(JJ, IDIR(II)) ,II=1,8)
WRITE(6,10250) (HOLDC(IDIR(1I)),I1I=1,8)
WRITE(6,10178)
DO 710 JI=NRL,NRU
710 WRITE(6,10205) IDIST(JY), (OUTPUT(JJ, IDIR(II)) ,II=9,16) ,BOLDR(JT)
WRITE(6,10250) (HOLDC(IDIR(IX)) ,II=9,16) ,TSOM
RETURN
1000 IF(NDIN.NE.20) RETURN
IF(0G.EQ.SUM) GO TO 1001
IF(0G.EQ.PUL) GO TO 1001
IF(0G.EQ.TBEQ) GO TO 1001
IF(J.EQ.1) GO TO 305
GO TO 14
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1001 CONTINUE
IF(NO.NE.1) GO TO 1200
1100 DO 1150 II=NOL,NOU
DO 1150 JJ=NRL,NRU
OUTPUT(JJ,II)=VLRN(JJ,I1I)
1150 CONTINUE
0G=SUN
PT=1
GO TO 305
1200 IF(NO.NE.3) GO TO 1300
FAC=1.
IF(IT.BQ.3) FAC=1./AGEX
DO 1250 II=NOL,NOU
DO 1250 JJ=NEL,NRU
OUTPUT(JJ, I1)=RRISK*WLRN(JJ,II)*FAC
1250 CONTINUE
IF(J.BQ.1) GO TO 305
GO T0 14
1300 IF(0G.NE.PUL) GO TO 1400
FAC=1,
IF(IT.BQ.3) FAC=.001
DO 1350 II=NOL,NOU
DO 1350 JY=NRL,NRU
OUTPUT(JJ,II)=RREF(1)*WLERN(JJ, II)*FAC
1350 CONTINUE
IF(J.BFQ.1) GO TO 500
GO TO 14
1400 IF(OG.NE.TBEQ) RETURN
FAC=1,
IF(IT.BQ.3) FAC=.001
DO 1450 II=NOL,NOU
DO 1450 JJ=NRL,NRU
OUTPUT(JJ,I1)=RKEF(2) *WLRN(JJ, II) *FAC
1450 CONTINUE
IF(J.BEQ.1) GO TO 305
GO TO 14
10100 FORMAT(’ FOR RADIONUCLIDE : ’,A8/
* AND ORGAN/CANCER :°’,A8/
' AND PATHWAY : ’,4A4/
' DIRECTIONS:’,3X,’N’,12X,'NNE’,10X,'NE’,11X,
'ENE’,10X,’EB’,12X, 'ESE’,10X, 'SE’,11X, 'SSE'/
' DISTANCE’/’ (METERS):’/)
10125 FORMAT(////15X%,’'8’,12X,'S8¥W’,10X, 'S¥’,11X,'WSW’,10X,'W’
> ,12X,'WNW’,10X,’NW’,11X,’NNW’/’ DISTANCE'/’ (METERS):’)
10175 FORMAT(////15X,'8’,12X,’SS¥’,10X, 'Sw’,11X,'WS¥’,10X,’'W’
> ,12X,'WNW’,10X,’NW’,11X,’NNW’ ,10X,’SUN’/’ DISTANCE’/
> ' (METERS):’)
10200 FORMAT(I10,1P8G13.3)
10205 FORMAT(I10,1P9G13.3)
10250 FORMAT(’OSUM’,6X,1P9G13.3)
END

VWV WV WV WV
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SUBROUTINE SUMMRY (TITLE,GSCFAC)
REAL*8 NUCLID,ORGN, CANC, TOTBOD, RNLOC, 0GLOC,GEN, TOTAL,WTSUM,
A OREP,RREP,CREP,RN222
LOGICAL GENEFF,RNWR
REAL LLET

COMMON/ CONEX/EXPP(20,20,40,4) ,POP(20,20) , POPFAC, TOTFAC, NOL,NOU,
> NRL,NRU, IDIST(20) , ILOC,JLOC
COMMON/ COMOR/ORGN(20) ,NORGN, TIME(20) , DOSE(20,40,4,2), DTABLE(7)
COMMON/ COMRN/OREP(20) , RREP(20) , CREP(20) , WLEN(20,20)
A "RRISK,RREF(2) ,RYRLL, NOREP, NRREP, NCREP
COMMON/LETFAC/HLET(20) , LLET(20)
COMMON/ COMNU/ NUCLID (40) ,NONCLD, PSIZE(40) ,RESP(40) ,GIABS (4,40),
> INDPOP
COMMON/ COMGEN/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)
COMMON/ COMUS/ STLOW(40) , STHIG(40) ,STCOM(40) , STGLO(40) ,
A STGHI(40),STGCO(40)
DIMENSION DOSFAC(4),GENFAC(4) ,TTTLE(20)
DATA RN222/8HRN-222 /
ATA DOSFAC/1.,1.,1.,100./,
< GENFAC/1.,1.,1.,100./ ,TOTAL/SHIOTAL  /,WTSUM/SHWT.SUM /
COMMON/ COMWOR/DFAC(20, 4)
DOSFAC(4) =GSCFAC®DOSFAC(4)
GENFAC( 4)=GSCFAC*GENFAC(4)
RNWR=_FALSE,
DO 5 J=1,NONCLD
IF(NOCLID(J) .BQ.RN222) RNWR=.TRUE.
5 CONTINUE
WLC=0.0
DO 10 ITI=NOL,NOU
DO 10 JI=NRL,NRU
WLC=WLC+WLERN(JJ, II)
10 CONTINUE
WLE=WLCTOTFAC
C*s**  DOSE RATES BY ORGAN
DO 50 J=1,40
STRIG(J)=0.0
STLOW(J)=0.0
STCOM(J)=0.0
STGLO(J)=0.0
STGHI(Y)=0.0
STGC0(J)=0.0
50 CONTINUE
SUML=0 .0
SUME=0 .0
SUMC=0.0
DO 100 L=1,NORGN
DO 100 K=1.4
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FACNEW=POPFAC*DOSFAC(K)
FACNE2=PO" "AC*GENFAC(K)
DO 100 J- ,NONCLD
STHIG(L)=STHIG (L) +DOSE(L,J,K,2) *FACNEW*EXPP(JLOC, ILOC, J ,K)
SUMH=SUMB+DOSE(L, J, K, 2) *FACNEW*EXPP(JLOC, ILOC,J ,K) *DFAC(L,K)
STLOW(L)=STLOW(L) +DOSE(L,J,K, 1) *FACNEW*EXPP(JLOC, ILOC, J ,K)
SUML~SUML+DOSE(L,J,K,1) *FACNEW*EXPP(JLOC, ILOC,J ,K) *DFAC(L,X)
STCOM(L)=STCOM(L) +DOSE(L, J,K, 1) *FACNEW*EXPP (JLOC, ILOC, J ,K)
*LLET(L)+DOSE(L,J,K,2)*FACNEW*EXPP(JLOC, ILOC,J ,K) *HLET (L)
SUMC=SUNC+DOSE(L,J,K, 1) *FACNEW*EXPP(JLOC,ILOC,J . K)*
LLET(L)*DFAC(L,K)+DOSE(L,J,K,2) *SFACNEW*EXPP(JLOC, ILOC,J ,K) *
HLET(L) *DFAC(L,K)
IF(L.GT.NGEN) GO TO 100
STGHI(L)=STGHI (L) +GDOSE(L,J,K,2) *FATNR? sEXPP(JLOC, ILOC, J,K)
STGLO(L)=STGLO(L) +GDOSE(L,J,K, 1) *FACNE2 *EXPP(JLOC, ILOC,J ,K)
STGCO(L)=STGCO(L) +GDOSE(L,J,K, 1) *FACNE2 *EXPP(JLOC, TLOC, J,K)
$GLLET(L)+GDOSE(L,J,K,2) *FACNE2*EXPP(JLOC, ILOC,J,K) *GHLET(L)
CONTINUE
WRITE(6,10100) TITLE, (ORGN(L) ,L=1,NORGN) ,WISUM
WRITE(€,10205) (STLOW(L),L~=1,NORGN), SUML
WRITE(6,10210) (STHIG(L),L=1,NORGN), SUMH
WRITE(6,10215) (STCOM(L),L~1,NORGN), SUMC
WLI=VLRN(JLOC, ILOC) *POPFAC
IF(RNWR)WRITE(6,20216) WLI
FORMAT ( 'ORADON DAUGHTER EXPOSURE: '’/
* (WORKING LEVEL)',9X,1PG10.3)
WRITE(6,10290) (GEN(L),L=1,NGEN)
WRITE(6,10220) (STGLO(L),L=1,NGEN)
WRITE(6,10225) (STGHI(L),L=1,NGEN)
WRITE(6,10230) (STGCO(L),L=1,NGEN)
FORMAT(’1°,20A4/30X, ' ORGAN DOSE/EXPOSURE SUMMARY’//
‘0%¢* SELECTED INDIVIDUAL ¢ss’/

'ODOSE RATES: '/
17X,' ORGANS:’,10(2X,A8)/(26X,10(2X,A8)))
FORMAT(’ LOW LET (MRAD/Y)’,8X,1P10G10.3/
(26X,1P10610.3))
FORMAT(’ LOW LET (PERSON RAD/Y)',1X,1P10G10.3/
(261,1P10610.3))
FORMAT(' BIGH LET (MRAD/Y)’,7X,1P10G10.3/
(26X,1P10610.3))
FORMAT (' HIGH LET (PERSON RAD/Y)',1P10610.3/
(26X,1P10610.3))
FORMAT(’ DOSE BQUIVALENT (MREM/Y)’,1P10G610.3/
(26X,1P10610.3))
FORMAT(' DOSE EQ. (PERSON REM/Y)’,1P10G10.3/
(26X,1P10610.3))
FORMAT ( ' OGONADAL DOSES: '/
17X,’ GONADS:',10(2X,A8))
FORMAT(' LOW LET (MRAD)’,10X,1P10G10.3/
(26X,1P10G10.3))
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FORMAT (' LOW LET (PERSON RAD)’,4X,1P10610.3/
(26X,1P10610.3))

FORNAT(' HIGH LET (MRAD)',9X,1P10G10.3/
(26X,1P10610.3))

FORNAT(’ HIGH LET (PERSON RAD)',3X,1P10610.3/
(26X,1P10610.3))

FORMAT(' DOSE PQUIVALENT (MREM)’,2X,1P10G10.3/
(26X,1P10610.3))

FORNAT(' DOSE EQ. (PERSON REN)',3X,1P10G10.3/
(26X,1P10610.3))

IF(INDPOP.NE.1) GO TO 1000

DO 150 J=1,40

STHIG(J)=0.0

STLO¥(J)=0.0

STCON(J)=0.0

STGHI(J)=0.0

ST6L0(J)=0.0

ST6C0(J)=0.0

CONTINUE

SUML~=0.0

SUMH=0 .0

SUNC=0.0

DO 200 L=1,NORGN

DO 200 k-1,4

FACNEW=TOTFAC*DOSFAC(K)

FACNE2=TOTFAC*GENFAC(K)

DO 200 J=1,NONCLD

DO 200 II=NOL,NOU

DO 200 JJ=NRL,NRU
STHIG(L)~=STHIG(L) +DOSE(L,J,K,2) sEXPP(JJ,I1,J,K) *FACNEV
SUME=SUMB+DOSE(L,J,K,2) *EXPP(JJ,1I,J,K) *FACNEW*DFAC(L,K)
STLOV(L)=STLOW(L)+DOSE(L,J,K,1) *EXPP(JJ,II1,J,K) *FACNEW
SUML=SUML+DOSE(L,J,K,1) *EXPP(JJ,11,J,K) *FACNEV*DFAC(L,K)
STCOM(L)=STCOM(L) +DOSE(L,J,K,1) *EXPP(JJ,II1,J,K) *FACNEY
SLLET(L)+DOSE(L,J,K,2) *EXPP(JJ,1I,J,K) *FACNEW*HLET(L)
SUMC=SUMC+DOSE(L,¥.K,1) *EXPP(JJ,II,J,K) *FACNEW*

LLET(L) *DFAC(L,K)+DOSE(L,J,K,2) *EXPP(JJ, 11,7 ,K) SFACNEW*
HLET(L) *DFAC(L,K)

IF(L.GT.NGEN) GO TO 200
STGHI(L)=STGHI(L)+GDOSE(L,J,K,2) *EXPP(JJ,11,J,K) *FACNE2
STGLO(L)=STGLO(L)+GDOSE(L,J,K,1) *EXPP(JJ,II,J,K) *FACNE2
ST6CO(L)=STGCO (L) +GDOSE(L,J,K,1) *EXPP(JJ, 11,J,K) *FACNE2
$GLLET(L)+GDOSE(L,J,K,2) *EXPP(JJ,11,J,K) *FACNE2*GHLET(L)
CONTINUE

WRITE(6,10400) (ORGN(L),L=1,NORGN) , WISUM

FORMAT(/'0%** MEAN INDIVIDUAL ¢#s’/

'ODOSE RATE:'/

17X,’ ORGANS:’,10(2X,A8)/(26X,10(2X,A8)))
WRITE(6,10205) (STLOW(L),L=1,NORGN) , SUML

WRITE(6,10210) (STHIG(L) ,L=1,NORGN) , SUMH

WRITE(6,10215) (STCOM(L),L=1,NORGN), SUMC
IF(RNWR)WYRITE(6,20216) WLE

WRITE(6,10590) (GEN(L),L=1,NGEN)
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FORMAT ( ' OGONADAL DOSES: */

17X, ' GONADS:',10(2X,A8))

WRITE(6,10220) (STGLO(L) ,L=1,NGEN)
WRITE(6,10225) (STGHI(L),L=1,NGEN)
WRITE(6,10230) (STGCO(L) ,L~1,NGEN)

DO 350 K=1,40

STLOW(K)=0.0

STHIG(K)=0.0

STCON(K)=0.0

IF(K.GT.NGEN) GO T0 350

STGLO(K)=0.0

STGHI(K)=0.0

STGCO(K)=0.0

CONTINUE

SUML~0.0

SUMH=0.0

SUNC=0.0

DO 400 K=1,4

DO 400 J=1,NONCLD

TEXPP=0.0

DO 403 II=NOL,NOU

DO 403 JJ=NRL,NRU

TEXPP=TEXPP+EXPP(JJ,11,J.K)

CONTINUE

TEXPP=TEXPP*.001

DO 400 L=1,NORGN

STLOW(L)=STLOW(L) +DOSE(L,J,K, 1) *TEXPP*DOSFAC(K)
SUML~=SUML+DOSE(L, J,K,1) *TEXPP*DOSFAC(K) *DFAC(L,K)
STHIG(L)=STHIG(L)+DOSE(L,J,K,2) *TEXPP*DOSFAC(K)
SUMB=SUNBH+DOSE(L,J,K,2) *TEXPP*DOSFAC(K) *DFAC(L,K)
STCOM(L) =STCOM(L) +DOSE(L,J,K, 1) *TEXPP*DOSFAC(K) *LLET(L) +
DOSE(L,J,K,2)sTEXPP*DOSFAC(K) *HLET (L)
SOMC=SUNC+DOSE(L, J,K,1) *TEXPP*DOSFAC(K)*LLET(L) *0F. ‘L,K)+
DOSE(L,J,K,2) *TEXPP*DOSFAC(K) *HLET (L) *DFAC(L,K)
TF(L.GT.NGEN) GO TO 400

STGLO(L)=STGLO(L) +GDOSE(L,J,K,1) *TEXPP*GENFAC(K)
STGHI(L)=STGHI(L) +GDOSE(L,J,K,2) *TEXPP*GENFAC(K)
STGCO(L)=STGCO(L) +GDOSE(L,J,K,1) *TEXPP*GENFAC(K) *GLLET(L) +
GDOSE(L,J,K,2) sTEXPP*GENFAC(K) *GHLET (L)

CONTINUE

WRITE(6,10700) (ORGN(L) ,L=1,NORGN) ,WTSUM
FORMAT(/'0*** COLLECTIVE POPULATION *%s’/

'ODOSE RATE:'/

17X,’' ORGANS:’,10(2X,A8)/(26X,10(2X,A8)))
WRITE(6,10206) (STLOW(L),L=1,NORGN) , SUML
WRITE(6,10211) (STHIG(L) ,L=1,NORGN) , SUMH
WRITE(6,10216) (STCOM(L),L=1,NORGN), SUMC
IF(RNWR)WRITE(6,20416; WLC

FORMAT ( 'ORADON DAUGHTER EXPOSURE: '’/

* (PERSON WORKING LEVEL)',2X,1PG10.3)
WRITE(6,10790) (GEN(L),L=1,NGEN)



10790

Cesss
1000

1050

1100

1101

1102

1199

330

FORMAT( *OGONADAL DOSES: '/

17X,’' GONADS:’,10(2X,A8))

WRITE(6,10221) (STGLY(L),L=1,NGEN)

WRITE(6,10226) (STGHI(L),L=1,NGEN)

WRITE(6,10231) (STGCO(L),L=1,NGEN)

DOSE RATES BY PATHWAY

DO 1050 J=1,40

STHIG(Y)=0.0

STLOW(J)=0.0

STCOM(J)=0.0

STGHI(J)=0.0

STGLO())=0.0

ST600(J)=0.0

CONTINUE

DO 1199 k=1,4

DO 1100 L~1,NORGN

FACNEW=POPFAC*DOSFAC(K) *DFAC(L,K)

FACNE2=POPFAC*GENFAC(K)

DO 1100 J=1,NONCLD

STHIG (K)=STHIG(K) +DOSE(L,J,K,2) sFACNEW*EXPP(JLOC, ILOC,J ,K)
STLOV(K)=STLOW(K)+DOSE(L,J,K,1) *FACNEW*EXPP(JLOC, ILOC,J ,K)
STCOM(K)=STCOM(K)+DOSE(L,J,K,1) SFACNEW*EXPP(JLOC, ILOC,J .K)
SLLET(L)+DOSE(L,J,K,2) *FACNEV*EXPP(JLOC, ILOC,J ,K) *HLET(L)
1F(L.NE.NGEN) GO TO 1100
STGHI(K)=STGHI(K)+GDOSE(L,J ,K,2) *FACNE2 *EXPP(J1OC, ILOC, J ,K)
STGLO(K)=STGLO(K) +GDOSE(L,J,K,1) *FACNE2 *EXPP(JLOC, ILOC,J,K)
STGCO(K)=ST6CO(K)+GDOSE(L, ¥ ,K, 1) *FACNE2 *EXPP(JLOC, ILOC,J ,K)
*GLLET(L)+CDOSE(L,J,K,2) *FACNE2 *EXPP(J1OC, ILOC,J ,K) *GHLET(L)
CONTINUE

IF(K.GT.2) GO TO 1101

STHIG(S)=STHIG(S5)+STHIG(K)

STLOW(S)=STLOW(5) +STLOW(K)

STCOM( 5)=STCOM(5) +STCON(K)

STGHI(5)=STGHI(5)+STGHI(K)

STGLO( §)=STGLO($)+STGLO(K)

STGCO(5)=STGCO(5) +STGCO(K)

IF(K.LT.3)G0O TO 1102

STHIG(6) =STHIG(6) +STHIG(K)

STLOW(6)=STLOW(6)+STLOW(K)

STCOM(6) =STCOM(6) +STCOM(K)

STGHI(6)=STGHI (6)+STGHI (K)

STGLO(6) =STGLO(6) +STGLO(K)

STGCO(6)=STGCO(6) +STGCO(K)

STHIG(7)=STHIG(7) +STHIG(K)

STLOW(7)=STLOW(7)+STLOW(K)

STCOM(7)=STCOM(7) +STCOM(X)

STGHI (7)=STGHI(7)+STGHI (K)

STGLO(7)=STGLO(7) +STGLO(K)

STGCO(7)=STGCO(7)+STGCO(K)

CONTINGE

WRITE(6.11100) TITLE
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11100 FORMAT(’1',20A4/30X,’ PATHWAY DOSE/EXPOSURE SUMMARY’/
*0®¢* SELECTED INDIVIDUAL ¢’/
*ODOSE RATES:'/
' WEIGHTED SUNS OF ORGAN DOSE RATES'/
! PATHWAYS: INGESTION ',
*INHALATION AIR GROUND’,
' INTERNAL EXTERNAL TOTAL'/
45X,' IMMERSION SURFACE')
WRITE(6,10205) (STLOW(L),]1~1,7)
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!'OAVERAGE GONADAL DOSES: */
' PATHWAYS: 1INGESTION °’,
*INHALATION AIR GROUND’,
' INTERNAL EXTERNAL TOTAL'/
45X, IMMERSION SURFACE')
WRITE(6,10220) (STGLO(L),L-1,7)
WRITE(6,10225) (STGHI(L),L~1,7)
WRITE(6,10230) (STGCO(L),L~1,7)
IF(INDPOP.NE.1) GO TO 11000
DO 1150 J=1,40
STHIG(S)=0.0
STLOW(J)=0.0
STCOM(J)=0.0
STGHI(J)=0.0
STGLO(J)=C.0
ST6C0(J)=0.0
1150 CONTINUE
DO 1299 K=1,4
FACNE2=TOTFAC*GENFAC(K)
DO 1200 L=1,NORGN
FACNEW=TOTFAC*DOSFAC(K) *DFAC(L,K)
DO 1200 J=1,NONCLD
DO 1200 II=NOL,NOU
DO 1200 JJ=NRL,NRU
STHIG (K)=STHIG(K)+DOSE(L,J ,K,2) *EXPP(JJ,1I,J,K) *FACNEW
STLOW(K)=STLOW(K)+DOSE(L,J,K,1) *EXPP(JJ,1I,J,K) *FACNEW
STCOM (X) =STCOM(K) +DOSE(L,J,K,1)*EXPP(JJ,II,J,K)*FACNEVW
> ®LLET(L)+DOSE(L,J,K,2)*EXPP(JJ,I1,J,K)*FACNEW*ALET(L)
IF(L.NE.NGEN) GO TO 1200
STGHI (K) =STGHI (K)+GDOSE(L,J,K,2) *EXPP(JJ,I1,J,K) *FACNE2
STGLO{K)~=STGLO(K)+GDOSE(L,J,K,1) *EXPP(JJ,II1,J,K) *FACNEZ2
STGCO(K) =ST6CO(K)+GDOSE(L,J,K,1) ®*EXPP(JJ,I1,J ,K) *FACNE2*
A GLLET(L)+GDOSE(L,J,K,2)*EXPP(JJ,1I,J,X)*FACNE2*GHLET(L)
1200 CONTINUE
1203 IF(K.GT.2) GO TO 1201
STHIG(5)=STHIG(S5)+STHIG(K)
STLOW(5)=STLOW(5)+STLOW(K)
STCOM(5)=STCOM(5)+STCOM(K)
STGHI(5)=STGHI(S)+STGHI (K)

ANAN AN
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STGLO(5)=STGLO(5) +STGLO(K)
STGCO( 5)=STGCO( 5) +STGCO(K)
IF(K.LT.3) GO TO 1202
STHIG(6)=STHIG(6)+STHIG(K)
STLOW(6)=STLOW (6) +STLOW(K)
STCOM(6)=STCOM(6) +STCOM(K)
STGHI(6)=STGHI(6) +STGHI(K)
STGLO(6)=STGLO(6) +STGLO(K)
ST6C0(6)=STGCO(6) +STGCO(K)
STHIG(7)=STHIG(7)+STHIG(K)
STLOW(7) =STLOW(7) +STLOW(K)
STCOM(7)=STCOM(7)+STCOM(K)
STGHI(7)=STGHI(7) +STGHI(K)
STGLO(7)=STGLO(7)+STGLO(K)
STGCO(7)=ST6C0(7)+STGCO(K)
CONTINUE

WRITE(6,11400)

FORMAT(/*0%%* MEAN INDIVIDUAL %¢s’/
'ODOSE RATES:’/

* WEIGHTED SUNS OF ORGAN DOSE RATES’/
' PATHWAYS: INGESTION °,
'INHALATION AIR GROUND’ ,

d INTERNAL EXTERNAL TOTAL’/
45X,' INMERSION SURFACE’)
VRITE(6,10205) (STLOW(L),L=1,7)
WRITE(6,10210) (fTHIG(L),L~1,7)
WRITE(6,10215) (STCUM(L),L~-1,7)
IF(RNWR)WRITE(6,20216) VWLE
WRITE(6,11590)

FORMAT( 'OAVERAGE GONADAL DOSES: '’/
’ PATHWAYS: INGESTION ’,
*INHALATION AIR GROUND' ,

' INTERNAL EXTERNAL TOTAL’/
45X,' IMMERSION SURFACE’)
WRITE(6,10220) (STGLO(L),L=1,7)
WRITE(6,10225) (STGHI(L),L=1,7)
WRITE(6,10230) (STGCO(L),L=1,7)
DO 1350 K=1,40

STLOV(K)=0,0

STHIG(K)=0.0

STCOM(K) =0 .0

STGLO(K)=0.0

STGHI(K)=0.0

ST6CO(K)=0.0

CONTINUE

DO 1499 K=1,4

DO 1400 J=1,NONCLD

TEXPP=0.0

DO 1404 I1I=NOL,NOU

DO 1404 JJ=NRL,NRU
TEXPP=TEXPP+EXPP(JJ,11,7J,K)
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1404 CONTINUE
TEXPP=TEXPP*.001
DO 1400 L~=1,NORGN
STLOW(K)=STLO¥(K) +DOSE(L,J,K, 1) *TEXPP*DOSFAC(K) *DFAC(L,K)
STHIG(K)=STHIG(K)+DOSE(L,J,K,2) *TEXPP*DOSFAC(K) *DFAC(L,K)
STCOM (K)=STCOM(K) +DOSE(L, J K, 1) *TEXPP*DOSFAC(K) *LLET(L) *

> DFAC(L,K)+DOSE(L,J,K,2)*TEXPP*DOSFAC(K) *HLET(L) *DFAC(L,K)
IF(L.NE.NGEN) GO TO 1400
STGLO(K) =STGLO(K) +GDOSE(L, J ,K, 1) *TEXPP*GENFAC(K)
STGHI (K)=STGHI (K) +GDOSE(L, J,K,2) *TEXPP*GENFAC(K)
STGCO(K)=STGCO(K) +GDOSE(L, J ,K,2 ) *TEXPP*GENFAC (K) *GHLET(L) +
A GDOSE(L,J,K,1) *TEXPP*GENFAC(K) *GLLET(L)

1400 CONTINUE

1403 IF(K.GT.2) GO TO 1401
STLOW(S)=STLOW(5) +STLOW(K)
STHIG(5)=STHIG(S)+STHIG(K)

STCOM(5)=STCOM(5) +STCON(K)
STGLO( 5)=STGLO( 5) +STGLO(K)
STGHI(5)=STGHI(5)+STGHI(K) .
STGCO( 5)=STGCO(5)+STGCO(K)
GO TO 1402

1401 STLOW(6)=STLOW(6)+STLOW(K)

STHIG(6)=STHIG(6) +STHIG(K)
STCOM(6)=STCOM(6)+STCOM(K)
STGLO(6)=STGLO(6) +STGLO(K)
STGHI(6)=STGHI(6)+STGHI(K)
STGCO(6) =STGCO(6) +STGCO(K)

1402 STLOW(7)=STLOW(7)+STLOW(K)
STRIG(7)=STHIG(7)+STHIG(K)
STCOM(7)=STCOM(7)+STCOM(K)

STGLO(7)=8TGLO(7) +STGLO(K)
STGHI (7)=STGHI (7) +STGHI (K)
STGCO(7) =ST6C0(7) +STGCO(K)

1499 CONTINUE

11700  FORMAT(/’'0O*¢* COLLECTIVE POPULATION $¢s’/

'ODOSE RATES:'/

' WEIGHTED SUMS OF ORGAN DOSE RATES’/

' PATHWAYS: INGESTION °‘,

*INHALATION AIR GROUND’ ,

' INTERNAL EXTERNAL TOTAL‘/

45X,' IMMERSION SURFACE’)

WRITE(6,11700)

WRITE(6,10206) (STLOW(L),L=1,7)

WRITE(6,10211) (STHIG(L),L=1,7)

WKITE(6,10216) (STCOM(L),L=1,7)

IF(RNWR)WAITE(6,20416) WLC

WRITE(6,11790)

11790 FORMAT( 'OAVERAGE GONADAL DOSES:‘’/

' PATHWAYS: INGESTION ',

*INHALATION AIR GROUND'’ ,

' INTERNAL EXTERNAL TOTAL’/

45X, IMMERSION SURFACE')

AAAAAD

AN AN
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WRITE(6,10221) (ST6LO(L),L=1,7)

WRITE(6,10226) (STGHI(L),L=1,7)

WRITE(6,10231) (ST6CO(L),L~1,7)

DOSE RATES BY NUCLIDE

DO 2050 J=1,40

STHIG())=0.0

STLOW(J)=0.0

STCON(J)=0.0

STGLO(J)=0.0

STGHI())=0.0

STGC0(J)=0.0

CONTINUE

SUML=0.0

SUME=0.0

SUNG=0.0

SUMGL~0.0

SUMGE=0.0

SUNGC=0.0

DO 2109 J=1,NONCLD

DO 2100 k=1,4

FACNE2=POPFAC*GENFAC(K)

DO 2100 L=1,NORGN

FACNEW=POPFAC*DOSFAC(K) *DFAC(L,K)
STHIG(J)=STHIG(J)+DOSE(i,7,K,2) *FACNEW*EXPP(JLOC, ILOC,J ,K)
STLOW(J)=STLOW(J) +DOSE(L,J,K, 1) *SFACNEW*EXPP(JLOC, ILOC, J ,K)
STCOM(J)=STCOM(J)+DOSE(L,J,K,1) *FACNE¥*EXPP(JLOC, ILOC,J ,K)
SLLET (L) +DOSE(L,J,K,2) *FACNEW*EXPP(JLOC, ILOC,J ,K) *HLET(L)
IF(L.NE.NGEN) GO TO 2100

STGHI(J)=STGHI(J)+GDOSE(L,J,K,2) *FACNE2 *EXPP(JLOC, ILOC,J ,K)
STGLO(J)=STGLO(J)+GDOSE(L,J,K,1) *FACNE2 *EXPP(JLOC, ILOC,J ,X)
STGC0(J)=ST6CO(J) +GDOSE(L,J K, 1) ®*FACNE2 *EXPP(JLOC, ILOC,J ,K) *
GLLET(L)+GDOSE(L, J,K,2) ®*FACNE2*EXPP(JLOC, ILOC,J ,K) *GHLET (L)
CONTINUE

SUML=SUML+STLOW(J)

SUMH=SUMB+STHIG(Y)

SUMC=SUNC+STCOM(J)

SUMGL~=SUNGL+STGLO(J)

SUMGH=SUMGH+STGHI(J)

SUMG C=SUNGC+STGCO(J)

CONTINUE

VRITE(6,12100) TITLE, (NUCLID(L),L~1,NONCLD) ,TOTAL
FORMAT('1’,20A4/30X, 'NUCLIDE DOSE/EXPOSURE SUMMARY'//
‘0®es SELECTED INDIVIDUAL #¢e’/

'ODOSE RATES:’/

* WEIGHTED SUMS OF ORGAN DOSE RATES'/

15X,’ NUCLIDES:’,10(2X,A8)/(26X,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) ,SOMC
IF(RNWR)VRITE(6,20216) WLI

WRITE(6,12290) (NUCLID(L),L=1,NONCLD),TOTAL
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FORMAT( * OAVERAGE GONADAL DOSES:‘/

15X,' NUCLIDES:',10(2X,A8)/(26X,10(2X,A8)))
WRITE(6,10220) (STGLO(L),L~1,NONCLD), SUNGL
WRITE(6,10225) (STGHI(L),L=1,NONCLD), STMGH
WRITE(6,10230) (STGOO(L),L~=1,NONCLD), .i¥GC
IF(INDPOP.NE.1) GO TO 21000

DO 2150 J=1,40

STHIG(J)=0.0

STLOW(J)=0.0

STCOM(J)=0.0

STGLO(J)=0.0

STGHI(J)=0.0

STGC0(Y)=0.0

CONTINUE

SUML~0.0

SUNH=0.0

SUNC=0.0

SUMGL=0.0

SUMGE=0.0

SUMGC=0.0

DO 2209 J=1,NONCLD

DO 2200 k=1,4

FACNE2=TOTFAC*GENFAC(K)

DO 2200 L=1,NORGN

FACNEW=TOTFAC*DOSFAC(K) *DFAC(L,K)

DO 2200 II=NOL,NOU

DO 2200 JJ=NRL,NRU
STHIG(J)=STHIG(J)+DOSE(L,J,K,2)*EXPP(JJ,I1,J,K) *FACNEW
STLOW(J)=STLOW(J)+DOSE(L,J ,K,1)*EXPP(JJ,1I1,J,K)*FACNEY
STCOM(J)=STCOM(J)+DOSE(L,J,K,1)*EXPP(JJ,I1,J,K) *FACNEY
SLLET(L)+DOSE(L,J,K,2) *EXPP(JJ,11,J,K) *FACNEW*HLET(L)
IF(L.NE.NGEN) GO TO 2200

STGLO(J) =STGLO(J) +GDOSE(L,J ,K,1)*EXPP(JJ, 1I,J,K) sFACNE2
STGHI(J)=STGHI(J)+GDOSE(L,J,K,2)*EXPP(JJ,II,J,K)*FACNE2
STGCO(J) =STGCO(J)+GDOSE(L,J,K,1)*EXPP(JJ, II,J,K) *FACNE2*
GLLET(L)+GDOSE(L,J,K,2) *EXPP(JJ,II,J,K)*FACNE2*GHLET(L)
CONTINUE

SUML=SUML+STLOW(J)

SUMH=SUMH+STHIG(J)

SUMC=SUMC+STCOM(J)

SUMGL~=SUMGL+STGLO(J)

SUMGH=SUMGH+STGHI (J)

SUMGC=SUNGC+STGCO(Y)

CONTINUE

WRITE(6,12400) (NUCLID(L),L=1,NONCLD) , TOTAL

FORMAT(/ '0%*¢ MEAN INDIVIDUAL #*s’/

'ODOSE RATES:'/

* WEIGHTED SUMS OF ORGAN DOSE RATES'/

15X,’ NUCLIDES:',10(2X,A8)/(26X,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) (NUCLID(L),L=1,NONCLD),TOTAL
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FORMAT ( *OAVERAGE GONADAL DOSES: '’/

15X,' MUCLIDES:‘,10(2X,A8)/(26X,10(2X,A8)))
WRITE(6,10220) (STGLO(L),L=1,NONCLD), SUNGL
WRITE(6,10225) (STGHI(L),L=1,NONCLD), SUNGH
WRITE(6,10230) (STGCO(L),L~1,NONCLD), SUNGC

DO 2350 K=1,40

STLOW(K)=0.0

STHIG(X)=0.0

STCOM(K)=0.0

STGLO(K)=0.0

STGHI(K)=0.0

ST6C0(K)=0.0

CONTINUE

SUNL=0.0

SUME=0 .0

SUNC=0.0

SUNGL=0.0

SUMGHE=0.0

SUMGC=0.0

DO 2409 J=1,NONCLD

DO 2400 Kk=1,4

TEXPP=0.0

DO 2403 II=NOL,NOU

DO 2403 JJ=NRL,NRU

TEXPP=TEXPP+EXPP(JJ, 11,7 ,K)

CONTINUE

TEXPP=TEXPP*,001

DO 2400 L=1,NORGN

STLOW(J)=STLOW(J) +DOSE(L,J,K,1) *TEXPP®*DOSFAC(K) *DFAC(L,K)
STHIG(J)=STHIG(J)+DOSE(L,J,K,2) *TEXPP*DOSFAC(K) *DFAC(L.K)
STCOM(J)=STCOM(JY)+DOSE(L,J,K,1) *TEXPP*DOSFAC(K) *LLET(L) *
DFAC(L,K)+DOSE(L,J,K,2) *TEXPP*DOSFAC(K) *HLET (L) *DFAC(L,K)
IF(L.NE.NGEN) GO TO 2400

STGLO(J) =STGLO(J ) +GDOSE(L, J K, 1) *TEXPP*GENFAC(K)
STGHI(J)=STGHI(J)+GDOSE(L,J,K,2)*TEXPP*GENFAC(K)
STGC0(J)=STGCO(J) +GDOSE(L, J,K, 1) *TEXPP*GENFAC(K) *GLLET(L) +
GDOSE(L, J,K,2) *TEXPP*GENFAC(K) *GHLET(L)

CONTINUE

SUML~=SUML+STLOW(J)

SUME=~SUNB+STHIG(T)

SUMC=SUNC+STCOM(Y)

SUMGL~=SUMGLASTGLO(J)

SUMGH=SUMGH+STGHI(J)

SUMGC=SUNMG C+STG00(J)

CONTINUE

WRITE(6,12700) (NUCLID(L),L=1,NONCLD), TOTAL
FORMAT(/ '0%** COLLECTIVE POPULATION %se¢’/
'ODOSE RATES: '’/

* WEIGHTED SUMS OF ORGAN DOSE RATES'/

15X,’ NUCLIDES:',10(2X,A8)/(26X,10(2X,A8)))
WRITE(6,10206) (STLOW(L),L=1,NONCLD) .SUML
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WRITE(6,10211) (STHIG(L),L=1,NONCLD) , SUNH
WRITE(6,10216) (STCOM(L),L=1,NONCLD) , SUNC
IF(RNWR)WRITE(6,20416) WLC

WRITE(6,12790) (NUCLID(L),L~1,NONCLD),TOTAL

12790 FORMAT('OAVERAGE GONADAL DOSES:’/

21000

Cosss

> 15X,°’ NUCLIDES:',10(2X,A8)/(26X,10(2X,A8)))
WRITE(6,10221) (STGLO(L),L~1,NONCLD), SUMGL
WRITE(6,10226) (STGHI(L),L=1,NONCLD), SUMGH
WRITE(6,10231) (STGCO(L),L~=1,NONCLD), SUMGC
CALL SUMMR2 (TITLE, RNWR,GSCFAC)
RETURN
END

SUBROUTINE SUMMR2 (TITLE, RNWR,GSCFAC)
REAL®*8 NUCLID,ORGN, CANC,TOTBOD, RNLOC, OGLOC,GEN, TOTAL,
A CTEP,RRFP, CREP,PUL
DATA PUL/SHPULMNARY/
LOGICAL GENEFF,RNWR
REAL LLET

COMMON/ COMEX /EXPP(20,20,40,4) ,POP(20,20) ,POPFAC, TOTFAC, NOL,NOU,
> NRL,NRU, IDIST(20),ILOC,JLOC
COMMON/ COMRN/OREP (20) . RR¥P(20) ,CREP(20) ,WLRN(20,20),
A RRISK,RREF(2) ,RYRLL,NOREP,NRREP,NCREP
COMMON/ COMCA /CANC(20) ,NCANC, RELABS(%0) ,RISK(20,40,4,2), RTABLE(7),
> AGEX,YRLL(20,40,4,2)
COMMON/ COMRF /REF (20,40 ,4) ,FTABLE(7)
COVMON/ COMNU/NUCLID(40) ,NONCLD, PSIZE(40) ,RESP(40) ,GIABS (4,40),
> INDPOP
COMMON/ COMGEN/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)
COMMON/ COMUS/STLOW(40) , STHIG (40) , STCOM(40) ,STREQ(40) ,
A STGLO(40),STGHI(40) ,STGC0(40),STLLL(40), STHLL(40) ,STCLL(40),
B STGRQ(40)
DIMENSION RISFAC(4) ,REQFAC(4),GENFAC(4),TITLE(20)
DATA RISFAC/2*1.E-5,10.,1000./,
< RBEQFAC/1,,1.,1.E6,1.E8/,
< GENFAC/1,,1.,1.,100./,TOTAL/SHTOTAL /
RISK RATES BY CANCER
RISFAC(4)=RISFAC(4)*GSCFAC
RBEQFAC(4)=REQFAC(4) *GSCFAC
GENFAC(4)=GENFAC(4)*GSCFAC
LP=1
DO 25 K=1,NCANC
IF(CANC(K) .EQ.PUL)LP=K
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CONTINUE

DO 50 J=1,40

STHIG(J)=0.0

STLOW(J)=0.0

STCOM(J)=0.0

STGLO(J)=0.0

STGHI(J)=0.0

STGC0(J)=0.0

STREQ(J)=0.0

STGRQ(J)=0.0

STLLL(J)=0.0

STHLL(J)=0.0

STCLL(J)=0.0

CONTINUE

SUNL=0.0

SUME=0.0

SUNC=0.0

SUMLLL=0.0

SUMHLL~0.0

SUNCLL=0.0

TBEQ=0.0

RLL=0.0

YRP=RYRLL*WLRN(JLOC, ILOC) *POPFAC

RR=RRISK*WLRN(JLOC, ILOC) *POPFAC

IF(VLEN(JLOC, ILOC) .NE.0.0)RLL~RYRLL/RRISK

RP=RR

DO 109 L=1,NCANC

DO 100 K=1,4

FACNEW=POPFAC*RISFAC(K)

FACNE2=POPFAC*GENFAC(K)

DO 100 J=1,NONCLD

STHIG(L) =STHIG(L)+RISK(L,J,K,2) *FACNEW*EXPP(JLOC, ILOC, J .K)
STHLL(L)=STHLL(L)+YRLL(L,J,K,2) SFACNEW*EXPP(JLOC, ILOC, J ,K)
STLOW(L)~STLOW(L)+RISK(L,J,K,1) *FACNEW*EXPP(JLOC, ILOC, J ,K)
STLLL(L)=STLLL(L)+YRLL(L,J,K,1) *FACNEW*EXPP(JLOC, ILOC,J ,K)
STCOM(L)=STCOM(L)+RISK(L,J,K,1)*FACNEY*EXPP(JLOC,ILOC,T,X)
+RISK(L,J,K,2) *FACNEW*EXPP(JLOC, ILOC,J ,.K)
STCLL(L)=STCLL(L)+YRLL(L,J,K, 1) *FACNEW*EXPP (JLOC, ILOC, J ,K)
+YRLL(L,J,K,2) *FACNEW*EXPP(JLOC, I1LOC,J ,K)

STREQ(L) =STREQ(L) +REF(L,J,K) *POPFAC*REQFAC(K) *EXPP(JLOC,
IL0C,J.K)

IF(L.GT.1) GO TO 100

TBEQ=TBEQ+REF (NCANC+1,J,K) *POPFAC*REQFAC(K) *EXPP(JLOC,
IL0C,J.K)

STGRQ(L) =STGRQ(L) +GREF(L, J,K) *FACNE2 *EXPP(JLOC, ILOC,J ,K)
STGLO(L)=STGLO(L)+GRISK(L,J,K,1) *FACNE2*EXPP(JLOC, ILOC,J ,K)
STGHI(L) =STGHI (L) +GRISK(L,J,K,2) *FACNE2 *EXPP(JLOC, ILOC, J ,K)
STGCO(L)=STGCO(L)+GRISK(L,J,K,1) *FACNE2*EXPP(JLOC, ILOC,J ,K) +
GRISK(L,J,K,2) *FACNE2*EXPP(JLOC, ILOC,J,K)
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CONTINUE

SUML~SUML+STLOW (L)

SUNH=SUNB+STRIG(L)

SUMLLL~SUMLLL+STLLL(L)

SUMHLL~-SUNHLL+STHLL(L)

SUNCLL~SUNCLL+STCLL(L)

SUNC=SUNC+STCOM(L)

IF(L.BQ.LP) STCPP=STCLL(L)

IF(L.EQ.LP) STCCB=STCOM(L)

IF(STLOW(L) .NE.0.0) STLLL(L)=STLLL(L) /STLOW(L)
IF(STHIG(L) .NE.0.0)STHLL(L)=STHLL(L) /STHIG(L)
IF(STOOM(L) .NE.0.0)STCLL(L)=STCLL(L) /STCOM(L)
CINTINUE

IF(SUML.NE.O.0)SUMLLL~SUMLLL/SUML
I1°{SUMH.NE.O .0) SUMHLL-SUNHLL/ SUMH

I%(SUMC.NE.0.0) YRT=(RYRLLSWLEN(JLOC, ILOC)*POPFAC+SUNCLL)/
(SUNC+RRISK®*POPFAC*VLRN(JLOC, ILOC) )

IF(SUMC.NE.0.0) SUMCLL-SUNCLL/ SUMC

YRP=STCPH+YRP

RP=RP+STCCH

IF(RP.NE.0.0) YRP=YRP/RP

WRITE(6,10100) TITLE

WRITE(6,10102) (CANC(L) ,L=1,NCANC) , TOTAL
FORMAT('1’,20A4/30X, 'RISK/RISK PQUIVAL NT SUMMARY'//
'0¢s¢ SELECTED INDIVIDUAL e8¢’/

'OLIFETIME FATAL CANCER RISK:’/)

FORMAT (16X, ' CANCERS:’,10(2X,A8)/(26X,10(2X,A8)))
WRITE(6,10205) (STLO¥(L),L=1,NCANC), SUML
WRITE(6,10210) (STHIG(L),L=1,NCANC), SUMH
WRITE(6,10215) (STCOM(L),L=1,NCANC), SUNC
IF{RNWR)VWRITE(6,20216) RR

TT=SUMC+RR

FORMAT(’OLUNG CANCER RISK FROM RADON DAUGHTER EXPOSURE ',
8X,1P610.3)

IF(RNWR) WRITE(6,20217) 1T

FORMAT(* TOTAL FATAL CANCER RISK FROM ALL EXPOSURES’,
12X,1P510.3)

FORMAT(' LOW LET ’,16X,1P10G10.3/(26X,1P10610.3))
FORMAT(’ HIGH LET’,16X,1P10610.3/(26X,1P10610.3))
FORNAT(’ TOTAL’,18X,1P10610.3/(26X,1P10G10.3))
WRITE(6,30100)

FORNAT('OAVERAGE LIFE LOSS PER PREMATURE DEATH: ')
WRITE(6,10102) (CANC(L),L=1,NCANC),TOTAL
WRITE(6,10250) (STLLL(L),L=1,NCANC) . SUMLLL
WRITE(6,10255) (STHLL(L),L=1,NCANC), SUMHLL
WRITE(6,10260) (STCLL(L),L=1,NCANC), SUKCLL

IF (RNWR)WRITE(6,20218) RLL

FORMAT('OAVG LIFE LOSS FROM RADON DAUGRTER EXPOSURE ',
'FOR LUNG’,3X,1PG10.3)

IF(RNWR)WRITE(6,20219) YRP

FORMAT(’ AVG LIFE LOSS FROM ALL EXPOSURES FOR LUNG’,
13X,1PG10.3)

IF(RNWR)WRITE(6,20220) YRT
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20221
A
20321
A
20222
A
20322
A
20223

FORMAT(’ AVG LIFE LOSS FROM ALL EXPOSURES (TOTAL) °,
12Xx,1PG10.3)

FORMAT(' LOW LET (YR)',12X,1P10610.3/(26X,1P10610.3))
FORMAT(' HIGH LET (YR)'’,11X,1P10610.3/(26X,1P10G10.3))
FORMAT(' COMBINED (YR)'’,11X,1P10610.3/(26X,1P10610.3))
WRITE(6,30200)

FORMAT ( 'OFATAL CANCER RISK EQUIVALENT:')
WRITE(6,10102) (CANC(I.),L~1,NCANC) ,TOTAL
WRITE(6,10220) (STRBEQ(L),L-1,NCANC),TBEQ
WRITE(6,10221) TBEQ

FORMAT(' (MREM/XR)’,15X,1P10610.3/(26X,1P10G10.3))
FORNAT ( 'OWHOLE BODY FATAL CANCER RISK EQ(MREM/YR)’,
24X,1P610.3)

RQ=RREF (1) *WLRN(JLOC, ILOC) *POPFAC

RT=RREF(2) *WLRN(JLOCT, ILOC) *POPFAC

TTP=RQ+STREQ(LP)

TTO=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

FORMAT(' LUNG RISK EQUIVALENT(MREM/YR) FROM RADON 'y
'DAUGHTER EXPOSURE ‘,4X,1PG10.3)

FORMAT(' LUNG RISK EQ. (PERSON REM/YR) FROM RADON '’
'DAUGHTER EXPOSURE',6X,1PG10.3)

FORMAT(’ WHOLE BODY RISK EQ (MREM/YR) FROM RADON ',
'DAUGHTER EXPOSURE ',6X,1PG10.3)

FORMAT(’ WHOLE BODY RISK EQ (PERSON REM/YR) FROM RADON °’
'DAUGHTER EXPOSURE’,1X,1PG10.3)

FORMAT(' WHOLE BODY RISK EQ (MREM/YR) FROM ALL EXPOSURES’,

A17X,1PG610.3)

20224
A
20323

FORMAT(’ PULMNARY RISK EQ (MREM/YR) FOR ALL EXPOSURES’,
20X,1PG10.3)

FORMAT(’ WHOLE BODY RISK EQ (PERSON REM/YR) FROM ALL EXPOSURES’,

A11X,1PG10.3)

20324
A

10190

10225
>

10230
>

10235
>

FORMAT(' PULMNARY RISK EQ (PERSON REM/YR) FOR ALL EXPOSURES’,
14X,1PG10.3)

WRITE(6,10190)

FORMAT( 'OGENETIC RISKS:’)

WRITE(6,10225) STGLO(1)

FORMAT(’ LOW LET (EFFECTS/BIRTH)’,1X,1P10G10.3/
(26X,1P10610.3))

WRITE(6,10230) STGHI(1)

FORMAT(’ BIGH LET (EFFECTS/BIRTH)’,1P10610.3/
(26X,1P10C10.3))

WRITE(6,10235) STGC0(1)

FORMAT(’ COMBINED (EFFECTS/BIRTH)',1P10610.3/
(26X,1P10610.3))

WRITE(6,30300) STGRQ(1)



30300

206

341

FORMAT (' OGENETIC RISK BEQUIVALENT:'‘/
' (MBREM/YR)',15X,1P10610.3/(26X,1P10G10.3))
IF(INDPOP.NE.1) GO TO 1000
DO 150 J=1,40
STHIG(J)=0.0
STLOV(J)=0.0
STCON(J)=0.0
STGLO(J)=0.0
STGHI(J)=0.0
STGC0(J)=0.0
STREQ(J)=0.0
STLLL(J)=0.0
STHLL(J)=0.0
STCLL(J)=0.0
STGRQA(J)=0.0
CONTINUE
TBEG=0.0
SUML~0.0
SUMH=0.0
SUNC=0.0
SUMLLL~=0.0
SUMHLL=0.0
SUMCLL=0.0
RRN=0.0
RLL=0.0
RQN=0.0
RTN=0.0
YRP=0.0
DO 206 II=NOL,NOU
DO 206 JJ=NRL,NRU
RQM=RQM+RREF (1) *WLRN(JJ, I1) *TOTFAC
RTM=RTM+RREF (2) *WLRN(JJ, I1) *TOTFAC
=RRISK*WLRN(JJ, I1) *TOTFAC+RRM
YRP=RYRLL®*WLRN(JJ,II)*TOTFAC+YRP
CONTINUE
IF(RRM.NE.O.0)RLL-YRP/RRM
RP=YRP
DO 209 L=1,NCANC
DO 200 K=1,4
FACNEW=TOTFAC*RISFAC(K)
FACNE2=TOTFAC*GENFAC(K)
DO 200 J=1,NONCLD
DO 200 II=NOL,NOU
DO 200 JJ=NEL,NRU
STHIG(L)=STHIG(L)+RISK(L,J,K,2)*EXPP(JJ,11,J,K) *FACNEW
STHLL(L)=STHLL(L)+YRLL(L,J,K,2)*EXPP(JJ,11,J,K) *FACNEV
STLOW(L)=STLOW(L) +RISK(L,J,K,1)*EXPP(JJ,II,J,K) *FACNEW
STLLL(L)=STLLL(L)+YRLL(L,J,K,1)*EXPP(JJ,II,J,K) *FACNEW
STCOM(L)=STCOM(L) +RISK(L,J K,1)*EXPP(JJ,1I,J,K)*FACNEW
+RISK(L,J,K,2)*EXPP(JJ,17,J,K) *FACNEW
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STCLL(L)=STCLL(L)+YRLL(L,J,K,1)*EXPP(JJ,I1,J,K) *FACNEY

> +YRLL(L,J,.K,2)*EXPP(JT,II,J,K)*FACNEY
STRBQ(L)=STREQ(L) +REF(L,J,K) *EXPP(JJ,11,J,K) *TOTFAC

> SREQFAC(K)
IF(L.NE.1) GO TO 200
TBEQ=TBBQ+REF (NCANC+1, J,K) *EXPP(JJ, 11,J,K) *TOTFAC*REQFAC(K)
STGRQ(L)=STGRQ(L)+GREF(L,J,K) *EXPP(JJ, 11, J,K) *TOTFAC*GENFAC(K)
STGLO(L)=STGLO(L) +GRISK(L,J,K,1) *EXPP(JJ, I1,J,K) *FACNE2
STGHI(L)=STGHI(L)+GRISK(L,J,K,2)*EXPP(JJ,1I,J,K)*FACNE2
STGCO(L)=ST6CL L) +GRISK(L,J,K,1)*EXPP(JJ,II1,J,K)*FACNE2+

A GRISK(L,).K,2)*EXPP(JJ,I1I,J,K)*FACNE2

200 CONTINUE

SUML=SUML+STLO¥(L)

SUNH=SUMB+STHIG(L)

SUMC=SUMC+STCON(L)

SUMLLI~=SUMLLL+STLLL(L)

SUMHLL-SUMHLL+STHLL(L)

SUNCLL=SUNCLL+STCLL(L)

IF(L.PQ.LP) STCPH=STCLL(LP)

JF(L.EQ.LP) STCCH=STCOM(LP)

IF(STLOW(L) .NE.0.0)STLLL(L)=STLLL(L) /STLOW(L)
IF(STHIG(L) .NE.0.0)STHLL(L)=STHLL(L) /STHIG(L)
IF(STCOM(L) .NE.0.0)STCLL(L)=STCLL(L) /STCOM(L)

209 CONTINUE
IF(SUML.NE.0.0)SUMLLL-SUMLLL/ SUML
IF(SUMH.NE.O.0) SUMHLL-SUMHLL/ SUMH
IF(SUMC.NE.0.0) YRT=(YRP+SUMCLL)/(RRM+SUMC)
YRP=STCPH+YRP
RP=RRM+STCCH
IF(RP.NE.0.0) YRP=YRP/RP
IF(SUMC.NE.0.0)SUMCLL=SUMCLL/SUMNC
WRITE(6,10400) TITLE
WRITE(6,10402) (CANC(L) ,L=1,NCANC) , TOTAL

10400 FORMAT(’1’,20A4/30X, 'RISK/RISK BQUIVALENT SUMMARY’//

A '0%s MEAN INDIVIDUAL #9s’/
B '‘OLIFETIME FATAL CANCER RISK:’/)

10402 FORMAT(16X,’ CANCERS:',10(2X,A8)/(26X,10(2X,A8)))
WRITE(5,10205) (STLOW(L) ,L=1,NCANC),SUML
WRITE(6,10210) (STHIG(L) ,L=1,NCANC) , SUMH
WRITE(6,10215) (STCOM(L),L=1,NCANC), SUNC
IF(RNWR) WRITE(6,20216) RRM
TT=SUNC+RRM
IF(RNWR)WRITE(6,20217)TTM
WRITE(6,30100)

WRITE(6,10102) (CANC(L) ,L=1,NCANC) ,TOTAL

WRITE(6,10250) (STLLL(L),L=1,NCANC),SUMLLL
WRITE(6,10255) (STHLL(L),L=1,NCANC) ,SUMHLL
WRITE(6,10260) (STCLL(L),L=1,NCANC), SUNCLL
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IF(RNWR)WRITE(6,20218) RLL
IF(RNWR)WRITE(6,20219) YRP
IF(RNWR)WRITE(6,20220) YRT
WRITE(6,30200)

WRITE(6,10102) (CANC(L),L=1,NCANC) ,TOTAL
WRITE(6,10220) (STREQ(L),L=1,NCANC),TBEQ
WRITE(6,10221) TBEQ
IF(RNWR)WRITE(6,20221) ROM
IF(RNWR)WRITE(6,20222) RTN
TTP=RQM+STREQ(LP)

IF(RNWR)WRITE(6,20224) TTP
TTQM=RTM+TBEQ

IF(RNWR)VRITE(6,20223) TTQM

WRITE(6,10590)

FORMAT( *OGENETIC RISKS:‘/)
WRITE(6,10225) STGLO(1)
WRITE(6,10230) STGHEI(1)
WRITE(6,10235) STGCO(1)

WYRITE(6,30300) STGRQ(1)

DO 350 kX=1,40
STLOW(K)=0.0
STHIG(K)=0.0
STCON(K)=0.0
STGLO(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
STGRA(K)=0.0
CONTINUE
SUML=0.0

TBEG=0.0

SUMH=0.0

SUMC=0.0
SUMLLL=0.0
SUMHLL=0.0
SUMCLL=0.0

WLT=0.0

DO 401 IXI=NOL,NOU
DO 401 JJY=NRL,NRU
WLT=VLT+WLRN(JJ,II)
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401 CONTINUE
RRC=RRISK*WLT/AGEX
RQC=RREF (1) *¥WLT*.001
RTC=RREF(2) *WLT*.001
DO 400 KX=1,4
DO 400 J=1,NONCLD
TEXPP=0.0
DO 403 II=NOL,NOU
DO 403 JJ=NRL,NEU
TEXPP=TEXPP+EXPP(JJ,II1,7 ,K)
403 CONTINUE
DO 400 L~1,NCANC
STLOW(L)=STLOW(L) +RISK(L, J,K,1) *TEXPP*RISFAC(K) /AGEX
STLLL(L)=STLLL(L)+YRLL(L,J,K,1) sTEXPP*RISFAC(K) /AGEX
SUML=SUML+RISK(L,J,K, 1) *TEXPP*RISFAC(K) /AGEX
SUMLLL~SUMLLL+YRLL(L, J,K,1) *TEXPP*RISFAC(K) / AGEX
STHIG(L)=STHIG(L)+RISK(L, J,K,2) *TEXPP*RISFAC(K) /AGEX
STHLL(L)=STHLL(L)+YRLL(L,J,K,2) *TEXPP*RISFAC(K) /AGEX
SUME=SUMH+RISK (L, J K, 2) *TEXPP*RISFAC(K) /AGEX
SUMHLL~SUMHLL+YRLL(L,J,K,2) *TEXPP*RISFAC(K) / AGEX
STCOM(L) =STCOM(L) +RISK(L,J,K,1) STEXPP*RISFAC(K) /AGEX+
> RISK(L,J,K,2)*TEXPP*RISFAC(K) /AGEX
STCLL(L)=STCLL(L)+YRLL(L,J,K,1) *TEXPP®
> RISFAC(K)/AGEX+
> YRLL(L,J,K,2)*TEXPP*RISFAC(K)/AGEX
SUNC=SUMC+RISK(L,J,K, 1) *STEXPP*RISFAC(K) / AGEX+
A RISK(L,J,K,2)STEXPP*RISFAC(K)/AGEX
SUMCLL=SUMCLL+YRLL(L, J,K,1) *TEXPP*RISFAC(K) / AGEX+
A YRLL(L,J,K,2)*TEXPP*RISFAC(K)/AGEX
STREQ(L)=STREQ(L)+REF(L, J ,K) *TEXPP*REQFAC(K) *.001
IF(L.NE.1) GO TO 400
TBEQ=TBEQ+REF (NCANC+1,7J,K) *TEXPP*REQFAC(K) *.001
STGRQ(L)=STGRQ(L)+GREF(L,J,K) *TEXPP*GENFAC(K)*.001
STGLO(L)=STGLO(L)+GRISK(L,J, K, 1) *TEXPP*GENFAC(K) *REPPER
STGHI(L)=STGHI (L) +GRISK(L,J,K,2) *TEXPP*GENFAC(K) *REPPER
STGCO(L) =STGCO(L) +GRISK(L,J, K, 1) *TEXPP*GENFAC(K) *REPPER+
A GRISK(L,J,K,2)*TEXPP*GENFAC(K) *REPPER
400 CONTINUE
WRITE(6,10700)TITLE, (CANC(L),L=1,NCANC), TOTAL
10700 FORMAT(’1’,20A4/29X,’RISK/RISK EQUIVALENT SUMMARY’/
1 /'0%*¢ COLLECTIVE POPULATION %ss’/
A 'OCOLLECTIVE FATAL CANCER RISK:’/
A 16X,' CANCERS:’,10(2X,A8)/(26X,10(2X,A8)))
WRITE(6,10705) (STLOW(L),L=1,NCANC), SUML
10705 FORMAT(' LOW LET(DEATHS/YR)',6X,1P10610.3/
-A  (26X,1P10610.3))
WRITE(6,10710) (STHIG(L) ,L=1,NCANC),SUMH
10710 FORMAT(’ HIGH LET(DEATHS/YR)'’,SX,1P10G10.3/
A (26X,1P10G10.3))
WRITE(6,10715) (STCOM(L) ,L~1,NCANC),SUMC
IF(RNWR)WRITE(6,20316) RRC
TTC=SUMC+RRC
IF(RNWR)WRITE(6,20317) TTC
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20316 FORMAT ( 'OLUNG CANCER RISK(DEATHS/YR) FROM RADON DAUGHTER’,
> * EXPOSURE',8X,1PG10.3)
20317 FORMAT(' TOTAL FATAL CANCER RISK(DEATHS/YR) FROM ALL’,
> ' EXP)OSURE',12X,1PG10.3)
CWRITE(6,10750) (STLLL(L),L=1,NCANC), SUMLLL
CWRITE(6,10755) (STELL(L),L=1,NCANC), SUNHLL
CWRITE(6,10760) (STCLL(L),L=1,NCANC), SUNCLL
10750 FORMNAT(’ LOST LOW LET’,12X,1P10610.3/(26X,1P10G10.3))
10755 FORMAT(' LIFE LOST HIGH LET’,6X,1P10G10.3/(26X,1P10610.3))
10760 FORMAT:’ LIFE LOST COMBINED',6X,1P106G10.3/(26X,1P10G10.3))
10715 FORMAT(’ 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 FORMAT(' (PERSON RENM/YR)',9X,1P10G10.3/(26X,1P101'10.3))
WRITE(6,10321) TBEQ
10321 FORMAT(°OWHOLE BODY FATAL CANCER RISK EQ(PERSON PEM/YR)',
1 18X,1PG10.3)
IF(RNWR)WRITE(6,20321) RQC
IF(ENWR)WRITE(6,20322) RTC
TTPC=RQC+STREQ(LP)
IF(RNWR)WRITE(6,20324) TTPC
TTQC=RTC+TBEQ
IF(RNWR)WRITE(6,20323) TTQC
10720 FORMAT('OGENETIC RISK EQUIVALENT: '’/
1 * (PERSON PEM/YR)’,9X,1P10G10.3/
A (26X,1P10610.3))
WRITE(6,10790)
10790 FORMAT( 'OGENCTIC RISKS:')
WRITE(6,10725) STGLO(1)
10725 FORMAT(' LOW LET(EFFECIS/YR)’,5X,1P10G10.3/
> (26X,1P10G10.3))
WRITE(6,10730) STGRI(1)
10730 FORMAT('’ HIGR LET(EFFECTS/YR) ’,4X,1P10G10.3/
> (26X,1P10G10.3))
WRITE(6,10735) STGCO(1)
10735 FORMAT(’ COMBINED(EFFE °TS/YR)’,4X,1P10G10.3/
> (26X,1P10610.3))
WRITE(6,10720° STGRQ(1)
Cssss RISK RATES BY PATHWAY
1000 DO 1050 J=1,40
ETHIG(J)=0.0
STLO¥(J)=0.0
STCOM(J)=0.0
STREQ(J)=0.0

STGRQ(JY)=0.0
STGLO(J)=0.0
STGHI(J)=0.0
$T6C0(J)=0.0
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1100
1103

1101

1102

1199
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CONTINUE

DO 1199 K=1.4

DO 1100 L=1,NCANC

FACNEW=POPFAC*RISFAC(K)

FACNE2=POPFAC*GENFAC(K)

DO 1100 J=1. NONCLD

STHIG(K)=STHIG(K)+RISK(L,J,K,2) *FACNEV*EXPP(JLOC, ILOC,J.K)
STLO¥(K)=STLOW(K)+RISK(L,J,K,1) *FACNE¥Y*EXPP(JLOC, ILOC,J,K)
STCON(K)=STCOM(K)+RISK(L,J,K,1) *FACNEW*EXPP(JLOC, ILOC,J,K)
+RISK(L,J,K,2)*FACNEY*EXPP(JLOC, ILOC,J ,K)

IF(L.NE.1) GO TO 1100

STRPQ(K) =STREQ(K) +REF (NCANC+1,J,K) *POPFAC®REQFAC(K) *
EXPP(JLOC, ILOC,J.K)

STGRA(K) =STGPQ(K) +GREF(L, J, ) *POPFAC*GENFAC(K) *
EXPP(JLOC, ILOC,T,K)

STGHI(K)=STGHI (K) +GRISK(L, J,K,2) *FACNE2*EXPP(JLOC, ILOC,J,K)
STGLO(K)=STGLO(K) +GRISK(L,J,K,1) *FACNE2 *EXPP(JLOC, ILOC,J,K)
STGCO(K)=STGCO(K)+GRISK(L, J,K,1) *FACNE2 *EXPP(JLOC, ILOC,J,K) + .
GRISK(L,J,K,2)*FACNE2*EXPP(JLOC, ILOC,J,K)
CONTINDE

IF(K.GT.2) GO TO 1101

STHIG(5)=STHIG(S) +STHIG(K)
STLOW(5)=STLOW(5)+STLOW(K)

STCOM( 5)=STCOM(5) +STCOM(K)
STGHI(S5)=STGHI(5)+STGHI (X)
STGLO(5)=STGLO(5) +STGLO(K)
STGCO(5)=STGC0(5)+STGCO(K)

STGRQ(5) =STGRQ(5)+STGRQ(K)

STREQ( 5) =STREQ( 5) +STREQ(K)

IF(K.LT.3)GO TO 1102
STHIG(6)=STHIG(6)+STHIG(K)
STLO¥(6)=STLOW(6) +STLOW(K)

STCOM (6)=STCOK(6)+STCOM(K)

STGRO(6) =STGRQ(6) +STGRA(K)

STREQ( 6) =STREQ(6) +STREQ(X)
STGHI(6)=STGHI(6) +STGHI(K)
STGLO(6)=STGLO(6)+STGLO(K)

S1GCO(6) =STGCO(6) +STGCO(K)
STYIG(7)=STHIG(7)+STHIG(K)

STLAW (7) =STLOW(7) +STLOW(K)
STCOM(7)=STCOM(7)+STCOM(K)

STGRG (7) =STGRQ(7) +STGRQ(K)

STREQ/ 7)=STREQ(7) +STREQ(K)
STGHI(7)=STGHI(7) +STGHI(K)
STGLO(7)=STGLO(7)+STGLO(K)

STGCO(7) =STGCO(7) +STGCO(K)

CONTINUE

WRITE(6,11100) TITLE

WRITE(6,11102)
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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’)
WRITE(6,10205) (STLOW(L),L-1,7)
WRITE(6,10210) (STHIG(L),L-1,7)
WRITE(6,10215) (STCOM(L),L~1,7)
IF(RNWR) VRITE(6,20216) RR
IF(RNWR)WRITE(6,20217)TT
WRITE(6,30200)
WRITE(6,11102)
WRITE(6,10220) (STREQ(L) ,L~1,7)
IF(RNWR)WRITE(6,20422) RT

20422 FORMAT('OWHOLE BODY RISK EQ(MREM/YR) FROM RADON’,

> ' DAUGHTER EXPOSURE’,7X,1PG10.3)
IF(RNWR)WRITE(6,20223) TIQ
WRITE(6,10290)
WRITE(6,11102)

10290 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,,0300) (STGRQ(L),L=1,7)
IF(INDPOP.NE.1) GO TO 11000

DO 1150 J=1,40

STHIG(J)=0.0

STLOW(J)=0.0

STCOM(J)=0.0

STREQ(J)=0.0

STGRQA(J)=0.0
STGLO(J)=0.0
STGHI(J)=0.0
STGCO(J)=0.0
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CONTINUVE

TBBQ=0.0

DO 1299 Kk=1.,4
FACNEV=TOTFAC*RISFAC(K)
FACNE2=TUTFAC®*GENFAC(K)
DO 1200 L~1,NCANC

DO 1200 J=1,NONCLD

DO 1200 II=NOL,NOU

DO 1200 JJ=NRL,NRU

STHIG(K)=STHIG (K) +RISK(L,J,K,2) *EXPP(JJ,I1,J,K) *FACNEV
STLOW(K)=STLOW(K)+RISK(L,J,K,1) *EXPP(JJ, I1,J,K) *FACNEVY
STCON(K) =STCOM(K) +RISK(L,J,K,1) ®EXPP(JJ,IX,J,K) SFACNEW
+RISK(L,J,K,2)*EXPP(J),I1,J,K) *FACNEY

IF(L.6T.1) GO TO 1200

STRBQ(K) =STREQ(K) +REF (NCANC+1,J,K) *EXPP(JT,I1,J,K)*
TOTFAC*REQFAC(K)

STGRQ(K) =STGRQ(K) +GREF(L,J,K) *EXPP(JJ, 11,7 K)*
TOTFAC®*GENFAC(K)

STGHI(K)=STGHI(K) +GRISK(L,J,K,2) *EXPP(JJ, I1,J,K) *FACNE2
STGLO(X)=STGLO(K) +GRISK(L,J,K,1)*EXPP(JJ,I1,J,K) FACNE2
STGC0(K) =STGCO(K) +GRISK(L,J,K,1) *EXPP(JY, I1,J,K) *FACNE2+
GRISK(L,J,K,2)*EXPP(JJ,11,J,K)*FACNE2

CONTINUE

IF({K.GT.2) GO TO 1201

STHIG(5)=STHIG(5) +STHIG(K)

STLOW(S) =STLOVW( 5)+STLOW(K)

STCOM(5) =STCOM( S) +STCOM(K)

STGRQ(5) =STGRQ( 5) +STGRQA(K)

STREQ(5) =STREQ( 5) +STREQ(K)

STGLO(5) =STGLO( 5) +STGLO(K)

STGHI(5)=STGHI(S) +STGHI(K)

STGCO(5) =STGCO( 5) +STGCO(K)

IF(K.LT.3) GO TO 1202

STHIG(6)=STHIG(6)+STHIG(K)
STLOW (6) =STLOW(6) +STLOW(K)
STCOM(6)=STCON(6)+STCOM(K)
STGRQ(6) =STGRQ(6) +STGRQA(K)
STREQ(6) =STREQ(6)+STREQ(K)
STGLO(6) =STGLO(6) +STGLO(K)
STGHI (6)=STGHI(6)+STGHI(K)
8TGCO(6) =8TGC0(6) +STGCO(K)
STHIG(7)=STHIG(7)+STHIG(K)
STLOW(7) =STLOW(7) +STLOW(K)
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STCOM(7)=STCOM(7)+STCON(K)
STGRQ(7) =STGRQ(7) +STGRA(K)
STREQ(7)=STREQ(7) +STREQ(K)

STGLO(7) =STGLO(7) +STGLO(K)
STGHI (7)=STGHI (7)+STGHI (K)
STGC0(7)=ST6C0(7) +STGCO(K)
CONTINUE

WRITE(6,11400)TITLE
WRITE(6,11102)
FORMAT(/’17,20A4/

29X, 'PATHWAY RISK/RISK EQUIVALENT SUMMARY'//
‘0®¢eNLAN INDIVIDUAL ®¢#‘/
'OLIFETIME FATAL CANCER RISK:'/)
WRITE(6,10205) (STLOW(L),L-1,7)
WRITE(6,10210) (STHIG(L),L=1,7)
WRITE(6,10215) (STCOM(L),L=1,7)
IF(RNWR)WRITE(6,20216) RRMN
IF(RNWR)WRITE(6,20217) TIN
WRITE(6,30200)

WRITE(6,11102)

WRITE(6,10220) (STRBQ(L),L=1,7)
IF/RNWR)WRITE(6,20422) RTM
IF(RNWR)WRITE(6,20223) TTOM
WRITE(6,11590)

WRITE(6,11102)

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(6,30300) (STGRQ(L),L=1,7)
DO 1350 K=1,40

STLOY(K)=0.0

STHIG(K)=0.0

STCOM(K)=0.0

STGLO(K)=0.0

STGHI(K)=0.0

STGCO(K)=0.0

STREQ(K)=0.0

STGRQA(K)=0.0

CONTINUE

DO 1499 K=1,4

DO 1400 J=1,NONCLD

TEXPP=0.0

DO 1404 II=NOL,NOU

DO 1404 JJI=NRL,NRU
TEXPP=TEXPP+EXPP(JJ .11.J7.X)
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CONTINUE

DO 1400 L=1,NCANC

STLOV(K)=STLOW(K)+RISK(L,J,K,1) *TEXPP*RISFAC(K) /AGEX
STHIG(K)=STHIG(K)+RISK(L,J ,K,2) *TEXPP*RISFAC(K) /AGEX
STOOM(K)=STCOM(K) +RISK(L, J,K, 1) *TEXPP*RISFAC(K) /AGEX+
RISK(L,J,K,2) *TEXPP*RISFAC(K) / AGEX

IF(L.GT.1) GO TO 1400

STREQ(K) =STREQ(K) +REF(NCANC+1,J,K) *TEXPP*RBQFAC(K) *.001
STGRQ(K) =STGRQA(K) +GREF(L,J,K) *TEXPP*GENFAC(K) *.001
STGLO(K) =STGLO(K)+GRISK(L, J K, 1) *TEXPP*GENFAC(K) *REPPER
STGHI(K)=STGHI (K) +GRISK(L,J ,K,2) *TEXPP*GENFAC(K) *REPPER
STGCO(K) =STGCO(K) +GRISK(L, J K, 1) *TEXPP®*GENFAC(K) *REPPER+
GRIS™.(L,J,K,2) *TEXPP*GENFAC(K) *REPPER

CONTINUE

IF(K.GT.2) GO TO 1401

STLOW(5)=STLOW(S5)+STLOW(K)
STHIG(S)=STHIG(S5)+STHIG(K)

STCOM(S) =STCOM(5) +STCON(K)
STGLO(5) =STGLO( 5) +STGLO(K)
STGHI(5)=STGHI(5)+STGRI(K)
STGOO(5)=ST6CO(5)+STGCO(K)

STGRQ(5) =STGRA(5) +STGRA(K)

STREQ( 5)=STREQ( 5) +STREQ(K)

GO TO 1402

STLOW(6)=STLOW(6)+STLOW(K)

STHIG(6) =STHIG(6) +STHIG (K)
STCOM(6)=STCOM(6)+STCOM(K)

STVI.0(6) =STGLO(6) +STGLO(K)

STGHI (6)=STGHI (6)+STGHI (K)

STGCO(6) =STGCO(6) +STGCO(K)

STGRQ(6)=STGRA(6) +STGRQ(K)

STREQ(6)=STREQ(6) +STREQ(K)

STLOW(7)=STLOW(7) +STLOW(K)

STHIG (7)=STHIG(7) +STHIG(K)
STCOM(7)=STCOM(7)+STCOM(K)

STGRQ(7)=STGRQ(7) +STGRQ(K)

STREQ(7)=STREQ(7) +STREQ(X)
STGLO(7) =STGLZ (7) +SIGLO(K)

STGHI (7)=STGHI(7)+STGHI(K)

STGCO(7) =STGCO(7) +STGCO(K)

CONTINUE

WRITE(6,11700)TITLE

WRITE(6,11102)

FORMAT(/'1',20A4/

29X, ' PATHWAY RISK/RISK EQUIVALENT SUMMARY'’//

‘0**s COLLECTIVE POPULATION ®¢¢’/

'OCOLLECTIVE FATAL CANCER RISK:’/)

YRITE(6,10705) (STLOW(L),L=1,7)

WRITE(6,10710) (STRIG(L),L=1,7)

WRITE{6,10715) (STCOM(L),L=1,7)
IF(RNWR)WRITE(6,20316) RRC

IF (RNWR)WRITE(6.20317) TTC
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WRITE(6,30200)

WRITE(6,11102)

WRITE(6,10719) (STREQ(L),L=1,7)
IF(RNVR)WRITE(6,20522) RTC

FORNAT( *OWHOLE BODY RISK EQ(PERSON REN/YR) FROM RADON ’,
'DAUGHTER EXPOSURE’,2X,1PG10.3)

WRITE(6,20323) TTQC

WRITE(6,11790)

WRITE(6,11102)

FORMAT( OGENETIC RISKS(PERSON REN/YR):'/)
WRITE(6,10725) (STGLO(L),L~1,7)

WRITE(6,10730) (STGHI(L),L=1,7)

WRITE(6,10735) (STGCO(L),L-1,7)

WRITE(6,10720) (STGRQ(L),L=1,7)

RISK RATES BY NUCLIDE

DO 2050 J=1,40

STHIG(J)=0.0

STLOW(J)=0.0

STCOM(J)=0.0

STGLO(J)=0.0

STGHI(J)=0.0

STGC0(J)=0.0

STREQ(J)=0.0

STGRQ(J)=0.0

CONTINUE

SUML=0.0

SUNH=0 .0

SUNC=0.0

SUNGL=0.0

SUNGH=0.0

SUNGC=0.0

SUMRQ=0.0

SUNGQ=0.0

DO 2109 J=1,NONCLD

DO 2100 K=1,4

FACNEW=POPFAC*RISPFAC(K)

FACNE2=POPFAC*GENFAC(K)

DO 2100 L=1,NCANC
STHIG(J)=STHIG(J)+RISK(L,J,K,2)*FACNEW*EXPP(JLOC, ILOC,J,K)
STLOW(J)=STLOW(J)+RISK(L,J,X,1)*FACNEW*EXPP(JLOC,ILOC,J ,K)
STCOM(J)=STCOM(J)+RISK(L,J,K,1)*FACNEW*EXPP(JLOC, ILOC,J K)
+RISK(L,J,K,2)*FACNEV*EXPP(JLOC,ILOC,J K)

IF(L.GT.1) GO TO 2100

STREQ () ) =STREQ () ) +REF (NCANC+1,J ,K) *POPFAC*REQFAC(K)*
EXPP(JLOC, ILOC,J ,K)

SUMRQ=SUMRQ+REF (NCANC+1,J,K) sPOPFAC*REQFAC(X)*
EXPP(JLOC, ILOC,J,K)

STGRQ(J)=STGRQ(J)+GREF(L,J,K) *POPFAC*GENFAC(K)*
EXPP(JLOC,ILOC,T,K)

SUMGO=SUMGO+GREFR(1.. T.RYSPOPRACSCRNRACIV) ¢
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< EXPP(JLOC,ILOC,J,.K)

STGHI(J)=STGHI(J) +GRISK(L,J,K,2) *EXPP(JLOC, ILOC, J ,K) *FACNE2
STGLO(J)=STGLO(J) +GRISK(L,J,K,1) *EXPP(JLOC, ILOC,J ,K) *FACNE2
STGC0(J) =ST6CO(J) +GRISK(L,J,K,1) *EXPP(JLOC, ILOC, J,K) SFACNE2+

A GRISK(L,J,K,2)*EXPP(JLOC, ILOC,J ,K) *FACNE2

2100 CONTINUE
SUML~=SUML+STLO¥(J)

SUMB=SUMB+STHIG(J)
SUNC=SUNC+STCON(T )
SUMGL~=SUMGL+STGLO(T)
SUMGE=SUMGH+STGRI(J)
SUNGC=SUNGC+STGCO0(J)

2109 CONTINUE
WRITE(6,12100) TITLE
WRITE(6,12102) (NUCLID(L) ,L=1 ,NONCLD) , TOTAL

12100 FORNAT(’1’,20A4/30X,'NUCLIDE RISK/RISK PQUIVALENT SUMMARY’/

1 /'0%*¢* SELECTED INDIVIDUAL s¢s’/

A 'OLIFETIME FATAL CANCER RISK: ‘)

12102 FORMAT(1S5X,’ NUCLIDES:’.10(2X,A8)/(26X,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), SUNC
IF(RNWR)WRITE(6,20216) RR
IF(RNWR)WRITE(6,20217) TT
WRITE(6,30200)

WRITE(6,12102) (NUCLID(L),L=1,NONCLD),TOTAL
WRITE(6,10220) (STREQ(L),L~=1,NONCLD), SUMRQ
IF(RNWR)WRITE(6,20422) RT
IF(RNWR)WRITE(6,20223) TIQ
WRITE(6,12290) (NUOCLID(L) ,L=1 ,NONCLD) , TOTAL

12290 FORMAT('OGENETIC RISKS:'/

A 15X,’ NUCLIDES:’,10(2X,A8)/(26X,10(2X,A8)))
WRITE(6,10225) (STGLO(L),L=1,NONCLD), SUMGL
WRITE(6,10230) (STGHI(L),L=1,NONCLD) , SUMGH
WRITE(6,10235) (STGCO(L),L=1,NONCLD), SUNGC
WRITE(6,30300) (STGRQ(L),L=1,NONCLD) ,SUMGQ
IF(INDPOP.NE.1) GO TO 21000
DO 2150 J=1,40
STHIG(J)=0.0
STLO¥(J)=0.0
STCOM(J)=0.0
STREQ(J)=0.0
STGRQ(J)=0.0
STGLO(J)=0.0
STGHI(J)=0.0
STGC0(J)=0.0
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CONTINUE

SUNL~0.0

SUNE=0.0

SUNC=0.0

SUMGL~0.0

SUMGE=0.0

SUNGC=0.0

SUMRQ=0.0

SUNGQ=0 .0

DO 2209 J=1,NONCLD

DO 2200 L=1,NCANC

DO 2200 k-1.,4

FACNEV=TOTFAC*RISFAC(K)

FACNE2=TOTFAC*GENFAC(K)

DO 2200 II=NOL,NOU

DO 2200 JJ=NRL,NRU
STHIG(J)=STHIG(J) +RISK(L,J,K,2) *EXPP(JJ,II1,J,K) *FACNEY
STLOW())=STLOW(J)+RISK(L,J,K,1)*EXrP(JJ,II,J,K) *FACNEVY
STCOM(J ) =STCOM(J) +RISK(L,J,K,1) *EXPP(JJ, 11, J,K) *FACNEY
+RISK(L,J,K,2)*EXPP(JJ,11,J,K) *FACNEV

IF(L.GT.1) GO TO 2200

STREQ(J)=STREQ(J) +REF(NCANC+1,J,K) *EXPP(JJ, 11, J,K) *TOTFAC*
REQFAC(K)

SUMRQ=SUMRQ+REF (NCANC+1,7J ,K) *EXPP(JJ,I1,J,K)*TOTFAC*
REQFAC(K)
STGRQ(J)=STGRQ(J) +GREF(L, J,K) *EXPP(JJ, I1,J,K) *TOTFAC*
CENFAC(K)
SUMGQ=SUMGQ+GREF (L, J,K)*EXPP(JJ,11,J,K)*TOTFAC*
GENFAC(K)

STGHI(J)=STGHI(J)+GRISK(L, 7,K,2)*EXPP(JJ, I1,J,K)*FACNE2
STGLO(J)=STGLO(J)+GRISK(L,J,K,1)*EXPP(JJ,II,J,K)*FACNE2
STGCO(J)=STGCO(J) +GRISK(L,J,K,2) *EXPP(JJ,11,J,K)*FACNE2 +
GRISK(L,J,K,1)*EXPP(JJ,1I,J,K)*FACNE2

CONTINUE

SUML~=SUML+STLOW(J)

SUMB=SUMH+STHIG(J)

SUMC=SUMC+STCOM(T)

SUMGL~SUMGL+STGLO(J)

SUMGR=SUMGH+STGHI (J)

SUNG C=SUMGC+STGCO(J)

CONTINUE

WRITE(6,12400)TITLE, (NUCLID(L),L=1,NONCLD),TOTAL
FORMAT( °1’ ,20A4/

30X, 'NUCLIDE RISK/RISK EQUIVALENT SUMMARY’//

‘0*** MEAN INDIVIDUAL ***’/

'OLIFETIME FATAL CANCER RISK:'/

15X,’ NUCLIDES:’,10(2X,A8)/(26X,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) RRM
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IF(RNWR)WRITE(6,20217) TINM

WRITE(6,30200)

WRITE(6,12102) (NUCLID(L),L~-1,NONCLD),TOTAL
WRITE(6,10220) (STREQ(L),L~=1,NONCLD) , SUMRQ

IF (RNWR)WRITE(6,20422) RTM

IF(RNWR)WRITE(6,20223) TTOM

WRITE(6,12590) (NUCLID(L) ,L=1,NONCLD) , TOTAL

FORMAT( *OGENETIC RISKS: ‘/

15X,’ NUCLIDES:',10(2X,A8)/(26X,10(2X,A8)))
WRITE(6,10225) (SiULO(L),L=1,NONCLD) , SUMGL
WRITE(6,10230) (STGHI(L),L=1,NONCLD) , SUNGH
WRITE(6,10235) (STGCO(L),L=1,NONCLD) , SUMGC
WRITE(6,30300) (STGRQ(L),L=1,NONCLD) , SUNGQ

DO 2350 K=1,40

STLO¥(K)=0.0

STHIG(K)=0.0

STCON(K)=0.0

STGLO(K)=0.0

STGHI(K)=0.0

5T6C0(K)=0.0

STRBQ(K)=0.0

STGRQ(K)=0.0

CONTINUE

SUML=0.0

SUME=0.0

SUNC=0.0

SUMGL~0.0

SUMGH=0.0

SUMGC=0.0

SUMRQ=0.0

SUNGQ=0.0

DO 2409 J=1,NONCLD

DO 2400 K=1,4

TEXPP=0.0

DO 2403 II=NOL,NOU

DO 2403 JJ=NRL,NRU

TEXPP=TEXPP+EXPP(JJ,I1,J,K)

CONTINUE

DO 2400 L=1,NCANC

STLOW(J)=STLOW(J) +RISK(L,J,K,1) *TEXPP*RISFAC(K) /AGEX
STHIG(J)=STHIG(J)+RISK(L,J,K,2) *TEXPP*RISFAC(K) /AGEX
STCOM(J)=STCOM(J) +RISK(L,J,K,1) *TEXPP*RISFAC(K) / AGEX+
RISK(L,J,K,2) *TEXPP*RISFAC(K) / AGEX

IF(L.GT.1) GO TO 2400

STREQ(J) =STREQ(J) +REF(NCANC+1,J,K) *TEXPP*REQFAC(K) *.001
SUMRQ=SUMRQ+REF (NCANC+1 , J,K) *TEXPP*REQFAC(K) *.001
STGRQ(J) =STGRQ(J) +GREF (L, J, K) *TEXPP*GENFAC(K) ¢.001
SUMGQ=SUMGQ+GREF (L, J ,K) *TEXPP*GENFAC(K)*.001
STGLO(J)=STGLO(J) +GRISK(L,J,K,1) *TEXPP*GENFAC(K) *REPPER
STGHI(J)=STGHI (J)+GRISK(L,J,K,2) *TEXPP*GENFAC(K) *REPPER
STGCO(J)=STGCO(J) +GRISK(L,J,K,1) *TEXPP*GENFAC(K) *REPPER
+GRISK(L,J,K,2) *TEXPP*GENFAC(K) *REPPER



2400 CONTINUE

SUML~SUML+STLOW(J)

SUMB=SUNHB+STHIG(J)

SUNC=SUNC+STCOM(T)

SUNGL~-SUNGL+STGLO(J)

SUMGH=SUNGH+STGHI (J)

SUNGC=SUNGC+STGCO(J)
2409 CONTINUE

WRITE(6,12700)TITLE, (NUCLID(L),L~1,NONCLD),TOTAL
12700 FORMAT(’1’,20A4/
29X, "NUCLIDE RISK/RISK BQUIVALENT SUMMARY'//
‘0*%¢ COLLECTIVE POPULATION %¢#’/
'OCOLLECTIVE FATAL CANCER RISK:'/
15X,’ NUCLIDES:',10(2X,A8)/(26X,10(2X,A8)))
WRITE(6,10705) (STLOW(L),L~1,NONCLD), SUML
WRITE(6,10710) (STHIG(L),L~1,NONCLD), SUMH
WRITE(6,10715) (STCOM(L),L=1,NONCLD),SUNC
IF(RNWR)WRITE(6,20216) RRC
WRITE(6,20217) TTC
WRITE(6,30200)
WRITE(6,12102) (NUCLID(L),L=1,NONCLD),TOTAL
WRITE(6,10719) (STREQ(L),L=1,NONCLD), SUMRQ
IF (RNWR)WRITE(6,20522) RTC
IF(RNWR)WRITE(6,20323) TTQC
WRITE(6,12790) (NUGLID(L),L=1,NONCLD),TOTAL
12790 FORMAT('OGENETIC RISKS:'/

A 15X,’ NUCLIDES:',10(2X,A8)/(26X,10(2X,A8)))
WRITE(6,10725) (STGLO(L),L~=1,NONCLD), SUMGL
WRITE(6,10730) (STGHI(L),L=1,NONCLD), SUMGE
WRITE(6,10735) (STGCO(L),L=1,NONCLD), SUNGC
WRITE(6,10720) (STGRQ(L),L=1,NONCLD), SUNGQ

21000 RETURN
END

> v
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IBN JOB CONTROL LANGUAGE

Job control language (JCL) to execute PRESTO-II on an IBM 3033
specifies two input units, snd one output unit, and onme 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 (uait 25). Output is
to the lineprinter (umit 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 $12.00.
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CIEF6771 WARNING MESSAGE(S) FCR JOB CJEBARN

- SYSTHE

SHASP373 CJEBARN
CJEBARN — STARTEL — TIME=22.02.37
R SC8+P-1543,PVT +CJEBARN+GO
M SCB3eX23765+4 ¢+ CIEBARNGDeSeSYO17603e NALL
K SC8¢X23765+PVT +CJEBARN

& IEF4031
1EF 224E
® IEF233A
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SHASP39S CJEBARN
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SYSQUT

CARDS READ

JOB EXECLTICGN DATE

PRINY RECCRDS

0 SYSOQUT PULNCH RECCRODS

MINUTES

SYSOUT SFOOL BYTES

BALL-CLOCK TIME

STARTEC -

ENDED
ENDED
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INIT 4 -

- TIME=22.08.52
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/7/CJEBARN JOB

/77 PASSWOFRD=

(24€636+TAPE+IS)+ *XCSD EMERSON B228° +TIME=(3+20)

* &k JOBPARM LINES=30,,CCPIES=002,FORMS=4101

*&x*ROUTE

XEG

STANDEY

***ROUTE XEQ WHENEVER

7/ EXEC FCRTDCLGs REGICNeFORT=3540K s PARMFORT="XREF"* s

/77 PARM,GO="DUNP=HJEU==1"9REGICN+GO=900K

XXFORTOCLG PROC CLSIZE==384KLKSIZE=270K+PLOT=DISH.LIB=LAB,

XX

XXFORT EXEC
XXFTSSF001 ©OD
XX

XX

XXFTSYNAD DD
XXSTEPLIB DD
XXSYSLIN DD
XX

GOSIZE=100Ks COTIME=,0UT="%"
PGM=1EKAAOO,REGION=ECLSIZE
DSN=EEOUMPT2 DI SP=(M0ODy PASS) s UNIT=SYSDA,
DCB=(RECFM=FB, LRECL=20+ BLKSIZE=320),

£+ ACE=(320+(400+25607 4+ RLSE)
SYSOLT=EQUT+DCB=(RECFM=FA +BLKSIZE=133)

DSN=SYS2.PAL IB+sDISP=SHR

DSN=EELOADSE Ts UNIT=SYSD AsSPACE=(8. 14(400,20)+RLSE)
DISP=( MOD ¢ PASS) ¢+ DCE=(RECFM=FB,+ LRECL=80,BLKSIZE=800)

Z/7/FORTSYSPRINT DD DUMMY
X/SYSPRINT DD SYSOUT=E0UT,.DCB=BLKSIZE=1100
XXSYSPUNCKH DD sSysOouTt=8

UNIT=SYSDA+SPACE=(10Z24+(304+i9))

PGN=IEWL PARM=*L ISTosMAP* REGION=ELKSIZE.

COND=( S+LTFCRT)

DSN=SYS1eL LIEBJLIB+DISP=SHR
DSN=SYS1.LOGLIB+DI SP=SHR
DSN=GRAPHICS ¢ &PLOT 4oL 1Bs DISP=SHR
DSN=ELLOADSETsDISP=(0LD +DELETE)

ODNAME=SYSIN

DSN=CEF JOBLIBINAMEX) sUNIT=SYSDA+DISP=(NEWsPASS ),
SPACE=(3072+(50+10,1))

SYSJUT=ECUTDCB=BLKSIZE=605

UNIT=( SYSDA+SEP=(SYSLIN,SYSLMOD) ) sSPACE=(3072, (50510))
PCLiz 3o LKED ¢ SYSLMCD ¢ COND=((SeLT+FORT ) s (SeLTLKED) )
REGICN=§5GOSIZE+TINE=EGOTIME

XXSYSLT2 0D
Z/7/FORTSYSIN CD *
XXLXED EXEC
XX

XXSYSLIB (o] 0]
XX oD
XX oD
XXSYSLIN DD
X X 0D
XXSYSLMOD 00
XX

XXSYSPRINT 0D
XXSYSUT1 DD
X XGO EXEC
XX

XXDUMP oC

SYSOUT=E60UTs CCB=(RECFM=FA+BLKSIZE=133)

JOB8 .550
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#KXY0001 DDNAME CUU CSNAME EXCP'S(I0O) BLOCKSIZE*
$KXY0002 FTSSFO01 181 SYS85128.7220237.RA000,CJEBARN.DUMPT2 141 320 =
£KXY0002 STEPLIB 288 SYS2.PALIB 387 13030 =
&KXY0002 SYSLIN 180 €YS85128.T220237.RA000.CJEBARNLOADSET 571 800 *
®KXY0002 SYSUT2 48A SYS85128.T7220237.RA000,CJEBARNRO000001 141 4096 %
#KXYQ003 VIRTUAL STORAGE USED 604K TCTAL EXCP COUNT FOR STEP 1,240 *
EKXYO004 08 MAY 854128 22.05.05.25 CPU TIME FOR STEP 0000 MIN 14,89 SEC *
* . ——————— ————
IEF23€I ALLOCe. FOR CJEEARN LKED

1EF2371 41D ALLOCATED 1O SysLI®B

1EF2371 41D ALLOCATED TO

1EF2371 408 ALLOCAED 10

IEF2371 28C ALLOCATED TG SYS00S$S9

IEF2371 180 ALLOCATED TO SYSLIN

1EF2371 DMY ALLOCATED YO

IEF2371 48A ALLOCATED TO SYSLMCOD

IEF2371 JES2 ALLOCATED TO SYSFPRINT

IEF237I 181 ALLOCATED TO SYSUTH

IEF1421 CJEBARN LKEC - STEP WAS EXECUTED - COND CODE 0000

1EF28e5SI SYSl1.LABLIB KEPT

1EF28SI VOL SER NCS= MVT918.

1EF2851 SYS1.LOGL1IB KEPT

IEF28SI VOL SER NCS= VFVT918.

1EF2851 GRAPHICS.CISK.LIB KEPT

IEF2851 VOL SER NCS= MVT21F,.

1EF 2851 SYSCTLGe VEYSFK] KEPT

1EF28SI VvOL SER NCS= SYSPKle

IEF285I 5YS85128. T22C237«RA000.CJEBARNCLOADSET DELETED

IEF28SI VOL SER NCS= X3B1CO.

IEF28S1 SYS851284 1220237+ RA000.CJEBARN.FJCBLIB PASSED

IEF28SI VOL SER NCS= NVSDAl.

IEF285I JES2.J0BO0E55C.S00105 SYSOUT

1EF2851 SYS85128. T220237<.RA000 CJEBARN RO 000002 DELETED

IEF28SI vOL SER iN{S= Xx381C1.

IEF3731 STEP /LKED
IEF3741 STEP /LKED

Z/ STARY 85128.2205

/7 STOP 851282205 CPU OVMIN D1.,21SEC SRBOMIN 00437SEC VIRT

79¢

264K SYS 384K
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*KXY0001
*KXY0 002
*KXY0002
*KX¥Y0002
*KXYO0 002
*KXY0002
*KXY0002
*KXY0002
*KXY0003
*KXY0004

——

ODNAME CUU DSNAME
sYsLIB 410 SYSl.LABLIB
41D S€ySl.LCGLIB

408 GRAPHICS.DISH.LIB
SYS00959 Z28C SYSCTLG.VSYSPKIL

SYSLIN 180 SYS8S5S128.T220237«¢RA000.CIJEEARNLOADSET
SYSLMOD 48A €YS85128.T220237.RA000.CJEBARN.FJOBLIB
SYSUT1 181 £YS85128+7220237«RA000.CJEBARN«R0O00000O2

VIRTUAL STORAGE
08 MAY 85.128

USED 264K
22 ¢05e51e16

TCTAL EXCP COUNT FOR
CPU TIME FOR STEP

e - ————— —— ——— o - —— - *

EXCP*S(10) BLOCKSIZE®*

226 7294 %

*

*

*

571 800 *

185 19069 x%

216 19064 =

STEP 1198 *
0000 MIN 01.58 SEC »
S ™

1EF23€1
1EF2371
1EF2371
IEF2371
IEF2371
IEF2371
IEF2371
IEF2371
1EF2371
1EF2371
IEF1421
IEF28SI
1EF2851
I EF 2851
1EF 2851
1EF285]
LEF28E&1
1EF285I
IEF2851
IEF2851
1EF 2851
I1EF 2851}
1EF2351
l1EF 2851}
1EF2351
1EF28S]
IEF3731
IEF 3741

ALLOC. FOR CJEEARN GO

48A ALLOCATED TO
JES2 ALLOCATED TO
JES2 ALLOCATED 7O
4EA ALLOCATED 710
181 ALLOCATED 10
JES2 ALLOCATED 71O
SC8 ALLOCATED 7O
180 ALLOCATED 1O
4EA ALLOCATED TO
CJEBARN GO - STEP

PGM=%,0D
ODUMP

FT06F001
FTS3F001
FISSF0O01
FTOSF001
FT125F001
FT26F 001
FT30F001

WAS EXECUTEC — COND CODE 0000
SYS8S5128¢ 1220237« RA000.CJEBARN.FJCBLIB

VAL SER NCS= NMVSDAl.
JES2.J0OBOESSC.S00106
JES2+JOBOES53C«SO0107

SYSB8S128.T220237.RA000.CJEBARNFJCBLIEB

VOL SER NCS= MVYSDALl.

SYS85128. 1220237+ RA000.CJEBARNSDUNPT2

VvOL SER NCS= X3B1Cl.
JES2.J0B0ESS0.S10102

SeSYOD17603<NALL

VOL SER NCS= X237€S.

SYS85128, T220237RA000.CUEBARNDATA

VOL SER NCS= X3B1C0.

SYS8S5128.T220237.RA000.CJEBARN. TMFCMO

VOL SER NCS= #VSDALl.

STEP /GO
STEP /GO

/7 START 8E128.2205
/ STOP 85128.2208 CPL OMIN 45.27SEC SRB OMIN 00.81SEC VIRT 840K SYS

KEPT
SYSOUT
SYSQUT
DELETED
DELETED

SYSIN
PASSED

DELETED

PASSED

404K

S9¢
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#KXY0001 DDNAME  CUU CSNAME EXCP'S(1IN) BLOCKSIZE*
*KXY0002 PGM=%,DD 48A SYS85128,.T220237.RA000.CJEBARNL.FJOBLIB 3 19069 =
#KXY0002 FTS3F001 48A SYS85128.T220237.RA000eCJEEARN.FJOBLIB 256 *
#KXY0002 FTSSF001 181 SYSE: 128.T220237.RA000.CJEBARNSDUMPT2 *
#KXY0002 FT25F001 €C8 SeSYC17503eNALL 1,335 2440 »
*KXY0002 FT26F001 180 SYSE5128,T220237.RA000.CJEBARNCOATA 15 4000 *
#KXY0002 FT30F001 48A SYSES5128.T220237.RA000+CJEEARNeTMPCMO 3124 »
#KXY0003 VIRTUAL STORAGE USED 840K TCTAL EXCP COUNT FOR STEP 1,353 *
#KXV000&4 08 MAY 85,128 22.08.47.94 CPU TIME FOR STEP 0000 MIN 46,08 SEC *
*——— —_— _— - —_— —————————————— ———
IEF28SI  SeSYD17€E03.NALL KEPT

1EF2851 VOL SER NCS= X2376S.

1EF2371 48A ALLOCATED YO SYS00001

IEF28SI  SYSBS128.1220€47 RA000«CJEBARNSRO 00000 1 KEPT

IEF2851 VOL SER NCS= WVSDAl.

IEF2851 SYS85128.71220257.RA000.CJEBARN. TMPCMO DELETED

IEF28SI  VOL SER NCS= MVSDAl.

IEF3751 JOB /CJUEBARN / START 85128.2202

IEF3761 JOB /CJEBAFRN 7 STOP 85128.2208 CPU IMIN 00.7SSEC SRB OMIN 01.80SEC

* — - e ———————————————— -————
*KXY0003 TCTAL EXCP COUNT FOR JOB 3,791 *
*KXYO004 08 MAY 85.128 22.08.52.59 CPU TIME FOR JOB 0001 MIN 02.55 SEC *
- _ _— —_— - ——————— e, ———————— ————
#KXY000S **AFPROXIMATE JOB COST* s 5.99 (STANDBY) #

B —

________ S —
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APPENDIX C

INPUT DATA, SUPPORTING INFORMATION FOR EXANPLE PROBLEM

C.1 GENERAL DESCRIPTION OF THE SITE®
C.1.1 Location and climate

The Barnwell low-level radioactive waste disposal facility is located
8 km west of the town of Barnwell, South Carolina, in Rarnwell Comaty. The
38 ha site is leased from the state of South Carolins by Chem—Nuclear
Systems, Inc. (CNSI), whick operates the facility. The site is adjaceat to
the Allied General Nuclear Services Barnwell Fuel Facility on the west aad
is only 0.3 km from the eastern boundary of the Savaanah River Plaat.

The Barnwell site is in a largely rural setting, with much of the land
in the region used for farming or growing timber. Primary farm products
are soybeans, corm, cotton, and dairy products. The population of the
county in 1970 was slightly above 17,000.

The climate near Barnwell is relatively mild. The monthly mean
temperatures range from 8 to 27°C for January and July, respectively.
Precipitation occurs mostly in the summer with a mean annuval total of
1.13 m. For the twenty year period before 1972, the mean precipitation
ranged from 0.73 m (1954) to 1.87 m (1964). Snowfall occurs only rarely in
Barnwell County, as do damaging winds or ice storms. The relatively long
growing season ranges from about 230-270 days.

The atmosphere around the site would be considered relatively stable.
The mean wind speed at the Savannah River Plant is only 0.4 = per second
and inversion or neutral conditions occur more than 75% of the time.

C.1.2 Geology and soils

The Barnwell site is located on the Atlantic Coast Plairn physiographic
province near the ecastern edge of the Aiken Plateaa portion of that
province. The topography of the site is gently rolling with grade
elevation averaging 74-80 m above mean sea level. The area is uaderlain by
sbout 300 m of "flat-lying, loose to poorly consolidatsd sedimerts of upper
cretaceous, tertiary, and quaternary ages.” Surface-¢quaternary soils
include loose to medinm dense fine sand and silty sand to depths of 0.6-
2.1 m below grade. Below the surface soils is found 4.3-9.1 = of the
embedded sandy clay and clayey fine sand of the Niocene Hawthora formation,
The Hawtborn is underlain by 11.5-18 m of the Barnwell formation

$Unless otherwise stated, information in tiis appendix was found in
Chem—Nuclear Systems, Inc. (1980).
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(late Eocene) and 14.6-35 m of the McBean formation (early Eocene). The
Ellenton and Tuscaloosa formations, include sand and gravel with some clay
and cretaceons sediments underlying tertiary sands and clays.

Topsoil of the region is generelly fuquay loamy sand of the family
loamy siliceous thermic. Accordinmg to Olson, Emerson, and Nungessser
(1980), Barnwell county encompasses the following soil orders and
svborders: Order Ultisols, suborders Paleudults and Hapludults (gently
sloping), suborders Ochraquults, Paleudults, Hapludults, and Quartzip—
samments (gently sloping) and order Entigols, 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. [irm, tan and purple, and slightly micaceous. This soil
layer is genmerally slightly clayey fine to coarse sand. Organic components
of the soils of Barnwell county are listed in the mainm 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 nearas*
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 Lower Three Runs Creek varied from 0.14-14 I3/8
duoring the 1l-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 anmother pond for further
evaporation. This system was devised to prevent recharge of the ground
water near the trenches and thereby reduce the iikelihood of contamination
of surface water. More details on surface water flows are to be found onm
pages 93-95 of CNSI (1980).

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 & thickness of sbout 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 permesble and the
msunicipal wells for the town of Barnwell, the nearest municipal user, yield
about 1400 liters per minute. Beneath the McBean/Congaree formations are
the Ellenton and Tuscsloosa formations. Althcugh geologically
gifferentiable, groundwater is free to move between them and they are
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considered a single aquifer. The Tuscaloosa is the principal aquifer for
the site and extends to more than 300 m below the surface.

VWater table depth at the site 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 unusuval to find significant diffe-ences in
fluctunation patterns within relative small areas. The water table at the
site generally occurs at depths of 9.1-18 m with a mean of sbout 12.2 m.
Normal fluctuations between the high in late spring or summer and the low
in fall or winter is about 2 =.

The groundwater moves under the site to the west and south toward
Mary’s Creek, 914 m away. The velocity is estimated to be 5.0:10_3 n/d as
shown by CNSI (1980). MNore detail about groundwater movement and
composition at the site can be found in CONSI (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.1). 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 nome of
the following variables will be 4rbitrarily 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.1): TDEPTH (trench depth), OVER (overburden),
DWELL (distance to nearest well), all variables on cards 16 and 17, BDENS
(s0il bulk density), STFLOW (s¢tream flow), PD (site boundary to nearest
stream), SAREA (ares of contaminated sorface soil), and the radiological
decay rate. References or notes on calculation are given for each of these
in Table C.1.

C.2.3 Radionuclide~independent variables that are poorly %mown

A number of the imput variables listed in Table 3.1 and C.1 are poorly
known; that is to say, there may be a large smount of variation associated
with the value listed in Table C.1. This is in spite of the fact that the
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values listed have been taken from referencable sources. This section will
briefly describe the variation or source of variastion expected in each of
these variables as listed in Table C.1.

WATL. 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
national rarge of value is from 0.01 (West Virginia) to 0.83 (Kansas).

Most common U.S. range 0.10-0.25.

PORA, PORT, FORS. Porosity of aquifer, trench, and surface region.

In Vakdle C.1, these values are equal to the reference surface porosity.
This 3¢ likely incorrect for PORA, the porosity used within the trench. If
the tov:1l trench were tightly compacted, the value could be much lower.

The more likely situation is that trench contents are variably porous due
to heterogencous materials and voids. Value used for PORS is probably
within 20% for surface soil users.

PERMV. Permeability of trench bottom. Referenced value is probably
reasonsble for surface region, but the permeability inside trench is
nrobably 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 (10-8). Oak Ridge National Laboratory
(107%), and West Valley (2.5x107%).

GWV. Groundwater velocity. Referencsd value from CNSI (1980).

AQTHK. 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.1 based on the Barnwell formation.

AQDI3P., Angle of pollutant dispersion in the aquifers plume. The
value in Table C.1 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.1 were calculated as prescribed by McElroy et sl. (1976).
Eowever, 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 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
substanticte ADEPTH. Could reasonably be set to plow depth, nominally
15 cm. Unlikely that ADEPTH would approach 1 m.
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RUNOFF. Fraction of annual precipitation that runs off. Value of
0.05 taken from CNSI (1980). Jack Robertson of USGS (persomal
communication) estimates a range of 4-7%.

C.2.4 Radionuclide-specific 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 meszsurements 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: e 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 kd 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 maximua reported range of kd compiled by Baes and
Sharp (1982) was for Mn (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 kd in agricultural soils of pH 4.5-9.0 to be comparable
to the varistion of k, in other media such as addressed by the code.

SOAM, 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
SOAN (1) varies between radionuclides and (2) is a small number at a well
operated disposal facility.

SOL. The solubility of the stored radionuclide. VWith inventory at
other sites, the data about which we have the least information. Not omly
does solutility vary gre.tly 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. MNost reasonmable approach to estimating
SOL would be to assume some form for each radionuclide based on tke likely
generator of iaat type of material. The solubility option is not selected
for ruas for this site.

BR, 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, BR values embody a certain amount of umcertainty.
However, relative to the magnitude of uncertainty in many o’ the other
parameters, these data ars fairly well known.

FNC, FMG. Forage-~to—milk transfer factors for cows and goats. Most
of the listed values are taken from AIRDOS-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 paraueters; 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
from ATRDOS—-EPA (Moore et al., 1979); but some were calculated from data in
Ng et al. (1968). Variation probably small coupared to other parameters.

C.3 ADDITIONAL SUPPORTING INFORMATION FOR INPUT DATA SET

Table C.4 lists the mean annual wind direction frequencies and true-
averaged wind speeds for the Savannah River Plant, South Carolina. These,
or similar data, should be used to calculate CHIQ for input.

Table C.5 lists population determined by the 1989 census for a polar
grid surrounding the Barnwell site.

Table C.6 lists 1978 hourly precipitation for the weather stationm at
Augusta, Georgia.

C.4 INPUT DATA SET

Table C.7 lists the Barnwell input data set.

This Appendix has described an exaaple simulation performed using data
believed representative of Barnwell, SC; however, many site parameters vary
significantly within the site itself. Soil parameters, hydrologic
parameters, and local radionuclide waste composition may vary greatly, yet
transport and exposure scenarios are based on regional dats and assumptions
representative of a large aree. 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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Tsble C.1. Input dats for Barnwell, SC; refer to Table 3.1
for formats snd definitions of varisbles

Card
number Variable Value Reference or note
1 TITLE User option
2 LOCATE Barnwell SC User option
3 MAXYR 1000 User option
NONCLD 40 Must be 40 or less
LEAOPT 2 User option
NYR1 100 Personal Communication,
C. Y. Hung to J. Broadway,
March 18, 1983
NYR2 200 Personal Communication,
C. Y. Hung to J. Broadway,
March 18, 1983
IOPVWV 1 User option
JOPSAT 1 User option
IRT1 0 User option
IPRT2 1000 User ovntion
IDELT 100 User option
IRRES1 0 User option
IRRES2 0 User option
LIND 1 User option
JAVG1 1 User option
TAVG2 1000 User option
4 IVAP 0 User option
IBSMT 0 User option
IAQSTR 0 User option
5 PCT1 0.01 Personal Communication,
C. Y. Hung to J. Broadway
to D, E. Fields,
March 18, 1983
PCT2 0.1 Personal Communication,
C. Y. Huag to J. Broadway
to D. E. Fields,
March 18, 1983
WATL 1.0 User option
WATA 1.0 User option
WATH 1.0 User option
SATL 0.0 User option
SATA 0.0 User option
SATH 0.0 User option
6 PPN 1.130
P 1002.3
IIRR 0.0
PHID 33.2
7 S 0.56
0.60
0.64
0.70
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Table C.1. (continued)

Card
nomber Variable Value Reference or note

T I IS
AR AP ARAR AR ARARFA

COO0OO0OO0COOO
L]

L]
" o
* o o DO

10

PR AN N e,
N WAIWKNDNN
SNV II=OWO 0

11 o)

W W W o
" e
.-bm'ﬂ‘

12

NN
Voo OWLS

.«
L |

13 TAREA
TDEPTH

CNSI (1980), p. 48
CNSI (1980), p. 48
CNSI (1980), p. 47
Sediment porosity;
CNSI(1980), p. 90
DENCON 2,0 Assumed

RELFAC 0 User option

orava
L7
)

2w

PORT

2INF1. 0.09 Calculated
14 PERNC 43.3
15 DTRAQ 2.4 Lowest water table depth
less TDEPTH, (NSI, p. 88
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Table C.1. (continwed)

Card
number Variable Value Reference or note
DWELL 914 Site boundary to nearest
spring; ONSI, p. 91
GWV 21.5 Personal Communication,
C. Y. Bung :> J. Broadway
to D. E. Fields,
March 18, 1983
MTHK 25 Inferred from discussion
CNSI(1980), pp. 80-90
AQDISP 0.3 Assumed
PORA 0.4 CNSI (1980), p. 90
PORV 0.4 CNSI (1980), p. 90
PERMV 43.3 ONSI, (1980)
16 ). § 1.0 Assumed
VG 0.01 Calculated from particle
sizes
U 0.4 Savannsh River Lab. meteor.;
National Climatic Center
vD 0.01 Generic value
IG6 8000 Distance to town of Barnwell, SC
HLID 300 C. F. Baes III (personal
communication)
ROUGH 0.01 Generic value
17 FIVIND 0.49 Savannah River meteorology
caIQ 7.7E-9 Computed using AIRDOS-EPA,
Moore et al. (1979)
RE1 1.0E-6 Assumed lower than Nevada,
Anspaugh et al. (1975)
RE2 -0.15 Same as Anspaugh et al. (1975)
RE3 1.0E-11 Assumed lower than Nevada,
Anspaugh et al. (1975)
RR 0 User option
FIMECH 0 User option
18 IT i User option
I8 2 Savanush River meteorology
19 RAINF 250 McElroy et al. (1976)
ps 44, Fig. 3.2
ERODF 0.23 McElroy et al. (1976)
p. 46; see Table 3.5
STPLNG 0.27 McElroy et al. (1976);
Fig. 3.8
COVER 0.30 MoElroy et al. (1976);
Table 3.3
CONTRL 0.30 McElroy et al. (1976);

Table 3.7
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Table C.1. {continued)
Card
number Variable Value Reference or note
SEDELR 1.0 Assumed; see NcElroy et al.
(1976), p. 60-68
20 PORS 0.4 Set equal to sediment
porosity; CNSI (1980), p. 90
BDENS 1.6 CNSI (1980), p. 87
STFLOW 5300 CNSI (1980), p. 9.2
EXTENT 305 User option; this value =
trench length, CNSI, p. 48
ADEFPTH 0.01 Assumed
21 PD 914 Site boundary to mearest
stream, CNSI p.91
RUNOFF 0.29 Calculated from Geraghty
et al. (1973)
22 Yl 0.19 Shor, Baes, and Sharp (1982);
Appendix C
Y2 0.53 Shor, Baes, and Sharp (1982);
Appendix B
PP 240 Assumes 15 cm plow depth
XAMBWE 0.0021 Moore et al., 1979
TE1 720 Generic; MNoore et al., 1979
Table E-15
TE2 1440 Generic; Moore et al., 1979
23 TH1 0 Generic; Moore et al., 1979,
Table E-15
TH2 2160 Generic; Moore et al., 1979,
Table E-15
TH3 24 Generic; MNoore et al.., 1979,
Table E-15
T4 1440 Generic; Moore et al., 1979,
Table E-15
THS 336 Generic; Moore et al., 1979,
Table E-15
THS 336 Generic; Noore et al., 1979,
Table E-15
FP 0.77 Shor, Baes, and Sharp (1982)
) ] 0.94 Shor, Baes, and Sharp (1982)
24 QFC 50 Generic; Moore et sl., 1979,
Table E-15
QFG 6 Generic; Moore et al., 1979,
Table E-15
TF1 48 Generic; Moore et al., 1979,
Table E-15
TF2 96 Generic, Moore et al., 1979,

Table P-15
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Table C.1. (coatinued)

Cazxd
number Variable Value Refereace vur note
T8 480 Generic; Moore e¢’. al., 1979
Table P-15

ABSH 9.9 State average; Etaier (1980)
14 1.0 Asswmed

25 FI 0.73 Groving season length/8760
WIRATE 0.015 Calculated from Olsoa, Emersos

and Nungessor (1980)

Qcw 60 Geaeric; Mcore et al., 1979
Qv 8 Gemeric; Moore et al., 1979
aBY 50 -Generic; Moore et al., 1979

26 ULEAFY 190 Generic, Moore ot al., 1979
UPROD 190 Genmeric, Moore et al., 1979
UCMILK 110 Generic, Moore ot al., 1979
UGMILK 0 Generic, Moore et al., 1979
UMEAT 95 Generic, Moore ot al., 1979
UWAT 370 Generic, Moore et al., 1979
UAIR 8000 Generic, Moore et al., 1979
POP 7033 1980 Census; Durfee

(personal communication)
27+ see Tables C.2 and C.3
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Table C.2. Estimated radionuclide inventories for the Barnwell,
Sonth Carolina, Beatty, Nevada, and West Valley, New York
low-1level waste facilities.

hetivity stored, Ci

Nuclide  Barawell, SC' Boatty, NV° West Valley, NY°
B-3 34,499 106,696 106,696
C-14 9.5 442 442
¥n-54 9,737 9,737 0
Fe-SS 65,672 65,672 0
Ni-$9 0 0 | o
Co—60 432,755 432,755 76,710
Ni—63 11,029 11,029 0
Zn~65 7.613 7,613 0
k-85 1,682 1,682

Sz-90 2,617 10,420 10,420
Y-90 2617 10420 10420
Nb-94 0 0 0
Tc-99 61 61 0
Ru-105 0 10,420 10,420
Cd-109 16 16 0
Sb-125 2.7 2.7 0
1-125 0 444 144
1-129 0 0

Cs-134 37,069 37,069 0
Cs-137 289,403 289,403 19.1
Ba-137M 289,403 289,403 19.1
Co-141 547 547

Co-144 2,160 2.160

Pu—-147 179 179

Re-187 1.5 1.5 .5

0
0
1
Pb-210 22 22 0
Ra-226 0.6 1629 1629
Th-232 1.3 1.3 0

U-233 0 2.42 2

U-234 3.0 3.0 0
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Table C.2. (coatiawed)

Activity stored, Ci

Nuclide  Barawell, SC* Beatty, NV  VWest Valley, NY°
U-235$ 3.5 3.5 0.1
U-236 0.5 0.5 )
U-238 3,063 3,063 112

Pu-238 0.2 38,481 38,481

Pu-239 0.1 91.6 91.6

Pu-241 ) 0 0

An-241 ) 17.5 17.5

Pu-242 ) 0 0

An-243 0 0 0

Ca—243 ) 0 )

“Taken from receiving invoices at Chem—Nuclear
Systems, Inc. (J. E. Till, personsl commumnication).

bNo citable information available. These data
represent merger of Baranwell, SC and Vest Valley, NY
columns, higher inventory of the two was listed for
Beatty, NV.

°Data inferred from volume and mixed activity
information listed in Giardina et al. (1977) and Kelleher
and Michael (1973).

(™



Teble C.3.

332

Element—specific data listed by radionuclide.®
Refer to Table 3.1 for definitiom of variasbles

Plant upteake factor®

Neclide xd" B B mcd e Pt
v 4 i
B3 .01 4.88-0 4.8B-9 1.0B-2 1.7E-1 1.2F-2
c-14 .01 S.SE0 S5.SE-0 1.2B-2 1.0B-1 23.1E-2
Ma—54 150 2.5B-1 S.0B-2 2.5B-4 2.SE-4 8.0E-4
Fe-55 ss 4.0E-3 1.0B-3 1.2E-3 1.3E-4 4.0E-2
Ni-59 150 6.0B-2 6.0E-2 6.7B-3 6.7E-3 5.3B-2
Co-60 ss 9.4E-3 9.4B-3 1.0B-3 1.0E-3 1.3E-2
Ni-63 150 6.0B-2 6.0B-2 6.7%-3 6.7E-3 5.3E-3
Zn-65 16 1.58-0 9.0B-1 3.9E-2 3.98-2 3.0E-2
K85 0 0 0 2.0B-2 2.0B-2 2.08-2
Y-90 27. 2.5E-0° 2.5B-1 8.0E-4 1.4E-2 6.0E-4
Sr-90 27 2.58-0 2.5B-1 8.0B-4 1.4E-2 6.0B-9
Nb-94 350 2.0B-2 S5.0B-3 2.5B-3 2.5B-3 2.SE-3
Tc-99 0.033 9.SE-0 1.SE+0 2.5E-2 2.SE-2 4.0E-1
Ru-106 220 7.58-2 2.0B-2 1.0E-6 1.0E-6 1.0E~6
Cd-109 6.7 S.SE-1 1.5E-1 1.3B-4 1.3B-4 5.3E-4
Sb-125 45 2.0B-1 3.0B-2 1.5B-3 1.5B-3 4.0E-3
1-125 0.01  1.0B-0 1.0E-0 6.0B-3 6.0B-2 6.0E-2
1-129 0.01 1.0B-0 1.0E-0 6.0E-3 6.0E-2 6.0E-2
Cs-134 1100 1.08-2 1.0B-2. 1.2B-2 3.0B-1 4.05-2
Cs-137 1100 1.0B-2 1.0E-2 1.2B-2 3.0B-1 4.0E-3
Ba-137M 1100. 1.0E-2 1.0E-2 1.2B-2 3.0E-1 4.0E-3
Ce-141 1100 1.0E-2 4.0E-3 1.0E-4 1.0E-4 1.2E-3
Co-144 1100 1.0E-2 4.0B-3 1.0B-4 1.0E-4 1.2E-3
Pu-147 61 1.0B-2 4.0B-3 S.0B-6 S.0E-6 4.8E-3
Re-187 1.5 1.0 3.5E-1 2.SB-2 2.5B~2 8.0BE-3
Pb-210 540 1.0B-5 1.0B-5 1.0B-5 1.0B-5 1.08-5
Ra-226 220 1.58-2 1.SE-3 1.SB-2 1.5E-2 3.4E-2
Th-232 60,000 1.0E-5 1.0B-5 1.0E-S 1.0E-5 1.0E-5
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Table C.3. (continued)

Plant uptake factor®

Nuclide K d" B B mc? FG® FFf
v b o

v-233 45 1.0BE-5 1.0B-5 1.0E-5 1.0B-5 1.0E-S
v-234 45 1.0E-5 1.0B-5 1.0E-5 1.0B-5 1.0E-5
v-235 45 1.0B-5 1.0E-5 1.0E-5 1.0E-5 1.0E-S
v-236 45 1.0B-5 1.0B-S 1.0E-5 1.0E-5 1.0E-S
v-238 4s 1.0B-5 1.0E-5 1.0E-5 1.0B-5 1.0E-S
Pu-238 1800 4.5E-4 4.5E-5 1.5E-6 1.5E-6 8.0BE-3
Pu-239 1800 4.5B-4 4.SE-5 1.5B-6 1.SE-6 8.0E-3
Pu-241 1800 4.5E-4 4.5B-5 1.SE-6 1.SE-6 8.0B-3
Pu-242 1800 4.SE-4 4.5B-5 1.5B-6 1.5E-6 8.0E-3
Am-241 810 5.5E-3 2.5E-4 O 0
An-243 810 5.SE-3 2.5B-4 O 0
243 3300 8.5E-4 1.5E-5 O 0

'Thooretically. the retention fractions RA and RW may De
element-specific. However, we have chosen constant values of
0.20 and 0.25, respectively.

bIn units of ml/g. Taken from Baes and Sharp (1983).

ch 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, prodrce except leafy
vegetables). Units in (activity/g dry plan:)/(activity/g dry
soil). Taken from Baea et al. (1982).

dData taken from Moore et al., 1979 or calculated from data
in Ng et al. (1968).

®Data taken from Moore ot al., 1979 or calculated from Ng
et al, (1968). If no value for goat’s milk is available, s value
for cow’s milk is used.

fData taken from Moore et al., 1979 or caiculated from Ng
et al. (1968).
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Tablie C.4. Mean annusl wind direction frequencies and
true-average wind speeds (SEL/Barmwell)

VWind speed for each stability class (w/'s)

Vind toward Frequency A B C D E F G

N 0.085 3.88 3.54 3.42 3.75 4.22 4.01 4.32
NN 0.067 3.97 3.32 3.61 3.8 4.46 4.43 3.68
N 0.043 3.25 3.36 3.25 3.39 4.30 3.91 4.04
Ny 0.044 3.87 3.77 3.3 23.63 3.88 4.08 3.49
| 0.056 4.27 4.02 4.73 3.67 4.00 4.70 4.55
s 0.057 4.94 4.46 4.56 3.47 4.21 4.07 3.8
- 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 3.8 4.52
SSE 0.036 3.87 3.11 2.74 2.92 3.46 4.04 4.85
SE 0.060 29 3.30 3.78 3.17 3.58 3.92 4.12
ESE 0.089 3. 4.02 3.17 4.24 4.24 4.24 4.00
E 0.085 3.87 3.44 3.8 3.93 4.50 4.27 3.59
ENE 0.081 3.62 4.07 3.65 3.5 3.70 4.01 2.81
NE . 0.080 3.70 369 4.09 3.75 3.88 3.5 3.65
NNE 0.091 3.68 3.54 3.2' 3.34 4.12 4.01 3.60




Table C.5. Populatiun distribution by distance and direction for Barmwell, SC

Distance from site trench (km)

PIR 0-10 10-20 20-30 3740 40-30 30-60 60-70 70-80 80-90 90-100

N 9 523 1177 1090 1398 1639 3214 11443 11275 5836
NNE 114 931 2611 1637 2292 3143 3809 7526 21878 147549

NE 254 1086 2158 2215 2922 3742 5508 5267 4975 6388
ENE 666 2536 2085 4668 4276 3816 25374 11991 5566 5193
E 2% 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 124 259 542 127 918 2924 1577 1479 3048 5326
S 12 153 468 555 1121 2599 1733 1840 3458 5410
Ssw 52 185 475 727 2757 2602 1683 2997 17106 10269
sw 41 182 428 1258 1297 24384 3864 1842 2365 4159
wsw 4“7 142 s 1140 3519 2978 1408 1986 5635 4380
| 47 147 369 1006 2528 2792 1610 2549 5313 2916
L] 37 59 627 3562 7106 107579 43485 12906 9371 12492
Nw 66 112 1608 3846 14793 52072 9811 3164 2244 2905
NNW 73 631 2030 4109 25104 4335 3863 7271 4911 3404

T0TAL 2439 9854 20971 33272 863509 202364 114144 84147 121764 234188

G8t
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Teble C.6. Wourly precipitstion date for Asgusta, GA (site 90495) °©

Rainfall during indicated hours of day {humdredths of inches)
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Teble C.6. Hourly precipitation dsta for Augusts. €A (eeat.)

Rainfall luring indicated nours of day (hundredths of imches)
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or Asgusts, GA (cont.)

»

Table C.6. Hourly precipitatioa dats

Rainfall during indicated hours of dsy (Mundredths of inches)
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D.1 GENERAL DESCRIPTION OF THE SITE®

D.1.1 Location and climate

The Beatty low—level waste site is located 16 km south—southesst of
Beatty, Nevada, and 29 km northwest of Lathrop Wells, Nevada. The site is
in the Amargosa Desert and lies in the Basin and Ramge physiographic
province which is characterized by broad, open, relatively flat-floored
valleys separated by rugged mouatain ranges. At the site the valley teands
northwesterly.

The area surrounding the disposal site gently slopes towsrds the south
or southeast. Regional slope is about 6-8 m/kn. Precipitation ia the ares
is very small, averaging about 17 cm per year. Most of the annual
precipitation comes in relatively high-intensity short summer
thunderstorms. The rainfall profile is very erratic with little or mo
sustained rainfalls in the region. The relatively high temperatures and
low rainfall "suggests that virtually ali precipitation is susceptible to a
rapid return to atmosphere as water vapor.”

The ares nearby the site is virtually uninhabited. The villages of
Beatty and Lathrop Wells are the nearest populations. Las Vegas, 140 km,
southeast of the site is the nearest metropolitan area.

D.1.2 Geology and soils

Unconsolidated deposits of gravel, sand, silt, and clay form the
valley floor in the Amargosa Desert The thickmess of this material has
been tested by drilling only at a ‘ew places, but the maximum thicknmess is
at least 175 m. A definite statement regarding the thickness of the valley
fill cannot be made, but based on drilling at the Nevada Test Site the
relief on the bedrock surface may be rugged, and consequently abrupt
changes in the depth to bedrock could be expected. Other types of hedrock
beneath the fill of the Amargosa Desort probably include sandstome,
siltstone, conglomerate, dolomite, limestone, stele, phyllite, schist, and
marble. The rocks have been classified as the Nopah Formation, Stirling
Quartzite, and Bonanza King Formation. Thin dikes of brown or reddish
brown rhyolite porphyry and dacite or rhyodacite porphyry also may occur
benoath the valley fill, but probably to a lesser degree,

The most significant feature of the bedroc) uaits is that although
they are dense, hard, and inherently impermeable, they do contain
limestone, dolomite, and marble strats which may develop permeability by

*Unless otherwise noted, information in this appendix was found
in Clebsch (1968).
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solutlon. These rock also have been fractured and faulted during recent
intensive toctonic activity. Test drilling on the Nevada Test Site has
shown that similar bedrock units transmit substantial quantities of water
through fractures s.xd possibly solution channels, and there is no reason to
believe that the bedrcck bemeath the Amargosa Desert dces not also transmit
water. However, water in the bedrock beneath the Beatty site is at great
depth and greatly confined.

The 7alley fil! has been derived from the weathering of adjscent hills
and mountrin ranges. Its litbologic composition, grain sire, and other
physical characteristics are highly variable. Available information on the
alluvial "ill at the site indicates that the sediments are in general
poorly scr' 2d mixtures of fine and coarse grained materials such as clay
and boulde s or clay and gravel. MNost of the material is thus interpreted
to be a Yanglomerate, similur to the material exposed on the surface. Tw.
interesting inte-vals, however, are primarily clay or fresh-water limestone
altered to clay, indicsting deposition in still water, such 2s a lake. The
clay layer from 81 to 99 m has considerable hydrologic significance.

D.1.3 Kydrology

There ase very fev wells aroond the Beatty site and, therefore,
groundwater occurrence and behavior is poorly knmown. 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 surveyin, and operating
the site iudicate the average direction of flow to be routheast 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 approrimately 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 wel} 27 km
from the site is 170 = deep and is used for irrigation.

There are no perennial streams or rivers within 16 km of the Beatty
site. The Amargosa River channel, althoagh dry, is the principal drainage
channel. This river bed passes to within 3.5 km of the disposal site.

.2 INPUT VARIABLES FOR PRE3TO-II
D.2.1 Options or control variables

Most input variables on the first four data cards are for code comtrol
or option selection (see Table D.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 sre definnd in Table 3.1,
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D.2.2 Sitoe—description variables that are well-kmown

As witk the Barnwell data set, Appeandix C, some input data describing
Beatty are well known and mot likely o change greatly.

Noncontrnl variables which are considered well known include the
following (refer to Table D.1): TAREA (trench area), TDEPTH (trench depth),
UVER (overburden), DIRAQ (trench to aquifer depth), all variables on cards
15 and 17, BDENS (soil bulk deasity), SAREA (area of cont.minsted surface
soil), and the radiological decay rate. References or notes om calculatioa
are given for each of these in Table D.1.

D.2.3 Radionuclide-independent variables that are poorly knownm

A number of the input variable., listed in Tables 3.1 and D.1 are
poorly known or taken from limited data; that is to say, there may be a
large amount of variation associated with the value listed in Table D.1.
This is in spite of the fact that the values listed have been taken from
referencable sources. This section wiil briefly describe the variatiom or
sources of variacion expected in each of these variables as listed in
Table D.1.

WATL. Fraction of total irrigation water taken from well. The
referenced value is & state average of groundvater use as a fractionm 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,PORT,PORS. Porosity of aquifer, trench, and surface region. In
Table D.1, these values are equal tc 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 (1968) seems somewhat umcertain about the porosity. He
states that "the porosity of 20% is a reasoaable value for material of this
type, but it might be as low as 10%..." Nevertheless, it seems clear that
the aquifer porosity should be relatively low.

PERMV. Pormeability of treach bottom, permeability of surface region,
The referenced value is probably reasonable for surface region, but as with
porosity, the permeability inside tremch is probably extremely
heterogeneous.

DENCON. VDensity of the trench contents. The listed value is an
assumption. For waste materials such as cardboard, clothing, gloves, and
soil, assuming few voids, the number may be ressonable. However, given
uizeable voids or large masses of highly dense materials, the valus listed
is probadbly too small. Could range as high as 1J.
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RELFAC. User—oﬁtion annual release fraction for activity leaching
from trench. Has been estimated (Dole and Fields, 1981) for at least three
sites: Savamnah River Plagt (10 °), Oak Ridge National Laboratory (10—6).
and West Valley (2.5 x 10 '). Probably not constant from element to
element.

DTRAQ, DWVELL. Depth from trench bottom to aquifer, distance from
trench to well. Clebsch (1968) describes the locations of the two nearest
producing wells. The nearer well is 22 km distant and draws water from an
aquifer 240 m below surface. The farther well is 27 km away and pumps from
a depth of 912 m, The listed value of DTRAQ is set conservatively from
these aad other information in Clebsch (1968) as is the value of DWELL.

GWV. Groundwater velocity. Referenced value from C. Y. Humg,
Prrsonal Communication to Jon Broadway, March 18, 1983.

AQTEK. 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.1 is based on the discussion by Clebsch
(1968) which seems to indicate that uquifer thickness may vary from 4.3 to
10.4 m.

AQDISP. Angle of pollutant dispersion in the aquifer plume. The
value in Table D.1 is an assumption. AQDISP jis obviously a function of
rate of flow, porosity, and permeability.

Card 19. PFactors for use in the Universal Soil Loss Equition. Valuss
listed in Table D.1 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 from 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 ¢’ the surface soil, used to calculate soil
and water radionuclide concentration as a result of overflow. Values in
the table are assumed. Yo 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.

RONOFF. PFraction of annual precipitation that runs off. The
referenced value is probably too large. Jack Robertson of USGS (persomal
communication) estimates no runoff on the average., Listed value is set
at 0.05.
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D.2.4 Radionuclide—specific parameters that ai: poorly kmown

TRAM. Initial inventory of each radionuclide. The values in
Table D.3 for Beatty are simply the merger of the indicated velues for
Barnwell and West Valley. If both Barnwell and Vest Valley had an
inventory of a given radionuclide, the larger of the two were used for
Beatty. Ve know of no referenceable radionuclide inventories for Beatty.

KD. See discussioan in Apperdix C.2.

SOAM. See discussion in Appendix C.2.

SOL. See discussion im Appeadix C.2.

BR, BV. See discussion in Appeadix C.2.

FNC, FilG. See discussion in Appendix C.2.

FF. See discussion in Appendix C.2.

D.3 ADDITIONAL SUPPORTING INFORNATION FOR INPUT DATA SET

Table D.2 lists the mean annual wind direction frequencies and true-
averaged wind speeds Jackass Flats, Nevada. These or similar data should
be used to calculate CHIQ for input.

Table D.3 lists population determined by the 1980 Census for s 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 Bestty input data set.

This Appendix has described an example simulation performed using data
believed represeantative of Beatty, Nevada: however, many site parameters
vary significantly within the site itself. 8Soil parameters, hydrologic
parameters, and local radiomuclide waste composition may vary greatly, yeot
transport and exposure scensrios are based on regionzsl dats and assumptions
representative of a large area. Radionuclide inventories are primarily
based on estimates of waste composition for differemt sites, and are used
solely to construct an exsmsple data set. These considerstions, together
with the caveats offered in the Executive Summary and in Chspter 1, suggest
that the results presented here must be interpreted as estimates of
transport at the site, and that these estimates contain significant
uncertainties.
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Table D.1. Imput data for Beatty, Nevida; refer to Tadbls 3.1
for formsts and defimitions of variables

I‘C::: r Variable Value Reference or note
1 TITLE User option
2 LOCATE Beatty NV  User optioa
3 MAIYR 1000 User optioa
NONCLD 40 Must be 40 or less
LEAOPT 2 User option
NYR1 100 Personal Commuwnication, C. Y. Hung
to J. Broadvay to D. E. Fields,
Narch 18, 1983
NYR2 200 Personal Commumication, C. Y. Humg
to J. Broadway to D. E. Fields,
March 18, 1983
IOPYWV 1 User option
JOPSAT 1 User option
IRT1 o User option
IPRT2 1000 User option
IDELT 100 User option
IRRES1 o User option
IRRES2 0 User option
LIND 1 User option
IAVG1 1 User option
JAVG2 1000 User option
4 IVAP 4 User option
IBSNT 0 User option
IAQSTR 0 User option
5 PCT1 0.01 Personal Communication, C, Y. Hung
to J. Broadway to D. E. Fields,
March 18, 1983
PCT2 9.1 Personal Communication, C. Y. Hung
to J. Broadway to D. E. Fields,
March 18, 1983
WATL 1.0 User option
WATA 1.0 User option
WATH 1.0 User option
SATL 0.0 User option
SATA 0.0 User option
SATH 0.0 User option
[ PPN 0.171
P 898.83
XIRR .646
PRID 36.83
7 8 .68
0.70
0.72
0.73
0.78
0.85
0.81
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Table D.1. (coatimwued)

n::;:r Variable Valuwe Refereace or aote
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 ™ -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 TAREA 1.8E4 Morton (1968)
TDEPTH 6.7 Morton (1968)
OVER 1.2 Morton (1968)
PORT 0.2 Clebsch (1968), p. 91; set same
as soil
DENCON 2.0 Assumed
RFLFAC 0 User option
FN 0.5
IINFL 0.41 Calculated
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Table D.2:. (continued)

n::;:r Variable Value Reference or note
14 PERNC 154
15 DTRAQ 84 Clebsch (1968), p. 87
D¥ELL 6700 Clebsck (1968), p. 88
GWV 182 Personal Communication, C. Y. Hung
to J. Broadway to D. E. Fields,
March 18, 1983
AQTHK 4.3 Clebsch (1968)., p. 88
AQDISP 0.3 Assumed
PORA 0.2 Clebsch (1968)
PORV 0.2 Clebsch (1968)
PERMV 154 Clebsch (1968)
16 B 1.0 Assumed
Y6 0.027 Calculated from particle sizes
U 4.48 Jackass Flats meteorology;
Nationsl Climatic Center
vb 0.027 Equal to VG
X6 16,800 Clebsch (1968)
HLID 300 Assumed
ROUGH 0.01 Generic value
17 FIWIND 0.056 Jackass Flats meteorology:;
National Climatic Center
CHIQ 7.0E-9 Computed with external code,
AIRDOS-EPA, MNoore et al. (1979)
RE1 1.0E-4 Anspaugh et. al., (1975)
RE2 -0.15 Anspaungh ei. al. (1975)
RE3 1.0E-9 Anspuugh et. al. (1975)
RR 0 User option (>0 when farming)
FTMECH 0 User option ()0 when farming)
18 IT 1 User option
I8 4 Jackass Flats meteorology;
National Climatic Center
19 RAINF 20 McElroy et al. (1976),
p. 44, Fig. 3.2
ERODF 0.5 McElrer 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 MoElroy et al. (1976),
Table 3.7
SEDELR 1.0 Assumed; see McElroy
et al. (1976), p. 60-68
20 PORS 0.1 Clebsch (1968), p. 90
BDENS 1.6 Assumed
STFLOV 2000 Clebsch (1968), p. 73
EXTENT 180 User option; set to trench
length x 10

ADEPTH 0.01 Assumed -~ user option
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Table D.1. (continued)
Caxd Variadle Value Reference or amote
number
21 PD 3000 Clebsch (1968)., p. 73
RUNOFF 0.05 Jack Robertson, USGS
(personal communication)
22 1 0.04 Shor, Baes, aad Sharp,
Appendix C (1982)
Y2 0.76 Shor, Baes, and faarp,
Appemdix B (1982,
PP 240 Assumed 15 ca plow depth
XAMBYE 0.0021 USNRC (1977)
TE1 720 Generic, USNRC (1977),
Table E-15
TE2 1440 Generic, USNRC (1977),
Table K-15
23 TH1 0 Genoric, USNRC (1977).
Table E-15
™2 2160 Genoric, USNRC (1977),
Table B-15
T3 24 Generic, USNRC (1977),
Table E-15
TH4 1440 Generic, USNRC (1977),
Tabie E-1S5
THS 336 Generic, USNRC (1977),
Table L-15
TH6 336 Generic, USNRC (1977),
Table E-15
FP 0.47 Shor, Baes, and Sharp
(1982)
FS 1.0 Shor, Baes, and Sharp
(1982)
24 QFc 50 Generic, USNRC (1977),
Table B-15
QFGe 6 Generic, USNRC (1977),
Table E-15
TF1 48 Generic, USNRC (1977),
Table E-15
TF2 96 Generic, USNRC (1977),
Table B~-15
TS 480 Generic, USNRC (1977),
Table E-13
ABSH 4.4 State average: Etnier (1980)
P14 1.0 Assumed
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Table D.1. (coatinued)
‘2;:: Varisble Valwe Reference or note
25 FI 0.65 Growiag season length/8760
WIRATE 0.114 BEstimated from Baes
et. al. (1582) sad IV
acy 60 Generic, USNRC (1977)
QY 8 Generic, USNRC (1977)
aBY 50 Generic, USNRC (1977)
26 ULEAFY 190 Generic, USNRC (1977)
UPROD 190 Generic, USNRC (1977)
UCMILX 110 Generic, USNRC (1977)
UGNILK 0 Gomeric, USNRC (1977)
UMEAT 95 Geanric, USNKC (1977)
UWAT 370 Gemeric, USNRC (1977)
UAIR 8000 Generic, USNRC (1977)
POP 2000 1980 Census; Durfee
(personal communication)
27+ see Tables C.3 and C.4




Mean annual wind direotion frequenocies and true-average

Table D.2,

wind spoeeds (Jackass Flats, NV)

Wind speed for each stability class (m/s)
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Table D.3. Population distribution by distance and direction for Beatty, NV
Distance from site tremch (km)

DIR 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
N 9 14 16 19 S 0 1 2 6 10
NNE 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 38
R 10 30 30 50 62 55 54 49 67 69
ESE 8 26 40 52 74 92 174 231 252 500
SE 10 25 41 CH 69 106 148 204 247 267
SSE 10 27 37 50 61 87 103 86 69 62
s 10 25 4“ 50 56 78 66 50 23 68
ssv 10 25 39 38 44 55 52 24 8 108
sv 8 28 25 33 4 49 45 32 23 62
wsvw 8 17 24 31 44 51 46 40 43 49
v 11 16 11 15 22 33 24 16 24 21
WNV 7 12 S 3 8 3 11 10 7 16
Nw 7 13 8 2 1 2 S 8 1 18
NNV 9 14 15 13 2 1 6 9 1 18
Total 144 335 412 29 561 674 791 826 868 1347
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a for Beatty, NV (8ite 260718) °©

Hourly Precipitatioa 4

Table D.4.

Rainfal) during ineicated nours of day (hundredths of (nches}
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Beatty input data set
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E.1 GENERAL DESCRIPTION OF THE SITE®
E.1.1 Location and climate

The VWest Valley disposal grownd is in Westerm New York
approximately 55 km south-southeast of Buffalo, New York, ia Cattaraugus
County. The nearest village is Sprimgville, about 2.5 km north of the
northern site bowndary. The low-level waste disposal growad is part of
a larger site known as the Western New York Nuclear Service Coater
(WNINSC) .

The WNYNSC is located on 2 relatively level plateas just south of
Cattaraugus Creek. Hills bousd the site om all sides but the morth.
Buttemmilk Creek, a tributary of Cattarasgus Croek, has cut a valley
through the center of the plateaun to s depth of about 30 m oa the
eastern boundary of the plant site. The valley walls of Battermilk
Creek and jits tributaries are steep ama badly eroded in places. The
WNINSC encompasses 1350 ha of which the low-level waste disposal site
includes 10 ha.

The region surrounding West Valley is humid and greatly inflwenced
by the presence of Lakes Erie and Ontario within 80 km. Precipitation
(over 1.0 m per year) is evenly divided throwghout the year, with heavy
snowfall associated with cold air passage over Lake Erie. Vinds at the
site are gemerally from west and south, and relatively stromg (speeds of
4-8 m/s occur 59% of the time). The mean annual temperature of the site
is 7.2°C with July being the warmest month (21.2¢C) and January the
coldest (—4.4°C).

The area around the disposal site has a low population demsity.

The 1976 estimated population of Cattaraungus County was 86,000,

E.1.2 Geology and soils

The West Valley site is in the Glaciated Allegheny portions of the
Appalachian Plateau physiographic province. The region is overlain by
variable thicknesses of glacial deposits above Paleozoic sedimentation
rocks. These strata dip slightly to the south (4-8 m/km). The
combination of a tending northward erosion slope and southward dip has
exposed several different formations in contiguous, irregular east-west
bands.

The bedrock of the region is gemerally overlain by mnconsolidated
glacial and glacially related deposits consisting of till, sand, gravel,
silts, and clays. Till consists of ground roock fragments coamtaining
cobbles and pebbles. At the WNYNSC, these deposits range ia depth to
170 =. The mineralology of the tills resemble that of the Psleozoic

sUnless otherwise noted, information in this section is from USDOE
(1978) or Giardina et al. (1977).
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rocks that were omce exposed to glacial actiom im the regiom. The clay
and silt fractioas are dominated by quartz, mica, and chlorite; lesser
amounts of calcite amd dolomite are detectable im the silt fractioa.
Soils of the area may be descridbed by three genmeral descriptioas: fill,
jointed—fractured weathered till, aad wnweathered till. Fill is silty,
moist, gray aad brown mottled, with firm to soft comsistency. The
jointed—fractured weathered fill is towgh, homogemeouws brown with
scattered gravel bits, havimg joimts and fractures throughout.
Usveathored till is gray im color, plastic clay, with scattered gravel,
occasionsa]l buff-colored spots and so-e'pebbles. Sand lenses may be
encountered variously in places throuwghost the till.

Both USDOE (1978) and Giardima et al. (1977) have much more
detailed and scholarly descriptions of the geology amd soils of the West
Valley region and site.

E.1.3 Hydrology

The West Valley site is underlain by three, or possidbly 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” (USDOE, 1978). The aquifer crops out in marshy
areas and ai ils edges of eros.~n 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. 1.e third aquifer is confimed in a
range of 31.4 to 37.8 m depth and consists of pebbly to silty sand. The
last aquifer occurs in s weathered and fractured zome at the top of the
shale bedrock. This aquifer may produce usadle 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 amd
Buttermilk Creek, its tributary. Cattaraugus Creek flows generally
vestorly 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 WNYNSC, the lower portions of
Buttermilk Creek, including its confluence with Cattaraugus Creek, are
completely within the site boundary. The mean unnu.b flow of the
Cattarsugus Creek part of the site is ubout13.; 2 10" & /yr of wh'ch
Buttermilk Creek contributes about 4.1 x 10" =" /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-11
E.2.1 Options or control variables

Nost of the input variables on the first five data cards are for
code control or option selection (see Table E.1). 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,
some of the input data describing the site are very well kmown and will
neither change greatly nor largely affect predictioms.

Noncontrol variables which are considered well-known imclude the
following (refer to Table E.1): TAREA (trench area), TDEPTH (trench
depth), OVER (overburden), all variables on cards 16 and 18, BDENS (soil
bulk density), STFLOW (stream 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.1.

E.2.3 Radionuclide—independent variables that are poorly known

A number of the input variables listed in Tables 3.1 and E.1 may
have a large uncertainty associated with the value listed in Table E.1.
This section will briefly describe the variation or source of variation
expected in each of these variables as listed in Table E.1.

WATL. Fraction of total irrigation water taken from well. The
referenced value is a state average of groundwater use as a fractiom of
total water use for 1970. Value may vary over time and across state.
The mixture and poor quality of aquifers existing near the West Valley
site would seem to make this parsmeter value even more uncertain. The
U.S. range is from 0.01 (West Virginia) to 0.83 (Kansas). The most
common U.S8, range is 0.10-0.25.

PORA, PORT, PORS. Porosity of aquifer, trench, and surface region.

PERNV. Permeability of trench bottom, The listed value in
Table E.1 is from C. Y. Bung, Personal Communication to Jon Broadway,
March 18, 1983.

DENCON. Density of the trench contemts. 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. However, 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 anﬂ Fields, 1981) for at least

three sites: Savannsh River Plant (10 "), Osk Ridge National Laboratory
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(10-6). and Vest Valley (2.5 x 10-4). These values are probably not
constant between ciements.

DIRM. T- :ch bottom to aquifer depth. The listed value in
Table E.1 is from C. Y. Hung, Personal Communication to Jon Broadway,
March 18, 1983.

GWV. Groundwater velocity. The referenced value is from a series
of computer simulations of the West Valley site. For this site, ‘the
value used for GWV is likely not very important dee to the impermeable
strata that minimize infiltration.

MTIK. Thickness of the aquifer, used for dilvtion calculatioms.
For West Valley, depends on the aquifer chosen for tramsport and the
location at which thickness is measured. The value in Table E.1 is
based on the second aquifer described by USDOER (1978).

AQDISP. Angle of pollutant dispersion in the aquifer plume. The
value in Table E.1 is strictly an assumption, since AQDISP is very much
a function of flow rate, porosity, and permeabjlity. Because of slow
flow rates, the value is probably larger for West Valley than for other
sites.

Card 19. PFactors for use in the Universal Soil Loss Equation.
Values listed in Table E.1 were calculated as prescribed by MNcElroy
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 RAINF, all factors vary only fros O-1.
RAINF ranges from 20-350, nationwide. The value of RAINF im western
New York is roughly 90-100. The sediment delivery ratio (SEDELR) was
set to 1.0 because it is intended tc be used around large comstructiom
sites, an assumption that is not justified after the trench has been
closed and reseeded.

ADEPTH. The active depth of the surface soil used to calculate
s0il and water radionuclide concentrations as a result of overflow from
trench. Value in table is assumed. The value of ADEPTH could
reasonably be set to plow depth, nominally 15 cam. It is unlikely that
ADEPTH would approach 1 m., At VWest Valley, the impermeable s0ils may
result in a much smaller active region except for the shallow water
table aquifer which leads to surface discharge.

E.2.4 Radionuclide-specific parameters that are poorly kmown

TRAM. Initial iaventory of each radiosuclide. Values in Table C.3
for West Valloy are more accurate than vsiunes for Beatty, i.e., better
records were kept for the West Valley site. Nevertheless, the
West Valley inventory datas are probably incorrect because they are based
on broadly classed groups of radionuclides and not actual measnprements
of materials received. By examining the shippers/gemerators of the
wasto materials, in detail, the VWest Valley inventory estimate counld be

improved but not perfected.
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KD. See¢ disoussion in Appendix C.2.

SOAN. 8See discussion in Appemdix C.2.
SOL. 8See discucsion in Appendix C.2.

BR, BV. Bee discussion in Appendixz C.2.
FNC, FllG. Ses disoussion in Appendix C.2,
FF. 8ee¢ discussion in Appendixz C.2.

E.3 ADDITIONAL SUPPORTING INFORMATION FOR INPUT DATA SET

Table BE.2 lists the mean amnual wind direotion frequencies and
true—averaged wind speeds for the mstropolitan Buffalo, New York,
asirport. These or similar data should be used to caloulate CHIQ for
isput.

Table E.3 lists population determined by the 1980 census for a
polar grid surrousding the VWest Valley site.

Table EB.4 lists 1978 hourly precipitation for the weather station
at Salamancs, New York.

E.4 INPUT DATA SET

Table E.S lists the VWest Valley input data set.

This Appendix has described an oxample simulation performed nsing data
believed representative of West Valley, New York; however, many site
parameters vary significantly within the site itself. 8oil paramete-,,
hydrologic parameters, and local radionuclide waste composition may vary
greatly, yot transport and exposure scensrios are based on regional data
and assumptions represemtative of s large sres. Radionuclide iaventories
sre primarily based on estimated waste composition, rether tham messured
values. These comsiderations, 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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Table E.1. Iaput data for VWest Valley, New York, refer to Table 3.1
for formats and definitions of variasbles

n::::: Varisble Value Reference or mote
1 TITLE User option
2 LOCATB West Valley, NY User option
3 MAXYR 1000 User option
NONCLD 40 Nust be 40 or less
LEAQOPT 2 User option
NYR1 100 Personsl Communication,
C. Y. Hung to J, Brosdway
to D. E. Filelds,
March 18, 1983
NYR2 200 Personsl Communication,
C. Y, Hung to J. Broadway
to D. E. Fields,
Narch 18, 1983
IOPVWV 1 User option
IOPSAT 1 User option
IPRT1 0 User option
IPRT2 1000 User optiuvn
IDELT 100 User option
IRRES1 0 User option
IRRES2 0 User option
LIND 1 User option
IAVG1 1 User option
IAVG2 1000 User option
4 IVAP 4 User option
IBSNT 0 User option
IMSTR 0 User option
5 PCT1 0.1 Poersonal Communication,

C. Y, Bung to J. Broadway
to D. E, Fields,
March 18, 1983

PCT2 0.2 Personal Communication,
C. Y, Bung to J. Broadwsy
to D. E. Fields,
Mazch 18, 1983

WATL 1.0 User option
WATA 1.0 User option
WATH 1.0 User option
SATL 0.0 User option
SATA 0.0 User option
SATH 0.0 User option
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Table B.1. (contiaued)

Tazd

amwber Vaciabie Value Refezrence cr aote

PPN 1.178
P 966.93
XIRR 0.152
PHID 42.23
8 0.35
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Table E.1. (continued)

n:::: Variasble Value Reference or note
13 TAREA 41500 Persona]l Communication,
C. Y. Hung to J. Broadway
to D. E. Fields,
March 18, 1983
TDEPTH 6.7 Norton (1968)
OVER 2.4 Morton (1968)
PORT 0.25 Clebsch (1968), p. %1p
set same as soil
DENCON 2.0 Assumed
RELFAC 0 User option
FN 0.1 User option
A XINFIL 0.05 Cal:ulated
14 PERMC 1.488 Assumed
1s DTRAQ 31 Persona]l Communication,
C. Y, Hung tc J. Broadvay
to D. E. Fields,
March 18, 1983
DWELL 6500 Assumed
GWVv 0.03 Prudic (1981)
AQTHK 6.4 USDOE (1978), p. 2-10
AQDISP 0.3 Assumed
PORA 0.25 Ciardias et al. (1977), p. 100
PORV 0.25 Giardina et al. (1977), p. 100
PERM 0.019 Personsl Communication,
C. Y. HBung to J. Broadvay
to D, E. Fields,
March 18, 1983
16 H 1.0 Asstmed
va 0.01 Calculated from particle sizesp
Giavdins et. at (1977), p. 103
U 4.2 Buffalo, NY meteorology
VD 0.01 Equal to VG
iG 6500 Clebsch (1968)
HLID 300 Assumed
ROUGH 0.01 Generic value
17 FIVIND 0.049 Buffalo, NY meteorology
caIQ 7.9E~9 Computed with external code,

AIRDOS-EPA Moore,
et. al. (1979)
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Table E.1. (continued)

Card
number Variable Value Reference or note
RE1 1.0E-6 Anspaugh et. al. (1975)
RE2 -0.13 Assumed lower than
Anspaugh et. al. (197%)
RE3 1.0E-10 Assumed lower than
Anspaugh et. al. (1975)
RR 0 User option >0 when
farming)
FTMECH 0 User o, tion >0 when
farming)
18 IT 1 User option
IS 4 Buffalo, NY meteorology
19 RAINF 100 McElroy et al. {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
CONTRL 0.50 McElroy et al. (1976),
Table 3.7
SEDELR 1.0 Assumed, see McElroy
et al. (1976), p. 60-68
20 PORS 0.25 Giardina et at. (1977),
p. 100
BDENS 1.6 Assumed
STFLOW 4 OE7 USDOE (1978), p. 2-10
EXTENT 244 Set to maximum trench length
ADEPTH 0.1 Assumed
21 PD 380 Calculated from map
in USDOE (1978)
RUNOFF - 0.53 . Geraghty et. al.
(1973), p. 21
22 11 0.14 Shor, Baes, and Sharp,
Appendix C (1982)
Y2 0.56 Shor, Baes, and Sharp,
Appendix B (1982)
PP 240 Assumed 15 cm plow depth

XAMBWE 0.0021 USNRC (1977)



Table E.1. (continued)

Card
number Variable Value Reference or note
TE1 720 Generic, USNRC (1977),
Table E-15
TE2 1440 Generic, USNRC (1977),
Table E-15
23 TA1 0 Generic, USNRC (1977),
Table E-15
TH2 2160 Generic, USNRC (1977),
Table E-15
TH3 24 Generic, USNRC (1977),
Table E-15
TH4 1440 Generic, USNRC (1977),
Table E-15
THS 336 Generic, USNRC (1977),
Table E-15
TH6 336 Generic, USNRC (1977),
Table E-15
FP 0.49 Shor, Baes, and Sharp
(1982)
FS 0.31 Shor, Baes, and Sharp
(1982)
24 QFC 50 Generic, USNRC (1977),
Table E-15
QFG 6 Generic, USNRC (1977),
Table E-15
TF1 48 Generic, USNRC (1977),
Table E-15
TF2 96 Generic, USNRC (1977),
Table E-15
T8 480 Generic, USNRC (1977),
Table E-15
ABSH 6.4 State average; Etnier
(1980)
P14 1.0 Assumed
25 FI 0.47 Growing season length/8760
WIRATE 0.042 Estixated from Baes
et. al, (1982) and TV
acy 60 Generic, USNRC (1977)
oGy 8 Generic, USNRC (1977)
QBW 50 Generic, USNRC (1977)
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Table E.1. (continued)

Card
number Variable Value Reference or note
26 ULEAFY 190 Generic, USNRC (1977)
UPROD 190 ‘Generic, USNRC (1977)
UCGNILK 110 Generic, USNRC (1977)
UGNILK 0 Generic,. USNRC (1977)
UMEAT 95 Generic, USNRC (1977)
UWAT 370 Gemeric, USNRC (1977)
UAIR 8000 Generic, USNRC (1977)
POP 10,000 1980 Census; Durfee

(personal communication)
27+ see Tables C.3 and C.4




Table E.2. Mecan annual wind direction frequencies and true~average wind speeds (Buffalo, NY),

Vind speed for each stability class (m/3)

¥ind Frequency

toward A B c p E F 6
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
N 0.020 2.89 3.77 4.58 4.38 2.95 1.71 1.23
VNN 0.013 2.88 3.75 4.49 4.59 2.81 1.73 1,24
v 0.036 2.92 3.75 4.57 4.43 2.90 1.78 1,21
LB 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
S 0.112 2.92 3.1 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
ENE 0.036 2.93 3.85 4.63 4.49 2.81 1.66 1.20
NE 0.06%9 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

8ey
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Hourly precipation data for Salsmanca, NY (site 307398)¢

Table E.4.

Rainfall during indicated Mours of day (Mmdredths of iachex)
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(continued)

Table E.4.

Rainfall during indicated hours of day (humdredths of imches)
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(continned)

Table E. 4.

Rainfall during indicated hours of day (hundredths of inches)
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Variables Used in PRESTO-I11

Name Definition Units
ABSH Absolute Humidity of the Atmosphere ;/-3
ADEPTE Aquifer Depth n
AIROON Atmospheric Concentration Ci/-3
AQAN Amount of Nuclide at Well Site Initially Ci
AQAVG Average Nuclide Concentration at Well Site Ci/-3
AQCON Nuclide Concentration at Well Site Ci/-3
AQDISP Aquifer Dispersion Angle radians
AQTHK Aquifer Thickness n
AQVOL Aquifer Dilution Factor -3
ATAM Amount of Nuclide Initially in Atmosphere Ci
ATAVG Average Nuclide Concentration in Atmosphere Ci/l3
ATCON Nuclide Concentration in Atmosphere Downwind Ci/-3
ATMASS Nuclide Mass Number
BDENS Bulk Density of Soil g/ec
BR Concentration Fraction for Uptake of Radio-

nuclide from Soil by Reproductive Parts of

Crops -
BY Concentration Fraction for Uptake of Radio-

nuclide from Soil By Vegetative Parts of

Crops -
cauIl Nuclide Concentration in Cow’s Milk for M.I.E. by

Atmospheric Deposition pCi/L
CCuI2 Nuclide Concentration in Cow’s Milk for G.P.E. by

Atmospheric Deposition pCi/L
CFEED Radionuclide Concentration in Animal’s Feed
OGNI1 Nuclide Concentration in Goat’s Kilk for M.T.E.

by Atmospheric Deposition pCi/L
OGMI2 Nuclide Concentration in Goat’s Nilk for G.P.E,

by Atmospheric Deposition pCiéL
CaIQ User Specific CHI/Q for Atmospheric Exposures s/m
CL1 Radionuclide Conceatration in Leafy Vegetable for

M.I.E. by Atmospheric Deposition pCi/kg
CL2 Radionuclide Concentration in Leafy Vegeriable for

G.P.E. by Atmospheric Deposition pCi/kg
CMEAT Nuclide Concentration in Beef Meat by Atmospheric

Deposition pCi/kg
COCMI1 Nuclide Concentration in Cow’s Milk for M.I.E.

by Irrigation

pCi/L
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Name Definition Units
COCMI2 Nuclide Concentration in Cow’s Milk for G.P.E.

by Irrigation pCi/L
COGMI1 Nuclide Concentration in Goat’'s Milk for M.I.E.

by Irrigation pCi/L
C0GNI2 Nuclide Concentration in Goat'’s MNilk for G.P.E.

by Irrigation pCi/L
OoL1 Nuclide Concentration in Leafy Vegetable for

M.I.E. by Irrigation pCi/kg
C0L2 Nuclide Concentration in Leafy Vegetable for

G.P.E. by Irrigation pCi/kg
COMEAT Nuclide Comcentration in Beef Meat by

Irrigation pCi/kg
CONTRL Erosion Control Practice Pactor
ooP1 Nuclide Concentraton in Produce for M.I.E.

by Irrigation pCi/kg
cor2 Nuclide Concentration in Produce for G.I.R.

by Irrigation pCi/kg
COVER Cover Factor -
CPAST Nuclide Concentration in Pasture Grass

Consumed by Animals pCi/kg
CP1 Nuclide Concentration in Produce for M.I.E.

by Atmospheric Deposition pCi/kg
cP2 Nuclide Concentration in Produce for G.P.E.

by Atmospheric Deposition pCi/kg
cs Concentration in Surface Soil Ci/kg
csp Soil Radionuclide Concentration Due to

Atmospheric Deposition pCill2
CSPO Soil Radionuclide Concentration Due to

Irrigation Deposition pCiI-2
CSPT Soil Radionuclide Concentration Ruaning Total pCi/m
CSPOT Soil Radionuclide Concentration Running Total pCi/m
CSTO Nuclide Concentration in Stored Feed Ccnsumed by

Animals pCiI;;
(e | Concentration in Surface VWater Ci/m
CWAT Nuclide Concentration in Irrigation Water pCiI-3
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Name Definition Onits
DECAY Radioactive Decay Constant -1
DECN Decay Correction Factor -.
DENCON Density of Treach Contents g/cm
DEPO Devosition rate per uait source strength .
DERATE Atmospheric Deposition Rate pCiI.zlh
DERATG Atmospheric Radiomuclide Deposition Rate pCil/yr
DOVER Annual Thickness of Trench over Burden Eroded ]
DTRAO Distance from Tremch to Aguifer n
DWELL Distance from Trench to Well n
ERODF Erodibility Factor -
ERREST Estimate of Error in Integrations -
EXPN Normalized Exposure, EU/Q sl.2
EXPOS Nommalized Down VWind Atmospheric Exposure per Unit

Source Release s/-3
EXTENT Cross Slope of Extent of Spillage n
FF Animal’s Nuclide Daily Intake to Flesh Factor
FI Fraction of Year Crops are Irrigated -
FNC Cow’s Nuclide Daily Intske to Nilk Factor a1
FNG Goat’s Nuclide Daily Intake to Milk Factor al
FP Fraction of the Year Animals Graze on Pasture -
FS Fraction of the Daily Feed that is Fresh Grass -
FIMECH Fraction of Year Mechanical Suspension Occurs -
FIVIND Fraction of Time Wind Blows Toward Population -
GWV Ground Water Velocity m/yz
R Source Height ]
HLID Lid Height n
HTIME Horizontal or Aquifer Tramsport Time yr
IAVG1 First Year of Averaging Calculation for Results yr
IAVG2 Last Year of Averaging Calculation for Results yr
IBSNT Control Variable; Year of Basement Construction yr
IDELY Incremental Year for Printing Annual Summaries yr
1I Nuclide Number -
INSITE Control Variable; Value 1 Implies On-Site

Calculation



458

Name Definition Units
IOPSAT Option Indicator for Calculating Length of

Saturated Zone -
IOPT Options for Special Radionuclides B-3 and C-14;

IOPT=1 if B-3 and C-14 are not included in this

run; IOPT=2 if only B-3 is included; IOPT-3 if

only C-14 is included; IOPT=4 if both are

included -
IOPYYV  Option Indicator for Calculating Vertical

Water Velocity -
IPLD 1 Implies Transverse Plume Calculation Required -
IPRT1 Initial Year for Printing Annual Susmaries yr
IPRT2 Final Year for Printing Annuasl Summaries yr
IRRES1T First Year of Mechanical Suspension yr
IRRES2 Final Year of Mechanical Suspension yr
IS Stability Class -
ISEC 1 Implies Sector Average Required -
IT Type of Stability Formmlation (1 for PG, 2 for

Briggs—Smith) -
ITIME Total Tramsport Time from Treoch to VWell yr
LDIST Distance From Release Point to Receptor n
LEAOPT Leaching Option for Trench Naterial -
LIND Population Indicator -
LLIND Populstion Indicator Passed to DARTAB -
LOCATE Site Location -
LU2 Logical Unit for Output -
MAXYR Number of Years in Simulation ~
NN Nuclide Number -
NONCLD Number of Nuclides in Simulation -
NUCLID Nuclide Names -
NYEAR Current Year of Simulation yr
NYR1 First Year of Programmed Cap Failure yr
NYR2 Second Year of Programmed Cap Failure yIr
OLDWAT VWater in Treach at Start of Year -3
OVER Trench over Burden Thickness -
P14 Fractional Equilibriom Retio for C-14 -
PC Fraction of Tremch Cap that has Failed -
PCON1 Air Concentration Ci/l3
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Name Definition Units
PCON2 Ground Surface Concentration Cil-2
PCON3 Collective Ingestion Rate pCi/
POON4 Collective Inhalation pCi/
PCT1 Fraction of Intact Cap in NYR1 -
PCT2 Fraction of Intact Cap in NYR2 -

PD Downslope Distance to Stream =
PERMS Permeability of Soil n/yr
PERMV Permability Beneath Trench -
PNUC Nuclide Names -
POLB Amount of Nuclide Leaving Bottom of Trench Ci
POLO Amount of Nuclide Overflowing Trench Ci
POP Population -
PORA Aquifer Porosity -

PORS Porosity of Soil -
PORT Porosity of Trench Contents -
PORV Porosity of Subtrench Region -

PP Surface Density for Soil kg/-2
PPOP Population -
QBY Rate of Water Consumption by Beef Cattle L/d
Qow Rate of Water Consumption by Milk Cows L/d
QFC Rate of Feed Consumption by Cattle kg/d
QFG Rate of Feed Consumption by Goats kg/d
QFRAC Fraction of Ingestion due to Water -
(+ ¢} J Amount of Water Consumed by Goats L/éd
QING Annual Intake of Radionuclide by Ingestion of
Contamincted Food Considering Atmospheric and
Aquatic Pathways pCi/yz
QINH Annual Intake of Radionuclide by Inhalation pCi/yr
RA Retention Fraction of Atmospheric Deposition -
RAINF Rainfall Factor -
RE1 First Anspaugh Resuspension Factor -1
RE2 Second Anspaugh Resuspension Factor d_ll2
RE3 Third Anspaugh Resuspension Factor -1
RELFAC Release Factor for Trench Leaching -
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Name Definition Units
RETARH Horizontal Retardation Factor -
RETARV Vertical Retardation Factor -
ROUGH Hosker Roughness Parameter ]

RR Resuspension Rate s~1
RUNOFF Fraction of Precipitation that Runs Off -
RW Retention Fraction by Irrigation -
SAREA Ares of Spillage -2
SDEEP Amount of Soluble Surface Component Going to

Trench Ci
SEDELR Sediment Delivery Ratio -
SINFL Watershed Yearly Infiltration n
SOAN Amount of Surface Spillage Ci
SOAVG Average Surface Concentration Ci/n2
SOCON Surface Concentration Ci/n2
SOILOS Annual Soil Loss Rate Due to Erosion kg/n” yr
SOL Solubility Constant g/mL

SSTREM Amount Surface Component Going to Stream
STAM Amount of Nuclides in Stream Ci
STCON Nuclide Concentration in Stream Ci/n3
STFLOY Stream Flow Rate n3lyr
STPLNG Slope Steepness and Slope Length Factor -
STAVG Average Nuclide Concentration in Stream Ciln3
SWATA Fraction of Animals Drinking Water From Stream -~
SVATH Fraction of Humans Drinking Water From Stream -
SWATL Fraction of Irrigation Water From Stream -2
TAREA Trench Area n
TDEPTH Trench Depth n
TE1 Period Pasture Grass Exposed During Growing

Season h
TE2 Period Crop/Vegetation Exposed During Growing

Season h
TF1 Transport Time Feed-Milk Receptor for M.I.E. h
TF2 Transport Time Feed-Milk Receptor for G.P.E. h
i1 Period Delay Between Harvest of Pasture and

Ingestion by Animal .
TH2 Period Delay Bestween Stored Feed and Ingestion

by Animal h
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Name Definition Units
TH3 Period Between Harvest of Leafy Vegetation and

Ingestion by Man for M.I.E, h
TH4 Period Between Harvest of Produce and Ingestion

by ¥an for M.I.B. h
THS Period Between Harvest of Leafy Vegetation and

Ingestion by Man for G.P.E. b
TH6 Period Between Harvest of Froduce and Ingestion

by Man for G.P.E. h
TITLE Title of Data Set -
TRAM Amount of Nuclide in Trench Ci
TS Time from Slaughter of Meat to Consumption b
U Velocity, Wind n/s
UAIR Annual Inhalation Rate of Air lsyr
UCMILK Annual Intake of Cow’s Milk L/yz
UGMILK Annual Intake of Goat's Milk L/yr
ULEAFY Annual Intake of Leafy Vegetation kg/yr
UMEAT Annual Intake of Beef Cattle’s Meat kg/yr
UPROD Annual Intake of Produce kg/yr
UWAT Annusl Intake of Drinking Water L/yr
vb Atmospheric Deposition Velocity n/s
Y6 Velocity, Gravitational Fall -5:
VOLB Volume of Water Leaving Trench Bottom n
YOLO Volume of Water Overflowing Trench -3
VOLUSD Volume of Water Uscd from Well -3
VIIME Vertical Transport Tise yr
vwy Vertical Water Velocity (Tremch to Aquifer) n/yr
WIRATE Irrigation Rate Lln2
AWATA Fraction of Animal’s Drinking Water from Stream -
WWATH Fraction of Human'’'s Drinking Water from Streas -
WWATL Fraction of Irrigation Water from Stream -
IAMBEF Effective Decay Constant h-l
IAMBYE Veather Decay Constant h-l
X6 Gauge Distance from Source Base »
XINFL Annual Infjltration Rate -3
IXD Chemical Exchange Coefficient nlL/g
ILSAT Length of Saturated Zonme a
Y1 Ag Productivity for Grass Consumed by Animals k;/-2
Y2 Ag Productivity for Vegetation Consumed by Man k;l-2
180 Ataospheric Source Amount at Spillage Ci
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