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DISCLAIMER

This report was prepared as an account of work sponsored by an agency .
of the United States Government. Neither the United States Government
nor any agency thereof, nor any of their employees, contractors, sub-
contractors, or their employees, makes any warranty, express or implied,
nor assumes any legal liability or responsibility for any third party's use
or the results of such use of any information, apparatus, product or process
disclosed in this report, nor represents that its use by such third party
would not infringe upon privately owned rights.
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PREFACE

This PATHRAE-EPA model documentation provides background
information on the mathematical modeling used‘to.genefate the
basic data for the EnVironmenfal Impact Stétement (EIS) which is
used to support EPA's rulemaking for generally applicable
environmental standards for the management and disposal of
low-level radioactive wastes. The model is used to assess the
maximum annual dose to a critical populatioﬁ group (maximum CPG
dose)'reSulting from the disposa1 of below reguiatory concern
(BRC) wastes. This model is consihered a2 member of the
PRESTO-EPA family of models. The model is expanded from the
PRESTUO-EPA-CPG and PRESTO-EPA-BRC models emphasizing two areas:
(1) the addition of specific radionuclige exposure pathways
pertaining to onsite workers during disposal operation, to
offsite personnel after site closure, and. to reclaimers and
inadvertent intruders after site closure; and (2) the
simplification of the sophisticated dynamic submodels to a
quasi-steady state submodels so that the computation time can be
greatly reduced and enable the model to be excuted on a personal

computer.,
Interested persons may apply this model, using appropriate

and applicable input data, for assessing the maximum CPG dase

from an unregd]ated sanitary landfill site.
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EXECUTIVE SUMMARY

The U.S. Environmental Protection Agency (EPA) is responsible for
developing a generally applicable standard for the land disposal of
low-level radioactive waste (LLU). The standard wiil support the U.S.
Nuclear Regulatory Commission and the U.S. Department of Energy in
developing a national radioactive waste management systém. Technical
support for the standard includes an estimation of the environmental
impacts from the disposal of LLW in a wide variety of facilities ranging

from a standard sanitary landfill to a deep geologic repository.

As an aid in developing the standard, a famfly of computer codes,
entitled PRESTO-EPA-POP, PRESTO-EPA-DEEP, PRESTO-EPA-CPG, PRESTO-EPA-BRC
and PATHRAE-EPA has been developed under EPA direction. The EPA uses the
PRESTO-EPA code family to compare the potential health impacts of a broad
number of LLW disposal alternatives to evaluate and support its decisions

for the LLW standard.

This report documents the PATHRAE-EPA computer code used to calculate
maximum annual doses to a critical population group (CPG). These doses may
result from tne disposal of candidate “below regulatory concern" (BRC)
radioactive wastes at municipal dumps and sanitary landfills ‘located in
three representative and diverse hydrological, climatic, and demographic

settings.

The PATHRAE-EPA code was developed by Rogers and Associates
Engineering Corporation under EPA direction. The model for the code is

based upon analytical solutions of the transport equation and both
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radiation doses and health effect§ can be projected for any time period

during or following the end of BRC waste disposal operations.

PATHRAE-EPA is a multiple .transport pathway, annual dose assessment
computer code. The code may be executed on a variety of computers
including advanced personal coﬁputers (e.q., ‘IBM-AT' or IBM-XT). The
myltiple pathways modeled for radioactfve nuclide transport include
contaminated groundwater transport to rivers or wells, - surface water
contamination by erosion of contaminated soil, contamination of soi) and
water due to disposal facility overflow, atmosphe}ic transport of airborne
nuclides and inhalation by humans. Inhalation doses may be calculated to
workers engaged in disposal operations and to an off-site population during
operation and after site closure. Maximum' annual doses to inadvertent
intruders and residents at the site following site closure may be
calculated; Annual doses may result from internal exposures due to

~inhalation or ingestion of contaminated materials or from external

exposures arising from nuclides on or below the ground surface.

The Environmental Protection Agency wishes to warn potential users
that, like any complex computer code, the PATHRAE-EPA code can be misused.
Misuse could consist of using the code to examine a2 site where one or more
critical modeling assumptions are invalid, or where values for significant
input parameters are chosén that do not accurately reflect variables such
as radfonuclide inventory, site meteorology, surface .and subsurface
hydrology and geology, and future population demographics. Certain release
and transport scenarios, such as major changes in meteorology or mining,
are not considered in the PATHRAE-EPA model! and code and significant

changes to the existing code and the input data may be required to consider
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such scenarios. The PATHRAE-EPA and PRESTO-EPA codes were developed to
assess and compare alternative methods for managing and disposing of LLW at

generic sites for general scenarios.



1. INTRODUCTION

The U.S. Environmental Protection Agency (EPA) is responsidle for
developing a generally applicabie standard for the di§p6531 of low-level
radioactive waste (}LH) to support’theVU.S. Nuclear Reguiatory Commission
and the U.S. Department of Energy in developing a national radioactive
waste management system. Technical support’for the standird includes an
estimation of the environmental imbacts from the dispdsal of LLW in a wide
variety of facilities. ranging from a standard sanitary landfill to a deep

geologic repository.

As an aid in developing the standard, a family of computer codes,
entitled PRESTO-EPA-POP, PRESTO-EPA-DEEP, PRESTO-EPA-CPG, PRESTO-EPA-BRC
and PATHRAE-EPA has been devéloped under EPA direction. The PRESTO-EPA-POP
‘code was the first code déyeloped and served as the basis for the other
PRESTO-EPA codes. The model is expanded and modified from the

PRESTO-EPA-CPG and PRESTO-EPA-BRC models emphasizing two areas: (1) the
addition of exposure pathways pertaining to onsite workers and to
inadvertent intruders; and (2) the simplification of the sophisticated
dynamic submodels to a quasi-steady state submodels which enables the model
to be excuted on a personal computer. The EPA uses the PRESTO-EPA code
family to compare the potential health impacts of a broad number of LLW
disposal alternatives to evaluate and support its decisions for the LLW
standard. Table 1-1 provides a brief descriptibn of each of the EPA codes.
These codes, and how the EPA uses them, have been described in detail
(Hu83, GaB4, Ro84a). Information on obtaining complete documentation and
user's manuals for the PRESTO-EPA family of codes (EPA85a through EPASSg,

Mey81, Mey84) 1s available from the EPA.
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PRESTO-EPA Code

TABLE 1-1
PRESTO-EPA CODE FAMILY

Purpose

PRESTO-EPA-POP

PRESTO-EPA-DEEP

PRESTO-EPA-CPG

PRESTO-EPA-BRC

PATHRAE -EPA

Estimates cumulative population health effects to local
and regional basin populations from land disposal of LLW
by shallow methods; long-term analyses are modeled
(generally 10,000 years).

Estimates cumulative population health effects to local
and regional basin populations from land disposal of LLW
by deep methods.

Estimates maximum annual whole-body dose to a critical
population group from land disposal of LLW by shallow or
deep methods; dose in maximum year is determined.

Estimates cumulative population health effects to local
and regional basin populations from less restrictive
disposal of BRC wastes by sanitary landfill and
incineration methods.

Estimates annual whole-body doses to a critical

population group from less restrictive disposal of BRC
wastes by sanitary landfill and incineration methods.

1-2



1.1 BASIS FOR PATHRAE-EPA

The development of the standard for low-level waste (LLW) and below
regulatory concern (BRC) waste disposal by EPA has led to the development
of the performance assessment code PATHRAE-EPA. .The PATHRAE-EPA code was
developed by Rogers and Associates Engineering Corporation under EPA
direction. The model for PATHRAE-EPA is based upon analytical solutions
(BuB0) of the transport equation and both annual radiation doﬁes and health
effects can be projected for any time period during or following the end of

BRC disposal operations.

The PATHRAE-EPA code may be used to provide estimates of the magnitude
of health effects which could potentially occur if certain radioactive
wastes were classified as BRC and disposed of in a sanitary landfill or
municipal dump. PATHRAE-EPA has been used to calculate maximum annual
effective whole body dose equivalents  {doses)* to a critical population
group (CPG) due to the disposal of candidate BRC wastes at municipal dumps
and sanitary landfills 1located in three representative and diverse
hydrogeologic, climatic, and demographic settings (EPA84). Maximum annual
doses are calculated to workers during disposal operatiéns, to off-site
personnel after site closure, and to rec]aiﬁers and inadvertent intruders
after site closure. A detailedﬂdes;ription bf the candidate BRC waste
streams, the disposal faéil;ty characterizations and the resulting doses

) c;lcu]atgd by PATHRAEfEPA is given in the references (Ga84, EPA84).

The principal advantage of PATHRAE-EPA -is its simplicity of ope}ation

and presentation while still allowing a comprehensive set of nuclides and

* Throughout this report the term "dose" refers to the effective
whole body dose equivalent.
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pathways to be analyzed. PATHRAE-EPA can be installed and operated on a
variety of computer systems including advanced personal computers such as
the IBM-AT or IBM-XT. Site performance for radioactive waste disposal can
be readily investigated with relatively few parameters needed to define the
problem. Important parameters that limit site pérformance are also readily

jdentified. For example, key site parameters are found generally to

include:

® Depth to the aquifer

) Aquifer distance to accessible location
] Aquifer velocity

. Facility size

. Facility operating time

] Precipitation

° Soil retardation characteristics

) Depth of emplacement of waste

] Cover thickness and permeability

Of the many ways in which exposures to radiation from radioactive
waste may occur, some have not been included in PATHRAE-EPA because they
are either not restricting or are highly improbable. Only those reasonably
probable pathways which are most significant and potentially restricting
have been treated in the PATHRAE-EPA code. This does not mean that these
exposure events will occur. Rather, it is the intent of the PATHRAE-EPA
code to model a consistent set of events in such a manner as to estimate a
range of probable impacts. The resulting range can be used as a basis for

decision making among a variety of diverse alternatives.
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The PATHRAE-EPA methodology models both'dff site and on site pathways
through which humans may come in contact with radioactivity from the waste.
The off site pathways include groundwater transport to a river and to a
well, surface (wind or water) -erosion, disposal facility overflow, and
atmospheric transport. The on site pathways of ioncern arise principaliy
from worker doses dﬂring operations and from post closure site reclamation
or intruder activities such as living and growing edible vegetation on site

and drilling wells for irrigation or drinking water.

For each of the pathways which have been included in PATHRAE-EPA, the
dose from each nuclide is calculated as a function of time. Each of these
doses is then summed to give the total effective dose for that pathway.
The dose to the critical population group (CPG) from all pathways is then
computed, assuming the entire nuclide inventory is accessible through each
pathway. In addition to dose information, nuclide concentrations in river
water are calculated for the river, erosion, and bathtub pathways, while

well water concentrations are given for the well pathway.

1.3 OUTLINE OF DOCUMENTATION AND USERS MANUAL

This report contains the documentation necessary to underétand and use
the PATHRAE-EPA code. It is intended for those familiar with the operation
of computer systems and who will be conducting PATHRAE-EPA type analyses.
A basic familiarity with the pathway approach used in the PRESTO-EPA family
of codes is also presumed (EPA87a-EPAB7f). .

In this chapter the background and use of the PATHRAE-EPA code are

briefly described. A summary of the equations, calculational methods, and
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general methodology used in PATHRAE-EPA is presented in Chapter 2 as well
as a déscription of the program options that are available. Chapter 3
contains detailed card image input instructions which will allow the used
to understand an& construct the necessary data files to execute and fully
utilize the capabilities of PATHRAE-EPA. Also ; brief description of the
code output is given. Finally, in Chapter 4 a sample problem is discussed
and input data sets for running the problem are given. A source listing of
PATHRAE-EPA given in Appendix A and a listing of the output for the sample

problem is given in Appendix B.
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2. PROBLEM DEFINITIN

2.1 -PROGRAM DESCRIPTION

The PATHRAE-EPA code has features which make it applicable to a wide
range of nuclear waste disposal analyses. These features are briefly

identified below,.

2.1.1 Pathwaxs

Up td ten pathways by which radioactivity may reach humans can be

considered. As shown in Figure 2-1, the pathways are:

1. Groundwater migration with discharge to a river.

This pathway consists of downward migration of waste
components by advection or as a result of dissolution in
percolating precipitation. The waste components move
downward through the unsaturated zone to an aquifer beneath
the disposal site. In the aquifer the waste components are
transported by advection and dispersion to an outcrop
location where the-aquifer discharges to a surface stream.

2. Groundwater migration with discharge to a well.
Groundwater transport to a well 1s similar to the
pathway described above except that the contaminated aquifer
water is withdrawn from a well.

3. Surface erosion of the cover material and waste and
subsequent contamination of surface water.
trosion and movement to a surface stream involves the
gradual removal of the cover over the disposed waste by
erosfon and, eventually, the slow removal of the waste
itself. The time required for erosion of the total cover
depth 1is calculated. Then erosfon operates on the waste
materials by removing a-given amount (specific depth) from
the top of the waste each year. A conservative assumption
is made that the eroded waste components enter the strface
stream in the same year they erode from the waste site. ’

4. Saturation of waste and facility overflow (bathtub effect).
This pathway calculates the doses generated when a
waste site becomes saturated with water and the contaminated
water .subsequently overflows the waste trench and enters 2
stream.
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— GROUNDWATER TO A RIVER
- GROUNDWATER TO A WELL
OFFSITE SURFACE EROSION

—~ FACILITY OVERFLOW

_ ATMOSPHERIC TRANSPORT

EXPOSURE
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DUST INHALATION
FOOD CONSUMPTION
ONSITE EXTERNAL GAMMA
BIOINTRUSION

RADIOACTIVE GAS
INHALATION

RAE-102227

FIGURE 2-1. MAJOR PATHWAYS FOR PATHRAE-EPA.
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6.

8.

10.

Food grown on the waste site.

This pathway describes the consumption of food grown on
reclaimed farm land and accounts for potential exposure of
individuals to waste materials through the human food chain.
A basic assumption in this pathway is that -reclamation
activities are required to cause exposure to waste
materials. The means for disturbing the waste materials
include drilling wells ‘through the waste and excavating a
basement for & house, The waste excavated by these
activities is uniformly mixed with uncontaminated surface
soil down to a specified depth. The soil mixture is then
used to grow edible crops and forage for milk and meat
producing animals. Individuals are assumed to get -some
fraction of their food needs from contaminated crops, meat,
and milk. The total waste inventory at the site decreases
with time to account for loss of contaminants by leaching to
the groundwater pathways.

Biointrusion into the waste.

This pathway is similar to the food pathway described
above, but involves the consumption of crops whose roots
have penetrated into previously undisturbed subsurface waste
materials. The crops are presumed to absorb waste
constituents through root uptake after which the crops are
directly consumed by humans. The difference between this
pathway and the reclaimer farm pathway is that no excavation
of waste material occurs.

Direct gamma exposure.

This exposure pathway calculates the external radiation
dose to an individual standing directly over a waste site.
The cover material over the waste is allowed to erode at a
specified rate so the degree of shielding provided by the
cover may decrease in time. For this pathway the
conservative assumption is made that no loss of contaminants
occurs by leaching to the groundwater pathways. The time
dependence of the source term is described solely by
radioactive decay. '

Inhalation of radioactive dust on-site.

This pathway traces the effects of inhaling
contaminated dust that is suspended during the excavation of
a basement or well by a reclaimer and/or during the disposal
operat1on by a operator.

Inhalation of radon gas and radon daughters on-site.

This pathway calculates the effects on a reclaimer of
inhaling radon and radon daughters while inside a structure
built over the waste. -

Inhalation of radioactive particulates off-site (from an

on-site incinerator, trench fire, or dust resuspension).

This pathway uses .a Gaussian plume technique to trace
the effects of site derived airborne contaminants on a

representative off-site population.
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2.1.2 Dose Rate Calculations and Environmental Foodchain Analysis

The annual doses are calculated at up to ten different times after
site closure using factors contained in the input data. The equivalent
whole body dose conversion factors for the 'samplé problem given in
Appendix B were obtained from PRESTO-EPA-CPG calculations using the DARTAB
subroutines and RADRISK data file (Du80). The user may input other dose

conversion factors if desired.

Complete environmental foodchain analysis is performed using the EPA
methodology contained in the PRESTO-EPA codes (EPA87a-EPA87e). The
foodchain calculations consider direct consumption of contaminated water,
use of the water for animal -consumption Vand irrigation of vegetation,
consumption of the vegetation by humans and animals, and human consumption
of contaminated milk and meat from the animals. The foodchain calculations
also consider vegetation grown directly in contaminated soil, with
consumption of the vegetation by humans and animals. The foodchain
calculations include transfer factors to vegetation and animals as well as
consumption rates for water, vegetation, meat, and milk. For convenience,
the routines performing the foodchain calculations calculate equivalent
uptake factors for use in similar model runs, such that the foodchain

analysis need not be repeated each time.

The equivalent total uptake factors quantify, on a nuclide specific
basis, the annual nuclide uptake by an individual from all pqtential
sources. For inhalation, it is just the breathing rate. For ingestion, it
is the total equivalent annual drinking water consumption in liters that
would give the same annual nuclide uptake as would occur from the

consumption of contaminated vegetation, meat, milk, seafood, and drinking



water. Since soil-to-plant transfer factors, and other related factors may
be nuclide-dependent, the equivalent total uptake factors are nuclide-

dependent.

As an example, suppose an individual uses contaminated well water for
. drinking, irrigating a vegetable garden, and watering a milk cow. If the
individual consumes some of the vegetables and milk on a regular basis then

the routes by which nuclides are ingested by humans are:

(] water - human
) water - vegetables - human

[} water - cow - milk - human

The uptake factor for each nuclide would then be the equivalent amount of
water the individual would have to drink in order to ingest the same
quantity of the nuclide as is ingestéd via the three pathways listed above.
In this example the uptake factor depends on the amount of drinking water
consumed by the individual and by the cow, and on the amounts of vegetables
and milk consumed. Thus, the specific pathways by which contaminants are
ingested and the quantities of contaminatédvfoods ingested are built into

the uptake factors.

For the pathways involving food grown over the waste site the uptake
factors have a similar meaning. In this case, the uptake factor for a
particular nuclide is the equivalent amount. of waste mateéial (kg/yr) an
individual would have to directly{rcon§ume: in order to ingest the ‘same

amount of that nuclide as he ingests by eating'tontaminated foods.



2.1.3 Nuclide Inventory

The nuclide inventory for PATHRAE-EPA can contain up to 75 nuclides.
This can be expanded easily by increasing the 1limits of appropriate
parameters in the DIMENSION and COMMON statements. The inventory can
either be specified at all of the designated times or calculated from an
jnitial inventory. In addition, the decay of the nuclide inventory and the
ingrowth of daughters can be calculated for the operational and

post operational periods.

2.1.4 Groundwater Pathways

The transport of nuclides in the groundwater system can be calculated-
with or without longitudinal and transverse dispersion terms. The ingrowth
of daughter nuclides during transport in the groundwater system can be
included using any of seven three-~ or four-member decay chains. The decay

chains are:

1. Cm-244 — Pu-240 — U-236
2. Pu-240 — U-236 — Th-232
3. Am-243 — Puy-239 — U-235
4. Pu-241 — Am-241 — Np-237
5. Py-238 — U-234 — Th-230— Ra-226
6. Puy-242 — U-238 — U-234
7. U-238 — Th-230 — Ra-226

Some of these chains are approximate representations of longer chains.
For example, decay chain five is calculated assuming all of the Pu-238

decays to U-234 in a time period that is short compared to the nuclide

transit time in the aquifer.
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In most circumstances decay chain seven has the most significant
impact on human nuclide doses and the other six chains can be ignored.
However, the user should bear in mind that:this is not always the case.
The initial nuclide inventory should be carefully examined to assess the

importance of the other chains.

When any of the decay chains are activated, PATHRAE-EPA requires that
each nuclidé in the chain be listed in thé initial 1nventony. If 4§t is
desired.tb model a situation where a particular member of a decay chain is
not present initially, the inventory for that nuclide should be input as a

very small number, but not zero.

2.2 PATHWAY EQUATIONS

The equations used to calculate the doses for'each of the ten pathways
are presented 1in this section. References are given to aid the reader in
understahding the assumptions on which the.equations are based and, where
appropriate, some discussion is given of the important features of the
equations. In general, the equations can be grouped into tﬁree components
representing the waste form of release rate, the traﬁsportvpathway and
environmental uptake. For siﬁpIicity. the results of the environmental
foodchain analysis are represented in the equations by the symbol, U,
~called the equivalent wuptake factdr. ~ Table 2-1 expresses the dose

equations in terms of these three components.

Pathway One - Groundwater To A River

The annual.whole body equivalent dose due to groundwater migration

with discharge to a river is calculated from the following equation.
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TABLE 2-1

DOSES AND THEIR COMPONENTS

PATHWAY DOSE WASTE FORM PATHWAY COMPONENT ENVIRONMENTAL
COMPONENT UPTAKE COMPONENT
1. Groundwater O fo Ui(0F) y fo Yi(or)
Gw LY
2. Well Water Oy fo U2(0F) Qn fo 22 (0r)
G G
3. Sheet Erosion Q fe a1 Y1(0F) Qf, fai Y1(or)
Qw Qw
4. Overflow Q fe fai) U1 (OF) of, fain Y1(0F)
Qu G
5. Food Grown By 2 f4 fd.w_ﬂ.f U3 (0F) 9 fq fq Y30pr)
Reclaimer s v dg
6. Blofntrusion Q fap fq Y3(OF) g fab Tg Y3(0r)
Vd v dg
Q Re Ry fex q
7. DOfrect Gamma £ _€XP(8760)(DFG)* Re Ry fexp(8760)(0FG)
A myTy A ‘ ‘
8. Dust Inhalation Q fq ddvfg"l’ Uy (OF) % fq i‘%ﬂ(or)
W W
9. Radon Q £ VAD,, tanh(b,T,)(e"bcTc) vy (OF) Q% VAAD,, tanh(b,T,)e-beT, U; (0F)
Inhalation WAV F v HAGF
X Qr X
10, Atmospheric Qroeer, (o) g0 v rfel(= Uy (DF)
Trans:ort vy (Q') #(0F) v T !

* Re = B(mcTe) exp(-mcTe)
Ry =1+ %%‘: - B(m,T,) exp(-m,]T)




D = Q\Lfoul(DF) (2-1)

Qw
where
0 = annual whole body equivalent dose (mrem/yr)
Q = inventory of the radioacfive'nuclide'ﬁvailable in a given

year (pCi)
q, = flow rate of the river (m3/yr)

fo = fraction of inventory arriving at the river at time t from
transport through the aquifer.

AL = fraction of each nuclide leached from the inventory in.a
year (yr-1) | :

U; = annual equivalent uptake by an individual (m37yr)

DF = dose conversion factor (mrem/pCi)
The components of the equation are:

Release Rate = Q)
Transport Pathway = f,
Environmental Uptake = ElinF)
Qw
The term f, can be calculated for dispersive groundwater - transport
using two methods. For the first case a constant fraction leach model is
used to obtain a non-dispersive solution, which is modified by the Hung

Correction Factor (Hu86) to obtain a dispersive solution form for f, given

by:
f
0 fort <t) -ty

fo=< Yafh J1-exp [—xL(t-(t,l-to))] for t) -tg <t <ty
LRAL , R

. ,
aFh exp[-kL(t-tl)] [l-exp(-M_to)] for t] <t (2-2)
\ LRAL
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where
t = calendar time (yr)
top = RL/v,
t; = R(L+xp)/va (yr)

xr = distance of groundwater flow from hearest'edge of burial
pits to the river (m)

va = interstitial horizontal aquifer velocity (m/yr)
Fhn = Hung's correction factor for dispersion -

L = 1length of waste site in direction parallel to aquifer flow
(m)
d

R = retardation factor = 1 + = K4,
p
Kg = sorption coefficient in the aquifer (m3/xq)
d = aquifer density (kg/m3)

aquifer porosity

o
"

The term Fp is applicable to a time integration of the release and is

given by (Hu86):

Frn = exp (_U'P;E’i'_)_(vaﬂvd Mivgv,+v,2)i, (2-3)
2D,
where
D, = longitudinal dispersivity (m)
vg = RAD, (m/yr)
A = padioactive decay constant for given nuclide (yr'l)

For dispersive groundwater transport a band release leaching model is

used and f, is given by (Ro82):

N
fo=1%X . C Falto ] -
o =3 51 [FJ(t) Fy(t-1/x0) (2-4)
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where
Fj(t) = 0.5 U(t) [erfc (z-) + exp(d;) erfc (z+)]
erf(z) = error function of z
erfc(z) = complementary error function of 2
U(t) = wunit step function
2+ = VA7 [1tt/(Rtyj)]

dj = distance from sector center to access location, divided by
the dispersivity ~

twj = water travel time from sector center to access location (yr)

number of spatial integration mesh points over waste source

The numerical integration referred.to above is a means by which the
point source analytical solution for dispersive transport can be extended
to approximate an area source. As shown in Figure 2-2, the disposal
facility of length L is divided into N sectors of equal length. A point
source of the appropriate magnitude iéwblaced at the center of each sector.
The distance, dj, is proportional to ;he distance from the center of
sector j to the access location. The point source analytical solutions are

then summed over all sectors to approximate an area source.

When any of the decay chains are calculated in PATHRAE-EPA it is
possible to get negative arguments for ;he square root function. This is
due to thé boundéry conditions imposed on iﬁe solution. The problem arises
only when the dispersivity is large and it affects only the éalculation of
concentrations for daughter nuclides in the decay chains. Like most
dispersive transport solutiong, the equations used in PATHRAE-EPA ‘are,
strictly speaking, only valid for 1low dispersivities. So, when the

argument of a square root is less than zero, PATHRAE-EPA decreases the
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dispersivity by a factor of ten.for the remainder of that decay chain
calculation. After each chain calculation the dispersivity is restored to
its original value. This procedure does not significantly alter the
nuclide concentrations because the parent nuclides in thé chains are not

affeéted.

Pathway Two - Groun&water To A Well

Groundwater migration with discharge to a well is calculated from

0 = Oka::z(DF) ' (2-5)

where
U = annual equivglent total uptake of well water by an

individual (m?/yr)

The aquifer dilution water flow rate q is given, in this case, byﬁ

Gy = WL vaP o : (2-6)
where
W = width of waste pit perpendicular to aquifer flow (m)
L = Thickness of aquifer (m)
P = Porosity of the aquifer.

Theoretically a stratified flow, having the leachate on top of the
oncoming groundwater, will develop at the downstream end of a disposal site,
Figure 2-2. However, in the case of a low yield aquifer normally occurring
at a disposal site, a significant draw-down of the groundwater table will
develop in the vicinit&‘of the well. Therefore, the streamlines of the flow

will be compressed and result in near-complete mixing at the well.
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[n addition to modeling the effects of longitudinal dispersion in the
aquifer, the well pathway can account for any transverse dispersion that
may occur. This reduces the conservatism when calculating nuclide doses
for the well pathway. When mbdeling transverse dispersion the term fo in

Equation 2-5 is modified by an additional multiplicative term, fy, given

by:
fo = Lers (yw * W/ZMRI_ 1 orel(y, - W/2MR (2-7)
2 2V t 2 2VDy t
where

Yy = distance to well from center of waste area in the direction
perpendicular to the aguifer flow (m)

Dy transverse dispersion coefficient (m2/yr)

For the limiting case in which Dy goes to zero f, becomes equal to one.
Therefore, the effects of transverse dispersion can be ignored by choosing

Dy equal to zero.

The groundwater pathways to the river and the well can also
accommodate transport in the vertical unsaturated zone between the waste
and the aquifer. This is accomplished in the same manner as in the
PRESTO-EPA-POP code (EPA87a). The vertical water velocity and retardation

are given by:

v, = P/{pgS)
(2-8)

ds
R=1+——K4
Ps S

where
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ps = effective soil porosity
S = fraction of saturation

ds = bulk density of soil (g/cm3)

The term S can either be input or calculated from the expression:

$=Sp+(1-5p) [%] SNO , (2-9)

Sr = residual saturation fraction
SNO = soil index
Kp = vertical zone saturated hydraulic conductivity (m/yr)

P = annual percolation (m/yr)

Pathway Three - Sheet Erosion and Transport To A River

In this pathway, the model calculates the doses due to surface
transport of radionuclides and deposition in a river. The radionuclides
originate either from operational épillage or from sheet eroéfon of the
trench cover and waste. The dose for sheet erosion of cover material and
waste and its subsequent deposition in a nearby river is given by:

D = Qfefdi; Uy (DF) (2-10)
, —— |

where
fe = fractjoﬁ of-waste eroded each year

faiv = fraction of solids entering river that originated in waste
trenches (calculated by the code)
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The parameter fe is calculated from the surface erosion rate, Ep, which is
an input variable, according to the relation fe = E./T,, where Tw is the

waste thickness (m) and E. is expressed in m/yr.

In the initial year of the simulation it is assumed that surface
runoff mobilizes radionuclides spilled during faci]ity operations. These
contaminants are subsequently deposited in a nearby river. The dose for
this dJnitial year of the erosion pathway is calculated using the same
approach as that in the PRESTO-EPA codes (EPA85a-EPA8Se) and is given by:

p=__ Qfspy Uy (DF) (2-11)
qwlrp/dact + K4 ds + p)

where
fsp] = surface spillage fraction
dact = active depth of soil in the surface-contaminated region (m)
rp = annual runoff of precipitation (m)

Pathway Four - Disposal Facility Overflow

When precipitation and geologic conditions allow, the waste disposal
facility may become fi}led with water and overflow across the ground
surface. This "“bathtub effect" is calculated as a modification to the
erosion pathway. PATHRAE-EPA calculates the dose resulting from the
bathtub effect by replacing the erosion rate E. with the expression:

P exp| P(t - te) ' (2-12)
Kgdy + P (Kgdy + pIL,

Q.
x
[}

waste density (gm/cm3)

time at which trench overflow begins (yr)

(nd
ﬁ
L]
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Pathway Five - Food . Grown On Site

The equation for the dose from ingestion of food grown over the

disposal site is:

ERY.2 7 (2-13)
: |

fg = di}gtion factor representing the dilution of waste in the
so _

fg = fraction of individual s diet consisting of food grown over
the disposal site

U3 = total equivalent uptake factor for food (kg/yr)

V = volume of waste (m3)

Equation 2-13 assumes that at some future time a reclaimer moves onto
~ the waste disposal site and builds a house. By excavating a basement for
the house and by drilling a well on the property, some of the waste
material is brought to the surface and is uniformly mixed with the surface
soil to some depth (Tg). A representation of the _ parameters used to
calculate fq is shown in Figure 2-4. Using these assumptions, the factor

fq representing the dilution of waste in the surface soil is given by:

fq = fm Tm'Tc + Tw

fm = dilution of waste in the trench before reclaimer activities.
oceur

Tm = depth of maximum mechanical disturbance (m)

Tc = thickness of cover (m)
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Tg = depth to which contaminants are mixed with surface soil (m)

Tw = thickness of the wasie (m)

A} = lot area (m2)

Ap = house area (ml)

Ay = cross sectfonal area of wells drilled (m?):

The first term in the brackets of Equation 2-14 is the component due
to the excavation of a basement. The second term is the well drilling
component. A complete derivation of Equation 2-14 is given by Rogers

(Ro82).

Pathway Six - Biointrusion

Biointrusion into the undisturbed waste is calculated in the program
with Equation 2-13. It is assumed that plant roots penetrate into the
waste and the plants are later consumed by humans. The main difference
between this pathway and Pathway Five is that f4q is replaced by fy, which

is 6omputed differently. For this pathway:
fa Y for Tp 2 T +T,

fap ={ fm (1-TC) for To < T, <To + T,
Tr

0 for T, < T,

where

T~ = plant root depth (m)

Pathway Seven - Direct Gamma

The dose from direct gamma exposure to an intruder is calculated from:
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=0 B(mcTe) eip(“chc)[ Y B(m,Ty) ekp(;mwTwi] fexp (8760)(DFG)
Amwtw 4Egq (2-15)

where
B(mT) = 1+ (mT)1-5/€g = buildup factor _
m, = gamma attenuation constant of the waste (1/m)
mc = gamma attenuation constant of the cover {1/m)

fexp = fraction of the year the individual is exposed to given
pathway

A = plane area of the waste, the waste s assumed to be a
circular horizontal plane with the exposed individual
7 standing at the center (m?)
- Eg = weighted average gamma energy emitted by nuclide (MeV)
DFG = infinite ground plane dose conversion factor (mrem/hr per
| pCi /m?)
_ The function B(mT). in Equation 2-15 is the gamma radiation buildup
factor which is used to account for the effects of gamma ray scattering in
- the waste and in the cover. It is an empirical relation based on gamma
scattering data at energies from 0.25 MeV to 1.0 MeV (Mo67). The term in
brackets in Equation 2-15 accounts for self-shielding and buildup in the

waste of gamma rays.

The weighted average gamma energy is computed by taking the average of
all gamma energies emitted by a particular nuclide, each energy weighted
by its probab1lity of occurrence. For example, if decay of a nuclide
produces a 1 MeV gamma ray 20 percent of tﬁe'time, a 2 MeV geuma 80 percent
of the time and a 2.1 MeV gamma 100 percent of the time, then the weighted

average gamma energy would be:
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g = {0:2x1MeV + 0.8 x2MeV+1.0x2.1 MeV) . 1 g5 ey
(0.2 + 0.8 + 1.0)

For the sample problem in Chapter 4, the gamma energy for Cs-137 was

calculated from the Ba-137m gamma rays.

The infinite ground plane dose conversion factor is discussed in the
references (NRC77). For the sample problem, DFG was obtained from

PRESTO-EPA runs.

There are three alternatives available when calculating direct gamma
doses using PATHRAE-EPA. The first alternative allows the calculation of
the gamma dose from the undisturbed buried waste. The second alternative
assumes that plant roots penetrate the waste and transport some nuclides to
the surface. Each year the plants die and deposit their absorbed nuclides
on the ground surface so there is continual transport of nuclides and
deposition on the ground surface. The gamma dose is calculated from the
nuclides deposited on the surface as well as the nuclides remaining in the
original burial trenches. The third alternative assumes that a reclaimer
builds a house and digs a well on the site as described for Pathway Five.
This brings some of the waste material to the surface where it is mixed
with the existing soil. The gamma dose is calculated from the waste on the
surface and from the waste that remains underground. The three options in
Pathway Seven are selected by the value of the PATHRAE-EPA variable IGAMMA

which can have the value 0, 1, or 2.

Pathway Eight - On-Site Dust Inhalation

In this pathway, doses are calculated for a reclaimer excavating a

disposal trench some time after site closure. Alternatively, doses to site
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workers can be calculated for inhalation of suspended particulates during
disposal operations. The dose for the inhalation of resuspended,
contaminated dust by an inadvertent intruder is given by:

D = Qfdddvu‘ij fexp(DF) (2-16)
i W

fq = di!?tion factor representihg the dilution of waste in the
soi ,

dg = dust loading in the air breathed (kg/m3)

d, = waste density (kg/m3)

Uj = volume of air breathed in a year (m3/yr)

For the inadvertent intruder scenario, the assumptions for this
pathway are similar to those for Pathway Five. That is, a reclaimer builds
2 house and drills a well over the waste site. The dose arises as a result
of inhalation of contaminated dust during the excavation of the house's
basement and the drilling of the well. As in Pathway Five, the dilution
factor, fy4, 1is calculated using Equation 2-14, With a slight
reinterpretation of the input values, Equation 2-16 is also used to

calculate inhalation doses to disposal site workers.

Pathway Nine - Inhalation of Radon in Structures

The dose from inhalation of radon and radon daughters in a structure

built over the waste is calculated from:

D = HTEVF E\/wa ténh(}oo b, Ty) exp(-100b3T) - byTp) Uy (OF) (é-17)

where ’
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Q = inventory of Ra226 (pCi)
E = fraction of radon which can emanate upward from the waste
H = height of rooms in structure built over the waste (cm)
Ap = air ventilation rate of the structure (air changes/sec)
A = decay constant of radon (1/sec)
J1 = thickness of earthen cover (m)

T2 = thickness of concrete floor in reclaimer house (cm)

Dy = radon diffusion coefficient of the waste (cm@/sec)
Dy = radon diffusion coefficient of the cover (cml/sec)
D = radon diffusion coefficient of concrete floor (cmé/sec)

F o= %[1 +V/a,/a; tanh(100b,T,)] +

1 (1 -Va,/a. tanh(100b,T,,)] exp(-2(100 by Tp + b T2))

2
2 2 ;s
a3 = pj by [1 - (1-k)m]¢ (i =w, 1, 2)
bi = VMD; (i=w,]1,2)
pi = porosity (i =w, 1, 2)
mi = 0,01 Md.i/p.l (i =W, 1, 2)
M = moisture content (dry weight percent)
k = 0.26 pCi/m3 of radon in water per pCi/m3 in air

A description of the theoretical basis of Equation 2-17 is given in the
references (Ro82, Ro84b). For most problems, a; can be set equal to unity

with little loss of accuracy.

Pathway Ten - Atmospheric Transport of Contaminants

The dose from the inhalation of airborne contaminants from dust

resuspension, incineration, or a trench fire is given by:
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D = % rfef, (57) U; (DF) (2-18)

where’

r = dust resu5pen51on rate or burn rate of incinerator or
trench fire (m3/sec) .

fe = depositxon velocity for resuspended dust (m/sec) or
fraction of the year the burning occurs for incinerator and
trench fire

fy = nuclide specific volatility factor for incineration or
trench fire (fraction of nuclide released to atmosphere)

X = downwind atmospheric concentration (pCi/m3)
Q' = atmospheric source release rate (pCi/sec)

PATHRAE-EPA uses Gaussian plume (S168, EPAS5a) expressions for X/Q':

2 [zt

=]z = = exp (-h2/25;2) (2-19)
Q' szu 27X
where
fy = fraction of time wind blows in direction of interest
s, = standard deviation of plume concentration in vertical

. direction (m)

u = average wind speed (m/sec)

n = number of sectors or wind directions (usually 16 seétors)

x = distance from source to receptor (m)

h = effective release height including momentum and therma)

plume rise effects (m)

Plume depletion effects from deposition are represented by a reduced source
release rate calculated within the code (EPABJa). The actual release
height is modified to account for ﬁomentum and thermal plume rise effects

by the following equation (S168):
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+ 1.5 Vg DS + 1.6(3.7E-5 xz QH)0.333

h = hg " (2-20)
u u
where
. hg = actual release height (m)
Vg = stack gas velocity (m/sec)
Ds = stack inside diameter (m)
Q4 = heat emission rate from stack (cal/sec)

Equation 2-20 is valid as long as the distance to the receptor location is
less than ten times the stack height. For greater distances the receptor

distance, x, is replaced with 10 hg.

If some parameters are unknown or poorly characterized, a default

option, based on the location of the maximum plume concentration, is used.

In this case:

. 2 (2-21)

where

e = base of the natural logarithm (2.71828)

Equations 2-19 and 2-21 (S168) are expressions for point sources. For
the trench fire scenario it is assumed that the fire involves a relatively
small amount of waste (for example, the amount received by the facility in
one day). For an incinerator the only source is a single incinerator
stack. Since the extent of the source is small in these cases, the use of

the point source expression is justified.

If an area source is desired it can be represented by the virtual

point source approximation, where x is replaced by x*', given by (EPA84)
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x' = x + 2.5137 y

where

y = width of the facility (m)

~ The s; in Equation 2-19 is-calculated in PATHRAE-EPA using Briggs'
approximations (5168). This necessitates specifying one of the six
Pasquill atmospheric stability classes. If no stability class is specified
in the input data set, the moderately stable Class D is used. The
stability class -should be chosen to represent an annual average stability.
The wind speed, u, is the annual average wind speed from the source to the

receptor.

2.3 SUMMARY OF EQUATIONS

Table 2-1 summarizes the dose equations for each of the ten pathways.
The table also shows how the equations can be broken into groups of terms
representing the waste form, the transport pathway, and nuclide uptate bs
humans. An examination of the components of the dose equations reveals ths
éimiliarities among the various pathways. In addition to providing 2
comparison of all the pathways, the table gives insight regarding the
relative importance‘of cer;ain environmental and facility parameters. By
studying the relationships among key parameters the'most effective means of

limiting the doses can be more easiiy identified.
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2.4 FOOD CHAIN CALCULATIONS

Mean concentrations of radionuclides in air, river water, and well
water are calculated by the equations listed in Table 2-1. This section
describes how radionuclides in those and other environmental media are used
to calculate human intake/e;posure of radionuclides using PRESTO-EPA

foodchain analysis (EPA87a).

Radionuclides in water may impact humans by internal exposure,
directly from use of drinking water or indirectly from use of jrrigation
water for crops. External doses may result from exposure to contaminated
soil surfaces. Internal doses may result from inhalation of contaminated
air or ingestion of contaminated water and food products, including

drinking water, beef, milk, fish, and produce.

The deposition rate onto food surfaces or soil that is used in
subsequent calculation of radionuclide content in the food chain, comes

from spray irrigation and is:

Ir = CW NI (2-22)
where
I. = radionuclide application rate (pCi/m2 - hr)
C, = radionuclide concentration in irrigation water (pCi/)
Wy = frrigation rate (1/m2-nr)

The concentration in water, C,, is either the well or river water,

dependent upon the pathway under consideration.
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The following equation,_estimates the concentration Cy of a given
nuclide in and on vegetation at the location of deposition (except for

tritium and carbon-14):

1-exp(-Agt . [ '
Cv 1,.fR{1-exp{-\¢ ?)] c * CSP 1 exp(-Atp) (2-23)
Yyre - dgs -
where
Cy = radionuclide concentration in vegetation (pCi/kg)

- fR = fraction of deposited activity retained on crops (unitless)
A\e = removal rate constant for physical loss by weathering
ty = time per1od for irrigation (hr)

| Y, = agricultural productivity y1eld (kg(wet weight)/mz)
B = radionuclide concentration factor for uptake from soil by

edib;e parts of crops (pCi/kg (wet weight)/pCi/kg (dry
soil))

“CSP = time average value of soil radionuclide concentration
assuming a steady rate of deposition (pCi/m2 ).
dgg = effective "surface density" for soil (kg of dry soil)/mz)

f1 = fraction of the year that irrigation occurs

time interval between harvest and consumption of the food
(hr)

(a4
¥
"

The term CSP is given by:

CSP = EZEE_f_f!.{ [l-exp(-xst )] - -[l-exp( at')] } (2-24)

where
t' = min [I/AL, (tgay - to)]
tmax = maximum input time for calculation

The rate constant for.contaminant removal from the soil, Ag, is estimated
using:
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\
-
[ 7]

A = -
s (0.15)(8760)R (2-25)
where
As = soil nuclide removal rate coefficient (hr-1)
r¢ = watershed infiltration (m/yr)

0.15 = depth of contaminated soil layer(m)

8760 = h/yr

If farming is performed on the trench site, then CSP is set equal to dgg in

Equation 2-23, giving a soil concentration of 1 pCi/kg.

Equation 2-23 .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:

Ce = fpfst + (1 - fpfs)cs (2-26)
where
C¢ = radionuclide concentration in animal feed (pCi/kg)
Cp = radionuclide concentration on pasture grass (pCi/kg)
C; = radionuclide concentration in stored feeds in (pCi/kg)
fp = fraction of the year that animals graze on pasture
fs = fraction of daily feed that 1is pasture grass when the

animals graze on pasture

The concentration of each radionuclide in milk is estimated as:

Cn = (FaCeQs + Culy) exp(-At) (2-27)
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Cn = radionuclide concentration in milk (pCi/1)

-
3
"

average fraction of the animal's daily intake of a given
radionuclide which appears in each liter of milk (d/1)

L
=
(]

amount of feed consumed by the animal ger>day'(wet kg/d)

tf = average transport time of the activity from the feed into
the milk and to the receptor (hr) .

Q, = amount of water conSumed'By thé animal (1/d)

The radionuclide concentration in meat depends, as with milk, on the
amount of feed consumed and its level of contamination. The radionuclide

concentration in meat is estimated using:

Cr = Fe(CeQe + C,Q,) exp(-Atg) (2-28)
where
CF = nuclide concentration in animal flesh (pCi/kg)
F¢ = fraction of the animal's daily intake of a given radio-
nuclide which appears in each kilogram of flesh (d/kg)
tg = average time from S]aughter\to consumption (hr)

Once radionuclide concentrations in all the various foodstuffs are
calculated, the annual human ingestion rate for each raqiqnuc]ide is

estimated by:
Qing = O * Qnitk * Qpeat *+ Q S (2-29)

where the variables represent individu&1 annuél intakes of a given
radionuclide via total ingestion (Qing).'and ingestion of vegetation ka).
milk (Qmilk), meat (Qmeat); and. dhinking katerlz(ﬂwi, resbectively. in
pCi/yr. The annuat intakes via each type of food, Qy for instance, are

calculated as:
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Qy = Cy Uy (2-30)

where
Qy = annual radionuclide intake from vegetation (pCi/yr)
Cy = radionculide concentration in vegetation (pCi/kg)
U, = individual annual intake of vegetation (kg/yr)

As mentioned earlier, Equations 2-22 through 2-29‘ do not apply
directly to calculations of concentrations of H-3 or C-14 in foodstuffs.
VFor the application of tritium in irrigation water, it is assumed that the
concentration in all vegetation, C,, is the same as the tritium

concentration in drinking water; therefore:
Cy = Cy (2-31)

where C, and C, are in pCi/kg and pCi/1, respectively. The concentration
of H-3 in animal's feed, C¢, is therefore also equal to C,. Then, the

concéntration of tritium in animal's milk and flesh can be written as:

Cm = Frly(Qf + Q) (2-32)
Ce = FgC, (Qf + Q) (2-33)
where
Cm = concentration of tritium in milk (pCi/1)
Fm = fraction of the animal's daily intake of H-3 that appears
in each liter of milk (d/1) :
C, = H-3 concentration in animal's drinking water (pCi/N)
Cg = concentration of tritium in animal's flesh (pCi/kg)

F¢ = fraction of the animal's daily intake of H-3 that appears
in each kg of flesh (d/kg)
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The exponential term is neglected due to the relatively long radioactive
half life of tritium compared to transit times through the food chain. The
root uptake of C-14 from irrigation water is considered negligible and has

been set equal to zero.
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3.  APPLICATION INFORMATION

This chapter contains the detailed information necessary to construct
data sets and perform PATHRAE-EPA analyses. Section 3.1 describes the data
files and the organization of the PATHRAE-EPA main program and subroutines.
The program options are described in Section 3.2.  Detailed input
instructions are given in Section 3.3 and the output is discussed in

Section 3.4,

3,1 INPUT DATA AND PROGRAM ORGANIZATION

The input data for PATHRAE-EPA are read from four (five, if food
pathway option is used) data files. Figure 3-1 shbws'the~§§nera1 types of
information read fbom' these files. The dose conversion factors and
equivalant uptake factors, if'appropriate, are read from the first file and
are usLally the same for all PATHRAE-EPA runs. The second fi]e contains
site pa-ameters such as dimensions of the facility, cover thickness, volume
of wastz, etc. This file also contains pathway parameters such as distance
to the river and well, aquifer dispersivity, radon diffusion coefficients,
and mezeorological data. The third data set,> Iabeled "variable site
parameters", contains parameters which are likely 'to be varied when
conducting. sensitivity analyses. For example, this dataf set includes
nuclide leach rates, groundwater velocities, and trench 1nfiltratfon rates.
These parameters have been pliced in a separate data set to minimize the
unnecessary duplication of data when performing multiple PATHRAE-EPA runs.

The fourth data set contains nuclide specific data such as inventories,
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half-lives, gamma energies, and volatility factors. The fifth data set is
read only if the equivalent uptake factors in the first file are entered as
zero. File five contains the element and nuclide specific data such as
bioconcentration factors, irrigation rate, food consumption rates, and

animal retention factors.

PATHRAE-EPA and its subroutines use double precision arithmetic to
accommodate the requirements of the groundwater caIculatiqns, " The minimum

memory requirement to run PATHRAE-EPA is approximately 72K bytes.

In addition to the MAIN pfogram, PATHRAE-EPA uses 15 subroutines and
6 functions. Figure 3-2 shows the subroutine hierarchy and Table 3-1 gives
a brief description of the function performed by each program module. The

logic flow of. PATHRAE-EPA and its subroutines is illustrated in Figure 3-3.

3.2 PROGRAM OPTIONS

The PATHRAE-EPA -code has several options which - increase its
flexibility and allow it to perform a variety of functions. The available

options and the input required to activate the options are discussed here.

During the operational period of a waste fécility. wéste arrives at a
relatively uniform rate and is emplaced iﬁm fhe burial trenches. For
short-1ived nuclides the loss due to decay_during facility operations can
be significant.  PATHRAE-EPA has the opﬁion of adjusting ‘ihe nuclide
inventory for decay during operations through the use of the variable
TIMOP. To ignore decay during operationsv set TIﬂOP equal to zero.
Otherwise, TIMOP should equal the number of years of facility operation.
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Sub-

routine

PTHRAE

UPTAKE
IRRIG
cov
HUMEX
READ
PRINT
BATMAN

RIVER
NELL

| PATH38
PEAK -

RELEAS

HEPCI

OSPERS

GW1

GW3

ERROR

FTRMS
ERFCPA

DERF
DERFC
HUNG

TABLE 3-1
DESCRIPTIONS OF PATHRAE-EPA SUBROUTINES

Purpose

Main program. Coordinates subroutine calls and prints summary'dose
information. . )

Computes total equivalent uptake factors for food and water ingestion.
Calculates nuclide concentrations in vegetation, milk, meat, and fish.
Alds tn the calculations performed by subroutine IRﬁlG. |

Calculates amount of each nucliide ingested bx humans.

Reads the four input data files and performs preliminary calculations.
Prints summary of input data. V

Performs Bateman calculations for. nuclide ingrowth and decay as a
function of time.

Calculates doses for groundwater to river pathway.
Calculates doses for groundwater to well pathway.
Calcu!ates'doses for 211 non-groundwater pathways.

Calculates maximum dose and time of maximum dose for groundwater |
pathways with dispersion.

Calculates total curies released in a given time period for groundwater
pathways.,

Converts total curies released to health effects.

fCoordinates groundwater transport subroutines Gwl and GW3,

Calculates nuclide concentrations for groundwater pathways with
dispersion. -

Calculates nuclide concentrations for daughter nuclides in decay
chains.

Adjusts dispersivity to avoid negative square coot arguments in GW3
(see Section 2.2).

Evaluates dispersive groundwater transport expressionsbin GW1 and GHB.

Evaluates the natural logarithm of the complementary Gaussian error
function.

Evaluates the Gaussian error function.
Evaluates the complementary Gaussian error: function.

Calculates dispersion correction factor for non-dispersfve groundwater
pathways.
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One factor that can affect thé dose through the groundwater pathways
is the method by which waste is placed in the trench. A value of zero for
the variable IFILL refers to placement of waste in the trench beginning at
the upstream end of the site, relative to the aquifer. A value of one
pertains to placement of waste beginning at the downstream side of the

site.

PATHRAE-EPA allows two methods of obtaining the nuclide inventory at
times beyond the time of facility closure. The mo;t direct method is to
input the nuclide inventory at each of the future times at which doses are
to be calculated. A much simpler method is to input the initial inventory
and let PATHRAE-EPA compute the inventory at all future times. This option
is controlled by the input variable IFLAG. To calculate the future
inventories from the initial inventory set IFLAG to zero. If the future

inventories are to be read from the input data, set IFLAG equal to one.

When calculating the groundwater pathways, PATHRAE-EPA can use a
dispersive solution or a non-dispersive solution with application of a
dispersion correction factor. fhe variable ALDIS, the 1longitudinal
dispersivity in the aquifer, controls this option. For no dispersion use
ALDIS equal to zero. Otherwise, enter a positive value for the

dispersivity.

PATHRAE-EPA can also model transverse dispersion in the aquifer. This
is only important for the well pathway. To ignore transverse dispersion

set the transverse dispersion coefficient, DY, equal to zero.

During dispersive transport in the aquifer the decay and ingrowth of

nuclides can often have significant impact on the doses from the
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groundwater pathways. This can be modeled by using any of the seven decay
chains discussed in Section 2.1.4; To iﬁplemént any of the decay chains it
is importanf to set the transverse dispersion coefficient, DY, equal to
zero, since the decay chain expressions are valid only when this is tr.
“case. The longitudinal dispersivity, ALDIS, hbweﬁer, must not be zero. To
activate decay chaiﬁ J, set IFL(J) equal to one. To ignore fhe chain set
IFL(J) equal to zero. When considering any of the chains the user must be
sure that all of the chain members are present in the initial inventory.
The amounts of each nuclide can be arbitrarily small but they must all be
greater than zero. Also, the equations for the decay chain calculations
require that the sorption coefficients (XKD(I)) for 2all members of a
particular chain be different. However, the sorption coefficients can be

almost identical if desired.

PATHRAE-EPA will also locaterthe‘position of the maximum dose for éach
individual nuclide as well as the time at which the maximum dose‘bccurs.
To select this option set the variable IOPT equal to one. By using this
heak finding option the user can get a general idea of what nuclides aré
most important and at what times they contribute most to the total dose.
Subsequent runs without the peak finding option can then be made to further

explore the time dependence of the dose near critical times.

Sometimes it is important to know the total release bf each nuclide to
the environment during a given time {interval. PATHRAE-éPA will calculate
the releases if the variable IOPT is-equal to two. Like the peak finding
option, this only applies to the groundwater pathways with dispersion. The
time period for the release is defined by variables T(1) and T(2). Also,



for this option only, the variable NTIME must be greater than or equal to
two. Both the peak finding option and the total release option can be

turned off by setting IOPT equal to zero.

The atmospheric transport pathway has the option of calculating doses
at off-site locétionS'due to dust resuspension, inéineration of the waste,
or a trench fire. This is controlled by the variable IVFAC., For dust
resuspension use IVFAC equal to zero. For ‘incineration use IVFAC equal to
one and for a trench fire enter a value of two. When calculating the doses
due to dust resuspension, the' variable BURN is ‘thé resuspension rate
(m3/s) and FFIRE is the deposition velocity (m/s). The volatility factors
are not used when going dust resuspensioﬁ. For an incinerator or trench
fire, BURN is the rate at which the waste is burned (m3/s) and FFIRE is the

fraction of the year the burning occurs.

The atmospheric fransport pathkay also has #n option for célculating
X/Q when specific atmospheric and meteorological data are unavailable. To
activate this option, thch is based on the position of maximum plume
concentration, enter the sodrce to receptor distance, XRECEP, equal to
zero. When using this default option it is unneéessary to ehter data for
the atmospheric stabi]ity»cla§§ or fraétion:of time the wind blows. To

bypass this option enter a positive value for XRECEP.

Thg final option to be described here is a solubility 1imit on the
leach fraction. If the solubility of a nuclide is low enough that it
becomes the limiting factor in the felease process, PATHRAE-EPA will adjust
the leach fraction so that the amount of nuclide leached is the maximum

amount that is soluble in the available leachant. To use this option
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enter the nuclide solubility (Ci/m3) as variable SOL. To ignore solubility

effects, enter zero.

I[f the complete foodchain analysis is required for the annual
ingestion of contaminant, then set the equivalent uptake factors equal to
zero in data file one and enter the data as file 5. Table 3-2 contains a

surmary of the options and the input data required to control each of them.

3.3 INPUT DATA

A1l of the input data for PATHRAE-EPA are read from files on the
computer. Normally there are four input files required for each run unless
a complete foodchain analysis is performed, which requires a £ifth input
file.. The four data files have the specific file names BRCOCF.DAT,
ABCDEF .DAT, RQSITE.DAT, and INVNTRY.DAT. The fifth data file is named
UPTAKE.DAT. The data in all files may be entered in free format separated
by commas or entered with the format specified. The following is a
detailed description of the input data for each of the five files.
Included are the units of the variable, the applicable pathway number (one
through ten) to which the variable is relevant, and the name of the

variable as it is referred to in Chapter 2.
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TABLE 3-2

SUMMARY OF PATHRAE PROGRAM OPTIONS

Opticn

Instructions For Use

Ruclide decay during
operations )

Direction in which
trenches are filled -

Bateman calculations
for nuclide decay and
ingrowth

Longitudinal dispersion
for groundwater pathways

Transverse dispersion
for well pathway*

Decay chains for aquifer
transport

Peak finder for groundwater
pathways

Calculate total curies

released for groundwater
pathways

Gamma pathway options

Atmospheric pathway
calculation :

Atmospheric pathway -
X/Q default calculation

Solubility limit on
Jeaching

Perform complete foodchain
analysis

_on:

TIMOP > O off: TIMOP = 0

To start at end of trench - To start at downstream
farthest upstream on the end, IFILL = 1
aquifer, IFILL = O

on: IFLAG=0 off: IFLAG = 1

on:

ALDIS >0 off: ALDIS = O

oY >0 off: DY = O
ALDIS > O :
IFL{J) all zero

to activate Jth chain: to ignore Jth chain:

IFL{J) = 1 IFL(J) = 0
ALDIS > 0
DY =0

I0PT = 1 off: I0PT =0
ALDIS > O

I0PT = 2 off: IOPT = 0
NTIME > 2
T(1) = beginning of relese
period
T(2) = end of release
- . period
ALDIS > 0

Gamma dose from undisturbed
‘waste: IGAMMA = 0

Gamma dose for bicintrusion
scenario: IGAMMA = 1

Gamma dose for reclaimer farm
scenario: IGAMMA = 2

Dust resuspension: IVFAC =0

Incineration: IVFAC = 1

Trench fire. - . INFAC = 2 .

on: XRECEP = 0 off: XRECEP > 0
on: SOL >0 o off: SOL = 0
on: Ul =0 off: Ul1>0

* Khere multiple conditions are
must be met simultaneously.

given to activate an option, all conditions
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3.3.1 Data File One - BRCDCF.DAT

Card Variable

1

NDOSE

TCUT

SINV

NTIME

T(M)

KK

Description
Radionuclide Data (16,2F12.6)

Number of isotopes in dose -
factor library. This is the
number of nuclides for which
dose conversion factors are
provided in the file BRCDCF.DAT.

Maximum nuclide half-life (yr)
considered for analysis. The
inventory of any nuclide with
a half-life greater than TCUT
ijs set equal to SINV (usually
zero). In this way the doses
due to short-lived nuclides
can be evaluated independently
of the long-lived nuclides.

To consider all nuclides set
TCUT equal to zero and no
adjustments will be made.

Nuclide inventory (Ci). See
TCUT above.

Dose Calculations (16,10F12.6)

Number of times for which dose
calculations will be made (up
to 10).

Times (yr) at which the doses are
to be calculated.

M=1, 2,..., NTIME. Time T(1)
corresponds to the end of
facility operations and must

be entered as 1. If the food
pathway is being run, the time
T(4) must correspond to the

time at which institutional
control of the site ceases.

Dose Factors (I4,A8,9E12.4)

Nuclide library number.
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Card Variable
XNAME2(KK)

DOSE (1,KK)

DOSE(2,KK)
DOSE (3,KK)

ur(kx,l)
UT(KK,2)
UT(KK,3)
© UT(KK,4)

UT(KK,S)

UT(KK,6)

Note: Card 3 is repeated for each nuclide in the dose library.

Descrigtion

Nuclide name (e.g., Pu-239).

The name is read as an eight
character alphanumeric variable.
For example, Pu-239 would be
input as 'Pu-239---',

Dose factor (mrem]pCi)'for
ingestion.

Dose factor (mrem/pCi) for

Dose factor (mrem-m2/pCi-hr) for
direct gamma exposure.

Total equivalent uptake
factor (1/yr) for river water
usage. '

Total equivalent uptake
factor (1/yr) for well water
usage.

Total equivalent uptake

factor (1/yr) for erosion pathway
water usage.

Total equivalent uptake
factor (1/yr) for bathtub pathway
water usage. ’

Total equivalent uptake
factor (1/yr) for erosion or
bathtub pathways with surface
spillage. '

Total equivalent uptake
factor (kg/yr) for food pathway.

Pathway

Text

Name
'1-6 OF
8,10 DF

7 DFE
1 : U1
2 U
3 Uy
4 Ul
3,4 Uy
5,6 Uy

If the uptake factors are entered as zeros, they are

calculated internally using input data in data file five,
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3.3.2 Data File Two - ABCDEF.DAT

Card Variable

1

A(l)

NISO
[FLAG

-NNP

NPN(J)

Text
Name

Description Pathway
Run Identification (10A8)

Title of run. Up to 80
characters allowed.

Nuclide Inventory (316)

Number of isotopes in inventory. Al

Flag indicating whether or not ANl
to calculate the inventory for

the designated times. If

IFLAG = 0 the inventory for all
designated future times is
calculated from the initial
inventory, taking into account

the ingrowth of daughter products
where appropriate. If IFLAG =1
the calculation is skipped and the
inventory is read from the input
data for all future times.

[f IFLAG = 2 the inventory for all
designated future times is
calculated from the initial
inventory. No account is made for
the ingrowth of daughter products.

Number of pathways to be
considered.

Pathway Data (2016)

Index indicating a particular
pathway.

NPN = 1 groundwater to river

NPN = 2 groundwater to well

NPN = 3 surface erosion and
deposition in river

NPN = 4 bathtub effect and
runoff of water to
river

NPN = 5 food grown on waste
site

NPN = 6 biointrusion into

waste and consumption
of plants by humans
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Card Variable

JUF (J)

Description
7 direct gamma exposure

NPN =

NPN = 8 dust inhalation on site
NPN = 9 radon inhalation

NPN = 10 offsite atmospheric

transport (incinerator,
trench fire, dust
resuspension)

Index indicating type of use
for ingestion uptake factors.

JUF = 0 no water use’

JUF = 1 all types of water use
JUF = 2 all types of water use
except fish-

JUF = 3 drinking water only

For the water pathways JUF
should be equal to 1, 2, or 3.
For the food pathways and
pathways not involving ingestion
of water use JUF = 0.

Pathway

Text
Name

Note: NPN(J) and JUF(J) are repeated on Card 3 for each of the NNP
pathways considered.

TIMOP

- XLP

WIDTH
RFR
XR

SPILL

Site Description (6F12.6)

Time (yr) of active operation
of facility. If TIMOP is
different than zero, the
nuclide inventory is adjusted
to account for decay during
site operation. If TIMOP

js set equal to zero, this
correction is omitted.

Length (m) of trench in direction
of aquifer flow.

Width (ﬁ) of trench.
River flow rate (m3/yb)

Distance (m) from nearest edge of
waste trench to river.

Surface'spillage fraction.
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Card

Variable

ARHO

ALDIS

1) §

Dz
SS

SR
PV

SNO

NM

IGAMMA

IVFAC

Description
Transport Data (8F12.6)

Density (kg/m3) of aquifer.

Longitudinaf dispersivity (m)
of the aquifer. :

Transverse dispersion
coefficient (m¢/yr) in aquifer.

Not used.

Fraction of saturation, if
zero, it is calculated
internally.

Residual saturation fraction.
Saturated hydraulic
conductivity (m/yr) of vertical
zone.

Soil index.

- Gamma Radiation Data (516)

Number of mesh points for
area source integration.

Flag for gamma pathway
options.

IGAMMA

0 Calculate gamma
dose from
undisturbed
buried waste.
Calculate gamma
dose for natural
biointrusion
scenario.
Calculate gamma
dose for farming
scenario.

IGAMMA

]
—

"
~N

IGAMMA

Flag indicating off-site
atmospheric pathway. For dust
resuspension enter zero, for
incineration enter one, for
trench fire enter two. For
incineration the dose for all
other pathways is adjusted to

3-16

Pathwaz

1,2
1,2

1,2

1,2

1,2

1,2

Text
Name

SNO



Card Variable

XCT
XWT

THV
XW

YW

RHO
FG

FEXT

XROOT
PLANT

ADL

UBR
FTX

CANLIF
FIXINV

Description

account for the loss of
nuclides by incineration
before being placed in the
trench. ' '

Waste Properties (10F12.6)

Thickness (m) of cover over waste.

Thickness {m) of waste.

Volume (m3) of waste disposed.

Distance (m) to well from nearest
edge of waste along direction
of aquifer flow.

Distance (m) to well from center
line of disposal facility in
direction perpendicular to
aquifer flow. -

Density {kg/m3) of waste.

Fraction of food eaten which
is grown over waste site.

Fraction of year spent in-
direct radiation field.

Depth (m) of plant root zone.

Surface density (kg/mz) of living
plants.

~Exposure Data (3F12.6)

Average dust loading (kg/m3) in
atr. A :
Adult breathingirate.(m3/yr).

Fraction of;yearleipdsed,to
dust.

Waste container lifetime (yr)
Inventory scaling factor.
(The inventory on file is

multiplied by FIXIKYV before
calculations begin.)
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Card Variable

9

10

XH

ACR

EPW

DIFW

DIFCON

TCON
DIFCOV

ISTAB

VWIND

FWIND

XRECEP

Description Pathway

Text
Name

Residency Data (7F12.6)

Height of room (cm) in dwellings 9
built over the site.

Air change rate (changes/s) in 9
dwe}ling. :

Radon emanating power of the 9
waste. (Fraction of radon

produced which enters pore

spaces.)

Diffusion coefficient (cmZ/sec) 9
for radon in waste.

Diffusion coefficient (cm?/sec) 9
for radon in concrete.

Thickness (cm) of concrete floor. 9

Diffusion coefficient (cmzls) for 9
radon in the cover material.

Atmosphere Data (10F12.6)

Pasquill atmospheric stability 10
class. Enter an integer O

through 6. A value of 1

signifies stability class A,

a value of 6 signifies’

stability class F. If zero

is entered, a default value

of 4 is used.

Average annual wind speed (m/s) 10
in direction from source to
receptor.

Fraction of time wind blows 10
toward receptor location.

Distance (m) from atmospheric 10
release source to receptor

location. To exercise default

option on X/Q calculation,

enter zero and set

HSTACK = unity.
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Card Variable

11

BURN

FFIRE

HSTACK

DSTACK
VSTACK

QH

IFL(I)

Text

incinerator stack.

Flag Options (2016)

Flags indicating which decay 1,2
chains will be considered for
the dispersion calculations.

If IFL(I) = 1, then decay
chain I is
computed.

If IFL(I) = 0, it is skipped.
The values of 1
refer to the
following chains:

Cm-244 — Pu-240 — U-236
Pu-240 — U-236 — Th-232

Am-243 — Pu-239 — U-235

"Pu-241 — Am-241 — Np-237
 Pu-238 —~ U-234 — Th-230 — Ra-226
-~ Pu-242 — U-238 - U-234

- U-238 - Th-230 — Ra-226

=t pred prmp g P Pt g
H e BB n
SO W -

If a parficular decay chain is

‘used, all of the nuclides in the

chain should be present in the
initial inventory. The
equations used for calculating
decay chains are not valid
unless all members of the
chain have different sorption
coefficients.
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Description Pathway Name

Dust resuspension rate (m3/s) or 10 r
. burn rate (m3/s) of incinerator or

trench fire.
Fraction of year incinerator - : 10 fe
or trench fire burns,
or
Deposition velocity (m/s) for 10 e
dust resuspension.
Height {m) of incinerator stack. 10 hg
For trench fire scenario enter
Zéro. ’ : :
Stack inside diameter (m). 10 D¢
Stack gas velocity (m/s). 10 vg
Heat emission rate (cal/s) of 10 o



Card Variable

12

INPRNT

IDSRPT
IFILL

I0PT

Description
Printout Control (416)

Flag for printout of input
summary.

If INPRNT = 0, no input

summary is printed.
If INPRNT = 1, the summary

is printed.
Not used.

Flag indicating how the waste
trenches are filled. If
IFILL = 0, the trench is
filled beginning at the side
farthest upstream of the
aquifer. If IFILL = 1, the
trench is filled beginning at
the downstream side.

Flag for selecting groundwater
pathway options. To use the
peak finding option set

IOPT = 1. To calculate the
total curies released during a
given time period set

IOPT = 2. If neither of these
two options are required use
IOPT = 0. See Table 3-2 for
more information on the use of
these options.

3.3.3 Data File Three - RQSITE.DAT

Card Variable

1

XPERC

VA

XPOR

Description
Site Water Data (9F12.6)

Amount of water (m3/m2-yr) which

percolates through the waste
annually per unit area.

Horizontal velocity {m/yr) of
aquifer.

Porosity of aquifer.
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Card Variable
XAQD

Xvy

XLC

XALE
FLCH

RUNF

KK

XLL(KK)

XKD (KK)

RVERTI (KK)

Note: Card 2 is repeated for each nuclide in the inventory.

Description

Distance (m) from trench bottom
to aquifer.

Vertical velocity (m/yr) of the
water in the soil between

the waste and the aquifer.
Calculated internally if
entered as zero.

Length (m) of perforated well

casing set equal to aqufer th1ckness

Surface erosion rate (m/yr)

Scaling .factor for leach
constant.

Annual runoff of precipitation (m).
Transport Characteristics (14,3€12.4)

Text

An integer library index
specifying the nuclide.

The leach constant (1/yr). In the

band release model used in the
dispersive calculation, it is
the fraction of the initial
inventory which is leached

from the waste each year.

For the exponential release
model used in the nondispersive
calculations, this constant is
the fraction of current
inventory leached each year.

The sorption coefficient (ém3/g).

This is used to obtain the
retardation coefficient in
the aquifer.

Sorption coefficient (cm3/g) for
vertical transport of the
nuclide from the trench to

the aquifer. -
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3.3.4 -Data File Four - INVNTRY.DAT

Card Variable Description Pathway
1 Nuclide Data (I14,7E12.4)
KK An integer tibrary index

specifying the nuclide.
HLIFE(KK) Nuclide halflife (yr).

Q(KK,M) The amount of nuclide present (Ci)
at each of the times T(M) for
M=1,2,...,NTIME. If IFLAG
is entered as zero, then only
the inventory at time T(1)
needs to be entered and the
inventory at all subsequent
times will be calculated.

See Section 3.2 for a
description of the use of
IFLAG.

XXMU(KK) Gamma attenuation coefficient 7
{(1/m)}. These are derived from
empirical data on gamma
attenuation by soil for
various gamma energies. For
nuclides which are not gamma
emitters, enter zero.* Must
be nonzero if EGAMMA and Q
are nonzero.

EGAMMA (KK) Weighted average gamma ray 7
energy (MeV) emitted by nuclide.
The averaging method is
described in Section 2.2.
For nuclides which are not
gamma emitters, enter zero.*

BIV(KK) The nuclide specific soil to 7
plant transfer factor. It is )
the ratio of the nuclide
concentration (Ci/kg) in
plants to the nuclide
concentration (Ci/kg) in
the soil.

* Cs-137 is considered as if it is a gamma emitter, even though
the gamma rays are emitted by its decay product, Ba-137m.
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Card

Variable

SOL (KK)

VOLATL (KK)

Note: Card 1 is repeated for each nuclide in the inventory.

Description

Solubjlity (Ci/m3) of the
nuclide in the aquifer. To
omit the effects of solubility
limitations, -enter zero.

Yolatility factor for
incineration. It is the
fraction of the inventory.

of a nuclide whick is lost

to the atmosphere as a. result
of incineration. This
variable is not used when
pathway 10 calculates dust
resuspension.

Text

Name

Hours for irrigation of other
vegetation. .
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3.3.5 Data File Five - UPTAKE.DAT (Al data'for food chain calculations)
Text
Card Variable Description Name
1 Site Soil Data (3F12.6)
SINFL Infiltration rate (m/yr) I
PORS Porosity of surface soil. Ps
BDENS Bulk density (g/cm®) of sofl. ds
2 Vegetation Data (5F12.6)
Yl | Agriculture productivity (kg/mz) Yy
for pasture grass.
Y2 Agr1cu1ture productivity (kg/mz) Yy
for other vegetation.
XAMBWE Weathering removal constant (hv‘l) re
: - from vegetation.
TE1 Hours for 1rrigatioﬁ of pasture "ty
grass. _
TE2 ty



Card Variable

3

TH1 - TH4

FP

FS

QFC

QFG

TF1 -

TS

TFIS

FI

WIRATE
QCw

QGu

QBW

ULEAFY

Description
Pasture Data (6F12.6)

Delay time (hr) between harvest and
consumption of pasture grass,
stored feed, leavy vegetables,

and produce. ’

Fraction of the year animals graze
on pasture grass.

Fraction of animal feed that is
pasture grass.

Animal Uptake (5F12.6)

Amount of feed consumedAdaily (kg/d)
by cattle.

Amount of feed consumed daily (kg/d)
by goats.

Transport time (hr) for annual
feed into milk.

Delay time (hr) between animal
slaughter and meat consumption.

Delay time (hr) between catching
and consumption of fish.

Water Consumption (5F12.6)

Fraction of the year the crops are
irrigated.

Irrigation rate (1/m-hr).

Amount of water consumed (1/d)
by milk cows.

Amount of water consumed (1/d)
by goats.

Amount of water consumed (1/d)
by beef cattle.

Human Uptake (7F12.6)

Human uptake (kg/yr) of leafy
vegetation.
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Text
Name



Card Variable

7+

UPROD
UCMILK
UGMILK

UMEAT
UWAT

UFISH

NUCLID(KK)
RW(KK)
BR(KK) -

Fﬁt(xx)
FMG(KK)

FF (KK)
FIS(KK)

Description
Human uptake (kg/yr) of produce.

Human uptake (1/yr) of cow milk.

Human uptake (1/yr) of éoats

Human uptake (kg/yr) of meat.

Human uptake (1/yr) of contaminated
drinking water.

Human uptake (kg/yr) of fish.

Transfer and Retention Data (A8,6F12.6)

Nuclide jdentification no.

Radionuclide retention factor.

-Soil-to-plant uptake factor for

grain.

Forage to milk transfer factor for
COWS . - '

Forage to milk transfer for
goats.

Forage to beef transfer factor.

Radionuclide water-to-fish transfer
factor.
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3.4 OUTPUT DATA

A typical output for the PATHRAE code for a LLW inventory of about
25 nuclides, is approximately 12 pages in length. The output begins by
listing a complete summary .of Fhe input data. ‘The site paramefers, dose
conversion factors, and equivalent uptake factors aré included. This is
followed by tables of nuclide doses for each nuclide and pathway
considered. For the two groundwater pafhways, the erosion pathway, and the
facility overflow pathway, tables giving nuclide concentrations in water at

various times are generated.

Following the outputs for the individual pathways, values for the
cumulative risks and doses are given for the entire facility. The output
also contains a table of the nuclide inventory at each of the times
considered. A final summary of the maximum annual dose, health risk, year
of the maximum health impact and dominant nuclide are given for each

pathway.
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4, SAMPLE PROBLEM

4.1 PROBLEM DEFINITION

A PATHRAE-EPA sample problem fs considered in this chapter. The
facility evaluated fn this sample problem is a 350,600 square meter
municipal dump with a capacity of one million cubic meters of BRC waste as
illustrated in Figure 4-1. The facility has a 20 year operating lifetime
during which the radioactive wastes are received af a constant rate. The
waste is placed in disposal pits to a depth of six’meters and is covered by
2 0.6 meter thick cover. An aquifer with.a water velocity of 28 meters per
year is located 7.7 meters below th; waste. The énnual infiltration into
the waste is 0.45 cdbic meters of water per squarg meter of trench area. A
well is located 50 meters from the edge of thejwaste trenches. For the
groundwater calculations the waste area is represented by a 20-point mesh
spacing .grid. Values of pertinent site parameters and radiation exposure
data required by PATHRAE-EPA are listed in Table 4-1. The initial

inventory of 29 nuclides is given in Table 4-2.

4.2 RESULTS

A summary of the doses as functions of time and the pathway summary
are contained in Table 4-3. The total dose falls from a maximum value of
95 mrem/yr in year zero to about 1.8 mrém/yr at 15 years and 0.18 mrem/yr
in 100 years. Tﬂe external -exposure pathway, primarily from Co-60,
dominates the early doses with the well path&ay becoming dominant after 100

years primarily from C-14, Cobalt-60, cesium-137, carbon-14, and

americium-241 are the dominant nuclides.
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590 m

1000 m

RIVER X

DEPTH TO AQUIFER 7.7 m

A §

AQUIFER VELOCITY 28 m/yr

FIGURE 4-1. REPRESENTATION OF SAMPLE PROBLEM.
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TABLE 4-1

SITE PARAMETERS USED IN SAMPLE PROBLEM

Total area of disposal Trenches

Length of Trenches Parallel to Aquifer Flow
Velocity of Aquifer
.Porosity of Aquifer

Trench Infiltration

Total Surface Erosion Rate

Cover Thickness Over Waste

Waste Thickness in Pits

Total Waste Volume

Distance From Waste Pits to Well

Length of Perforated Casing in Well
(aquifer thickness) '

Average Dust Loading During Excavation
Annual Adult Breathing Rate

Fraétion of Time Spent in Excavation
Average Wind Speed

Downwind distance to receptor location

4-3

3.48E+5 2

590 m

27.8 m/yr
0.39

0.45 m3/m2
1.96E-4 m/yr
0.6m ‘
6.0 m

1.06+6 m3
SOm

10m

5.0E-7 kg/m3
8E¥3 m3/yr
0.228

2.01 m/s

35 m



TABLE 34-2
NUCLIDE INVENTORY

: Initial
Nuclide Halflife (yr) Inventory (Ci)
H-3 1.23e41 ‘ 1.31E+02
c-14 5.73E+3 7.43E+00
Fe-55 2.70E+0 1.20E+02
Co-60 5.25E+0 - 2.46E+02
Ni-59 8.00E+4 1.43E-01
Ni-63 1.10E+2 : 4.41E+01
Sr-90 2.86E+1 3.40E+00
Nb-94 2.00E+4 4.54E-03
Tc-99 2.13E+5 1.90E-03
Ru-106 1.01E+0 5.04E-02
Sb-125 2.77E+0 1.85E+00
1-129 1.70E+7 5.26E-3
Cs-134 2.06E+0 5.04E+01
Cs-135 2.30E+6 1.80E-3
Cs-137 3.01E+1 5.70E+01
Ba-137m 3.01E+1* 5.70E+01
Eu-154 8.50E+0 1.86E-01
U-234 2.45E+5 4.27€-03
U-235 7.04E+8 6.85E-05
uy-238 4.47E+9 1.25€-03
Np-237 2.10E+6 9.68E-06
Pu-238 8.77E+1 1.20E-01
Pu-239 2.42E+4 1.12E-01
Pu-241 1.32E+1 _ 4.85E+00
Pu-242 3.79E+5 2.43E-04
Am-241 4.59E+2 2.31E-01
Am-243 7.37E+3 5.41E-05
Cm-243 3.19E+1 5.52E-05
Cm-244 1.76E+1 5.26E-02

* Assumed to be in equilibrium with Cs-137.



S-v

Parameter

Dose (mrem/yr)

TABLE 4-3
FACILITY DOSE RATES FOR VARIOUS TIMES FOR SAMPLE PROBLEM

Time (yr)

0 1 15 50 100 200 350 500 750 1000

9.46 8.33t+0 1,78t+0 3.83tE-1 1,.84E-1 8.63E-2 5,51E-2 4,03E-2 2.56E-2 1,88E-2

PATHWAY SUMMARY

Pathway
Dust Atmospheric Gamma Well Food
Maximum Annual Dose 2,26-2 2.6E-6 8.8E+0 1.1E-1 4.8E-1
(mrem/yr) |
Year of Maximum Dose 0 0 0 50 1
Dominant Nuclide Am-241 Am-241 Co-60 Cc-14 Cs-137




A complete listing of the five data sets required to execute the
sample problem and the output for the sample problem are given in
Aphendix B. A complete source listing of PATHRAE-EPA code is given in
Appendix A.

Finally, it should be noted that the sémp1e problem described in
Section 4.1 merely illustrates the application of PATHRAE-EPA and is not
intended as a basis for arriving at any general conclusfons regarding

specific disposal alternatives.

4.3 PATHRAE-EPA COMPUTER COMPATIBILI*Y

The PATHRAE-EPA code is sufficiently comﬁa;t' and calculationally
efficient that it can be executed on a variety of computer systems
including advanced personal computérs. For examp]e. the PATHRAEQEPA'code
has been implemented and'operated within reasonaﬁle execution times on an

1BM-AT Personal Computer.
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EPA87b

EPAB7C
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APPENDIX A

SOURCE LISTING FOR PATHRAE-EPA CODE



e-v

I

AOE OO0 OO0

alxla]

200

PEI non(rltn ukﬁﬁﬁbﬁﬂoffﬁ§$ﬁnnu ON TIC IEK-AT
p; t 1 FEALAG (A-H.0-2

iC,
CHARACTERAB VNUCL . ZNAME2
COMHON.’ <€ CR/NREC
COHHON/RLKI’ALDIS €(100,10),CANL IE, DILEAC, DOSY(S) DY, D2, NH, NHY
£,00100,10),AVERT(100) , T(18) TTIHE!S) ;vA, UNOCL (5>,
utnfu UuLAﬂL(lO’,AAdb.,L..LD(léO) iLL(100), XL, Xk (100)

XUV, YW, 2R

ronnou':Lv~/acn AbL, AMIN, AKHO, B1V(100) , BURN, CUMDOS (10) , DIECON
pIFCov,DiEw.DOSE(Y, 100} ,DSTACK . EGANNAC100) , EPY, FEXT, EEIRE,

£G.EIZInv, CTX, EWIND, HL IEE(100) , HSTACK lnsnﬁr ItL(?) IFLAG,

IGARMA, INFRNT | 10PT, ISTAB, T1UP, JVFAC, JUE(10) N60°£ nxao NP,

ik NPNL10) , P A P, 0H, RER, RIO, R fio L

RAO Nt S1 N, s R,SS
TBEG, TCON f én hoF i ﬁ ioo P
vOLAiLtlob) vsiacx OUlun iALE xcf xn XKD(IOO) x[c

XNAHE2(100) , XPERC, XPOR, Xk , XRECEF , XRODT, xw, XWT ) XXH0(100)
COMMON/DLK3/ IEILL
BINERE TON ALLT(160) , RVERTI(100)
COMPUTER SPECIEIC T0 PAECO SYSTEM TO CATCH ’”ERO' ERRORS
CALL Enkssr(c...rnuz. .FALSE., .FALSE. ,.FALSE.,50)
EALSE.Q.EALSE. .rnua.,50)

" ww e

”I'l‘-.l..v.’

CALL ERRSE 73 .TRUE.
OPEN(UMIT=0,FILE=/ ouTPOT. FIL ,8TATUS=" REW
CALL ZERO

CALL SUBROUTINE WHICH READS INPUT
CALL. KFAD(XLLI,RVEKII)
CALCULATE TOTAL EQUIVALENT UPTAKE EACTORS

IECIUP .NE. 0) CALL UPTAKE

CALL SUBKOUTINE WHICH FRINTS INPUT SUMNARY
CALL PRINY(XLL1,RVEKTD)

IF( (FLAG.EQ.1) GO T0 200

DO 100 K=1,NLOSE

IE(Q(K, 1), ;o 102) 50 10 100

D0 50

aRG=XLD(K5£I(H)

xr(Anc LL 85.) 0CK.M)=0(K,1)ADEXF(-ARG)
CONTINGE

CALL SUBROUTINE TO DO BATFHAN CALCULATIONS

IECIFLAG.EQ.0) CALL BATHAN

DISY=DY

D0 JO0 K=1.NNP

KK=i .

DY=DISY

IE(NPN(K).EQ.1) CALL KIVER
IE(NPN(K) .EQ.2) CALL WELL
IE(NPN(K) .EQ.3) CALL PATH38(3)
IE(NPN(K) .EQ.4) CALL PATH3I8(4)
IE(HPN(K).EQ.5) CALL PATH38(S)
IF(NPN(K) .EQ.6) CALL PATH38(6)



€Y

[x1xTd

IL(NPN(K) .EQ.7) CALL rarnsa(7)'
{ENPNGLEQLD) CALL PATHIE(E)
lf(nggfn):s :?5) CALL PA¥H3 (10

CONT INUE
TEC10PT.NE.0) 60 T0 1000

WRITE(6.10) ‘DO
10_FORMAY(TH1, * ROTEEAAARA CUHULAIIVE T0TAL ‘,AS,’ PER YEAR EOR ’,

2 ‘GIVEN CINES AMMAAARAAA® /.

WRTTE(G.20) NP (CUNIIOS (M) , H=1 ,NTINE)

WRITE(S,11) ~RisKs”
© WRITE(6.20) NP, (CUMDOS(M)A2.BE-4,H=1, NTINE)
11 FORMAT(7// ¢ ARAAAAAAAA CUMULATIVE TOTAL *,AS,’ PER YEAR FOR *,

GIVEN TIHES AAAAAARRAA’ ,//)

19 P RMAT(1X, I2,1X,AB,11(1PE1G.2))
20 ronnar(4x 13,9%,1P10£10.2)

" PRINT IHVENTORY

1VR=0
unxtL(s 31)_(T(N),H=) NTINE)
N sonnar( I ,BX, ‘NUCLIDE HALELIEE AND INVENTORY (CD) *,
"ASS NO: TRANSPORT ERON THE EACILITY'.///,
i T AN TR N TOET0 00
22 rr(lvn LGT. o) WRITE(G, 335 (rcn) H=1 N
33 EORMAT(1M1,BX, ‘NUCLIDE MALELIEE AND invznro RY (CD) ¢
hgqsxurnﬁ T sachtrv'.///, PCTINE IN YR) HALELIFE’,

t
l;g(g(‘)g K=1.NDOSE
=00 coﬁkllé(ﬁ.l‘)) K, XNMEZ(K) HLIEE(K) . (Q(K, M) ,M=1,NTIME)
IECIVR .GI. 0) GO TO 508
M=2,NIINE

l-'_:o
P

LL T(H)
505 %’K I{)=0(K H)ADEXP(-ARG)

GO 10 32 .
508 DO 510 (CHECK=1,5
IE(DO?‘&(:ILHECK) .E0. 0. ) ITIHE( 1cuscx)==o.

510
% _ WRITE SUMMARY sm:s
VRITE(6.3303) WSLARL, (DOSU(1),1=1,5)
- . WRITE(6,3507) (IDINTIITINE(DS,I= i 5)
R IR S 3207) ¢ YMUCL(1) , I=1,5)
2505 ronnar(inl 11('a' ﬂthHUN DOSES & DOMINANT NUCL{DES BY
oy HAME OF RUN’ 3X, 1088, /,12X,  PATHIAY Y ,
37 X, nusr' éx ATHO§ é 6 ,9x canma’ 13X, “WELL? ;13X, r00D’ ,/,
s 8x./anvual “plse 6 9.2}
sonnnr(sx * DORTNANT &uc X,A8,4(9%,A8))
3507 Eonnar(xai *YEAR’ 1%, 1 4(9x %
N(unxg EILEx! é A sinrus-'nsu')
unxrs(a 508) 4 SLABL su! 1,5)
NRITE(3,3506) (UNUCLi

uner(akssog; (lnxur<r:in£(i)) I=1,5)
1000 ELOSECUNIT=e)
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S-¥

£/ OXLIETS) -XLIN33) ) +Q( 35 M)

1060 (F ((XLD(’B) XLD(SQ))

E13456=(E1345~E3456)
1190 C NUE

0(29 H) {((0(34,1)4X
IEBQSGA 77)AXLD(35)+0

PO 0.) 60 0 1070

E13=(DEX J4)AY(Y XP( XLD("B)&T(H)))/(XLD(”B)-XLD(34))
1070 IE ((XLb(. (30)).L .0.) ) 10 1080
E24=(DEXF(- XID(&O)Al(H)) bLXP(-XLb("S)kI(H)))/(XLD("S) -XLD(30))
1080 [EC(XLD(25)-XL0(24)).E0.0.) vt IO
E34= (HEXP (~XLD(20) AT (N) ) - DEXP(-XLD(ZS)AT(H)))I(XLU(ZS)-XLU("S))
1090 [E€C(XLD(23)~-XLD(.}5)) EN.0.) GO (0D 1100
EAS2(HEXP (-XLDL25)AT(H)) *DEXP(-XLD('3)&1(")))/(XLD("3)~XLD(”5))
1100 IEC(XLD(22)-XLD{23)).E0.0.) iU [0 1110
ES62(DEXP(~XLD(23)AT(M) ) ~DEXP(- XLD( 22)AT(H) ) )/ (XLD(22)-XLD(23))
1110 IFC(XLD(25)-XL0(34)).£0.0.) G0 TO 1120
5134=(El3-534)/(XLD(25)~XLB(34)) .
1120 IE(IXLO(23)-XLD(30)).E0.0.) GO TO 1130
245=(E24-E45)/(XLD(23)-XLII(30))
.1130 IE({XLD(23)~-XLD(28)).E0.0,) GO I0 1140
EJ4%=(E34-E45) /7 (XLD(23)-XLD(28))
1140 IF((XLD(”Z)-XLD(ZS)).E0.0;) GO T0 1150
EAY=(EAD-E56) /7 (XLD{22)~XLD(25))
1150 IP((XLD(°3)-XLD(34)).E0.0.) G0 10 1160
E1345=(L134-E345)/¢(XLD(23)-XLD(34))
1160 [(E((XLD(22)-XLD(30)).E0.0.) GO .I0 1170
E2456=(E245-E456) /(XLD{22)-XLD(30})
1170 IE((XLD(22)-XLD(28)).E0.0.) GO T0 1180
E3456=(E345-E456)/ (XLD(22)-XLD(28))
1180 IP((XLD("Z)-XLD(34));§O.3 ) GO T0 1190

)
XLD(22)-X1.D(34))
(28)

LD(2B)AEL3456A. 77+0¢30, 1) AE2456A,72+0(28, 1) &
(23, l)*E456)*XLD(23)+0(23 1DAES6IAXLD(22)+

2.4)
0("3 M) ={(Q(34, l)AXLD(ZB)kEIBQSA 77+0(30, l)ﬁE245k 72+0(28,1)A
$E345k,77) AXLD(25)+0 (25,1 )AE4) AXLD(23) +0(23, K

0(7 ;H 0(34.1)*XLD(26)*E134A 77+0¢30, l)AEid* 72¢0(28,1)AE34

(295) +0(25,

a2, H)=0(34.l)AXLﬁ(20)AEl3fO("8 H)

100 CONTINUE
RETURN

SUBROUT INE MELL
IMPLIC [T REALAY (A-HAO-Z)

CHARACTERA® UNUCL ,XNAM
REALAA
COMMON/XEER/NREC
COHHONIBLYI/AIDlSﬁC(
uxnfu uSLAnL(
xuv, YD, 78

counou/ngilaék Am.ﬁ

EG, F l i
15& n ﬁ
NPN !
rnﬁn TCon ic
voLati(108)
XNAHE2(100) | X
cnnnON/aan /IEILL
TMENS 10N \ EDOSE(10),
tHVT(lOO) NDPKW(50)
CHARACIERAB BLAN

(100

vsf

100,10) ,CANL1E, DILEAC, DOSY(S) , DY, DZ, NM, N
{0y, fverT(100),1(10), TTINELS) 'VA UNOCLtﬁ),

1o$.xadn xL,xLp180),xLL(100), XLE, XkC(100),

ANIN, ARHO, B1Y(100), BURN, CUNDOS(10) , DIECON

oss(é 1oo$ nsrecx éuann&tloo) EPW, FEXT, EEIRE,
IND M 1% nsnﬁr .(7) IFLAG,

& loet i :6 ke i0y: bo

130, NNP,
E o ﬁotkilho éo ST s&olo LL SR, S5,

* ua gr( 6),
PERC, iron xh XRBCEP ikodr xu xur xxnﬁtloo)
IVHD(10) , SUNDOS(10) ,HXDOS (10) , HHT(100),

-o-
mm-




[ginle]

9-v¥

DATA YHXDDS /1040, DO/
DAYA BLAN/’

CALCULATIONS EOK GKOUNDWATER DISCHARGE TO A WELL

bO 3068 K=1,NTIME
SURDUS(K)=0.
10=XLP/VA
TW=XH/VA+XAQD/XWY
IT=T10+I4
XLSAV=XLP
TINOP1=T IHOP
HW=XFEKRCAXI.k/ (XPORAVA)
COREAC=1,
ED=XPERCAXLPAWIDTH
IF(XFERC.LE.O.) EU=UIDIHtXLCAVAﬁXPOR
1E(HW.GI.0,) COREAC=XLC/H
TE(HW.GT.0. .AND . KM, LT, XLC) ED-BD*COREAC
IF%HU .6T.XLC) XLP=XLPACORE
W, GT.XLC) TIMOPI1 = TIHOPkCOREAC

ILFAC
ED-ED*XL AV/VA

XL-LB+0 SAXLP

1£( IVPT.EQ.0) bD IO 3010
IECLOFT.NE.1) G 011
IE(ALD(S.GT.0. ) CALL “"PEAK(2)
IF(ALD1S.GY.0.) GO X0 3500

NIIHE=]

s

IE(I&PI EQ.1) CALL FEAK(2)
IE(10PT.EQ.2) CALL RELEAS(2)

G0 T0 3500
3010 lF(hLDlS GY.0.) CALL DSPERS
RITE(G, 31)

3 rouuar(iun 56X, 'PATHWAY 2,/,52X, ’GROUNDWATER TO WELL'//,
" AkkAARARD Nuétlnt DOSES FOR'GIVEN TIHES akhhkhAr’,/

1031 %g?ﬂhl(bGX. ATHWAY 2~ GKOUNDWATER T0 WELL’)

1.EQ.1) WRITE(6,12)
IECI0PT.NE.1) URIIB(Gill) (l(g)iﬁ=%sNIIHB)

.

FOKHAT(/ "¢ NUCLIDB 11x.'6oss',/)
DO 3015 K=l s

IFCQ(K, 1) .E Bo. G0 10 3015
TU=¥U/UA+X000&(RVERI(K)/XRC(K))IXVU

TT=10+1U

1IECIOPT.EQ.1) X(1)=XRC(K)ATW+DLOGXLL(K)/XLD(K)+1.)/XLL(K)
IECIOPT.EQ.1AND.T{1) .GE.XRC(K)ALT) T(1)=TTAXRC(K)
IE&IOPT «El, l) NDPKW(K)=T(1)

1)=0(K, 1) ABEXP(-XLD(K) AT (1))
yaUTtK,2)




KZ==XLL(K)AXKC(K)ATO

-0 J016 ri=1.NT]1d
IF(ALD(S.5T.0.) 60 10 3333
XX==XLL(K)A(T(M)~XKC(K)ATH)
XY==-XLL(K)ACT (M) -XRC(K)ATT)
IE(XX.GY.05.) X 85.
IF(XY.GT,35,) XY=85.
KY=DEXP(XY) A¢ DEXP(XZ))/XRC(K)
XX=(1,-DEXP(XX))/XRC

ll-
X3 )/%XRC(K)
TFCT (M) . LY. XKC(K)ATH) C(K.H)=0
GE-XRC(KIATW) C(K,M)=XXAD(K,M) AHUNE/ED
TIECT(M) GE.XKC(K)ATT) C(K.M)=XYAQ(K M) AHUNE/ED
3333 IE(C(K ) :.LT,1.D-35.AND.C(K,H) .NE.O.) C(K,M)=1,D-35
0SE(A) =CONSTIACCK. M)
xs(1v1ac £0.1) EDOSE(M)=EDOSE(MIA(L.-VOLATL(K))
SUNDOS (1) =SUHDOS (M) +EDOSE(H)
TE CEDUSE (M) LGT.VAXDOS(M)) IVUND(N)=K
ls(zngsa(n) -GT.VKXDOS(H)) vnxnos«n)-nnosz(n)

UE
‘URITE(G 19) Ky XNAHEZ(K) (EDOSE(M) ,§=1,NTINE)
0(K, 1 )=0SAVE

CONT I NUE
FOKMAT(1X, 13 2X AB, X,ll(lPBlO.a))
DO U( ) 0

(2]
[~
—
-]
[w]

IF(SUH Soh ks Cr.pos (4)) H=K

IE(SUNDOS(K) 61,00 s 41} DOSVA)=SUNDIS (K)
TTIAECA) = T(M)

UNUCLLA)=XNANE2( [UN

. DIN))
IE(UOSY(4) .EQ.0.) YNUCL(4)=BLAN
NP‘NP 1 -

0 3100 M=1,NTIME
3100 cunnosgng;gunnggég>+sunnos<n)
WR1TE(6.20) NISO, (SUMDOS(H) ,H=1,NT IHE)
WRITE(6,32) 'Rlsks
Uerb(G 200 N sunnos«n)az BE-4,M=1,NTINE)
20 ForMAT(1X, 13 9x ix
32 lgkgq!(///.'lktikt& sun os NUCLIDE ’,AS,’ FOR GIVEN TIMES AAAAAA’)
35 taknar(lnn oAAAIAAR DISPERSION CORRECTION FACTOR AMAA#A’ //,5K,
§ ,¥ggLL "Eat 'ugn;xcau FACTOR’,BX,‘HORIZONTAL EACTOR’,8%,

naosn- :

£0.0,) GO g
RITE(S 3&) K xnanng?x?suur(x) HHT(K) , HUT(K) AHHT (K)
74 Eganar(ix 13,5x,8,9%,1P£10.2, 14X, 1PE10.2, 12X, 1PE10.2)

WRITE(6,2401)
xr(xorr.zn.l) unxrz(s 21
21 FORMAT NUCLID *CONC’ X, ‘PEAK TINE’ /
3401 runnAr(lﬁl.' concanrn&rxnk ARRAY .ei 'conceurnaftons IN CI/NAA3')
IE(10PT. E"&gﬁﬁé“‘“ ,11) () M=, Rt in

400 K
IF(Q(K,1) .E0. 0.) GO TO 3400
IECI0vE, EO.1)"WRITE(6, 19)°K, XNANED(K), C(K, 1) (NDPKU(K)
IF(JOPT.NE.1) WRITE(6,19) K XNAME2(K),(C(K,H},M=1 NTINE)
3400 CONTINUE




8-V

3500 XLp=XLSAV

[plelp]

3000
3088

3005

RLIURN

SUFPOUTINE PATH3B(NFATH)

THPLICIT REALAS (A-H,0-2)

CHARACIER#B UNUCL XNAHE2,XN1

REALA4

conﬂou/xtaﬁ/unsc

COrMON/I K1 /ALDIS. C(100,10),CANL1E, DILEAC, DOSV(S) , DY, DZ, NH, NHY
NMZ,NTINE,0(100,10), RVEKT(100),T(10), TTIHE(S) ;va UNOCL(S),
uxstquugkkantnoi xalp, XL, xLD(180),xLL(100), XL, xkC(100),

COMMON/BLK3/ACK , ADL , AHIN, ARHO , BIV(100) , BURN, CUSDOS( 10) , DIECON
pIECOv, DIEV, DOSE(3, 100} nsrncx £GAMMA(100) , EPU, FEXT, EEIRE,
EG,FIXINV, FIX, FWIND HLIFEC100) , HSTACK , IDSRPT, IEL(7) | IELAG,
1GAKHA, INPRNT | 10PT, 15TAB, TUP IOFAC Juk(10) nﬁosz 150, N
P ,NPN(10) , PLANT,P0,QH, RER, RO, RUNE, S TNV, sﬁo srtLL. SR ss,
1BEG tcur, ténn)T ﬁ inb wl, uBRUT( 100

AiL(l ) .v i Ou xcf XH xxnllo ) £

100 ,X i i 8EF, kROOT, X XXH 6(

DIHENSION nnxccs«e 3) EDbSL(lb) ivnntloi sunan(io) Onxnos

CHARACTERAB B

02}2 stggss ALO! IG/] 02,2.303,0.9100/

DATA BRIGG°/0 2oono. o 12000, 0.080D0, 0.060D0, 0.030L0, 0.016D0,
t 0000, 0.00000, 2.000-4, 1,500-3, 3.000-4, 3. ooo 4,
t o ooouo 0.00000, -0.5000, -0.5000, -1.0000, -1.0000/

DATA VHX00S /1040.Db/

IE( 10PT.NE.0) GO 10 9000
IE(NPATH.E0.3) 6O 10 2000
IE(NFAYH.EG-4) GO 0 3000
IE(NPATH.EQ.S) GO 10 4000
IE(NPATH.EQ.6) GO TO 4000
IE(NPATH.E0.7) GO TO 5000
IE(NPATH.EQ.8) GO TO 6000
IE(NPATH.EQ.9) GO 10 7000
IE(NPATH.EQ.10) GO YO 8000

CALCULATIONS EOK EKOSION T BATHIUB PATHWAYS

FD3TWV/ (XLPAWIDTHAXWT)
DO 3088 K=1,NTIHE
%UH?OS(K)=O.

TZ1=XCI/XALE
TZ2x=TZ1 4 XNT/XALE
Ezss(xut+5cr)/(xPERC/xpoa«xALs)

3

IF(NPATH .EQ. 3) WRITE(6,300%)
%E&HK?%?ui‘gax‘?p2¥§£§“ 13006) 7%, ‘ERQSION’ , //
s’ &w&mew&sﬁa:ﬁurugduhnun

el .17 1 [ .

13003 EORH&I(SSX.

13006 PORHRT(S&X

3006

3008
11

FORNATC1HL ssx 'parnuav 4' / 54x *BATHTUB EFFECT’,/
Ahak uuétxna nosssagdarﬁxvéu (LIHES AkkdkAik ,/5

Er 0 AND.NPATH E0.3) GRIFE(6.3008) SPILL

roanar(' DOSE AT YEAR 1 IS DUE"TO0 SPILLAGE ERACTION OF ’,1PE9.2)
WRITE(6.11) (T(H) (H=1 NTIHE)

FORHAT(//,° NOCLIDESETRE *,10F10.0)




6~V

C
¢

ConGYL= .OOI£ED/RER
DO 3015 K=1

0SE
TECQ(K, 1) rd o ) 6O T0.3015
UPTK=UY (K

xt(urnru .hﬂ. 4) UPTK=UT (K, 4)

IF(SPILL .GT. 0.) UPTK=UT(K,S

c0ﬂ41 =urrx«noss¢1 K) ACONST i
PATH.EQ.3) KO 10

IF(N 3010
XALEl= XPERC/(XKD(K)A 001ARHO+XPOR)
EFE=XALE1/ UT
3010 1) 3016 M=1,NTINE
IF(NPAIH Eﬂ 4) EO=D£XP(-XALEI&(I(H)‘IZB)/XHI)
IE=XCTC - XAL AT ()

EDOCE(M)=) . E12A0(K H)AFbACONSt"APO
C(K,M)=0(K, H)ACEAYD/RERAF
e o S DA CAE CEDOSE ()AL . -VOLATL(K))
IF (IVEAC.E0.1) C(K,M)=C(K M)A(1.~UOLATL(K))
xrcnggru JE0.3 .Aug. xs.se.g.) znosn(u)-o.
IE(NPATH.EQ.4 .AND. T(N).LE. rzn) tnoSE(n)so.
IE(NPATH.EQ.A .AND. T(M).LE.TZ3) C(K,H)=0,
TE(TE.LT.~XNT) kBOSE‘H)=
TE(TELT.-XUD) C(KH
IE(H. srxtn.tn o.) 0 10 3014
xs(nrnru en o 50 10 3014
EDOSE(1)= l.Elen(K.l)ACDNSI2£SPILL/
£ (EDACLO-ARUNEAXKD 001 ARMO+XPOR)
C(K,1)=0(K,1)4 D/RER*SPILL/(EDk(lo ARUNESXKD(K) . lkRHOfXPOR))
IF(IVEAC' .ED. 1) EDUSECT)SEDOSE( DYACL VOLATLC
IEC IVEAC.EQ.1) C(K,1)=C(K,1)A(1.~VOLATL{K))
‘"‘%?36’;‘ }=SUNDOS (M3 +£DGSE M)

RITE(6. l9) K, XNANE2(K) , (EDOSE(H) ,H=1,NT INE)

NT INUE
19 FOKMAT(1X.I3,2%,A8,2X,11¢1PE10.2)
2 SgRHRI{AX,Ia yax1tlirt10.2))

30 L
3100 cunon nsscbnnun«n).nunnnn«u)
URIT (6 20) NI°0k§SUHbOS(H),H=l »NIINE)

WRITE(G, 32)
URITE(G, 2 (SUNDOS (M) A2, 8E-7, H=1, NT THE)
32 tg¥¥2¥é/46 '****lA* SUM OF MUELIDE '.AS son GIVEN TIMES AAAAAR’)
28 sonnar<///.' kklktﬁk EROS10N ot unsrs STARTS AFTER Elo 1.' YEARS
t OND ENDS AETER WASIE IS L aDED IN /,E10.1,¢ YEARS
TECNPATHOEG ) URTIECE, J1105 T2y
lomm%manMWmmnnm'mm

ualra 6,3401)
MATC1HL, ’ CONCENTRATION ARRAY’,8X, ‘CONCENTRATIONS IN CI/MAA3‘)
mxtzce 11$ (T(M),M=1,NT IME)

3400 K=1,NDOSE’

TR 1) 68 00) WRITE(6,19) K,XNAME2(K),(C(K,M),M=1,NTINE)
3400 CONTINUE ' ' e

N
GO 10 9000

CAIL.CULAYIONS FOR FOOD % BlOINTRﬁSION PATHWAYS
4000 EFl=TWV/(XLPANIDTIHAXVT)

3401

8:




o1-v

DﬂSU(S)SO.
40688 K=] (NT1HE
4081 SUH00 (K)=0
IE( NFATH .}0. 5) WRITE(6,4003)
IE ANPATH .EU. &) NRITE(G, 4006
4005 FORNAT(1H1,56X, ' PATHWAY 's7 ./ »32X, E00D GKOWN ON SIIE'.//
t’AhAkAAAAR NUleDE DOSES Ebk GIVEN TIMES *kk*hk*k'. )
14005 FORHAT(SGX, 'PATHUAY 5 GROUN ON SITE’)
4006 EDkHAT(lHl;SBXé'PATHUAY 6 / S1X, 'NATURAL BIDINTRUSION‘,//,

¢ LIDE noses EORGIVEN TIMES Kikkkkkk’ /
14006 roanar«ssx HUAY 6 " NATUKAL BIOINTRUSION’)
11} (r(n) H=1,NTIHE)
con tx-xur

1E(¢3,~XCT .LT. XWI) CONSYI1=3.-XCT
EN=CONST1/{ (ALOT/AHOUSE -1.)ATG)
IE(XCY.GT.3.) FN=0.
EN=EN+4,6E-6AXWT
CONSII!ED*!G/(IUV*RHO)
TIE(NPATH.EQ.5) GD I0 4010
En=1,- C /XROOT
IE(XKOOT .GI. XCT+XWT) EH'XUT/XROOI
IE(XROOT .LE, XCT) EH=

4010 ?0 4015 K=l N 05

E(Q(K,1) ) GO 1
CONSI°=DOSE(1 K)kUI(K B)hCDNSTl
DO 4016 M=) HE
EDOSE(H)=1, ‘12*0(K H)AEMACONST2

IECIVEAC.EN.1) EBOSE(M)=EDOSE(H)A(L,-VOLATL(K))
SUHDOS(H)'SUNBOS(H)*EDOSE(H)

4016 CO
xuanaz(x) <£nosa<n),n-1 NTINE)
).GE.D0SV(5)) "KKN

NT INUE
WR1TE(G,.19) K
IF(EDOSE (2

xstsnosa<2).sr nnsv<5)) nosv(S)-enoss(z)
4015 CONTINUE

Itlﬂk(?)tt(")

NP=NP+
D0 4100 M=1,NIIHE
4100 cunooa(n)-cunn05(u)+suun09(u)
WRITE(G,32) ‘LOSES’
WRITE(G, 20) Nxso (SUNDOS (M) , H=1,NTIHE)
WRITE(G,32) ’RISKS’
UerE(G..O) N150, (SUHDOS (M) %2.8E-7 ,H=1,NT IHE)
DOSY(5)=5UNDOS(2}
UNUCL (5)=XNAME2 (KKN
lscnosvcsx.uo.o.) 0NUCL(5)=BLAN

WRITE(G,4300) ED
4300‘Pg§N%§(II.' FRACTIONAL MIXING OF WASIE IN SOIL IN TRENCH IS ‘.,

WKITE(G,4301) EG
aaol‘sog??z<' Euacxlon OF EOOD CONSUMED WHICH 1S GROWN AT THE WASTE *,

Is_/,F6.3)
IE(NPATH .£0. 9)"WRiYE(6,4303) F
4303‘E0gghf(' ERACTIONAL MIXING OF IRENCH KHATER IAL IN SURFACE SOIL 1S *

3) .
60 10 9000
% CALCULATIONS EOR DIRECT GANNA EXPOSURE

3000 DO 5088 K=1,NTIME
5088 SUMDOS(K)=0.




1i-v

5090

15090 EO%HAT(SGX.

c

5100

5110 €

s12

:
5120

5122

5010

Wk1TE(6,5090)

:ovunr«;ul X, ‘LATHUAY  7¢,/,99X, ‘DIRECT GAM
Ak uttfns BOSES fbn'sxvtg TINES Ax Akhﬁlh',/)

ECT GANr

RITE(6,11) (T(H) H’l NTIHE) :

T21=XCT/XALE

CONST!—B.?BEIS/AN '

CDNSTZ=2.AXLPAUIDTHI(EEXTkAHIN)

IE( IGAMMA.NE.1) GO 10 5100

T1=(XROOT-XCT-XUT)/(PLANT/RHO-XALE)

T2=(XRDOT-XCT)/ (PLANT/RHO-XALE)

IE(T1.LT.0.) T1=0.

IF(!-.LI.O.) 12=0.

G0 10 5110

IE(IGAHHA NE 2) 60 10 511
EM=(J.~XCT) /(( thf/ﬂHOUbh-l YAIG)

IE(XCT.GT.3.) EM=0.

EM=EN+4 ., 6E-GAXNT

cﬁusraslnxrsftamor-arousa:/(xnpku1utugxur)
CONTINUE

DO 5015 K=1,NDOSE

TE(Q(1 1) £d.0. o OR LGAHHA( L£0.0.) GO T0 5015

IECXXNO(KD .LES 0.) 0511

consrs:xxnu«x;axur

EXPO=0. . ‘
TIE(CUNSTII.LE.85.) EXPO=DEXP(-CONSTI)

:CONSTS=CON513/(I ++1.32934/EGAMNACK) - (1. +CONSTIARL . 5/EGAMNA(K) )

EXPO)

1F( IGAMMA.NE.1) GO TO 51*0

CONSIS=PLANTABIV(K)/(XHTAR _

GUNDRY=Q(K ., 1 JADEXP(~ (ancx)+cousrsaxur/xnoor)*r1

QUNDR2=QUNDRLADEXP (=( XLD(K ) +CONSTSA(1.=XCT/XROOT) YA (T2-T1)+CONSTSA
PLANT/RHO =YALE)A(T2AT2-T1AT1)/(2,AXR00T))

DO 5016 M=1,NTINE

IE ¢ 1GAMNA. né 0) GO 10 5010

IF(XXHU(K) .GT. 0.) GO 10 5122

PQR=1,
Eﬂ=$6K§H}kEGAHHA(K)ABOSE(S »KIAEEXY/ (XLPAWIDTHAXWT)

RO=CONST1AQ(K H)ADOSE(3,K) -
THU'XXHU(K)k(XC!-XALEAItH))
IE(TNU.LI.O.)
IE(INU.GT.80.) IMU=ES,

BU=1.+THUARL . S/EGAMNA(K)

IE(EGAMMA(K) - LT. 0. 25) au:1.+z.aznu
nu-gg*n EXP(-INU)

IE¢ 1.) BUsl,
-P0=CUN312*CON513/BU

G0 10 S0l
IF(!GAHHA.NE 1) GO 10 5012 °

IECT (M) LE. T1) GUNDR*G(K.I)ABEXP(-(XLB(K)+CONSfSkXUT/XROOT)kT(N))
IF(T1.LT. I(H) AND.T(M),LT.T2) QUNDR=QUNDRIADEXP(-(XLD(K)+CONSTSA

l(l.-XCT/XRﬂOf))k(T(H)-Tl)OCONSISA(PLANT/RHO-XALE)A(I(H)*T(H)
&-!lkfl)l( A lﬂOI )

1E(T(M).GE.12) NDR=OUNDRZADEXP C-KLD(K)ACT()-12))

ASURERiN 1)Ansxr(-an(x)ar(n))-uu
&s*cx.-nuo*xALzlpzaur)

E(QSURF.L1.0.) QSURE=0.

IFCXXHU(K) .Gt. 0.) 6o 10 5011




rAS |

5011

5012

5013

5014

5016
3013

5200

Po=1,
R0=0 UklAFGAHHA(K)AUOSE’J K)AEEXT/ (XLFAWLLTHAXWT)

GO 10 5014

ROUNDR-LGNSTlkﬂUNDRADOSE(G K)

RASURE=CONST1AQSUREADUSE(3, K

THU!XXNU(K)h(PLhNI/RHD-XALé)kT(H)

EXPO=DEXP(-T

IE (THU.GT.35. ) BXPO-O.

PASURE=1.D35

IF (THU.GT.0.) POSURE=CONSI“*IHU/(1 +1.32934/EGANHA(K) - (1, +THUAK
tl. :/Ehhhﬂﬁ( ))*EXP
THU=THU*XXHU(K) AX

IE(THU.LT. 0 ) IHU=0.
IF(IMU.GT.83.) THU=85.
BU=1.+THUAAL, S/EGAHHA

IE(EGAKHA(K) .LT. 0.25) BU‘l +2.ATHY
BU=BUADEXP(=THU)

IE(BU .GT. 1.) bus=l,
PQUNDR*CONSIZAFUNSI3/BU
RA=KQUNDR+RASUR
PO‘ROI(ROUNDR/PGUNDR*RDSURE/POSURE)
GO 10 S014

II‘XX?U(K) «GT. 0.) GO T0 5013 -

Rg—O(KigisLGAHHA(K)kDDSh(S +KYAEEXTAEN/ (XLPAWIDTHAXWT)

G0 10
OSURE-G(K.H)&CONSTQ
QUNOR=Q(K ,4) -QSURE
OSURE=OSU§Fi(l.-Xth*I(ﬂ)/IG)
IE(QSURE.LT.0.) QSURE=0.
ROSURE= ONSIIiOSUthDOSE(B K)
ROQUNDR=CONST1AQUNDRADOSE (3,K)
THU=XXHU(K)*(IG~XALE*I(H))

EXPQ=0

IF (DABS( THY) .LE.85.) EXPO=DEXP(-THU)

PQSURE=1,D39

IF(IHU GY.0.) PGSURE=2.ATHUA(ALOT-AHOUSE)/(EEXTAAHINA(1,+1.32934/
ARNA(K)~(1 . +THUAAL, SIEGAHHA(K))*EXPO))

THU-XXHU(K)&(XCT-XALBAI(

IE(TNU.LT.0.) THU=0

1E(THU.GT.65.) THU=65.

BU=1.4+THUAX] .S/EGAHRA(K)

IE(EGAHMA(K) LT, 0.25) BU=1.+2.ATHU

gg:gghﬁtXP(-T U)

1.) bu=1
PQUNOR=CONST2ACONSTI/BY
RO=ROUNDK+RASURE
PQ-RU/(RGUNbk/PQUNbR'ROSURF/POSUPE)
E0OS E(H)=Rﬂ
IECJVEAC .l) EDOSE(“)*EDOSE(N)k(l.-VOLATL(K))
SUMDOS (H) =SUHDOS (M) »ECOSE (K)
IE(EDOSE(H) .GT.UHXDOS(H) ) IVHD(M)=K
ég(ﬁﬂaaé(ﬂ) -GT.VMXDOS(H) ) VHXDOS(H)=EDOSE(H)
URITE(6.19) K,XNAME2(K), (EDOSE(H),M=1,NTIHE)
CONT INUE
NP=NP+1
B0 5200 H=],NTINE
CUNDOS (M) =CURDOS (M) +SUMDOS (M)
poSvV(3)=0,




E1-v

DO 5210 Ke1,10

§5§§3§“u§§5;'3¥‘33§33333 EEQV(J) SUNDOS(K)
2 LT, ) s

5210 CONTINIE

TTINE(T) = T(M)

UNUCL (3) =XNAME2( [VHD(M) )

TEDOSVI3) £0.0.) UNUCL(2)=BLAN
tra(a,a \ *DOSES”

WRITE(6,20) NISO,(SUMDOS(N) H=1,NTINE)

WRITE(6,32) ‘RISKS’

32)
WRITE(6,20) NISO, {SUNDOS(M)A2.8E-7,H=1,NTINE)
IE(IG ANAR.E0.1) $21=XCT/(XALE-PLANT/RHD)
IE(12].GT.0,) WRITE(6,29) TZ1
29 EURHAI(/// AAARARA LROSIQN STOPS AFTFK COVER 15 ALL ERODED IN *,
'Eo idve YEARJ KAAKARA?

C
E CALCULATIONS FOR DUST INHALATION PATHWAY

76000 DO 6088 Kx1.NTINE
60us SUHDOb(K)*O

DOSV(1)=0,
EH=(3 -xcr»x((amorlhuouss-l YATG)
TE(XEE,07.3,)

sgiruqa.sn-sxx

6010 roRnAr({ul ATHVAY 87,/ , 54X, “DUST INHALATION',//,
L’ Ark NuéLlna 10SES EOR'GIVEN TIMES AAkAAAAAY /)

16010 sgnnar(ssx.'vg{")a 8 ng§r INHALATION’)

ggn {;iyaxzﬁsnagﬁnﬁuﬁgasrx/¢xnpxuroruﬁxur*nuo)

1s(o(x£1) sd.o.> 00 10 6015

SE -n(k H)ADO"E(Z K)ACONST1

.lgtlUEAC. £0.1) EDOSE{M)=EDOSE(MIA(1.~VOLATL(K))

su 3<n)=sun005(n)’snoss(n)

6016 CONTINUE

) unxr:te‘19) K XNANE(K) , canosa(u) M=1,NTINE)

IE(EPOSE(1) .51, DOSYC 1) ) KKN=K

cors & IE(;JUbk(l) .GT. DOSV(I)) DOSV(I)'EDOSE(I)
rrrn%({)=r(1)

DO 6100 M=1,NTINE
6100 CUMDOS(H)=CUNDOS (M)-+SUNDOS (M)
WRIYE(6.32) ‘DOSES’
URBEE33) uxso (SUHDO’(H) M=1,NTINE)
WRITE(6,32) *
WRITE(6.20) ML (SUHDOS(H)&Z.BE -7,4=1,NTIHE)
DOSV(1)=SUMDOS (1}
URUCLAL) SANRHES CHIN)
xr«nosvtx» EQ.0. JUNUCL(1)=BLAN

ﬂﬂﬂ

CALCUlAt!ONS FOR RADON INHALATION PATHWAY

7000 b0 7088 K=1, NTIHE
7088 SURDOS(K)’O.
WRITL(6,7010)




vi-v

7oxo mmum 56X, *PAYHUAY  9°,/,53X, ‘RADON INHALATION’,/7,
* AiAkkhArk NUCLIDE DOSES rbre GIVEN [IMES umm',n
17010 FObAAT(an ‘PATHNAY 9 _ RADON INHALATION’)
mm 115 (1), n=1, umu»:

XNl"RN?22

XL&N=2.1D-6

BI=hS URT(XLKN/DIFM)AXUIﬁIOO.

EPLUS=DEXP(B

EH1NUS=) ./ PLUS

IANH*‘LPLU‘-FN]NUS)/(EPLU +EHINUS)
ﬁr=DSORT(XLRN/DIECOU)*XCI*IOO. 4+ DSQRT(XLEN/DIECON)ATCON
EPLUS=DEXP(KT)

LUS
EE=0.SAC(1. +TANH) AEPLUS + (]1.-TANH)AEHINUS)
CgN;g{EG 5544Dg§EPﬂiDSORT(XLRNiDIEU)kIANHAUBR/(XHkACRkTUUkEE)
EDOSE(H)‘CONSTI*O("
. E I AC d.1) EDOgﬁ(H)=EDOSE(H)£(l.’VOLkTL("2))
)=5UNDOS (H) +EDOS SE(H)
7016 CONTI

Nglib!ﬁ «19) K, XN1,(EDOSE(H) ,H=1,NTIHE)
= .

DO 7100 M=) NYINE
2100 cunnoum-ctmoosmwsmmnsm)
umus 32) ‘LOSES’
ce 20) N1S0, (SUKDOSCH) ,H=1,NTIHE)
unue ,32) ‘pIsks*
gsna(go%g) mso (SUNDOS (A2 8E-7 =1 KT THE)

[gln x]

CALLULAI]ONS,POR OFE-S1XE GIHOSPHERIC TRANSPORT

8000 DO 8088 K=1.NTIME
8088 ggnmgw-o. :
SU(

URITE(6
8005 EURHA!(iHl 'PATHUAY 10' / 51X, ‘ATRAOSPHERIC TRANSPORT',//,
? AAAARKAAK FU&LIDE ?OSES OR'GIVEN TINES **k*hk&i’ /)
18003 sgggar(ssxio) THUAY ATHOSPHERIC TRANSPORT’)
8010 FORMAT(/,’ ANNUAL DOSE TO AN INDIVIDUAL DUE 1O OFE-SITE ‘s
t ‘ATHOSPHERIC TRAN3SPORT’)
CONST1=10.AHSTACK
IE(XKECEF .LY. CONSY1) CONS!I=XR£CEP
HEES‘HSIACK + (1.5AVSTACKADSTACK +
b 1.6A( .Ib-b&CDNSTlACONStlkDH)AkO 3333) /Y4 IND
It(ISIAB LE.0) [SIAB=4 °
SIGHAZ=b }gﬁsglafﬁk » LYAXKECEPAC] .4 BRIGGS( 1STAB, 2) AXRECEP ) Ak

1 )
IECXKECEP.LE.0. ) CH10=2 /(3. 14159AHEEEAHEFEAVNINDA2.71828)
IF(XRECEP.GT.0.) CHI0=2.032AFWINDADEXP(~0.5A(HEFE/S1GHAZ)AA2.)/
(SIGHAZAVW INDAXRECEP)

& Gl
ARG=-0.79788AEEIRE/ (VW INDABRIGGSE 1STAB, 1))
gF(XUE%C «EQ.0. ,AND. XRECEP.GI.O. FPIRé=XRECEPikARG

IECIVEAC .EQ. 0) UENOHsXLPAWIDTHA(XWI+XCT)
CONgglleEIZABURNAEEIRE&CNIOAUBRIDENOH

15 K=1.NDOSE
IECQ(K,1).£0.0.) GO T0 8015

.o
L=
x
]
S
m
-~ 5




ST-v

ARG=1,
EDOSEL ) b=Dir a1 0n Sﬁg‘k’i’k%h‘msm K
unnos«f) é‘ﬂgo ? E
WRITE(6,19) K xuansz(x) EDOSE(I)
xE(sPosétl) LE.D0SV(2)) 60 T0 8015
005V (2) =EDOSEC] )
8015 CONTINUE
TTINECZ)=T(1)
NP=NP+1

=N
DO 0100 M=1.NTINE
8100 CUMDUS(M)=CUMDNS (M) *SUMDOS(M)
WRITE(6,32) ‘DOSES’
WRITE(6,20) NISO, SUMDOS(1)
WRITE(6,32) ‘RISKS’
untxs(s 2o) ntso sunnOS(l)A ,BE-7
IF(XRECEP sr unxrsta,allo) xnscsr CHIO
Bllo‘POREa'}él, nca £2.1

I
/,1PE9.2 c / HAAZ rsn ci/sn
IE(XRECEP .LE. 0.) uni 8120) CHIO
8120 tounarc// *"CHI/0 1S * lPLé.h, CI/HAA3 FER CI/SEC’.//)
DOSY(2)=5(MDas(1)
vnucmtz)axnnntz(xru)
xsmgg (2).E0.0.) YNUCL(2)=BLAN

nnrens',/,

—-v

END .
¢ PE1 2ERD SﬂggggthE‘ INITIAL12ES AIL COMMOMN BLOCK VARIABLES

SUBRNUT INE

IMPLIC1Y KEALAS (A-H,0-2)

CHthC!ERkG RUCL ID, VNUCL , XNAME2
EALA4 C,0,UT

connou/anl/ALnxs €(100,10) CANLIE DILEAC,DOSY(S) DY, DZ, MM, NHY
(100,107, RVERT(180),T(10), TTIHELS) Jva unlcL(S),
gnguayskAnL(noS,xnbn xL,antlbo),XLicxoo) xLb,xkc(100),

), Y, Z
COMMON/ ntx‘/nék ADL , AMIN, ARHO  BIV(100) , BURN, CUHDOS(10) , DIECON
'DIFCov, DiEw, DosE(3, 1005 DSTALK, kﬁAnnA(loo) EPW, FEXT, EEIRE,
, sc,slxlnv six. wb. m.1te(1 pSrPT, 1EL(7 { FLAG,
GRNMA, INP R I xbmc SieEaey nﬁnss NIS ,NNP,
NP, NPH{10) PLANt P6 04, RER Rﬁo,nuné SIN, sﬁo spilL,SR,
86, TCON, FCUT t1fiop, § 1o usn 1(100,6),
uuLaintxob) i Gurn fmn-:n i KbL1g 00),XLC
XNAMEZ(100) xrznc,ipon xh 6: xu ) 4 xxnﬁ(loo>
CONNON/BLRA/ TETLL
COMMON/UPTAK/BDENS, BR, cntl COP1,COCHIL cnsxsu COGMT1 COMEAT cuar,
DECA,EE,E1,F IS ENC,ENG, EP, ES, Iy fnnnts» KK, NucLID
B, dCu,aFE as& sb b kL t ,TH R 5

t

£

t TR’ Tanhy T8 ucnle usisn GGAILK uns&sv,unear OPRED. u&ar.
t WIRATE, XakBWE,Y1,Y2

Ropepe

x

FORGRG RS R NE RS

—-.a

- €
C COMMON BLK]

po_10 l*l‘loo .

0 CONTINUE
! 88 0 1=1,10




00 30 J=1,100

30 CUNTI
I(

20 CONTINUE
00 ¢0 121,5
D5v(I)=0,
ITlHE(l)*O
VNUCL( I)=’

40 CONTINUE

c CUHNON BLK2
DD 100 I=1,100

V(1)=0;
EGANMAL 170
HLIEEC1)=0,
VOLATL(1)=0.
XKO(1)=0,
XXHU())=0,
XNAHE2(1)a¢
B0 110 J=1,3
1 b0sE(J, 15,

110 CONTINU

120 courxn E
100 CONTINUE
o 130 I=1,1
cunnns¢1!-o.
JUE(1)=0
NPNC1)=0
130 con;zgug .
=1,
IEL(I)S%
c 140 CONTINUE
% COHHON UPTAK

DO 200 1=1,5
INTAKECI3=0
¢ 200 CONTINUE

REIURN

REX .
SUBRGUTINE

IMPLICIT aeatas (A=H,0-2)
CHARACTERAS VNUCL ,XNRHEZ
REALA4 C,0,UT,NDPKR
CORHON/XFER/NBEC

Con0 N/BLKI/ALDISGC(looilO)kCANLIE DILEAC,DOSV(S) DY, DZ, N, NHY

91-v

) VERT(100),T(10), TTIHELS) VA UNOCL(S)
i xsgiu ugg&nL(xoS xabn xL,xLD¢180),xLL(100), xLﬁ ﬁc«xoo: '
conuou/alxélaéu ADLANIN, AKHO (BU(100), BURN cunnus<1o) DIECON
t n piew,B0SE(3, 1008, DSTACK, EGAHMA(100) , EPW, FEXT, EEIRE,
i cAnn ia ﬁsix Egg;ﬁig%ggﬁtIOO)OHSIACKPIDSRﬁIﬁggL(7)§IELAG,
H NP, Npu!xO) PLAur,pO tn nﬁo nuut SINY, sﬁo 1LL SR,S:




L1-y

2
3

2011

2010
) |
1031

PO

1
1

TBEG, TCOM, TC YEND TIMOP

vULnf [ 10b) VAEACK OuIND iaf"°”f’¥ﬂ gggzurtxoots).
5 0) s XPERC , KPOR, XR, X KECES ,kro0T, X, XuT, *khtc100)
dcommon/BtRasT

g%ﬂ%ﬂSION kbﬂSk'lO).SUHBOS(lO),HHT(IOO).HVT(IOO),NDPKR(SO)
= . ! .

CALLULATIONS EOR GKOUNDWATER LISCHARGE TO A RIVER

b0 2088 K=1 ,NTIME
SUNDUS(K) =0,
TO=XLE/VA
TR'XR/VA’XAOD/XVV
1T2T0¢
E?:XIPARPR/VA

FAC=RE
Zb=XR
XL=2B40. YAXLP
1IM0P1=TINOP
IEC10PT.£0.0) GO 10 2010
IE(IOPL.NE.]1) GO T
IE(ALDIS.GT.0.) CALL PEAK(I)
l;%ALle .GI.0.) GO 10 2500

GO TONGOIO
?E(IOPI.EO. 2) CALL RELEAS(1)
GO T0 2500
IE(AIBIS GT 0.) CALL DSPEXS

lORHAT(f"l 1388 'raruvar 1/,/,51X, ‘GROUNDVATER 10 BIVER",//,
“AkAA NUSLI rOR"GIVEN TIMES Akkk&*kh o/
‘°R?““52x'{§“£22§§ 1 cnounnuarza 10 RIVER’)
FCI0PTNE. 1) unxrs«s il) (rcn) =] NTINE)
DRNAT(7, ¢ NUCLIDE/T tine” 7 10el0 oS
FOKMAT(/, ¢ NUCLIDE,11 x, L o/
DO 2015 k=1,NDOSE
IE(Q¢K,1).E0.0.) GO 20 2015
rgsggibnoxnoo*(avenrtx)/xac(x))/xvv
-3
CONST1=1,E9ADOSE( 1, K)AUT(K, ]
xtttorr.sa.l) r(l)=XRC(K)kfRfDLDG( L )
F(I0PT.E 7(1).GE, TTAXRC(K)) T(1)=1
xs«xorx Eﬂ.l) unrxn(x)—rcx)

AVE=0(K
10PT. tn.l) 0K, 1)=0(K, l)&DEXP(-XLD(K)&T(l))
1E(ALD(5.Gt.0.) GOTO 13
UUV=XLU(K)kRVERr(K)

UUH=XLD(K) AXRC
HVT )=HUNh(uuu xnon XVV)

{ lD(K)*l )/XLL(K)

~
"I'J

(K
~ nnttx)anunstuunlxm K1)}

13¢C

HUNE*HVI(K)AHHI
ONTINUE

XZ"XLL(K)tXRC(K)ATD
IE(XZ.LT.-85, s-83.

DO 2016 H=1,NYINE

IE(ALDIS 6?.0.) GD I0 2222

XX==XLL(K)A(T(M)=XKC(K)ATR)
XYa=XLL(K)A(T(H)~XRC(K)AXY)




8-y

IE(XX.GY.CY.) XX=§5.
(E(XY.GT.85.) XY=85.
XY=DEXF (XY)A(L. -nLXP(XZ))IXRC(K)
XX=(1.-DEXP (XX} )/XRC(K)
TECT(H) LT XKC(KIATK) C(K,H)=0.
IECT(H) .GE.XRC(K)ATR) C(K,H)=XXAU(K,H)AHUNE/ED
TECT(H). cz xnc«x)atr) c«x *H)=XYAQCK ) M) AHUNE /ED
2222 IF(C(K,H).LT.1.0-35.aND.CIK, M) .HE.0.) C(K,H)=1.D-35
nusa«h»-cousrxac« .n
If()V AL Ei.1) kUOSP(H)SEnUJk(H)k(l. -VOLATL(K))
SUKBNS (MY =SUKBU' (M) +1DOSE
c2016 {5;%”“5*‘“’ .Lr. 0.) anx(u nxsaultx H)-ELOSE(N)
uRItn(G §9)£¥ XNAHF“(K) , CEDUSE(H) ,H=1,NT IHE)

2015 c i
19 Egknat{xx.xa. 2X,A8,2X,11(1FE10.2))

NP+
D0 2100 H
2100 cqug((n)sgonnéség)»sunnOS(n)
unx;tgg 50) ulso (SUHBOS(N).NII,NIIHE)
unxtn(sizﬁf uxso (SUHDOS(H)&Z BE-7,H=1,NTINE)
20 EORMAT(4X, [3,9X, [ L(1PE10.2)
32 rganar(/// 'la*X*** Sud OF NUCLIDE ?,A5,” EOR GIVEN TIHES AkihAk’)

u
K~ Iﬁkﬂﬁt()//.’h&*&kt* DISPEKSION CORKECTION FACTOR ArAAXA’,//,5X,
’NUCLIDE“68X§'UERIICAL EACTOR’ ,8X, ‘HORIZONTAL EACTOR’ ,Bk

b ‘T0TAL
DO 36 K=1,NDOSE’
IECO(K l).E0.0.

) GOT0
WRITE(E,37) K xnausz«x) HYT(K) JHHT(K) ,HUT(K) AHHT (K)
2 Eggnar(ix 13,5x,48,9X xﬁzxo.z,ltx,lrslo.z,xzx.lralo.z)

URI E(6,2401)
IECIOPT.EQ.1) WRITE (6,21
IE(I0PT.NE.1) URI!E(G il) (I(N) H= , TIHE)

21 FORMAT(/,’  NUCLI *CONC! 14K “PEAK TIHE
2401 ronnar(/}/ oucsnxx&xxoﬁ ARRAY k.'cunc nnixous IN CI/HkA3’)
0 24 NDOSE
E( sb. .) GO 10 2400
19(10?%.:0.{) WRIT a(s.{g) K, XNAKE2(K) ,C(K, 1) (NDFKR(K)
IECIOPT.NE.1) WRITE(6,19) KXNAME2(K);(C(K,H},H=1,NTIHE)
2400 CONT INUE
2500 asgunu .
SUBKOUT INE rnxur(xnnx KVERY1)
IMPLICIT REALAS (A-H,0-2)

cuanacrsnhe VNUCL xu&u

REALX4 C

co sth/ALnxs €(100, 103, CANLIE,, DILEAC, DOSV(5) nr,nz NH
¢ £,0(100,10) iaruh)nw Trinel
; g usn&nLtloS Ao, XL, xLD(180) xLL

comumx.xmcﬁ”am. ANIN,AKHO BW(IOO) BURN cunnosuo) DIECON

t DIE plew, bose(3, 1003, Dsrack, Ecannd (100 ésxr srine,
t G EIINY. rix, B AND UL TEEC100 HOTaEK lnsnbr SeLer

g GANM INBRNT JuE(10),ND

IFLAG
OPT, RoTAB. 1UB. TUEAL OSE RILD b
memWPO tmahmMManm'

§£§ g bﬁﬁ{S),




6I-v

t TREG, TCON, TCUT, TEND, T IHOP, T (HOP1 , TWV, UBR, ur(loo 6)
i VOLAfL(loby vstack, UuIND, XaLE, XCt, XH. X¥D{100

nszcxoo; XPEKC , kPOR, Xk, XRECEP, kR0OT, XM, xur XYnﬁ(IOO)
connon1anx3/x
DIMENS ION rrnnenta 10),XLL1(100), RVERTI(IOO)
CHARACTERAD PTHNAM
DATA FYHMAM/‘GKOUNDWA’,’TER TO R’ IVEK

$GROUNDNA’,* TER 1) N°, TELL Jemson ¢, K ‘0 .
£/BATHTUB ‘. *LEEECT +1£QOD ﬁRO’ “WN_ ON s1’, ‘1€ ’
3 NATURAL - »BID (KT’ ] 's:on PO IRECT 157 ) AMMA .

$/DUST INH’ | "ALATION * '/‘RABON lN' ‘HALAYION’ |’ ‘

L'ATHOSPHE J*RIC TRAN' . 'srnnr
ls(lnrknr.ta 0) GO T0°1000
nAr(lHl Akikik%kﬁk Patﬂkhk INPUT SUMMARY  AARAARARAR’)

™ o=

100

107 EQRMA E RESUSITORY (RETERS) ' 31X,F.0)

198 EORRAL(” GIDTN 0P REFOSITORY (NETERS):, 430

109 FORMAT(: HORIZONTAL VELOCITY OF AGU1FER tntrsnsxvn)'.zxx £6.3)
110 FORMAT(’ ’ ROROSITY GF ADUIFER" (ASX FG.2

111 FORMAT(’ nisfance 1 nruza (nsxzns Ak F

112 EORMAT(’ ELOW PATE OF RIVER (CUBIC nérsag/vznn)' 25X, 1PE11.2)
113 FORMAL( DISTANCE T0 WELL o x COORDINATE (narsné) 19x £8.0)
114 sonnar(' HIXING rulcvnsss OF AGUIEER (METERS)’

115 FORMAT(’ DISTANCE TO WELL — Y cooknlnarz (nerRS) .19x £8.0)
116 EORMAT(’ CANISTEK LIFETINE (YEARS)’ 6..0)

121 FORMAT(’ DISTANCE EROM AQUIEER 10 u&sn-: (METERS)*, 23X, F7.1)
122 EQRMAT(" AVERAGE ERTICAL GROUNDVATER VELOCITY (YR, 17%,F10.3)
123 FORMAT(: © DENSITY OF AQUIFER (KG/CUBIC WETER): 25%,£6.0)
121 : bnﬁxrunxnnL nxsransx lrr (H)

Ell,
125 lI‘ORHM(‘ NUMBER OF MESH POINIS EOR DlSPﬁk ﬁN CALCULM'ION'.ISX
127 POPNAT(o * TINE OF OPERATION OF WASTE EACILITY IN YEARS‘,

e ——
£s51i &f'sOIL SATURATTON’ E6. '’ /s
: . rzknzasxtxrr oe vsnrxcam 20n5 Yky?,27x, £7.¢,/.

SOIL NuM
129‘sg§gg{<;)Laranl ux§rzksxon COEEFICIENT -~ Y AXIS (MAA2/YR)’,13,

131 FONMAY(’ COVER THICKNESS OVER WASIE (METERS)’,25X,F10.2)
533 ggggg;g' THICKNESS OF 'WASTE IN PITS (METERS)‘,25X,F10.2)
1¢ THEKE Akl 13,7 1SOTOPES IN THE DOSE sacron anaaav'
$ * THE cuxosﬁ vALUE ron  NUCLIDE HALE LIUES »E7,1 /s
8 - DEEAULT INENTORY VALUE EOR CUTOEE VeLTOES” T8¢ 1959.2. "t
204 FORMATC MY punaeu r!HES Fok caagug?;xon 157,13,7,% YEARS'T0 BE’,

RE ae . /
206 FORHAT(” d /, THERE Aﬁ 3 ISOTOPES IN THE INVENTORY FILE’,/,
* THE vALOE'OF IELAG 1 ,xé NUMBER OF PATHWAYS IS /. I3)
208 roannrtlélzx. PATHUAY .xlx, x?rt ?s USAGE’,/,28X,'FOR UPTAKE *,
(FORIATC { o KLAR" 08" GARRA" PATHUAY orr:ous',aqx,la 7,
38

%6 £ob 5>rnsnxc FaTHUAY-
E nna;i' INVENTORY ﬁ'
FOR 3
220

'Tl-l

0 SCA i

0 !A arluu rousn OF ina ﬁnsrs' 31x 1P£9.2

* "DIEFUSION COEFE. OF RADON IN WASIE (CHAA2/SEC) ,19x E9 2’/,
0

1

DIEFUSION COEEE, OF RN IN CONERETE (CMAAZ/SEC)’:]
5?“{5&9'51" DIEEUSION COEEE, OF RADON IN COVER lcnklz/sac)'
’ [

F

E R 1

> e ww




02-¥

222 FGEHAT( *,/," UECAY CHAIN ELAGS’,19%,714)
22“’°“Ef£é'ggt“6 FOR xvpur aunnanv pkxurbur' 33x113}

K DIRECTION OF TRENCH FILLING',38X
£’ ELAG EOR snounnuarsn pAruuav orrxnns' 28X'1
510 FOKMAT(’ KECEPTOR DISIANCE EOR A ruenic pAruuav (W)’ ,17X,F

511 ronnart' JSTACK usxsur (u)' 48X, F IDE DIAKET ﬁ ’,
t 4 xir (H/S)' 4ox )
1; gggﬁhr(' ﬁa&r EhISSION nars snon BURNING (cAL/S) ,26X,1PE9.2)
:' pusr nasﬂsﬁsusxou RATE FOR OFESITE rnnnspopr cukasxsx'
FE9;2,/," DEFOSITION VELOCITY (n/s> OPEG.4)
nA ,7 INC INERATOR OR TRE ﬁunu nnrs (HAA3/S)*, 20X,
: 1 FE9.2,/,* ERACTION OF YEAR exaz aunu ,39 ,OPF6.4)
515 topnar( &tu OSPHER IC srnaxnxrv CLASS ,38X,12,7,
*" AVERAGE WIND spsan (H/S)* £S.
* ERACTION OF TIME WIND atoﬁs rduaan nécspxoa'.zax £6.4)
516 _EQRHAT( suasacs EKOSION RATE (M/YR)' 35x 1PE12.3,7,
t ‘ ANNUAL u»oss OF PRECIPITATION ()% 31X,E9.2)
317 FORMAT(Y /0 T0TAL  WASTE VOLUME (nlka) 38X,1PE12.3)
519 FORMAT(" néuélrv OF uasra (KG/HAA3) * , 34X, EB.
520 onnar(' ERACTION OF FOOD CONSUMED tnai IS "GROWN ON SITE’,17%,

tE72.3

52 Egmmi ’ nsl;ru OF PLANT ROOT ZONE (METERS)’,32X,F6.3)
vnmmdmnmnwmummmmwwnu)

324 EURAT( QUERAGE DUST LOADING IN AIR (KG/MiA3):,20X (] {1.2)

525 FORHAT(’ ANNUAL_A JL! nnsaru:ua KATE (HAx37YRY/, 23X, F8.0)

526 sonnar(' siatr 10N OE YEAR EXPOSED 10 DUSTY 31X F8.3)

537 EORUAT(~ ABCAL DENSITY OF FLANTS. (K/NARZ) 432k £6.3)

529 FOXMAT(’  HEIGHT OF ROOMS IN RECLAINER HOUSE'(CHS’ 21X F

530 FORKATCIWL,/,* AIR CHANGE RATE IN RECLAIMER HOUSE (cuAuasS/SEC)'

£15X%,1
531 EOR??!(' %g}CKNESS OF CONCREYE SLAB ELOOR (Ci)’,24X,E8.1)
WR11E(6,202) NDDSE,TCUT SINV

IHE (rtxi I=1,NTIHE)
WRITE(6,206) NIS0-TrLa
WRITE(G,208) (NEAL PRty (piuuan(x.upu<1)> I:1,3), UECD), Jax,nup)

U
9

WRITE(62107) XL
URITE(6,109) WIDIH
i)
uk 13(6:125) ARHO
WRITE(6,124) ALDIS
WRITE(6,129) DY ,
WRITE(G,125) NM
WRITE(G,212) IGAMMA, IVEAC
WRITE(6,131) XCT
e o

R rE(a'ffgf X

URITE(G 115) Y¥
WRIIE(G, '519) RHO
URITE(G 520) G

PLANT
i 1522:2333 i
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WRITE(G,526) ETX
WRIT1 (6,116) CANLIF
WR(TE(6,21 ; %XINV

»330) ACR
WRITE(6,218) El":ghﬂﬂ'ﬂ ,DIECON

=
k4
| d
(=
m

]
O\

-

C'J
[ ]
(=4
» -
o

IECOV
WRITE(6, 515) xsraa UMIND,ENIND
WRITE(6,5 RECEP

1EC1VEAL, so o) WKITE(6,513) BURN,FEIRE
IE(IVEAC.GT.0) MRITE(6,514) BURN,EFIRE
WRITE(6,511) gsracx ,DsfACK usTaCk

) oM
IE(ALDIS . NE., o WRITE(6,222) (IFL(D),I=1,7)
WRITE(G,224) xnranr Fili, I0PT
URITE(G,IZB) x;gxc és SR, ﬁv SNO

b 4
b3
-y
[
m m
6'000
mee

1 XLC

5§%¥§§6:5xe) XALE, RUNE

300 ronnar(iulé Ayug§1u5'£3;¥ ;rnss§rxon'ﬁsxﬁ'xuuntarrun',sx,
1 3(4 REGT SR eactord-), 7X, Ernﬁ : 15X, 2(6X, YCRREAZPEDY ),
b l'lnnen-nxaz/rcx-nk>',2x,'(snaérioN)

IF(D ko 0.) 60 10
Ei é 560) K xnnnsz(x) DOSB(I ,K),DOSE(2,K),
2 oosz« ,x),vol
o
340 EOknnfciul 3x NUCLIDE' 20 'sauxvnmaur upraxa sac:nns' 17X
3 /GAHMA‘,/2? RUMBER” 3x;?NAKE,6X,‘RIVER USEAGE ~ WELL GATER use’,
i - E00D” &Nst P!IO ,sk -snsnér 17,23%, (L/YR) ,1ox,'(L/rx)'.1ox,
(K:/YR)',IOX *(HEWVS /3
no 350 K=l N oéa
IF(QCK,1) .GT. 0.) HRITE(6,360) K,XNAME2(K),UT(K,1),
UK 2) ,UT(K,6) , EGANMA(KY
350 CON ﬁs
URTEAE 320)
320 FokMAT(fin) 32Xy MUCLIUES (11, - INPUT LEACH- S,
t ‘EINAL LEACH

7GANMA’ /¢ "NUNBER NANE?
snacggsraurclxvié' 2x.'co~srnnr(1/vni &rrsnuaixoﬁtl/n)'/>

0 K=],NDOS
230 (I:S(O(K l) .GI. 0.) WRIYE(6,360) K,XNAME2(K),XLLI(K),XLL(K),XXNU(K)

WRITE (6,22
227 nonnartnﬁl 3x “NUCLIDE:, 13X 'AOUIEER' 9Ky AQUIEER, 9%, "VERTICAL'
T10AL NUMBER?  3x, < NAME éx SORPTION’ ;7X,
Dénggangarxon'svi +SORPE 10" &x.'ne: DATION’ ,/)
IE(0(K,1).87.0.) WRITE(6,360) K,XNANE2(K),XKD(K) ,XRC(K),
] avsaixtx). RVERT(K)
3 e
228 EURHAr?fal,32,‘NUCL1DE’.IOX.‘BOXL T0 PLANT’, 7%, ‘HALR? 13X,




22-y

: *INITIAL’,/,” NUNBER NANE’,7X,’LONVERSION’,6X,
$ ‘LIFE (vui' 7%, * INVENTOKY (C1)*)/)
DO 355 K=1,nDoS
1E i, 1) 149053 WRITE(6,360) K,XNAHE2(K),BIV(K),
¢ HL(Et(K) QK1)
355 CONTINUE
360 toxuar(lx 14,2X,A8 otcx,lrsxz )
1000 RETURN

ND
SUEBROUT INE UPTAKE

c TS PhOGkan GENEKATES TOTAL LOUIVALENT UPTAKE FACIRS EOR USE IN
¢ THE PATHKAE CODE. T USED TO CALCULATE THESE NUMBERS IS
c THAT USEL TNCTHE PRECTO LADES. “THE COUAS IONG CONEERON PRESTO
c suanourluas IRKIG AND HUNEX.,
I4PLICT T BEALAG
CHARACT EH* Au E2
cuag:crenae NUCLI&
conaON/stki/ALnls €(100,10) CANLIE DILEAC §05VL5) DY, Dz, M4 iy
3 E,0(100,10),8VERT (160) TTIHELS) Jva, UNOCL(S),
g uIg f usn&antlo! xaﬁn XL, XLD(160) xtttloo) .XLP,XRC(100),
coa«ou/bei/aéu AUL AN IN, ARHO,BIY(100), BURN, CUNDOS(10) DIECON
t piew,00SE(S,1003,D ACK és nnA EPY er ins,
t EI iu Efx, suxnb HLIE nﬁ 1fL(7
% 1GLnnA 1Y P 1,151A8 ur 6 AC §(l Nﬁoss N §
$ put10) LAnr 6 kER, kA0, KUNE,S ﬁ PILL,S ,ss,
t r DETYCON HEbT tu ﬁ t ﬁ 6 i loo 6
t imo(n i )'m i Roti0 XLC
3 x AHE2(100),XPE&C iron xﬁ XKE E k br. xur xxnb(loo)
CONNON/UPTAKZBDENS 1R, ﬁ 6 CHIY é obn T Cuat,
H Oea bku’a étlsé osbt # L i * 2 Exs CL u( é rué
3 xuq'rxn&v é uch LK ushx LEA uhzar upnb bar,
c t VIRATE, xa&
% KEAD INPUT DATA
¢
OPEN(UNIT=3, FILE= UPTAKE. nar'.srnrus-'onn')
READ(3,100) SINEL POKS, BIENS
U(3;100) Y1,Y ﬁh 1El raz
READ(3,100) rni,tﬁ i Ep.F
READ(3;100) QEC i é
READ(3;100) EI &xnais oéu GGy
READC3 100) UL LEAFY, UPROD, ﬁcuxtx ucuxnx UMEAT ,UNAT, UEISH
100 FORMATI7F12.6)
110 1-1.4
D0 110 J=1 )N
1o IECHANCT) .sn. I) INTAKE(D)=JUE(J)
AR5 )= INTAKE(2)
PP=1000., ABDENSAO, 15

€ 120 READ(3,130 END=300) NUCLIU, BY,BE, ENC, ENG, EE, EIS
130 ggnmim tr12

NDOSE
IE(NUCLID .EQ. XNAHE2(J)) GO TO 200
140 CONTIMUE




ge-v

c.
¢
C

C
c

GO 10 120 .
CALCULATE TOIAL EQUIVALENT UPTAKE FACTORS FOR WATER USAGE

200 1K(a().1) .LE. 0.) GO 10 120
EELA=XLO(1)/8760.

NAT=]

00 260 KK=1,5
DIST=XR
60 YU €220,210,230,240,250) KK

210 C?LCULATE tine ov:k uuicu SOIL CONCENTRATION MILL OE AVERAGED

22 TInAV=], /XLL(J) .
RET=1, +AKHOAXKD( J)/
ARG=T(NTINE)-RETA(DIS I'O.SAXLP)/VA
IE(TINA ko.ﬁr. ARG) TINAV=ARG

GO 10 2 »
230 TINAV=XHI/XALE
ARy= (NTIHE)-XCT/XALE
IE(TINAY .GT. ARG) IIHAV'ARG
TO 260

ey
240 Igﬂ%U*gX"T&;Ct%/Xﬁlﬁg)) THAV=T(NTINE)
S
INAV!I%HAV-(XUT*XCI)/(X ERC/XPOR+XALE)

G0 TO 260
250  TINAY=0.15/XALE
%0 TE(TNAY UL L) fINAVeL.
RYG(I) - ,

280 CONTINUE

CALCULATE TOTAL ECUIVALENT UPYAKE FACTORS EOR FOOD

CVAT=0,

EAEE wmereed

CALL HUNEX(J)

GO 10 120

PKINT UPTAKE EACIOKS
300 ck?iﬁ{""”"’
310 EOKNAT(// 23 'iorat hﬂUlVALENT UPTAKE rncrons FOR PATHRAE’ .//,

113603 (3%, vk, ' 11, ° 17X, ‘RIVER/ ’HELL ,5X, ‘EROSTON?,

: s(ax”'{ﬁiﬂt, s; f"m;ém 6 D%ets’ c[ £

p0 320' 1=1 ,N1OSE o/

IP(O(I 1) GI. 0.) WRITE(6,330) XNANE2(I),(UT(I,1),3%1,6)

320 CONTIN
330 EgRHAI(SX »AB 3X,1P6510.3)

SULROUTINE DSPERS -
IMPLICII REALAG (A-vaO-Z)

CHARACTERAG VHUCL, XNAEZ
connonxalxilnmbrs £¢100,10) cnnnrr jRlLEac, Dosu(3), Y, nz 1M, NHY

3 6(100 {o) ),1(10), TTINELS) 'ua UNDCL (D),
: uxnin usn&nnclo Gn X xtncxbo).xtttxoo) xnﬁ iccloo>,




ve-v

CICICICICIMICICICITICID

[21xs]

100

‘G“ﬁﬁﬁ
tsﬁs
ULAf

{

t
t
i
%
H
L
$
]

COHHON/BLKSII

10d),

XNAM E”(log) XPERC

K &00 K=1,NDOSE
IF(Q&KOl).ﬁT «0.) CALL GU1(KK)

CONTIN

W, DOSE(3
X, BUIN

VEEAC

DECAY CHAIN CALCULATIGNS

If(ltl(l) EQ.1)
(IEL(%) Eg

P P N

CALL GU3(38,32,27)
CaLL 3.,«7, 4)
CalLl

END
SUBKOUIINE 1KK2G(T)

LATION OF RADIONUCLIHL CONCENTRATION IN VEGETABLES

AND MEAT CONSUMED BY MAN NG EROM WATER IRRIGATIO

ESULTIN

DSTACK
b “L‘é2§62°}
&40, R

Eunorlﬁorkzxnubx It
&poa, & xnzézv iaobr XW,XWT, "XkH0(100)

CONCENIRATIDN IN FISH ALSD CALCULATED
LIDE IN ?IS

COEISH = NUC
%OPQST x NUC

COCMI1 = NUC
COGHI1 = NUC
COMEAT = NUC
INPL.ICIT REA

E
DE COMC

IN ANIHAL EEE

l

C IN GOAT’S

-{A~H,0~-2)
CHARACTERAS NUCLI“,VNUCL ANAME2 -

LA4 C,0

16
NPENPNfl

t
1
t
$
t YBEG, TCO
: LatL(

‘COHKON/UPTGK
1]
]
)

osu 6
IR O

REA ur
CONﬁON/BlKI/A%D E(100,10
utniu USL&BL(loi xabn
X0,y v0,z8
cuunoulgtk./aéniaunﬁ
EG slxiuv sfx suxu
Aria #

3]

vo 106)
XNANEZ(100) xpsxctipon xﬁc

ENSLB8,C

v GEe F

1

10)
VERT(100

1003,D

0SE(3
D, HLI

&u
vsi

RER

‘“of(
13

C Ee

& ugﬁxta.as siheLy

isa u

XL, XLD(1
AHIN, ARHD 810(100)

és(xoo)
isran IUPﬁ

A0s 1 THOBE, T

RELEP

F rs IN
cﬁx

COHHUN/NLKi/k(k ﬁnl AHIN ARHU B1V(100)

‘ixﬂﬁ‘* P, 1STAB
i o et
con, fcur, 1

0

TE1,TE2,IE
LK ULER

160

BUN CLNDOS(10), DIECON
, £GANNA(100)  EPW, FEXT

nsnﬁr
10) NboszLN1§o NNP,

HS
EA

(
)

OHS

EA

XCE XH

it

IACK

ctuuk(

frub,usa(

D BY H

10)

TACK
ctauktx

6 an
i 06 T,X
ISH)
KE(5)

lt inz,

sho

CANLIP ILFAC DOSY(S) DY, DZ, N NHY
£ TTIHEL
,xLL(100),XL

BUKN cuunos«xo)
K, ECANHA(]

1osn§r IE

0),N

il
cobMIL C
KK, N ucL

1S, TF1, TH
FY,UAEAT, UPRG

ur(l

,sﬁ ubos

xi

HILK
h. ’

H
N PASTURE GkASS CONSUMED BY ANIMALS
IN STORED EEﬁD CONSUMED DY ANIMALS

IN LEAFY UEGETABLES CONSUHED BY HAN
IN PRODUCE CONSUHE
IN COW’'S MILK
HILK
IN BEEF CQIILE

5);VAUNOCL(S)
b, xk '

£(100),

Esxr rrinz,
L(7) IFLAG,

NIS0, NNP,
xtn SR,

W, xxnbtloo)
gcuar,

l rnzaaué

0,5
(lo




62-Y
Oofem O

COEISH = FIS A CHAT A nsxrl DECAATELS)
}s(n ver i -Ee- '""?4 . &8 18 338
8 543*5?

COPA‘!—CUV(J Y1,YEL, H
1'68 & (). 393*5& 6 &22*310(1))

CO5TU=COUCY, Y1, TE], TH2, B, TV
COFEED=FPAESA 6rasi lx.-frhts)*cosro
B 2 0-066AB1V

COLI=COVC T, Y2, Tk2, TH3, B, TV)
B = 0,187ABR

V=,1

mnfwuvzm2m4

cocM1l = ENC A (CﬁthhbkthichrkOCH) A DEXP(-DECAATF1)
COGHI1 = EMG A (COFEEDAQEGSCWATAQGN) A DEXP(-DECAATEL)
COMEAT = EF A (COFEEDAOECHCMATAOBM) A DEXP(-DECAATS)

RETURN
CALCULATION FOK TkII!UH

200 COLI=CWAT
0OP1=CWAT
0CH1) = E

COGHI1 = EM
COMEAT = EF

mOm OO

(QEC+GCW) A DEXE(-DECAATED)
(OEG#OGW) A DEXP(-DECAATE1)
(QEC+QCH) A DEXP(-DECAAIS)

NC
G

>

A CVAY
A CWAT
A Cual

RETURN
CALCULATION FUR 6'14

300 COl4=0.,
LOL1=C014

& (CO14AQECICHATAGCM) A DEXP(-DECAATEL)
& (CO14A0EG+CWATAOGM) & DEXP(-DECAAIF1)
A (CO14AOECACUATAOBU) & DEXP(-DECAAIS)

RETURN

END

SUBKOUTINE HUMEX()

THPLICIE REALAB (A-M
CHARACTER&G NUCle.vﬁucn XNANE2

ur
conHUN/anzincn UL, AHTN, ARND, BIVC100) BURN, CLNDOSC10), DIECON
pew, HosE(3 DSTACK, FGAMMA (100) , EPW, FEXT, FEIRE,
ETxtvy.Ehx Eurnﬁ ﬂnrés(loox HSTACK xnsnﬁr 18L(7) , IFLAG,
1u&nnn xnﬁnnr 1001, 15TAB, IUP, I0FAC, Juf(10) ,NDOSE, N150, NP,
{10 A 0, oM, RER RO RUNE STV S SR TLL.S

NP, NPN{1 siw,sko,SPilL,s _
186 BCon. t rxﬁor &xnoﬁn T30, UBR U io AR
oonuixcl 6).0 A cx 6 & XCE XM XKDLL0
ANE2(100), xr ipon rLrv inobx ™ xur xxn6¢100)
connou/uprnx/nnsns , ot oP1 80 1,80F 154, Co8NI1 ) COMEAT, CHAT,
DECA, EE,F1, #38 rnc.tns.rﬁ s,xuinxs(sx,xx Nuchu,roaé PP,

[y 2 3 1 1 2 J
”




92-v

[ alololy)

100

200

101

ll4

t bW, QCW, OEC, GFG, GGW, kW, SINEL, TE1, TE2, TE IS, TF1, THI , TH2, TH3,
t THA TIKAV, TS UCH!LK SUEISH, UGHILK ULEAEY, UNEAT, UFKDD, ULaT,
] WIKATE. XakBWE, 1,12

CALCULATION OF RADIONUCLIDE INTAKE BY CONSUMPTION
OF VEGETATION, HILK, HEAT, FISH, AND DRINKING WATER

QUEG = COL1AULEAEY ¢+ COP1AUPROD
QHILK = COCHIIAUCHILK + COGHTIIAUGMILK
GHEAT = COMEATAUNMEAT

QEISH = COE ISHAUF ISH

QUAT = CUATAUWAT

TEEKK .LY. 6) GO 10 100
UT(J,6) = QUEGHGHILK+QHEAY
G 6 200

%; glNﬁiﬂlNafﬂvEﬁfﬂﬂILK+0HEQI

(KK
NT“KE( 5 ING=QING+QF ISH

susunurxuz READ(XLLI uuenrl)

IKPLICIT

cmmrsm u ucn. quua

KEALx4 C,0,UT

counou/xtsil NREC

CORHON/BLK1/ALD1S,C(100,10) ,CANLIE , UILEAC,DOSV(S) , DY, DZ, NN, NHY
NNZ NTIHE 0(100,10), RVERT(100), T(10), TTIHELS) Jva UNOCL(5),

10fH.uSLABL(10), ﬁn XL, XLD(160) xLL(100),XLP,XxBC(100),

ORI

CORHON/BLK3/ACR, ALL ,AMIN, ARHO, BIV(100) , BURN, CUKDOS(10) , DIECON
DIECOV piEw,D0sE(3,100), DSTACK, EGANNA(100) , EPW, FEXT, EEIRE,
E 6 il ﬁ £fx, B uxubinnxiacnoo) HSI&CKtlnsnﬁrbIfL(?)QIELAG,

EFAC,JUF (] 0SE , N150, NNP
KB RPRLLO) BLANT 6 R ﬁo RUNE,SINV, MIn: L sn'ss,'
raks 1con ic rknn rxﬁnr ilnoﬁl 6 UBR ur(i

OLAi L(10 6) vsf OWIND, XALE xci X xkpl 10 l
conuouln 52(1 .xpsnc krox.xﬁ xnx& , XROOT, X4, xur xxuﬂ«xoo)

3/1EILL
DIHENSION &¢10),DUH(9),XLL1(100),RVERTI(100)

OPENCUIN)T=3, EILE="RKCDCE. DAT’.SIATUS-‘OLD')
READ(3,108) NDOSE,TCUT
READ(3.109) NIINE.(I(N‘.N=1,NIIHE)

383800 3s1.400SE
REAL(3, 114, BNB=1001) KK, XN, (DUM(T) , 1=1,9)
IE (KK, La . KK.G1.180) G0 10 1b00

g e

MO Q" R NTRe I

pd 101 6
UT (KK x)-nbn (163)
é“ ll z’l’ NEL Q) 1UP=0
e 9K12.4)

§=33

1001 CLOSE(UNI




OPENIUNIT=], lllE-'hﬁCBEE BAI’.STATUS*’OLD’)
REABL!QIOJ) (aln, =1,10

WKITE(4, 102, REC=NKEC) (A(I),)=1,10)
102 Egga?a({oa?snxso 1ELAG, N
nsaoc , 103) (npNlJ), JuttJ) J=1,NNP)

=0

103 F 016)
104 sggaagt}o4}zf?ﬂor XLP WIDTH,RER, XR, SPILL
' EAD(3:104) 0,ALD18,DY,D%, 55, sn PV, SN0
READ(3.103) M xbann ivsA MY
READ(3,104) x i VT, rﬁv ¥ iu Rﬁo EG EEXT,XROOT, PLANT
READ(3.104)‘ADL UBR.ETX,CARLIE F
READ(3,104) xH, ACk,EPW,DIEW nxtcou TCON,D
READ(3,108) 5§*25k6=ﬁrﬁ suxhn XRecke, &n esxna HSTACK,DSTACK,
READ(3,103) (IEL(xf
READ(3 103) INPRNT, lnsn#r IFILL, I0PT
CLOSE((NIT=3)
108 ronnar(r (10F12.6))
HIN=1.6D4
rnessrtl)
rznu=r(2) ;
120 I=1,7
lstrsntx).ﬁa.o) G0 10 121
120 CONTINUE

121 IF(DY.NE.O.) WRIXE(6. 1~2)
122 FORNAT(/,* WARNING: WITH THE PKEGENT MODEL, LATERAL nrspznsrou ‘,
1/ CANNDT"BE” 4 1ox,'cntcuxarsn FOR DECAY CAAINS. EOR DECAY
*CHAINS uss D=0
123 nrxnz NT INE
TECIELAG.E0.0) HTINE=]

2 |

OPEM(UN1T=3,E1LE=/ROSITE,DAT/ ,STATUS=/OLD’ )
ggagga 1104) XPLEC,VA,XPOR,XAOb XV, XL, XALE ELEH, RUNE

K=1,NDOS
READ(Sl 5END=340) KX, (DUN(T) , I=1,3)

109 EORHATI 14, 3E12.4)
.6 1)' KK.G7.100) GO to 332

RUERTL(KK)=DUN(3)
332 CONTIMUE,
340 CLO atun1r-3)
£0 330 K
XLLI( itu)
. 350 XLL(K)-XLL(K)AELCH
OPENCUNIZ=3 rrLz-'xqutnr.nar',srarus-'onn'
VOL=XLPANIDIHAXP
Isfgs -£0. o.; g -sno(l.-SR)ﬁ(XPBRCIPU)AkSNO
E(X JLE: 8.) uvsxrakc/(erRAss)

by i
11, D=4y Kx gHLIEBCKIO (OO, 33), J1s1, HTINE)
. xxnulxx) EGAMMACKKS, BI6 (KK) . S0L,VOLATLkK) '




82-¥

e i ra’m 125
S0L.E
SOL*SOLWOL/ QKK
TF (XLL(KK) .GT. 5oi) XLL(KK)=S0L
125 XLD(KK)=.69314718/HL IFE(KK)
XRC (KK )= XKD (KK ) k. 001 AARHO/XPOR+1 .
RUERT(KK)SRVERH(KK)& 001AARHO/XPOR+1.
RVEKT(KK)=1, 0(RVERT(KK)-1.)/SS
IE(TINOP.NE.0.) DECEAC(1.-DEXP(=XLD(KK)ATINOP))/(XLDCKK)AT IHOP)
Il’(}gU! 0T, Olozl: «AND. HLIFE(KK).GT.TCUT) Q(KK,1)=SINV
=
QCKK,H)=Q{KK , M) AE IX INVADECEAC
15 gunrxuua

0 10
4 NISO=K=1
S CLOSE(UNIT=3)
IE€G¢26.1) LE.0. .OR. 0¢31,1).LE.O. .OR. 0¢(36,1).1E.0.) IFL(3)=0
19(0(29,5) LE,0; .OR. 0(33,1).LE.0. .0R. Q(33)1).LE.0.) [EL(4)=0
WRITE(G:3) " (al 1}, 1=1,10)
3 FORMAT(31/,1048,7//)
0o l°° gg}éﬁ Négon(xuxue)
»,
100 courxuus ,
RETUKN
END :
SUBKGUTINE KELEAS(NPATH)
IMPLICIT REALAB (A-H,0-
Rgznncrsnka UNUCL .xu&u 2
uuou/utxi/annxs €(100,10) cAuLxr DILEAC DOSU(S) DY, DZ, N NHY
: E,0(100,10),RVERT(100),T(10), TTIHELS) vnﬁ %,
g v 3*2 Ug%ABL(loi bn XL, xnncxdo) xLL(loO) xLﬁ xﬁC(xoO).
connoulunxé/aéu AUL, AN 1IN, AKHO, BIV(100) , BUKN cunn05(10) DIECON
¢ cov,pirw,BosE(3, 100} nsracx,és uA EPY tsxr rsinz.
] EG, FIXINV, FX, su IND, HLIEE(100) JHST ﬁ 1PL(7 .
% 1GANNA xnﬁ isra 1UB_ 10FAL 30 E 6 NI§0.NNP,
t NP, NPH t AN 6 E k t ho L R.SS,
t 1BEG, T i é ﬁo i ﬁ 6 ur(ioo 6),
t vo iL( 06 iac 6 iALs i XH x ( xic
t AHE2(100), xpenc iron xb xnsé ,kxobt, xy, xur XXNb(lOO)
COHHONIBLK3/ EILL

WRITE(6,50) TBEG,YEND, NPATH
SO‘FORHAI(III//,' ki&* f PB oRlEiﬁRi&EASED AND HEALIH EFEECTS EROM

YEA *PATHNAY ,12,//7,4X
:'uucntné .1§§h CURIES Rzisaszb .Ax.'usALrﬁ EFEECTS’,/, = |

DO 500 K=l. E
IF(O(K 1).£0.0.) GO I0 500

SU 0.
NI1HE=10
TAUB(ZB*O.S&XLPINH)kXRC(K)/VA#XAﬂDkRUERT(K)/XUU+CANLIE

I=0,1/XLL(
QE% Egt GX. O.SkHLlEE(K)) DELT=0.5AHLIFE(K)
IE(TAU GI.TEND) GO 10 201
)=TAl- D
100 I })- (10)+D
E(T¢ ).LI.I&ND) Go 10 110
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110

120
130 C

T(1)=TEND
DELY1=TENI-T¢10)
NTIME=]

121
60 10 139
JI(T(1).11,.TEEG) T(l)=IBEG
o 120 1=2,10
T(1)=T(1-1iebELY
IE(TCI) .LE.TEND) GO 10 120
T(1)=TEND
D;LTIB}END-T(I-I)
GO Y0 130
LONTIgUE(
IE(I!L(I) FO 1.AND, (KK.E0.32.0K.KK. EO 27)) CALL GW3(38,32,27)
IF(IFL(Z).EO 1.AND. (KK.EQ.27.0R.KK.EN.24)) CALL 603(32 27 24)
IECIEL(3) .EQ.1.AND. (KK, EQ.31.0R.KK.ER,26)) CALL GM3(36, 31 126)
F(IFL(Q).EO.I AND, (KX.EQ,35. OR KK Eﬂ 29)) CALL GW3(33, 35.29)
IECIEL(S) JEQ.1.AND. (KK.EQ.23.0R.KK.E0.22)) CALL GM3(30, +23,22)
IECIEL(6) .ED.1.AND. (KK E0.28.0R. KK EO 25)) CALL GM3(34, 28 23)
IE(IFL(7) .EQ,1.AND, (KK.EQ.23.0R.KK.EQ.22)) CALL GU3(28,~3 122)

IE(T(l).EO.TAU.OR.T(I).EﬂwlBEG) CeK »13=0.5AC(K, 1)
IF(I.EQ.11) GO 10 140

C(K,l)=0.5kC(K,l)kDELtl/DELT

J=1-1
IEC.61,0) CIK.2)=0.54C(K, IDA(1L4UELTI/DELT)
G0 10 150 )
140 1=10 :
150 csun:o.
B0 160
160 CSUA= csun é
Ss;x ao.ééugsunschN4o SAC(K,10)A(DELT1/DELT-1.)
!
IE(1EQ, 10, AND.T(10) LT IEND. AND.CSU.GT.5UNA.0001) GO TO 100
IE (IAUILT .iBEG) GO TO 3
201 r(lo)srnu«nstx
200 T(1)=T(10)-DELT
ts(rrx).sr.zasc) 60 10 210
1(1)=1PEG
nsnrx-r«xo)-xa:s .
NTINE=1 \
Ix1

210

220
230

GO 10 230
lt(f(l).G!.}gﬁB) T(1)=TEND

220 1=2
T(1)=1¢1-1]-DEL
xscr«x)bet rnea) 60 10 220

T(1)=

DELTI=I(I-I)-IBEG

NI INE=

G0 10 230

CONTINUE

CALL GW1{KX)

TECTEL(1).FQ.1.AND. (KK.EQ.32.0R.KK . E0.27)) CAL L G¥3(38,32,27)
IECIFL(2) .EQ.1.AND. (KK.EQ.27.0R.KK.EQ,24)) CALL GW3(32,27,24)
b e G e
If(lPt:g).EO.l.AND.(KK.EQ.23.0R.KK.EO.22)) CALL 603(30:23:22)




oe-v

IE(IEL(6).EQ.]1.AND. (KK.E0.28.0QR.KK.EQ.25)) CA LL 6GN3(34,28,25)
IEC(1EL(7).EQ, 1. AND, (KK.EQ.23.0R.KK.EQ,22)) CALL 693(29..3 '22)
IE(T(1).EQ,TAU.OR.T¢1).EQ.TEND) C(K,1)=0.5AC(K,])
IF(I.EQ.11) GO T0 240
g(?,{)-O.SiC(K » DADELT1/DELT
Rl
IE(1.6Y.0) C(K,3)30.5AC(K,J)A(1.4DELY1/DELT)
G0 T0 250
240 I=10
250 CSUH‘O.

DO 260 3
260 csuuzcsunoé( i}
IF(1.EU.1) CSUMRCSUM40.5AC(K,10)4(DELT1/DELT-1.)
SUN=SUN+CSUN
TE(1.L0.10,ANI. TC10) ,GY ,THEG,AND.CSUH.GT . SUNA.0001) GU TO 200
300 SUN=SUNADELTADILEAC
WRITE(6,350) K,XNAHEZ(K) ,SUM,HEPCI(KK,SUH,NPATH)
350 roannrtzx,xs 3X,48,9%,1PE10.2, 10X, E8.2)
500 CONT INUE
RETURN

END
?.‘%%'é‘%‘d}%"ﬁaﬁﬂs"%a H.0-2)
cmkacrsn L, XNAME2

REALA4
couunulstxilannls €(100,10) ,CANLIE ,DILEAC nusu«s) nv DZ,NH, NHY
E,0(100,10), RvERT(180) r(xbt l VA vn?cnt§>,
l tu SLAaLclol xadn XL,XLD(100),X L(too B, XRC(100),

e Foae

i
cuunuulsinlnéu ADL, AMIN ARHO BlU(lOO) BUKN cunnos¢10) DIECON
t é 5? pisw 6052 looi nsracn £GANHA(10 fEXT, EEIRE,
t tn ND, HLIBE( HSTACK, I aﬁr 1#1(7) IFLAG,
H xcauna xuinnx 10» isrAn IUP 16sac Juétlo NDOSE, N180, NP,
t P, nPH{10) , PLANT, PO, QH, RER, RAO, RUNE,ST &o spIlL,SR)SS,
t és TCON i TN’ txhop ST 6 n 'ur(100,6))
. . voLatL(l si OWIND, KALE i xkpt100) ,xLC
H xuanzztxoox xpaxc ivox xi xaaésr inubr XV, XWT; xxnﬁcloo)
CORNON/BLCI/ SETLS
TLe1./XLL(K) :
‘rnLan=xannanusnr(x)/xvv*cANLrs
P=XL/ALD IS
nnnovz dvkkarlous DLEAY PACIOR AND USE UNDECAYED INITIAL INVENTORY
E(TINOP .GT. T F T Yy R W T T Sy S (3
Egzgggegg}ﬁnsxp(-{Lg(x)arnsLav)
=
£ abERTAT by
IE(IEILL .EQ. 0) GO Y0 50
=
un 1
STEP = -1
G0 10 70
S0 LD = 1
1UB = NM
ISTEP = )
20 INUE

CONT
DO 200 M=}, NIIME

ICORR = broylz.

TINSAV « T(H)




1€-v

[glyly]

(M) = 1(H) + TINOP
IHTA=(T (M) -TDFLAY)AVA/XL
SCIHTA2=THIA~ILAUﬁ/XL

DO_100 JJ=LB, 1UB, ISTEP
T(H) = TIMSAV § f!Hg? = TCORRAXL/VA

ETA
THETA2 = THIA2 ~
ETA-(ZB* XLP k(l.-IEILLO(O 5-J3)708M) ) /XL
Al=-XLD(K)A(T(M)-TD
Rgau‘o «OAEYAADS ORT(XkC(K)kP/IHEIA) DSQRT(PATHETA/(4.AXRC(K)))

IE(IHEYA2.G

0.)
L A24M=0, bAFTAADSORT(XRC(K)ﬁ?ltHbtAZ)-bSﬂkI(PATHETAZI(4 AXRC(K)))
AA=AL +ETAAP

A23P-0.SﬂEIAABSORI(XRC(K)*P/THET&)ODSOR!(P*THETA/(4 AXRC(K)))

R iBiA2.61.0.)

1 A APe0-SAET RADSORT(XKCK)AP/THETAZ) $DSOKT(PATHETAZ/ (4. AXRC(K)))
SC=6C+FTRHS(A1,A23M,A24H,A4,A23P,A24P, THETA2)

ICORR = TCORR + DIOP

CONTINUE
95 I(H) =

TINSAY
‘IE(gE LT.O ) 5C=-~5C

IECDY .LL. 9.} 60 10 198
IECL(M) .LE. IDLLAY) GO TO 198
THETR'(ZB#O.SAXLP)*XRC(K)/VA
Tﬁﬂ'f( LAY HETA

rcdnc-z *5§n§¥(ﬁy*rno/x3c(x)a
YCONC=0,.5A(DERE( (YW+0,SAWIDTH) /YCONC)~DERE ( (YW-0.5AWIDTH) /YCONC))

198 c(x H) =0, SAE 1ASCAYCONG/NM
200 C {gnus
RETURN

END

SUBKOUTINE GW3{ 10T, JDC,KIC)

IH?LICII REALAB (AZH,0°Z)
LR & UNUCL,XNANE2

REA ,uT

IH1S SUB&OUIINE EVALUATES BURKHOLDER’S SOLUTION EOR GROUNDHAIER

HIGRATION EOUATIONS FOUND IN NUC. TECH. VOL. 49, JUNE 1980
(THREE MEMBER CHAINS WiTH DISPERSTON)

COHHON/BLKI/Al0186C(IOOl10)ﬁCANLIEGDILPA6600$U(5)tDY WDz, NH NMY

% VERT (180 rTINELS) JvA L UNGCL (%)
g niﬂ uSLAaL(105 thD XL, XLn(xbo) xLi(loo) S ,XkC(100),
connou/anxilnék ADL,ANIN,ARHO, BIV(100) , BURN cun005(1o) nxrcon

$ DIFCOV,DIEW, DasEC),100,D DSTACK é & ), EPW, FEXT, EEIRE,
1 51xiuv elx, b b IFE(10 s M3 1@.(7» IFLAG,
s GANNA xn#anr B tH:Ap U8 e 0, NNP,
t Nynllo) PLAN r pO RER, Rfi0, RUNE srnv e SPILL SR, 55,
t E N, fcut ﬁ i F0§l xu6,unn urcloo e),

i YHAR *L 6’ "r k o k quﬁK:iinobx x& xur'x%nﬁtloo)
COMMON/BLK VoK o P

3 EILL
DIMENSION E1(3),R(3),XK(3)
Th=1,/XLLCIDC)




IDELAY=XADD£RVERT(le)/XUU#CRHLIF
XK(¢1)=XKC(IDC
XK(?)!XKC(JDL)
XK(3)=aXRC(KDC)
PSAVL=XL/ALDIS
c kHLOVhH(UNDFC?YEH INIT1AL INVENTOKIES OF EACH CHAIN MEMBER

Qf1=0¢I0C, 1
oll=ai e
0K1=0(KLC; 1)

3 £Q.

IECTIHOP . 0.) GO 10 40
QI1=Q1)AXLD( IUC)AT1HOR/ (1 . ~UEXE(~XLD( ILC) AT INOP) )
0J1=0J1AXLD(JIDCIATINOP/ (1 .-DEXP(-XLD{JDC)AT INOP))
QK1=GK14X (KDC)&TIHOP/(I =DEXP(-XLD(KDC)ATINOF))
40 QDECAY=0I1ADEXP(-XLD(IDC )iIDELAY)
E1(1)=QDECAY/(DILEACATL)
QDECAY=(QJ1-XLD( IDC)AQI1/(XLD¢IBCI=XLD( IDC)) )4

)))
] DEXP(=XLDC¢JIDC)ATDELAY)¢XLD(¢ IDCYAQI1ADEXP(-XLD(IDC) &
IDELAY)/(XLD(JDC)-XLD(IDC))

E1(2)sQDECAY/(DILFACAIL)
ODECAY'(OKIOXLD(JDC)I(XLU(KDC)-XLU(JDC))i(XLD(IDC)*OII
t D(KDC)-XLD(IDC))-OJI))*DEXP(-XLD(KDC)*TDELAY)0
] XLD(JDC)/(XLD(KDC)-XLD(JDC))k(OJI-XL (IDC)YAQI1/
% (XLD(IDC)~XLDCIDC) ) YADEXP(~XLD(JDC)ATDELAY) +XLD(IDC) 4
] XLD(JDCYAQIIADEXP(~-XLD( IDC)ATDELAY)/((XLD(JDC)~
£ XLD (IDC))*(XLD(KDC)-XLD(IDC)))
B,

IEEg&ILL -EQ. 0) GO 10 50

2]
70 CUNTINUE
R(1)=XLUC1LCYAXL/VA

=XLD(KDC)AXL/VA

Vst o PTYPTI Y PV PYS

O S Pt et B d P

P bt P bt o om ST PO

At st St St T I

U E}Aanu
B

2=
P
P
-
- g

[]
-
[ ST

ZCRID)-ROINACXK(2)A(R(2)-R(1))-XK(3) 4

ey
R
gomNE
o0
I 5 1l

2)A(XK(2)-XK(3))/(CXK(2) k(R(2)-K(1))
§3 (R(1)-R(3))+XK()AXK(I)A(R(I)-
2

)
§K YA(R(2)-R(1))-XK(3)A(R(I)-k(1)))/
“XK(2)}/C(R(2)-K(1) AKK(2)A(1,~-XK(1)/

o~ P
WD CIPIICH-wr o
I o o R
s [ S,
et g M I ot et
s s P S
ot 3 e
- 3 3T
o J

F12
8XK(3)))
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[ lxly]

DO_2000 M=).NYINE

L
T(M) = T(N) + TINOP
THIA=(Y (M) -TDELAY)AVA/XL
IE(THTA.LE.O.) GO TO 1990
§H166=THTA~TLAUA/XL

SC3’0.
DO_1000 JJ=LB, IUK, ISYEP
T(H) = TINSAV + TIMDP - TCORRAXL/VA
THETA = THIA - YCORR
IE (T4ETA ,LE. 0.0) i) 10 1990
THEYA2 = THTA2 - TCORR
EIA=(ZB+XLPA(1.~IFILL*(0.5-4) /NH) ) /XL

COMPUTE CONCENTRATION OF SECOND CHAIN MEMBER

P= PSAUE
Al==R({2)ATHETA
g%=%.bttrﬁkbﬁﬂk!(XK(?)AP/THEIA)-DSDRT(PiTHETA/(Q AXK(2)))

=

IE(THETA2.6Y.0.) A3=0,HAETAADSOKY(XK(2)AP/THETAZ) -
lgiﬂg{iﬁ;fﬂﬁfﬁZ/(l kXK(Z)))

=
ASSO.htk!AADSOﬂI(XK(Z)&P/IHETA)+DSORT(PkTHEIA/(l AXK(2)))

IE(IHETAZ 61.0.) A6$0 SAETAADSORT(XK(2)AP/THETA2) +
$DSORT(PATHETA2/(A.AXK(2)))
SC2=SC2+F221AETRMG(A1,A2,A3,A4, A5, A6, THETA2)
Al--R(l) ATHETA

2‘0 5*FTA*DQOR!(XK(1)AP/IHEIA)
ﬁsﬂggﬂkg(Pkfﬂﬁfh/(i «AXK(1)))

AS=A242, AT

TEC(IHETA2,LE.0.) GO TO 100

A3=0, SAETAADSORT(X (l)iP/T"ETA2)
ﬁg=DSORT(P*IHEIAZ/(&.AXK(l)))

AG=AI+2. A

100 SC?'SC?#ESI?ABTRHS(AI R25?9§94 +A5,A6,THETA2)

1A oa.Axxtz AR(2)=R(
§ Ai Li.0.) ALL kaOk i,A1,P)
IE(AL. Lf 0.) G0 10
AlaDS 1)
A4--R( )A n1n+o.s*hrnap*c1 +A1)
Al=-R{1)ATHETA+0.SAETAAPA(1.~Al)
A220,SAETAADSORT (XX (2) AP/THETA)
S-(P/(Q.*XK(Z))4R(2)-R(l))ArHETA
IF(AS.LT.0.) CALL EkkOK(2,AS,P)
I£(AS.LT.0.) GO T0 1
ASsDSOk!(Aﬁ)
A2 A3
ns= 2,005
TEATRESAZ LE.0.) GO 10 1)
A3=0,SAETAADSORT (XK(2)AP/THETAZ)
A6=(P/(4, Axn(z))on(%) ngx ) ru§raz
1

1A
}scne t; 0.) GO To EYROR(3,A6,P

0




ve-v

[gixly)

AG=DSORT(AG)
AJ=A3- A

e L
110 SC2=SC24¢F4) 2AETKHS

(A.A2,A3,A4,AS,A6, THETA2)
2 XTH=(XK(2)4R(2)-XK (VAR ATHETA? (XR (1) -XK(2))
Alx], ¢4, AXK(1DAXK(2)&(R(2)-R(¢1))/(PACXK(1)-XK(2)))
1E(al. Lr 0.) CALL ERRDR(4,Al, P}
IE(A] . 1.0.) G0 10 2
Al=DSORT(AL)
* A4=XYH0.SAEYAAPA(L. +A)
AL=XTH0 SAETAAEA(1,-A1)
“#2=0,SAETAXDSORT  XK(2) AP/THET
ﬁSS(PI(i.AXK(Z))OXK(l)k(R(Z)-R(l))/(XK(l)-XK(Z)))kIHETA
(A3 .K.g.; Gsn%osgnoa(s.ns.
g—b'f” (S
az-az-us
Q524242 AAS

350.bxhtﬁkDSORI(XK(l)iPIIHEIA)
A6=(P/ (4. AXK(1) )4 XK(2)A(R(2)-R(1))/(XK(1)-XK(2) ) IATHETA
IF(&B. I.0.) CALL ERROR(G.AB,P)

IE(AG.LT. AG; G0 10 2

AG=DS{RT
3=A3-AG
AO*AI+2 . ARD
C"'SL14P3IQ£E RHS(AL.A2,AT,A4,AT,A6,100)
IFCTHET 2.Lk.0 ) G0 10 120
3 XIH=(XK(2)AK (2 =XK(1)AR(1) JATHETA/ (XK(1)=XK(2))=(R(1)+(XK(2)Ak(2)~
LXK(LIARCL) )/ (XK(1)=XK(2) ) YATLAVA/XL
Alzl, f!.*XK(l AXK(2)A(R(2)~ k(l))/(Pk(XK(l)-XK(Z)))
IE(A1.LT.0.) CALL ERRIR(7,Al,P)
IF(AL,LT.0,.) GO IO 3
Al=030RT(AL)
A4=XTH+0.HAETAAPA(].4A])

gisxrnoo LSAETAAPACL . -Al)
20, SAETAK nr(xxtz)*r/rusra:)
S-(PI(A.kXK(J))*XK(I)*(R(?)-R(I))/(XK(])-XK(z)))iIHETA2
IF(AS.LT.0.) caxgokgaon(e.ns,p)

5

AS34242.445

a3=0. 5&thknsnRI(XK(l)APIIH&TAZ

AG=(P/(4.AXK(1) 2)A(R(2)-R(l))/(XK(l)-XK(l)))ktHEtAz

IE(AG. Lr.o.) CALL hkkDR(9.ﬁ6

1F(A6.0LT.0.) GO X0 3

AG=LSUKY(AD)

AJ=A3-Ab

AG=A34 2, AA6

scz-SCA-EletrtBNS(Al.Az A3,A4,A5,n6,1D0)
120 CONTINUE

NOW COMPUIE CONCENTRATION OF THIKD CHAIN HEMBER

P=PSAVE

Als=K{I) ATHETA

A4=A) +ETAAP
A2=0.DAETAADSOKY (XK (3) AP/THETA)
A3=DSORT (PATHETA/ (4.AXK(3)))
A2=A2-A3




GE-Y

aua2ed, AAS

N TARBSOR PR 3" B ItuETA2)
8 §3n§trarnsxni/( A, K(SH f
A3=A3-A6
AG=A242.AA6

132 ;%gfsg?i'tASQGES)AFIRHS(A! A2,A3,A4, AS A6,THETA2)
Al=l, +4,AXK(I)A(R(3)-R(2))/P
IE(AL. lf 0.; gSL%OEIROR(IO »A1,P)

IF(AL,

Al= oSOR

Ad=XTH), SAETAAPk(l A1)
Al=XTN+0 . SAETAAPA(L.~A]l)

A2=0, SAETAADSORI(XK(3)kP/THETA)

. hSl(P/(A.AXV(S))QR( )~R(2)YATHETA
IF(AS.LT.0.) CALL ERROR(11.A5,P)
IF(A5.L1.0.) uo 10 4
AS2DSORTI(AS)

A2=A2-AF
AS=AZ+2,AAY ‘
IF(IMEYA2.LE.0.) GO YO 140
Ag-o.sasrAADSORr(xxca)h?/rﬂsrnz)
AG=(P/(4.AXK(3))+R(3)-R(2) )ATHETA2
IF(A6.LY.0.) CALL ERROR(12,A6,P)
IF(A6.1T.0.) GO I0 4
A6=DSORT(AG)
nasna-ns u:
AG=A3+2. 4

lag §§ﬁ-°c%{(k423-lll)AETRHS(A! +A2,A3,A4,A5,A6,THETA2)

t L3

THETA
Al=l, 04.*XK(J)h(k(3)-k(l))/P
IE(Al.LI. 0.) CALL ERROR(13,A1,P)
IE(AL.LT. 07105
AL=B30RT (AL
A4=XTH+0. S*EIAAP*(I +A1)
A1 =XTN+0, SkEThkfﬁ(l.-Al)
A2=0.5 AEIMDSGRT(XK(:%M /THET A)
hS’(;I(Q.kXK(a))OR(S ~R(1))ATHETA
) CALL ERKOR(14.A5,P)
IE(AS,LL. O ) GO I0 S
AS=USORT (A
A2-AS'
24242, AAS
IE(!HETA2 LE.0.) GO 10 150
A320. SAETAADSORT(XK(3)AP/ THETA2)
A6=(P/(A. *XK( YYR(3)~R(1) JATHETA2
1IE{AG. ALL ERRDR(15,A6,F)
IE(A6.LT, 0 ) 0105

A6=DSART (46)
AJ=A3-A6

AG'AQ’ 2.A06
150 SC3=SC34(5721E9)lETRHS(Al A2,A3,A4,A5,A6,THETA2)

A}:-R(Z Tgﬁ?
A2=20. SAKTAALSORT(XK(2)AF/THETA)
ag’ggﬂgf(ththﬁl(4 «AXK(2)))

= -

AS»A242, AT
IF(THETA2,LE.0.) GO T0 160




9t-v

A3=0.5iETQADSORT(XK(Z)&P/THEfﬁz)
ggibgﬂzz(PkIHEIAZI(i.iXK(2)))
LT % O

ABZAI2.AA06
160 scs=sc3o(ravs-t61)afrans<01 A2,A3,A4,A5,A6, THETA2)
6 XIH=-R(1)ATHE
Al=l, 04.&XK(2)&(R(2)-R(1))/P
1E(A1.11.0.) CALL ERKOR(16,A1,P)
IF(Al.LT. 0 10 6. ,
A1=DSURT(

- -’2-*“
IE(THKIAZ.EE.O.) G0 10 170
#320, SAETAADSURT (XK(2) AP/THETA2)
A6=(P/(4.*XK(2))OR(Z)-R(I))kIHBIﬁZ
IF(AS.L ) CALL ERROR(18,AG,P)
IE(AG, LT.O.) G0 10 6
A6=DSORT(AG)
ﬁ3=A3 -R6

342,206
170 SI3=SC§-!9*EIRNS(AI A2,A3,A4,A5,A6,THETA2)
Al=~R{1)ATHETA

A4=AL 4L TARP

A230.HAETAADSURT (XK(1)AP/TH Iﬁ)

AD=DSART(PATHETA/ (4. AXK(1))

A2=A2-A3

A92A242. XAS
IF(THETA2,LE.0.) GO T0 180
7320, SAETAXDSORT (XK(1) AP/ THETA2)
AG=DSORT(PATHETA2/ (4. AXK(1)))
AS!MH\G* R

' !
160 SCISSCISEEIAFTRNS(AL A2, A3, A4, Ab, A6, THETAZ)
7 XTH=(XK(3)AR(3)-XK(2JARE2IDATAETAZ (XK (2)-XK(3))

Alsl, 4. AXK(2)AXK(IIA(R(II-R(2) )/ (PACXK(2)-XK(3)))
1F(Al.L1.0.) CALL ERROR(19,A1,P)

IF(A1.LX.0.) GO TO 7
Al=DSORT(AL)
A4sXTH+0. DALYAAPA(] ; +A
A1=XTHH0. SAETAAPA(L ;-4
A2=0,SAETAADSORT (XK(3)
hSl(P/(A.hXK(a))OXKCZ
«) CALL ERRO
lgi ; G0 10 7

AS-A202 A5 :

A3%0.SAETAADSORY (XK(2) AP/THETA)
Ab=(P/(4.AXK(2))#XK(I)A(R(3)-R(2))/(XK(2)-XK(3) ) JATHETA
1IE(A6,LT.0.) CALL ERROR(21 h6,F)
IE(“&.L .0 ) GD 107
AG=DSOKI(AB)

Ad=A 3-&6




LE-Y

AGZAI 2 ARG

SCI=LLI (FI23-F61-FBAF10) AFTRMS(AL.A2,A3,A4,AS5,A6,1D0)
IFCTNETAZ.L£,0.) G0 TO 190
8 XTH=(XK(IIAR(I)-XK(2)AK(2) ) ATHETA/(XK(2)-XK(3) )~ (R(2)+(XK(D) A

IR(D)-XK(2IAR(2) )/ (XK(2)=XK(3) ) IATLAVA/XL
Al'l.OQ.AXK(ﬁ)kXF(3)k(R(S)-R(Z))/(PA(XK(’) XK(3)))
IE(AL.L(.0.) CALL ERROR(22,Al1,F)

IE(AL.LY. 0.) GO Y0 8

AL=DS0RT (A1)

A4XTH4O. 5AkTAkP*(l.0Al)
AL=XTH+0,SAETARPA(1,~A1)

A2=0, SAETAADSOKT (XK {2 )AP/THETA2

AS=(P7(A. AXK(3))+XK(2)A(R(3)-R(2))/(XK(Z)-XK(3)))AIHETAZ
IE(AS.LT.0.) CALL EKKOR(23,A5,P)

IE(AS.LT.O ) G0 T0 8

AS=DLGYT(AS)

ezsaz-as

AS=A2+2, AAS

A3=0. SALTAADSORY (XK(2)AP/THETA2)

A6=(P7(4.AXK(2) ) +XK(I)A(R(3)-R(2))/(XK(2)-XK(3) ) )ATHETA2
IF(A6.LT.0.) CALL ERROR(24.A6,P)

IE(Asﬁlt.gé) G0 70 ©

AG2DS
AJ=A3-A6
AB6*AT+2.AAG ,
SC3=5C34 (F61-F323)AETKNS (AL 2 A3,A4,AS,A6,100)
9 XTH=(XK(3)AR(3)=XK(2)AR(2) )lruﬁrnltxktzi-xk(ax) ~(R(1+(XK()A
LR(I)-XK(2)AR(2) )/ (XK(2)-XK(3)) YATLAVA/XL
Alal.OQ.hXK(2)&XK(3)&(R(3)-R(2))/(P*(XK(2)-XK(3)))
IF(A1.LT.0.) CALL ERROR(25.Al1,P)
IE(AL,LL.0 ; G0 I0 9
Al=pSORT(AL
A4=XTH10. SAETAAPACL . 1A1)
A1=XTHI0. SAETAAPA(] . ~AL)
30(E8-ElO)kE‘kﬂS(ﬁl A2,A3,A4,A5,A6,1D0)
190 XTH=(XK(3)AR(3)=-XK(1)AR(1 S ATHEA/ LxKL1)2XK(3))
nl-l.04.AXK(l)kXK(J)*(R(S)—R(!))/(Pk( XK(1)=XK(3)))
IE(hl.Lt 0.) CALL ERROR(26,A1,P)

IE(AL.L .0. ) GO 10 190
Al=DSORT(A
- A4=XTH+0. bibfﬁk?*(l +41)
AL=XTH+0. SAETAAPA(L.-AL)
A2=0.5AETARDSORT(XK(3) AP/THETA)
AS‘(P/(Q.AXV(3))+XV(1)*(R(S)-R(l))I(XK(l)-XK(a)))kTHETA
IE(AS.LT.0.) CALL ERROR(27 AY,P)
IE(AS.L1.0.) GO T0 190
AS=ISOKT (AS) _
A2=A2-A3
AS=A2¢2TAAS
63=0.5AFTAkDSOlt(XK(l)k?ITHETA)
ﬁ6=(PI(4.*XK(é))+XK(3)A(R( )-k(l))/(XK(l)-XK(l)))kTHETA
IE(AG.LY.O EXROR(28,A6,P)
IE(A6.L2,0.) GO TD 190
AG=DSOKT(AG)
“gﬁﬁ -Ab
=A342,A06
SC3'SC3-F112E3R
10 XTH*(XK(?) K(3)
tR(I)=-XK(1)AR(])

02503 »A4,A%,A6,1D0)
(1) JATHETAZ (XK (1) =XK( .
T AgLAca/L, TREAN=(RAIIH(RK (I

-~
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Al=l. 44, hXK(l)AXK(J)i(R(S)-R(l))/(P*(XK(I)-XK(3)))
IE(AY.LT.0.) CALL €20UR(29,A),P)

IE¢A).LT.0.) GO f0 10

A1=D30KT{AT)

A4=XTHI 0. biETAkP*(l +4al)

Al=XTH+0.SACTAAPALL.-A1)

A220,5AETAADSORT (XK(3) kP/THETA2)

AST(P/ (4. AXK(3) ) 4XK( L) ACR(II-R(1))/(XK(1)-XK(3)) YATHETA2
IECAS.LT.0.) CALL ERKOK(30.A5,P)

IE(AS.11.0.) GO TO 10

AS=LLOKT(AS) .
A2=A2-A3 , ~
A3=A242, kAS \
A3=0,SALTAA (XK(I)*P/THEI
h6'(P/(4 hXK(l))*XK(3)*(R(3)-
IE( kOR(31 .46

A2)
R(1))/(XK(1)=XK(3) ) )ATHETAZ
G.t}.o. CaLL ER WF)

IE( ) GO 10 10
A6=DLOKT (AG)
A32A3-A6
4624342446
SC3=5CI+EL LAFTRNS (A1,42,43,44,AS AG 100)

200 XTH=(XK(2)AR(2)-XK(1)AR{1 Sarﬁ Th7 (XK ( 1) ( 2))
Alal, 44 AXK(1) A T xR L X2 )
At o S EAE £ra0R(32,41,P)

IE(Al.LX.0.) GO 10 200
0SU 1)

RI(A
A4=XTH+Q, SAETAAPA(1.+41)
Al=XTH+0.SAETAAPA(L ,~41)
A220.SAETAADSART (XK(2)AP/THETA)
AS2(P/(4.AXK(2)) +XK(1)A(R(2)=R(1))/(XK(1)-XK(2) ) )ATHETA
IE(AS.LT.0.) CALL EKROR(33,A5,P)
IF(A5.L1.0.) 50 10 200
AJ=USAKT(AS)
AZSAZ-ﬁs
A3=A242. AAS
A3s0.SALTAAUSOKT (XK (1) AF/THETA)
AG=(P/ (4. AXK(1) ) #XK(2) A(R(2)-R(1))}/(XK(1)~XK(2)))ATHETA
IE(RG.LT.0.) CALL ERROR(34 A6, P)

1E(A6.LT.0.) GO 10 .
A6=DSART(AG)
AJ=A3-A6
AG=A342.AA6
SC3=SCﬁ-ElZ*EtRHS(Al 42,43,44,45,A6,1D0)
TE( tHE .) GO %o 310"

1 XI“-(XK(?)&R(2)-XK(l)&R(l))*tHETA/(XK(l)-XK(2)) (RC1I#(XK(2) A

lR(Z)-XK(l)iR(l))/(XK(l)’XK(2)))kIL
Al=l, ¢4 AXKCLDAXKC(2)A(R(2) ~ (1))/(?*(XK(1)-XK(2)))
1F(Al.LT.0.) CALL ERROR(33,A l P)
IE(AL.LY. 0.) GO 10 11
Al=DSORT (A1)
Ad=XTH0, bkb!ﬁkP*(l.qﬁl)
A1=XTH*0.SAELAAPA(1.~A1)
A2=0.SAETAADSURT(XK(2)AP/THETA2)
hS-(P/(Q.&XK(R))OXK(l)A(R(2)-R(l))/(XK(l)-XK(Z)))*THEI“?
IE(A3.LI.0.) CALL ERkOk(36,A5,P)
IE(AS.LT.0.) 60 10 11
ASsDSURT(AS)
A22A2-A5

Agao.biktAEDSORT(XK(I)iP/IHB!ﬁ2)
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OICIOCIOCION

AGE(P/ (A AXK(1))4XK(2)A(R(2)=R(1))/(XK(1)<XK(2)))ATHETA2
IF(AG.LT.0.) CALL EKROR(37,A6,P) .
IE(A6, )V fi0

AG=DLOKT{AS)

naaaa-ne

AB=AT+2, ARG

Sca;‘gﬁEFlzhttRHS(Al .A2,A3, A4 AS,A6,1D0)

210

~7 TCORK=YCORR+DYOP

1000 CONTIMUE

19% T(H) = rxneav

(3C2.07.0.) SC2=-SC2 .

IE(’C: £1.0.) 5C3=-5C3
C(J0E,H)=0. SASC2/NM
C{KUC,1)=0.5ASC3/NN

2000 CONTIRUE

RETUKN

END

EUNCT10N HEFCI(K cunrts NPATH)
INPLIC(T REALAD (A-H,0-2)

: DIHEN°10N HbCON(lOO)

EPA DAT
DATA HLCON/J.]GD 3.4.568D0-2,-1.0000,-1.0000,6.800- 4 1.81D-3,
-1.0009,1.21D-1 6.100—3,6.940—2 -1.0000, 2.860-4 1.0000
- 1.20D-1, +1.09D-2 ,3.83!!-3.1.98!)-2 -1.0000,-1.00D0, 19.50D~ l
17000,3.17] 00,1.06000 1. 06000 1.33D00 1.06000 l 33000,

3.
-06000,5.98D-1,2.29D~ s. D
5isxn 1,2.77300. .00 no: '-i i 3 -1. oon%

o]
=y

.0010+-1,00D0,~1,0000 oono.-1 oono,-l oono,-1 00D,
1.0000,-1.0000, so*o.oobo/

RAE DATA
UAYA HECON/-1.00D0,1.520-4,-1.00D0,-1.00D0, 2. oan-s,-l.oono,
110000'7. 9”‘3'-1 OODO ’l 0000 'l OOD 3 3 ‘ '1.

2,04D-4,1.33 ,6 67D 50 3.450-4,-1.oono ~1.0000,-1. oono

: -{ .00D0,2.63D- 0,8. 33D~ 3, 1.00D0,-1,0000;

~1200006.670-31. 520 -4’2, éen -318.330-4,-1.0000,7.49D-4,

~ 4,350-3,7.69D-3,~1.0000,-1.0080,-1.0000, -1.00D0,-1.00D0,
‘l.OODO.-l.OODo.'l.0000,‘1.0000,"1 OODO,-I OODO,"I OODO,

-1.0 .00D0/
HEPC]=LURI§QAHPCON(K)
IE(NPATH.NC. 1) HEPCI=-1,
RETURN

l‘“nl‘.”l‘

END _ .
SUBROUTINE PEAK(NPATH)
INPLICIT REALAS (A<H,0-2)
cnanncrsn*e UNUCL, XNAME2

REALA4 C,0,UT
connON/utxt/ALnxs 4C4100,10) CANLIE DILEAC DOSV(S) DY, DZ, 4, M
(100,107, RVERT (100 1(16 TTIMELS) JvaLy

uxniu usxAnthol bn XL, XLD(I D), xmt(loo) xn# ﬁccloO).

XW, YU, ZB
COHHONIgLKﬁ/RﬁRiADLbAHINQARHD’BIV(lOO)EBURHACUHDUS(lO)tDIECON

b ad T ]

% psTacK, RGannA(100) , EPY, FEXT, EEIRE,
t sxxiuv Efx PUTND HLIEE(A 100) nsrn sePY, IFL(7) F IELAG,
z GANMA {n RNI 10PT, fstan, U t ) ,NDOSE, NT80, HNP,
t NPNI Nr PO, 0 ReR nﬁo RORE S INY o O2al, 9B 0L 12 L,58,s5,"
: TEND T IROP, F1MOPL, T 6 ioo s>

: xnansztxog; vfincxﬁﬁuxnnkk Eﬁé%*i 6: xu xur xxnﬁ(100)
COMMON/BLK3/ TEILL * !

cL(§>.




ov-v

100

10

110
120

130

140

145

146
147
148
149

WRITE(6,100) NPATH

:E?RNAI(III//. *ikik PEAK CORCENTRATIONS hNDN¥IHES FOR PQIHUAY ‘

Ak’ .///, *NUCLIDE’ ,9x.'rsav TON’ ,5X
'PEAK TINE’ J9X, *AVERAGE DOSE’,/,’ NUHBER  MAME’ 1ox.'(él/nax3)'
12x (YR) i.x ‘AT PEAK TIME' ,/ 162X, ' (HREW/YR)' /)

300 K=1 ﬁnnsé

IF(Q(K ).
URlTF(ﬂll ED 0.) GO 10 300

FORKALC) R = ,12)
KK3K

NTIME=S =
IPASS=0
CHAX1=0,

IHAX1=0,

TBKEAK=(ZB+0.SAXLP/NH)AXRC(K) /VA+XAQDARVERT (K} /XVV+CANL IE
THESH=XLPAXRC(K)/ (NHAVA)

DELY=,.15/XLL(K)

IE(LELY.GT.HLIFEC(K)) DELT=HLIFE(K)

IE(DELT.GT.0.5ATBKEAK) DELY=0.SATBREAK

D0 110 I=1,5
T(I)-TBREAK#(I-S)&DELT
EAK=TBREAK+IH£SH

ALL GN1(KK)
? 1EL(1).EQ.1.AND. (KK.EQ.32.0R.KK.EQ.27)) CALL GW3(38,32,27)
IE(IFL(2).EO. JAND. (KK.EQ.27.0R.KK.E0.24)) CALL GW3(32,27,24)
ECIEL(3) .EQ.1.AND. (KK.EQ.31.0R.KK.EQ.26)) CALL GW3(36,31,26)
}g(}Et(g;.Eﬂ.i.hND.(KK.EQ.SS.OR.KK,EO.29)) CALL GM3(33,35,29)
(IEL(5) .EQ.1.AND, (KK.EQ.23.0R.KK.EQ.22)) CALL GW3(30:23,22)
IECIFL(6) .EQ.1.AND. (KK.EQ.28.0R.KK.EQ.25)) CALL GW3(34,28,25)
IECIFL(?) .EQ, .Aun.ckx.sa.za OR.KK.EQ.22)) CALL GW3(28,23,22)
CH IN=C(K, 1)
X=CHIA
IHAX=]
rnaxattl)

140 I=2,5

IE(C(K 1) SLT.CHIN) CHINSC(K,I)
xr(c(u 1) ,LE.CHAX) GD 10 140
cuaxscli, 1)

THAX=]

Enaxaxtx)

ONT INUE
1T(NH.EQ.] .0k, 1PASS.EO.1) GO 10 149
TS erane 2028 SN0 SHAX. LE.CHAXL) GO T0 147

s:(
IZ(CHAX.LE, CHAXI) g0 IO 145

CHAX]1=CHA,
ONTENAX1=THAX
E(TBRL“K-X(&).GT 10. *HLIEL(K)) GO 10 147
E(THESH.UT.20./XLL{K)) GO TO 147
E(T(b).ﬂ!.!ﬂkkﬁk) TBREAKsTBREAK+YHESH
néli:g(S)ODELI

o

Sl et ot Dut

T(L)=1(1- 1$onzzr
G0 10 120

IPASS'I

b0 148 1=1,5
I(l)=THAle(I-3)iD£LT
GO 10 120

IF(CHAX.EQ.0.) GO 10 300
NIIME=]




iv-v

}28 oo !0 (150. 10,210,210,180) 1MAX
1(1)-1(1) ﬁELt

DO 170 [=5,2,-1
170 €K, 1)=CCK,1=1)

G0 t0 120
180 E"{’Eﬁ??’"EL'
IF(TEL(1) . EQ. 1, AND, (KK.EQ.92.0R.KK.EQ.27)) CALL G¥3(38.32,27)
IECIFL(2).EQ.1.AND. (KK.EQ.27.0R.KK.E0.24)) CALL GW3(32,2724)
IE(IEL(3) (E0,1.AND. (KK.EQ.31.0R.KK.EQ.26)) CALL GN3(36,31,26)
IFCIEL(4) .E0.1.AND. (KK-E0-35.0R-KK-E0-29)) CALL GW3(33;35.29)
IF(IEL(5) .EQ.1.AND. (KK.EQ.23.0R.KK.EQ.22)) CALL G¥3(30.23,22)
IECIEL(6) .EQ.1.AND. (KK.ED.28.0R.KK.E0.25)) CALL GW3(34,28.325)
IECIEL(7) (EQ.1.AND. (KK.EQ.23.0R.KK-EQ.22)) CALL GW3(28.23,22)
CSAVESC(K 1)
00 190 )={.4
190 C(K, [)*C(K, I+1)
C(K S)=CoAUE
rt:!-rtx)
10 200 1,-
200 T( ()= 1(1015 6er
G0 70 1
210 NTIME=2
220 Y(3)=THAX-DELT
TC4)=THAX
T(5)=IMAX4DELT
DELE=0,SADELT
T(1)aINAX-DELYT
CArL euT LR
IE(IFL(1).EQ.].AND, (KK.EQ.32.0R.KK.EQ.27)) CALL GW3(38,32,27)
IECIEL(2) .E0.1.AND. (KK.E0.27.0R.KK.EQ.24)) CALL GW3(32,27)24)
IE(IFL(3).EQ.1.AND. (KK.EQ.31.0R.KK.EQ.26)) CALL GU3(36.31,26)
}E(}Et(g).go. <AND- (KK.EQ.33.0R.KK.E0.290) CALL G¥3(33,33,29)
(IEL(S).EQ.1.AND. (KK.EQ.23.0R-KK.EQ-22)) CALL GW3(30)23122)
IECIEL(6).EQ.1.AND. (KK.E0.28.0R.KK.EQ.25)) CALL GW3(34,28)25)
ﬁ$mumwwmmnmm.mmmwmnmm
£ 4
gO 230 I=1
IE(C(K. 1) Lr CHIN) CHIN=C(K,D)
1c(c(x D, LE.LHAX) 60 10 230
.nA)(-T( a I
230 CONTINUE

IE( (LMAX~-CMIN) /CMAX.GT.0.02) GO ro 220
PEKDOS=1.E9ADOSE( 1 x»aur«x 1)ACHA

IF(NPATH.ED.2) PEXDOS= xnoss(l K)AUT(K,2)ACNAX
WRITE(6,240) K xnnnsztx).cnnx THAX, PEKDOS’

00 CONTI
340 ﬁgg§A§(2X 13,3X%,A8,7X,1PE10.2,9X,E10.2,9X,E10.2)

TION HUNGEU, DL
AICULAIIONS OR’DISFERSION CONC ON EACTOR - HUNG(X
InpL(CLr @ EALIg «a-%’% ZJ°N CONCENTRATI 1z

gsatﬂk BISPER 10N'CORFEICIENT EOR HUNG EUNCTION

DD
XDL=DL/(DDA2.)
XUl=UUADD/VWY
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[x1xly]

T2u=DEOKT (4, AXUUAVV+WAW)
ARG=XDLA(VY 2, AXUU-T2R) -
IE(AKG.GY.6 .93) GOT0 4939
IF(ARG.LT.0.) GOTO 3940
HUNG=UEXP (AKG)

RETURN
3939 HUNG=1000.
RETURN
3940 HUNG=1.
RETURN
END

EUNCTION COV().Y,TE, IH,b

CALCULATION OF NUCLIDE’ CﬁNC IN EORAGE. PRODUCE, & VEGETABLES
IHPLICIT kEALA8 (A-H,0-2)

EQARALIEﬁ*J NULLID,VNUCL

CORRON/ BLR1/ALU1S, C(100, 10 CANL IE , DILEAC, DOSUCS) (DY ,DZ,NH, NHY
HNZ NTINE 0(100,10), RVERT(100),1(10), TTIHELS) jva; UNCL(S)
i SLABL(10], xabn XL, xx.nudo) xLluoo) XLE,XkC(100),

35
conawum&x/nnws bl COL1,COPL, COCHIL, COEISH, COGHTL, CONEAT, CUAT,
[ S i

xn& nA d, ék GeATEK uelsi, ushlw UERAEY ut'n:nr T ufmr,

P

CSPO/PP = sox[ cuucakrnhwn IN PCI/KG

XAHBEE=DECA+X

TERNL=M R EACUAT CTVARMA( 1 .-DEXP(~XANBEEKTE) /¢ YAXAHBEE)
=

P
IE(KK .FQ. 6) GO Y0 100
REfx=1.+BDENSARVLRT(J)/PORS
Eg%CSXLD(J)OSINEL/(O « 10AKEY)

EXP2=Q,
IE(XLI(2)AYINAV LLE. 95.) EXP1=DEXF(~XLD(J)AY 1HAV)
IE(TDECATINAV .LE. 85.) BXPZ*D&XP(-TDE CATINAV)
ARG = (1. -EXPI)IXLD(J) = (1.-EXP2)/TDEC
IE(SINEL .ED. 0.) AR Ga(l.-(l OXLD(J)kIIHAU)kDEXP(~XLD(J)

11 ktlHAU))/(XLD(J)*kZ*TIHA
IE(GINF). .GT. O.) AKG = ARG/(YIMAVA(IDEC-XLD(J1)))
CSPO = CHATAWIRATEAY760.AE IAARG

100 IERH2=CSFOAL/PP
€0V=(TEKM] ¢ YEKH2) AUEXF (~DECAATH)
RETURN

aspesear MR

EUNCTION m'nnsm A2,43,A4,A5,45,T)
IMPLICIT glw &- 'i

EXP(AL JALERE C )-U (T)kkRkC(AS))’EXP(A4)h(ERFC(AS)-U(I)&ERPC(AG))
u(r) = UNIT SIEP EUNCTION ( IF(I.LE.0) U=0, IF(I.GY.0) U=l )
FIRMS=Q,
SIGN=1.
IE(A2.LY.0.0.ANU, 1.62 0.) §1GN=-1.
AR?-QI*thCPk(AZiS
) AR 85

G
JF(ARG.LT.-85.) GO 10 10
ETRHSISIGN&DEXP(ARG)
10 IF(1.LE.0,) GO 10 20
ARG=A14 ERFCPACAIASIGN)




ev-v

IE(ARG.GT.B5,) ARG=ES.
b igﬁ GgiGNkDEXP(AgG)
20 GRLALSEREEPA(A

IE(ARG.GI. 85 ) ARG‘BS.

"y
.C
.
0
]
DO Ne
°'
-

30
A h8ﬂ4OERECP Ab)
IE( .GT.&S.) ARG=83,
P(A G.LI.~83.) GO 10 40
‘0 5 EI;ﬂSSETRHS-DBXP(ARG)

END
EUNC?IUN UERE(Z)
INPLICIT REALAS (A-H,0-7)

¢ SERIES bXPﬂNSION EOR 'ERF 2 FOUND IN ABRAMOMITZ t STEGUN #7.1.5
IE(DASS(Z).L1.2,) GO 10 10
DEKE=1, -DEREC(Z)
GO T0 50

10 Sth=0,
IE(2.£0.0.) GO 10 40
=

EAC=E

N2F1=N2P142

TERN=ZPOMR/(EACANZP1)

IF(DADS(IBRH/ UM .L1.1.E-15) GO TO 30

33 SNIHeren

gg gkk?ﬂl 128379167095513kSUH

D
BROUT INE ERMOR(I. X,P)
IHPLICIT REALAB (A-H
THIS SUBROUT!NE TES!é AND CORRECTS ARGUMENIS OF
SOUARE ROOT OPERATIONS IHAT ARE NEGATIVB.

= L
Pakilo,
VRIIE(S,100) 1
100 _FOKNAT(! SOUARE ROOT HAS. NEGATIVE ARGUMENT AT LOCATION *,12,
:éggnggusaourlns )

[zlala BN o iyl

END _
FUNCI1ON DEKFC(2)
INPLICIT REALAD (A~H,0
BASED ON conxxnuzn t&acrxou EROM ABRANOMITZ & STEGUN $7.1.14
1E (DABS(2) .GE, ) 60 10 10
DERECal,~DEKE(Z)
60 10 30
10 XNUN=20,
AB=DABS(Z)
RAC=ZA
20 I=1,40

(2]




vo-v

ERAC=ZAbeXNUN/EKAC
20 XNUN=XNUM-0.5

%g¥§ﬁﬁ ic. 9 3) DEREC=DEXP{-ZAHAZAB)/(ERACAL.772453850905516)
20 IF([ Lf 0.) DEREC=2.-DEREC

D
FUNCIION ERECPA(Z)

H,0-2)
FCPA 1S NATURAL LOS OF COMPLEMENTARY ERROR FUNCTION

7% EﬂcgﬂzcguglNugﬁlSRACIION EROM ABRAMOMITZ t STEGUN #7.1.14

ERE%BA*DLOG(DEREC(Z))
10 XNUN=20,
0 FRAC:Z
DO 20 I=1.40
ERAC=L+XNUN/ERAC
30 XNUM=XHUM=0,5

20 %RELPR=-(£*200LOG(ERACil «772453850905516))
END
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APPENDIX B

DATA FILES AND QUTPUT FROM PATHRAE-EPA
FOR SAMPLE PROBLEM

The five data sets used for the sample problem describzi in Chapter 4
are presented here. Each data set is displayed in two fo-r-=s. First, the
Fortran variables are given in the order in which they . .re read (load

form). Then the data set is given in the form read by PATh: iE-EPA,

B.1 DATA SET ONE - BRCDCF.DAT

NDOSE, TCUT, SINV
NTIME, (T(M), M=1, NTIME)
KK, XNAME2(KK), (DOSE(I,KK), 1=1,3)(UT1(I,KK), UT2(I,KK), I = 1,3)

Note: The last line is repeated for each nuclide in the dose library.

80,0.,0.
10,0.,1.,15.,50.,100.,200.,350.,500.,750.,1000.

41,H-3 8.6t-8, 1.2¢-7, 0.,0.,0.,0.,0.,0.,0.
42,C-14 1.5e-6, 1.1t-8, o0.,0.,0.,0.,0.,0.,0.
43,Fe-55 4.7e-7, 1.9e-6, 9.6t-13,0.,0.,0.,0.,0.,0.
44,C0-60 5.8¢-6, 4.0E-4, 1.2t-08,0.,0.,0.,0.,0.,0.
45,Ni-59 1.5e-7, 1.7t-6, 1.8t-12,0.,0.,0.,0.,0.,0.
46,Ni-63 3.7e-7, 4.4-6, 0.,0.,0.,0.,0.,0.,0.
47,5r-90 5.6e-6, 2.0tE-4, 0.,0.,0.,0.,0.,0.,0.

48 ,Nb-94 2.7e-6, 5.8t-4, 8.0E-09,0.,0.,0.,0.,0.,0.
49,Tc-99 1.9e-6, 2.2e-5, 2.9t-15,0.,0.,0.,0.,0.,0.
50,1-129 8.6e-4, S5.7E-4, 8.1E-11,0.,0.,0.,0.,0.,0.
51,Cs-135 6.5€-6, 4.5e-6, 0.,0.,0.,0.,0.,0.,0.
52,8a13’7m 0.0E+0, 1.4E-9, 3.1£-09,0.,0.,0.,0.,0.,0.
53,CS-137 4.4E‘5. 3.0E’5, 0.,0..0.,0.’00’0..05
54,Ra-226 7.4t-4, 2.1t-2, 3.7¢€-11,0.,0.,0.,0.,0.,0.
55,Th-232 2.2e-4, 2.5t-1, 2.8t-12,0.,0.,0.,0.,0.,0.
56,U-234 8.46-6, 1.9t-1, 3.3E-12,0.,0.,0.,0..0.,0.
57,U-235 8.6e-6, 1.8t-1, 8.3t-10,0.,0.,0.,0.,0.,0.
58,U-238 7.9e-6, 1.7e-1, 2.6E-12,0.,0.,0.,0.,0.,0.
59.Np-237 3.1E-3, 4.0E-1, 1.4E-10,0.,0.,0.,0..0.,0.
60,Pu-238 2,9t-3, 3.6E-1, 3.4E-12,0.,0.,0.,0.,0.,0.
61,Pu-239 3.4E-4, 3.7t-1, 1.6t-12,0.,0.,0.,0.,0.,0.
62,Pu-241 7.6E-5, 4.4t-3, 0.,0.,0.,0.,0.,0.,0.
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63,Pu-242 3.3t-4, 3,SE-1, 2.7€-12,0.,0.,0.,0.,0.,0.
64,Am-241 3.4E-3, 4.4E-1, 1.3£-10,0.,0.,0.,0..0..0.
65,Am-243  3.5E-3, 4.4E-1, 2.9€-10,0.,0.,0.,0..0..0.
66,Cm-243 2.0£-3, 2.7E-1, 7.0£-10,0.,0.,0.,0.,0.,0.
67,Cm-244 1.6E-3, 2.1E-1, 3.2£-12,0.,0.,0.,0.,0.,0.
68,Ru-106 1.1€-5, 1.2¢-3, 0.,0.,0.,0.,0.,0.,0. -

69,5b-125 0.0£+0, 2.86-5, 2.2£-09,0.,0.,0.,0.,0.,0.
70,s-134  6.6E-5, 4.56-5, 8.0E-09,0.,0.,0.,0.,0.,0.
71,Eu-154 0.0E+0, 3.4E-4, 6.1E-09,0.,0.,0.,0.,0.,0.
72,Pb-214 3.8E-7, 7.8E-7, 1.3£-09,0.,0.,0.,0.,0.,0.
73,8i-214 3.0E-7, 2.4E-7, 7.2E<09,0.,0.,0.,0.,0.,0.
74,Pb-210 3.8E-4, 9.8E-3, 1.2E-11,0.,0.,0.,0.,0.,0.
75,P0-210 6.4E-4, 1,7E-2, 4.4E-14,0.,0.,0.,0.,0.,0.
76,Ra-228 0.0E+0, 4.5E-5, 4.6E-09,0.,0.,0.,0.,0.,0.
77.Ac-228 4.7€-4, 4,0E-3, 2.96-18,0.,0.,0.,0.,0.,0.
78,Th-228 7.7E-5, §,56-1, 1.3E-11,0.,0.,0.,0.,0.,0.
79,Pb-212 2.4E-5, 2.8E-4, 8.0E-10,0.,0..0.,0..0..0.
80,T1-208 0.0E+0, 0,0E+0, 1.6E-08,0.,0.,0.,0.,0.,0.

DATA SET TWO - ABCDEF.DAT

(A(1), T = 1,10)

NISO, IFLAG, NNP

(NPN(J), JUF(J), d=1, NNP)

TIMOP, XLP, WIDTH, RFR, XR, SPILL

ARHO, "ALDIS, DY, 0Z, SS, SR, PV, SNO

NM, [GAMMA, IVFAC

XCT, XWT, TWV, XW, YW, RHO, FG, FEXT, XROOT, PLANT
ADL. UBR. FTX, CANLIF, FIXINV

XH, ACR, EPW, DIFW, DIFCON, TCON, DIFCOV

ISTAB, VWIND, FWIND, XRECEP, BURN, FFIRE, HSTACK, DSTACK, VSTACK, QH
(IFL(D), T = 1,7)

INPRNT, IOSRPT, IFILL, IOPT

kekkkxtx § PWRHU - MD SE 3/86 EhhkhhRK
29,0,7 : '
2,2, 3,1, 5,1, 6,1, 7,0, 8,0, 10,0
20.,590.,590.,3.57€5,50.,0.0
1600.,0.,0.,0.,.801,0.,0.,0.

20,0,2

0.6 6.,2 10e6,50.,0.,590.,0.22,0.228, 1.,0.

5.t-7,8035.,0.228,0.,1.

240.0,5.56E-04,0. 2 2,00E-02,6. 00E- 05,20.0,1.14E-02
4,2.01 ,0.093,345..2 51E-5,0.00274,1. 0 0.,0,,0.
0,0,0,0,0,0,0 ‘

1,0,0,0
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B.3 DATA SET THREE - RQSITE.DAT

XPERC, VA, XPOR, XAQD, XVV, XLC, XALE, FLCH, RUNF
KK, XLL(KK), XKD(KK), RVERTI(KK)

Note: The last line is repeated for each nuclide in the invéntory.

.454,27.8,.39,7.7,1.11,10.,1.96E-4,1. 0,.322
41,3.48€-3, .01, .01
42,3.48€-3, .01, .01
43.2.99E-5,6000. ,6000.
44,2.99E-5,55., 55.
45,2.99€-5,150.,150.
46,2.99E-5,150.,150.
47,4.96€-5,20.,150.
48,2.14€-5, 350, ,350.
49,1.63€-3, .5, .5
50,4.40E-4, 3., 3.
51,1.50E-5,500. ,1000.
52,1.50E-5,500. ,1000.
53,1.50E-5,500. ,1000.
54,6.84E-6,2.20E+2,2,20E+2
55,2.51E-8,6.00E+4,6.00E+4
56,2.01€-6,7,50E+2,7,50E+2
57,2.01€-6,750.,750.
58,2.01€-6,7.50E+2,7.50E+2
59,2.78E-4, 5., 5.
60,2.15€-6,3500. ,3500.
61,2.15€-6,3500. ,3500.
62,2.15E-6,3500. ,3500.
63,2.15€-6,3500.,3500.
64,1.87E-5,80000. , 80000.
65,1.87E-5,80000. ,80000.
66,2.15E-6,3300. ,3300.
67,2.15€-6,3300. ,3300.
68,2.14E-5,220.,220.
69,3.32E-5, 45.,45.
70,1.50E-5,500. ,1000.
71,7.54E-7,4000. ,4000.
72,6.84E-6,2,20E+2, 2. 20E+2
73,6.84E-6,2.20E+2,2. 20E+2 .
74,6.84E-6,2.20E+2,2.20E+2
75,6.84E-6,2.20E42,2. 20E+2
76,6.84E-6,2.20E+2,2.20E+2
77,6.84E-6,2.20E+2,2. 20E+2
78,2.51E-8,6.00E+4,6.00E+4
79,2.51E-8,6.00E+4,6.00E+4
80,2.51E-8,6.00E+4,6.00E+4
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B.4 DATA SET FOUR - INVNTRY.DAT

KK, HLIFE(KK), Q(KK,M), XXMU(KK), EGAMMA(KK), BIV(KK), SOL(KK), VOLATL(KK)

Note: This line is repeated for each nuclide in the inventory.

41,1.23t+01,1.31£+02,0.00E-01,0.00E-01,0,.00E+00,0.,0.9
42,5.73E+03,7.43E+00,0.00€-01,0.00E-01,0,00E+00,0.,0.75
43,2.70E+00,1.20£+02,0.00E+00,0,00E+00,4,00E-03,0.,0.0025
44,5,25€+00,2.46E+02,8,30£+00,1.25E+00,2.00E-02,0.,0.0025
45,8.00€E+04,1.43tE-01,0.00E-01,0.00E-01,6,00E-02,0.,0.0025 °
46,9.20E+01,4.41£+01,0.00E-01,0.00E-01,6.00E-02,0.,0.0025
47,2.86E+01,3.40E+400,2.00€E+01,3,39E-01,2,50E+00,0.,0.0025
48,2.00E+04,4.54E-03,1.15€+01,7,.87E-01,2.00E-02,0.,0.0025
49,2.13e+05,1.90E-03,0.00E-01,0.00E-01,9.50€+00,0.,0.01
50,1.70€+07,5.61E-03,9.70E+01,3.96E-02,1,50E-01,0,,0.01
51,3.01€+06,1.90E-03,0.00E-01,0.00E-01,8,00E-02,0.,0.0025
52,3.00E+01,5.70E+01,1.30E+01,6.62E-01,1,.50E-01,0,,0.0025
53,3.00E+01,5.70E+01,1.30E+01,6.62E-01,8.00E-02,0.,0.0025
56,4.47£+09,4.27E-03,5.00E+01,1.20E-01,8.50€-03,0,,0.0025
57,7.04E+08,6.85E-05,2,90E+01,1.77E-01,8,50E-03,0.,0.0025
58,4.47E+09,1.25€-03,6.30E+01,4.80E-02,8,50E-03,0,,0.0025
59,2.10E+06,9.68E-06,5.00E+01,6.02E-02,1.00E-01,0.,0.0025
60,8.77£+01,1.20£-01,5.00E401,5,.62E-02,4.50E-04,0,,0,0025
61,2.42£+404,1.126-01,5.00E+01,1,.37E-01,4.50E-04,0.,0,0025
62,1.326+01,4.85E+00,5.00E+01,1,32E-01,4,50E-04,0,,0,0025
63,3.79£+405,2.43E-04,5.00E+01,0.00E-01,4,50E-04,0.,0.0025
64,4,59E+02,2,31E-01,5.00E+01,5.74E-02,5.50E-03,0.,0.0025
€5,7.37e+03,5.41E-05,5.00E+01,7.29E-02,5,.50E-03,0,,0,0025
66,3.19t+01,5,52£-05,1,.80E+01,2.24E-01,8.50E-04,0.,0.0025
67,1.76E+01,5.26E-02,5.00E+01,6.66E-02,8.50E-04,0,,0.0025
68,1.01€+00,5,04E-02,1.40E+01,6.00E-01,7.50E-02,0.,0.01
69,2.77E+00,1,.85E+00,1.70E+01,4.60E-01,2,.00E-01,0,,0.0025
70,2.06E+00,5.04E+01,1.20E+01,7.00E-01,8,00E-02,0,,0.0025
71,8.50£+00,1.86E-01,1.00E+01,1.00E+00,1,00E-02,0.,0.0025

8.5 DATA SET FIVE - UPTAKE.DAT

SINFL, PORS, BDENS -
Y1, Y2, XAMBWE, TE1, TE2

TH1, TH2, TH3, TH4, FP, FS

QFC, QFG, TF1, TS, TFIS

FI, WIRATE, QCW, QGW, QBN

ULEAFY, UPROD, UCMILK, UMEAT, UWAT, UFISH

NUCLID(K), RW(K), BR(K), FMC(K), FMG(K), FF(K), FIS(K)

- Note: The last line is repeated for each nuclide in the inventory.
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B.6 OUTPUT FROM PATHRAE-EPA

The following is the output from the PATHRAE-EPA computer code for the
sample problem generated by the five data sets defined in Sections B.1
through 8.5, and described in detail in Chapter 4.



UT(3,8)
KG/YR

UT(1.5)
EPILLAGE FOOD
LAIR

kAkkkhkk

2183, 4)
BATHIUR
LIR

LT(2,3)
-ON
LR

VALENT UPTAAE EACTORS TOR PATHRAE
Ew0S

/30

5E
OTAL EQUZ
Ut(3,.27

WELL

L/Y2

-
-

)
VER

L7k

'.i\oo-

PYRFU - MD

ArAhkiA o
AUCLIZE

r 4O IQOr 4 LICIC 1=« IMIMIMI CXMIIM # 4=t O g
.UOqUOOOOOOOnUOOAVOOOOOSOO00100
UNUEL B 2 e LN UL ) 1 14 10+

BEOO” 9.002E

i2

-~
“w 1o

E+02 5.841E+02 0.000E-v.
»

(-]
¢
(2]
(=4
Q
o
L]
o
1
[~
-
3
(3]
-
-~
L]
-y
[
o0000000000080000008000000
A et i At AR I At A e A e e
$40 4643 CAICAD LAICAN 003 EAD 02 CAD £249 LI 24N 0D £ad £23 €2 €1 £ad SAIL2IEr T La) Ba BEE
X ;0 8476897-8409.‘4433‘J05zqus.d-sss
@ . CIDON < NT e aMNOC. OOV P i mird, .).6.113994.
88 =“CICI MOTOWVIODONINI PV PP ETT P NITD
@« 8 4 8 8 5 5 ¢ 8 0 &8 ¢ 4 D o ¢ o v gt s G0 st 9o e
A P OSSN DI 4P e © DIV OV DI VI N N N X
-«
CICTLICICICICICICINC YA NCICICICICICICICICCICICICICITIT -
OOV OUVOVOCVOOVDDOOOVOOCODOOOOOK
-+ f‘.v&.ff.”" ! PP+t st dttedtdtd el
620 563 249009 LLYEAT £22040 £a3 €43 0aD 49 £ITILAY R0 CaD €9 CaI 023003 CLILSI CaT 03 $49 Gad Ead £aT ~C
1.68‘- QI LIV OO ONMMON TN TUIDO -
@ 1CITIOD I+ O WU Vot it trdr b (ot Pttt ot (ICNO o K
a3130060.-/30005....5‘:‘.‘-‘.‘.44.145409*
e ® o ® a2 o g 8 9 e ® o & 85 ¢ 4 & & & 9 & 8 P & & g s
[ R SN $ 3 66.59:.1780 LIV VIV NIV
b
CICICICICICIC I CICICI— 1 CICICICICICICICIC ICCICICI CICICICIOG
OOVOOVOOCOOOCVOOTIOCIDONOOOOVDODOI
R A A L A R A A At AL RS
S48 T3 222091 SLIELY £a30A CaITA2 23 E0? CAILLILANE] £03 €5 L] TATCAY £43643 £l 247 £aT Bad bad g2 X
s DT NI T TWIOOOCOONMMOM FUIT IO ~D)
Pt CIDOD TN O T NCOINrtrirtrds tndrtot it (7trt (I PV
e9-..&-0060:7300055.34.‘-11‘.4.14.4.4.5408
e« 0 o0 a ® s 0o @ ® 0 & 6 9 0 0 0 ¢ 8 2 " g 6 0 & a ¢ afne
..0.l.-lw:ﬁﬁ_\K...:l78°855555555§55559fdu
[
CICICNACICICAI CICICE A 0J0ICICICICICICICICICICICICICICICIE
VI 00QOOCOOOROTOIOOODOVOOODOOOOO™
L2 A A A i At IR Aot A A A e B
B9 58 Ro¥0aD £23659 Qa204F 23003 23 €AD BRIBAILICATCAY £20 €43 LAIELY 43043 BaD 100 AT £22 Cad Cad 01D
e P WTNDTTITINMNNIODLOIOOMCIMOM TN T NDO 4T
P 1INV DD TT QO LL O dedeto 1rlsrdetndr rdrtr i CIVO T
OO 4OV S NIODDININI T PP PP IFTINTODOT
@ & 82 8 2 ¢ B ® 0 % 0 8 2 % s 8 3 4 0 0 ¢ 6 gt 9 % o 0 o
["s Rl ZULAVIIR- Ty -7-}Bces..de...ss_.dssgss:ardgsn
-«
-
K
VIS, IO Je I P ONTP P K
WIONMIOT NI~ ICHINACIN PP VPP O K
FULIIUNOGCED D C It~ ICIMIC IFIC I ICICICAFICT e totm i X
Coet 1 8 3 08 1 8 S et et 0FICICY 0 0 L 6 30 0 0 0 0 ¢ K
I ¢ Bt -ttt AR L IOIDIITARTRINADXK
LIIBN VT T IOV O 1 E O Qe B *TRIIC) OIS "

B-8

100.00

2

50.00
750.00 1000.00

TYPE OF USAGE
FOR UPTAKE EACIORS

15.00
0
7

500.00

1.00

350.00
PATHUAY
2 GROUNDWATER TO WELL

.00

200.00
THERE ARE 29 ISOTOPES IN THE INVENTORY FILE

HE“CU;OES Vg&UE ?og SUCLIgt 4?5? L&QE
- RGABEKT oY THES Lok kRECHERLTHROEE 1§
THE VALUE OF 'FLAG IS

THERE ARE €& ISOTOPES I4 THE DOSE FACT
"YEARS 70 BE CALCULATED ARE ...

NUABER OF PATHUAYS IS

-
r



EROS 0%
FOGT GROWN.IN SIT
NAIURAL P O.NTRUS

BABECI BATRG -y
ATMOSPHERIC TRANSPORT

OE OPERAT SON OF WJASTE FACZLITY 21 YEARS
OE RnPOS TJRY (METERS)
RERTS "QR {METERS) .
RATE 0F R-VER (CURIC METERS/YEAR)
STANCE <) RIVER (METERS)

DENSITY OF AGLIFER (KG/CU2IC METER)

LONGITUD VAL DISIERSIVITY (ﬂ)

LAIERAL DISPERSZON CDE EICTEN AXIS {NAAZ/YR)
4BZR CEF MES3H PCINIS FOR D.SPERS Od CALCULATION

FLAG PCR GAHHA PATHUAY OPT-ONE
FLAG EFOR ATMOSPHERIC PATHWAY

COVER ’HIC&"BSS OVER wASTE (METERS)
TAZCXNESS OF WASTE IN PITS {METERS)

TO7AL UASTE VOLUNE (MAA3) ,
D”'ANCE G WELL -- X COORDINATE (METERS)
DSIANCE 50 WELL -- Y COORDINATE (METERS)

PPXE' zNOEP 5355 CO#% 4 6 ghk? IS GROWN ON SIZE

FRACTION OF YEAR SPENT IN DIRECT RADIATION FIELD
DEP3k OF PLANT ROCT ZONE (METERS)

HREAL DENGITY OF PLANTS ((G/MAA2)

AVERAGE DUST LOADING iN AIR (KG/MAAJ)

ANNUAL ADULT BREATMING RATE \HM3/YR)
ERACTION OF YEAR EXPOSED I0 DUS
CANISTER LIFETINE (YEARS)
INVENTORY SCALING FACTOR
ZEIGHT OF ROCNS IN RECLAIHEQ HOUSE (CM)

A'R CHANG' R IN RECLA'HER HOUSE (CHANGES/SEC)
AT ATING PCUER OF THE WASTE
gION Cu&:~. wi AaZON IN UASTE (CMAA2/SEC)
COEEE. OF XN IN COnCREIZ (CMAAZ/SEC)
KNESS OF CONCRETE SLAB ELOOR (CM)

DZEEUSION COEFE. OF RADON IN COVER (CMAA2/SEC)
ATMOSPHERIC SIAB'LlaY CLASS -

AVERAGE KIND SPEED (4.5)

ERACTION OF TIME HIND BI.OUS. TOWARD RECEPTOR
RECEPTGR DISTANCE EOR AIMOSPHERIC PATHUAY (M)

INCINERATOR OR TRENCH PXRE BURN RATE (MAA3/S)
EHAC;ION CF YBAR EIRE BURN

£
0N

OCCrpst 2 e

chn O LrIar iy

(=10 F ol 2 ]
ouz [

Aty 4005 s

ATITS

Xrav 02
men

ﬂm'n

STACK HEIGHZ

SIACK INSIDE BIAHETER (M)

STAT EHISSIOhogggé ggég,BURNING (CAL/S)
AG EQR INPUT SUMMARY PRINIOU

§taa Egi IREETXON OF TRENCH E{LLXNG

3
® ® 8 @ o De o
OOOtLY O

W
<
[ %]
OO (MGr+ S OUICY

[ 2]
oo

O I

[ 24

[ %]
e

OO0~ ON IOt




b
H

NG THROUGH WASTE ANNUALLY (M

SO°L SATLRAT 0N

RESI3UAL SOIL SATURA

=00
LiTY JF VERTICAL ZONE (M/YEK:

IL NUMBER

-

FLAG FOR GROUNLW:ATER PATHUAY OPIIONS

AMOUNT 0Z WATER PE3ICILA

DEGREE 2
PERMEAB
50

84 = et I MOIIOIOIICIMCIMITIICICI IIMCIM I I
tt T 0000000000000 E
¢ IO 4 BNttt Il I .~
oF 0 1QQe< a2 1Y £a] Cal £A3TA €I LATLAI ALY i35l tay e L13243043 203 LAY X D= D>
Oritd i OO00O0VVOVO00VORVOVOOVOOONOOOROOOD I
103230 000000000V RVOOOOOROOAO ORI xRE
Wi adE ONINIINNNOINNVINVINWVIINVBIIDWN B NVID Ll
10O O i -.o.-..-lo-oo.o--.ooo-o-oN
Y 1O OWCID M OIS CICINCICICL O IMICICICICICICICICIC ICICICVICI- 2 CICINY 83
ML NOoCS b
¢ * & 0 9 o @
OCsmifNDe )
[ P2 -~
< T
- =
zxwn o
T M it - 1) O CAr 4t DY AN CIOCIOCICIMCID O OO 1 INOOY
IO QO riCrmiONOCrtr IO rtrdrtetr- 1 1Dt rlog rmie IO D DS  Smiom
L~ o S I I S L N R N L R N AN A a.08
€IS\ 6D €o3 ga) BaT 03600 240 13003 A2 03 3629 £a3 BaT £23 £a3 AT BaJ £A7 €43 64T £a3 Tad £SICAD €43 EAILaD b 4 o
HQICl] OVOVVOODIDVOVORODODOOODDDODOCSO I\
Dtk O000O00000NOOORO0VOO00ODODOCOOd Y
W X OOVFINODONFOrIOMMIPTIONOIPOIOND~ 2
[- {7 h - ® 8 8 8 60 5 ¢ 08903 0 g s g0 g8 gt S s e s s JNOw
r%m Y=Y 21" .00928030382131021.‘.730286MC
=14 [ ad=]
[ (& 1]
x e 3=1
-~ Sholag N
4] w
OOt~ ([+~030 T OO PLUN T OO P d0 At ettt (T = t0o 8 4 D I D P O Ly
O™ OO0 O0O0VO0O0OVOODOOOCOCOOODOOOOOEN
-~ L o N N N N N AN AR R =
o €I fa) Ll pay Gaf LAITAY La3 LA £i2 SAIL2IRAI ReD LI LA LAY LaT0LH £23 04 029 023 02) SN LLUI EAR2AILAI A0~ O
b e ad XN OQO0O0VVOVOROVOVOROOOOOCOOIODOO DA
ot TIME OO0O0OOVOVOPO0PO0OOCOO0OO0OVODOOOOS W
L= T W I ONPTORAINMITONWCHUONTIIC P N I DT M gted
Ny - {7Y- ] LR AN A EE R EEEEEEEEE YR 7
Loadl ' A it et W o s T CINC NP (M) et ot LRI I P T CICIHCITOILE TS
R 3 -6 (=2 d -l
g dad oo = ]
[T ] >t
oo L~ -y
20X X 2=
i nd o B o
[ TN )
WMy, 2XOm~ QI DN DD BTN HUID DO MM CITFIM IOVt (I
H e OO OOO0000000000OC0OOO0ODOBOTOODOO A
L axchve Soeg=g a3 4 4 0 0L Rt Rl
RSO UICI Qe 4D AT £aD BaT SAITAIECT TATSLITAILAY £1D L3 £2T FATLAS RAIELS £4T LT CaTCAILA) SAI LTI TATEAICaY L3N
BENCATLWTNY ODOO0O0VOCO0OOVDOOO0TROOOOSOCTOOD . D=
AT HCEME QOO OVOVOV0000CODOOOVOOORCOOVOD -
O 3TN~ T 1 DWIN DU DI~ PONNOC L O N COMPIIOCODNOIO Mal
e DEXYA.™Io [N EAEAE AR R E N e T
TVIMO  AK D DI INCIATIODFNERINMCIMINMIMIMC, # 1OWOVO D>
OO O Ve s-q
wo Ly 2 o
IR Al T ol
Side 1D e OO<XA,
D 0 g
ORIV L
DI IOIVED
[~ E T A
QL T Ry Y : w
QDM £ oI acs NN CH MMMV RO TE X
i QOO & NONMIOFTORNMIEMITVINMOINTCECR L TOCIMN &L
(=L N W AN 3 TN DUNDNGECT 10V 1M MICICICECICICICICT O CP -1 o=t ot e 843 2
ST XD e 8 L 4Lt I L H LU S0l 1D
et 4pa gt I ¢ PO DUIATAL I ATIIIDDEABAEINND
P+IIT. i o) AL OETNIZ OO IIN EO A e T O LN LOLdd
14X O QIO . ‘ Lo
AL T IR T DR . 2Dl
OQF "0t 4D 0 1€ T NI IO O el 1P DU VI 4t PII VU D C I Dt T A
[ ate ta ] TP P T T WV TONINIDNVININO DI RIS X

B-10

7E-01

0
9

3
1.492E+00

0.000E-01
0.000E-01
1.490E+00

3

3
3

AERES0
§49E+03

5.841E+402
4.816E+02
6.067E+02
6.066E+02
2.973E+0

7
5.

S.841E+02
© 4.816E+02

47 Sr-90



0.000E~0:
J.960E-02
0.000E-01
5.620E-01
..2005-01

1 WO - s OUVINCI DD a0t

--l. unoo.o..u....ot
ﬂuazoﬂaaaaﬂuv l.s\.nigl.l-ﬂez.l

ICICILICIY
000800000
i A i A B o
SATRAICAD RAI0AT 040 B8 LA CAI Ga2
oogﬂuaéon‘u“.rdlu

7.704E+02
8. 0755002

a ® g @ 5 0 o 8 i} q
OBSEJSCJIJSEJEJSSEJSSSSSES

E#O:i.
E~02
E+02

’.7045402 '

)
b=~
S CIgY s
WP DD O

-l
<TQ
tLyr
L 19
| bt
1]
82
|
"l
-3
4
Plrt et e de trdraot,y $9t ot ol ¢t g =4 =l ot ¢ St el gt ot ool ot gt g 9ot T
CO0OCOCOOOCOCOCOOOCHCOOCNCOCOOUD
U NN Y AR A A e R L R R s e T Y T
$33603 €23 823 £23€43 £23643 £29 €134 £13€13 €2 CAICAT B4T LAVLATCLICLY oG CaTLaITAT £aT GA2EAI LA P Bt
OO0V OOROOCOOOOCO0OCOOCCOOA,
COOCOVOCONIOCCOTCOOOVOOOOOCOOCoOOuI
o003000107033093000000080‘-720"0
. ® & 3 % ¢ 6 0 8 5% & 0 U P g G 00 g te 0 e 9o o0
0008005«- a09°1151..65555555155l111
C
IV CNINNI VG EV T IS SINVOINBINN XS
COO0OCOOCOOOOCOOOCOOOOOCOOCCOCOCIIN
NN AR A AR R
$A3 £47 £17 023 052 0.3 £/ 542 843 LLTEAT LA2CAT 043 €63 5ad €43 a3 B2 L0 £4T €43 BATCIICAT £13 $43 LT T bt €T
CO0O0000OCOO0OCO0O0OO0VOOCOCOOOOODA
LR OO MOCOC it ~MPNNOINNMANITNOT O &
‘49999916‘.5550°°ullll1488\lv-1355““
S 8 8 0 8 9 0 g % a0 g P 00 q % g Pt g ea3ss N * e
3326&20-4-315‘.11!56.-zzzzﬂuﬂbleﬁzzaln/ -h
I MDNIBLHNININTI CINNIL OO T ROV I IO B I o
3 T T P T P e I e
[ .
643 AT 6.1 £a3 €AY LAT 04T £AT 82 CATCAT CLTCST RAT €41 LAY BLT CLTCLILLIRAT LICATCATEAT DX AT LATEAT bt It
COO0ONCCOCOCOOO0CCOCOVOCOCOCOOOD
RO ITMOOOO r4rt e MYHINMNIN DI T CIO T S B
T, -6‘55500071.11‘588\.\.\-355ﬁ‘
S » 0 5 ¢ g 8 o ® ¢ ® @ 0 9 & g 8 g ¢ g o a0 0t gt D
CIMCINTIC Tl .‘.11120.-9-...-5.1.24.\5\4&22317 (]
[ ]
. - 1 ars RN SN T
T NOMMOE M TNOMMOICTeFrTTONMIN <
T OO PO CIM M OIMICICICINCICICIC IO ot ettt QI X
Plot 0 1 0 ) 1 ) toqlpatQUCECIY S LB 0 Q0N 00T 11D
1 1 QM AV IOV | | O 0R8 TN S
TowLZxZnzt .v.CBCUUUNPPPPAACCRSCEMu.ﬂ
. S
4 CIT NN DO O~CIT DL O OCITI WU IO DO 4T
WUV T 0T CTOMIMINIONUNINGS 1 B0 D D DN DO DN Mnh
x

.
o

1.000E-02
1.000E-02
6.000E+03
5.500E+0

H-3
c-14
43 Fe-35
44 Co-~60 °

Al
42



Y I
N era

YOGS OGN AIALI M A Sl
WA Lo LI L2 2D CINICHIE D62 O

FA%:!

NNC OV GOOGr B MY 61 CYNLR AU A LUA L do dode B
*2 OB XU & LN ¢+ + O 0C0 “JT LI PO 0NN,

..400500”
<.5002+00
2,000E+0)

03+03

OO MR EIW WO OIUNRAIO NLINT O
gOOOOOOOUOOOOOOOO

VERSION

E¢03
70 PLA

6.1642+02
6.164E+02
9.3055001

£
.

o
[3]
t
i
<>
o
[ =)

[ N LI LR RTRT P X TX N PRy 3 13

LIEE (YR)

1.230E+0}
5.730E+03
2.700E+00

3
(=4
vt
*
(=
N

OE+08
0E+09

0E+01
CE+04

& It O e OO SN0
\'O\'&gOOD‘O
[ 3¢
-
(-3
Y-}

3

.500”00°
«S00E+0C
500200“

L 1
[ ]
(4
[~
(=4
[32]
-
[~
(5 ]

® 3 & g 8 s 0 9 % 28 g, o0
140 O NI W WO O UILIANO LIt

i 4ok 13 LI LI00 00 LWILIILIUN .33~

L
INUENTORY (cH

7. 857800'

7.693E4G2
7.693E+02
7.693E+:2

3:521E:83

LAy 2
GROUNDUATER T0 WELL




O0SES FOR GIWEN TINES AAxAAAAA

L]
e

AMAAAARR NUCLITE

10- 000 (Dot et aole 10L") rdomtont, (etdmted, (Fdomdr tpd
OO OO -OOOALOAUO.VOOOO

C-MNMOCOCOO L INCRONMOOMHOOOCOOCEOOCOT -

enCl ettt 020 00 (B Vet ¢ 40 €0 6 rmt Y 0l gct =t gof 0=t e =t et ¢ St 0 S o &
ki 3000»0\10oooooooooooooooooooo
Qi 1ttty et st bt bl

(3] -] 0000009 NOoOCOCHICOOCOOCOOO0OCO
000000400000008000000007000

OO0V COTOOCOOOOIODOOOOOO0OOCC
S & o 8 9 0 ¢ % ¢ O g ¥ 8 Ot 0 ® o0 a b e g g

c3
o
1
tt .
M W VOCOOOHIOOTOVOONCOOOCTOOCOCOCS
L]
100 CCOCNOCOOCOO~COOOTOCODO0O

&

4T o tot ot Lot = 4 Y E) ot =0 et 0t g ¢ LD 40 g 7= ] Pt g 0 i 4 = § o4 pmf.
AR A ENEN) DR OO
EEEEEEEEEEEEEEEEEEEEEEEEEEE
OCOQCOVMNNOOOCOOOOOOTCOOOOOOO0CC

350,
7.548-;

000000270000007000000000000

rtemt g v domts LYVt 0 Qpmiond gud Potomd ¢l gt o=l gt =d s =8 o G0 md pd
oooeoo004000000000004400000

CCOCCONIOCOCOCOOOCOOOOOOOCO
OOOVOCLIrOOCOOOO0OOOCOOOOCOOOO
9 @ 9 9 5 & o ¢ @ ¢ g5 0 € g 0 g% 8 s 0 90 g g
D O0OCCOIIMIOCODOOCOCOOOOOOOCLOC

00,

5.17E-02
E-
E-
E-
E-
E-
E-
E-
E-
E
E-
E-
E-
E-
E-
E-
E-
E-
E-
E
E-
E
E
E-
E-
E-
E
E

Clotrdodmtme 2470 ot gmd 0t gt m=t gt Pt pod 178 gt 0= 4 gt 7= ¢ =45 4 gl =1 gl 1= )
CO0O0OQCOOVOOOCOORCOOOOOOOOOOCOCO
U R N L N I N R U N N R N I O e e e e

65-04 5.96E-07

00.

[ -~ 000000—,-00000 OCOOVOOVOCOCOCOC O

CBre adosty 4mtods 100 ¢l 0ot gugr ¢ gl 0= 574 gl 0 guf 74 pud# -1 020~ oy ¥ 4 o d
-o\loooooooooaooooooooooooooooo
St Lt v bt syt t 11 1 1
SEEEEEEC.EEEEEEEEuEEEEEEEEFMEEEEE
IV OCOOoOMOOCOCOCOROVOOROO000C
O O0OCVOOLCOCCOCOOOOOOOOOOONO0CO
* & 0 6 9 % 9 8 4 % g O 5P 90 2" gt PN SO et o 0

T OoO0OTOOROCOONOOOVOOOOCOOOOOO

Y rts Aot Pl 40md . 10080l 0l g =t gt 7= nd Pl od 7~ § o Pl G 74 o 4 - 1024 md

cooooooooooooooooooooooooooooo :
.s....-. 1 LR L ) P 611

- L]
L 00000000 COONCO0COOORO0O00O00O000CO.

1 P pqr Pdr 2p 4o S0uqr to 4rtomtr t oud ondgmd o=t b ol pmiond oudr 1o drete 104 ome

cooooooooooooooooooooooooooooo
Ot 1ty t st tte 141 s 0

243 843 Sadial? Go2EAl (e3840 £ry 01 I0us Lo pigtud EEEEEBEEEEESE:-E .

OO O0O0O0O0OCOCOO0ODOOOROOCODO00O0OO .

[ =X =] ArO\UOO\Mooooooooooooooooooooo

. 0 8 ® @ 2 8 s & 0 % g ¢t 08 o0 P S ¢t ast e s s

OROOO0HNOOONOOCOCOORCOVOTOOOCOO L
x
- ) B¢ NI CIr4 MM KON &
| VSOOI MINMTIOOINMT ST TEXTOCIMN
e T LICISOO O T MO MBCICICINNCICICICICICI~tr 0t ¢
CIM g Y et 0I0ICA T Lty
A1 1 QO 4N UI Ml | AT RNEBRIOND
u“cscnssnnt IDRUD DTG CTCOOXINLI
(=]
=) CIMICENI IO, I IONO NI D HCIMNC IO OO o~
DT AT CLIILHIVIIINIDDD “666-.06706?;7

o]
]
—
w

eart, amd, 1o Y Mete 15 4000 o 4 W) Pt 74 g 4 g S 0t e 4 - pug

\J
um
R."0000007oooooooeoooooooooooo .
™

IDE DOSES EOR GIVEN T

AkAriz SUM OF NuCL

1.11E-01 8.86E-02 6£.38E-02 -4.30E-02 2.99E-02 1.66E-02 1.07E-02

IMES AARAKA

0.00E-01 O0.00E-01 A.06E-02

29

("2
[~
]
[ 7]
[+-]
-
.
(3 ]
-
[~
J
(2]
(-]
- O
. o
-« ™
-
-«<
-«< N
©
[ ]
13 b2
e
bt ot
e ®
=
[
>
=e

2.99E-06

1.79E-05 1.21E-05 8.38E-06 4.64E-06

3.00E-01 1

B - 4
. -
Kk LISPIXSICH CORRECTION EACTDR Axxaih

"o WV

*&ik% SUM 0OF NUC;IDE RISKS EOR G
xkx%;;

3
x

TOTAL TARTAD

HORIZONTAL EACTGR

VEXZICAL FACIOR

NUCLIDE

OOMOOOOCOo0ONn
CO0OOOOO0O0OCCO
fe i i A A e i A
623 £27 €23 43 242 £43 a1 SATLAYEAT LIS
COOMON~OO0O0
o322l - -1-2-1-Y 1"

COMMOMMOoOoO oM
OO0 OO0O0O0O0O0O0C
R i B A i o A A
B3 842 041 BaT2A2 653 23 CAILAT £ GAT 43
~,OOOOOO~MOO OO
[=3-1-1-T-1-J-1-/-1-2-1<}
e 6 @ € g 8 9 & g 0 a9

Cs-133
52 Bal37s

50
)



1.69E4G5
1.0CE+00
1.00E+0&

00E+00

A
he

1,69E402
3E+00
00E+00
1700403
§.04E+00
1.00E+03
7943

[
b

$.00E+00
{.00E+00

-
L)

NC

k]

CONCENTRATIONS

00E+03
1.435+00
;. J0E+03
1.00E+0)
S 2 30E+03
Q0E+a3
00E+03
O0E+03
90583
1.00E+¢3

!

Q0E+0

JICE+00
1.008+00
l.oCE+00
1.00E+00

-e
.

*
L ]
b
as
L]
.
- e
-
be
}-
-8

T ”»

'3

Eu-154
CONCENTRATZION ARRAY

Sh~
Cs-

-

D 00t rtet 0 - pot 3= S0 -Cond b o 4 Pl 0 f P AAGPE 0o 80 § gatrmt om @ =4 o =gt oot g
(10000 r I00OROO~OOOOCAOOOOOD
L N N N NN

CO0COOMMNOOODOOINOOC OO0
# ® 6 0 8¢ 8 8 4 0 0 ¢ g 8 gt se g0 000 eveoe

(K]
VOO0 O0J~O 0000000000000V OD

OV et

140000 OO OO0 C~<C OO OO0 OOOD
o.-.-..—.-..-.-.-..-...-..-
°EEEEEEEEEEEEEEEEHBEEEEEEEEEE
MO0V OONTIOOOOOCMO OO OO0

- U]

NNOCO0OOMNOO0OCOTLOOO OO0

HtTOOODODr10 0000 TOOO OO0

lslllll-..l.Az\llll\llil“illlllxl
1000000 r 41O V00O OOV ORODODOOODO
- NN NN AR AR

~MNOVO0O0ODNTOOOO0O0OOVOSO SO0 O0OOD
® & g # 90 9 8 g 8 9 06 5 ® o " o0 08 o9 9 s g e g e o

~MDVOVOO OO ~MOVOVOOCVOD OO0

CVES et Pty 54 00 et 0 gt 78 g § € 0= Pl mt® et 0 gt = et 9=t gt ) g
100000V CT~OOOOCOCONOO OO0
N NN NN A
© CLIEAYCAITAILAT SAT L3 FAT 043 €AT £23 BAD £13 04T A3 CATLICAD $1300 £aI0AR CATOAY 2aTEAI RIITAT £23

HATIOVOCOOITOOPO0VORVOTVOO VOO OVOO A
SNHOOONOONDNOOOVOOCOODOOODOOOOOITIN
@ & 88 98 00 s ¢ o S0 "8 S00 ot 00 et s )

COB 7 €m g 74 g 5t CJ 04 ot 1= gt 4t g 024 =00 0 9ttt 5 =t o oot oot 0=t g 7=t el
00000 ODr I OOROROOOCOC OO0
AN NN AR
W 522 Ba £aICAIEAY £43 013 520 L2043 a3 F1D 23 £43 113 €43 CATEAD £42043 £130AD L2IEAT €aTCAD LATCA) Tud

DVOODVODODVOOOOOVOO OO ODOTOOOO0 O

MTOVOOCOONOODOVOTOD OV OO0

...l.llll..l...l...l..'..'lnl

PrOOOVODNVDOOOVOTVOCO OO OOODIOOTO

ENCD 470t 0o oo d 8 o 10 gt =0 ot 78 el =l 0™ v ¢ S5 7= ¥ o =t et et P
100000000000 OD OO OOV
e O R AR
.

PHOOOC OO0 OOO0OID OV OO0

FITOOO0DOCOOROOVOROD OO OO0

ulltnllll|.1|L11111-311£il‘allll‘l
0000000000V OOOOOOOOOOODOOOO
N N N NN NN R AR
BLY6AD Li3RATELY EL £a36AT EaAYEAD L4 S43 £ S0 EASLAICATEAT PAIELY R3C43 Fa30aY £a3 £ATC2I0LD La8
000000V OVOVOOVOOCODOCOORORODD
OO0V VOONVDOOI0OOOVDOOOROOOS S
% ® 8 & o8 5 & o8 9 & 0 0 0% st ¢ a0 s gt e g

OVOVOONNOCOOVOTOVOOODOR OOOOOPOOO

Pt togrdodr pdrteqr 4, (i rged md et ooyt otrt gt o004 mqr=te <ot guf
100000 NOOORVOOODOOOROS OO OOODO
NN NN NN AR

EAIEAD £AT613843 EAD L1308 R23Led 43 £23 L23ELY RASLARCAICAS £AICAY £uT0L3 LATCLY C43 043 223042 LaS

D0CO0VNVVVOOOVOPOPOV OV OOV IO0OO

D - e - - - - - - L - = = - T

.l..ll..'.........-.".'..-..

OCO0ODNOOVONOVOTOD OO OO0 O
w
. , " an NG O 4 C3- () € DI
b NP M OF D I MPIIDOX) (M € T € L0
N FUIDIID GO - 10 4TI CICICIT C I O CIOTO8e Setet ot
P e NN N R LG IR AR N
D1 U0 H WOV ATAI LI AIIII " ASEIOND
HTOWOZZTOZT I IABODINTEAL. & TOORHO L
B IO N DI O 1 CIHDINCITYD I 0T WD CITVD ot
R AT TTTTT TOIBIINIININDIDRIG DD BT T

AY 3
oN

Ahkkikhk NUCLIDE DOSES FOR GIVEN TIMES AAkkkAik

® gut o=t pg
QOO
S 1
O Lad taled
lal-2-1-1
=3-1-]
[
L= =1
® gmg =4 el
Q000
3409
2 2y
=3-3-]
000
. 8 g
000
0 gog 0 g
00900
Q4
Y33 g
o000
o000
LS
o00
o-lmx
o
By
9 a3 SAY 11y
[-3=-&-1
[-3-1-1
* .4 8
o000
_°-|l|.°Q|-A
o000
o411
C a3 )
00O
00O
« o9
(21
O-IMI
ow ) w
4 L3 T a3
[=3-L-1
[~ X111
. s
(-2-1-]
o.-.lm.l
o0C
It
€29 Ea2 giy
[~3-3-J
o000
e & s
(- 2-1-]
© gug 70 gug
Nooo
La NI
£13 43 523
[ =3-d-4
[-3-1-4
(]
o000
P ot 74 =g
~Oooo
UL )
£43 LAl a3
[~&-4-]
000
e 0
(-1~1-]
® =g ¢=4 pug
OO0
$ 10
Rl Bl ey
o000
000
o s @
(- 2-1-]
-
=
-t
» n
o P 2
WM |
alis
-l
«
e tI™M
zZwwve



v ‘e a0y ommy tomlpeto fe S0 €090 S (oty Yolipds Qo dgmprl mqolp §
-.V-Uo Jco))O-Joneroooooooosgoo
4 ¢ ¢t 0 €L v b8 a0

COCOOOVOOOLCO0O0OVOO0OOOOO0OOOO
OCCOOOOCOCOOVDOOOCOHOCOOCONOCONHCO
@ @ 8 o ¢ o 0 % e 0 4 6ot 0 ¢ a0t e sae

COCOOCOO0OOCOVOOOOOOOVOVOOO0O

Gt obs 2oty Sgmt 0 hgadt 1 tmodomi v 1o 4O .-ll-llll".xlal
cooooooooooooooooooooooooo
) U LU NN R NN U] 40000000

COOCOCOOOOODULOOOO0O0O0OCOOCO0CC
COOCO0ODVOOOCOOOOOOCROOOOOO0

$ 8 ® ¢ & 4 ¢ g % 00 0 ¢ g & g s s 9 et et o

COOOCOOOTODOCOTCOCOLOCOOOO0

P04t e g rt ot ¢lon | - tomte 1p @ Fo-2 ¥ g ¢l gt =8 gut o=l gurt g 9l o=@
oooooooooooooooooooooooooo

COTVOOOO0OOVODOOCCOOOCOCOOOCO -

CO00OONVNOVOOOCOOOOROOOTCOOOOC
* & & g &6 g & ¢ & 9 © 9 O 2 " g P s S eV g a b

Lod-1 -2 -1-1-~21-T1-T-1-2-T-J7-F-T-1-1-T-JT1-F- -Z-1-]-)

iy e be | et 0 Vol Pt r - § = ¢ 4 Pl g 0= g ¢t gl P it gt 4 omg

oooooo ooooooooooooooosooo .

AU LA LU ) 10100

COCO0O0O0O0O0O0OVONOCOVOOOIOO0OOOO0
® 9 & o 0 o % g % o 8 0 " @ & g 0 0 % @O a0 s "

Pt 5l g | Pt gl o= S e =y 0= 4 guaf 0o gl = gud P gt 0= 2= 5 Gl ) Pl g
AR SRR SRR A AR AR AR

CO0OO0O0OOCOCOVCOOOOCOTOOOOO0OC

0 ot 074 g P el P Aol = 0 Gt ¢ € et =l et ol ¢ 90 g 5 =t g Pt gl
AR AR AR AR AR AR AR AR A

COUOCO0OOOOCCOOCOOOOOOOOVO0OC
CO0O0CO0OOOCOOOOODOOOCOOCOCOCO

COCOQOOOCOTOCOOCOOMOOQCOOOOO00

Rk PSPVt o P dotrts $etote tptrdi drt o 4r it omtr S0

333aEasyEsL s ss R a R ays
)

€49 g3 623 €43 Sad £ad BaT €4 642 €23 EAILATEAL £u3 BAILATCLT £4T €23 AT EAD BARAT LT £23 843

COCQOOOOOO0OTCOCOO0OROOCOTOOO |

COOOOOUVOONOOQOOCOOOOCOOOCCO

oo ooooooooooooooooooosooo

P, 1Yo Artma ted ¢ttt el o 1o § Pl ¢ 4 gl 0t ¢ A0 =t gref =4 =g
AR AR AR AR AR AR AR AR A
) 1
EEEEEEEEuEEEEEEEBEEEEEEEEE
COoOOCOCOO0O0OOVOOOCCOA0OTOOOOO
COOCOOOOOOOVNOVOTOOOCOOOOOCO
S & & o @ 2 % ¢ ¢ 5 & o0 p b g8 o0 @O ant s o

COOOOCOCOOOOOOOCOOCOOO0OTO0O

e et 40t ot ol omd 7 Lo drmdy 00§ gag 0 pmg rmd gud -4 g U= guir=t gug ¢4 o=t
ooooooooooooooooooooogooo
LU R LR I A U U R O e e
EEEE-EEG-EBEEBEEEEEEEEEEEEE
COO0VOOCVLOCOOOCOOOCOOOCODOOC
=2 -2-1-T-T-lgl-l_-1_-2-T-T-1-1-1-F-1-T-1-.7- <¥-T~T1-]
® 8 ¢ g 8 g & o & g% 9S8 s 0V 8P P s 9 e

Pl pqrdadeids 10 90t0ts A 'rmgo 4 gug 1t 4ot ¢ 17 & gl = ot gug 98 o=i

DOQCOOCOCOOOVOOOOORCOOOOO0OCO

) BN a2l aomds]
MmN MOMme @
30 40V (MCICI CICINCICE
ARt [ it S N )
AMPY) 41 QAUIDDD
LMWVODT T A.a.0.0.

Eu=-154

Lo-6¢
1-129

-t
-
3
)
-
<
-

s CICH D - O3 OV DI
I INIODBO OO

69 Sb-125
70 Cs-134

14
71

4%

-
-

0.00E-01
0.00E-0

33673.5 YEARS.

0.00E~01 O0,00E-01 0,00E-01 0.00E-01

0.00E-01 0,00E-01 0.00E-01 0,00E-01 0.00E-01

0.00E~01

b
4

0.00E-01
3061,2 YEARS AND ENDS AFTER WASTE IS ALL ERODED IN

CONCENTRATIONS IN CI/MAAJ

IMES ARRARA

.00E-01 0.00E-0

TVEN T
DE RISKS EOR GIVEN TINES AAAAkA
068-01 0.00E-01 0.00E-01

9.0CE-01 0.00E-01 O
F WASIE STARIS AEIER

0.
ON

29

29
10N 0
CONCENTRATION ARRAY

AkAkA% SUM OF NUCLIDE DOSES EOR G

hAkhik SUM OF NUCLI

" ARARARA ax

P
p—t
(3,]

ooo oooooooo 0000

COOCOTOOO0O0O0O00

8 gt ol gui 78 gl =l g ol guulf 7= gyt gug 0 el =t

QOCOOCOOOCOOOOOO
® ® 5 & 8 9 0 ¢ ¢ o5 8 % 2>

COOTOVOCOOOOOCOOC

@ ol 0 g 0= geeect g =4 gl =4 o =t gug Pl gt =4
o [ -] ooooooooooooooo

CO0O0O0OVOO0OCO0O0CO

OO0O00O0OOO0ODOTOOO0

© =t 0=8 ol IR gt vt gunf Pl gl 0= el =t g} 8 et 9l
QO OO0COOOCT oooo oooo

et 180t t s
EEEEBEEEEEEEEEBE
O OCOQOO0OCOOO0O0OO00O
OO0 OoODOOOTOCOOCOO
e« # a8 00 o0 0808 ot e

O O0O0OCO0OTOOO00O0000

© g 0= € gued 7=l b=t pued 9=t g =t gmv=t =g 7l gt ol
S0t

Y117 Y71 7-T.7 -7 _1-7.1-4

€ gt =4 gt =4 ot gt et gele=d gl #=d =g =4
loooooooooooooooo
RO OO U0 )

ul

x

~— nan

[ NOTIOT VORI T IND
N CEINONRI OO OV~ e (I OIY
GIEIet g 0 8 0 0 6 o=t fot § OCCUCY
O) I YO LOAUI BN NI § 8
UHCECNNSNTICBCUUU
o

D e CIMTHNIOD VO a8 NI N
2 @ € €T WXL TN



e 1e S, soty Lvmby to Sp tr-ds todo e
DCVISDODONDODOD
LI L UL )
[BETERER IR RN PRI AT AN Y
PO DOODOCM IOV
DO0VODO0OVOCOVO0O

e ® » ® 9 0 o 0 o * g v e

OVOVODOVDOODOOD

-
-
*

€ o § rdomt 04 et S ot o' § ovd O~ ¥ ot

-9
-0
-0
-0
-0
-0
9
0
9
-0

00E-0
£
E
E
E
E
E
E
E
E

QOVOVOIOOOO
o & o & g ¢ g 0 o

[=1-2=X-l~T-1-1-7-7_)

G.00E-0

0-002'01 0.005'0

3

e 0=l g 0 g o4 9~ gl P 4 ouf

OO0ODOOO0O
@ ¢ ¢ % 00 o o

[—2=g - -J-1-1-1-7-3

0.00E-01
00E-d1 0.0GE-01 0.00E

0.00E-0

0

0

0

0

0

0

]

0

0

0.00E-0i

0.00E-01 0.00E-01 0.00E-°1

Lol 2-X-1-1-T-1-1-7-3

ol 9l gl Vo i todrts ¢

¢ ® 2 8 g 0 8 0

Lo -2-2-1-2-1-7-1.Y.%

0.00E-G1

e
[

ol O pnf ol et 0=t Srt oy
OO0 O

G40E~Q1

0.0CGE-01 0.00E-0l

0,dvE-0

.
(ol -d=X-1-1-1~T1-1-T.]

OO0V O0OO00O

o
]
1
“ooooooaUOAv
L d
[=I-1-2-1-2-T-7-1-7_1

OO0 O
0 O0O0O0OVOO0O

e ® ¢ ¢ 8% 883 3t
00OV OCOCONO

et ot 40t party ¢ teir S pmyg
OO0 QOO OONCODO
OO U U N R

ONDOODOOTOVOMNO

' [
> S EaBRISWND
Se .V R XTIV LY

=
O eaPICITUND - OO
[ 2¥- EX. I1. TU- 18- IV TC PO Y. TE Y 2N

0E-0
E
E
E
E
E
E
E
E
A

(2]
*s

-
Lal?]

=

RN -]

o 0 00 g 8 48 puD
<<
-3

AkAkikkk NUCLIDE DOSES FOR GIVEN TINES Akkikkki

N UICD GV V) etomt ot g
1I000~MI00O0O
$ oty

1000,

0.00E-01 0.00E-01 0.00E-01 0.00E-01 0.00E-0.

0.00E-01 0.00E-0! 0.00E-

QO EEY e ICINCIOO MO BN~ DN MY TOOO0 OO

OO OCTmtr e 4 (TIIND 0D =0t ot CITN Ot I OO0

176165‘71989&7673958591 =,
AR AR AR RO AR e Lk
S8 L 1 LI )
-_r-EEEG—EEEEBEEEEBEBEEEEEEBE—u
016‘037806.:.54.‘936‘.93920000
o983792053076124994690000
Qtounc.onciolnl-.c.ll.ln..

OO It IO M B it 4t NN Pt TNt OO OO

-9

750.
0.00E-01 0,00E-J1

0.00E-01

d

=t B DU BNt ) O P ESIN BN BN BN O W00 WD ot ot ot
AARARA AR AT

500,
=01

PAOMNNNIO =M OSHBINMEIN N OV OO
® % 8 0 9% 308 9 98 63 be &g eate soe

FOE It CUN O et D ot tod ,A N CTt NI IO O OO

0.00E
.24;-3
E
E
E
E
E
E
E
E
E

75765‘-715898777‘-958221111
AR AR SRR AR AR AR
PANCINNNDOMCIPTIMINDNCICI~OOOO0S
9848379"&063076038906030000
ootl-..'coonl-n.-.-o-o..lc

T OCIN it PN O MO et =1t NI N YVt P et OO D O

350,
SE-23

0.00E-01

W ENE IO T Nt 0 00 VI EN LD BN S OV 0+ 9Dt ot b et
Lo WN-uwwooo WA-vwwwd.wwOY.looao
00808

CAICAI0AY CAF 2.3 RAICY FATLLY £23 03 042213 a3 0u3
LN TP MNCINOOIO
I NCIOMOND IO TN ~IONOO IO

® 8 0@ 2 8 20 90 2T g O ¢ s Ee e e o a
DI N 2t N O et AD ot 0t o FE G et o O NP O D 4 O

200.
«06E-27

4E-0
9E-0
3E-0
3E-0

E-0

.l11674365471289876779480.219
CRRANR AR R AR ARAR S SRR RA S RIS
)

ST T IO D O DD D NI P TIO DNt L o
OCOOOOO0O0O0VOOOPOCOOOTOTO~OIO
U N O RO 10t et et i1y
EEEE
‘490

)
O OMIIOINNNOCIMIOND~TVINDNNTNTONS
¢ % 58 40 5 0 g8 00 ¢ 0 s P g% o 8 e s gd g e

O LT It CIND LIS o trd ot TN DN C It I (Dot 1 D e O

15,
g
E
E
E
E
E
E
E
B

1.
0.00E-01 0.00E-0.
83
7
4
3
6
S
4
7
1
1
8
9
4
7
6
7
6
9
4
g
9
6
7
1
2
1

0.
0.00E-01 0.00E-01 0.00E-01

ls873795&0130769.‘69570353080
. @ 0 8 5 0 0 2 28 98 o8 9t 0P e o0 et e s g

.
O CHWIMODT M s I D + 10D ettt P I et Mo« TOCIO

NUCLIDE/TIHE

kihig; SUM OF NUCLIDE DOSES FOR GIVEN YTIMES hiikikk

1.57E-01 1.45E-01 8.81E-02 3.92E-02 1.28E-02 1.83E-03 5.81E-04 S5.03E-04 4.70E-04 >4.53E-04

1.10E-08 3.59E-09 5.13E-10 1.63E-10 1.41E-10 1.21E-10 1.27E-10

4.39E-08 4.07E-08 2.47E-08

****ﬁ; SUM OF KUCLIDE RISKS FOR GIVEN TIMES Ahkkik



«220
6

SITE (EG) IS O
PATHUAY
- NATURAL BIOINTRUSION

1S 0,130

1§ 1,005
HE WASTE
CE SOIL

-
+

MES ARARARAAA

CH 1S GROWN AT

r

NG OF WASTE IN SO'L IN TRENCH

ERACTION OF FOOD CCNSUMED WK

FRACTIONAL MIXING OF TRENCH MATERIAL IN SUREA

kAAAAAAA NUCLIDE DOSES EOR GIVEM T

ERACTIONAL MIX

~ IO LI Drtec e B CY T3 NGV CICVE (N OO (V) rmtomat ot o=t
OO NC I 1IDOO OO IOCO-ICICOWO

v
01
0:
&
-07

COMNENMINITOU~T D LNO N~ T OO
® ® & © 5 & 4 0 5 ¢ 3 0 0 8 9 % ¢ e % BP e S s G e g

© oognaa‘?ﬁﬁoanuassgan‘?ﬂ-aoooo

- 11&606%518798786 CIC AL TVttt e
AR A AR AR AR AR AR AR AT

L) ® 4 8 o % a8 g0 g @& 00 g% 9 0 et s e g s g

© oo (= a Lrlo b g v alal=Polalel plrlad o LalV. ool pl¥-1-2_Y 71

¢ =S COSIUICI D= D D VI NN D IOV L (D W et =t e

500,

0.00E-01
025-0‘
F
3E-
OE
ZE
3k
3E
OE
9E
iE
6E
1E
4E
2E
1E
i
9E
9E
3E
OF
OE
OE
0E

¥
9
3
3
4
0
7
1
4
9
6
1
1
§
1
2
2
0
0
0
0

‘236‘5\&2035&3 NI It rt s O O O o

=4 ChO W DB NI B et 4 B O C0 0D WD IO I CI 0 et ot =t oy
naowooooooo OWOOA.vWﬂ;wn.VW...J.ﬂWOOW

N VINTOI IO et =D e 1 7P D O D it D OO O O
O OO NI OO ~MOOOMMINO0OCO

330,

0.00E-01
0.005-0

~CIF I I IOt CIMNINI M) OB OO0 O

WD DO~ (3 DN N O PNAD D SOV LN e SOV ol g ¢ i

200.

66

-0
0
0
0
0
0
0
0
0

-0
0
0
0
0
§
0
1
0
0
0
3
0

0.00E-01
0.00E-01 0.00E-01 0 00E-01

94512039.35553581810050

100,

0E£-0
8E-16 3.532-27

€23 paytar
OO CIMNIMO mi ~ D T DOUXNT NN ~ONS
COVICII~T M TON a0 D= OIXICHISINTIO IO
® 0 & ® 9 % 9 ® 3 0 9% g & g O o ¢ g b ge gD g O g s g

O O T IN T HIICIO M CIMIOII~ I NOT IO O

o o '..6213451.2016&35—313!6‘-‘—3610‘0

111636336536111798 BB O YT ENCV D7t t T ot
R AR A AR AR AR A RS AR AT

QO CICIrI QT I 202-“35_32 MOV~ CIVOD o

ete HINCIBTICTD WICI Ot =t 0N OV O U D OB CYL DB € 1 s
SRR AR AR AR A R
)

643 847 @3 1304322 £29€23 Rx3L4T RATEAD £23 621 BAI TAY CAICLD 04T TAS PATANEAI £AT £23 842 L2 12 142

COMOCOMTINTMIIMO N O @ OO NITIOV O

© O W OCIDCET NI QO O et ar D300 ot PO~ IO NO OV O

e & 5 & a & g % 28 g0 90 0% ¢ 3 0 20 a8 3 e e oo

© O FICIrt ot TN~ IO MCIMINNICI M OO OOV O

20 40 (LYCUOCICROLICIAD 1o 4D AN DI N DD - 1O e
AR AR A ARAR AR AR AR AR REAR AN

© O\ r i 14t € 1974 IO M OIMIINDICI I OI— O F~O VO

[

x

Lo Va8 S OV IV T DI &
N MNOCMOTMMIME NNV EeTETEOCIMN

N ORI CGT O (M = 4TI I 0 OECA CICIOICICICIOE » Vbt 04

BIMet st 0 1 1 14 Jed et ICICITT O E 0 LB et 0y

1t UCHHLOUl BV 1 1 Q2D DEQRVEIAND

HHCn..CNNauigCUUUUNPPP QO

[S ]

e 1 CIMTINID D C7O o= 1 2 N 0T OVO 4 CIOTTUNOLS OO r

%A T W T T X TVINLINOWINININD B O DN DDOO DN N

B-17

« aate cotahl

7

PATHWAY

E-01 4.28E-02 6.11E-03 1.94E-03 1.68E-03 1.57E-03 ' 1.51E-03
DIRECT GAMMA

1.3
1.46E-07 1.36E-07 8.23E-08 3.66E-08 1.20E-08 1.71E-09 5.438-10 4.70E-10 4.39E-10 4.23E-10

5.23E-01 4.84E-01 2.94E-01
N OF E0OD CONSUMED WHICH IS GROWN AT THE WASTE SITE (EG) IS 0.220

9

- 29
RAAAAAAA NUCLIDE DOSES FOR GIVEN TINES ARAAAAAA

AAAAAR SUM OF NUCLIDE RISKS EOR GIVEN TINES AhAAA
FRACTIONAL NIXING OF WASTE IN SOIL IN TRENCH IS 1,005
FRACT0

AAARAA SﬁH 0 NUCLIDE DOSES FOR GIVEN TIMES AAAAAA



e 1rt P OO MITUITLICL- 1O Dt e 104D
e D OOV D0 1N v 424 ge90D0 *9 P IO OOM
= I I T L L L LN L L AL I |

O QDerdMACOANICMCIOOWVCICIOOOD
R EEEEEREEEE R E RN E N Y

O LIV 1O0=1r ‘MITI V11O =104l 11T OO ™M

0 ot o=t o CICD P OINFWITVe tr e P YT Oortote4 Oy
OO QDOTIOOmt sttt tomtot D te .120002
U OO LU LU N O

O OMWNICII et T eitClritriO e 4t CICID OO ¢

14‘.615096...-‘.125331.111
D IO Ort s toarmt, AlOll.l.?-ooo..a
U U S L T I L T ) 4 )
EEEEEEEEEEEEEBEEEEE
e CNOWI T CIODVODN NIt O OO
3478139!.1007520008
l
ﬂn

%00.

N O et v4C0r 44t 1 D C et CI PO OO O

350.
1-082-19 3-205-"8

0.00E-01 0.00E-O

R EEEEEE R
P 4O I~ TOCIC O T TMOOO ¢

395-04

QEIO~MIM - 1P OTOINIMOICIN
e % 9 9 g 0 8 % g v g 9 08 g ¢ g0 2w g

MO~ CIMOICICI DO D IO DN )

OO NCIOTIOWNIODOOINT N
6239‘-960»021&705630
® ¢ 8 ¢ 0 o 0 @ - g @ g 0 8

QCIrHITNITIOV P L OO T

4

-
-

0.00E-01

L= 1t Yt e O 1 Qi O OO O

30,

1.2iE-0

a3
...
.
L
e
”5~u41.1366147971995
.
1
(7]
o«
(5]
>

075-04

m

QONTRTHRINO~MNOHOOOM
DOF O~ T OOV OO0 <
® % 3 0 g % g9 Pt 9 s g0 g

N eI FIOWICTIF IO IO D

.
An

|A!A75u0£3661‘-79715‘4
091!.?.1.1101.1010000
1039 UL UL U]
EEEEE.EEEEEuEEEEEE
9/997010093-\10760
COWVITOCICIOTDONIONNM
% & ¢ g 8 g ¢ g " g ¥ g e 8t @

et NCIr WIAAD Ca CIOO VIO N

15.

18E+00
01£-04

0.COE-01 §Zooz-ol
.nsqa é?ntns

=400 C 3ot O30 D ot W P, CV et WP 1)
QOrtrtfCirdemts IO r 1ot OetQO OO O
hu........-.-.....

l.

7.35E+400

OM O - OO IICIONO e
® 8 & g & g ¢ 3 ¢ g & 9 0 0 0

T IO N 1O DTt O et O oie- 4 3

C0 om0 € s T D Do ¢ BN\ OV De 4 i 0
CIOO 4 Irtr 1ot e .1010000
U I N I T L U

9.83E-05 9.83E-05

8.39E+00
V .OOE"OL

TLUSMNL-CI WO «CRe sOCI 40

S E OV ete
- MIe NI Y
3144332232
(LR S [ N ]

fy ) DD

3
Ll = [ e 2= WA X312 3

JE/TIME
43 Co-6¥ '

Sr-90

a8 Nb-9i

4 Aa-24)

#JCL

DCIMMDINDC 'O 24

-~ WIINIUDIUTID DD

0

2.67E-02 3.37E-0) J.16E-04 2.37E-04 3.48E-04 S5.17E-04

hik&;é SUH OF NUCLIDE DOSES FOR GIVEN TIMES hkkkkk

3.76E+00 7.G8E+00 1.34E+00 8.82E-02

o
[]
—t

-0

9.73E-%1 1.45E-

-
-

(] k*&igg SUM OF NUCLIDE RISKS FOR GIVEN TIMES Akiiik

2,47E-08 7.47E-09 9.43E-10 8.86E-11 6.63E-1:

2.45E-06 2.1SE-06 J.75E-07

kkAkhkit EROSION STOPS AFTER COVER IS ALL ERODED IN

«2 YEARS kAkkkii

DUST INHALATION

AkAkhkik NUCLIDE DOSES FOR GIVEN TIMES kkAiiiia

DOV NON T
AR

.00E-01
E
E
E
E
E
E
E
E
E
E

OOCIW e CIM CINII e

® ¢ 8 & g 0 g 0a 0 g g
D ODCICICICUMI I =

SN =MD OO OND
AR ANONS
0O IS OMPIN € CINIDCIN
A OOt =N O DB N
% ¢ 9 0 g v o 03 0 g e

2602&‘19452713

St P DEDONDDNOr O
Av.ana.1avnvn!0nvnhw|no.
=3O 0 004

OIS OO0 F O CID NI e

2D ~ODVINE N NSON
AR AR AR AN A
€43 6AD LIIELT 003 CLD £rg £AI0LD D22 101 B13
NN OMETMINVINT ¥
O CIOrtrt rt @ (MINCO DD
I.lll........

WIS e POt i NI O () .

SN DTN ODWV
VOO OOODOOOD—
L NN R A N]

IO MCICE 1 P OUM I

,.288‘0

NUCLIDS/IIHE



ENSYINBI D1 I DD sedee 0 1ot -

NDOCOOOCIOOND ICIOND T

Clr iV MNN ICOOVMIOCOOCC
® 8 ® & & ¢ 8 0% a4 0 9 8 ¢ s o
L+otr M riM el r e s C IO D re

I D WV AL O] 1 DID PO 40 49 (M

OCONOCOCIOOO OO OM |

ClL 1N T TN CININOOCOVOO T

e 111 MO M O NNCIra 0O OO

l.l.l...ll...

363 T ENWCICL 1 OOO I

]

[ 1]

YT O ONIUIL MO OO N

G CINITIC OO OO e
" @ 5 & 9% g & 8 b 5 v g

FAMICIM 4 NICINI OO O

et et DN O (IO CIC IO - 0020

NOMN-MIOVOMONNINNNNO O

ICI OO IMNI T ra
@ ADG US4 CIM e NI
I ¢ 8 & 9 % g ® 8 ® s ¢ @

- [y Lol o L-T 2N SN o LIRR U-Fo] o o

OCCCOON-t~1D
$ 0 0t

[
1
[ 1]
QO CICOM ot Wt CILICO e
1165.3‘:-‘..6-393“7
. ® 8 ® 5 v @ % g v &
-

-
4

WO B 41.877

0E-J6 }.IOE-OG

1.89E-03

A
-

e Dy I Bl S oM o 2201 2 P )
® o % o 0 0% g 0 @

MFINOCITNMr 103 2D

7.23E-05 7.225-05‘

. “SE’O
3.69E-03
§
E
E
£
E
€
E
E

2
-03 3.:3E-03

7.22E-0%
10E-06 1.
89E-05

3.45E-07
«93E
.69E-03

?
IV e O IV ir 1IN
L]

FIENCO At D g~ CICE

3
3

OO0V e ¢ 04 I WO IT
LM PET P TTOCIMN
CIMIOICICICICICH ICACICAr e Vot
CIeICI e 1 1 e a0t
I 11 eD32D8aNEgINWNMI
SO OB AT COUXNLI ML
101 TICND =4 CIOTT NN DD VO o
OWINI O T OO GO DD DI

emm 563675?-228 :
oCcOoOC

397 LI TMeoiwr

AAAkAX SUN OF NUCLIDE DOSES EORvBZUEN TINES ARAAAA

1.31£-02 1.11E-02 9.24E-03 8.01E-03 6.60E-03 35.66E-03

1.72E-02 1.47E-02

=.09E-02 .

2.15E-02

a9

1.59E-09

.67E-09 3.11E-09 2.59E-09 2.24E-09 1.85E-09

8.01E-09 3.86E-09 4.B0E-09

Akkhg; SUM OF NUCLIDE RISKS FOR GIVEN TINES AkkAAR

PATHWAY 10
ATMOSPHERIC TRANSPORT

4.12E-09 3

oo AAikkiii NUCLIDE DOSES FOR GIVEN TIMES RAAkXAAA

COCMNOO=CIHITIRNONA~MD NSO VOO0
O ritrtSertO O R4t ¢ 1O OO IO OO it © rtrt O rts
UL R L O T T T TR O T O TR T T T T T T T I e |
€A SA3SAISAT RAICLILIICLTOLY ¢ LA TAT €aI BLI LT CLTLAT CAT BATEAT L1 SAT BAICAT LaICAIL4T
IO CITOM I 1,93 Wt OCIAD mee-t o D P IV
.0576-..»9787 Y AN T O It LN T O OINE~NO

ANNJAL DOSE T0 AN INDIVIDUAL DUE 20 OFF-SITE ATMOSPHERIC IRANSPORI

(2 ey IS0 Ot e (NI DS

VIONMMOT O POLMTIOMOIMTC TeTaont
DO YRONTGC T 1M 4 IMICICITECICTOL CI RIS+t
B ERAEREREREE AL AN W [N EERENN]
1t 1 GOt D 1 AN I I BDJD0080830
TOMLIEZWT] 'WUOOIDDE LALLM CCIINN
» 1D W WRICNDE 1 e 4CIMIOIND N Q o1 RO DD
F o @O UL T PWHIMOINMIININIAG WO O D ODODY



2
)

27E-0

S

3E-05 7.16E-0a

P
dad

1.54E-05

2.42E-05
FE AND INVENTORY (CI) ASSUMING NO TRANSPORT ERON THE FACILITY

84E-01 B.63E-02 5.51E-02 4.03E-02 2.56E-02 1.88E-0

b.15E-05

.
I ¥

1.07E-04

1.78E+00 3.83E-01

345.0 METERS
4.98E-04

1.62E-05 CI/MAA3 PER CI/SEC
2.33E-03

2 RISKS FOR GIVEN TIMES AkkkAk

.38E-09
LIDE RIS
7.28E-13

3.32E-1¢
14

ki

9.462+400 B.33E+00

2.60E-06
2.65E-03

NCE IO RECEPTOR IS
-‘MUCLIDE HALFL

C3=134
)
QIs

Eu-154

29
29

st
v
hkAkkhhkhx CUMULAZZVE TOTAL DOSES PER YEAR FOR GIVEN TIMES AkkkAkAkkk

khikkk SUN OF NUCLIDE DOSE5 EOR GIVEN TIMES AkAAAA

-
-
-

’

hikkkkhkik CUMULATIVE TOTAL RISKS PER YEAR FOR GIVEN TIMES AAAAAAkAAX

Akxkkk SUM OF NUC

Dl
CH

bogitbond R Il ac I loe D loal alael 2 De X% S lalu b dnlz i 0 LT
12 OO0 OOV OOOCOVO OO ITOO~r1OO
L I N N O A R R R RO RO o

OO 4O M NI PCICICINCI Dt O N PO PPV OO
® 8 84 % 4 0 9 % s gt e 9808 a0t s et s e

CID OD+ D W ~ W) LDt I I C IO O

05N © 7ot =t ot D O I IO D NI O 40N CEAICTED mtome
[

0
0
0
0
Q
0
0
0
8
0
§
0
1
0
0
0
1
1
0
0

900,

2.13E-07 4.55E-11

«42E400 7.41E400 7,30E+00 7.33E+00 7.24E+00 7.11E+00 6.§§§000
2
6
7
6
0
1
0
9
9
7
3
;
0
9
3
7
6
6
2
0
0

TP F DO OMIITI N Dttt PO N O OO
4 00 5 P00 ot s g0 e 0 38 00 qe0 g0

AN B ) vt o W A s PN T I I D O O

350.
NI

33
- 1.43E-01

NP OONETOIRNOS 4t CIINNOD
® 4 % 60 0000 089 00 a 00 g0

) P D it gt WD ot THD 1 I N NI OO

-
-
o

(2

200.

1.00E-03
MER 4

T O DI T OIN IO N TOCIRI Ot
RN EE R R R

40U ot NCY P 7)) P L D ot PO S I T OB

Q

P =4 =t (1 I DO S NI OC I (I P D (0T
OO0 000 0OCOCOCOCOCOCOOAO M
AR YA A S

100.

T OCHIPIPEINICIDCIB O~ ITI I =i O DO

Araet a0 W ) 1P T PO THOI T TINN I

50-
4.69E+00 2.80E-01

4 O P ) 7t TAD =t OV YRR it D P e

iS5,

+4JE+01 3J.37E+0l

-4 aF ) 1D PO e T et - C WG I T e D

1-

hd AR A ANMEEE S AR I AR A]
A0 €23 22023T2D S22 043 Bad SADELY BAT £2d B BAYRAD L3 £A2 212043 Dxgmibuny a3 £a3 1) RATEAY
BN CAIM O 9 Ot QDI D eI OCID O T 1N DN
G340 D P OO 1) PO T 1IN CIW CID et FUTY W PLO OO
® 8 & o ¢ 98 o 8 9 0" 3N gt gt n 0o s g
8 N CI00 =t O P Y 04 € D s O et R 1 (D
tale 100 OO T rtem § ¢ I AD i =t VD VD et F G ) i et O O
MOOOOOOOOOOOO0OOCROOOOVDOOO OO
lah A N L AL IR AN RS S R LI
ol 643 £20 BATCAT LA2 223600 £43 &/ 1 Eud £AD €43 528 L4784 24 £aD CoILAT SREENE] €43 LT EAS LAZCAD
MMM ONO OV ON OO OO OV D =
wlCINDCIOMNN O INO OO TO €T IIMIM I Ol
XL ® 8 5 0 % 9 ¢ o " 0 ¢ et g O e et m eSS o
T I CHNITACICE = MM TN @ CIC - aOPI Dt i O
-~
-
. LA B\ OO st 3 1€ O
T INOMMOw "IN TNDMIMM P T ¢ Ooct
= U OO T NI M MCIMIC IC I ACICIN e
et 0 0 0 1 3 1 1t g e g CHACTL ¢ L OED 0 00 3 ¢
M1 | VOAANLL JLAPALY) ¢ ©IIITIMAARDD
vl.mc.- DWUZEND OMOUIDIDTALLME T XU
011423‘5679 3G A CIMAOIN DO Ov LTI DN DO
hade i i i s L G 17 1 T TR 175 TR, IR AV SV V. TV 1Y, PE.2Y. )



00E-01
69E-14

0
3

4.44E-29
7.58E-09

7.48E+00
9.17E-02

=.06E+00
8.50E+00 \
NUCLIDE WALFLIEE AND INVEN

70 Cs-134
71 Eu=-134

Pae 4t Cle 1 TOIMO VLI U ICITCILIT O 40 (0 0N
OVOOQAIOOQOCONRCOOOQOCIOCO~~1OOCOM
LU I U N A A A A L R R U O
843 BAJEAIRAT LaD £42 £A34ATC4Z £a BT 4D €22 LANAD £03 47 £02 823027 EAIEAT £AICAT 42 LLILY
DO@MCIIC ¢ 4t VTHHID LI T C O I I OO © O
COMrNO I INBR -~ INCIMNOCVE OV BO OO
¢ 8 0 8 0 5 8 & o @ 0% 4 e S 48 o 2 S a0 s 00

ICCTrAaC N TN TRV B r N T T NOOOM

.000.
01

2.03E

‘o 4ot et m 0T € T I A8 AB 03 (D ORS T el « A EAGIC Pt ot 0- 8T
OO0 OO COOSCOOCAOE Ot i O Oy
U AU I E I e

750,
2.55E-18 B.13E-25

OMTMOINNICTCIMOITEDTONICICN O OO
2 8 ® o ® 3 09 % 4P s 88 0 g s g0 e g e g g

L]
OO rar M LIt 0 it W B =N CLnCICHN IO S OCT

500.
7.995-12

COICCTINOMIMCIB T r i r i O N OO0 O O
® ® @ % 4 ¢ 0 % 8 % g %9 % g0 o0 2% g e g0 g

tCr et TR Wt T PO WIS O O O

1.23E+00 4.98E-0°
0.00E-01
092§-27
&
E
E
E
E
E
E
E
E
E
:
E
E
E
£
E
E
g
E

-

-

Y= Q w MIMMIM I CICIYICRD O e (D =4 IC0 LIt ot ot
rMOOOOCCOO OO0 VOO0 OCOO OO~
t ot 0y b g0 vl st

350.

200

O Ottt MMM O SOINMADCI O - NS (D CIT

100.
1.98E-01

I MU OMIN N VINOCCM O eI T Mt OC « YOO K

¢ ® 5 0 8 % g 0 9 P a0 g 0 s g0 et e s e » o)

e rtad et O T et it F € WO =TV D et 2 O T N o7 03
-«

-*
et e I MCICN 7t md ) D £ 3 gt &F = (D) I3 BNV
AL

50.
3.94E+00

7.43E400 7.39E+00 7.0JE+00 6.20E+00 S.13E+0
-01

49E
90E
AAR
44E+0
27E-0
J%‘

E

E

E

E

E

E

E

E

E

E

E

E

A

VD C U W ot et @4 I OV MDD

4 8 ® 9 % g 9 e b g & g " g8 g8 a3 = o

Yt 5t et N B O BN e CICIC T I I 1 (I TE

X

Lnd

") 2 = N RO CI et © ' 4 LI €IS OV CACIT

CO0COOCOCTOOOOCOC OO OO
BQ---.’--_-—-

6.18E-0S
43E-0
2.30E+0

"“"
E+00 B.00E
E-03 4A.53E-0

(a2 ed
o0
[
e
LS CIWIT

15.
3.20E+01

<
]
81l
e
@ 9 ¢ 2 % 5 0 0 % 0V 9 0 4 0 g0 gt ¢ s 08 e

Pt 7} 0ot W - 44Vt (I (DX BN CY et CICIICI (Yt 8‘2“

4.94E-01

l.

7.40E+01

. e ¢ 9 2 9 0 8 8 0 S0P 00 0P O s e & T

[
4Nt T I VA W @ VDTVt CICIC IO T ) (NN
=

J.
85E+01
2.69E+(

e 9 0 8 %8 ¢ 5P 0" s e st 2t N}
T AT Or TV eaICUC LI 379“
(=4
OO 4 s UMDt VR TND ¢ 1 Wt ICT Tt i D O DO
COOCOOO0CCCOOOOCOVOOO OO OCO

7
-
:8'.
4

E
E
E
E
E
E
E
E
E
E
E
E
Ee
g
E+
7E¢

o
-
3
©
t~ CIQ OO C O WO W~ TINIM
® 6 5 & 5 006 % 8 0 " P S a0 0b 2 v o 8 %

+

]

NOOLOMO OO OO CICT
0% 29  I'=Y

e & O

=i CINOO CICICI~MITI I TN TCIOCI- (T I e =~ (ICIDT

ME M YR) HALELIFE

H=-3

42 C-14
a.37a

-129
Cs~135

[ 2]

v
-

43 Fe-3%

44 Co-60
45 N:i-59
46 ¥i-63
47 Sr-90
48 35-94
- 49 Te-99

i
4

(517 Ux L'y Uy Log tip 7y TV-TV.IN. PN PG TR RV V- RV § o O 4

2U.S. Government )Frinting Office : 1988

F00D
Q.BgE-Ol
Cs-137

ARRARAAA

GAMMA
8.785400
Co-60

SE

ATMOSPHERIC
An-241

2.60E-06
0

DUST
2.15E-02

0

AAhkkiix 6 PWRHU - ND
Am-24}

PATHWAY
(EAR
DOY. INANT NUCLIDE

NANE_OF RUN
ANNUAL DOSE

© 516-002/80031

-t



