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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.



PREFACE

This PATHRAE-EPA model documentation provides background

information on the mathematical modeling used to generate the

basic data for the Environmental Impact Statement (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 population group (maximum CPG

dose) resulting from the disposal of below regulatory concern

(BRC) wastes. This model is considered a member of the

PRESTO-EPA family of models. The model is expanded from the

PRESTO-EPA-CPG and PRESTO-EPA-BRC models emphasizing two areas:

(1) the addition of specific radionucliae 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 dose

from an unregulated 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 (LLW). The standard will support the U.S.

Nuclear Regulatory Commission and the U.S. Department of Energy in

developing a national radioactive waste management system. 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 family 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 the 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

viii



radiation doses anh health effects 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 computers (e.g., IBM-AT or IBM-XT). The

multiple pathways modeled for radioactive nuclide transport include

contaminated groundwater transport to rivers or wells, surface water

contamination by erosion of contaminated soil, contamination of soil and

water due to disposal facility overflow, atmospheric 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 uclides 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 a site where one or more

critical modeling assumptions are invalid, or where values for significant

input parameters are chosen that do not accurately reflect variables such

as radionuclide 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

ix



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.

x



1. INTRODUCTION

The U.S. Environmental Protection Agency (EPA) is responsible for

developing a generally applicable standard for the disposal of low-level

radioactive waste (LLW) to support the U.S. Nuclear Regulatory Commission

and the U.S. Department of Energy in developing a national radioactive

waste management system. 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 family 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 PRESTO-EPA-POP

code was the first code developed 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 wich 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 description of each of the EPA codes.

These codes, and how the EPA uses them, have been described in detail

(Hu83, Ga84, Ro84a). Information on obtaining complete documentation and

user's manuals for the PRESTO-EPA family of codes (EPA85a through EPA85g,

Mey8l, Mey84) is available from the EPA.
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TABLE 1-1

PRESTO-EPA CODE FAMILY

PRESTO-EPA Code 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

(Bu8O) of the transport equation and both annual radiation doses 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 f 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 located in three representative and diverse

hydrogeologic, climatic, and demographic settings (EPA84). Maximum annual

doses are calculated to workers during disposal operations, to off-site

personnel after site closure, and to reclaimers and inadvertent intruders

after site closure. A detailed description of the candidate BRC waste

streams, the disposal facility characterizations and the resulting doses

calculated by PATHRAE-EPA is given in the references (Ga84, EPA84).

The principal advantage of PATHRAE-EPA-is its simplicity of operation

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 performance are also readily

identified. 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 off 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 concern arise principally

from worker doses during 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 understand 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-EPA87f).

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 description of the program options that are available. Chapter 3

contains detailed card image input instructions which will allow the used

to understand and construct the necessary data files to execute and fully

utilize the capabilities of PATHRAE-EPA. Also a 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 DEFINITION

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 Pathways

Up to 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 is 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.

Erosion and movement to a surface stream involves the
gradual removal of the cover over the disposed waste by
erosion and, eventually, the slow removal of the waste
itself. The time required for erosion of the total cover
depth is calculated. Then erosion 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 surface
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 a
stream.
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GROUNDWATER TO A RIVER

GROUNDWATER TO A WELL

OFFSITE ~~ -SURFACE EROSION

FACILITY OVERFLOW
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BIOINTRUSION
RADIOACTIVE GAS
INHALATION

RAE-102227

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

2-2



5. 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 a 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 et 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.

6. 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.

7. 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.

8. 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
operation by a operator.

9 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.

10. 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 sample problem given in

Appendix were obtained from PRESTO-EPA-CPG calculations using the DARTAB

subroutines and RADRISK data file (u8O). 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 and 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 potential

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
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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 ingested 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 contaminated foods 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 material (kg/yr) an

individual would have to directly consume in order to ingest the same

amount of that nuclide as he ingests by eating contaminated foods.
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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 limits 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

initial 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 - Pu-239 - U-235

4. Pu-241 - Am-241 - Np-237

5. Pu-238 - U-234 - Th-230 - Ra-226

6. Pu-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 nuclide in the chain be listed in the initial inventory. If t is

desired to 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 in this section. References are given to aid the reader in

understanding 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 three components

representing the waste form or release rate, the transport pathway and

environmental uptake. For simplicity, the results of the environmental

foodchain analysis are represented in the equations by the symbol, U,

called the equivalent uptake factor. 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 QXL f U(DF) QXL fo UI(DF)
.w qw

2. Well Water QL to U2(DF) QXL fo 2(DF)
qw qw

3. Sheet Erosion Q fe qdl u1(DF) Qfe fdtl 

4. Overflow Q fe fdll UI(DF) Qfe fdIl 2I(DF)

5. Food Grown By Q fd fq U3(D) V fd fo U3(DF)
Reclaimer s Vds

6. B8ointrusion f9db q U3(DF) fdb

7. Direct Gamma Q R Rw fexe(8760)(DFG)* A. Rc Rw fexp(8760)(DFG)
A TwA

8. Dust Inhalation VId.dfexUi(DF) I fd dd exp U(DF)
V w V d

9. Radon Q E VxDw, tanh(bwTw)(e-bcTc) U1 (DF) V/h tanh(bwt)ebcTc U1 (DF)
Inhalation H)rV F VHrF

10. Atmospheric r f f ( ) U(DF) Q r ff(.L) U1(DF)
Transport VQ6--Q

* Rc B(mcTc) ep(-mcTc)

Rw * I + - B(%Tw) exp(-%Tw)
4 E9

I 



D QXLfoU1(DF) (2-1)
qw

where

0 = annual whole body equivalent dose (mrem/yr)

Q = inventory of the radioactive nuclide available in a given
year (pCi)

qW = flow rate of the river (m3/yr)

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

XL - fraction of each nuclide leached from the inventory in a
year (yr-1)

U1 z annual equivalent uptake by an individual (m3/yr)

DF = dose conversion factor (mrem/pCi)

Tte components of the equation are:

Release Rate = QXL

Transport Pathway = fo

Environmental Uptake = UDF)
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:

0 for t < t - to

fo=g V& 1-exp [-XL(t-(tI-to))1} for t - to < t < t
lR eXL<

va.~h exp[-XL(t-t1 )][-exp(AXLtO)] for tj t (2-2)
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where

t = calendar time (yr)

to = RL/va

ti = R(L+xr)/va (yr)

Xr = distance of groundwater flow from nearest edge of burial
pits to the river (m)

Va = interstitial horizontal aquifer velocity (m/yr)

Fh = Hung's correction factor for dispersion

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

R = retardation factor = 1 + d Kd,
p

Kd = sorption coefficient in the aquifer (m3/kg)

d = aquifer density (kg/m3)

p = aquifer porosity

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

given by (Hu86):

Fh = exp _(L+0.5xw) +2v -3)

[(L+.5xw(va2d (2+a21
2Da

where

Da = longitudinal dispersivity (m)

Vd = RDa (m/yr)

X radioactive decay constant for given nuclide (yr-1 )

For dispersive groundwater transport a band release leaching model is

used and f is given by (Ro82):

N

fo= N 1 [Fi(t) - Fj(t-l/XL)j (2-4)
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where

Fj(t) = 0.5 U(t) erfc (z-) + exp(dj) erfc (z+)]

erf(z) = error function of z

erfc(z). = complementary error function of z

U(t) = unit step function

Z+ = N/ Elt/(Rtwj)]

- ~2 V / t-j

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

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

N = 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 is placed at the center of each sector.

The distance, d, is proportional to the 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 the square root function. This is

due to the boundary conditions imposed on the solution. The problem arises

only when the dispersivity is large and it affects only the calculation of

concentrations for daughter nuclides in the decay chains. Like most

dispersive transport solutions, the equations used in PATHRAE-EPA are,

strictly speaking, only valid for low 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 the chains are not

affected.

Pathway Two - Groundwater To A Well

Groundwater migration with discharge to a well is calculated from

D = QXLfoU2(DF) (2-5)

where

U2 = annual equivalent total uptake of well water by an
individual (m /yr)

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

qw W L va P (2-6)

where

W = width of waste pit perpendicular to aquifer flow (m)

L = Thickness of aquifer )

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 vicinity 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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In 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 modeling transverse dispersion the term f in

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

by:

ft - erf ____w__ - erf (yw - W/2)_e1 (2-7)
2 2 2VD22

where

yw - distance to well from center of waste area in the direction
perpendicular to the aquifer flow (m)

Dy = transverse dispersion coefficient (m2/yr)

For the limiting case in which Dy goes to zero ft 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:

VV = P/(PsS)

(2-8)

R = 1 + ds Kd
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:

S Sr + (1 Sr) [P]SNO (2-9)

where

Sr a residual saturation fraction

SNO = soil index

Kh 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 spillage or from sheet erosion 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 = Qfefdil U(DF) (2-10)
qw

where

fe = fraction of waste eroded each year

fdil = 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, Er, which is

an input variable, according to the relation fe = Er/Tw, where T is the

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

In the initial year of the simulation it is assumed that surface

runoff mobilizes radionuclides spilled during facility operations. These

contaminants are subsequently deposited in a nearby river. The dose for

this initial year of the erosion pathway is calculated using the same

approach as that in the PRESTO-EPA codes (EPA85a-EPA85e) and is given by:

° = Q fspl U (DF) (2-11)
qw(rp/dact + Kd ds + p)

where

fspl = 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 filled 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 Er with the expression:

P + exp -P(t - tf)] (2-12)
Kddw + P l(Kddw + P)t w

where

dw = waste density (gm/cm3)

tf = time at which trench overflow begins (yr)
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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:

D = Qfdfg(-F) U3 (2-13)
V S

where

fd dilution factor representing the dilution of waste in the
soil

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 d is shown in Figure 2-4. Using these assumptions, the factor

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

fd 'fm TMT + ]T2-4f T tcl Tg)l (2-14)

where

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

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 waste (m)

Al = lot area (m2)

Ah = house area (m2)

Aw = cross sectional area of wells drilled ( 2)

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 fd is replaced by fdb which

is computed differently. For this pathway:

fm T for Tr Tc +Tw
Tr

fdb fm (1 Tc) for Tc < Tr < Tc + Tw
I ~~~Tr

0 for Tr < Tc

where

Tr = plant root depth (m)

Pathway Seven - Direct Gamma

The dose from direct gamma exposure to an intruder is calculated from:

2-18



AmwtB(mcTc) epE4imcTC +ww exP(-m(wTwI] fexp (8760)(DFG)

g (2-15)

where

B(mT) - 1 + (mT)1 5jEg = buildup factor

Mw = gamma attenuation constant of the waste (1/m)

mc z 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 is assumed to be a
circular horizontal plane with the exposed individual
standing at the center ( 2)

Eg = weighted average gamma energy emitted by nuclide (MeY)

G= infinite ground plane dose conversion factor (mrem/hr per
pci/m 2 )

I

DF

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 probability of occurrence. For example, if decay of a nuclide

produces a 1 MeV gamma ray 20 percent of the time, a 2 MeV gamma 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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E= (0.2 x 1 MeV + 0.8 x 2 MeV + 1.0 x 2.1 MeV) = 1.95 MeV

(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 uspended particulates during

disposal operations. The dose for the inhalation of resuspended,

contaminated dust by an inadvertent intruder is given by:

D - Qfddd Ufexp(DF) (2-16)
w

where

fd - dilution factor representing the dilution of waste in the
soil

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

dw = waste density (kg/m 3)

Ui r 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

a 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, fd, is 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 = E EV w tanh(100 bTw) exp(-100b1Tl - b2T2 ) U1(DF)
(2-17)

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)

Xr = air ventilation rate of the structure (air changes/sec)

X = decay constant of radon (1/sec)

T1 = thickness of earthen cover ()

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

Ow = radon diffusion coefficient of the waste (cm2/sec)

DI = radon diffusion coefficient of the cover (cm2/sec)

02 = radon diffusion coefficient of concrete floor (cm2/sec).

F = 1 [1 +a;7ia tanh(lOObwTw) +
2

1 [l - actanh(lOObwTw)] exp(-2(100 b T + b2 T2))
2

a1 = P Dj l - (1-k)m]2 (i = w, 1, 2)

bi =V'/I (i = w, 1, 2)

Pi = porosity (i = w, 1, 2)

Mi = 0.01 Mdi/p1 (i = w, 1, 2)

M = moisture content (dry weight percent)

k = 0.26 pCi/m 3 of radon in water per pCi/m 3 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 = Q r fff, (X) U1 (DF) (2-18)
V Q

where

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

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

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

X downwind atmospheric concentration (pCi/m 3)

Q = atmospheric source release rate (pCi/sec)

PATHRAE-EPA uses Gaussian plume (SI68, EPA85a) expressions for XQ':

X fw n exp (-h2/2sz2) (2-19)

where

fw = fraction of time wind blows in direction of interest

sz = standard deviation of plume concentration in vertical
direction ()

u = average wind speed (m/sec)

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

x = distance from source to receptor ()

h = effective release height including momentum and thermal
plume rise effects ()

Plume depletion effects from deposition are represented by a reduced source

release rate calculated within the code (EPA87a). The actual release

height is modified to account for momentum and thermal plume rise effects

by the following equation (S168):
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h = + 1.5 vs D5 + 1.6(3.7E-5 X2 QH) 0. 333 (2-20)
u u

where

hs = actual release height (m)

vs = stack gas velocity (m/sec)

Ds = stack inside diameter (m)

QH = 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 hs.

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:

X 2 (2-21)

Q' 7fh2eu

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' = + 2.5137 y

where

y = width of the facility (m)

The s in Equation 2-19 is- calculated in PATHRAE-EPA using Briggs'

approximations (S168). 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 ahnual 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 terts

representing the waste form, the transport pathway, and nuclide uptake b.

humans. An examination of the components of the dose equations reveals the

similiarities among the various pathways. In addition to providing a

comparison of all the pathways, the table gives insight regarding the

relative importance of certain environmental and facility parameters. By

studying the relationships among key parameters the most effective means of

limiting the doses can be more easily 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/exposure 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 irrigation

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 WI (2-22)

where

Ir = radionuclide application rate (pCi/m 2 - hr)

Cw = radionuclide concentration in irrigation water (pCi/i)

WI = irrigation rate (/m 2-hr)

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

dependent upon the pathway under consideration.
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The following equation estimates the concentration C of a given

nuclide in and on vegetation at the location of deposition (except for

tritium and carbon-14):

c = ~ IrfRtl-exp(-Xetw)J + Bc CSP fl exp(-Xth) (2-23)
Yvke dss.

where

Cv = radionuclide concentration in vegetation (pCi/kg)

fR - fraction of deposited activity retained on crops (nitless)

ke = removal rate constant for physical loss by weathering

tw = time period for irrigation (hr)

Yv = agricultural productivity yield (kg(wet weight)/m2)

Bc = radionuclide concentration factor for uptake from soil by
edible 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/m 2).

dss = effective surface density" for soil (kg of dry soil)/m2)

f, = fraction of the year that irrigation occurs

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

The term CSP is given by:

csP 8760 rfI{l I l-exp(-xst ' )) - [ 1-exp(-Xt')] (2-24)
tl(xs -X) S--

where

t' = min D/L. (tmax - to)]

tmax = maximum input time for calculation

The rate constant for.contaminant removal from the soil, Xs, is estimated

using:
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(0.15)(8760)R (2-25)

where

Xs = soil nuclide removal rate coefficient (hr-1)

rs = watershed infiltration (mlyr)

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 d 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:

Cf = fpfSCp + (1 - fpfs)Cs (2-26)

where

Cf = radionuclide concentration in animal feed (pCi/kg)

Cp= radionuclide concentration on pasture grass (pCi/kg)

Cs = radionuclide concentration in stored feeds in (pCi/kg)

fp= fraction of the year that animals graze on pasture

f = fraction of daily feed that is pasture rass when the
animals graze on pasture

The concentration of each radionuclide in milk is estimated as:

Cm = (FmCfQf + CQw) exp(-Xtf) (2-27)
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where

Cm = radionuclide concentration in milk (pCi/1)

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

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

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

Qw = amount of water consumed by the animal (l/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;

CF - Ff(CfQf + CwQw) exp(-Xts) (2-28)

where

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

Ff = fraction of the animal's daily intake of a given radio-
nuclide which appears in each kilogram of flesh (d/kg)

ts = average time from slaughter~to consumption (hr)

Once radionuclide concentrations in all the various foodstuffs are

calculated, the annual human ingestion rate for each radionuclide is

estimated by:

Qing Qv + Qmilk + Qmeat + Qw (2-29)

where the variables represent individual annual intakes of a given

radionuclide via total ingestion (Qing)' and ingestion of vegetation (Qv),

milk (milk), meat (Qmeat), and drinking water (Qw), respectively, in

pCi/yr. The annual intakes via each type of food, Q for instance, are

calculated as:

2-29



- I

qv = Cv UV (2-30)

where

Qv = annual radionuclide intake from vegetation (pCi/yr)

Cv = radionculide concentration in vegetation (pCi/kg)

Uv = 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.

For the application of tritium in irrigation water, it is assumed that the

concentration in all vegetation, Cv, is the same as the tritium

concentration in drinking water; therefore:

C = w (2-31)

where C and C are in pCi/kg and pCi/l, respectively. The concentration

of H-3 in animal's feed, Cf. is therefore also equal to Cw. Then, the

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

Cm = FCw(Qf + w) (2-32)

Cf = FfCw(Qf + Qw) (2-33)

where

Cm = concentration of tritium in milk (pCi/l)

Fm = fraction of the animal's daily intake of H-3 that appears
in each liter of milk (d/l)

Cw = H-3 concentration in animal's drinking water (pCi/l)

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

Ff = 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. Oetailed 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 shows the general types of

information read from these files. The dose conversion factors and

equivalent uptake factors, if appropriate, are read from the first file and

are usually the same for all PATHRAE-EPA runs. The second file contains

site parameters such as dimensions of the facility, cover thickness, volume

of waste, etc. This file also contains pathway parameters such as distance

to the river and well, aquifer dispersivity, radon diffusion coefficients,

and meteorological data. The third data set, labeled variable site

parameters", contains parameters which are likely to be varied when

conducting sensitivity analyses. For example, this data set includes

nuclide leach rates, groundwater velocities, and trench infiltration rates.

These parameters have been placed 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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FIGURE 3-1. INPUT AND OUTPUT DATA FLOW FOR PATHRAE-EPA.
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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 calculations. The minimum

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

In addition to the MAIN program, 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 facility, waste arrives at a

relatively uniform rate and is emplaced in the burial trenches. For

short-lived nuclides the loss due to decay during facility operations can

be significant. PATHRAE-EPA has the option of adjusting the nuclide

inventory for decay during operations through the use of the variable

TIMOP. To ignore decay during operations set TIMOP equal to zero.

Otherwise, TIMOP should equal the number of years of facility operation.
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TABLE 3-1

DESCRIPTIONS OF PATHRAE-EPA SUBROUTINES

Sub-
routine Purpose

PTHRAE Main program. Coordinates subroutine calls and prints summary dose
information.

UPTAKE Computes total equivalent uptake factors for food and water ingestion.

IRRIG Calculates nuclide concentrations in vegetation, milk, meat, and fish.

COY Aids in the calculations performed by subroutine IRRIG.

HUMEX Calculates amount of each nuclide ingested by humans.

READ Reads the four input data files and performs preliminary calculations.

PRINT Prints summary of input data.

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

RIVER Calculates doses for groundwater to river pathway.

WELL Calculates doses for groundwater to well pathway.

PATH38 Calculates doses for all non-groundwater pathways.

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

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

HEPCI Converts total curies released to health effects.

DSPERS Coordinates groundwater transport subroutines GWI and GW3.

GW1 Calculates nuclide concentrations for groundwater pathways with
dispersion.

GW3 Calculates nuclide concentrations for daughter nuclides in decay
chains.

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

FTRMS Evaluates dispersive groundwater transport expressions in GWI and GW3.

ERFCPA Evaluates the natural logarithm of the complementary Gaussian error
function.

DERF Evaluates the Gaussian error function.

OERFC Evaluates the complementary Gaussian error function.

HUNG Calculates dispersion correction factor for non-dispersive groundwater
pathways.
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FIGURE 3-3. LOGIC FLOW OF PATHRAE-EPA.
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One factor that can affect the 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 most 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. The variable ALOIS, the longitudinal

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 implement any of the decay chains it

is important to set the transverse dispersion coefficient, DY, equal to

zero, since the decay chain expressions are valid only when this is t.

case. The longitudinal dispersivity, ALDIS, however, must not be zero. To

activate decay chain J set IFL(J) equal to one. To ignore the 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 all members of a

particular chain be different. However, the sorption coefficients can be

almost identical if desired.

PATHRAE-EPA will also locate the position of the maximum dose for each

individual nuclide as well as the time at which the maximum dose occurs.

To select this option set the variable IOPT equal to one. By using this

peak finding option the user can get a general idea of what nuclides are

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 of each nuclide to

the environment during a given time interval. PATHRAE-EPA 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,
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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 locations due to dust resuspension, incineration of the waste,

or a trench fire. This is controlled by the variable IVFAC. For dust

resuspension use IYFAC 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 the resuspension rate

(m3/s) and FFIRE is the deposition velocity (mis). The volatility factors

are not used when doing dust resuspension. 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 transport pathway also has an option for calculating

X/Q when specific atmospheric and meteorological data are unavailable. To

activate this option, which is based on the position of maximum plume

concentration, enter the source to receptor distance, XRECEP, equal to

zero. When using this default option it is unnecessary to enter data for

the atmospheric stability class or fraction of time the wind blows. To

bypass this option enter a positive value for XRECEP.

The final option to be described here is a solubility. limit on the

leach fraction. If the solubility of a nuclide is low enough that it

becomes the limiting factor in the release 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/m 3) as variable SOL. To ignore solubility

effects, enter zero.

If 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

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

3.3 INPUT DATA

All 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 fifth input

file.. The four data files have the specific file names BRCDCF.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

Instructions For UseOption

Nuclide 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

on: TIMOP > 0

To start at end of trench
farthest upstream on the
aquifer, IFILL - 0

on: IFLAG -.0

on: ALDIS > 0

on: DY > O
ALDIS > 0
IFL(J) all zero

to activate Jth chain:

IFL(J) 1
ALDIS > O
DY * 0

off: TIMOP 0

To start at downstream
end, IFILL - I

off: IFLAG I

off: ALDIS 0

off: DY 0

to ignore Jth chain:

IFL(J) * 0

Peak finder for groundwater on: IOPT - 1
pathways ALDIS > 0

off: IOPT * 0

Calculate total curies
released for groundwater
pathways

on: IOPT * 2 off: IOPT 0
NTIME > 2
T(I) * beginning of relese

period
T(2) end of release

period
ALDIS > 0

Gamma pathway options Gamma dose from undisturbed
.waste: IGAMMA 0

Gamma dose for biointrusion
scenario: IGAMMA - 1

Gamma dose for reclaimer farm
-I scenario: IGAMMA 2

Atmospheric pathway
calculation

Atmospheric pathway
X/Q default calculation

Solubility limit on
leaching

Dust resuspension:
Incineration:
Trench fire: 

on: XRECEP 0

on: SOL > 0

IVFAC 0
IYFAC - I
IVFAC 2

off: XRECEP 0

off: SOL 0

Perform complete foodchain
analysis

on: U O off: U > O

* Where multiple conditions are given to activate an option, all conditions
must be met simultaneously.
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3.3.1 Data File One - BRCOCF.DAT

Text
Card Variable Description Pathway Name

1 Radionuclide Data (16,2F12.6)

NDOSE 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.

TCUT Maximum nuclide half-life (yr) All
considered for analysis. The
inventory of any nuclide with
a half-life greater than TCUT
is 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.

SINV Nuclide inventory (Ci). See
TCUT above. All

2 Dose Calculations (16,10F12.6)

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

T(M) Times (yr) at which the doses are All t
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.

3 Dose Factors (14,A8,9E12.4)

KK Nuclide library number.
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Card Variable

XNAME2(KK)

DOSE(1,KK)

OOSE(2,KK)

DOSE(3,KK)

UT(KK,l)

UT(KK,2)

UT(KK,3)

UT(KK,4)

UT(KK,5)

UT(KK,6)

Description

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 (yr) for river water
usage.

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

Total equivalent uptake
factor (l/yr) for erosion pathway
water usage.

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

- Text
Pathway Name

1-6

8,10

7

1

DF

DF

Fb

U1

U22

3 U1

4 U1

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

U1

U3Total equivalent uptake
factor (kg/yr) for food pathway.

5,6

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

Text
Card Variable Description Pathway Name

1 Run Identification (IOA8)

A(r) Title of run. Up to 80
characters allowed.

2 Nuclide Inventory (316)

NISO Number of isotopes in inventory. All

IFLAG Flag indicating whether or not All
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.
If 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.

NNP Number of pathways to be
considered.

3 Pathway Data (2016)

NPN(J) 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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Text
Card Variable Description Pathway Name

NPN = 7 direct gamma exposure
NPN = 8 dust inhalation on site
NPN = 9 radon inhalation
NPN 10 offsite atmospheric

transport (incinerator,
trenbh fire, dust
resuspension)

JUF(J) 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.

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

4 Site Description (6F12.6)

TIMOP 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
is set equal to zero, this
correction is omitted.

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

WIDTH Width (m) of trench. *W

RFR River flow rate ( 3/yr) 1,3,4 qw

XR Distance (m) from nearest edge of 1,3,4 Xr
waste trench to river.

SPILL Surface spillage fraction. 3 fspl
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Card Variable Description
Text

Pathway Name

5

ARHO

ALDIS

DY

Transport Data (8F12.6)

Density (kg/m3) of aquifer.

Longitudinal dispersivity (m)
of the aquifer.

Transverse dispersion
coefficient (mz/yr) in aquifer.

1,2 d

D1,2

2

DZ

Ss

SR

PV

Not used.

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

Residual saturation fraction.

Saturated hydraulic
conductivity (mlyr) of vertical
zone.

Soil index.

Gamma Radiation Data (516)

Number of mesh points for
area source integration.

1,2

1,2

1,2

S

Sr

Kh

SNOSNO

6

NM 1,2 N

IGAMMA Flag for
options.

gamma pathway 7

IGAMMA = 0

IGAMMA = 1

IGAMMA = 2

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

IVFAC 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
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Text
Card Variable Description Pathway Name

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

7 Waste Properties (10F12.6)

XCT Thickness (m) of cover over waste. 3-9 T

XWT Thickness (m) of waste. 3-9 Tw

TWV Volume ( 3) of waste disposed. All V

XW Distance (m) to well from nearest 2 xw
edge of waste along direction
of aquifer flow.

YW Distance (m) to well from center 2 Yw
line of disposal facility in
direction perpendicular to
aquifer flow.

RHO Density (kg/m 3) of waste. 4,8,9 dw

FG Fraction of food eaten which 5,6 fg
is grown over waste site.

FEXT Fraction of year spent In 7 fexp
direct radiation field.

XROOT Depth (m) of plant root zone. 6,7 Tr

PLANT Surface density (kg/m2) of living 7
plants.

8 *,Exposure Data (3F12.6)

AOL Average dust loading (kg/m 3) in 8 dd
air.

UBR Adult breathing rate .(m3/yr). - 8-10 Uj

FTX Fraction of year exposed to 8 fexp
dust.

CANLIF Waste container lifetime (yr) 1,2

FIXINV Inventory scaling factor. All
(The inventory on file is
multiplied by FIXINV before
calculations begin.)
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Text
Card Variable Description Pathway Name

9 Residency Data (7F12.6)

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

ACR Air change rate (changes/s) in 9 xr
dwelling.

EPW Radon emanating power of the 9 E
waste. (Fraction of radon
produced which enters pore
spaces.)

DIFW Diffusion coefficient (cm2/sec) 9 Dw
for radon in waste.

DIFCON Diffusion coefficient (cm2/sec) 9 D2
for radon in concrete.

TCON Thickness (cm) of concrete floor. 9 T2

DIFCOV Diffusion coefficient (cm2/s) for 9 D1
radon in the cover material.

10 Atmosphere Data (10F12.6)

ISTAB Pasquill atmospheric stability 10
class. Enter an integer 0
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.

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

FWIND Fraction of time wind blows 10 fw
toward receptor location.

XRECEP Distance (m) from atmospheric 10 x
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

BURN

FFIRE

HSTACK

DSTACK

VSTACK

QH

Description

Dust resuspension rate (m3/s) or
burn rate m3/s) of incinerator or
trench fire.

Fraction of year incinerator
or trench fire burns,
or
Deposition velocity (mis) for
dust resuspension.

Height (m) of ncinerator stack.
For trench fire scenario enter
zero.

Stack nside diameter (m).

Stack gas velocity (m/s).

Heat emission rate (cal/s) of
incinerator stack.

Flag Options (2016)

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

Text
Pathway Name

10 r

10 ff

10 ff

10 hs

10 DS

10

10

11

IFL(I) 1,2

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

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

I = 1 Cm-244 -
I - 2 Pu-240 -
I - 3 Am-243 -
I - 4 Pu-241 -
I - 5 Pu-238 -
I c 6 Pu-242--
I = 7 U-238 -

Pu-240 -
U-236 -
Pu-239 -

Am-241 -
U-234 -
U-238 -
Th-230 -

U-236
Th-232
U-235
Np-237
Th-230 - Ra-226
U-234
Ra-226

If a particular 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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Text
Card Variable Description Pathway Name

12 Printout Control (416)

INPRNT Flag for printout of input
summary.

If INPRNT = 0. no input
summary is printed.

If INPRNT = 1, the summary
is printed.

IDSRPT Not used.

IFILL Flag indicating how the waste 1,2
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.

IOPT Flag for selecting groundwater 1,2
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

Text
Card Variable Description Pathway Name

I Site Water Data (9F12.6)

XPERC Amount of water (m3/m2-yr) which 2 P
percolates through the waste
annually per unit area.

VA Horizontal velocity (m/yr) of 1,2 Va

aquifer.

XPOR Porosity of aquifer. 1,2 p
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Text
Card Variable Description Pathway Name

XAQO Distance (m) from trench bottom 1,2
to aquifer.

XVV Vertical velocity (m/yr) of the 1,2 vd
water in the soil between
the waste and the aquifer.
Calculated internally if
entered as zero.

XLC Length (m) of perforated well 2 L
casing set equal to aqufer thickness.

XALE Surface erosion rate (m/yr) 3,4 Er

FLCH Scaling.factor for leach 1,2
constant.

RUNF Annual runoff of precipitation (m). 3

2 Transport Characteristics (4,3E12.4)

KK An integer library index
specifying the nuclide.

XLL(KK) The leach constant (1/yr). In the 1,2 At
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.

XKD(KK) The sorption coefficient (cm3/g). 1,2.4 Kd
This is used to obtain the
retardation coefficient in
the aquifer.

RVERTI(KK) Sorption coefficient (cm3/g) for 1,2 Kd
vertical transport of the
nuclide from the trench to
the aquifer.

Note: Card 2 is repeated for each nuclide in the inventory.
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3.3.4 Data File Four - INVNTRY.DAT

Text
Card Variable Description Pathway Name

Nuclide Data (4,7E12.4)

KK An integer library index
specifying the nuclide.

HLIFE(KK) Nuclide halflife (yr). Ln2/N

Q(KK,M) The amount of nuclide present (Ci) Q
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 mw mc
(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 E9
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)

Description

Solubility (Ci/m 3) of the
nuclide in the aquifer. To
omit the effects of solubility
limitations, enter zero.

Volatility factor for
incineration. It is the
fraction of the inventory
of a nuclide which is lost
to the atmosphere as a result
of incineration. This
variable is not used when
pathway 10 calculates dust
resuspension.

Pathway

1,2

Text
Name

10

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

3.3.5 Data File Five - UPTAKE.DAT (All data for food chain calculations)

Card Variable Description
Text
Name

1 Site Soil Data (3F12.6)

SINFL

PORS

BDENS

2

Infiltration rate (m/yr)

Porosity of surface soil.

Bulk density (g/cm) of soil.

Vegetation Data (5F12.6)

Agriculture productivity (kg/m 2)
for pasture grass.

Agriculture productivity (kg/m2)
for other vegetation.

Weathering removal constant (hv-1)
from vegetation.

Ps

In

Y1

Y2

XAMBWE

Yy

Ye

Xe

TE1

TE2

Hours for irrigation
grass.

of pasture . tw

Hours for rrigation of other
vegetation.

tw
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Card Variable

3

THi - TH4

FP

FS

4

QFC

QFG

TF1

TS

TFIS

Description

Pasture Data (6F12.6)

Delay time (hr) between harvest and
consumption f 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 consumed daily (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 (12.6)

Fraction of the year the crops are
irrigated.

Irrigation rate (1/m2-hr).

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

Amount of water consumed (lid)
by goats.

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

Human Uptake (7F12.6)

Human uptake (kg/yr) of leafy
vegetation.

Text
Name

th

fs

Qf

Qf

tf

ts

fI

WI

QW

5

FI

WIRATE

QCW

QGW

QBW

6

ULEAFY Uv

3-24



4

Card Variable

UPROD

UCMILK

UGMILK

UMEAT

UWAT

UFISH

7+

Description

Human uptake (kg/yr) of produce.

Human uptake (1/yr) of cow milk.

Human uptake (l/yr) of goats
milk.

Human uptake (kglyr) of meat.

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

Human uptake (kg/yr) of fish.

Transfer and Retention Data (A8,6FI2.6)

Nuclide identification 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.

Text
Name

Up

* Uc

Ug

UM

Uw

Uf

R

Bc

NUCLID(KK)

RW(KK)

BR(KK)

FMC(KK)

FMG(KK)

FF(KK)

FIS(KK)

Ff

FS
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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 the input data. The site parameters, dose

conversion factors, and equivalent uptake factors are included. This is

followed by tables of nuclide doses for each nuclide and pathway

considered. For the two groundwater pathways, the erosion pathway, and the

facility overflow pathway, tables giving nuclide concentrations in water at

various times are generated.

Following the outputs for the ndividual 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 is considered in this chapter. The

facility evaluated in this sample problem is a 350,000 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 at a constant rate. The

waste is placed in disposal pits to a depth of six meters and is covered by

a 0.6 meter thick cover. An aquifer with a water velocity of 28 meters per

year is located 7.7 meters below the waste. The annual infiltration into

the waste is 0.45 cubic meters of water per square meter of trench area. A

well s located 50 meters from the edge of the waste 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 mrem/yr at 15 years and 0.18 mrem/yr

in 100 years. The external exposure pathway, primarily from Co-60,

dominates the early doses with the well pathway 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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I 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

Fraction of Time Spent in Excavation

Average Wind Speed

Downwind distance to receptor location

3.48E+5 aI2

590 m

27.8 m/yr

0.39

0.45 m3/m2

1.96E-4 m/yr

0.6 

6.0 m

1.0E+6 m3

50 m

10 

5.OE-7 kg/m3

8E+3 m3/yr

0.228

2.01 m/s

345 m
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TABLE 4-2

NUCLIDE INVENTORY

Nucli de

H-3

C-14

Fe-55

Co-60

Ni-59

Ni-63

Sr-90

Nb-94

Tc-99

Ru-106

Sb-125

1-129

Cs-134

Cs-135

Cs-137

Ba-137m

Eu-154

U-234

U-235

U-238

Np-237

Pu-238

Pu-239

Pu-241

Pu-242

Am-241

Am-243

Cm-243

Cm-244

Halflife (yr)

1.23E+1

5.73E+3

2.70E+O

5.25E+O

8.OOE+4

1.1QE+2

2.86E+1

2.OOE+4

2.13E+5

1.01E+O

2.77E+O

1.70E+7

2.06E+O

2.30E+6

3.O1E+1

3.O1E+1*

8.50E+O

2.45E+5

7.04E+8

4.47E+9

2.1OE+6

8.77E+1

2.42E+4

1.32E+1

3.79E+5

4.59E+2

7.37E+3

3.19E+1

1.76E+1

Initial
Inventory (Ci)

1.31E+02

7.43E+O

1.20E+02

2.46E+02

1.43E-01

4.41E+01

3.40E+0O

4.54E-03

1.90E-03

5.04E-02

1.85E+O0

5.26E-3

5.04E+01

1.80E-3

5.70E+01

5.70E+01

1.86E-01

4.27E-03

6.85E-05

1.25E-03

9.68E-06

1.20E-01

1.12E-01

4.85E+O0

2.43E-04

2.31E-01

5.41E-05

5.52E-05

5.26E-02

* Assumed to be in equilibrium with Cs-137.

4-4



TABLE 4-3

FACILITY DOSE RATES FOR VARIOUS TIMES FOR SAMPLE PROBLEM

Time (yr)

Parameter

Dose (mrem/yr)

0

9.46

1 15 50

8.33E+0 1.78E+O 3.83E-1

100 200 350 500 750 1000

1.84E-1 8.63E-2 5.51E-2 4.03E-2 2.56E-2 1.88E-2

PATHWAY SUMMARY

enb

Maximum Annual Dose
(mrem/yr)

Year of Maximum Dose

Dominant Nuclide

Dust

2.2E-2

0

Am-24i

Pathway

Atmospheric

2.6E-6

0

Am-241

Gamma

8.8E+O

0

Co-60

Well

1.1E-1

Food

4.8E-1

50 1

C-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

Appendix B. A complete source listing of PATHRAE-EPA code is given in

Appendix A.

Finally, it should be noted that the sample 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 conclusions regarding

specific disposal alternatives.

4.3 PATHRAE-EPA COMPUTER COMPATIBILITY

The PATHRAE-EPA code is sufficiently compact and calculationally

efficient that it can be executed on a variety of computer systems

including advanced personal computers. For example, the PATHRAE-EPA code.

has been implemented and operated within reasonable execution times on an

IBM-AT Personal Computer.
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APPENDIX A

SOURCE LISTING FOR PATHRAE-EPA CODE



C PEI hODIEIED lUv OPMAfiRAC ON IIC Irh-4I
IMPLICHl EALA3 A-H.O-Z)
REALAI C.O.UT
CHARACTERAB VNUCL.XNAHE2
COMMONfAA'CRilREC
COIION/1L1I'ALDIS C(100 10) CANLI' DILAC. DSV(5) Y DN NY

I N" ITIhE 6(100 0) VERT(1060) T(16) ThEl5) VA VN6CLB),
:s WIDtH.WSLADL(1o5,XA6D.L,LD(16O),XLL(1O0),XL ,X C(100),

C0dMOtlN'LiC'/ACR ADL AIN ARHO B(100) BURN CUNDOS(10) DIECON
: DIFCO'J DW6OsE5.100$.DTACX.fGAhA(100) EPW EXIFFIRE,
I (G.I/liNv rTXUiliD.HLIFE100) HSTACK IDSRT I(7) IFLAG,
I IGAhhA IRHTIOPT ISTAB IUP IAC JUI(10) NOSE NIOINP,
I Np 14PNI10) PLANT Pt OH R RAO RUNt SINV SO SPILL,SRSS,
I TBEG TCON fCUT TNDTIOP tIhO T UDRUT(100 0),
:n VOLAfL(I06),VSfACK UlIiD ALE XCf XH XKD100),XLC
I XNAE2( 100),XPERCAPOR,X&,XREIEP,ARO6T,XU,XUTXXhb(100)
COeQION/DLK3/ IF ILL
DIMiENSION XLLI(100) RVERTI(100)

C COMIPUTER SPECIFIC T6 RAECO SYSTEtI TO CATCH 'ERO' ERRORS
C CALL ERRSET(63,.TRUE.,.FALSE.,.FALSE.,.fALSE. 50)
C CALL ERRSET(13 TRUE FALSE. FALSE. TRUE. ,iO)

OPEN(UNIT=G,FIL ='OUTPbt.FIL',StATUS'hEU')
CALL ZERO

C
C CALL SUBROUTINE WHICH READS INPUT
C

CALI. kRAD(XLLJ.RVECTI)
C

a' C CALCULATL TOTAL LOU IVALENT UPTAKE ACTORS
C

tI UP .NE. 0) CALL. UPTAKE
C
C CALL SUBkOUTINE WHICH PRINTS INPUT SUHARY
C

CALL PkINI(XLLI.RVIktI)
IF(IFLAG.EO.1) 00 TO 200
DO 100 K=1.NDOSE
IF(O(K 1) £O 0 ) ,0 0 100
DO 50h,2 NTI
ARG-XLD(I(AT(H)
O(K )C0.
IF(ARG.LE.05.) (K.H)=O(K.1)ADEXP(-ARG)

50 CONTINUE
100 CONTINUE

E CALL SUBROUTINE TO DO BATFHAN CALCULATIONS
C

IF(ItLAG.EO.O) CALL BATMAN
200 DISYmDY

DO 300 K.NNP

DYTxDISY
IF(NPN(K).EO.1) CAIL RIVER
IE(NPN(K).EO.2) CALL WILL
IE(NPN(K).EO.3) CALL PATH38(3)
IF(NPN(K).E0.4) CALL PATH38(4)
IE(NPN(K).EO.5) CALL PATH3U(5)
IF(NPN(K).EO.6) CALL PATH38(6)



Im(IPN(K).EO.7) CALL PATH38(7)
Ir(NtN(K).EQ.O) CALL PATH30(8)
IE(Hptfl K)EO ) CALL PATY38;9)
I NP K).EQ 10) CALL PA H3 (10)

300 COi NIUE
IE(IOPT.NE.0) GO TO 1000
UWtRI(6.10) 'Es'

10 tORIAT(IHI.' AAAAAAAAAA CUMULATIVE TOTAL ',AS,' PER YEAR FOR ',
2 '6IVeN tHlfS AAAAAAAAAA1'//)
IRIE(6.20) P (CUM!,OS(f),M=1,NTIME)
IRlUt(6, II) 'SKS'

WRITE(6.20) NP. (CUDOS(M)A2.E-4. Ml NTIME)
11 FORMAT(/// ' A;AAAAAAAA CUMULATI'JQ I6TAL ',AS,' PER YEAR FOR '

I 'GIVEN TIAES AAAAAAAAAA'.//)
19 FORhAT(IX,12,IX A I{PE10.2))
2o roRMAT(4X.I3,9XJIP1IO.2)

C
C PRINT INVENTORY
C

30 iUitwo
URITL(6 31) (T(M) MI NTIME)

31 FORMATRH,8X,' PR LID HALELIFE ANO INVENTORY (CI) ',
& 'ASSUMIN N TRANSPORT FROM THE FACILITY',/I,
I (TIME INY) HAFIFE' ID0)

32 JF(IVR .GT. 0) RITE(6.335 (T(i) Mul NTIME)
33 FORMAT(1INI X 'NUCLIDE HALLIFE AND NVENTORY (Cl)

& 'REMAININ6 IA THE FACILITY'.///,' (TIME IN YR) HALELIFE',
I OF1Q.O)
DO 0 KmI.NDOSE

22, IF(OiK 1).GT.0.)
I lIST(6:19J) K,XNAHE2(K),HL1IE(K).(Q(K,M),l,NTIE)

500 CONTINUE
IEQIVR .GT. 0) GO TO 508
DO 505 M=2,NTIME
DO 505 Kl NDOSE
ARGXLL(K)IT(M)

505 O(K,M)O(KM)ADEXP(-ARG)

GO tO 32
508 DO 510 CHECK-1,5

IE(DOSV(ICHECK).EO.0.) T"ECICHECK)uO.
510 CONTINUE

C
C WRITE SUMMARY FILES
C

URITE(6.3505) USLAPL (DOStl1) 1-1 5)
URITE(6,3507) IDINTITTIME(I)S,1-1,S)
VRITE(6 3506) (VNUCL(M).I.1 5)

3505 FORMATiHI ll('A') ' MAXIMUM DOSES DOMINANT NUCLID6S BY '
S 'PATHWAY )0('A'5 /I OX 'NAME 01 RUN' 3XIOA9 /12X,PATUAY',
& 7X 'DUJST' 4X'AMO§PHfRI& 9X 'GAMMA' 3X,'WELL',I3X,'tfOOD',/?
& 7X.'ANNUA xD6SE,4X IPE9 24(6X E9 25

3506 FORMAT(3X 'DOMINANT WLDE,6X 8,4(9XA8))
3S07 FORMAT(I15X'YEAR' 1X 18 49X 181)

OPEN(UNI3 FILE-SBR DT' SATUS-'NEV')
VRITE3, 350) SLADL ADOSVII) 1-1,5)
VRI£E(3,3506) (VNUCLhI) I-1 51
WRITE(3 3507) (IDINT(TTIME()), 11,5)

LOSE(U0T-3)
1000 LOSE(UNl~sf6)



C WRItf44 198?,keCul) REC
1987 rokHAt(ib)

C CLOSEtI)
END
SUIkOUT1NE ATHAN

C THIS SUBROUtINE PRfORHS TE BATEHAN
C CALCULATIONS OR NUCLIDE NGROWTH.

IMPLICIT REALAO (A-H,O-Z)
CHAkACTERAD VNUCL
REALA4 CO0
COHuiUo/lDKI/ALDIS C(100 10) CANLIE DILFAC OSV(5) DYDZ,NH NHY
1 N1I lNTIHE M 00 10) AVERT(160) T(16) TIHE15) VA VNbCL(9),
& UiDtH.WSLAL(IOI.XAD,XL,XLD(16O).XLL(10,,XL;,XiC(1O0,,

C XVV,YU.ZB
C INDICES IN THIS SROUTINE REFER TO THE FOLLOWING NUCLIDES:
C 8 SR- 90 23 tH-230 28 U -238 33 PU-241
C 9 Y - JO 24 Tll-232 29 NlP237 34 PU-242
C 1 CE-144 25 U -234 30 PU-23U 31 AH-241
C 19 PR-144 26 U -235 31 PU-239 36 AM*243
C 22 RA-226 27 U -236 :32 PU-240 31 CH-244
C

DO 100 Hu2.NJhgE
Q(9 )mQ0( I)
0(14 imo(ia )
Ii(0'24,1).E6.O.) o tO 1000
0(24.H)=.74AXLD(24)/(XLD(24)-XLD(27))A(XLD(27)A.76/(XLD(27)-XLD(32
1))A(XLD(32)A(XLD(24)-XLD(27))/(XLD(24)-XLD(38))A(0(38 I)A(XLD(27)-
IXLD(32))/((XLD(27)-XLD(38))A(XLD(32)-XLD(38)))+0(38.15A((XLD(38)-
SXLD(24))ADEXP(-XLD(32)AT(H))/((XLD(24)-XLD(32))A(XLD(32)-XLD(38)))
&+(XLD24)-XLD(38))ADEX (-XLD(17)AT(H))/((XLD(27)-XLD(38))A(XLD(24)
&-XL (27)))+(XLD( 2)-XL (27))AEXP(-XLD(24)AT(H))/((XLD(24)-XLD(27)
1)A(XLD(24)-XLD(32))))).(XLD(24)-XLD(27))AO(32.H)/(XLD(24)-XLD(32))
+0(32,I)A(-DEXP(-XLD(27)AT(H))+(XLD(27)-XLD(32))ADEXP(-XLD(24)A

&T{H))/(XLD124)-XLD(32))))+0(27,H)-0127,I)ADEXP(-XLD(24)AT(M)))+

1000 1i(4W27.1).EO.O.) GO TO 1010
0(27 M)z.76AXLD(27)/(XLD(2')-XLD(32))A(XLD(32)A(0(38 )A(XLD(27)-
LXLD(52))/((XLD(27)-XLD(30))A(XLD(32)-XLD(30)))+0(38 )A(DEXP(-XLD(
127)AT(M))/( XLD(27)-XLD(30).tDEXP(-XLD(32)AT(H))/(XL6t30)-XLD(32f))
D4+0(2 )-0(32,1)ADEXP(-XLD(2/)AtlH)))F0(27,h)

1010 F(0(31.1).E0.6!) GO 10 1020
0(32 ") XLD4 32)A(0(10 )-0(01,t)AD0Xi'4 XI.M(.2AT(h)))

V(L(2)-XL 3 )+Q( 2,M)
1020 IF(O(26,1).EO.0.) GO TO 1030

0(26 r)n.73AXLD(26)/(XLD(26)-XLD(31))A(XLD(31)A(0(36 )A(XLD(26)-
LXLD(31))/((XLD(26)-XLD(36))A(XLD(31)-XLD(36)))+0(36 I)A(DEXP(-XLD(
&26)AT(I1J)/(XL 26)-XLD(36 ).DEXP(-XLD(31)AT(H) )/(XLD(36)-XLD(31)))
&)+0(31 MI)-0(31 1)ADEXP(-XLD(26)AT(i)))+0(26,1)

1030 f(0(31.1).EQ.6.) GO TO 1040
0(31 M)uXLD(31)A(0(36 )-O(36,1)AD9XP(-XLD(31)Al(H)))

1040 If(Q(29,1).EO..) GO TO 1050
0(29 r)uXLD(35)AXLD(29)A(0(33 N)/((XLD(33)-XLD(35))A(XLD(33)-XLD(
129))5+0(33,1)ADEXP(-XLD(35)AT(h))/((XLD(33)-XLD(35))A(XLD(29)-XLD(
135)))+0(33,1)ADEXP(-XLD(29)AT(H))/((XLD(33)-XLD(29))A(XLD(35)-XLD(
129)))).XLD(29)A(0(35,M)-0(35,l)ADEXP(-XLD(29)AT(H)))/(XLD(29)-XLD(
135))+0(29 N)

1050 F(0(35, 1.EO.O.) GO TO 1060
O(35.N):XLD(35)A(0(33,h)-Q(33,1)ADEXP(-XLD(35)AT(N)))



1060 F((XLD(28)-XLD(34))..O0.) fi0 tO 1070
E13S(DEXP(-XL(34)AT(M))-DEXP(-XLD(28)AT(M)))/(XLD( 28)-XLD(34))

1070 lF((XL(25) XL(3O)).EQ.0.) 'it TO 1080
E24= (IEXN -xl.D(30)AT(M))-bLXP(-XLD(25)AT f)))/(XLD(25)-XLD(30)

100 If((XLDU25)-XL0(20)).9E.0.) 1 TO 1090
E34x(EXP(-XLD(2)At(M)n-DEXP(-XLD(25)AT()))/(XLD(2S)-XLD(28))

1090 If((XLD(23)-XLD(;W)).O.0.) o tO 1100
E45-(ILXP(-XI.D()ATl"))-DEXP(-XLD(23)AT(M)))/(XLD(23)-XLD(2s5))

1100 If((XLD(2")-XLD(23)).EO.0.' fi0 tO 1110
E56-(DEXP(-XI.nD 3)AT(n))-DEXP(-XLD(22)AT(1)))/(XLD( 22 )-XLD(23))

1110 IE((XLD(25)-XtQ(34)).EO.0.) 0 t0 1120
E134=(E13-E.34)/(XLh(25)-XLD(34))

1120 IF((XLO(23)-XLD(30)).E0.0.) GO T0 1130
C "i5=(E24-E45)/(XLD(23)-XLD(30))

.1130 lf(XLD(23)-XLD(28)).EO..) G0 TO 1140
E34bz(E34-E45)/(XLD(23)-XLD(28))

1140 IF((XLD(22)-XL(25)).EO.0.) GO TO 1150
E456x(E45-L56)/(XLD(22)-XLD(25))

1150 IF((XLD423)-XLD(34)).EQ.0.) G0 TO 1160
E1345=(L134-E345)/(XLD(23)-XLD(34))

1160 IF((XLD(22)-XLD(30)).EQ.0.) O TO 1170
E2456=(E245-E456)/(XLD(22)-XLD(30))

1170 IF((XLD(22)-XLD(28)).EQ.o.) G0 TO 1180
E3456=(E345-E456)/(XLD(22)-XLD(28))

1180 IF((XLD(22)-XLD(34)).EQ.0.) G0 TO 1190
E134562(E1345-E3456)/(XLD(22)-XLD(34))

1190 CONTINUE
O(2Y2.f)=(((0(34.1)AXLD(28)AE13456A.77+Q(30,1)AE2456A.72sO(28 1)A

SE3456A.77)AXLD(25)+0(25,1)AE456)AXLD(23)+Q(23, )AE56)AXLD(22S+
10(22.f)
O(23,f)a((0(341)AXLD(28)AE1345A.77+0(30,1 )AE245A.72+n(28,1)A

SE345A.77)AXLD(25)+0(25 1)AE45)AXLD(23)+(23 )
0(25 )=(0(34,1)AXLD(26)AE134A.77+0(30,1)AE24A.72+0(28,1)AE34
1A.77AAXLD(25)tO(25 )
Q(2OB.N)%O(34,I )AXL6(20)AE13+O(28.1N)

100 CONTINUE
REIURN
END
SURUT INE WELL
IMPLICIT REALAO (A-H 0-Z)
CHARACTERAD VNUCL.XNAME2
RELA C Ut NDPIK
COMMON/XfE§/NAEC
COtIMON/JLl/AI.DIS C(100 10) CANLIF DILFAC DSV(5) DY D NMY

t NM NIME 6(100 0) VERT(160) T(16) TTIME15)VAVNUCL(5),
t UIDH SLADL(10.XA6DXLXLD(160),XLL(100),XLPXAC(100),
& X Y ZB
C0MMON/iLK/A&tR ADL AIN ARHO D1V(100) BURtN CUDOS(10) DIECON

& DIFCOV DIFU OSE(3 1001 DSTACKX AM1MA(100) EPU tEXTFFIRE,
& FG IXINV FtX FUIN5 HLI (100) STACK IDSRfT IL(7) ILAG
I IG 1MA IN RNT IOPT ISTAB UP IFAC JU(10) NOSE NIAONNP,
& NP NPt10) PLANT PO OHR§R R O RUNE SlV sho SPILL ,SRSS,
a TUTO SC0N TCUS TEND RETIAOP IM1 Tw( UDR'UT(I0 6)
I VOLAfL(106) VS*ACK OVIND ALE xCt XH XKDhO) XC
I xNAME2( 10)XPERCvfPORXXREEP iRO6TXUXUX xx0bo)

COMMON/DLK3/IF LL
DIMENSION EDOSE(10), MD(10),SumDoS(1o),VnXDoS(1o),HHT(i00),
SHVT(100) #DPKU(50)
CHARACERA8 BLAN



DATA VXDOS /10AO.DO/
DATA BLAN/' 'X

C
C CALCULAtIONS Ok GOUNDWATER DISCHARGE TO A ELL
C

3000 DO 3088 K=1.NTIME
3088 SUDOS(K) =0.
3005 10XLP/VA

TU= XJ/VA*XAOD/XVV
TT=TO+TU
XLSAV=XLP
TIHOPI=TIhOP
HU=XPERCAXI.P/(XPORAVA)
CORFAC=I.
ED=XPLRCAXI.PAUIDTH
Il(XI'LRC.LL.0.) EUIDTHAXLCAVAAXPOR
IF(HN.Gr.O.) COREAC=XLC/HU
IE(HU.GT.O..AND.HK.LT.XLC) ED=EDACORFAC
IFNU3.GT.XLC) XLP=XLPACORFAC

F (HU.GT.XLC) IKOPI TIhOPACOREAC
3008 DILFACzED

ED=EIDAXLSAV/VA
ZBUXW
XL=Zb+O.bAXLP
I(ItOT.EO.O) GO tO 3010
IF(lOPT.NE.I) GO TO 2011
IE(ALDIS.GT.O.) CALL PAK(2)
IE(ALDIS.G1.0.) GO tO 3500
NTIhEsI
GO TO 3010

2011 CONTINUE
IE(IOPT.EO.I) CALL PEAK(2)
IF(IOPT.EO.2) CALL ELEAS2)
GO TO 3500

3010 IF(ALDIS.GT.O.) CALL DSPERS
URIIE(6 31)

31 FORMAT(iHI 6X 'PATHWAY 2' /,52X 'GROUNDWATER TO WELL',//,
I 'AAAkAkAAl NUCLIDE DOSES F GIViN TIMES AAAAAAA',/)

1031 kORMAT(56X,'fATHUAY 2 GROUNDUATER TO UELL')
IF(IOPl.EO.1) RITE(6,12)
IF(IOPT.NE.1) WRITE(6 11) MM(H) H11 NTIHE)

11 FORMAT(/,' NUCLIDE/11iE , fi0.0s
12 FORIIAT/ NUCLIVE',liX,'fOSE',/)

DO 3011 K:1 NDOSE
IE(Q(K,).E6.0.) GO TO 3015
TU=XW/VA+XAOLA(RVERT(K)/XRC(K))/XVV
TTPTO+TU
IE(1OPT.LO.1) (1)uXkC(K)ATU+DLOG(XLL(K)/XLD(K)+1.)/XLL(K)
IF(IOP7.EO.1AND.T(1).GE.XRC(K)AT) T(1)=TTAXRC(K)
IFQ(OT.EO.I) DPKU(K)zr(1)
OSAVESO(K 1)
If(OT.E64.) O(K 1)=O(( )ADEXP(-XLD(K)AI(I))
CONS~l-l.E9ADOSE([ K)AUTlK,2)
IE(ALUIS.GZ.O.) G 13
UUlVzXLD(K)sRVi9RT(K)
UU~uXLD(K)AXRC(K)
HVT(K)iIUNG(UVXAUD X)
HHT(K)xHUNG(UUNXLt4)
HUNFzHVT(K)AHHT(K)

13 CONTINUE



XZw-XLL(K)AXkC(K)AT0
IF(XL.Lt.-8-J.) X=-8S.
.DO 3016 I1=I.H?lIME
IF(ALDIS.GTO.) O t 3333
XXx-XLL(K)A(T(f)-XkC(K)ASW)
XTz-XLL(K)A(l(h)-XRC(K)ATT)
tF(XX.i1.O.) XX-85.
IF(XY.GT.35.) XY=85.
XY=DEXP(XY)A(I .- DEXP(XZ) )/XRC(K)
XXz(I.-DEXP(XX))/XRC(K)
IF(1QI).LT.XcC(K)ATI) C(K.d)=0.
IF(T(M).CE.XRC(K)Aft) C,)=XXAO(KN)AHUNF/ED
I(I(f).GL.XkC(K)ATT) C(K.f)XYAO(K.N)AHUNF/ED

3333 IF(C(K M)LTiD-35.AhD.C(Kf).NE.0.) C(KM)=1.D-35
EIJOSEAR=ORSTAC(K.M)

I (lVIAC.LO.l) UJOSElA)-EDOSEM)A(1.-VOLATL(K))
SUMW(f)wSU"'Do(M)+EoOSE(m)
IE(hbDSE() .GT.VMXDOS(H)) IVMD(N)=K
IF(EDOSE(M).GT.ViXDOS()) YHXDS(h)=ED0SE(M)

3016 CONTINUE
IRITE(6.19) K,XNAtE2(K),(EDOSE(N),=1,NTIhE)
O(K I)=OSAVE

3015 CONfINUE
19 tOR~hTllX.13,2X,A8,2X,11(lPEIO.2))

DOSV(4)=0
DO 3020 K 10
lF(SUMD0S(K.G.DOV(4)) Ml=K
IF(SUIIDOS(K).GT.DOSV(4)) DOSV(4)=SIJMDOS(K)

3020 CONTINUE
IP TTlIE(4) T(M)

VNUCL(4)=XNAHE2(IVD(M))
IF(DOSV(4).EO.O.) NUCL(4)=bLAN
NP=N#P.
DO 3100 H=l.NTI1E

3100 CUHDOS(hl)aCUMDtOS(fl),SUfDOS(M)
VRIIE(6,32) 'DOSES'
UR1TL(6.20) NSO (SUMDOS(),ff:,HaloE)
WRItE(6,32) 'RISkS'
RITh(6 0) NISO (SUHDOS(Ml)A2.8E-4fl=lNTIME)

20 FOR1¶AT($! 3 9X i1QP~10.2)) 
32 LORMAT(//7;'AAAlAAA SUn OF NUCLIDE ',A5,' FOR GIVEN TIMES AAAAAA')

URItU(6 35)
35 FORM'AT(HI.'AAAAAAA DISPERSION CORRECTION FACTOR AAAAAA' //5sx,
2 'UCLIDE' ax 'VERTICAL FACTOR' ,BXg'HORIZONTAL FACTOR',oek,
I 'TOTAL EA TOfi',//)
DO 36 Kl,NDOSE
IF(O(K 1) EO.O.) OTO 36
WIME( 3%) K AL2(K) HVT(K) flT(K) HT(K)AHHT(K)

37 FORMiATdX,I3,X.A8,9X,1fEl0.2,14XtPEI0.2,12X,IPEI0.2)
36 CONTINUE

WRITE(6,3401)
IF(IOPT.EQ.1) URITE(6,21)

21 FORMAT(/ ' NUCLIDE' lX 'COIC' 14X 'PEAK TIME' I)
3401 FOPRAT(IA1.' CwONCENT1 0TIOA ARRAY' i'COKENTRAfIONS IN CI/MAA3')

DO 3400 Kl,NflOSE
IF(O(K 1) .EO. 0.) 00 TO 3400
IF(IOW*E6.1) VR1TE(6 1) K,XNMAME2(K),C(K.1) DPJ(V(K)
IF(IOPT.NE.1) WRITE(6,19) KXNAME2(K)t(C(AM$NvlulNIIMZ)

3400 CONTINUE



3500 Xl.P-XLSAV
RLI lIN
END
SUBkOUTINE PATH38(NPATH)
IMPLICIT REALAS (A-HO-Z)
CHARACTERAO VNUCLXNAHE2.XNI
REALA4 C 0 UT
COMMON/XEO/NREC
COrMON/lKI/ALDIS C(100 10) CANLIF.DILFAC DOSV(5) DYDZ,NM NMY

1 NHIZNTlhE 0100 1O) VERT(160) T(16) TIME(5) VA VNRCL(§),
I UIDTH.USLA8L(10.XA6D.XL,XLD(l60),XLL(l00),XL;,XAC(100),
& xvv YU.ZB
COHMON/bLKJACR.AIL AIN ARHO DIV(l00) URN CUMDOS(10) DIECON

1 DIFCOV DIEU boSE(5 1005 DSTACK, GAMMA(100) EPU, EXT,EFIRE,
1 EG FIXINV EXFUINb HLIiE(100) HSTACK IDSRPT IL(7) IFLAG
& IGAHHA.INfkNr'iOPT STAB IUP I'FAC JUIMlO)6OSE NO NNP'
I NP.NPN(l0) PLANT P OH RFR RIO PUNt SINV,SNO SPILL,SR:SS,'
I 78EG CON RCUT TbfD'TlAOP iIhl TUO UBR UT(00 6)
& YOLAl'( 106) MVSACK 4IND ALE Xci XH X1hOO),XtC
S XNAME2(100),XPERC fPoR xA XRE EP MT X XIIXXMO(J(10)
DIMENSION RIGGS(6.3),ED6SE 16),IVMD105,SUMD6S(l0),(IMXDOS(10)
CHARACTERAB BLAN
DATA AHOUSE.ALOT,TG/I.D2.2.3D3,0.91DO/
DATA BLAN?' fI
DATA BRIGGS/0.200DO. 0.120D0. 0.080DO, 0.060D0, 0.030DO, 0.016D0,

& 0.OOODO, O.OOODO, 2.000-4, 1.SOD-3, 3.000-4, 3.OOD-4,
t 0.000110 0.000D0, -0.500, -0.50DO, -1.000, -1.OODO
DAtA VMXDOS /IOAO.Db/
IF(lOPT.NL0) GO TO 9000

>> IL(NPATH.EO.3) GO tO 3000
IE(NIATH.LO.4) GO tO 3000
IF(NPATH.EO.5) GO 10 4000
IF(NPATH.EG.6) GO TO 4000
IF(NPATH.EO.7) GO TO 5000
IF(NPATH.EO.8) GO TO 6000
IF(NPAtH.EO.9) GO TO 7000
IE(NPATH.L.10) GO tO 000

C
C CALCULATIONS WOk EkOSION BATHTUB PATHWAYS
C
3000 FDaTwv/(XLPAWIDTHAXUT)

DO 3003 K1,NTIME
3088 SUiIIOS(K)x0.

FO=1.
TZI=XCT/XALE
TZ2=T21XUT/XALE
TZ3=(XUT.XCT )/( XPEkC/XPOR4 XALE)
FE=XALE/XWT
IE(NPATH .. 3) RIIE(6.3005)
IF(NPATH EO. 4) RITEU6,3006)

3005 ItORKAT(IHI 56X 'PATHUAT 3' I, 57X 'ER SI8N' 1/*,,,/
'h*AAAA, NULIDE DO ES F OIVEN TIMES AAAAAAA,/)

13005 EOR1IAT(56iX. 'PATIUAY 3 EROSION')
3006 FORMATCIHI 56X 'PATHWAY 4' /,54X 'BATHTUB EFFECT'S 

I 'AAAAAAAAA gGLIDE DOSES F6R GIVfN TIMES AAAAAAAA
13006 FORMAT(56X 'PATHIAY 4 BATHTUB EFFECT')

IE(SPILL .6T. O..AND.NPATH.EO.3) RITE(6 3008) SPILL
3008 FORHAT( DOSE A YEAR IS DUE TO SPILLA6E FRACTION OF ,1PE9.2)

WRITE(6.11) (T(H) h=l NTIME)
11 ORMAT(//,' NUCLIDE/tIME ,1OF10.0)



CONStl-.OOIAFD/RFR
DO 301iK=1 NOSE
IEO(IK 1) 6 0.) GO TO 3015
UPTKxUT(K,3)
IF(NPATH LO. 4) UPTK=UT(K,4)
IF(SPILL GTr. .) UPTK=U?(K 5)
COH5T2-UPTKADOSEQ 1.K)ACONSTf
IF(HPArh.EO.3) W O 3010
XALE1=XPERC/( XKD(K)A.OOIARHO+XPOR)
FE=XALEI/XVT

3010 I'D 3016 =l.HTInE
IF(HPATH.EO.4) tO*DEXP(-XALEIA(T(fn)-IZ3)/XUT)
TFzXCt XALEAT(t)
EDO E(M)m=.F12A0(K )AFEACONST2AFO
C(K fl)wQ(K,N)AfCAIb/RfRAFo-I

It(1VEAC.EQ.1) LOSt(n)=EDOSE(n)A(l.-VOLATL(K))
IF (IVFAC.EO.1) C(Ktn*C(K )A(I.-YOLATL(K))
IF(NPATN.EO.3 AND. TF.GE.6.) EDOSE(t)-0.
IF(NPATH.EO.3 AND. TF.GE.O.) CK )=O.
IE(NPATH.EO.4 .AND. T(n).LETZ3) DOSE(N)-0.
IF(NPATH.EQ.4 AND. T(h).LE.TZ3) CK,M)=O.
IF(TF.LT.-XUT) EDOSE(flfrO.
IF(TF.LT.-XWI) CK )uO.
IF(H.GT.1 .OR. SPIL.LE:O.) GO TO 3014
IF(NPATH.CG.4) l;0 tO 3014
£EOSE(l)-1.L12AD(K.1)ACONST2ASPILL/

I (FDA(IO.ARUNFsXKD(K)A.OOIARHt+XPOR))
C(K 1)=O(K.l)AFD/RFRASPILL/(FDA(I0.ARUNF*XKD(K)A.OOIARHO+XPOR))

JI(IVAC JEO. 1) EDOSE(1)=EDOSE(I)A(1.-VOLATL(K))
IF(IVFAC.EQ.1) C(K# )C(K )A(1. -VOLATL(K))

3014 SUIDOS(Ii)=SUHDDS(M~sEDOSE1I)
3016 CONTINUE

URITF(6.19) K,XNAHE2(K),(EDSE() ,n=I,NrHrEj
3015 CNTINUE

1J IORAT(X.13 2X A 2X 11(RPERO.2))
20 FORAT(4X,13,9X 11tPh10.2))

NmP+l
DO 31Q" ""I,"TIME

3100 c Oo Mlu(IC n noots n I * wnOnn ) f nU IML6. 2) DOSES'
URIL(6 20) iso (suimboscMINME
WRITE(6,32) 'RISkSf ) ,1Nt1 1)
URIth(6,20) NISO SUMDOS(fl)A2.8E-7,Hm1 NTINE)

32 FORMAT(// 'AAAAAAA SUM OF NUCLIDE ',A&,' OR GIVEN TIMES AAAAAA')
URITE(6.201 ZI Z2

28 FORMAT///,' AA AAAA RS1ON 0F ASTE STARTS AFTER 10.1,' YEARS
Z AND ENDS AFTER IASU IS ALL ERODED IN 'EP10 YEARS.,)
IF(HPAT".LO.4) UR1TM( 3110) T3 '

3110 AORMAT(9X 'FACILITY ORELOV BEGINS A YEAR 'F10.1)
RITE(6,3401)

3401 fRMA?(I!l ' CO=ENTRATION ARAY',8X,'CONCEPTRATIONS IN CI/MAA3')
WRITE(6#115 (T(Ml),H=l,HTIHE)
DO 3400 Kl NDOSE
Irf(f l 1) .G.0.) HRITIE6,19) KXNAE2(K),(C(KM),lN21NTIE)

3400 CONTINRE
GO TO 9000

C CALCULATIONS FOR OOD I BlOINTRUSION PATHWAYS
C

4000 fitaumum/X?~iJTHaXV?



DOSV(5)10.
DO 4088 K=I.NTIHE

4088 SUmoOS(K)=O.
II(NPANT .EJ. ) RITL(6.4005)
IFINPATH .E. 6) YRITE(6,4006)

4005 FokNAr(1Hi.56x 'PAIHWAY 5' / 5X 'OOD GROWN ON SITE',//,
I 'AAAAAAAAA NUCLIDE DOSES F6X GIVN TIMES AAAAAAAA',/)

14005 FORHAT(56X.'PATHWA 5 FOOD GROWN ON SITE')
4006 EORNAT(1H1 56X PATHWAY 6' /,51X 'NATURAL IOINTRUSION',//,

& 'AAAAAAAAI NUILIDE DOSES F6R GIVEH TIMES AAAAA'./)
14006 FORMAT(56X 'PATHWAY 6 NATURAL DIOINTRUSION')

IJRITE(6,111 (T(M).Mcl,NTINE)
CONSI1=XWT
IE(3.-XCT .LT. XT) CONST=3.-XCT
FIi=CONSTI/( (ALO/AHOUE 1. )ATG)
IF(XCT.GT.3.) EG.
FHxfh+4.6E-6AXT
CONS?1zFJAFG/(TWVAkHO)
IM(PATH.E0.5) G0 TO 4010
E1=1.-XCT/XROOT
IF(XROOX .GT. XCT+XUT) th=XUT/XROOT
IF(XROOr .Lf. XCT) E0.

4010 DO 4015 K=1 NDOSE
IE(O(K,1).L0.0.) GO O 4015
CONS12iDOSE(1 K)AUT(K,6)ACONST1
DO 4016 M=1 NIME
EDOSL(M)-l .12AO(K II)AIACONST2

IF(IVFAC.EO.1) £6OS£(M)=EDOSE(M)A(I.-VOLATL(K))
SUMDOSOi)=SUMDOS()+EDOSE (N)

4016 CONTINUE
URIM6( 19) K XNA*It2(K),(EbOSE(N),I1=1,HTliE)
IF(EDOS!(2).Gt.DOSV(S)) KKN:K
IF(EDOSE(2).GT.DOSV(5)) DOSV(S)=EDOSE(2)

0 4015 CONTINUE
TTItE(S)US2)
NP=NP+1
DO 4100 hu1,NSINE

4100 CUNDOS(h)=CUMDOS(M)+SUNDS(H)
URIIE(6,32) 'OSES'
WRITE(6,20) NISO(SUMNOS(h),hn1,NT1NE)
WRITE(6,32) 'RISKS'
WRJTE(6,20) NSO (SUMDOS(N)A2.8E-7,M=1,NTIHE)
DOS (5)=SUNDOS(2
VNUCL(5)=XNhE2(KKN)
IF(DOSV(S).90.0.) YNUCL(5)=BLAN
WRIL(6,4300) ED

4300 FORMAT(//,' FRACTIONAL MIXING OF UASTE IN SOIL IN TRENCH IS '.
I E.3)
WRITC(6,4301) FG

4301 F0kMAT(' FRACTION OF FOOD CONSUMED WHICH IS GROWN AT THE WASTE ',
& 'Slir (EO) IS ,F6.3)
IE(NPATH LO. 5) WRITE(6,4303) F

4303 FORHAT(' FRACTIONAL IXING OF TRENCH MATERIAL IN SURFACE SOIL IS
I F5.3)cb TO 9000

C
C CALCULATIONS FOR DIRECT GAMMA EXPOSURE
C

5000 DO 5088 K.NTIME
5088 SUMDOS(K)=0.



MI ITE(6.5090)
5090 EPHAT(II1.56X 'tA?!AY 7' / X 'DIRECT GAnA' /

a 'AAAAAAAAA HUtLIDE OSES 16R cGivt TIMES AAAAAAAA',/)
15090 FORIAT(56X.'PATHVAY 7 DIRECT GAMfA')

UklTE(6,11) (T(M) ,M1 NTIME)
TZ Il=XCT/XALE
CONST=9.76E5/ANIN
C0NS2=2.AXLPAIDTH/(FEXTAAIIN)
IF(IGAMA.NE.l) GO TO 5100
Tl(XROT-XCT-XVT)/(PLAMT/RO-XALE)
T22(XROOT-XCT)/(PLANT/RHO-XALE)
IF(T.LS.O.) TI:O.
IF(T2.LT.O.) T2=0.
GO TO 5110

5100 11'(IGAMMA.NE.2) GO TO 5110
FM=(J.-XCT)/((ALOt/AKOUS-1.)ATG)
IE(XCT.GT.3.) Efl0.
FN' Ch*4 .6i-6AXVT

C lfHl'4I2.3E-.
CONSTia=flATGA(ALO?-AlHUSfl)/XLPAVIDIHAXUT)

5110 CONTINUE
DO bO1 KR1.NDOSE
IF(O(lt 1).EO.O.O.DR.EGAHMA(K).EO.O.) GO TO 5015
lE(XXt1K) .Lt. O.) GTO 5112
CONST3vXXHU(K)AXVT
EXPO--0.
IN(CUNSM.0.5.) EXPO*DEX?(-CORST3)
CONST3NST3/(1.+1.3'2934/EGAMMA(K)-(1.+CONSf3AA1.5/CGAMA(K))

tAEXPO)
5112 ir(IGAMMA.HE1) GO TO 5120

Ir ~COffST5=PLANTADIIMK)/(XJTARHO)
ODRIzQ(K.1 )A tEXP(-(XLD(K)CONSTSAXT/XROOTIATI)
OUNDR2'OUNDRIADEXP(-(XLD(K'+CONST5A(1.-XCT/XROOT))A(T2-T1)+CONSTSA
S (PLANT/RHO-XALE)A(T2AT2-T1AT1)/(2.AXROOT))

5120 O 5016 "wl NTIME
INIAHNA.N9.0) O TO 5010
IF(XXMU(K) .T. 0.) GO TO 5122

poll.
RO'O(K )AEGAMA(K)AOSE(3,K)AEEX/(XLPAIDTHAXVT)
GO f 014

5122 R:COt4STIAO(K 10ADOSE(3 K)
TSU2 XMU(K )A(XC-XALEAT(h))
IF(TM.LT.O.) T=O.-
IF(THU.GT.85.) T3BS.
BUt1f.+THUAA1.5/EGAMNA(K)
IF(EGAIMA(K) .L2. 0.25) Dtml.+2.ATMU
BU*JBADEXP(-THU)
IF(B .r. 1.) Whtel.

*POxC(NS12ACONST?3/U
GO tO 5014

5010 tF(IGANMA.NE 1) GO TO 5012
IF(f).LE.TI) ONDR4O(K.1)ADEXP(-(XLE(K)+CON5S5AXUT/XROOT)AT(N))
IF(T1.LT.?().ARD.T(h).LT.T2) OUNDRQUNDR1ADEXP(-(XLD(K)+CONST5A
(1.-XCT/XROOT))A(T(M)-Tl)+CONSTSA(PLANT/RHO-XALE)A(T()AT(f)

%-iTAI1)/2.AXROOT))
IFCT(I).GLE?2) OUNDRwuONDR2ADEXP(-XLD(K)A(fM)-T2))
OSURE=O(K 1)ADEXP(-XLD(K)A())-OUNDR
OSURFxOSURFA(1.-RHOAXALE/PLANT)
IFGSURF.L?.O.) OSURF-O.
IF(XXHU(K) .. 0.) 0 TO 011



Pow1.
RO=OSik1AiGA*iA(K)AbOSE(3.K)AFEXT/(XLP*1IJTHAXUT)
GO TO 5014

5011 k0UNDkzCbNSTIAQUNDRAD0SE(3.K)
ROSURF=CONST1AGSUREADOSE(3 K)
TMU=XXNU( K) A(PLANT/RHO-XAL IAT (N)
EXPOsDEXP (-TMu)
IE(THU.GT.35.) EXPO=O.
POSUREzI.D35
IF(ThU.CT.O.i POSURF-CONST2ATIU/(1.+1.3.934/EGANA(K)-(1.+TUAA

11.5/66AMHMA(K))EXPO)
TMU=TIU#XXMU(K)AXCT
IE(TIhU.LT.O.) T7U=O.
IF(THU.GT.05.) TU=85.
BU=I.+ThUAAl.5/EGAMA(K)
IE(EGAMUA(K) LT. 0.25) BU=1.+2.ATMU
BUS UADEXP(-ThU)
IF(U .T. 1.) BU21.
POUNDRzCONS1'2ACUNST3/BU
R~a~kUNOk#RQSURE
POskO/(ROUNDR/PUNDR*ROSURE/POSURE)
GO TO 5014

5012 IJAXXMU(K) .T. 0.) GO tO 5013

RO=O(K.H)ALGAM*A(K)ADOSE(3.K)AFEXTAFD/(XLPAUIDTHAXIT)
GO TO 5014

5013 OSU4RE=(K.M)ACONST4
QUNDR=O(K H)-QSURE
OSURck-OSUFA(1.-XALLAt()/TG)
IF(OSURF.L?.O.) SUREO.
ROSURECONSTIAGSUREADOSE(3.K)
ROUNDRaCONSTIAQUNDRADOSE(3,K)
TMU=XXMU(K)A(IG-XALEAT(M))
EXPOsO.
IF(DABS(TMU).LE.85.) EXPO=DEXP(-THU)
POSURIzI.D35
IE(flW.GT.O.) PSURE=2.ATiUA(ALOT-AHOUSE)/(FEXTAAMINA(1..1.32934/

IEGAhA(K)-(1.+ThUAAl.5/EGAUA(K))AEXPO))
TMU=XXMU(K)A(XCT-XALEAT(M))
IE(ThU.LT.O.) hUz0.
IE(THU.GT.85.) ThU=85.
BU= .+TKUAAI .5/EGAiA4K)
MFEGAMINAMK .T. 0.25) U=1.+2.Armu
BU.3UA0EXP(-Tt(U)
IF~bU .. 1.) b=l.

POUNDR=CONST2ACONST3/BU
RO=ROUNDR+OQSURF

=kU/( (RGUNoDR/POUNDR+ROSURF/POSURF)
5014 EDOSE(M)=RG/PO

1E(IVIAC.E1.1) EDOSL(H)-EDOSL(M)AQ1.-VOLATL(K))
SUJDOS(h)zSUID0S(M)lED0SE(M)
IF(EDOSEA).GT.VI$XDS(M)) IVHD(M)=K
IF(EDOSE(H).GT.AiMXDOS(M)) VIXDOS(H)=EDOSE(1)

5016 CONTINUE
WRITE(6.19) K,XNAhE2(K),(EDOSE(M),MxlNTIHE)

5015 CONTINUE
NP=NP+1
DO 200 Mul.NIE

5200 CU"DOS(N) CUHDOS(N)+SUNDOS(H)
DOSY(3)z0.



DO 5210 K1,10
IE(UtWOS(K).GT.POSVt3)) =K

5210 ljISUMDOS(K) Gt.DOSV(3)) DOSV(J)cSUMDOS(K)

TTlIE(3) T 1(n)
VNUCL(3)mXNAME2( [VMD())
IF(DOSV(3).EO.0.) VNUCL(3)=DLAN
URITE(6,32! 'DOSES'

.URITE(6.20) NlSO,(StMDOS(Mn),RI,NTIME)
VRIIE(6,32)- 'RISKS'
WRITF(36 20) NISO SUDOS(M)A2.8E-7 H=l NIE)
IF(IGAIAA.EO.l) fZIXCT/(XALE-PLANl/RHb)
IF(TZI.Gt.O.) URtrE(6.29) Z1

29FIRMIH(/// ' AAAAAAA LROSION SOPS AFTFR COVER 1S ALL ERODED IN ',
2 F10.1,' YEARS AAAAAAA')
GO tO 9000

C
C CALCULATIONS FOR DUST INHALAION PATHVAY
C
6000 DO 608 Kl.NtIME
6088 SUMDOS(K)wO.

DOS'( 1)NO.
Fll(3 -XC)/((ALOT/AHOUSE-I.)ATG)
If(XCUT..3.) F=0.
FN2FN44.6-6AXVT
WRitE(6 6010)

6010 r'oRATdNZ 6X 'PATHWAY 8' /54X 'DUST INHALATION',//,
I 'AAAAAAAAA NHeLIDE DOSES ER O Me IMES AAAAAAAA',/)

16010 FORMAT(SGX,'PATHWAY 8 DUST INHALATION')
UtE6 1) (n) Ma NIME) 

CONS I l.LEl2APMAA1ILAUARAETX/(XLpAuIDTHAXUTARHO)
DO 01 K DOSE
IF(O(K 1).L1.0.) GO TO 6015
DO 6016 Hl NTIZE
EDOSE(N) O(A )ADOSE(2 K)ACONST1
IF(H IAC.E6.1) EDOSEIM)uEDOSE(t)A(1.-VOLATL(K))

SUN OS (N) SUMDOS (N) EDOSE (M
6016 CONTINUE

RITE (6.19) KXNANE2(K),(EDOSE(M),M-lNTIME)
IF(fDOSE() .dT. DO'3V()) KKN=K
IE(hDOSE(1).GT.DOSVQ1)) DSV(I)=EDOSE(1)

6015 CONTINUE

NPzNP+I
DO 6100 MN'1.NTIME

6100 CUNDOS(M)wCUMDOS(N )+SUMDOSM()
WRITE (6.32) 'DOSES'
WRItE 6.20) NStmIISUAI) D- ,H , NTIME)
WRITE(6,33) 'RISKS'
WRITE(6,20) NS10 (SUftDOS(M)A2.OE-7,t1 ,NSIME)
DOSV(1)wSUMDOS(Is)28-,N1NI!
VNUCL(I)mXNAME2(KKN)
IFDOSV(Q).EO.0.)VNUCL(1)vBLAN
GO TO 9000

C
C CALCULATIONS FOR RADON INHALATION PATHWAY
C
700 10 7088 K.NINE
7088 SU"DOS(K)20.

WRITL(6.7010)



7010 FIOkAI(lHl.b6X.'PATHAY 'b/ 53X, 'RADON INHALATION',//,
I'AAAAAAAAA UCLI['E DOSES FIR GIVEN IM9~iS AAAAAAAA',/)

17010 FORiA!tS56X 'PATHIAY 9 RADON INHALATION')

IKs21
XNI='kN22
XLkNx2. 10-6
DT=IS@kT( XLLN/P Jf) AXWTAIO0.
EPLUSzDlXPIBT)
EKINUSa I./EkLUS
TANHN( LPLUS-FMINUS)/( EPLUS+tIN1US)
TaD SOkT*XLRN/DIECW ) AXCTAI. * SORT(XLRI/DIFCON)AICON

EPWUSxDEXP (O?)
EH INUS= ./EPLUS
FF=0.5A((1.,TANH)AEPLUS '1.-TANH)AEMIINUS)
CO4STA 16.5544D8AEPADSORT(XLUNAD IEU) ATANHAUBR/ (XHAACRATUVA'F)
DO 7016 Ilul.NIIIE
EDOSE(l)zCONS!IAO(22 N)
IF( IVFAC.Ea.I) ED09E(hi)=EDUSE(Ii)A(1.-YOLAXL(22))

SUIIDOS(hl)=SUiIDOSUI) EDOS9(I$)
7016 CONTINUE

RITE(6. 19) K,XNI,(E OSL(W),&1,NIIhE)
NP=NP+l
WO 7100 kHul.NWIE

7100 CUIDOS(M)mCUlOS(h)+.UIDOSU)
URITL(6,32) 'bOSks' 

6R(6.20) NiO(W IDSN.,1NUE
URI~Th6 32) 'alsks
WR T(6:20) NISO, SUMDOSM)A2.BE-7,101,NTIME)

'a GO0tO09000

42 C CALCULATIONS FOR OkE-SITE AUSPHERIC TANSPORT
C
8000 Do 0088 K.NrIE
8088 SHDIIK)-0.

UOSV( )O.
WRIt9$6 8005)

8005 kDIATdfHI S.6X 'PATHIAY 10' 51X 'ATHOSPHERIC TRANSPORT',//
£'AAAAAAAAIl 4IJtLIDE OSES F6VRN~ IMIES AAAAAAAA',/) 

18005 FORAII(56. 'AIWAY 0 ATMOSPH IC TRANSPORT')
105ukITE(6,6010) T

8010 FORIAT(/,' ANNUAL DOSE O AN INDIVIDUAL DUE TO OFF-SITE ',
t 'AThOSPHERIC TRANSPORT')
CONSTixO.AHSTACK
IF(MXRCED LT. CONSTI) CONST1=XRECEP

HEFtuRSTACK (.SAVSTACKADSTACK 
I .I AC3. L-ACbANSTIACONSIAON)AAO.3333)IVUIND
1f(ISIAD.LC.0) ISTAD=4 
SIGMAlZxbRGS( ISTAB,1)AXkLCi1A(1.4UIRGGS(ISTAB,2)AXRECEP)AA

I R1ISISCSTAD3)
Th(XRECEP.LF.0. CI~l~u2./(3.141!59AHEFFAHEFiAVWINDA2.7102S)
IF(XRECEP. T.0.) CHIO2.032AFUINDADEXP(-0.5(HEF/SIGMIAZ)AA2.)/

I (SIGDIAZA IAXRECEP)
AGR-0.79788AF1RE/(VUINDADRIGGS(ISTAD 1))
IF(IVEAC.E0.0. AND. XECEP.GT.0.) EFIRizXRECEPAAARG
DEI4ONTNU
IF( IVEAC .EO. 0) DENDOLAVIDTHA(X IXC)
CONSTIul.E12ABURNAFEFIREACHIAURIDENO
DO 8015 K.NDOSB
IF(OK,I).EO.O.) GO TO 015



ARG=).
(IVIAl: .GS. 0) AkG:VOLATL(K)

gDOSEQI)-anK 1)ACONSI1AARGADOSE(2,K)
pUMDOSl)zAU'A1OS()+ DOSE1)
WRITE(6 19) K XNAME2(K),EDOSE(1)
IF(EDOSE(1).Lf.DOSV(2)) G TO 8015
KKNvK
Witt (2) EiOCL 1 )

8015 CONTINUE

NPNP+1
DO 0100 f'1.HtIHE

8100 cU"DoS(M)CUP9D0S(m) SUIDOS(fM)
WRIZT(6.32) 'DOSES*
WRI(E6,20) NISO SUMDOS(1)
RIE(6,32) RISAS

URITE(6 20) ISO,SUIIDOS(1)A2.GE-7
IF(XRECEP G6T. 0.) RITE(6 8110) XRECEP CHI0

8110 EOhIAT(II,' DISTANCE TO RECEPTOR IS ' F $.1'HETERS',/,
t ' CHI/O IS ' PE9.2 ' CI/AA3 PER Cd/SEC ,/)

Fl(XRECEP .LC. O.) WRIT(6 8120) CHIO
8120 FdAt(// ' CHI/O IS ,IPE.2.' CJ/MAA3 Pk CI/SEC'.//)

DOSV(2 Sfi¶DOS(1)
VNUCL(2) XNAfE2(KKN)
IF(D0SV(2).E0'O.) VNUCL(2)=DLAN

9000 REtURN
END

C PEI 2ERO St1IbOUlINE; INITIAL12ES A.L COMtHON BLOCK VARIABLES
SUBROUTINE ZERO
IMPLICIT REALA8 (A-HO-Z):r CHARACTERAS NUCLID,VNUCL,XNAM£2

0- REALA4 C. UT
COMMON/BLKI/ALDIS.C(100 10) CANLIE DILFAC DOSV(5) DYDZN NY
I NHZ MTIE 0100 0) §VERT(160) T6) TIME15) VA VCL(),
2 WIDfH SLABL(105,XA6D,XL,XLD(160),XLL(100),XLIXAC(100),

XV') y ZB
COMhON/DLK20ACP ADL AIN ARHO DIV(100) BURN CUDOS(10) DIFCO"
I DITCOV DINU fIOE(3 1o5 DSTACK ~AhMtA(10) EPW4 EXT FIRE,
I EG FIXINV FX FUINI HLIE (100) HSTACK I DSRPT I L IFLAG,
S I6inA INPRNT'IOPT STAB IUP I FAC JUt(10) NtOSE N i§,NNP,
t N NPl1O) PLANT P OH RRAD RUNE SIV, SHO SPILL,SRSS,
t TBE SCON CUT TfND'TIAOP tIino TWPUBR UTH00 6)
I VOLA L(106).VStACK OWIND ALE I XH XKDU10X)XC
I XNAH l oE20),XPERC,iPR,XAXRE hoR,X XX oo)
C01111N/DLK/ IFILL
COHMON/UPTAK/BDENS ,RCOL, COPi COCHIl COfISHCOGNI1 COMEAT CUAF,

& DECA FE Fl FIS F C FNG FSINTAKE(S) KKNUCLID POR§,PP
I OBU,6CV'OFtOFC OGM RU SIAFL TEITE2 TFIS TI THI TH2 T,
a H14 TIMAV T UCnIK'UfSH,UGAILKULEAFY,UMEAT:UPR6D,U4AT,
I WIRATE,XAAB§ 1y2'

C
C COmmON IKI
C

DO 10 1 100
RVERf (33..
XLD( )u.
XLL(I)=O.
XRC(1)20.

10 HTINUE



DO 30 J1 100
CJ. 1)=.
O(J I)-O

30 CONTIAUE
T(1)=O.

20 COoTINUE
DO 40 I1,5

DOSV(0I)-.
TTIHE( )x.
VNUCL(I).'

40 CONTINUE
C
C COMMON LK2

DO 100 11.100
pIV(I)SO.
EGAHMAM)20.
HLIFECI)aO.
VOLATL(I )O.
XKD(1)u0.

XNA(I)u
DO 110 3=1 3

DOSE(J.I no
110 CUOTINU£

Do 120 Jl 6
UT(I J)6.

120 CONTINOE
100 CONTINUE

DO 130 1= 10
CUMODS(IJ0.
JUE(I)aO
NPN(l)u0

130 CONTINUE
DO 140117

IFL( I1uO
140 CONTINUE

C
C COHON UTAK
C

DO 200 11 S
INTAKE(lSO

200 CONTINUE
C

RETURN
END
SUBROUTNE RIVER
IMPLICIT HEALA (A-H O-Z)
CHARACTERAB NUCL.XNAHE2
REALA C U NDPKR
CO11hONX1iENEC
Ca mOM/BLKIALDIS C100 10) CANLIF DILFAC DOSV(S) DYDZH NHT

t NMZ NTIME 6(100 10) kVERT(160) T(16) TTIMEIS),VAUNMCL(),
I UOITH SLABL(10,XA6D,XLXLD(160),XLL(1oo),XLP,XRC(100),

COJION/BLXI/Al ADL A114 AkHO BIV(100) BURN CUMDOS(10) DIFCON
t DIEC OV DIE 6SE8 100 DSTACKi GAKMMA(00) EPW EXT F1HRE,
I Fr IX SiV FiXpwINfi HLIFE(100) HSTACK IDSRPT IL(7),IFLAG,
I IGklA INHRNT IOPT STAB UP IRAC JUN1O) NOSE NISO,NNP,
t NP,NNtO),PLrT,PO,WH,RfR,iAO,RUNtSINVShO,SPI L.SRSS,



* SDEG CAN CUTESSND ITHOP TIMOPI TVUDR Ut(100 6),
I V ION 6GSCK OVIND ALE XC* XH XKDIIOO).XLC
I xHAME ( 100),XPERC,iPOt,xA,XREIEP,ROdT,XWxuT,xxH6.c oo)
COPMtOR/DL3 MFILL
DIENHSION EOSEL10) .SUMDOS(0o),HHT(100),HT(100),NDPKR(50)
DYzO.

CALLULATIONS OR G(WOUNIATER bISCHARGE TO A RIVER

'000 WO O£ K NlIME
2098 SUmDOS(K) 
2005 TOvXLP/VA

TR*XR/VAXAODD/XW
TT2TO*TR
ED2XI.PAkFR/VA
DILFACuRER

XL=2h40.bAXLP
TIMOP1=T IPOP
IE(IOP?.EQ.0) GO TO 2010
IF(IOPT.NE.l) GO TO 2011
IF(ALDIS.GT.O.) CALL PEAK(1)
IF(ALDIS.GT.O.) GO O 2500
HTPIE=l
GO TO 2010

2011 CONTINUE
IFtlOPT.SQ.2) CALL ELEASl)
GO TO 2500

2010 I(AI.DIS.GT.O.) CALL SPEkS
WRITE(6 31)r 31 FORMAT(IdII 56X 'PATHVAY 1 /,51X 'ROUNDPAThk TO RIVER',//,

I" S 'AAAAAAAAA NULIDE DOSES R GIVtH lMES AAAAAAAA'./)
- 1031 EORMAT(56X,'PATHWAY 1 GROUNDWATER TO RIVER')

IF(IOPT.GO.1) ERIT9 6 12)
IF(IOPT.NE.1) URITE(6 11) (h) Iu1 NTIlE)

11 FORHAT(/,' NUCLIDE/IIE ' 10110 oM
12 FORMIA(/ ' HUECLIDE'IX,'DSE',/)

DO 2015 1 DOSE
I(O(W 1).E6.O.) GO 0 2015
IR-XR/,.XAQDA (RVERS(K)/XRC(K))/XVW
TTmTO.TR
CONSTlu1.E9ADOSE(1.K)AUT(K 1)
ItCOPT.EO.1) T(1)=XRC(K)AR+DL((XLL(K)/XLD(K)+I.)/XLL(K)
IF(IOPT.EO.1.AND.1(1).GE.TIAXRC(K)) I(I)=UtAXRC(K)
IF(IOPT.EQ.1) NDPKR(K)=TCl)
OSAV~uO(K 1)
IF (IOPT.10.1) O(K )xO(lK,)ADEXP(-XLD(K)AT(I))
IE(ALDES.GK.O.) G 13
UUV=XLb(K)AkVERT(K)
UuH*XLD(K)AXRC(K)
HVT(K)wflUNt(UUV ,XAOD XVW)
l(K)SHrNOW(IJ mXL V,)

HUJHF-VT(K)AHHTfK)
13 CONTINUE

XZm-XLL(K)AXKC(K)ATO
IF(XZ.Lt.-85.) XZ-85.
DO 2016 ul,NIl¶E
IF(ALDIS.GT.0.) G TO 2222
X4 XLLXK)A(l(n)-XR(K)ATR)
XVua LL(KAMMfl-MM(KAZZ)



IE(XX.Gt.Gb.) MobU.
1MYx.G1 85.) XY205.
XYbtXli(Xt)A(I.-IaEXP(XZ))/XkC(K)
XXn(I.-DEXP(XX))/XRC(K)
IE(MH).It.XkC(K)ATk) C(KM)=O.
IF(UI).GE.XRC(K)ATR) CKH)=XXAO(K, )AHNF/ED
IF(T(I).GE.XRC(K)ATT) CK N)aXYAO(KH)AHUYF/ED

2222 IE(C(K N).LT.I.D-35.AND.C(K,h).NE.O.) C(K,H)=1.D-35
EJLS(H)MCONST1ACM(.")

IF(IVIAL.LU.1) LMJSF(H)uEDUSE()A(I.-VOLATL(K))
SUND0O(N)=SUM0O3(h)+9D0SE(h)

C IF(EDOSEI() .LT. 0.) ADI(KXH)zAbI(K,H)-EWSE(t)
2016 CONTINUE

URITE(6 1) KXNASf2(K),&EL h),N=IWT1HE)
0CK L)m6SAVE

2015 CoNfINUE
19 EOkXAtIlX,13,2X,A8,2X,11(lPL10.2))

.NpuNp.1
DO lo jl NTm1h

2100 CME0S1)CNDOS(1U) ISUIDOS(m)
Id1Itk6,32) 'USES'
URIrta6,20) HSO (SUmboSm, ,NTINE

RITe6,32) 'RISkS'
LRITC 6,20) ISO SUNDOS(H)A2.6E-7,hxI,NTIhE)

20 FOIA?4 13 X 11(Pa910.2))
32 F (IT// 4AAAAA S OF NUCLIDE ',A5,' OR GIVEN TIS AAAA')

U*IU({6 35$
35 tlkiAT//,'AAAAAAA UISPERSION CORRECTION ACTOR **AAA*' s/,,

1 'NUCLIDE' 8X 'VERTICAL ACTOR',BX,'rORIZONTAL ACtOR',oi,
z. |~ 'TOTAL FALTOAi',//)

IE 1.EU.O.) GOTO 36
°° UR1TE 37) XNAKE2K), HVT(K) HHT(K) HVT(K)AM*T(K)

37 0RNxAdI3,XA8,9X,IEl0.2,i4X,IPEI0.2,12X,IPEI0.2)
36 CNIU

URITE 6,2401)
1F(IOPT.EO.I) WRITE (6 21)
IF(IOPS.Ng.l) URITE{6i, ) MNI) M-1,WTIHE)

21 FORUIAT(/ ' NUCLIDE' IIX 'CONC' 4X 'PEAK TINE' J)
2401 fORMAT(/5/ ' CONCENTRAT.UO ARRAY1,81,'CONCENTRAtIONS IN CI/HAA3')

CO 2400 Ku! NDOSE
IJ(OCK 1).E6.0.) O TO 2400
IF(IOP.EOIJ) WRITE(6,19) KXNAME2(K,C(KI) NDPKR(K)
IE (I TNETl) URlTE(6,19 KXNAH2K)(,H),"=l,Ntl"E)

2400 CONTINUE
250 RETURN

END
SUbROUTiNE PRINT(XLLI RVERTI)
IKPLICIT REALAU (A-iH -Z)

CHARACTENRA8 NUCLi WXU I2
REAL*4 CUUT
COI'Jw/R f{/ALDIS CM100 10) CANLIF DILFAC DOSM) DY DZ N NY

t NmZ TINE 6(100 10) )ER,1670),XTX16) SCIN5 MANNbUM),

COmH/oul KdA BUADL ARlN ARHO RiV i00) BN CUMDOS(10) DIECON
t DIECOW DI 1 t fSE(5 iooS DSTACM,&GAHNA(100) EPU EXT,FFIRE,
t 10 FIX NV FiX FUINb LIE(100) HSTACK IDSR I ML(7) IFLAG,
t IGkQIA ININT IOPT ISTAB IUP 1CEAC JUM10) NOSE NI§O,NNP,
t NP NPN(10),PL ANPOON,RFR4,Rmt,SINV,iO,SPILL,SR,SS,



I TPEG ICON TCUT TENDTIMOP TIHOPI TVUBRUf(100 6),
I VOLA*L(106),VSfACK VWIND ALE XCT XH YVD(100),XLC
S XNAME2(1O),XPERCiPoR.XfXRECEP,*RO6TXWXUWTXrXnb 1o0)
COMMON/BLXe3/IF ILL
DIMENSION PTHNA(3,10),XLI(100),RVEkTI(100)
CHARACTERAQ PTHNAM
DATA PTHAM/'GROUNDWA' 'TER TO R' 'IVER '

t'CkOIJND" ',TER tO) N',YELL ',!ERIkAlON I,'''
S' ATHTUB '#*LEFECT ' ':'WO ro'"W ON Sl''TE '
%'NA11JRAL 'Difluif.tir )'stO 'D'iREC't l;' 'AMA ', ',I
'DUST INH','ALATION ',' ','RAON N','HALATION','
IATMOSPHE' RIC TRAN',iSPORT '/
IF(INPRNTtl.0) 60 TO 1000

100 ORMAT(IHi ' AAAAAAAAA PATHRAE INPUT SUMMARY AAAAAAAAAA')
107 FORMAT(' LENGTH OF REPOSITORY (METERS)' 31X F8.0)
108 FORMAT(' WIDTH OF REPOSITORY (METERS)' 2X 8 )
109 FORHAT(' HORIZONrAL VELOCITY OF AQUIFEA (METERS/YR)',21X,E8.3)
110 FORMAT(' ' ' POROSITY OF AUIFER' 45X 6.2)
111 FORMAT' DiStANCE TO RIVER (METERS) 3 F8.0)
112 FORMAT' FLOW RATE OF RIVER (CUBIC HMTER§/YEAR)' 25X IPEII1.2)
113 FORMAT(' DISTANCE TO WELL - X COORDINATE (METERS)' 19X F0)
114 FORMAT' MIXING THICKNESS OF AQUIFER (METERS)' 28X 7.31
115 FORMAT(V DISTANCE TO WELL - Y COORDINATE ( SETiRs),19X,Fr.0)
116 FORMAT(' CANISTER LIFETIME (YEARS)' 37X, F6 )
121 FORMAT(' DISTANCE FROM AUIFER TO WSTE (METERS)',23X F7.1)
122 FORMAT(' AVERAGE VERTICAL ROUNDWATER VELOCITY (f/YR) 17X FO 3)
123 FORMAT(' ' I ' DENSITY OP AQUIFER (KG/CUBIC METER)' 25k,F80)
124 FORMAT(' LWNITUDIHAL-DISPERSIVITY ()' 34X PEII.21
125 FORMAT(' NUMBER OF MESH POINTS FOR DISPfRS16N CALCULATION',1SX,

14)
127FOPHAT(' ',V,' TIME OF OPERATION OF WASTE FACILITY IN YEARS',

120 EORAAT(' '
S' AMOUNT O ATFik PERCOLAT 1M THROUGH WASTE ANNUALLY ()',
I lox F7 3 ' DEGREE OF SOIL SAIURATION',40X,1f.3,/,
I ' RIA' SOIL SATURATION' 1XE6.3,t

PERMEABILITY OF VERTICAL IONE (H/Y)b 27Xf7.2v/
1.' SOIL NUMBER' 54X F3)

129 FORMAt(' LATERAL DIIPERSION COEFFICIENT -- Y AXIS (hAA2/YR)',13X,
I PEII.2)

131 ORfMAT' COVER tHICKNESS OIER WASTE (ETERS)',25X,F1O.2)
132 FORMAT' THICKNESS OF WASTE IN PITS (METERS)',25XF10.2)
202 FORMAT'',

' THERE AE' 13 ' ISOTOPES IN THE OSE FACTOR LIBRARY' /
I ' THE COFF VLUE FOR NUCLIDE HALF LIVES IS',E7.1,' EARS' 
I ' DEFAULT INVENTORY VALUE FOR CUTOFF NUCLIDES IS' 1PE9.2,' It)

204 FDI"AT(' UMBER OF TIMES FOR CALCULATION IS',13,/,1 YEARS TO BE',
' CALATED ARE ...' 1/ IX 59.2))

206 FORMAT(' ,' THERE A1E'4 1 ISOTOPES IN THE INVENTORY FILE',/,
I THE WAUEOW IFLAG IS 1 3/ 'NUMBER 0OF PATHWAYS IS ' 13)

208 FORT/ 12X,'PATHUIAY',vlX,'TfP O USAGE',/,20X,'FOR UPTAKE '
I 'ACTR~'/,(X 2 2X 3A0 4X,12))

212 Ft / ' FG Fa GAAMA PATHWAY OPTIONS',34XI3,/,
t ' FLAG F.O AT"OSPHERIC PATHWAY' 36X 13)

16 AORMT(' INVENTORY SCALING FACTOP' 41X 1PE9 2)
218 FORMAT' RADON EMANATING POWER OF tHE ASTE' 31X PE9 2,

I ' DIFFUSION COEFF. OF RADON IN WASTE (CMAA2/SEC;',19i,E92 /t
I ' DIFFUSION COEFF. OF RN IN CONCRETE (CHAA2ISEC)' 19X E9 25

220 FORMAT(' ' ' DIFFUSION COEFE. O RACON IN COVER tCAA2/SEC)',
I 19x,iPE9q.5



222 FC'hAT(' ' / ' DECAY CHAIN tLAGS' 19X 714)
224 FORAT(' F4 FOR INPUT SUMMARY PINT6UT' 33X 13/,

I ' FLAG FOR DIRECTION O TRENCH ILLING',28X.131
S FLAG FOR GROJNDUATER PATHWAY OPTIONS' 29X 13$

510 FORAT(' RECEPTOR DISTANCE FOR ATHOSPHERIC PATHUAT (N)' 17X F7 1)
511 FORhATI' STACK HEIGHT (H)' 48X F.1 /' STACK INSIDE DIAAETEk (H)',

t 4 X S2 I STACK GAS VELOCItY IS)' 40X E5.1)
512 FOR AT(' EAT EhISSIOP RATE ROM URINt (CALIS)',26X,IPE9.2)
513 ORHAT(' ',/

A' usT ESSfENSION RATE FOR OFFSITE TRANSPOkT (MA*3IS)',
I I I.PE9.2/ 3 DEPOSITION VELOCITY (HIS)' 41X,OPFG.4)

514 OR1AT(' I INCINERATOR OR TRENCH FIRE ON RATE (AA3S)'20X,
I 1PE9.2 / RACTION OF YEAR EIRE BURNS' 39X,OPF6.4)

515 FOk AT(1 ATMOSPHERIC STABILITY CLASS',3Bi,12,/,
t ' AVERAGE IND SPEED (S)' 41X S 2,/

' FRACTION OF TIME IND BLOAS Td9ARD R1CEPIOR-,23XF6.4)
516 FORMAT(' SURFACE EROSION RATE (/YR)' 36XlPE12.3,/,

' ANNUAL RUNOEF O PRECIPITATION (I) 31X E9.2)
512 FORHAT(' ' / ' TOTAL WASTE VOLUME (A3)' 38X lPE12.3)
519 FORIAT(' DSITY OF WASTE (KGIMAA3)' 34X te.0
520 FORAT(' FRACTION O FOOD CONSUMED THAS IS'GRON ON SITE',17X,

IF7.3)
521 FORMAT(' DEPTH O PLANT ROOT ZONE (KETERS)',32X,F6.3)
522 FORMAIU' '/

I 'FRACTION O YAk SPENT IN DIRECT RADIATION IELD' ,l5X F 3)
524 FORMAT(' AVERAGE DUST LOADING IN AIR (KGA/MA3)'526X 1PE1.23)
525 FORnAT(' ' ' ANNUAL ADULT BREATHING RATE (HAA /YR5',23XFO.0)
526 FORMAT(' FAAITION OF YEAR EXPOSED TO DUST' 31X F8.3)
527 FORMAT(' AEAL DENSITY OF PLANTS (KG/J1A2)1,32i F6 3)
529 FORHAT(' HEIGHT OF ROOMS IN RECLAIHER HOUSE (CH5',21X F8.0)
530 FORIAT(IH /,' AIP CHANGE RATE IN RECLAIMER HOUSE (C NESXSEC)',

ro - 1sx lPgll.5),
0 531 ORKAT(' THICKNESS O CONCRETE SLAB FLOOR (CM)',24XE8.1)

URITh(6,100)
UR1ThC6,202) NDOSETCUT SINV
URITE(6,204) NTIHE MI) ,Iul,NTSE)
URITE 6,206) NISO iFLAG NP
URIt (6 208) (N)Pld13,(P i [,NPNZ)),IZ1,3),JUF(J),31,HNP)
URIIEGD27) TIIIOP
URItE(6 107) XLP
UR (6109) WIDTH
VRITE(6 112) RER
URISE(,111) XR
URITE6,123) ARHO
MRITE(6,124) ALDIS
URITE(6,129) DY
URITE(G,125) NH
UR1TE(6,212) IGANMA,IVEAC
URITE(6,131) XCT
IdTE(6 132) XwT
8RTE6'}f TUV

R1TE(6,519) RHO
URIEG520) FG

UR th(6,522) FEXT
URIEEa6,521) XROI
URIT(6G,527) PLANT

URIEt 2: ? CIl



UR It(G,526) FTX
URIt (6,116) CANLIF
WRf!E(L 214) EIXINV
UR lL6 5 )9 XH
UR TE(6,530) ACR
URITE(6,218) EPY DIFU,DIFCON
URItE(6531) TCOh
WRIT 6:220) DIFCOV
WRITE(6,515) ISTAB 'MIND,FUIND
WRITE(6 510) XRECEP
It(1VFA&.EO.O) WRITE(6,513) BURN,FFIRE
IF(IVFAC.GT.0) RITE(6 514) BURN FRE
WRITE(6,511) HSTACK,DS CK,VSTAC
VRIE(G*512) OH
IE(ALD10.KE.O. RITE(f6 22) (IFL(I),1u1,7)
WRIT (G,224) INRN (FILL OP?
WR1TE(6,128) XPERCSS,SRfV,StO
WRITE(6,110) XPOR
WRITE(6,121) XAOD
WRITE(6,122) XVV
VAOmVA

225 URlIt(6,109) VAQ
WRltg(6,114) XLC
IRITE(6,516) XALL,RUNF
URIUt(6 300)

300 FOIUHACHI 3X 'N ICIBE' 12X 'INGESTION' 6X 'INHALATION',sX,
* 'DIRE9 GAAA' 5X 'VOtA!ItIYv ' /,' NUAB NAE' 2X
I 3(4X WSE FACtOR ') 7X,'FACTO ' I 5X12(6X,' (REA/PI)'),
S 2X 'tNREfl-NAA2/PCI-Hfi)',2X,'(FRAfiON)'jX)
DO 310 (mT NO SE
U RIIrE(643^lP)OXHIE2(K),DOSE1,K)vDOSE(2,K),
I DOSv K),W ATL(K)

310 CON INUE

340 FOk A j iH1,3X 'NUCLIDE' ,20X 'EQUIVALENT UPTAKE ACTORS' 17X
S 'GAnniA' / PI"BER' 3X 'NAAE' 6X,'RIVER USEAGE WELL ATE USE',
I ' COOD'CBNSUPTION 5i 'ENERY',/,23X,'(L/YR)',1OX,'(L/YR)',IOX,
I 'Kf3IR)',1OX '(NV)t,/5
DO 3SO Ku1,NDO§E
IF((K,) 2.61'. 0) WITE(6 360) KXNAAE2(K)rUT(K,1),

35 aC K 2)UT(I,6),EGAhMA(K1
35O CON~iNJE

URIt C'6 320)

I ORSTAN (;1iY)"2Xt 'CONSTANT(1/YRS ATTENUAJOAnIn)'/)
DO 330 K1,NDOCSE
IF(O(K 1) .6?. 0.) RITE(6,360) XNAHE2(K),XLLI(K),XLL(K),XXKU(K)

330 CONTIMuE
UR Ilk (6 27

227 ORMAIA1 3X 'NUCLIIE' 13X 'AOUItER' X 1'AOUIFE','9X,'VETICAL',
I OX 'VERT1RALI ' I NUMBER' 5X 'NAME' X SORPTION',7X,
I 'RiTARDATION' 7"?f'SORPTIOA',AX,'ETARDATION',/)
DO 354 K-I HDOR t
i RVEr*I(K). VoR) E(6,360) KXNAK2(K),XKD(K)tXRC(K)t

354 CONTINUE

228 TORT ?,3X,'NUCLIDEXOX.'B0?L TO ?LANt',7XtHALV',IXU,



I INITIAL NU MJHBER NAE' X, CONVeRSION',6X,
t 'L1I (57X 'lNVRNtOXY (Ci)PX)
DO 355 K1 NOSi
[(QrUl).T.0. ) UkITE(6,360) K,XNANE2(K),BIV(K),
I HLtF'£(K),O(K,1)

355 CONTINUE
360 KihtkAT(IlX,14,2X,AS,0C4X,IE12.3))

1000 RETURN4
END
SUBROUTINE UPTAKE

C TIIS PkOGk)A GiNERATFS TOTAL LOUIVALLNT UPTAKE FACTORS FOR USE IN
C THE PATHRAE CODE. THE METHOD USED TO CALCULATE THESE NUH0ERS IS
C THAT USED IN THE PRESTO CODES. THE EQUATIONS CONE EROM PRESTO
C SUBROUTINES IRRIG AND HUHEX.

IPLICIT REALAS (-H O-Z)
CHARACTERAO VNUCL XANE2
CHARACTERAU NUCLI6
REALA C 0 UT
COhMON/b ld/ALDS C(100 10) CANLIV DILFAC DOSV(5) DYDZNH NHY
S NNZ HTIIHE 6(100 10) AVUERT160) T16) TTIMEZ5),VA tCL(),
S UIDH SLAbL(lO0,XA6iD,XL,XLD(160),XLL(lOO),XLP,XAC(loo),

COM&WbNJLK5X1Ck AL AIN ARHO IV(100) BURN CUMDOS(IO),DIFCON
S DIFCOV DIFW 60SE(5 IoOS DSTACKtGA MA(100) EPW FEXT,EFFRE,

F EIXINV E*XEIN6 HLI (100) STACK IDSRPT IFL(7) IFLAG,
S LNIIA JIPRN IOPT ISIAB IUP 1FAC JUh 1O) HfOSE N1SO,NHP,
£ NP NPNt 10) PLANT P OH RR R RUNt SINU SAO SPILLSRSS,
I ThG CO iCU MbDI Nop *IIO' woup ,UBRV~0 )
S UOLAILC(lO(I), SAK OIIND AAE XCX XK o
I> S XNAME2(100),XPERC POR Xi XRE EP IRObTXU XUT'XXi(6100)
COHMONUPTAK/BDENS BR,COL1 CON COCHI1 OFISH C OHEAT CWAT,
rS 2 DEC FFFI EFIS C bIGFS P FS, IHAKE(5) KKNUCLID PORPP
s OBU,6CUOs 0C Q GG(D RU SIAEL TE1,TE2 TtIS TE1,Tld TH2 TH-3,
a H114 LtA E UCAILIUiSA,UGAILKULEAEYU EATUPR6D,UC1AT,
& MIR TA~ I,Y2

C kAD INPUT DATA
C
C

OPLN(UNITa3,ILLu'UPTAKE.LAT ,STATUS='OLD')
READ(3,100) SINEL,PORSDDENS
REAUZ 3, 0O) YI V2 XDL TEl TE2
READ(3, 00) THI,TA2,TH3,1H4 h FS
READ(3,100) QFC UEGTE1 T5 TFIS
READ(3,100) FI IRA*E obi bu Oau

(3 100) U AY,UP ODiCIILUGHILK,UMEAT,UVATUPI5H
100 FERMIAT7E2.)

Uo 110 1.1.4
DO 110 JulNNP
IF(NPN(J) .EQ. I) INTAKE(I)uJUE(J)

110 CONTINUE
1NtAKI05)INTAKE(3)
PP10ooo.ABDENSAO.15

C
C

1^0 RLAIJ3 130 NDm300) NUCLID,RPBrlNC,FmG,EF,FIS
130 EORnAA LF12.6)

DO 140 Ju1,NDOSE
IE(NUCLID .EO. XE2(J)) G TO 200

140 CONTINUE



GO 0 0
C
C Chl.CULAIE TOTAL OUIVALENT UPTAKE FACTORS FOR UATER USAGE
C
200 1110(3.1) .LE. 0.) GO tO 120

DECAzXLO(.I)/8760.
CWATz1.
DO 280 KK1,5 -

DIST=XR
GO TO 2!0.210,230 240 250) KK

C CALCULATE TilE OVEA UHiC" SOIL CONCENTRAtlON ILL DE AVERAGED
210 lST2XU ,
220 TIMAV=1./XLL(J).

RET=1. #AkOAXKD(J)/XPOR
ARGaT( NT IIE)-RETA(DIS$ tO.5AXLP)/VA
IF(TIMAV .GT. ARG) TIMAV2ARG
GO TO 260

230 JlAV5XUt/XALE
ARnT (NT IM)-XCT/XALE
IF(tIMAV .T. ARC) IIHAVsARG
GI0 TO 260

240 TIlAV=(XWT+XCt)/XALE
F(TIMA' .. T(NTIlM) IMAVzt(RTIME)

IIHAV*T IAV-(XVT+XCT)/(XPERC/XPOR.XALE)
GO TO 260

250 INA100. I5/XALE
260 If(THNAV .L. 1.) IhAM.

CALL RRIG(3) 
CALL HX(:)

280 CONTINUE
C
C CALCULAIE TOTAL EWlIUALENT UPTAKE FACTORS FOR OOD
£J CUAATwO,

CALL IIkJG()
CALL HUNEX(J)
GO tO 120

CC PXINt UPTAKE ACTORS
C
300 CLOSE(UNJT3)

WRMR~C60310) (.1 6)
310 tWRAI(7//23X 'TA( RtJIVALENT UPTAKE FACTORS OR PATHRAE'/I

1 13X 6(3f 'Uf(J ' 1I ')'),/ 17X,'RIVER' 5X WELL f5X,0ERoSiONl,
* 3X IBASHIUB SPI'LAME EOOD',X,' NCID',3X,
& S(AX,'L/TR') 6X,'KG/TR',/)
DO 320 lu,NtwO E
IF(O(I 1) .GI. 0.) RIJE(6,330) XNAME2(I),(UT(I,J)tJxI,6)

320 CON? IAE 
330 FORMAt(3X,A8,3XIP6E10.3)

RETURN
END
SUbROUTINE DSPERS
IMPLICt REALA8 (A-PAO-Z)
CHARACTERA VHUCLX
REALA4 C Q UT
COMMON/ K/ALDIS C100 10) CANLF DILFAC DOSY(S) DYDZN NY

a NMZ NIME iO, 10) IVERT(M0) .T(16) TTINE R) VA VNCL(S),
I VIDTHWSLAL(105,XA6DXLXLD(1o0),XLfA1O0),XLP,X kC100),



I XVV YU B
COegUN/HLKi/Zf A ANIN AlN BIlV(100) BURN CUNDOS(10) DIECON
I DIECOV DIEU hOS O1o DSTACK,fGAhMA(100) EPN FEXTFFIRE,
I FC,FIXtNV FX FIND HLI E(100) HSTACK IDSRfT IL(7),IFLAG,
I IGANA INfhNT'IOPT ISTAB IUP IFAC JUNIO) NOSE NISO NNP,
I NP NP I10) PLANT P OH R A O RUNI SINVSAO SPILLSR:SS,
* TBG TCONi CUT TtHD TIOP lOPI TDUBR UT(100 6),
t IJOLAIL(O6),USfACK aIND iALE XCi X XDhOO) Xc
S XNA E2(100),XPERC,iP0,X ,XRE1EP,iRO6T,XW,XT:Xxh(I100)
COMNON/LK3/ IF ILL
DO 100 Kl,NDO SE

If(O(K I). T.0.) CALL G(KK)
100 CONTINUE .

C
C DLCAY (LAIN CALCULATIONS
C

IF(IrL(l).EQ.1) CALL G3(38.32,27)
IF(IFL( 2).EO.1) CAL 6U3(32,27,34)
IE(IFL(3).E8.1) CALL W3(36 31 6)
IF(IFL(4).EO.1) CALL GU3(33,35,29)
IF(IFL(5).EO.l) CALL GW3(30,23,22)
IF(IFL(6).EO.1) CALL GU3(34,28,25)
IE(1kL(7).EO.1) CALL GW3(2923,22)
RETURN
END
SUBROUTINE kk1G(J)

C CALCULAtION OF RADIONUCLIDE CONCENTRATION I VEGETABLES MILK,
C AND EAT CONSUMED BY AN RESULTING FROM WATER IRRIGATIOA.

2, C CONCENTRATION IN FISH ALSO CALCULATED.
C COFISH - NUCLIDE CONC IN FISH

N C COPAST NUCLIDE CONC IN PASTURE GRASS CONSUMED BY ANIMALS
C COSTO s NUCLIDE CONC IN STORED EEED CONSUMED DY ANIHALS
C COFEED u NUCLIDE CONC IN ANIHAL FEED
C COL1 a NUCLIDE CONC IN LEAFY VEGETABLES CONSUHED BY KAN
C COPI a NUCLIDE CONC IN PRODUCE CONSUHED BY AN
C COCHII u NUCLIDE CONC IN COW'S HILK
C COGIl a NUCLIDE CONC IN GOAT'S ILK
C CONEAT a NUCLIDE CONC IN BEEF CATTLE

IMPIlCIt REALAO (A-HO-Z)
CNARACTERA8 UCLIDVNUCL,XNANE2
REALA4 C a UT
COMMNON/BLKI/ALI 1 100 10) CANLIF DILFAC DOSV(5) DY DZ N NY
COI ONNZ NTL 00 !0 I) VERT(160) T(16) TTINE15) VA VNJCL(§),
I UIDIN USLABL(105,XA6D,XL,XLD(160),XLL(100),XLP,XiC(100),

COAMON/LLK2IACR AL AKIN ARHO BIV(100) BURN CUKDOS(lO) DIFCON
I DIFCOV DIFU 60SE(8 1005 DSTACK, GAWA(100) EPW FEXTFFIRE,
I EG IXINV Fx FUINb HLItE(100) HSTACK IDSRfT I L(7) IELAG
I IGAMA INPRNT'IOPT STAB IUP IEAC JUF(10) NOSE NISO NNP
I NP NPNf10) Pt P69OH R 3(RUNE SINY SAO SPILL SR:SS,
I TBfG ICON ICU V CTtNTI 00 6)

t XNAME2(100),XPERC UPOR xi XRECEP ARO6T XU XUT:XXNb(100)
C0eUONUPTAK/DDENS BRCOtl COh ,OCIl COEISH:CO&NI1 COhEAT CAT,
I DECA EI Fis NC FMGF FSIN*AKE(5) KKNUCLID POR PP
I oBU,6c11 OE E&O RIEL inl TY IE 1TI IH2TH3,
t TH4 TIII OT UCILK UEiS 4hILK:UEAETyU AEATU Dl uT,

C IRATE, ,Y1,Y2



COVISI a PS A CAT A EXH-DECAATFIS)
f(HUCLID . 'H60)G TO 200

,NCl g tkH§§i)-? ')0G TO 300

COrAST=C (J YI El HI TV)
3 0.68 A (&.3 AD (J))

COStCC(Jt3 Yl T1 H2 9,TV)
COFEEDWFPAFRAC6PAS * II.-PACS)ACOSTO
83 a0.066A81V(J)
'Va'.
COL)aCO0(J Y2 2,TH3,O,TV)
b 0.187AiR
TV=.I
COPIxa,'UV(J,Y2 TE2 TH4 TV)
COCU1i - )FHC (WCf1HhLAd6AFC4CWATAOCU) A DXP(-DECAATFI)
CO6M11 a EG A COFEEDAOFG+CUATAQGU) A DEXP(-DECAATF1)
COHEAr a F A (CODEEDAOFC+CWATADOB) A DEXP(-DECAATS)

C
C

REtlN-
C
C CALCULATION FOR TkITIiti
C
200 COfLaCUAT

FOcHiI = Imc A CAT A (OTC+OCV) A X?(-DECAATFI)
COGnl a FMG A CwAT A (OFG+QGU) A DEXP(-DECAATE1)
COnEAT a F A CAT A (0FC+OCW) A DEXP(-DECAATS)

I C
Lfl RETURN

C
C CALCULATION FR C-14
C

300 COI4*O.
COLInCO4

COCHII FC A (COI4AOPC4CATAQCW) A DEXP(-DECAATFI)
COGM1l a EG A (COI4AOfG+CUATAOGW) A DEXP(-DECAATF1)
COHEAT a FE A (COI4AOFC+CUATAOD) A DEXP(-DECAATS)

RETURN
END
SUkOUSINE HUMEX(J)
IMPLICIt RALAB (A-H -Z)
CHAkACTERA8 MtJCLID,V9UCLXNAtE2
REALA4 UT
COMtON/BLK2/ACR A, AIN ARHO IV100) BURN CUKDOS(I0) DCON
I DIFCOY DV OSEc 1005 DSACKfGAMMA(100) EPU EXTEFIRE,
9 EG FIXINV XFUIN6 HLIFE(I00) HSTACK DSRT I L(7) ,IELAG,
S IOAMHA INRNM IOPT STAD IUP I FAC JU(1O) NBOSE NISO,HNP,
a HP NP~H1O) PLANT Pi OH RR R~ RU ~SIYSAO SILS;S'
* TBfG TCON cU TfND'TIAOP ilHO1?vUDR SPIL SRSS
I VOLAfL(106),VSfACK MVND AALE XC* XH XKDIoo) ,xtc
I XNAE2(l00):XPERC XPOR X XREEP RO6T XYTMiXX(tlOO)
COOH/UPTAK/BDENS BRCOLI COHI OClh1 POFISHCO 1 COMEAT CUATF,

DCAfrEF1, IISFCtGf ,FES, IN AKE(5) KKNUCtIDPOR§,PPv



I GBW.QCUGOC OEFG GW,kU SINEL,TEl,TE2 TFIS,TFl THI TH2 TH3
I TH4 TI4AV T UCIIILKESUGIKUEY.'ATPR.UT,

C ~g& U A TE.XiABUiY1LUYiS ,UGILKULEAY.UIEATW 6DUCLAT,

C CALCULAT ION OF RADIONUCLIDE INTAKE BY CONSUMPTION
C OF VEGETATION, ILK, HEAT, FISH, AND DRINKING WATER
C

OVEG COLIAULEAFY * COPIAUPROD
GNILK COCIllAUCHILK COGMllAUGHILK
OHEAT a COMEATAUHEAT
OFISH COEISHAUEISH
QCUAT CATAUWAT

C
C

IE(KK .LT. 6) 60 TO 100
UT(J 6) * OGVEGONILK0MEAT
GO 6 200

100 O1hG QUAY
IEC NTAKL(KK) .I.E. 2) ONGuOING+OVEG+QILK+QhEAT
IF(INIAKE(KK) EO. 1) INGOGING+QEISH
UT(J.KK) QIkG/CUAT

200 RETURN
,END
SUBROUtINE REAMiXLLI.AVERTI)
IhPLICIT EALAG (A-H O-Z)
CHARACTERAB NUCL.XNKE2,XN
REAL4 C 0 UT
CONMWJ/t/H REC
COMONbLKI/ALD1S.C(100 10) CANLIF ILEAC DOSV(5) DYDZ NH NY

NkIZ NIIE 000 10) NUER1060) T(16) TTIHEM5) A VNCL(s),
D U"ND1.SUSLABLl(0SXAtD.XLXLD(l6o),XLL(100),XL,XAC(100),

cn COMON/BLWI/ACR.ADL AIN AO IV(100) BURN CUKDOS(10) DIECON
I DIECDV DIEU 6OSE(M 1005 DSTACK,fGAhMA(l0O) EPW EXT,FIRE,

I F2FXIN FUI HL~(100),HSTAC( IN HDSRI'T IL (7) ILAG,
I IiUA INPNT O0PT ISTAB IUPAIVEAC JUNI(1) 190SE NNP?
I NP N 0tdlO) PT POH RR UNSNVS~ 'SLSR:SS,'
I TDG ICO iCT TINDMTIHPTMOM TWUBUR U( )
I voLA L0lOb) fSIACK OWIND ALE XCT XH XKDhOO),XLC
I o XNAHE2( 100) :XPERC,fPOR,Xk,XkEtEP,iROT,XXT XXHi(100)
CONMON/BLK3 IILL

C DIMENSION A(IO).W (9),XLLI(100),RVERTI(100)

OPEN(IW1Tw3.FILEuP'IkCDCk.DAT' ,STATUSa'OLD')
READ(3,108) NDOSCTCUT SINV
READ(3,108) NTIME,(T(mfMx1,NTIME)
IUP1l
DO 1000 3*1.NDOSE
REA(3 114,EN111001) KK XN,(DUM(I) 1=1,9)
IF(KK.L.0 .OR. KX.GY.160 GT 1600

DOSE(2,KX)=W(2)
DOE(3,)uDUMff3)

DO 101 Il 6
101 UT(KK I)=Dti(1+3)

IvUT(KK,1 .Wi. 0) UPGO
1000 CONTINUE
114 FOkAT(I A 9112.4)

1001 CLOSE(UNI35



C
OPEH(UHIJ23, FILE*'ABCDE.DAt'.STATUS='OLD')

CE0 102)HR~k (( 0,1-1,10)

C URITh4 102 RFC=NRFL) (A(I),121,I0)
102 FORMAT(10A8$

READ(3.103) NSO ILAG NHNP
READ(3 103) (NfldJ),JUf(J),JsI,NNP)

103 FORMIAT(2016)
104 EOR fI(10F12.6)

REA s'.104) rIHOP XLP WIIDTH RFR,XR,SPILL
READ(3,104) A AGDI DY D SSSR PVS SO
READ(3.103) mi IAIIMA ivFA AER Nr
READC3,104) X,XUTTCI X Iu ROFGFEXT,XROOT,PLAN1
READ(3,104) ADL UDR TX'CAALIF FIhN
READ(3,104) X ACI EPUT IFI DIFCON CON DIFCOV
READ(3,108) ISfAB OwIN,FNJD,XRECP,BUAN,EEIRE,HSTACKDSTACK,

REA003,103) (ILI I2 7)
READ(3 103) INP NT,1DSRfT,IfILL,IOPT
CLOSE(MNIT3)

108 FORMAT(16 (10F12.6))
AMINxl.6D4
TBEGwT(1)
TENDbT(2)
DO 120 1.A7
IF(IEL(I).NE.0) G TO 121

120 CONTINUE
GO tO 123

121 IF(DY.HE.0.) WR1TE(6.122)
', 122 rORHAT(/.' WARNING: ON h VTE PRESENT ODEL. LATERAL DISPERSroN

4 'CANNOT VVP/ I/OX 'CALCULATED FOR DECAY CAINS. FR DCAY 0 
& 'CHAINS USE D.,/

123 MTIMEwNTIMIE
IF(1FLAG.LO.0) HlTINal
DECFAC*1.

OP1HUtN1Tm3JILIU'ROSITS.DAT' STASUS5'OLD')
READ(3,104) XPEXCVAXPOR,XA05,XYV,XLCXALE,ELCH,RUNF
DO 332 K.NDOSE
READ(3 109 ND*340) K,(DUN(I),I*1,3)

109 FORMASTI1 EI2.4)
IF(KK.L.d OR. KK.GT.100) GO 0 332
XLL(KK)aDU(l)
XKD(KK)u[11(2)
RVERTl(KK)mDUMt(3)

332 CONINUE
340 CLOSE(UNIT-3)

DO 350 Kl NDOSE
XLLI(K)-XLL(K)

350 XLL(K)vXLL(K)AFLCH
C

0P!H(NI1?3 PJLEs"IYRY.DAT',STATUJS-'OLD')
VOLmXLPA1iDAXPflc
11pliS :8T °11se > 4(.-Sw)A(XpEtcP)AASNO
IF(XVV .LB. 0.) XVVmXPtRC/(XORASS)
PO 15 Kl NISO
READ(3 IIEND-4) K NLIET(KK) OtKK 33) J31,lTME),
t XXHUIKK),EGA1A(KKS,BI(KK),§OL,VOATLIKK)



III FOXHAtM1,M2~.4)
IF(OOL.CO.O.) GO TO 125
SOLuSULAVOL/Q(KK 1)
If(XLL(KI).GT.SOL) XLLKK)=SOL

125 XLD(KK)s.69314718/HLIFE(KK)
XRC(KK)SXKD(KK)A.OOAAIHO/XPOR+.1
RUERT(KK)uRVERTI(KK)A.OO1AARHO/XPOR+l.
RVERT(KK)al.+(VERT(KK)-l )/SS
IF(TIIOP.NLO.) DECEAC2(1.-DEXP(-XLD(KK)ATIhOP))/(XLD(KK)ATIOP)
IF(TCUTT.0.01 .AND. HLIFE(KK).GT.TCUT) O(KK,1)=SINV
DO 15 MaI.JTIE
O(KK,)zO(KK,H)AFIXINVADECEAC

15 CONTINUE
GO T 5

4 NlSOzK-l
S CLOS(Ukd13)

C
IF(O(26,1).LE.O. .R. 0(31.1).LE.O. .OR. 0(36,1).1.E.O.) IFL(3)z0
IF :291).LE.O. OR O(33,I).tX.0. OR. Q(35,1).LE.O.) tELM4)0
UR1E63 (A(l),l-l;10)

3 EORIAT( V IA8 ///)
DO 10 iWliC1I lo

SLADL( IU A)( IING)
100 CONTIU

RETURN
END
SUBROUTINE kELLAS(NPAtH)
IhPLICIt REALAS (A-H O-Z)
CHAhACTERAU NUCL,XNAJ4E2
REALA4 C 0 UT
COIONd/bOVd/ALDIS C(100 10) CANLIF DILFAC DOSV(S) DYDZ,NH NHY
r NMZ NTIlE 6(100 10) AVERT(160) T(16) TTIME1S)MA UNCL(),

co t UIDTH USLABL(10S,XAOD,XL,XLD(160),XLL(100),XLP.XRC(100),
I XvvY4 ZD
COWON/1LKI/Alk ADL AIN AO D(100) BURN CUMDOS(10) DICON
I DIECW DIEU 6OSE(S 100 DSTACK ffGAPhA(10o).EPU EXT,EFIRE,
S FG FIXbN FX FUIN6 HLI E(100)'HSTACK IDSRPT IML(7) IFLAG
I IGXHHA INP'RNT IOPT ISTAB IUP 10FAC JUF(10) N6OSE NI§ONNP:
I NP NPNZ10)IPLANT PO, H Rh R HOtRUNE SINV S SPILLSRSS,
I TBEG CUiCUT TbD TIOP i IOlTSo UBR UT(100 6),
& vOLAiL(106) VS*ACKI( bND KALE XC* XH'XKDII ),XLC
I XENA IrE2100):XP RCiPORX ,XREHPARObT,XUXT,XXh6(100)

IRITE(6.50) TMEG TEND NPATH
50 FORkIAT(////, AlMA fOTAL CURIES RELEASED AND HEALTH EFFECTS FROM

I YEAR 'a80 TO YEAR '!FB90 AAAAA' 4X PATHWAY. ,12,/I/,4X,
VNUC LIDh .i2 'CURIES REEASEb',4X,'HEALTh EFFECTS ,/,
I' NUi~ N.AE,/)

DO 500 Kul.NDOSE
Isaw(K,).EO.0.) GO tO 500
KK-(
SUN-0.
NT ItEulO,
TAU-(ZB+o.5AXLp/NiLAXC(K)/VA+XAODARVERT(K)/XVJICANLIF
IE ELSu.1/XLL(K)
F(DEL.GT.0.SAHLIFE(K)) DELT0.5AHLIFE(K)
IF(TAU.GT.TEND) GO TO 201
10 0tI)sTAU-DELT

100 T(1M T10O).ELT
IECT)ATLIJ) GO TO 110



T(1)=TEND
DEL2I)TIMUs-T' 10)
MT IIIEg
1:1

G0 TO 130
110 1(1(z1).IT.TDFG) T(1)=IDEG

DO 120 12.10
T(I)=TC1-1).DLLT
IF(T(I).Lt.tEND) GO TO 120
T( I)hEND
DELT21TEND-M(1-1)
NTIIE:I
GO TO 130

120 CONTINUE
130 CALL GU1(KK)

IF(IEL{1).FQ.1.AND.(KK.EO.32.0.KK.E.27)) CALL GW3(38,32,27)
IF(IFL(2).EO.1.AND.(KK.EO.27.OR.KK.EO.24)) CALL GW3(32,27,24)
IE(IFL(3).EO.1.AND.(KK.EO.31.OR.t:K.EO.26)) CALL GU3(36,31,26)
IF(IFL(4).EO.1.AND.CKK.EO.35.OR.KK.EO.29)) CALL GU3(33,35,29)
IF(IFL(5).EO.1.AND.(KK.EO.23.OR.KK.EO.22)) CALL GU3(30,23,22)
IF(IFL(6).EO.1.AND.(KK.EO.28.OR.KK.EQ.25)) CALL GW3(34,28,25)
IF(IFL(7).EO.1.AND.(KK.EO.23.OR.KK.EO.22)) CALL GW3(28,23,22)
IF(T{1).EQ.TAU.OR.T(1).EG.TPEG) CK,1)-0.5AC(K,1)
IF(I.EO.11) GO TO 140
C(K, )m0.5AC(K,I)ADELT1/DELT
3=1-1
IF(J.GS.O)'C(K.J)n0.5AC(KJ)A(1.+DELTI/DELS)
GO TO 150

140 1:10
150 CSlIHO.

DO 160 3=1 1
13 160 CSUMCSUf4e(KJ)
'.0 IF(I.EQ.1) CS MinCSUM4O.!ACCK,10)A(DELTI/DELT-1.)

SUMaSU"+CSUH
IF(I.EO.10.AND.T(10).LT.TED.AD.CSUH.GT.SUMA.0001) GO TO 100
IF(tAU.Lt.tDEI) GO TO 300
NTINE10

201 T(10)=TAU+DEL
200 T(1)=T(1O)-DSLT

IF(T1C).Gf.IBEG) 00 TO 210
T(1 )vTPEG
DELT1aT(10)-TBEG
NTIHExl
I1m
GO TO 230

210 Ir(T(1).G?.TEND) t(1)uENO
DO 220 12 10
S1) "M1-11-DELT
IF(I).6T.1BEG) GO TO 220
T( )jaBGT1)
DELfl=T(I1-1)-IDEa

GO TO 230
220 CONTINUE
230 CA.L G1(KK)

IF(WEL(1).FQ.1.AND.(KK.JO.32.0R.KK.0.27)) CALL G3(38,32,27)
IF(IFL(2).EQ.1.AND.(KK.EO.27.OR.KK.EO.24)) CALL 0U3(32,27,24)
IF(IFL(3).EO.I.AND.(KK.EO.31.OR.KK.EO.26)) CALL W 3(36,31,26)
IF(IFEL().EO.I.AND.(KK.EQ.35.OR.KK.EO.29)) CALL 6W3(33,35,29)
IF(IfLE ).EO.1.AND.(KK.EO.23.OR.KK.EO.22)) CALL GU3(30,23,22)



IF(IFL(6).EO.l.AND.(KK.EO.28.GR.KK.EO.25)) CALL GY3(34,28,25)
IF(IFL(7).EO.1.AND.(KK.EO.23.OR.KK.EQ.22)) CALL WU3(29,23,22)
IF(T(1) EOTAU.OR.TQl).E0.TEND) (Ktl)=0.5AC(K,l)
IF(I.EG.1l) GO TO 240
C(K,I)0.5C(K,I)ADEL?1/DELT
J=I-l
IF(J.Gt.0) CK,)2.AC(K,J)A(I.4DELtl/DELT)
G0 T0 250

240 I.10
250 CSUHWO.

DO 260 Jul 
260 CSUgluLSUH'I,(K.J)

IE(I.LU.1) CUH=CSUW40.5AC(K,10)A(DLLT1/DELT-1.)
SWUuSUM+CSU"
IF(l.LQ.l0.ARI.T(10).GT.BL2.AND.CSUt.GT.SUNA.OOOI) G 0 200

300 SUSWaUADELIADILFAC
URITL(6.3b0) K,XNMME2K).SU4 HEPCI(KK SUHNPATH)

350 FOHiA?(2X,13,3XA8,9X,PCl0.iI0X,E8.S)
500 CONTINUE

RETURN
END
SUBkOUTINE GUI(K)
IMPLICIT REALA8 (A-H O-Z)
CHAkACTERA8 NUCL,XNHaE2
REALA4 C UT
COMM/NDBLKI/ALDIS C(100 10) CANLIF DILFAC DOSV(5) DYDZ,NH NHY

t NHZ NTIHIE 6(100 l0) IUERT(160) (16) ITIME15t UA UNCL(),
iWIDtH USLAL(O1XA0D,XL,XLD(lO),X (10 ),X PXAC(100),

* XUV Y Z 
COMMON/DLW/2A9 ADL AMIN ARHO DIV(100) URN CUHDOS(10) DIFCON

* t DI1FCOU DIEWUOSE(5 100 DSTACK,LGAHA(100) EPW EXTFFIRE,
*4 t FG.S E N FXFUI i HLIF£(100) STACK IDSRfT IL(7) IFLAG,
o I IGANHA INhkNt'IOPT ISTAD IUP IAC JUf10) NOSE NISONP,

S NPNPN(10) PLANT PCH O R RAo UNi SINV SO SPILL SI1SS,
t TBEG ICON iCUT TND iTIA tioplTUCo MR'UT(1OO )
I OLAtL(106)ffS*ACK OWIND kALE XCi XH'XKDt100) XIC
I XNAHE2 100)vXPEnC,iPO1, ,XaE1EP,f1O6T,X,XTXXh6(100)
COMOH/BLK3/IEILL

C
TLal ./XLL(K)
TDLLAYuXAO0RERT(K)/XVVCA4LIF
PuXL/ALDIS
OKlu( 1)

C REMOVE 6LRATIONS DCAY FACTOR AND USE UNDECAYED INITIAL INVENTORY
IF(TIMOP .GT. 0.) Ol.OWIAXLD(K)ATIhOP/(.-DEXP(-XLD(K)ATIhOP))
ODECAYmOXIADEXP(-XLD(K)ATDELAY)
FlODECAY/(D1LfACATL)

DTOP TIMOP A A(kMAXL)
IECIFILL .EO. 0) GO TO 50
LB 0
IUD = -NH
ISTEP -1
GO TO 70

so LB I
IUD a 
ISSEP I

70 CONTINUE
DO 200 Hl NIHE

TCOIR a bP/2.
TIhSAV (H)



T(M) a (M) TIIOP
THTA(T(f) -TJFLAY)AUA/XL
THTA2=THIA- LAVA/XL

SCuO.
DO 100 JJ=LB.1U lSTEP

T(t) * IMnSAV TInOP - TCORRAXL/VA
THETA IHTA - TCORR
It (THETA .LE. 0.) G TO 195
THETA2 THTA2 - TCORR

ETA=(ZB+XLPA(1.-IfILL+(O.S-JJ)/NM))/XL
A12-XLD(K)A(T(M)-TDELAY)
A23MNO.bAEtAADSQRT(XRC(K)AP/JHETA)-DSORT(PATHETA/(4.AXRC(K)))
A24M=0.
IF(tHEt:SA.G7.O.)
I A4N=0.bAFTAAbsOfIXC(K)AP/tHETA2)-DSORT(PATHffA2/(4.AXRC(K)))
A4=AI+ETAAP
A23Pu0.5AETAADSkSt(XRC(K)AP/THETA)+DSORT(PATHETA/(4.AXRC(K)))
A24P%.
IF(THETA2.GT.O.)

I A24P=0.SADTAADSOtR(XkC(K)AP/THETA2)+DSORT(PATHETA2/(4.AXRC(K)))
SC;SC*FTRMS(AlA23M A24MA4,A23PA24PTHETA2)
TCORR TCORR DR

100 CONTINUE
195 T(1) TIMSAV

IF(SC.Lt.0.) SC-SC
YCDNCu1.
IFIDY LE. .) GO TO 18
IF (M) LE. TDELAY) GO TO 198
THETA=(Z+0 .SAXLP)AXRC(K)/VA
TAQtD(h)-TDELAY
IF AG .6 F iEA) ?AO=THETAIr YFC;NCm2 AU OT(DYATAO/XRC(K))

YCONC=O.SA(DERF((Y1+O.SAUIDTH)/YCOC)-DERF( (Y-0.5AIDTH)/YCONC))
- 198 C(K )wO.5AfIASCAYCONC/NM

200 CONtINUE
RETURN
END
SUBROUTINE G03( 1ICJDCKC)
IMPLICIT REALAO (A-H O-Z)
CHARACTERAD VNUCLXNAHE2
REALA C QUT

C THIS SUBROUTINE EVALUATES BURKHOLDER'S SOLUTION FOR GROUNDUATER
C MIGRATION EQUATIONS. FOUND IN NUC. TECH. VOL. 49, JUNE 1980
C (THREE MEMBER CHAINS WI1TH DISPERSION)

CONNON/BLKI/ALDIS C100 10) CARLIf1 DILFAC DOSV(S) DY DZMM MIT
NMHZ NTINE 6(100 10) TERT( (16) TTINEt) VA VNCL(d),

a VIDH.JWSLABL(105IXA6DXLXLD(1O0),XLL(100),XLXRC(100),

COMMON/PLWI/AIR ADL AIN ARHO DIV(100) BURN CUIDOS(10) DIECON
1 DIECOW DIEW 6OSE(8 100S DSSACKp GANNA(100) EPW FEXTEFRE
I F IXtN FtXFWNM ALIE( 100) HSTACK IDRfT IL(7) IFLAG,
I IGANNA INPRNT IOPT ISTAD IUP I0FAC JUN'(10) NNISE NI6,NP,
1 NP NPNt1O) PLANT P OH RER RO RUNE SINV SAO SPILLSRSSt
t ltG sCON T TIAOP IMOR T UBRUT(0 6)
I VOLAtL(15) VS*ACK f UJN ALE XCT XHXKDUl00) HXC
a XNANE2 100),XPERCiPOR,X ,XRE1EP,XRO6T,XU,XUTXX(I100)
CONNON/PLK3/1I L

c DIMENSION F1(3),R(3),XK(3)

no./XLL( DO



TDELAY=XAGDAkVEklIDC)/XVV+CANLIF
XK(i)nXkC(IDC)
XK(2)=XkC(JDC)
XK(J)=XRC(KDC)
PSAYL=XL/ALD IS

C KLOVE UNDECAYED INITlAL lNVNTORILS OE EACH CHAIN HEMBER
0J1u0 JDC 1)
OKl=U(KDC 1)

IE(T114 . . 0.) GO 10 40
Ol10)IAXLD(IbC)ATIHOP/(I.-DEXP(-XLD(IDC)ATIhOP))
0Jl=0JIAXLD(JDC)ATIhOP/(l.-DEXP(-XLD(JDC)AIhOP))
OKl=GlKlALD(KDC)ATIOP/(l.-DEXP(-XLD(KDC)ATIOP))

40 ODECAYZOIlADEXP(-XLD(IDC)A(DELAY)
fl(l)sODECAY/(DILEACATL)
ODECAY(0Jl-XLD(IDC)AOIl/(XLD(JDC)-XLD(IDC)))A
t DEXP(-XLD(JDC)ATODLAY)+XLD(IDC)AQIlADEXP(-XLD(IDC)A
I TDELAY)/(XLD(JDC)-XLD(IDC))
El(2)uODECAY/(DILEACATL)
ODLCAYu(QKX4XLD(JDC)/(XLL(KDC)-XLD(JDC))A(XLD(IDC)AOIl
t /(XLD(KDC)-XLD(IDC))-Ol))ADEXP(-XLD(KDC)ATDELAY)+
1 XLD(JDC)/(XLD(KDC)-XLD(JDC))A(0Jl-XLD(IDC)AgIl/
t (XLD(JDC)-XLD(IDC)))ADEXP(-XLD(JDC)ATDELAY)+XLD(IDC)A
I XLD(JDC)AOlIADEXP(-XLD(IDC)ATDELAY)/((XLD(JDC)-
& XLDIIDC))A(XLD(KDC)-XL IDC)))
El(3)uODECAY/(DILEACATL)

DTOP IKOPlAYA/(NHAXL)
It1kILL .EO. 0) 60 tO 50
LD=0
IUbel-NN

) I~STEPa-1
cj ~ ~ O 70

50 L l
IUb=NXI
ISTEPnI

70 CONIINUE
R(D1)XLI( IDC)AXI./VA
R( 2)=XLU(JDC)AXL/VA
R(3)nXLD(KiC)AXLIVA
E221El(2)+E(11)AB(l)/(R(l)-R(2))
F232xEl(3)+Fl(2)AR(2)/(R(2)-R(3))
F312.FI(l)AR(l)AXK(l)/((R(2)-R(l))AXK(2))
F323-Fl(2)AR(2)AXK(2)/((R(3)-R(2))AXK(3))
F4l2Ell)AR()A(I.-XK()/XK(2))(R(2)-R(3))
F423aFl(2)AR(2)A(I.-XK(21/XK(3))/(k(3)-R(2))

F61nklIl)AR(IAR(2)AXK(})/((R i)-R( 3))A(R(2)-R(3))AXK(3))
F62F1(l)ARMl)AR2)AK /(t)/(()-R(l))A(R(l)-R3))AXK(3))
E71uf6lA(XK(3)/XC(2)-l.)
E72F62A(XK(3)/XK(l1)-l.)

F9=BFA(.-XK(l)IXX(2))
FlOtl(l)AXKX()AXK(2)AR(l)AR(2)A(XK(2)-XK(3))/((XK(2)Ak(R2)-kI1))

tj<2)))X~l3)xK~t))2K!R~AX)~z))A{~l)R{) XI(2)AXK(3)A(U(3)-

EllQA(I.-XK(l)/XK(3))AXK)(2)A(R(2)-R2())-XK(3)A(3(3)-kel)))/
(I XK(2)-XK(J))AR(3)-R(l)))

SXK(3)))



DO 2000 M=).NTIME
TCORR 5 DTOP/2.
TIMMA T M(f)
T(M) t() * TMOP

THTA*(T(Pn)-TbELAY)AVA/XL
IF(THTA.L9.0.) 60 T0 1990
THTA2&THTA-TLAVA/XL
SC2m0.
SC3*0.
DO 1000 J3ll8. 11.1STEP

T(t) a TInSAV * M - CORRAXL/VA
THETA IA - COkR
IF (r4EtA .LE. 0.0) *;i) TO 1990
THEMA a IHTA2 - TCORR

ETA=(ZBXLPA(1.-ItILL't(O.S-JJ)/N))/XL

C COtPUTE CoMCENTRATION OF SECOND CHAIN EMBER
C

P-PSAVE
A1=-R(2)ATHF.TA
A2=0.AlTAADSotIaXK(2)AP/THETA)-DSo1T(PATHETA/(4.AXK(2)))
A3*0.
IF(?HLTA2.6t.O. A320.!bAEAADSOkT(XK(2)AP/THETA2)-

IDSORUeflEA2.AXK2M
A41A+RETAAP
A5=0 iAErAADStXK(2)AP/THETA)+DSORT(PATHETA/(4.AXK(2)))
A6-0.,
IFtIMLIA2.GT.O. A0.5AETAADSORT(XK(2)AP/THETA2)+

UDSORt(PAtH~tA2/(4.AXK(2)))
SC2=SC2.F221AFTRS(Al.A2,A3,A4,A5,ATHETA2)
Al1-RMlATHETA
A4=A1l+TAAP
A2=0.!AEtAAbSDRT(XK(I)AP/ HESA)
oA5DSORt(PAVhAX4.AXK()

A2mA2-A5
A~iuA242.AA5
IF(THEAR.L.O.) GO TO 100
A3w0.5AETAADSOiT(XK(1)AP/THETA2)
A6WDSORT(PATHETA2/(4.AXKM1)))
A3wA3-A6
A6*A3+2.AA6

100 SC2nSC2.t3l2AK S 2 (A1 A !2A3A4,A5,A6,THETA2)

I EAi.LT.O.) ALL LkAOk ( AlP)
IF(Al.Lt.0.) GO TO 1
AlmDSOkT(AI)
A43-R( )AHETA40.iAETAAPA(1..Al)
Al-R(1)ATHEA+O.5AETAAPAII.-Al)
A2=0.5AETAADSORT(XK(2)AP/THETA)
A5u(P/(4.AXK(2))4R(2)-R(l))ATHETA
IFMAS.L.0.) CALL EOA((2,A5 P)
IL(AS.Lt.O.) GO TO 1
ASODST0S5)
A2*A2-AS
ASA242.AAS
IEIHETA2.E.O.) GO tO 110
03*0.SAETAADSORT(XK(2)AP/TIETA2)
A6*(P/(4.AXK(2))+R(2)-R(l))ATHETA2
IFE I J.0.) CALL ERROR(3,A6,P)
If(6.L .0.) GO TO 



AG*DSOtT(A6)
A3aA3-A6
A65A3+2.AA6

110 SC2zSC2'F412AFtkMS(Al A2 A3 A A,AG TIHETA2)
2 XTha(XK(2)AR(2)-XKII)AR(1))THTA(XA(l)-XK(2))

Alul..4.AXK(1)AXK(2)A(R(2)-R(1))/(PA(XK(l)-XK(2)))
IM(AI.Lf.O.) CALL E2OR(4,A1,Ps
IE(AI.Lt.O.) GO tO 2
AluDSORT(AD)
A4=X11.O.SARtAAPAQl.+AD)
A SXTht0 AErAAPA(I.-AlD
A.aO.5AEAADSOJT(XK( 2) AP/714E!A)
A5S(P/(4.AXK(2)).XK()A(R(2)-R(l))/(XK(l)-XK(2)))ATHETA
IF(A5.LT.O.) CALL EROR(5.AS,P)
AJ (A LT.0.) GO T 2

A2=A2-A5
A5aA2*2.A5
A3uO.5AEAADSOkt(XK(l)AP/tHBTA)
A6u(P/(4.AXK(l))+XK(2)A(R(2)-Rtl))/XK(l)-XK(2)))AHETA
IF(A6.LT.O.) CALL ERkOR(6.A6,P)
IRA6.L.O.) 60 O 2
AGUDSURI(AG)
A35A3-A6
AxA3+2.AMA
SC2=SC24F312ATRMIS(Al.A2 A3,A4,A0,A6,100)
IF(tH9TA2.L.O.) I 10 o

3 Xh=(XK(2)Ak(2)-XI(I)AR(l))ATHETA/(XX(l)-XK(2))-(k(1)+(XK(2)A(2)-
IXK(I)AP(l))/(XK(l)-XK(2)))AILAVA/XL
Alul.44.AXK(1)AXK2)A(R2)-k(l))/(PA(XK(1)-XK(2)))

AIAl.L.0.) CALL ER2aa9(lAl,P)
IECA1.LT.Q.) GO TO 3
AlOSORT(Al)
A4zXTH*O.5ALIAAPAC1.+Al)
AixXTh+0.SASTAAPA(1 -Al)
A230.5AETAADSORTXK2)AP/THETA2)
ASu(P/(4.AXK(2))+XK(I)A(R(2)-R(l))/(XK(l)-XK(2)))ATHETA2
IF(Ab.LT.0.) CALL LXkO1(8,A5,P)
IP(AS.Lt.O.) GO TO 3
A5xDSUkT(A5)
A25A2-AS
A55A2+2.AA5
A3=0 ?EIAADiSORT(XK(1)AP/tHkTA2)
A6u(P/(4.AXK(1))+XK(2)A(R(2)-R(1))/(XK(l)-XK(2)))ATHETA2
IF(A6.LT.O.) CALL hkkOR(9.A6,P)
IF(A6.LT.O.) GO TO 3
A6u-iB(JkTA6)
A3-A3-A
A6sA342.AA6
SC2aSC2-F312AkZkHS(A1,A2,A3,A4,A,A6,IDO)

120 CONTIHU£
C
C NO CNPUTE CORCMTRATION OE THIRD CHAIN ERBER
C

PaPSAVE
Alu-kM3)AHETA
A4sAl+ETAAP
A20.bAETAADSON?(XK(3)AP/1HEA)
A5xDSORT(PAIHETA/4.AXK(3)))
A2-A2-A5



AiSA2*2.AA5
tf(Th STA2.LE,0.) (,10 to130

A*DSRIT(PATH~tAD (4.IXK(3)I
A3=A3-A6
AG:A342.AA6

130 S%32SC3,(t2324 1S)AFtRNS(A1.A2,A3,A4,AS,A6,THETA2)
4 Xh:-R(2)ATHETA

Alzl.#4.AXK(3)A(R(3)-R(l))/P
IF(AI.LT.O.) CALL ERROR(10,A1,P)
IF(AI.LT.0.) GO TO 4
Al=DSORT(A1)
A4=XtI+0.5AETAAPA(1.fAl)
AluXTfl0.5AETAAPA(1.-Al)
A2=0.5AETAADSCRT(XK3)AP/THETA)
ASS(P/(4.AXK(3))+R(3)-R(2))ATHETA
IF(ASLT.0.) CALL ERROR(ll.AS,P)
IF(AS5.L.O.) G TO 4
A5nDSQRT(A5)
A2=A2-A3
ASNA2+2.AAS
IF(THETA2.LU.0.) GO TO 140
A3=0.5AETAADSORT(XK(3)AP/THETA2)
Afix(P/(4.AXK(3))+R(3)-R(2))ASHETA2
IF(A6.LT.O.) CALL ERROR(12,A6,P)
IF(AS.LT.O.) GO TO 4
A6-OSORT (A6)
A3aA3-A6
A6uA3+2.AA6

140 SCtsuC3(1423-1F?)AIkMS(AIA2,A3,A4,A5,Af,THETA2)
5 XTM*-R(l)ATHETA
AlIl.*4.AXK(3)A(k(3)-k())/P
IF(AI.LT.0.) CALL ERROR(13,A1,P)
IE(A1.LT.O.) GO To 5
AluDSORT(A1)
A4*XTft*.5AETAkPA(1.+Al)
AlaXTh+O.SAETAAPA(1.-Al)
A2s0.5AETAADSORTXK3)APITA)
ASa( /(4.AXK(3))+R(3)-R ())ATHETA
I (AU.T.O.) CALL E ROR(14.A5,P)
IF(AS.Lt.0.) GO TO 5
A5suSORT(AS)
A2^A2-AS
A *A2.2.AA5
IF(THEtA2.LR.O.) CO 10 150
A3s0.5AETAADSORT(XK(3)AP/THETA2)
A6s(P/(4.AXK( ))+R )3-R(1))ATHETA2
IF(A6.LT.O.) ALL ERRDR l,A6,P)
IF(A6.LT.O.) GO TO 5
A6wDSORfTA6)
A3wA3-A6
A~sA3*2.AA6

150 SC3zSC34(l724E9)AETktS(A1,A2,A3,A4,A5,A6,HETA2)
A1"-0(2)ATHETA
A4oA14lTAAP
A2O.SAETADSOI(XK(2)AP/HETA)
A5sDSOlI(PATH9TA/(4.AXK(2)))
A2sA2-AS
AS;A242.AAS
IF(?HETA2.LE.O.) GO TO 160



A3=0.SAETAADSORT(XK(2)AP/THETA2)
AGxDS53l(PATHEA2/(4.AXK(2)))
A3uA3-A6i
A6z3+2.AAG

160 SC3SC3(F323-f6l)AFtRIS(A1.A2,A3,A4,A5,A6,THETA2)
6 Xthau-B(DATHETA

Alul.+4.AXK(2)A(R(2)-R(l))/P
IFCA1.LT.O.) CALL E(16,Al.P)
IF(Al.L?.0.) 0 TO 6
Al-DSURT(Al)
A4=XTM+0.SALTAAPA( .+A1)
A1=XTH+0.5AETAAPA(1.-A)
A2aO.SAETAADSORT( XK(2)AP/THTA)

IF(A5.LT.0.) CALL MORkONl?,A5,P)
IF(A5.L...) GO T 6
A5-DSUMt(AW)
A2xA2-A5
A5=A2.2.AA~
ICt U A2.LE.O.) GO TO 170
A3aO.SAETAADSflR(XK(2)AP/THETA2)
A6a(P/(4.AXK(2))+R(2)-R(l))ATHETA2
IF(A6.L.O.) CALL E£ROR18,A6,P)
MfA6.LT.0.) GO TO 6

A6zDSORT(A6)
A34A3-A6
A6=A3,2.AAG

170 SC3=SC3-&9AETkHS(A1.A2,A3,A4,A5,A6,THETA2)
Ala-IC 1 ATHETA
A4=A1*TAAP
A2x0.bAETAADSOIQRlXK(D)AP/IHEA)
A506011(PAIEtA/(4.*XKC ))
A2=A2-AS
ASrA2*2.*A5
IF(tHEA2.LE.0.) GO TO 180
A3=0.SAETAADSORT(XK( 1)AP/THETA2)
A6iDISURT(PATHETA2/(4.AX(( 1))
A3-A3-A6
A6-A342.AAG

190 SC3SC3+E62AFthSCAl A2 A3 A4 A A6 THETA2)
7 XTiM(XX(3)A3)-X((2AR2ATAET~A/(2)-XX(3)

All+4.AXK(2)AXKX(3)A(R(3)-R(2) )/(P(*XK(2)-XK(3)))
1F(A.O.) CALL RROR(19,A1,P)
IFCAIM.0.) G to 7
AluDSORT(Ai)
A4mXT*+0.5AItAAPAt(.+AD)
A2=XUI+0.SAETAAPA( 1.-A
A2=0.SAETAADSORT(XK 3)AP/THETA)
A5a(PI(4.AXK(3))*XK(2)A(R(3)-R(2))/(XK(2)-XK(3) ))ATHETA
IF(A5.LT.O.) CALL EOR(20,AS,P)
IE(AS.LiO C GO TO 7

A2uA2-A5
A5xA2.2.AA5
A3aO .bAETAADSORT(XM( 2) AP/THETA)
A6u(P/(4.AXX(2)).XI((3)A(R(3)-R(2))/(XX(2)-XK(3) ))ATHETA
I1(A6.LT.0.) CALL EOR(21,A6,P)
IF(A6.L.0.) G0 TO 7
A64DSOMTA6)
A3zA3-A6i



A6UA:442. AA6
SC3.LC3 (EM2 F61,- P84F10) AFIRMS(AI.A2,A3,A4,A5,A6,IDO)
IM'(tII9A.Lme.0) !XO TO 10
Xl=mMU)AR(3)-K(2)AR(2))ATHETA/(XK(2)-XK(3))-(R(2)4(XK(3)A
8R(3)-XK(2)AR(2))/(XK(2)-XK(3)))ATLAVA/XL
Alul.+4.AXK(2)AXK(3)A(k(3)-k(2))/(PA(XK(2)-XK(3)))
IF(Al.Lt.O.) CALL RR)R(22,A1.P)
If(Al.LtO.) ca TO 8
AI=D3ORT(AI)
A4zXTh40.bAEtAAPA(].+Al)
A=XIT+0.5SAETAAPA(1 -Al)
A2=0.5ALTAADSOkT(XKt3 )AP/THETA2)
A5=(P/(4.AXK(3))+XK(2)A(R(3)-R(2))/(XK(2)-XK(3)))ATHETA2
IF(Ab.LT.O.) CALL LkROR(23,ASP)
IF(A5.Lt.O.) GO TO 
A5SuBLUk(A5)
A2mA2-AS
A5nA2+2.RAS
A30S.ALTAADSORT(XK(2)AP/tHESA2)
A6x(P/(4.AXK(2))+XK(3)A(R(3)-R(2))/(XK(2)-XK(3)))ATHETA2
IF(A6.LT.O.) CALL ERROR(24.A6,P)
IF(AG.LI.O.) 60 TO 8
A6WSOkT(Af)
A3-A3-A6
A6uA3+2.AA6
SC3=SC34(FGI-F323)AfTkMS(Al A2 A3 A4 AS AG IDO)

9 XTfl:(XK(3)AR(3)-XK(2)AR(2))tHTA/(XA(2-XA(3))-(R(1)+(XK(3)A
:R(3)-XK(2)AR(2) )/(XK(2)-XX(3) ))ATLAVA/XL
Alzl.+4.AXK(2)AX(3)A(R(3)-R(2))/(PA(XK(2)-XK(3)))
IF(AI.LT.O.) CALL ERROR(25.AlP)
IFAILt.Oi GO TO 9
AlaIDS R(AI
AMaXIM0l.5AMAPAU1A)
AlwXtM*O.5ARtAAPA(1.-Al)
SC3wSC3+(Fft-tI)ATkMtS(A1 A2 A3 A4 A AG IDO)

190 XTMN(XK(3)AR(3)-XK()AR( 1S 5)AtHEtA/IXK 1l)!XK(3))
Alul.+4.AXK(l)AXK(3)A(R(3)-k(l))/(PA(XK(l)-XK(3)))
IF(AI.L.O.) CALL RROR(26,AlP)
IF(A1.LT.O.) 60 TO 190
AluDSORT(Al)
A4*XTf+O.bAETAAPA(1.*Al)
AlwXTH+O.5AIAAPA( 1.-Al)
A2=0.5AtTAADSORT(XK(3)AP/THETA)
A5=(P/(4.AXK(3))XK(I)A(R(3)-R(l))/(XK(l)-XK(3)))ATHETA
IF(Ab.LT.O.) CALL EkROD(27.A5,P)
IF(A5.Lr.O.) 60 O 190
AS2ISOkT(A5)
A2zA2-AS
A5nA242AA5
A3O.5ATAADStXKM1 AP/ThETA)
A6z(P/(4.AXK(L))+XK(3)A(R(3)-R(1))/(XK(1)-XK(3)))ATHETA
If(A6.LT.0.) CALL EROR(28,AGP)
IF(AG.Lt.O.) GO TO 190
A6uJSOkT( Af)
A3uA3-A6
A6-A3+2.AA6
SC~uSC3F13 AM'RS(Al A2 A3tA4oA!5,A6,lDo)
I(THEWA&.L .0.) n0102500

10 XTH(XARM(3)-XK M( lAR( 1) )ATMT A/(XK(1)-XK(3))-(R(1)4(XK(3)A
IR(3-XKM1ARM (XKlI-X(WATLAVA/XL



As.+4.AXK()AXK(3)A(R(3)-X(l)/X(PA(XK(l)-XK(3)))
IF(AI.Lf.O.) CALL 2Ri)R(29,A1.P)
IEAI.LT.O.) riO IO 10
AlaDSORT(A1)
A4=XIN40.bALTAAPA(I.+Al)
AlzXlh+0.'jAUAAPA(I1.-Al)
A 5O.5AETAADSORT(XK(3)AP/THETA2)
ASa(P/(4. XK(3))+XK(l)A(R(3)-E{l))/(XK(1)-XK(3)))ATHETA2
IF(A5.LT.U.) ALL LRkOI(30.AS,P)
IF(AS.Mt.0.) GO TO 10
A5=W.:Ok?(A5)
A2=A2-A5
AS5A.2 .AAS
A3a0.SALtAADSkTS(XK(1)AP/?HEtA2)
A6u(P/(4.AXKI(()).Xi((3)A(R(3)-8(1))/(XK(l)-XKC3) ) )THETA2
IF(Af.LT.O.) CALL ERkOR(31.A6,P)
If(A6.LU.0. ca TO 10
A6uIJSUkI (A6)
AixA3-A6
A6xA342.AAG
SC3xSC3*E11AVThkS(A1.A2 A3 A A5 A6 DO)

200 XThx(XK(2)AR(2)-XK()ARhI)SATAETA/(iK(l)-XX(2))
Alul..4.AXM(1)AXK(2)A(k(2)-R(l))/(PA(XK(l)-XK(2)))
LE(Al.I.0.) CALL RIOM(32,A1,P)
IE(AI.LT.O.) GO TO 200
AlwDSQRT(AD)
A4uXlh+0.5AETAAPA(1.+Al)
AI=XTh+0.5AEtAAPACl.-Al)
A2=0.5AETAADSORT(XK2)AP/THETA)
AS(P/(4.AXK(2)),XK(l)A(B(2)-R(l))/(XK(l)-XK(2)))ATHETA

> ~IF(Ab.LT.0.) CALL EkRO(33,AS,P)
IF(A5.Lt.O.) GO TO 200

co A5aDSOkT(A5)
A2mA2-AS
A5=A24 2.AA5
A3-0.5ALAADSOlT(XK(l )APi/HETA)
A6(P/(4.AXKCl))+XK(2)A(R(2)-R(l))/(XKl)-XI((2)))ATHETA
IE(A6.LT.O.) CALL ERkOk(34,A6,P)
IFAG.LT.O.) GO TO 200
A6-DS0OT(A6)
A3xA3-A6
A6aA342.AA6
SC3uSC3-E12AFTkKS(A1 A2 A3 A4,AA6, D0)
IFNE~ITA2.L'.O.) GO to 510

11 Xi(XbC(2)AR(2)-XK(1)AR(l))AIHETA/(XK(l)-XK(2) )-(R(1).(XK(2)A
lR(2)-XK(I)AR(l))/(XK(l)-CK(2) ))AILAVA/XL
Alm1..4.AXK(I)AXK(2)A(R(2)-k(1))/(PA(XK(l)-XK(2)))
IF(AI.LI.O.) CALL ERR0R(35,A1,P)
IF(Al.LT.O.) GO TO 11
AluDSORT(Al)
MooXIM40.ALTAPA1.A1)
AlXTfl.0.5AMTAPAl.-Al)
A2*0.$AETAADSORS(XK(2)AP/THETA2)
ASa(P/(4.AXUi2))*XK(I)A(R(2)-R(l))/(XKil)-XK(2)))ATHESA2
IF(A5.LT.O.) CALL EkOk(36.A5,P)
IM(AS.L.O.) GO TO 11
AS*DCRTCA5)
A2aA2-A5

A =04MADSkTXK(I)AP/ILTA2)



A6n(P/(4.AXK(l)).XK(2)A(R(2)-R(l))/(XK(l)-XK(2)))ATHETA2
IF(A6.LT.0.) CALL ERROR(37.Af,P)
IF(AG LT 0 60 TO 11

A3mA3-A6
A6xA3+2.AA6

210 SC3=LC3,Fl2A1TRS(A.A2,A3,A4,AS,A6,1DO)
20CONTINUE

TCORk=TCORR*DTOP
1000 CONTINUE
1990 T(n) tISAV

IF(SC2.Lt.O.) SC22-SC2
IF(EC3.L1.0.) SC3=-SC3
C(JDC,)z=0.5ASC2/NH
C(KDC )=0.5ASC3/N

2000 CONTINUE
RETURN
END
FUNCTION HEPCI(K CURIES NPATH)
IMPLICIT RAlA A-H,O-1)
DIMENSION HECON(100)

C EPA DATA
DATA HCON/3.16D-3.4.58D-2,-1.00D,-1.000,6.80D-4,1.81D-3,
* -1.OODO,1.21D-1,6.1OD-3,6.94D-2,-1.OODO,2.86-4,-l.OODO,
1. 1.20D-1,1.09D-2,3. 83-3,1.98D-2,-l.OODO,-1.00DO,.SOD-1,
I 3.17D00,3. 17D0,1.06D00,1.06D00,1.33D00,1.06D00,1.33DOO,
A ,.6D0 15.98D- ,229D-2,6.93D2 654D-2,1 1 20D-36177D-2,
* -l.ODO0,27D.OODO ,-1.OODO,-l OODO,-1.OODO,-1 OODO

-1.00006-i.00D0,1.00DO0 1.ODO
I S -l.OOOQ,-l.OODO,SOAO.OODO/ OODO,-1.OODO,-I.OODO,

6@ C RAF. DATA
C DAtA HECOH/-1.OODO.1.52D-4,-.00D ,-l.00D0,2.08D-5,-l.OODO,
C a -l.OODO,7.69D-3,-l.OODO,-l.OODO,-l.OODO,3.33D-6,-1.OODO,
C I 2.04D-4,1.33D-4,6.67D-5,3.4D-4,-1.OODO -i.OODO,-I OODO,

C | - -l.ODO,2.63-l,-1.OODO,-1 OODO,8.33D-3 -1.OODO,-1 OODOp
C t -l.OOUO,6.67D-3,1.52D-4,2 6D-3,833D-4 -1 OODO 7 9D-4
C & 4.33D-3,7.69D-3,-i.OOD :-i.D0- 1.OOD OODO-l.OODO
C I -1.00D0-1OODO,-1.00D0,-l.OODO,-1.OODO,-l.OODO,-l.OODO,
C 9 -I.OODO -1 00DO/

KEIClCUR19SARECON(K)
lf(NPATH.NC. I) HPCI.-1.
RETURN
END
SUBROUtINE PEAK(PATH)
IMPLICIT RALAQ (A-H 0-2)
CHARACTERAB VNUCL.XNAtE2
REALA4 C O U
COMON/jCKf/ALDIS C(100 10) CANLIF DILFAC DOSV(5) DYDZ N NNY

NMZ Tfl 6(100 10) VERT(I60) T(16) TINE[5) VA VNACL(&)
t NIIIDWN S BL(10,XA6DXLXLD(160),XLL(100),XLf,XAC(100),

COMMONbL /AtR ADL AMIN ARHO BPI(100) BURN CUIDOS(10) DIFCON
a DWCOV N Dli 60SE(5 1005DsTACl( O ARA(10 ) EPv EXTFEIRE,
I PQ WIHYV FfX FIN5 HLI (100) HSTAC( IDSRfT IL(7) IFLAG,
9 IG MNAam io ID? STAB U IAC JUI(10) NOSE NI§O,HNPo
I HPNP(0 PNT P O RR RAO RUESI vSAO SPILLSR SS,
t T~tGTCON C T TEND TIHOP tiSl TOUDRUT(100 6),
& UoLAIvL10 ) * ND *WAE 1XC*t HEKD(100) XC'
I XNAM2 100) x ERC 0 xVKEEP*O t~XvWT xxNb(100)

COIINON/BL3 IFILL



WRITE(6,100) NPATH
100 EORKAT(/////.' AAAAA PEAK CONCENTRATIONS AND TIHES FOR PATHWAY ',

112 ' AAAAA',//X X'NUCLIDE',9X,'PEAK CONCENtRATION',SX
I 'PEAK TIhE' 9X,'AVERAGE DOSE',/,' NUHER NAME',I0X,'(lI/HAA3)',
I 12X '(YR)' 2X 'At PEAK TIME',/,62X,'IHIR9/YR)',/)
DO 360 Kw1.ADOSk
IF(O(K 1).EU 0.) GO TO 300
iJRITE(S 1 0) 

10 EORAT K '1,2)
KK=K

IPASS=O
CHAXIm0.
TMAX120.
THkEAgu (ZD0.SAXLP/NHt)AXRC(K)/VA+XAODARVERT(I)/XVV+CANLIF
ThlESI4UXLAXRC(K)/(NKOAVA)
DELTx.15/XLL(K)
IF(liELT.GT.HlFE(K)) DLTaHLIFE(K)
IF(DELT.T.0.5ATBREAK) DELT*O.SATBREAK
DO 110 I1=.5

110 TI)uTBREAK+(I-3)ADELT
TBREAsTBREAKT1HESH

1 IF2(0l). E.1.AND.(KK.EO.32.OR.KK.EO.27)) CALL GU3(38.32,27)
IF(IFL(2).EO.1.AND.(KK.E.27.OR.KK.EO.24)) CALL G63(32,27,24)
IF(IFL(3).EO.1.AND.(KK.EO.31.OR.KK.EO.26)) CALL G3(36,31,26)
f(IFII(4).EO.1 AND.(KK.EQ.35.OR.KK.EO.29)) CALL GU3(33,35,29)

5( ) .EO.1 .AND.(K.EO.23.OR.KK.EO.22)) CALL G (30.23,22)
IF(IFL(6).EO.1.AND.(KK.EQ.28.OR.KK.EO.25)) CALL G 3(34,20,25)

> IF(L( 7).EO.1.AND.CKK.EO.23.0.KK.EO.22)) CALL G 3(28,23,22)
4 130 KCHN-iCK )

IMAXul
TKAXT(1)
00140 I2 5

If(C(Io,1).1T.CH1N) CHIN-C(K I)
I1(C(IC ) L*) G T 146

T AXT( 1)
140 CONTINUE

F(Nh.EO.1.Ok.1PASS.LO.1) GO tO 149
;.'T ".4:D3 "X..W.HAX .Li£.ChlAX1) GO TO 147
IElCMAX.LE.CMAX1) GO O 145

CtIAXICtIAX
ThAXizTtIAX

145 CONTINUE
IF(I-t(~.G?.0.AIL1~LK))GO TO 147

IE(ThgSWIGT.20./XLL( (K)) GO TO 147
lET(J) .O~t~AILAX) UTLAX!BDREAK+HTESH
T(1)*T(S)+DELT
DO 146 3-2 5

146 t(l).VI-1$4DELT
GO to 120

147 IPASSJ1
DO 148 1m1,5

140 U I)MTNAX1( -3)ADELT
GO tO 120

149 IF(CMAX.Eg.0.) GO tO 300
NIIJEal



GO TO 0.210,210,210,180) IAX
150 DL 160 I1 5
160 1(1)uTC 1)-bELT

DO 10 15,2,-l
170 L(K.1;)C( K1-1)

GO TO 120
180 T(I)=T(5)+DELT

CALL G(KK)
IF(IrL(l).EO.1.ANT.(KK.EQ.32.0R.KK.EQ.27)) CALL GU3(38.32,27)
IF(IFL(2).EO.I.AND.(KK.EO.27.OR.KK.EO.24)) CALL GU3(32,27,24)
IF(IFL(3).EO.I.AND.(KK.EO.31.OR.KK.EQ.26)) CALL GU3(36,31,26
IF(IFL(4).EO.l.AND.(KK.EO.35.OR.KK.EO.29)) CALL GU3(33,35,29)
IF(IFL(5).E.I.AND,(KK.E.23.OR.KK.EO.22)) CALL GU3(30,23,22)
It(IFL(6).EO.l.AND.(KK.EO.28.OR.KK.EO.25)) CALL GU3(34,28,25)
IE(IFL(7).EO.1.AND.(KK.EO.23.OR.KK.EO.22)) CALL GU3(28,23,22)
CSA99*C(K 1)
DO 190 1f.4

190 C(K,1)*C(K 141)
C(K b)=CSAOE
T(5-T(l)
DO 200 1=4 1 -1

200 IC )-)TCll- 6ELT
GO tO 130

210 HtIMEm2
220 S(3)THAX-DELT

T(4)2TMAX
T(5)=STAX4DVLT
DEL*0.4ADELT
T(1i)vTAX-DELT
T( 2) =tMAX#DELT
CALL 6V1(KK)
IF( IL(l).EQ.1.AHD.(KK.EO.32.0R.KK.EQ.27)) CALL GW3 39,32,27)
IF(IFLC2).EO.1.AND.(KK.EQ.27.OR.KK.EO.24)) CALL GW3 32,27,24)
IF(IFL(3).EO.1.AND.(KK.Ea.31.OR.KK.EO.26)) CALL GU3(36,31,26)
jI(pjClj).E.lj.AND.(KK.E.3 .RKK.EO.29)) CALL GU3(33,35,29)

J AN). . .D.(KK.EO. 23OR.KK.E0.22)) CALL GU3(30,23,22)
If(IFL(6).EO.1.AND.(KK.EO.28.OR.KK.EO.25)) CALL GU3(34,28,25)
I(IFLC7).Eo.l.AND.(KK.EO.23.OR.KK.EQ.22)) CALL GW3(28,23,22)
fMINOCRAX
D 230 2

If(CCK.1).LT.CIN) CHlN=CCK I)
I(CCKsI).LE.CHAX) 60 TO 236

230 CONtINUE
If((CCAX-CfIN)/CMAX.G?.0.O2) GO TO 220
PEKDOSel.99ADOSEZ1 K)AUT(K )ACMAX
IFMNPATH.AO.2) PEKOSl.E9DOSE(I.K)AU(K,2)ACHAX
URITE(6.240) ,XNAME2(K),CHAX,TMAX,PEKD0S

30CONTINUE
240 FRI"A~T2X,13,3XA9,7XtlPEIO.2,9X,E10.2,9XEl0.2)

RETURN
END
FUNCTION H (UW ,DL )

C CALCULATIONS FOR D19PIRSION CONCENTRATION FACTOR - MNJG(X,Y,Z)
ILttt REALAI (A-HO-Z)

C Db IS HE DIlStERSION COMEICINT FOR HUNG FUNCTION
DD,0.3
XDL*DL/(DDA2.)
XUUWUUADD/VV



T2kDarkt( 4.AXUUAYV+WAIJV)
A9GxXDLA( V 2.AXUU-T2R)
IF(ARG.GT.6.93) fiOO 3939
IF(ARG.Lt.O.) GOO 3940
HWG6uULX'(AkG)
RETURN

3939 HUNC-IOOO.
RETURN

3940 HUNGal.
RETURN
END
FUNCTION COY(J.Y TE T T)

C CALCULATION Of'NUCLIDETC, C IN FORAGE, PRODUCE, VGEABLES
IHPLlCIT kLALA8 (A-H.O-Z)

CHARACTERA3 UCLID,VNUCL
REALA C 
COMQONIdJC/ALDlS C(100 10) CANLIF DLFAC DOSV(5) DYDZNH NY
S MHZ NTIHE 0100 10) RVERT(160) T(16) TIMEl5) VA VNJCL(§),
S UIDiH.SzLSL(IOX ,XL,XLD(166),XLL(100),XLP,XAC(100),
I XVV U.ZD

COmm/u4UrrAK/DENS k,COL ICOPi COCHI COEISH,CO&HI1 COMEAT CUAT,
t DECA FEFISGS FC E FSINtAXE(5) KKNUCLID PORSPP
t AB R6C, Et OFC OGiRU'SIAEL TE1,TE TiIS'TF1,THI TH2 THS
t :THETIiAVTiSUC UISHWUGA LKYULYAEATUPADU4AT,'

C CSPO/PP soiL CONCEATR^TION IN PCI/KG
XAMbEtuDECA.XANDUE
TERNIWIRATEACUATATWVARA(1.-DEXP(-XAIBEEATE))/(YAXAJBEF)
CSPOMPP
IF(KK Jg. 6) GO TO 100
RET~u.+9DENSARYERTJ)/PORS
TDECxXLb(J)4SINEL/(0.15AkhT)

D ~EXPl-O.
EXP2xO.
IF(XLI'(J)ATIKAV .LE. 85.) EXPl=DLXP(-XLD(J)A*lIAV)
IF(TDECATIAV .LE. 85.) XP2aD9XP(-tDECATIMAV)
ARG (.-EXPI)/XLD(J) - 1.-EXP2)/TDEC
IF(SINEL EO. 0.) ARG=(1.-(i.+XLD(J)ATIAV)ADCXP-XLD(J)

AIAV))/(XLD(J)AA2ATIKAV)
IF(SINI. .. 0.) AG x ARG/(?IHAVA(IDLC-XLD(J)))
CSPO CUAtAWtRAtEAt/60.AFIARG

100 TERDI2aCSI'OAB/PP
CDV(TRk114tEk2)AEXP(-DECAATH)
RETURN
END

FUNCT ION FTIMS(Al A2 A3,A4pA!~,A6,T)
IPFLICIT REALAO (A-H O-t)

C THIS FUNCTION CO11PUTIS:
C LXP(A1)A(SREC(A2)-UT)ALREC(A3))+EXP(A4)*(ERC(A5)-U(T)*EREC(A6))
C U(T) UNIT STEP fUNCTION ( I(T.LE.0) UO, IF(T.GT.O) U1 )

SICN-1.
IF(A2LLY.0.OAND.T.QT.0.) SGNO-I.
AR~aAI*9RECPA(A2ASIGN)
If(AMG.G.8b.) AG085.
IF(ARG.LT.-85.) GO TO 10
FTR1S-SIGNADEXP(ARG)

10 IF(t.L.0.) GO TO 20
ARGuA14URKCPAWA3AS16N)



IF(ARG.0t.85.) ARG.8S.
IF(ARG LT.-B5.) GO 0 20
ET2hSEIRMS-SIGNADEXP(ARG)

20 nIRuA4ERECPAAS
IFIARO.GT.8S.) ARGS85.
IF(ARG.LT.-85.) GO TO 30
FTRMSxfTRMS+DEXP(ARO}

30 IE(S.LE.O.) O O 40
ARGuA4+CRFCA(A6)
IE(ARG.GT.b5.) ARGa8S.
IF(ARG.LT.-85.) O TO 40
FTkNS=ETRMS-DEXP(ARG)

40 RETURN
END
FUNCTION DERE(Z)
IMPLICIt REALA (A-H,O-Z)

C SERIES EXPANSION OR ERF Z FOUND IN ABRAMOWITZ I STEGUN 7.1.5
IF(DABS(Z).L.2.) GO TO 10
DEkF~1.-DElFC(Z)
GO TO 50

10 SUH=O.
IF(Z.EW.O.) GO TO 40
f2xZA2

FACal.
N2P1l1
TERM=Z
DO 20 1*1.30
SUMeStM+TERN
ZPOURu-2POVRAZ2
FAC-FACAI

(.1 N2P1.N2P1+2
TERM=ZXPVR/(FACAN2Pl)
IF(DADS(TEJM/IUM).L.l.E-15) 0 TO 30
CONTINUE

Po SUMsSUN+TERN
40 DERFa1.128379167095513ASUM
50 RETURN

END
SUBROUTINE nwOmaI.X,P)
IMPLICIT REALAO (A-H 0-2)

C THIS SUBROUTINE TEST§ AND CORRECTS ARGUMENTS Of
SQUARE ROOT OPERATIONS THAT ARE NEGATIVE.

C X-O.
C UR1TE(5100)I
C 100 FORMAT(' SQUARE ROOT HAS, NEGATIVE ARGUMENT AT LOCATION ',12,
C t' IN SUBROUtINE GW3' )

RETURN
END
FUNCTION DtRFC(Z)
IMPLICIt REALAO (A-H O-Z)

C BASED ON CONTINUED RIACION FROM ARAMOWITZ I STEGUN #7.1.14
IF(DAS(2).GE..) GO TO 10
DERFCxl -DECZ)
00 TO 30

10 XNUM=20.

ADDAR (2)BER 20 140



FRACuZAb*XNUM/FkAC
20 XNUW&XNUH-0.5

DEkVCQ0
IE(7AY.L9.9.3) bEkEC=i'EXP(-ZAhAZAB)/(ERACA1.772453850905516)
I(.I.O.) DEgECa2.-DEREC

30 MEURN
END
FUNCTION ERtCPA(Z)
IMPLICIt RALAR (A-H O-Z)

C LERCPA IS NATURAL L04 OF COMPLEMENTARY ERROR FUNCTION
C JASJD ON CNZNUJD RACTIOW FROM ABRAMOWITZ STEGUN 7.1.14

ERECPAuDLOG(DEREC(2))
GO TO 30

10 XNUh-20.
FRACmZ
DO 20 Il.40
FRACUL+XNUMVFRAC

20 XNUMaXNUM-0.5
EREPA=-(ZAZ+DLOG( FRACAI.'?24538Ol905516))

30 RETURN
END
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APPENDIX B

DATA FILES AND OUTPUT FROM PATHRAE-EPA
FOR SAMPLE PROBLEM

The five data sets used for the sample problem describci in Chapter 4

are presented here. Each data set is displayed in two fo-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 ATh. \E-EPA.

B.1 DATA SET ONE - RCDCF.DAT

NDOSE, TCUT, SINV
NTIME, (T(M), M1, NTIME)
KK, XNAME2(KK), (DOSE(I,KK), I1,3),(UT1(I,KK), UT2(I,KK), I 1,3)

Note: The last line is repeated for each nuclide in the dose library.

80,0.,O.
10,0.,1.,15.,50.,100.,200.,350.,500.,750.1000.
41,H-3 8.6E-8, 1.2E-7, O.,0.,O.,O.,O.,O.,O.
42,C-14 1.5E-6, 1.1E-8, O.,O.,O.,O.,0.,O.,O.
43,Fe-55 4.7E-7, 1.9E-6, 9.6E-13,O.,0.,O.,O.,O.,0.
44,Co-60 5.8E-6, 4.0E-4, 1.2E-08,0.,O.,OO.,O.,O.
45,Ni-59 1.5E-7, 1.7E-6, 1.8E-12,O.,O.,O.,O.,O.,0.
46,Ni-63 3.7E-7, 4.4E-6, O.,O.,O.,O.,O.,O.,O.
47,Sr-90 5.6E-6, 2.OE-4, 0.,0.,0.,0.,0.,.,0.
48,Nb-94 2.7E-6, 5.8E-4, 8.OE-O9,0O.,.,0.,O.,0.
49,Tc-99 1.9E-6, 2.2E-5, 2.9E-15,O.,O.,0O.,0.,0.
50,1-129 8.6E-4, 5.7E-4, 8.1E-11,O.,O.,O.,O.,0.,O.
51,Cs-135 6.5E-6, 4.5E-6, O.,O.,O.,0.,O.,O.,0.
52,Bal37m O.OE+O, 1.4E-9, 3.1E-O9,O.,0.,0.,O.,0.,O.
53,Cs-137 4.4E-5, 3.OE-5, O,OO.,O.,o0.,O.,0..
54,Ra-226 7.4E-4, 2.1E-2, 3.7E-11,0.,0.,0.,0.,0.,0.
55,Th-232 2.2E-4, 2.5E-1, 2.8E-12,O.,0.,0.,O.,0.,0.
56,U-234 8.4E-6, 1.9E-1, 3.3E-12,O.,O.,O.,O.O.,O.
57,U-235 8.6E-6, 1.8E-1, 8.3E-10,O.,.,.,0.,O.
58,U-238 7.9E-6, 1.7E-1, 2.6E-12,O.,O.,0.,O.,O.,O.
59,Np-237 3.1E-3, 4.OE-1, 1.4E-10,0.,0.,0.,0 o,0.,0.
60,Pu-238 2.9E-3, 3.6E-1, 3.4E-12,O.,0.,0.,O.,O.,O.
61,Pu-239 3.4E-4, 3.7E-1, 1.6E-12,O.,0.,0.,0.,O.,O.
62,Pu-241 7.6E-5, 4.4E-3, O.,O.,O.,O.,0.,0.,.
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63,Pu-242
64,Am-241
65,Am-243
66,Cm-243
67,Cm-244
68,Ru-106
69,Sb-125
70,Cs-134
71,Eu-154
72,Pb-214
73,Bi -214
74,Pb-210
75,Po-210
76,Ra-228
77,Ac-228
78,Th-228
79,Pb-212
80,T1 -208

3.3E-4,
3.4E-3,
3.5E-3,
2.OE-3,
1.6E-3,
1.1E-5,
O.OE+O,
6.6E-5,
O.OE+O,
3.8E-7,
3.OE-7,
3.8E-4,
6.4E-4,
O.OE+O,
4.7E-4,
7.7E-5,
2.4E-5,
O.OE+O,

3.5E-1,
4.4E-1,
4.4E-1,
2.7E-1,
2.1E-1,
1.2E-3,
2.8E-5
4.5E-5,
3.4E-4,
7.8E-7,
2.4E-7,
9.8E-3,
1.7E-2,
4.5E-5,
4.OE-3,
5.5E-1,
2.8E-4,
O.OE+O,

2.7E-12,0. .0.,0.,.10. .0.
1.3E-10,0.,0 , ,o. ,o.go.
2.9E-10,0.,o.0. ,O.,.,O.
7.OE-10.0.,0..0.. ,o.,o.
3.2E-12O.,0..0.. ,o g.,o.
0.,0.,0.0g.0 .0.,0. -
2.2E-09,0.,o.,00.,0.0.go.
8.0E-09,0.,O.,0,O.,o..0.
6.lE-09,O.,O.,O.,O. O...O.
1.3E-09,0.,0.g. .o.o..
7.2E-9,0.,.,o0.,0.,0.,0.
1.2E-11,0.,O.,O.,O.O.O.
4.4E-14,0.,0.,O.,0.,O.,0.
4.6E-09,0.,0.,0.,0.,0.,0.
2.9E-18,0.,0.,0..0.0.,0.
1.3E-11,O.,O.,O..0.O.O.
8.OE-10,0.,0.,0.,0.,0.,0.
1.6E-08,0.,O.,0.,0.,0.0.

B.2 DATA SET TWO - ABCDEF.DAT

(A(I) I 1,10)
NISO, IFLAG, NNP
(NPN(J), JUF(J), J=1, NNP)
TIMOP, XLP, WIDTH, RFR, XR, SPILL
ARHO, ALDIS, DY, DZ, SS, SR, PV, SNO
NM, IGAMMA, IYFAC
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, OSTACK, VSTACK, QH
(IFL(I), I 1,7)
INPRNT, IDSRPT, IFILL, IOPT

*t***** 6 PWRHU - MD SE 3/86
29,0,7
2,2, 3,1, 5,1, 6,1, 7,0, 8,0, 10,0
20.,590.,59O.,3.57E5.50., .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.E-7,8035.,0.228,0.,1.
240.0,5.56E-04,0.2,2.OOE-02.6.OOE-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,O 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 inventory.

.454,27.8,.39,7.7,1.11,10.,1.96E-4,1.0,.322
41,3.48E-3, .01, .01
42,3.48E-3, .01, .01
43,2.99E-5,6000.,6000.
44,2.99E-5,55., 55.
45,2.99E-5,150.,150.
46,2.99E-5,150.,150.
47,4.96E-5,20.,150.
48,2.14E-5,350.,350.
49,1.63E-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.OOE+4,6.OOE+4
56,2.01E-6,7.50E+2,7.50E+2
57,2.O1E-6,750.,750.
58,2.OIE-6,7.50E+2,7.50E+2
59,2.78E-4, ., 5.
60,2.15E-6,3500.,3500.
61,2.15E-6,3500.,3500.
62,2.15E-6,3500.,3500.
63,2.15E-6,3500.,3500.
64,1.87E-5,80000.,80000.
65,1.87E-5,80000.,80000.
66,2.15E-6,3300.,3300.
67,2.15E-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-6,2.20E+2,2.20E+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.OOE+4,6.OOE+4
79,2.51E-8,6.OOE+4,6.OOE+4
80,2.51E-8,6.OOE+4,6.OOE+4
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B.4 DATA SET FOUR - INVNTRY.OAT

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.

41,1.23E+01,1.31E+02,0.00E-01,0.OOE-01,0.OOE+OO,0. 0.9
42,5.73E+03,7.43E+OO,O.OOE-O1,0.OOE-01,0.OOE+00,0.,0.75
43,2.70E+00,1.20E+02,0.OOE+00,0.OOE+00,4.OOE-03,0.,0.0025
44,5.25E+00,2.46E+02,8.30E+00,1.25E+00,2.OOE-02,0.,0.0025
45,8.OOE+04,1.43E-O1,O.OOE-01,0.OOE-01,6.OOE-02,0.,0.0025
46,9.20E+01,4.41E+O1,0.OOE-O1,O.OOE-01,6.OOE-02,0.,0.0025
47,2.86E+01,3.40E+00,2.OOE+01,3.39E-01,2.50E+00,0.,0.0025
48,2.OOE+04,4.54E-03,1.15E+01,7.87E-01,2.OOE-02,0.,0.0025
49,2.13E+05,1.90E-03,0.OE-OlO.OOE-01,9.50E+00,0. ,0.01
50,1.70E+07,5.61E-03,9.70E+01,3.96E-02,1.50E-01,0.,0.01
51,3.01E+06,1.90E-03,0.OOE-01,0.OOE-01,8.00E-02,0.,0.0025
52,3.OOE+01,5.70E+01,1.30E+01,6.62E-01,1.50E-01,0.,0.0025
53,3.OOE+01,5.70E+01,1.30E+01,6.62E-01,8.OOE-02,0.,0.0025
56,4.47E+09,4.27E.-03,5.00E+01,1.20E-01,8.50E-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+09,1.25E-03,6.30E+01,4.80E-02,8.50E-03,0.,0.0025
59,2.10E+06,9.68E-06,5.OOE+01,6.02E-02,1.OOE-01,0.,0.0025
60,8.77E+01,1.20E-01,5.OOE+01,5.62E-02,4.50E-04,0.,0.0025
61,2.42E+04,1.12E-01,5.OOE+01,1.37E-01,4.50E-04,0.,0.0025
62,1.32E+01,4.85E+00,5.OOE+01,1.32E-01,4.50E-04,0.,0.0025
63,3.79E+05,2.43E-04,5.OOE+01,0.OOE-01,4.50E-04,0.,0.0025
64,4.59E+02,2.31E-01,5.OOE+01,5.74E-02,5.50E-03,0.,0.0025
65,7.37E+03,5.41E-05,5.OOE+01,7.29E-02,5.50E-03,0.,0.0025
66,3.19E+01,5.52E-05,1.80E+01,2.24E-01,8.50E-04,0.,0.0025
67,1.76E+01,5.26E-02,5.OOE+01,6.66E-02,8.50E-04,0.,0.0025
68,1.01E+00,5.04E-02,1.40E+01,6.OOE-01,7.50E-02,0.,0.01
69,2.77E+00,1.85E+00,1.70E+01,4.60E-01,2.OOE-01,0.,0.0025
70,2.06E+00,5.04E+01,1.20E+01,7.OOE-01,8.OOE-02,0.,0.0025
71,8.50E+00,1.86E-01,1.OOE+01,1.OOE+0O,1.OOE-02,0.,0.0025

8.5 DATA SET FIVE - UPTAKE.DAT

SINFL, PORS, BDENS
Y1, Y2, XAMBWE, TE1, TE2
THI, TH2, TH3,,TH4, FP, FS
QFC, QFG, TF1, TS, TFIS
FI, WIRATE, QCW, QGW, QBW
ULEAFY, UPROD, UCMILK, UMEAT, UAT, UFISH
NUCLID(K), RW(K), BR(K), FMC(K), FMG(K), FF(K), fS(K)

Note: The last line is repeated for each nuclide in the nventory.
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0.43, 0.39,
0.67, 0.65,
0.0,2160.,
50., 6.,

0.40, .015,
14., 88.5,

H-3 .25
C-14 .25
Fe-55 .25
Co-60 .25
Ni -59 .25
Ni -63 .25
Sr-90 .25
Nb-94 .25
Tc-99 .25
1-129 .25
Cs-135 .25
Ba-137M .25
Cs-137 .25
Ra-226 .25
Th-232 .25
U-234 .25
U-235 .25
U-238 .25
Np-237 .25
Pu-238 .25
Pu-239 .25
Pu-241 .25
Pu-242 .25
Am-241 .25
Am-243 .25.
Cm-243 .25
Cm-244 .25,
Ru-106 .25,
Sb-125 .25,
Cs-134 .25,
Eu-154 .25,
Pb-214 .25,
Bi -214 .25,
Pb-210 .25,
Po-210 .25,
Ra-228 .25,
Ac-228 .25,
Th-228 .25,
Pb-212 .25,
T1 -208 .25,

1.60
2.1E-3, 720.,
24., 1440.,
48., 480.,
60., 8.,

89.4, 0.,

1440.
1.0, 0.83
0.

50.
62.8, 481.6, 0.

.,
0.,

.001,

.007,
.06,
.06,
.25,

.005,
1.5,

0.05,
.03,

1.5E-2,
.03,

1.5E-3,
8.5E-5,
4.OE-3,
4.OE-3,
4.OE-3,
1.OE-2,
4. 5E-5,
4.5E-5,
4.5E-5.
4.5E-5,
2.SE-4,
2.5E-4,
1.5E-5,
1.5E-5,

.02,

.03,
.03,

4.OE-3,
9.OE-3,
9.0E-3,
9.OE-3,
9.OE-3,
1.5E-3,
3.5E-4,
8.5E-5,
9.OE-3,
9.OE-3,

0.,
O.,

2.5E-4,
2.0E-3,
l.OE-3,
l1OE-3,
1.5E-3,
2.OE-2,
l.OE-2,
1.0E-2,
7.OE-3,
3.5E-4,
7.OE-3,
4.5E-4,
5.OE-6,
6.0E-4,
6.OE-4,
6.OE-4,
5 -0E-6,
1.OE-7,
1.OE-7,
l.OE-7,
1.OE-7,
4.OE-7,
4.OE-7,
2.OE-5,
2.OE-5,
6.0E-7,
1.OE-4,
7.OE-3,
2.OE-5,
5.OE-4,
5.OE-4,
5.OE-4,
5.OE-4,
4.SE-4,
2.OE-5,
5.OE-6,
2.OE-3,
2.OE-3,

1. 3E
l1OE
6. 7E
.7E
1. 4E
2.5E
2. 5E
3 OE
3. OE
3. OE
3. E
5 OE

0.
5.OE
5. OE
5.OE
5.OE
1. 5E
1. 5E
1. 5E
1. 5E

0.
0.
0.
0.

1.3E
1. 5E
3.OE
2.OE.

5.OE.

C

C

0., 0.,
0., 0.,
*-4, 2.OE-2,
-3, 2.OE-2,
.3, 6.OE-3,
3, 6.OE-3,

.-2, 3.OE-4,

.- 3, 2.5E-1,
-2, 8.5E-3.
-1, 7.OE-3,
-1, 2.OE-2,
-1, 1.SE-4,
-1, 2.OE-2,
-6, 2.5E-4,
O 6.OE-6,
-4, 2.OE-4,
-4, 2.OE-4,
-4, 2.OE-4,
-6, 5.5E-5,
-6, 5.OE-7,
-6, 5.OE-7,
-6, 5.OE-7,
-6, 5.OE-7,

3.5E-6j
3.5E-6,
3.5E-6,

* 3.5E-6,
-4, 2.OE-3,
-3, 1.OE-3,
-1, 2.OE-2,
-5, 5.OE-3,
O., 4.OE-4,
O, 4.OE-4,
Q., 4.OE-4,
O., 4.OE-4,
-6, 2.5E-4,
O., 2.5E-5,
O., 6.OE-6,
O., 4.OE-2,

O, 4.0E-2,

9.OE-1
4.6E3
1.0E2
5.OE1
1. OE2
1.OE2
3.OE1
3.QE4
1.5E1
1.5E1
2.OE3

0.
2.QE3
5.OE1
3.OE1
2.OEO
2,OEO
2.OEO
l.OE1
3.5EO
3.5EO
3.5EO
3.5EO
2.5E1
2.5E1
2.5E1
2.5E1
l.OE1
l.OEO
2.0E3
2.5E1

0.
0.

1.OE2
5.0E2
5.QE1

0.
3.OE1

0.
0.
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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 .5, and described in detail in Chapter 4.
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AAAAAA PV0RFU - D 3E 3;,36 AA^AA^^

-OTAL EOU VALEN: UPTA.E FACTORS FOR PATHRAE

R:C'ER
LU :R

u. ( "I ,
WEEL
LEY 2

UT (j')
L.cs:CN
L.TRl

I!T(3,4)
DA::4:UD

L.{YR.UCL ::'E
h-2
C '4

Ni-55
4. -63
Sr-9C

Tc-99

CS-135

Cs-13.

2-233
N o - -

Pu-'33
Pu-_39

Pu-14'

A -541
Cd-243
Co-244
Ru-'06
Sto-125
Ci-!34
Eu-'54

RXRXXRAitni

5.84:E*42 5.24:E+02 5.94!E+02 5.84:Et02
4.8:6E+C2 4.916E+02 4.9:6E02 4.8.6.E02
7 2E+01 7 ''8E+02 7.128E0' 7.12CE402
7A4E-0! 7.500 7.3843.02 7.3a4E.02
6.067E402 6.067E'02 6.067E+02 7.287E+02
6.0662.02 6.066E02 6.065E02 6.'i6E+02
.6149E*O 3:S jS 3:6G 569s0 .78Es07
_9 3 2 I7E0 293+0 5 441E+ 
7.704E+02 7.704E+02 7.704E+02 '.0'2E+03
7.3472'02 7.347E02 7.347E02 7.538E+02
8.075E02 8.075Ev2 8.075E02 1.094E+03
C.OOOE-0 O.OOOE-01 0.COCE-01 O.OOOE-O:
C.070E02 0.070E+02 E.070E+02 8.079E02
5. iCEI02 5.510E+02 54,E02 5.5'4E+0'
5.510E+02 5.5.E02 S... 1E202 5.594E+C 
S.510E+02 5.510E+02 5.510E+02 5.5n4E*02
5.419E+02 5.419E+02 5.419E02 !.440E+02
5.413r+02 5.4:3S_02 5.413E+02 5.413Et02
5.4131402 5.413E+02 5.413E*02 5.415E+02
5.410E+02 5.4102+02 5.4:0E+03 5.410E02
5.413E02 5.413E402 5.413E+02 5.4:5E+02
sS 444E+824 55 441E*8j 5 4jjE+8 g:4A3j+81
5.415E+02 5.415E+02 5.415E02 5.4152+02
5.414E*02 5.414E+02 5.414E+02 5.414E+02
5.535E+2 5.535E+02 5.535E+02 5.535E.02
5.496E02 5.496E+02 5.496E+02 5.495E+02
8.000E02 8.000E+02 8.000E+02 7.998E+02
5.841E02 5.841E+02 5.84.E+02 5.04:E+02

PATNRAZ INPUT SUMMARY AAAAAAAAAA

UT(3.5)
SPILLAGE

L/TY R

5.84E+02
4.81E+02
7 28E+03
7.3842+02

6.13:E+02

1.012E+03
7.537E202
1.030E+03
O.OCOE-01
8.082E.02
5S 62+02

5.576E+02
5.440E+02
5.413E+02
5.414E4
5.410E+02
5.414E+10
5 4.'1E+8'
5.415EF02
5.414E+02
5.535E+02
5.495E+02
7.998E+02
5.841E+02

UT(1,5)
FOOD

KG/YR

O.OOOE-:
O.OOOE-01
9.002E-O
5.397E-v
&.492E;00
1.490E00
1 173E40'
5 07 .00
2.238E202
3.848E+O0
2.753E+00
O.OOE-01
2.746E+00
a '33LI-02
E 533E-02
8.233E-02
2.633E-01
1.160E-03
1.16!E-03
i.:54E-03
1.161E-03

1.056-03
1.055E-03
4.884E-0:
B.564E-01
2.646E+00
.200E-OI

w

THERE ARE CO ISOTOPES 2N THE DOSE FACTOR LILRARY
THE CUTOFF VALUE FOR NUCL;DE ALF L!'JES S 0.0 YEARS

605gE 0fi TiH~gR801AEUEC&ERt 0CLIDES IS O.OE-01 CI
YEARS TO BE CALCULATED ARE ...

; 0.00 1.00 15.00 5o.00 100.00
200.00 350.00 500.00 750.00 1000.00

THERE ARE 29 ISOSOPES IN
THE VALUE O FLAG IS 0
NLUDER PATHUAYS IS 7

PATHWAY

2 GROUNDWATER TO WELL

THE INVENTORY FILE

TYPE O USAGE
FOR UPTAKE FACTORS

2



3 EROS!01
5 FOGD IROD) 3N SITE
e NATURAL :O:NHTUS!OH

10 A!MOSP!ERIC RANSPORT

A

0

t 'S OF OPERATION OF JASTE FAC:L;TY 'I YEARS
LENG7H OF REPOSIT3RY (METERS)
.454:4 OF REPII:HORY (ME7HS)
FLOW RATE O R:vER (CUB:C EERSJYEAR;
D:STANCE R:'JER (EERS;
DENSITY O ACIFER (KG/CUC:C METER!
LONG"vJO:4AL DIS?ER5:VITY M)
LATERAL DISPERS:ON OEFFIC:ENT -- Y AX:S (MAA2/YR)
A.'4U3R CE MES:4 ?CINTS FOR DISPERS:0D CALCULAT:ON

FLAG FCR GAMMA PA-HWAY OPT:ONS
FLAG FOR ATMOSPHERIC PATHWAY
COVER THICK:NESS OVER ASTE (METERS)
T7^:C;)ESS O 'AS!E N PITS (METERS)
TOTAL WASTE VOLUME (AA3)
D.STANCE tw WELL -- X COORDINATE (METERS)
D:STANCE 0 WELL Y- Y COORDINATE (MHETERS;
DENS-SOFtIARTE C(KG/?AAa)
FPAC 6 gE. FUOD CONSUNED hAT IS GROWN ON SITE

c FRACTION OF YEAR SPEST IN DRECT RAD:ATION FIELD
DEPTh OF PLANT ROCT ZONE (METERS)
A *RZAL DENSIT O PLANTS (XG/MAA2)
AVERAGE DUST LOADING IN AIR (KG/MAA3)

ANlNUAL ADULT BREATHING RATS (NAA3/YR)
FRACTON OF YEAR EXPOSED TO DUST
CAS:S'ER LFEI!ME (YEARS)
INVENTORY SCALING FACTOR
-EIGH O ROCAS IN RECLAINER HOUSE (CH)
AIR CHANGE RnTE IN RECLAIMER HOUSE (CHANGES/SEC)
'A-O SMANATING PCVER OF 'HE WASTE
:D:FiualON 'C .. ' '3N 4 WASTE (CNAA2/SEC)
DIFFUSION COEFF. OF RN IN CC;RETZ (CMAAZ/SEC)
THICKNESS OF CONCRETE SLAB FLOOR (CM)

D'FfUSION COEFT. OF RADON IN COVER (CMAA2/SEC)
ATMOSPHERIC STAD:LITY CLASS
AVERAGE WIND SPEED (VS)
FRACTION OF TIME WIND BLOWS TOWARD RECEPTOR
RECEPTOR DISTANCE FOR ATMOSPHERIC PATHWAY (M)
INCINERATOR OR TRENCH FIRE BURN RATE (A3/S)
FRACTION Of YEAR FIRE BURNS
STACK HEIGHT (M)
STACK INSIDE DIAMETER ()
STACK GAS VELOCITY (M/S)
i-EAT EMISSION RATE FROM BURNING (CAL/S)
FLAR F8R INPUTS UMARY PRINTOUT

FORD IRE TON OF TRENCHDFILLING

30.
590.
590.

3.5?E+05
50.

:600.
4.0OE-0
O.00E-0;

2
.i.J

0.60
6.00
2.OOC+06

59.
0.

1.009
0.000
S.00E-07

035.
0.220
0.
1.00E.00

240.
. 6E-04

Z.OOE-0l
2. OOE-02
6.00E-05

20.0

1.14E-02
4
3.01
0.0930

345.0

2.SlE-05
0.0027
1.0
0.00
0.0
O.OOE-0

0



FLA5 FR GROUNLi;AER PATH.iAY OP::-ONS

AAOUNd 0 ATER PCOLATTUG '4RCUG4W ASTE ANNUALL ()
DEGREE AV SO!L SA:L'RA-^:oi
RES:-,A-[SO-L SA-ruRA::0.4
PERnEAD:LITi OF VERT:ACA. ZONE M/YR'.
SOIL UMBER

0.454
0.8C1
0.000
O.00
0 . 000

POROSIT O AU'FER 0.*343
D:SIA)4CE FROMi AU:0R E 0 TOASTE 01S5EMS 7.7

Ayi aL, *jAELOC8NDCA!0UVEL j: (N/YR)
0 V;I'TAL0 Y R AOUND (ME.ERS/YR) -7.300

M:XNl TH!CKNESS OF AU:FTR (ETERS) 10.000
VERFACE RCS:0N RATE :/Y) :.960E-04
ANNUAL RUMOFF F PRECIPITATION (,3.210-~

HUCLIDS INGESTION 1M4ALATION D'RECT GA;INA vOLAT:L::!"
NUMBER %4AII BOSE FACO6RS DOSE ACTORS DOSE FACTORS pAc:OR

imRE1I/PC1) (H41E1/PCI) (MREM-14AA2/?CI-HR) (FIACTION)

4! N-3
42 C-K4
4^ F-55
44 Co-60
4S, Ni-S9
46 Ai-63
47 Sr-90
43 Nb-94
4? Tc-99

w 1 Cs-'35
'F 52 1a1374
0 53 Cs-137

56 U-234
57 U-23'
53 'J-338

59 Np237
5: Pu-238

1 Pu-239
i. Pu-241
63 Pu-242
64 As-24:
65 A-243
66 Cs-243

69 Sp-1:S
70 Cs-134
71 Eu-154

NUCLIDE
NUMBER NAME

8.600E-08 '.200E-07
1.500E-06 iOOE-08
4.700E-07 1.900E-06
5.900E-06 4.000E-04
1.500E-07 :.700E-06
3.700E-07 4.40CE-06
5.600E-06 2.000E-04
2.700E-06 5.900E-04
1.900E-06 2.200E-05
B.600E-04 5.700E-04
6.500E-06 4.500E-06
0.0000-01 1.4000-09
4.400E-05 3.OOOE-05
9.400E-06 1.900E-O
8.600E-06 1.800E-Oi
7.90OE-06 !.700E-0;
3 OOE-03 4.000E-Ol
2.900E-03 3.600E-01
3.400E-04 3.700E-01
7.6COE-05 4.400E-03
3.300E-04 3.500E-01
3.400E-03 4.400E-01
3.500E-03 4.400E-01
2.000E-03 3.700E-O

0.O00E-O: 2.800E-05
6.6COE-05 4.500E-05
O.OOOE-01 3.400E-04

.EQUIVALENT UPTAKE
R.VER USEAGE ELL WATER USE

(L/YR) (LYR)

O.OOOE-01
O.OOOE-01
9.600E-:X3
1.2COE-08
1.800E-12
3.000E-01
O.OOOE-01
8.000E-09
2.900E-15
8.1300E-1
0.000E-0T
3.100-09
O.OOOE-01
3.300E-12
' 300E-10
2.600E-12
1.400E-10
3.400E-12
1.600E-12
0.0000-01
2.700E-12
1.300E-10
2.900E-10
7.000E-10

2. 200E-09
9.000E-09
6.100E-09

FACTORS
FOOD CONSUMPTION

(KG/YR)

O.OOOE-01
O.OOOE-01
95 30937E-00i1

1.492E00
1.490E+00
1.173E01
5.077E00

9.000E-01
7.500E-01
2.500E-03
2.500E-03
2.500E-03
2.5001-03
2.500E-03
2.500E-03
1.000E-02
1.OOOE-02
2.500-03
2.500E-03
2.500E-03
2.500E-03
2.500E-03
2.500-03
2.500E-03
2.5000-03
2.SOO-03
2.500E-03
2.500E-03
2.500E-03
2.5002-03
2.500£-03

2.500E-03
2.500E-032.5000-03

GAMINA
ENERGY

(R4EV)

O.OOOE-01
O.OOOE-01

0. 00 000O.OOOE-O1
0.0000-01
3.390E-01
7.870E-01

41 H-3
42 C-14

45 Ni-59
46 1i-63
47 Sr-90
49 Nb-94

5.841E002
4.8160+02

6.067E+02
6.066E002

i 973E+03

5.841E002
4.816E+02

6.067Et02
6.066E+02
5 649E*0
2.973E.05



49 Yc-99
SC' 1-129
51 C%-135
52 8a!37m
53 Cs-127
56 U-:34
57 U -23 Z
52 U-138

Z3 Pu-242
64 Am-24;
65 Am-243
66 Cs-243
67 Cm-244
63 Ru-106-
69 Sb-125
70 Cs-'34
71 Eu-154
NUCL'DE

NUMfER NAME

41 H-3
42 C-l
43 Fe-55
44 Co-60
45 4i-59

w 46 Ni-63
,_ 47 Sr-90
s-i 48 Nb-94

49 -c-99

52 Da3Me
53 Cs-137
56 U-234
57 U-235
58 U-238
59 Np-237
60 Pu-238
6' M'-g49

63 Pu-242
64 Ae-241

A::j"_43 

68 Ru-106
69 Sb-12S
70 Cs-134
71 Eu-154
NUCLIDE

NUMBER NAME

41 H-3
42 C-l
43 Fe-55
44 Co-60

?.7049.02
7.347E+02
8.07SE+02
O.OOOE-01
8.070E+02
r.SIOE+02

5.510E+02

5 5; +o;5 : 4 i F*09

5. 41+8.02
5.44E+02
5.415E+025.414E+01

' .535E+802
5.496E+02
8.000E+02
5.841E02
INPU. LEACH

CONSTAN.t/

3.480E-03
3.480E-03
2.9908E-0
2.990E-05
2.990E-05
2.990E-05
4.96O8-05
2.:40E-05
1.630E-03
4.400E-04
1.500E-05
1.500E-05
.500E-05

2.010E-06
2.010E-06
2.010E-06
2.7808-04
2.150E-06

2.150E-06
:.870E-05
.1170096

2.150O-06
2.140E-05
3.320E-05
1.500E-05
7.540E-07
AOUIFER

SORPTION

1.OOOE-02
1.OOOE-02
6.000E403
5.500E8O:

7.704E+02
7.347E802
8.075E+02
O.OOOE-01
8.070E02
5.5:0O.02
5.5:0E+02
.5'.02E+0

5.419E+02

5. 413E+02
5.4'3E+02S.4.4E+02

5.4:4E+02
5.4!5E02
5.4'4E+02
5.53!E402
5.496E+02
9.000E+02
5.841E402
FINAL LEACH

CONSTANT 1YR)
3.480E-03
3.480E-03
2.990E-05
2.990E-05
2.990E-05
2.990E-05
4.9602-05
2.1408-05
1.630E-03
4.400E-04
1.500E-05
1.500E-05
l.500E-05
2.010E-06
2.010E-06
2.010E-06
2.730E-04
2.150E-06
2 150E 862.150E-06
2.18O-0062.'506-06
1.*808E-05

2.140E-05
3.320E-05
I.500E-OS
7.5408-07
AOUIFER

RETARDATION

1.041E+OO
1.04IE40O
2.462E+04
2.266E+02

2.238E.02
3.8488+00
2.753E00
O.OOOE-01
2.746E00
8. 233E-02
8.233E-02
S. 233E-02
3.633E-O
.160E-03

1.615E-03
9.:38E-03
9.239E-03
I.C06E-03
1.055E-03
4 .984E-0:
8.564E-01
2.646E+00
1.200E-01

GAMRA
ATTENUATI N1/M)

O.OOOE-01
O.OOOE-01
O.OOOE-01
8.300E+00
O.OOOE-0:
O.OOOE-O'
2.000E+01
.150E+01

O.OOOE-01
9.700E+O:
O.OOOE-01
1.300E+01
1.300E+01
5.OOOE+01
2.900E+01
6.300E01
S OOOE+01
5.OOOE+01

5.OOOE4OtS 80oOE+Qi

l.400E+Ol

5.000E+01
5. 0008.01

5.000E 1
1.4008.01
1.700E.01
1.200E+01
1.OOOE+01
VERTICAL

SORPTION

1.000-02
1.00OE-02
6.000E+03
5.500E+01

0.000E-O'
3.960E-02
O.OOOE-Oi
6.620E-01
6.620E-O'
'.200E-01
1.770£-0
4.300E-02
6.020E-02
5.620E-02
' 3781:r6'

0.000E-01
5.740E-02
7.290E-02
3.240E-01
6.660E-02
6.000E-01
4.600E-u'

OOO00-01
1 000E+00

VERTICAL
RETARDATION

1*OS1E+00
1.051E+00
3.073E+04
2.827E+02



45 N;-59
46 'h-63
47 Si-90

50 Z-129
5: Cs-135
52 Vi137m
53 Cs-137
56 J-234
;7 U-=5

fa MM
59 Np-237
i: pu-:3a

63 Pu-242
64 An- 4'
6i A- 41

67 C-244
63 Ru-106
69 Sb-125
70 Cs-134
71 Eu-154
:dUCL:DE

NUMBER NAME

cu 4: N-3
3 42 C-14
rn43 Ea-55

44 Co-60
45 N..-59

48 Nb-94
49 .c-99

S2 Ba:.37m
53Cs-137

56 U-234
57 U-235
58 U-238
59 Np-237
60 Pu-238
G: Pu-239
63 Pu-2j4j

64 As-241
65 Am-243

68 Ru-106

709 I-N
71 Eu-154

;.500E+0
2.00*01
I4.OOOE#01

3.000E00
5.000*E02
5. O0E+02
5. OOOE*02
7.500E40:
7.50E+02

5.OOOE+00
3.500E+03

3.500E+03
8.0001.04a OOE+04
93008E+03
3.3001+03
.* 00iE+02

4.5001E01
5.OOOE 02
4.000E*03
5OL TO PLANT
CONVERSION

O.OOOE-01
O.OOOE-01
4.OOOE-03
2.OOOE-02
6.0001-02

U:8813+i
2.OOOE-02
9.500E+00
I1.50O01
8.0001-01 5088E i
1.0019:0
8.500E-03
8.500E-03
8.500E-03
1.000E-0
4.50OE-04
4.500E-04
4.SOOE-04
4.500E-04
5.500E-03
5.50OE-03

70500E-02

1.000E-02

6.164E+02
6.1642+02
8.3051E01

:.331E.07
2.052E*03
2.0523+03
5.0'73E+03
3.078 03

2.15!E+01
1.436E+04
T 436E.84

1.436E+04
3.282E105
3.28:t+05
'.354E+04
1 .354E+04
9.036&+02
1.9561.02
2.053E+03
1.6411+04

HALF
LIFE CYR)

1.2309+0.
5.720E+03
2..700E00
5.250E100
8.00CE04

kU281
2.0001+04
2. 1301.05
1.7001.07
3.010E+06
3.0000E+O
3.0000E+1
4.470E+09
7.0401+08
4.470E+09
2.100E+06
8.770E01
2.4201+04
1320E+01

4.590E.02
7.370E*03

1.0101400
2770E+00

8.5001+00

1. 500+02
1.500EE02
1.500E+0

3.000E*+0
1.000E+03
:.0002+03
:.OOOE+03
7.5001+02

7.500f+.0
5.000E400

3.500E+03
8.000E+04
8.O0E+04
3.300E03
3.3001+03
2.200E+02
4.500E+01
:.OOOE+03
4.000E+03

'NITIAL
INVENTORY (C;)

7.69'E.02
7.693E+02
7.693E+;2

'.637E'01
5.123E+03
5. 23E+03
5. :'3E+03
3.842+03

3 84'![83
2.66.E+11
&.793E+04
1793EtO4

i793E+04
1.793E04
4.097E+05
4.097E+05
:.690E+04
1.690E+04
1.1'21E+03
2.3:5E*02
5.123E.03
2. 049E+04

7.8571.0:
7.42!E*00
2.323E+O:
8.652E01
1.430E-01

4.538E-03
.900E-03

5. 610E-03
1.9001-03
4 .564E01
4.564E+01
4.270E-03
6.850E-OS
1.250E-03
9.680E-06
1.110E-01
1.120E-01
3.002E+00
2.430E-04
2.275E-01
5.405E-05

3.672E-03
3672E-01

3.480E*00
9.172E-02

PATHIAY 2
GROUNDUATER TO WELL



AAAAAAAA UCLiaE :OSES FOR G:VEN :nMES AAAAAA

'ILCL :~tnTE
4: H-3
42 C-:4
43 Fe-55
44 Co-60
45 N.-59
46 Nz -63
43 Sr-90

5) -'94
': Cs-135
.2 Ba137m
53 Cs-137
jo U-234
57 U-235
59 U-238
59 Np-237
60 Pu-238

1 Pu-239
62 ?u-241
63 ?u-242
64 Am-:41
65 Aw-243
66 Cs-243
67 ism:244

co69 iu106
69 Sb-125
7; C Cs-134
71 Eu-:54

0.
O.OOE-O'
O.OOE-0:
O.:OE-O1
O.OOE-O:
_.OOE-01
0.00--0:
0.00-o
0.501-0:.
0.00-o:
0.001-0:
O.OOE-0:
O.OOE-01
O.OOE-01
O .OOE-0:

O.00E-01
O.00E-O1O.OOE-O1
0.00E-O1
0.00E-O1
o OOE-01

0:00E-oi

0.00E-01
O.OOE-01
0.00E-01
0.00E-0:

0.00E-0:
0.007-0i
C .Oog-01

. .

O.OOE-O:
0.00E-01
0.OOE-01
O.OOE-01
O.OOE-01
O.OE-OI
0.OE-01
O.OOE-0:
O.OOE-0:
0.00E-01
0.OE-O!
0.00E-0
O.OOE-01O.OOE-O

0.00E-O:O.OOE-O1
O.OOE-O1O.OOE-OI

O.OOE-01
O.OOE-O1
0. OO-01
0.00E-O!
.0OOE-O'

O.OOE-01
0.00101
O.00-0
0.OOE-C1
0.00E-O1
0.OOE-01

"..

9.81E-03
'.08E-02
.OOE-01

O.OOE-O;
O.OOE-01
O.OOE-01
0.001-01
0.OOE-01
0.00E-0:
0.30E-Ol
O.OOE-01
O.OOE-01
0 OOE-01
000E-01
0.00E-OIO.OOE-OI
O.OOE-01
O.OOE-01
OOOE-01
0.00E-O1
O.OOc-01
0.00E-01O.OOE-01
O.OOE-01
O.OOE-01
8OOE-Ol
O.OOE-O10.00£-01
O.OOE-01
O.OOE-01O .00E-01

50.
4.7 E-03
.06E-Ol

0.OOE-01
O.OOE-Oi
O.OOE-0:
0.00E-0
0.00E-O:
O.OOE-0:
8.63E-06
C.OOE-01
O.OOE-01
O.OOE-O!

O.OOE-01
O.OOE-01
0.00E-O1
0.00E-O1
O.OOE-01
0.00E-O1
O.OOE-01
O.OOE-01
0.00E-O'
0.00E-O10.008-01!
0.001-0:

O.OOE-01
0.00E-01
O.OOE-01

:00.
2.36E-04
8.84E-02
O.OOE-01
O.OOE-01
O.OOE-01
O.OOE-01
O OG'-O'
O.OOE-C'
2.70E-05
O.OOE-O;
O.OOE-O1
O.OOE-01
O.OOE-O1
O OOE-O1
0.00E-Ol
0.00E-O1
O.OOE-01
0.00E-Ol
O.OOE-01
O.OOE-01
0.00E-Oi
O.OOE-01
O.OOE-O1
0.008-01
0 001-01
0.001-01
0.00E-Ol

O.OOE-O1
O.OOE-01

:00.
5.96E-07
6.17E-02
O.OOE-01
0.00£-01
O.OOE-01
o.ooE-01
O.OOE-01
0.001-0:
'.29E-05
2..6fE-03
O.OOE-01
O.OOE-O:
8.OOE-01
O.OOE-01
O.OOE-01
O.OOE-01
O.OOE-01
0.00E-O1
O.OOE-01
O.OOE-01
0 00E-01
0.OOE-01
O.OOE-01
O.OOE-01
0.001-01
0.001-01
0.00E-01
0.001-01
0 * 00-01.

350.
7.54E-.'
3.59E-02
O.OOE-O:.
O.OOE-O1
O.OOE-01
0.00E-O
O.OOE-01
O.OOE-O'
1.79E-05
7.09E-03
0.00£-01
O.OOE-01
O.OOE-01
O.OOE-01
0.00£-01
0 HE -0
7:BOE106
0.00E-01O.OOE-O'0.00E-01

O.OOE-01
O.OOE-01
O.OOE-01
O.OOE-01
O.OOE-01

O.OOE-01

0.00E-01

500.
9.54E-15
2.09E-02
O.OOE-O.
0.00E-01
O.OOE-O:.
O.OQE-O';
O.OuE-O:
0.002-0;
1.40E-0
8.96E-03
O.OOE-01
O.OOE-O:
O.OOE-0
0.0GE-O'
O.OOE-O!
p 6 701- si

O.OOE-O1
O.OOE-O1
O.OOE-O1

0.001-01

O.OOE-01
O.OOE-01
O.OOE-01
o.OOE-01
O.OOE-01

O.OOE-010.001-01

40.
3.04E-2,
8.5:E-03
O.OOE-01
O.oCE-0I
O.OOE-C'
O.OOE-O'
3.00E-O:'
O.OOE-O:
9. 34E-OD
8.03E-03
O.OOE-01
0.00E-O1
O.OOE-01
O.OOE-0
O.OOE-01
o .OOE-01
2.03E-0
O.OOE-01
O.0E-01
O.OOE-01
O.OOE-01
O.OCE-01
O.OOE-01
O.OOE-01
o.ooE-01
O.OOE-O'
0.001-O'

0.001-01

0.OOE-01

:000.
9.70E-2e
3.46E-03
0.00E-0
O.OOE-C:
0.00E-01
0.001-01
O.OOE-v:
COOE-O
* 2:E-0
7. :9E-3
O.OOE-01
O.OOE-01
O.OCE-;'
3.00E-01
O.OOE-0:
0.ooE-01
2.46 -5
O.OOE-01
O.OOE-01
O.OOE-01
0.00E-.
0.00E-01
O.OOE-O'
0.00E-opl
O.OOE-O:
0.00E-01
O.OOE-01
O.OOE-0:
0.00E-01

AAAAAA SUM Of NUCLIDE DOSES FOR GIVEN TIMES AAAAAA
29 0.00E-01 O.OOE-01 4.06E-02 1.11E-01

A*kAh* SUN OF NUCLIDE RISKS FOR GIVEN TIMES AAAAAA
..E-0O .OOE-01 1.14E-05 3.09E-05

LIXib bS q 3 " aC ' 02RC@zzii E4CTOR XAs

8.86E-02 6.38E-02 4.30E-02

2.48E-05 '.79E-05 1.21E-05

2.99E-02 1.66E-02 1.07E-02

8.38E-06 4.64E-06 .99E-06

PULCL' DE

41 H-3
42 C-14
43 Fe-55
44 Co-60
45 Ni-59
46 Ni-63
47 Sr-90

49 T
50 1-129
51 Cs-135
52 9a137m

VEk::CAL FACTOR

!.Olv+O,
1 OOE#00
1 OOE4O3
I.OOE+03'1.001403I * 00140O3
1.00E+03
1.00E+03

l.OOE+00
l.OOE+O0
1.001+03

HORIZONTAL FCTjiR

l.OOE+OO
l.0OE+OO
1.00E+03
7 93E+00
1.00E+00
1.05E+00
1.011400

1 :88O88
1.00E+00
1.00E+O0
1.69E+02

1.OlE+00
1.00E+00
1.00E+06
7.93E+03
1.00E+0
1.OSE+03
1.01 1403

1.00E400
1.00E+00
1.69E+05



53 C*-'?7
ri U-234
57 U-235
!I3 U-233
59 p-237
GO PU-239
1 :PU-239

6: Pu141
63 Pu-442
64 A&-214.

67 Ca-244
69e Ru-1C

CONCSNTRAT:OCN ARRAY

:.005+03 1.69E+02
:.7CE.OO .O.0O
1.005+00 1.OOE+00
~.OCE+00 :.OOE.OO
..OOE+00 .OOE+00

1.00E+03 !.OOE+03
1.43E+00 1.00E+O

;.005.03 1.OOE+03
i.oo+00O .OOE+00

.30E+03 1.00E+03
}.OOE+O3~~~ 04E+00

.00OE+03 1.00E+03

..OOE+03 .OOE+03
1.OQE+03 1.0E+03

.ORE+R3 : .OOE+03CONCENTRATIONS : C;/'4kh3

1.69E+05
!.ooE+OO
1.00E+OO
l.OOE+O0I'.OOE+OO
:.OOE+O61.003E+00

''OOE+O6
6.OOE+001.002+06

1.0CE+O61.002+06

1.00E+06

1.00E+06

IUCLIDE/TI'.E
41 H-3
42 C-14
43 Fe-55
44 Co-60
45 Ni-59
46 Ni-63
47 Sr-90
48 Nb-94
49 Tc-99
50 :-129

a 51 Cs-135
52 Ba:37m
53 Cs-137
57 U-235
53 U-238
51 NP 3
uI PUu23'

63 t:4

C 2
§7 Ca-44
a8 Ru-.06

97 E
71 Eu-154

0.
O.OOE-01
O.OOE-01
O.OOE-01
0.COE-01O.OOE-01
O.OOE-01
O.OOE-01
O.OOE-O;
C.OOE-O.
O.OOE-01
O.OOE-01
O.OOE-01
O.OOE-01
O.OOE-01

8:88E:81
8 88EE 81
O.OOE-01
O.OOE-01

0.00E-01

O.OOE-Ol
8000010

o.oos-oi

1.
O.OOE-O;
O.OOE-01O. OOE-O;L0.00£-01O. OOE-01
O.OOE-01
0.00E-O
0.00E-01O.OCE-01
O.OOE-O;
O.OOE-01
G.OOE-01
O OOE-01
O.OOE-01
O.OOE-01
O.OOE-01

O.OOE-01

O.OOE-01O.OOE-O1
0 OOE-01

O.OOE-01

S. 
1.95E-07
4.26E-08
O.OOE-O

O.OOE-01

O.OOE-01
0.00E-O!
O.OOE-01
O.OOE-01
O.OOE-01
O.OOE-01

O.OOE-01
0.00E-01
0.005-01

8: 881:8 

C.OOE-01
O.OOE-O
O.OOE-01
0.002-01
0.00£-010.00E-01

50.
9.38E-08
1.46E-07
O. OOE-01

O.OOE-01
O.OOE-01
O.OOE-01
0008E-o
5.90E-12
O. OOE-01
O.OOE-01

0 * 005-801

O.OOE-01
0.00-01

O.OOE-OI

0.008E-0
O.OOE-01

8:OO01
0. 00E-01
0. 00E-01
0. 005-01I
0 * 00-01
0. 002-01

100.
4.71E-09
1.23E-07
O .OOE-01

0.30E-01
O.OOE-01

0 . 00-01
1.84E-11
0.005-01

O.OOE-01
O.OOE-01O.OOE-01
O.OOE-O:
O.OOE-01
8.00Eo-O
O.OOE-01
O.OOE-01g8gsBSI

O.OOE-010.00E-01
O.OOE-01
0.8005-001

O.OOE-01
O.OOE-01

PATHUAT 3
EROSION

200.
1.195-1
8.53E-08
O.OOE-01
0.002-0 :10.00-01
0.OOE-01

O.OOE-O;
O.OOE-G1
O.OOE-01

0.O00E-01
O.OOE-01
O.OOE-01

°000OE-01

O.OOE-01
O.OOE-01
O.OOE-01
O.OOE-01S:881:8I
0 00~0
0:001:0j

O.OOE-01
O.OOE-010. 00E-01
0 .002-01
0. 005-01

350.
1.50E-15
4.97E-08
O.OOE-01
0~oos-:
0.005-01O.OOE-O1
O.OOE-01
O.OOE-Ot
1 23E5-1
1.125-11
O.OOE-01
0.005-01
O.OOE-01
O.OOE-01
O.0OE-01

O.OOE-010.0051-0 1

0.OOE-01O.OOE-OI
O.OOE-01
O.OOE-010 OOE-01

0.00E-01
0.005-01

500.
1.90E-19
2.90E-08
0. OOE-01

0.OOE-01
O.OOE-01
O.OOE-01
O.OOE-01
9.59E-12
1 42E-11I
0.001-01
O.OOE-01
0.005-01
O.OOE-01
O.OOE-01
0 .005-01

0. 0E-01
0.OOE-01

O.OE-01
O.OOE-OI0.000 18

O.OOE-010.005-01O.OOE-OO.OOE-01
O.OOE-01

750.
6.06E-26
1..3E-080 .005 3-01
0 0E-01
O.OOE-O;O.OOE-01
O.OOE-O!
6.38E-12
1.27E-:1
O.OOE-01
O.OOE-01
O.OOE-O!
O.OOE-01
O.OOE-O
0. 0705-0
O.OOE-Ol0. 00-01

O.OOE-O

8:88EE:81O.OOE-O'
0 .OOE-01

*0.009-01O.OOE-OI-O.OOE-01
0.00E-01
O.OOE-01

1000.
1.93E-32
4."9E-09

0 O60E-O''
0.00E-01
O.OOE-01

O.OOE-O;O.OOE-01

O.OOE-O:
4.24E-12

1*14E-11:
0.00-01
0.00E-01

O.OOE-01
O.OOEO
O.OOE-01

O.OOE-01
O.OCE-U1
O.OOE-O;
O.OOE-O.
O.OOE-01
0. 005-01
O.OOE-Cl
O.OOE-01
O.OOE-01

0.005-01
0.00E-01

AAAAAAAA NUCLIDE DOSES FOR GIVEN TINES AAAAAAAA

hUOLIbej gNs
41 14-3
42 C-14
43 Fe-55

0.
0.00-01
0.005-01
0.00-01

0.005-01
O.OOE-01
O.OOE-01

* 15.
O.OOE-01
0.00-01
O.OOE-01

50. 100. 200. 350. 500. 750. 1000.
O.OOE-01 0.001-01 0.005-01 O.OOE-01 0.00-01 O.OOE-01 O.OOE-01
O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01
O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OO-01 O.OOE-01 O.OOE-01



34 Co-6iC
41 N.-59
4j Hi-63
47 SP-9G
48 '4b-94
49 Tc-99
so 1-!29
Si C*-:35
S2 Da' .37i

Cs-137
U-234

5: -225
SS U-238
59 Np-237
60 Pu-233
61 Pu-239
62 Pu-141
63 Pu-242
64 As-241
65 Am-243
66i C.-243

69 Sb-15l
70 Cs-134
71 Eu-154

0.00-0
0.001-Ol
0.00i-01
0.00E-OI
O.OCE-01
0.001-0:O.OOE-O:0.00E-O1
0.00E-0'

o.OOE-3i

O.OOE-O:
O.OOE-O1
O.OOE-O1
O.OOE-O'
O.OOE-O1
O.OOE-O'
O.OOE-O'
O.OOE-O1
O.OCS-O1

0.001-0!
0.001-01

8:81-81
O.OOE-01
O.OOE-01
O.OOE-O1

O.OOE-0.1
0.00E-0I
O.OOE-01
O.OGE-O:
O.OOE-01
O.OOE-OI
0.00E-Ol
O.)OE-OI
0 00E-0:
O.OOE-O:
O OOE-O
OOOE-0:
O.OOE-0
O.OOE-01
O OOE-01
0.00E-O1
0.00-01
O.OOE-O1
0.001-01O.OOE-O1
C.00E-O1

O.OOE-O1
0.00E-O1
O.OOE-O1

O.OOE-01
O.OE-O:
O.OOE-0:
O.OOE-O:
O.OOE-OI
O.OOE-O1

O.OOE-O'
O.OOE-OI
O.OOE-O10 OOE-01
0.00E-O
O.OOE-O'
O.OOE-01
O.OOE-01
O.OOE-01
O.OOE-01

O.OOE-O1
O.OOE-O:
O.OOE-O'

0.001-01
0.00E-O1

8088181
0.OOE-01
O.OOE-O1
O.OOE-OI

O.OO-O
0.00E-OI
O.OOE-O'
O.OO£-O!
O.OOE-OI
O.OOE-01
0.00E-O
O.OOE-O!
O.OOE-01
3.30E-O
O.00E-O1
O.OOE-0:
O.OOE-OX
O.OOE-OI
O.OOE-O:
O.OOE-O1
O.OOE-01
0.00-Oi
O.OOE-O1
O.OOE-O:
O.OOE-O1

O.OOE-OI
O.OOE-O:
O.OOE-OI

O.OOE-01
O Oos-Ol
O.OOE-01
O.OOE-01
O.OOE-01
O.OOE-OI
O.OOE-01
O.OOE-01
O.OOE-01
0. OOE-0:

O.OOE-O:0.00E-O
0.00E-O1
0.00E-O10.00E-Ol
0.O001-01

O.OOE-O1
O.OOE-O:
O.OOE-O1
O.OOE-Ol
O. 00E-01
8.001-01

O.OOE-01
O.OO£-O1
O .OOE-01

O.OOE-01
O.OOE-01
O.OOE-01
0. OOE-O'
O.OOE-01
O.OOE-O1
O.OOE-O!
O.OOE-O10.00E-0!

O.OOE-0:
0.00E-O1
O.OOE-O1
O.OOE-O1
0.00-01
O.OOE-O1
0.00E-O1
O.OOE-01
O.OOE-O1
O.OOE-01
O.OOE-O1
O.OOE-O1

8 881 81
O.OOE-O1
O.OOE-O1
O.OOE-O1

O.OOE-OI
O.OOE-O'.
O.OOE-01
0.OOE-O'
0.001-01
O.OOE-01

0 H001-0
0. 001-01O.OOE-Ol

0 OO00-01
0.00E-O
O.OOE-01
C.OOE-O1
O.OOE-OI

O.00E-01
O.OOE-O'
O.OOE-Oi
O.OOE-O
O.OOE-OI

0.00E-O1
O.OOE-O1
O.OOE-O1* 88tES
0.00E-01
0.00E-O1
0.00E-01

O.OOE-O!
O.OOE-O;
0.00E-OI
O.OOE-O:
O.OOE-01
0.00E-O1
0.001-O1O.OOE-O1
0.001-01O.OOE-O!

O.OOE-01
O.OOE-G'0.00E-0l
O.OOE-01
0 .OOE-O1
0.00E 

O.OOE-01
0.00E-01
O.OOE-O1
O.OOE-01
O.OOE-Q1

O.OOE-O1
O.OOE-O1
0.00E-O1

0.001-cl
O.OOE-01
O.OOE-O.
0.00E-Ol
O.OOE-O:
O.0OE-01
C.OOE-O;
O.OOE-01
O.OOE-01
O.OGE-Ol0.001-0 1

O.OOE-O:0. 00E-01

O.OOE-O'
0 OOE-1-

O.OOE-Q;
O.OOE-O1O.OOE-01
O.OOE-O1

8 88E 1

O.OOE-01
O.OOE-O1

0.00E-01

O.OOE-O.
0. OOE-0:
O .os-o!
O.OOE-;:
O.OOE-Cl
O.OOE-O:0.001-0:
O.OCE-01

O.OOE-0:
O.OOE-0:
0.00E-31
O.OOE-0:O.OOE-O:
0.OOE-0
00. OOE-0
O.OOE-01
0. 00E-01
O.OOE-O:
O.OOE-O1
G.OOE-O!

8 88E 81
O.OOE-51
O.OOE-O1
O.OOE-0:

w AAAAAA SUM Of
U'I 

NUCLIDE DOSES FOR GVEN TES AAAAAA
0.00-01 O.OOE-01 O.0OE-01 O.OOE-O0 O.OOE-O1 O.OOE-1 O.OOE-01 O.OOE-01 O.OOE-OI O.OOE-01

AAAAAA SUM OF NUCLIDE RISKS FOR GIVEN TIMES AAAAAA
29 0.001-01 O.OOE-O 0.001-01 O.OOE-01 O.OOE-O1 O.OOE-01 0.00-01 O.OOE-01 O.OOE-01 O.OOE-O'

AAAAAAA EROSION OF WASTE STARTS AFTER 3061.2 YEARS AND ENDS AFTER WASTE
CONCENTRATION ARRAY CONCENTRAT:ONS IN CI/MAA3

IS ALL ERODED IN 33673.5 YEARS.

.IUCLIDE/TIME
41 H-3
42 C-14
43 Fe-55
44 CO-60

i9 H
43 Ci-137
56 U- 3
8 00

0. 1. '5. 50. 100. 200. 350. 500. 750. 1000.
O.OOE-O1 O.OOE-O1 O.OOE-01 O.OOE-O1 O.OOE-O1 O.OOE-O1 O.OOE-O1 O.OOE-O1 O.OOE-O1 O.OOE-01
O.OOE-01 O.OOE-01 O.OO-O1 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-O 0.00E-O1 O.OOE-O1 O.OOE-OI
0.0OE0-1 0.OOE-01 0.001-01 O.OOE-O1 0.OOE-0O1.0-1 O.OOE01 0.OOE-01 O.OOE-O1 0.0E-
0.00-01 O.OOE-O1 0.00E-01 O.OOE-01 O.OOE-O1 O.OOE-01 O.OOE0-1 O.O0E-O: 0.001-01 O.OOE-01
0.001-01 0.001-01 0.00O-01 O.OOE-O 0.OOE-01 0.OOE0-1 O.OOE-O1 0.OOE0-1 OOOE-01 O.OOE-O1
0.OOE- 0 .000-01 O.OOE-01 O.OOE-O1 O.OOE-01 .OOE-01 O.OOE-01 0.00E-01 O.OOE-O O.OOE-01
O.OOE-01 0-OOE-O1 O:OOE-O O.OOE-O1 O.OOE-O1 0.OOE-01 O.OOE0-1 0.OOE-01 O.OOE-O1 O.OOE-01

O.OE-01 O O 0 0.OOE-01 O.OOE-01 O.OOE-01 O.OOE-O1 O.OOE0-1 0.00E-01 O.OOE-01 O.OOE-O1
O.OOE-O1 O.OOE-O1 O.OOE-01 O.OOE-01 0.OOE-01 O.OOE-O1 O.OOE-01 0.OOE-01 O.OOE-01 0.00£-01
0 OOE-01 O.OOE-O1 0.001-01 0.OOE0-1 O.OOE-O1 O.OOE-O1 O.OO-01 0.00E-O1 0.00E-O1 O.OOE-O1B:SoI:B1 OOOE-OI O.OOE -0 1 0.00-01 O.OOE-O 0.OOE-01 O.OOE-O O.OOE-O1 O.OOE-01
o8o8E-l O.OE-0 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-O1 O.OOE-01 O.OOE-01 O.OOE-O1 O.OOE-O1
0.OO1-01 0.001-01 0.OOE-01 O.OOE-O1 O.OOE-O1 O.OOE-O1 0.00E-O1 O.OOE-O1 O.OOE-01 0.001-01
0.00E-01 O.OOE0- 1 0.001-01 0.001-01 .OO.-- 0.001-81 0.001-01 0.001-01 0.001-01 O.OOE-O1
0.001-01 0.001-01 0:00E-01 0.00E01 O.OOE-O 0.001-01 0.OOE-O1 0.OOE-01 0.OOE-01 O.OOE-01
0.00E-01 0.001-01 0.OOE-01 O.OOE-01 O.OO-O1 O.0O0-O1 O.OOE0-1 O.OOE-O1 O.OOE-O1 0.00E-O1



59 N-237
60 ?u-238
61 ?q*2-39
i2 ?u-241
62 Fu-242
64 As-241

G7 Cu-244
Ga RU-106
69 SCD-
70 CS 134
7! Eu-154

0.OOE-01 O.OOE-01 0.00-O: O.00-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OGE-O: 0.0;-u
0.00-01 O.CCE-01 0.00E-01 0.00-O: 0.00E-01 O.OOE-01 O.OOE-0: O.OOE-01 O.OOE-O1 C.0OE- :
O.OOE-01 O.OCE-O! O.OOE-01 0. 00-0: O.OE-01 O.OOE-01 O.OOE-01 O.OE-01 0.00-0: O.OE-s!
O.OOE-O O.OOE-01 O.OOE-O. O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01
O.OOE-0 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 0.OOE-01 0.00E-0:
O.OOE-01 O.OOE-01 O.OOE-0: O.OOE-01 O.0OE-O1 O.OOE-01 0.00-01 O.OOE-01 0.00-01 O.OOE-01
0 OOE-O O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE0-1 0OO0E-O1 0 OOE-01 O.OOE-0:
0:0OC-OI O.OOE-01 O.OOE-01 0.001-01 O.OOE-01 O.OOE-O! O.OOE0-1 O.OOE-01 0.OOE-01 u.OOE-0:
0.30-a: O.OOE-01 0.00E-C O.OOE-01 0.OOE-01 O.OOE-01 O.OOE-01' 0.00-01 O.OOE-01 0.0.E-0'
O.OOE0-: O.OOE-01 0.00E-0: 0.00£-01 O.OOE-O! O.OOE-01 0.OOE-01 O.OOE-01 0.00E-0 O.OOE-01
0.OOE0-1 0.OOE-01 G.OOE-01 0.OOE-01 O.OOE-0 O.OOE-01 O.OOE-01 0.OE-01 0.00E-01 0.OO-a:
3.00E-O 0 OE-01 O: 0-01 O .OOE- -01 O ooE-01 O .OOE-Cl 0.00£-01 0.OOE-01 O.OOE-O! 00-0,
0.03£-01 O.OOE-01 0.00E-01 0.0E-0: 0. 00E-01 O.OOE-C: O.OOE-O: O.OOE-01 O.OOE-01 OOOE-01

PATHWAY 5
FOOD GROWN ON SI!E

AAAAAAAA NUCLIDE DOSES FOR G:UEN TIES AAAAAAAA

NUCLDEMt TE
41 H-3
42 C-!4

47 Sr-90
48 Nb-94
49 Tc-99
50 4-129

53 Cs-137
56 UJ-234
57 U-235
5'! U-238
59 Np-237
60 Pu-238
61 Pu-239
62 Pu-241
63 Pu-24'
64 As-241
65 Am-243
66 Co-243

G8 Ru-106
69 Sb-:25
70 CS-134
71 Eu-154

0.
O.OOE-01
O.OOE-01

i: 83E:83
3.79E-03
'.33E-06
1.73S-05
3.9.E-04
7 2E-07
0.1E-01

6.32E-08
1.04E-09
1.74E-08
1.69E-07
7.99E-06
9.46E-07
5.64E-06
1.99E-09
1.53E-04
3.74E-08
2.02E-09
'.26-06

4.22E-07
O.OOE-01
2.80E-02
O.OOE-01

1.
O.OOE-01
0.00-01

5 09E-83
4G 8;1 87
3.70E-03
1. 33E-06
1.73E-05
3.971-04
7.28E-07

1.15E-01
6.32£-08
1.04E-09
1.74E-08
1.69E-07
7.93E-06
9.46E-07
5.35E-06
1.99E-09
1. 53E-04
3.74E-08
1.98E-09
1 .M6-06
0. 001-01O.OOE-01
0.OOE-02
O OOE-O1

'S.
O.OOE-O1
O.OOE-O'
4.47E-07
0.00E-04

3.97E-04
7.28E-07
O.OOE-01
8.35E-02
6.32-08
1.04E-09
1.74E-08
1.69E-07
7.10E-06
9.46E-07
2.57E-06
1.99E-09
1.50E-04
3.74E-08
1.46E-09
7.29E-07
1.43E-11
O.OOE-01
1.80E-04
O OOE-01

SO.
O.OOE-01
O.OOE-01
5.60E-1!
7.88E-06

1. 13E-03
1.33E-06
1.73E-05
3.97E-04
7.28E-07
O.OOE-O1
3.72E-02
6.32E-08
1.04E-09
1.74E-08
1.69E-07
S.38E-06
9.45E-07
4.08E-07
1. 99E-09
1.42E-04
3.72E-08
6.83E-10
1.84E-07
5.29E-22
O.OOE-01
1.382E-09
0. 001-01

100.
O.OOE-01
O.OOE-01
1. 49E-16
.07E-08

3.36E-04
1.33E-06
1.73E-05
3.97E-04
7.28E-07
O.OOE-O1
1. 17E-02
6.32E-08
1.04E-09
1.74E-08
1. 69E-07
3.63E-06
9.43E-07
2.96E-08
1.99E-09
1.32E-04
3.71E-08
2.30E-'O
2.56E-08
6.62E-37
O OOE-01
6.82E-17
O.OOE-01

200.
O.OOE-01
O.OOE-01
1.06E-27
1.97E-14
J:83E:87
2.98E-05
'.32E-06
1.73E-05
3.97E-04
7.28E-07
0.002-01
1.16E-03
6.32E-08
1.04E-09
1.74E-08
1. 69E-07
1.64E-06
9.41E-07
1.55E-10
1.99E-09
1. 132-04
3. 67E-08
2.62E-!
4.99E-10
O.OOE-01
O.OOE-01
1.66E-31
0.00-01

350.
O.OOE-01
O.OOE-01
O.OOE-01
4.95E-23

7.85E-07
1.32E-06
1.73E-05
3.97E-04
7.28E-07
O.OOE-01
3.63E-05
6.323E-08
1.04E-09
1.74E-08
1.69E-07
5.03E-07
9.37E-07
5.88E-14
1.99E-09
9. 02E-05
3.62E-08
1.012-13
1.36E-12
0 .OOE-01
O.OOE-01
O.OOE-01
O.OOE-01

500.
O.OOE-01
O.OOE-01
0 OOE-01
1.24E-31

2.07E-08
1 31E-06
1.73E-05
3 97E -04
,28£-07
0.001-01
1.13E-06
6.32E-08
1.04E-09
'.74E-08
1.69E-07
1.54E-07
9.33E-07
2.231-17
1. 99E-09
7 19E-05
3.571-08
3.87E-14
3.69E-15
O.OOE-01
O.OOE-01
0.008-01
0.001-01

750.
O. OO-O1
0.00E-O1
0.00E-O1
O.OOE-01
§:7fij07

4.84E-11
1.30E-06
1.73E-05
3.97E-04
7. 28E-07

3.52E-09
6.32E-08
1.04E-09
'.74E-08
1.69E-07
2.13E-08
9.26E-07
4. 44E-23
1. 99E-09
4.93E-05
3.49E-08
1.692E-16
1.96E-19
0 .OOE01
O.OOE 01
0 OO0E-01
0.003-01

1000.
0.00E-O1
0.00E-O1
O.OOE-0
O.OOE-O'

1. 13E-:3
'.29E-06
:1.72-05
3.97E-04
7.28E-07
0.OOE-01
1.09E-1
6.32E-03
1.04E-09
1.74E-08
1.69E-07
2.95E-09
9.19E-07
3.83E-29
1.99E-09
3.38E-05
3.4!E-08
7.41E-19
1.04E-23
O.OOE-01
O.OOE-01
0 00E-01
0. 001-01

AAAAAA SUN OF NUCLIDE DOSES OR GIVEN TINES AAAAAA
29 1.57E-01 1.452-01 8.81E-02 3.92E-02

AAAAAA SUM OF NUCLIDE RISKS FOR GIVEN TIMES AAAAA
29 4.393-08 4.07E-08 2.47E-08 1.10E-08

1.28E-02 1.83E-03 5.81E-04 5.03E-04 4.70E-04 4.532-04

3.59E-09 .13E-10 1.63E-10 1.413-10 1.31E-10 1.27E-10



FRACTIONAL IX:NG OF ASTE N SO'L IN TRENCH IS 1.005
FRACTION OF FOOD CCOSUMED WP!CH S GROWN AT THE WASTE SITE EC) IS 0.220
FRAcT:ONAL MIXING OF TRENCH MATERIAL IN SURFACE SOIL IS 0.120

PATHUAY 6
NATURAL BIOINTRUSION

AAAAAAAA NUCLIDE DOSES FOR GIVEN T:MES AAAAAAAA

4UCL:DEiT zE
4: H-3
42 C-:4
43 ve-55
44 Co-60
45 Ni-59
46 Ni-63

53 Cs-137
' U-234
57 U-235
5 U-238
29 Np-237

I. 60 Pu-238
- 61 Pu-239

62 Pu-24'

li A-4>i
fjA:-!43

66 Cs-243
67 Cs-244
68 Ru- 06
69 Sb-25
70 Cs-134
7 Eu-154

0.
O.OOE-O:
O.OOE-0
7.02E-05
! 29E -06

1.6:E-03

2.43E-06
O.OOE-0:
3.94E-01
2.11E-07
3.46E-09
3.a:E-0
5.64E-07
2.6"5-05
3.16E-06
1.88E-05
t'. 68-9
r:I5E-07
6.75E-09
4.39E-06
1.41E-06
O.OOE-O'
9.33E-02
0.00E-O1

O.OOE-01
O.OOE-0:
5.43E-05
1:§3E:86
1.60E-03

5 33E 853
2.43E-06
O.OOE-01
3.85E-Ol
2.11E-07
3.46E-09
S5B:E-08
5.64E-07
2.65E-CS
3.16E-06
1.78E-05

25E-7

6.61E-09
4.22E-06
7.09E-07
O.OOE-01
6.66E-02
0.00E-O1

15.
O.OOE-01
O.OOE-01
1.49E-06
3.67E-03
2.'9E-06
I. 44E-03
8.79E-03
4:4 -06

2.43E-06
O.OOE-01
2.78E-01
2.1'E-07
3.46E-09
5.8:E-O8
5.64E-07
2.37E-05
3. SE-06
8.56E-06

1.25E-07
4.87E-09
2.43E-06
4.77E-1l
OOOE-01
6.00E-04
O.OOE-01

50.
0.008-01
O.OOE-01
1.87E-10
>.63E-05
2.28E-06
1.AE-03
3.76E-03
4.43E-06

!' 33E-83
2.43E-06
O.OOE-01
1.24E-01
2.11E-07
3.46E-09
5.81E-08
5.64E-07
1.30E-05
3.15E-06
1.36E-06

1.29E-07
2.28E-09
6.13E-07
1.76E-21
O.OOE-01
4.61E-09
O.OOE-01

'.00.
O.OOE-01
O.OOE-O:
4.98E-16
3.57E-8
7.59E-04
!.12E-03
4.43E-06

I; 33E 03
2.43E-06
O.OOE-01
3.91E-02
2.11E-07
3.46E-09
5.31E-08
5.64E-07
1.21E-05
3.15E-06
9.86E-08

1.24E-07
7.69E-10
8.55E-08
2.21E-36
O.OOE-01
2.27E-16
0.00-01

200.
O.OOE-01
O.OOE-01
3.53E-27

2: 'BE6
3.57E-04
9.935-05
4 *41E-06

2.435-06
O.OOE-01
3.88E-03
2.11E-07
3.46E-09
5.81E-08
5.64E-07
5.49E-06
3.14E-06
5.17E-10

1.225E-07
8. 755-11
1.675-09
0.00E-01
0.005-01
5. 545-31
O.OOE-01

350.
O OOE-01
0.005-01
O.OOE-01

'.lSE-04
2 62E-06
4 .39E-06

363E 03

2.43E-06
O.OOE-01
1.21E-04
2.11E-07
3.46E-09
5.81E-08
5.64E-07
1.68E-06
3.12E-06
1.96E-13

1.21E-07
3.36E-12
4.53E-12
0. OOE-01
0.00E-O1
0.00E-O1
0.00E-O1

500.
O.OOE-01
O.OOE-01
O.OOE-O:

3.73E-05
6.905-08
4.37E-06

2.43E-06
0.005-O1
3.79E-06
2.11E-07
3.46E-09
5.81E-08
5.64E-07
5.12E-07
3.11E-06
7.44E-17

. E-o8

1.295-13
1.23E-14
0.00E-01
O.OOE-01
O.OOE-01
0.00E-01

750.
O.OOE-01
O.OOE-)l
O.OOE-01

S.67E-06
1.615-10
4.33E-06
a 7363EE 003
2.435-06
O.OOE-01
1. 17E-08
2.11E-07
3.46E-09
5.81E-08
5.64E-07
7. 10E-08
3.09E-06
1.485-22

5.65E-1 6
6.52E-19
0 .005-01
0 .00E-01
0 .005-01
0.005-01

1000.
0.00E-01
O.OOE-01
O.OOE-O.

8.62E-07
3.775E-!3
4.29E-06

1 33E-03
2.435-36
O.OOE-01
3.64E-.
2.11E-0
3.46E-09
5.81E-08
5.64E-07
9.85E-09
3.07E-06
2. 4E-2

3.47E-18
3.45E-23
0 .005-01
O.OOE-01
0.OGE-01
0.005-01

AAAAAA SUn OF NUCLIDE DOSES FOR GIVEN TIMES AAAAAA
29 5.23E-01 4.94E-01 2.94E-01 1.31E-01 4.28E-02 6.121-03 1.94E-03 1.68E-03 1.57E-03 1.51E-03

AAAAAA
29

SU OF NUCLIDE RISKS FOR GIVEN TIMES AAAAAA
1.465-07 1.36E-07 8.23E-08 3.66E-08 1.20E-08 1.71E-09 5.435-10 4.70E-10 4.39E-10 4.23E-10

FRACTIONAL MIXING OF ASTSE IN SOIL IN TRENCH IS 1.005
FRACTON OF FOOD CONSUMED WHICH IS GROWN AT THE ASTE SITE (E) IS 0.220

PATHWAY 7
DIRECT GAMMA

AAAAAAAA NUCLIDE DOSES FOR GIVEN TIMES AAAAAAAA

._



44 Co-60
47 Sr-90
49 Nb-94
so 1-129
*"Ba,37m

.j, U-235
58 U-238
S? Hp-237
60 Pu-239
@£ Pu-239
G2 Pu-241
64 As-24:
65 A&-243
46 Cs-243
07 Ct:241
as Ru-10

71 Eu-154

0.
8.392+00
V.OCE-O;
9.83E-05
4.82E-28
:.!7E-0l

A:93E-12

' E 21
1.71E-18
5.08E-;6
1.052-16
600-0:
3.90E-'4
:.65E-1:
2.6E-09
;.33E:,

2.36E-04

2.42E-03

I1.
7.36E+00
0.00E-01
9.85E-0S
4.91E-28
2.13E-01
9.38£- ?a
7.97E:12
' ,'E 1
5.09E-16
:.06E-:6
O.OOE-01
3.93E-14
1.66E-17
2.612-09
1.29E-16
O.OOE-01

0.2E-01
2.24E-03

15.
1.182+00
0.00E-01
'.01E-04
6.37E-29
: 59E-O:a
:02-01

.97E-18
5.20E-16
1.21E-16
O.OOE-01
4.40E-14
1.89E-17
2.02£-09
8.51E-17
O.OOE-01
5.77E-06
9.76E-04
7.302-04

50.
i.ZiE-O0
O.OOE-01
.. 07E-04
1.23E-27
7.60E-02

;.04E-1'
3.79E-21
2.7.E-18
5.49E-16
1.68E-16
O.OOE-01
5 .81E-14
2.63E-17
1.05E-09
2.99E-17
0.00E-01
1 OOE-09
9 00E-09
4.43E-05

100. 200.
1.74E-05 3.61E-11
O.OOE-0: O.OOE-0
1.17E-04 1.39E-04
3.:2E-27 2.02E-26
2.65E-02 3.23E-03

1.35E-" 2.31E-11
o.92E 1 2.30E-20
4.40E-18 :..3E-17
5.94E-16 6.94E-16
2.69E-16 6.91E-15
O.OOE-01 O.OOE-01
8.65E-14 1.92E-13
4.20E-17 1.07E-16
4.IaE-10 6.55E-11
6.70E-18 3.36E-19
O.OOE-01 O.OOE-01
4.52E-IS 7.65E-26
4.34E-16 1.27E-30
8.09E-07 2.701-10

350.
1.08E-19
O.OOE-01
1.80E-04
3.31E-25
;.37E-04

5.15E-''
1.39E-19
4.63E-17
8.75E-16
2.34E-15
O. OOE-01
6.30E-13
4. 36E-16
4.06E-12
3 77E:2
O:OOE-01
0.OOE-01
0.002-01
1.64E-15

500.
3.20E-28
O.OOE-01
2.31E-04
5.42E-24
5.77E-06

1.14E-10
8.37E-19

1.16E-14
0.OOE-01
2.07E-12
1.77E-15
2.51E-13
4. 21E-23
O.OOE-01
0 OOE-01
0 00E-01
9.8E-:1

750.
O.OOE-01
O OOE-01
3.48E-04
5.68E-2
2.92E-08

4 29E-'O1.66E-17
O.02E-15
1.60E-15
I.21E-13
0. 002-0:
1.48E-11
1.81E-:4
2. 40E-15
2.34E-26
OOOE-01
0.OOE-01
O.OOE-01
:.96E-29

O.OE-0:
O.OOE-01
S. 17E-04
5.3E-iO

. 4r:
1.452T-1

..59E-;9

2.30E-1S

O.OOE-01
1.052-I0
I.83E-:3
2.28E-17
1.292-29
O.OOE-01
O.OOE-O!
O.OOE-01
3.84E-38

4AAAAA SU O MUCLIDE DOSES FOR GIVIE TIMES AhAkAA
29 3.762+00 7.68E+00 1.34E+00 8.82E-02 2.67E-02 3.372-03 3.16E-04 2.37E-04 3.48E-04 5.17E-04

w
II.
AAAA* SUN Of

29
NUCLIDE RISKS FOR GIVEN TIMES AAAAAA

2.452-06 2.15E-06 3.75E-07 2.472-08 7.47E-09 9.43E-10 8.86E-11 6.632-1. 9.75E-!1 1.45E-:0

AAAAAAA EROSION STOPS AFTER COVER IS ALL ERODED IN 3061.2 YEARS AAAAAAA
PATHWAY 8

DUST INHALATION

AAAAAAAA NUCLIDE DOSES FOR GIVEN TINES AAAAAAAA

MUCLIDE/TIME
41 M-3
42 C-14
43 la-55
44 Co-60
45 Ni-59
46 Hi-63
47 Sr-90
48 Nb-94
49 Tc-99
50 1-129
51 CtI-13
S5 B l7&
53 Cs- 137

0. 1. 15. 50. 100. 200. 350. 500. 750. 1000.
8.40E-07 7.94E-07 3.61E-07 5.02E-08 3.00E-09 1.07E-11 2.28E-15 4.87E-19 3.71E-25 2.82E-31
7.28E-09 7.28E-09 7.26E-09 7.23E-09 7.19E-09 7.10E-09 6.97E-09 6.95E-09 6.64E-09 6.45E-09
3.93E-06 3.04E-06 8.37E-09 1.05E-11 2.79E-17 1.98E-29 0.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01
.082-03 2.702-03 4.26E-04 4.19E-06 5.692-09 1.052-14 2.632-23 6:60E:32 0.00E-01 0.002-01
.172-08 2.17E-08 2.17E-08 2.17E-08 2.162E-08 .162-08 08 2 16E 08 2.152-08 2.152-08

1.61E-05 1.59-05 1.43E-05 1.10E-05 7.56E-06 3.56E-06 1.15E-06 3.71E-07 5.64E-08 8.58E-09
4.80E-05 4.69E-05 3.34E-05 1.43E-05 4.26E-06 3.77E-07 9.942-09 2.62E-10 6.13E-13 1.43E-1S
3 51-07 .352-07 ".34207 2.34E-07 2.341-97 ".J31E07 ".322-07 :11 0 3: 31 ":'7E-07

3SX-09 2.732-09 534E- 9 372E09 2 9 72E-9 7209 9 7-9
2.85E-07 2.85E-07 2.85E-07 2.85E-07 2.85E-07 2.85E-07 2.85E-07 2.85E-07 2.85E-07 2.85E-07
7.62E-10 7.62E-10 7.62E-10 7.62E-10 7.62E-10 7.62E-10 7.62E-10 7.62E-10 7.622-10 7.62E-10
5.70E-09 5.57E-09 4.03E-09 1.79E-09 5.65-10 5.61E-11 1.75E-12 5.47E-14 1.70E-16 5.26E-19

1.22E-04 1.19-04 8.63E-05 3.042-05 1.21E-05 1.20E-06 3.75E-08 1.17E-09 3.641-12 1.13E-14



56 'J-34
ST U-235
59 U-238
59 Hp-237
60 Pu-338
61 Pu-339
o2 Pu-'4:
U< Pu:14'

65 Am-243
66 Cs-243
67 Ca-244
68 -Ru-106
69 Sb-125
70 Cs-.34
71 Eu-154

-.23E-05 7.23E-05 7.23E-05 7.23E-05 7.23E-05 7.23E-05 7.23E-05 7.23E-05 7.23E-05 7.23E-05
:.!'E-06 .10E-06 1.'OE-06 1.1OE-06 *1.10E-06 1.OE-06 :.IOE-06 1.10E-06 :.:3E-06 l.-: -06
:.39E-05 .89E-05 1.89E-05 ..99E-05 .99E-05 1.39E-05 .39E-05 1.99E-05 I.89E-05 '.39E-05
3.45E-07 3.45E-07 3.45E-07 3.45E-07 3.45E-07 3.45E-07 3.45E-07 3.45E-07 3.45E-07 3.45E-07
34'E-03 3.53E-03 3.'!E-03 2.40E-03 1.62E-03 7.33E-04 2.24E-04 6.85E-05 9.49E-06 1.32E-06
3.69E-03 3.69E-03 3.69E-03 3.69E-03 3.68E-03 3.67E-03 3.66E-03 3.64E-03 3.I5E-03 3.59E-03
;.18E-03 '..ZE-03 5.366-04 9.52E-05 6.17E-06 3.24E-00 1.23E-11 4.66E-15 '.27E-21 1.34E-26

7.~ E-0 7. ~ E 06 7.5 5-06 7.j 85-0~ 7 .58 5-06 7.:18 5:06 7.58E-06 7.57 5-06 7 57 - 6 . 7E 0
8.. E03 a 03 8. 72 I 302 87 0 7.67 -3 6 060E03 5.26E-03 4.1E-03 27E35E-03 1.7E-03
2.E-06 2.12E-06 2.12E-06 :.1E-06 2.10E-06 2.08E-06 2.05E-06 2.02E-06 1.98E-06 1.93E-36
'.08E-06 1.05S-06 7.78E-07 3.64E-07 1.23E-07 1.40E-08 5.36E-.0 2.06E-;1 9.01E-:4 2.94E-:6
6 C'E-04 6 5SE-04 3.77E-04 9.51E-05 :.33E-05 2.59E-07 7.03E-10 91E-12 1.01E-16 5.36E-32:
3.93E-07 1.98E-07 _.33E-11 4.91E-22 6.5E-37 0.00E-01 O.OOE-01 0.0E-01 0.OOE-00 O.OOE-01
9.16E-0- 7.13E-07 2.155-09 3.38E-2 1.24E-17 :.69E-2B O.OOE-01 O.OOE-01 O.OOE-0 O.OOE-0
O.00E-05 2.:4E-05 '.93E-07 1.48E-12 7.31E-20 1.795-34 O.OOE-01 0.00E-O1 O.OOE-C: 0.00£-0'
2.78E-06 2.56E-06 8.18E-07 4.71E-08 7.99E-10 2.30E-13 1.12E-18 5.45E-24 7.63E-33 1.07E-41

AAAAAA SUM OF NUCL'DE DOSES FOR GUEN TIMES AAAAAA
29 2.1SE-02 2.09E-02 1.72E-02 1.47E-02 1.31E-02 1.11E-02

AAAAAA SUM O NUCLIDE RISKS FOR GIVEN TIMES AAAAAA
29 o.0E-09 S.86£-09 4.80E-09 4.12E-09 3.67E-09 3.11E-09

PATHHA 10
ATMOSPHERIC TRANSPORT

9.24E-03 8.01E-03

2.59E-09 2.24E-09

6.60E-03 5.66E-03

1.85E-09 1.59E-09

w AAAAAAAR NUCLIDE DOSES FOR GVEN TIMES AAAAA

AN'. !AL DOSE TO AN ND:VIDUAL DUE TO OFF-S:TE AT)
42 H-3 3.62E-08
42 C-14 2.61E-10
43 8e-55 4.70E-10
44 Co-60 3.69E-07

Ig N0 -63 2 9E 9
47 St-90 5.74E-09
48 Ntb-94 2.80E-11

4 ^-99 1.78E-;2

B al 7m 6.81E-13
53 Cs-137 1.46E-08
56 U-234 8.64E-09
57 U-235 1.31E-10
58 U-238 2.^6E-09
59 Np-237 4.128-11
60 Pu-238 4.26E-07
6i Pu-239 4.415-07
6 Pu-241 1.41E-07
63 Pu-242 9.06E-10
64 As-241 1.07E-06

It c 113 i 9E8
67 Cs-244 9.14E-08
69 Ru-106 1.88E-10
69 Sb-12S 1.09E-10

iOSPHERIC TRANSPORT



70 C;-134 X358E-09
7 Eu-154 3.32E-.v

kAAAAA SUN OF NCLIDE DOSES FOR GIVEN TIMES AA*AAA
29 2.60E-06

AAiAAA SUM OF MCL!DS R:Si:S FOR G:VEN TES AAAAAA
29 7.28E-13

DSTANCE TO RECEP-0R IS 345.0 METERS
Chl/O IS 1.62E-05 CI/NAA3 PER CI/SEC

AAAAAAAAAA CUMULAV:YE TOTAL DOSES PER YEAR FOR GIVEN TIMES AAAAAAAAAA

7 9.46E+00 8.33E+00 1.78E+00 3.83E-01 1.84E-01 8.63E-02 5.51E-02 4.03E-02 2.56E-02 1.88E-02

AAAAA*AAAA CUMULATIVE TOaL RISKS PER YEAR FOR GIVEN TIMES AAAAAAAAAA

7 2.65E-03 2.33E-03 4.98E-04 1.07E-04 5.15E-05 2.42E-05 1.54E-05 ;.13E-05 7.16E-06 5.27E-06
oa YLCLIDE HALFL:FE AND INVENT02Y (C;) ASSUMING NO TRANSPORT FROM THE FACIL:TY

(TIME IN YR) HALFLIFE 0. 1. I5. 50. 100. 200. 350. 500. 750. :1000.
41 la-3 1.23E*.0 7.962+01 7.43E+01 3.37E+01 4.69E+00 2.80E-01 1.002-03 2.13E-07 4.55E-11 3.47E-17 2.64E-13
42 C-14 5.73E+03 7.422+00 7.42E+00 7.41E+00 7.38E+00 7.33E+00 7.24E+00 7.11E+00 6.99E+00 6.78E+00 6.58E+u0

43 1)~ 701+00 2 311181 7 Jgf8Es 1 1?4E0 t 03E 825 1 :8_8 5SE-0 °:°82-Pj ?:Sqf:3 8:8gE81:8 0:00 8
45 Ni-59 8.OOE+04 1.43E-01 1.43E-01 1.43E-01 1.43E-01 1.43E-01 1.43E-01 1.43E-01 1.42E-01 1.42E-01 :.42E-O1
46 Ni-63 9.20E+01 4.09E01 4.06E+01 3.66E+01 2.81E+01 1.93E+01 9.072+00 2 93E+00 9.46E-01 1.44E-01 2.19E-02
47 Sr-90 2.96E.01 2.69E+00 2.63E+00 .87E+00 8.02E-01 2.39E-01 2.12E-02 5.58E-04 1.47E-05 3.44E-08 8.03E-11
4P YJ-94 2.OOE+04 4.54E-03 4.54E-03 4.54E-03 4.53E-03 4.52E-03 4.51E-03 4.48E-03 4.46E-03 4.42E-03 4.38E-03
, -; -: *05 1.90E-03 1.90E-03 1.90E-03 1.90E-03 1.90E-03 1.90E-03 1.90E-03 1.90E-03 1.90E-03 1.39E-03
SO I-129 1.70E07 5.61E-03 5.61E-03 5.61E-03 S.61E-03 5.61E-03 5.6;E-03 5.61E-03 5.61E-03 5.61E-03 5.61E-03
51 Cs-135 3.01E+06 1.90E-03 1.90E-03 1.90E-03 1.90E-03 2.90E-03 1.90E-03 1.90E-03 1.90E-03 1.90E-03 1.90E-03
52 a137a 3.00E+01 4.56E+01 4.46E+01 3.23E+01 1.44E01 4.53E+00 4.49E-01 1.40E-02 4.39E-04 1.36E-06 4.22E-09
03 Cs-137 3.00E+01 4.562+01 4.46E+01 3.23E+01 1.44E+01 4.53E+00 4.49E-01 1.40E-02 4.39E-04 1.36E-06 4.22E-09

i7 .-§ 4 80 t 75 85 0 7-34iE 6 9783 0 8~-o 6 9 85 6 S S 5-5 6:8 8S-8 t 8 5 05 850
58 U-238 4.47E+09 1.25E-03 1.25E-03 1.25E-03 1.25E-03 1.25E-03 1.25£-03 1.25E-03 1.25E-03 1.25E-03 1.25E-03
59 Ng-237 2.10E+06 9.68E-06 9.68E-06 9.68E-06 9.692-06, 9.689-06 8-06 9.68E0 9.68E-Q6 9:68-06 9:tjj:fi

u:B 42 77+ O1 91 E 1 1 512E-ot : E-0 .11 -01 1.'10E-01 1.10E-01 1.09E-01~~ ~ 321+01 3.QQE+QQ ~~ +00 .:7.:01 3.172:01 3.57202 8.2520OS 1.1 3E0 .9- 236I?47-3
Am-243 ~~:3il:8~ ~:t~l-8t ?:~I:8t 4 ?Ai:8 2:43 :04 2:432:04u llli 18:111 1611+3 I&AHs a I 2El 85}4E-O 1.07E-O1 7.33E-02 5.03E 02

6S Am-243 7. 7E+03 5.402-05 .40E-05 5.40O-05 .3SE-05 5.35E-05 5.30E-05 5.232-05 5.16E-05 5.04E-05 4.92E-05
66 C:-143 3.19E+o1 4.48E-05 4.39E-05 3.23E-05 1.51E-05 5.10E-06 5.80E-07 2.23E-09 8.56E-10 3.75E-12 1.64E-14
67 C -244 1.76E+01 3.642-02 3.50E-02 2.02E-02 5.09-03 7.09E-04 1.38E-05 3.768-08 1.02E-10 5.41E-15 2.87E-19
68 RU- Q6 1:01EJOO .:67E0 1.5E:03 24E:07 4 60E-1B S 75E:33 OOOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O OOE-01
69 S 25 77E+O .67E-01 2.86E-01 .:60E-03 1.3SE-06 4 98E-12 6.76E-23 O.OOE-01 O.OOE-01 0.00E-01 O.OOE-01



70 Cs-134 2.06E+00 7.48E400 5.34E+00 4.81E-02 3.69E-07 1.B2E-14
71 Eu-134 8.50E00 9.17E-03 3.45E-02 2.70E-02 I.SSE-03 2.64E-05

NUCLIDE ALFLIFE AND INVENTORY CI) REMA!NING IN THE FACILITY

4.44E-29 0.00-01 O.OOE-01
,.58E-09 3.69E-14 1.80E-:9

O.OOE-01 O.OOE-01
2.52E-23 3.5JE-3-

c
C'

F

r

.

4

a

0

0

I

T
..

1,

t'TtE :H
4: H-3

42 C-14
43 Fe-55
44 Co-60
45 Hi-59
46 :IZ-63
47 Sr-90
48 jOb-94
49 Te-99
50 1-129
51 Cs-135
52 Ba:37m
53 Cs-137
56 U-234
7 U-235

5 623397
60 !u:238
6' P239
ao2 Pu-241

ji Pu-:24j

65 Am-243
c* 06 Co-243

a 8R 106
69 Sb-125
A s-1434

71 Eu-154

YR) HALFLIFE 0. 1. 15. SO. 100.
1.23E401 7.8&E01 7.40E+01 3.20E+01 3.94E+00 1.98E-Ol
5.73E+03 7.42E+00 7.39E+00 7.03E+00 6.20E00 5.18E4O0
2.70E+00 2.32E+01 1.80E01 4.94E-01 6.18E-05 1.64E-10
5.25E+00 8.65Eol 7.53E+01 1.19E01 1.17E-01 1.59E-04
8.00E404 :.43E-01 :.43E-01 1.43E-01 1.43E-01 1.42E-01
9.20E+01 4.09E01 4.C6E+01 3.65E+01 2.30E+01 1.9'E+01
2.862+01 2.69E+00 2.63E+00 1.87E+00 8.00E-0! 2.38E-01

2.OOE+04 4.54E-03 4.54E-03 4.53E-03 4.53E-03 4.51E-03
2.13E+05 1.90E-03 1.90E-03 1.85E-03 1.75E-03 1.61E-03
1.70E+07 5.61E-03 5.&E-03 5.57E-03 5.49E-03 $.37E-03
3.0:E+06 '.90E-03 1.90E-03 1.90E-03 1.90E-03 1.90E-03
3.00E+01 4.56E01 4.46E+01 3.23E01 1.44E+01 4.52E+00
3.00E401 4.56E01 4.46E+01 3.23E+01 1.44E+01 4.52E00
4.47E+09 4.27E-03 4.27E-03 4.27E-03 4.27E-03 4.27E-03
7.04E*08 6.85E-05 6.85E-05 6.85E-05 6.85E-05 6.85E-05

2 f9F+82 9 69RE 86 tE 863 98 4U2 9 s'H:E82 OffE82
8.77E+01 1.11E-01 1.10E-01 9.86E-02 7.48E-03 5.03E-02
2.42E404 1.12E-01 I.12E-01 1.12E-01 1.121-01 1.12E-01
1.32E+01 3.00E+00 2.85E+00 1.37E+00 2.17E-01 1.57E-02
:3.79E*05 243E-04 2.431-04 2.43E-04 2.43E-04 2.43E-04

4.59E+0 3 29 -01 2.37E-01 2.22 E-0; 2.11E-01 1.95E-0
7.37E03 5.40E-05 5.40E-05 5.40E-05 5.37E-05 5.34E-05
3.19E#01 4.48E-05 4.38E-05 3.23£-05 1.51E-05 5.10E-06
1:716+0t 3.641-803 .1:50E-03 ?.21-0': 5 08E:03 7.09E-04

. 1N4o 367E- 1 95E-0 I 2.. E 4 59E-:8 5-4E-33
2.77E+00 3.67E-01 2.86E-01. 8.60E-03 1.35E-06 4.97E-12

2 0f+o 7419 8 1,34- 4 .QJE-0j ?.6JE-07 1:122:i4
2:06+00 94 1 4E7-E 7 1552-03 E 64E 0

AA AXIlUM DSE§ I OINAAT NUCLIDE§ Y PATHWAY AAAAAAAAAA

200.
4.99E-04
3.6;E+00
1.16E-21
2.92E-10
1. 421E-01
3.02E+00
2.09E-02
4.49E-03
1.37E-03
5.14E-03
1.89E-03
4.48E-01
4.48E-01
4.27E-03
6.85E-05

2.28E-02
1.111-01
8.25E-05
2.43E-04
1.68E-01
5.28E-05
5. 9CE-07
0 do 0 I

6.71E-23

tAAAAA
UELL

1.1E-01
5O

C-4

350.
6. 32E-08
2.10E+00
0. OOE-01
7.31E-19
1.41E-01
2.90E100
5. 48E-04
4.45E-03
1.07-03
4.8'E-03
1.89E-03
1. 4OE-02
1.4OE-02
4.27E-03
6.85E-05

6.98E-03
1.1:1-01
3. 13E-08
2.43E-04
1.33E-01
5.20E-05
2.23E-08
3.7SE-08
0.00E-O
0.00E-O

3 2890p

500.
7.99E-12
1.23E+00
O.OOE-01
1.92E-37
1.40E-01
9.32E-0
'.44E-OS
4.41E-03
8.40E-04
4.50E-03
1.89E-03
4.35E-04
4.35E-04
4.37E-03
6.84E-05

2.13E-03
1. 10E-Ol
1. 192-11
2.43£-04
1.06E-0
5. llE-05
8.55E-10

O.OOE-01

1°8°8E1°4

750,
2.55E-'8
4.99E-O.
O.OOE-O'
O.OE-01
:.39E-01
1.4:E-01
3.31E-08
4.35E-03
S.S8E-04
4.032E-03
'.88E-03
1.35E-06
1 .35E-06-
4. 26£-03
6.84E-0S

2.95E-04
1.09E-01
2.36E-17
2.42E-04
7.23E-02
4.97E-05
3.74E-12
5. 40E-15
0.001-01
0.00E-O1

2° 82°-fl°

:000.
a. 13E-25
3.03E-O
0.00E-O
1.00E-0:
1.38E-0
3.13E-03
7.65£-'
4.^E-03
3.71E-04
3.61E 03
4.15E-09
4.15E-09
4.26E-03
6.84E-05
j 3E 8t
4.09E-05
1.09E-O:
4.69E-23
2.42E-0O
4.93E-02
4.83E-05
1.63E-14
2.86E-19
3.OOE-O:
O.OOE-O:

NAME OF RUN
PATHVAY

ANNUAL DOE
YEAR

DOKINANT NUCLIDE

AAAAAAAA 6 PRHU - D SE
DUST ATMOSPHERSC

2.15E-02 2.60E-06
0 0

Am-241 Am-241

3/86
GAMMA

8. 76E+00
0

Co-60

AAA
FOOD

4.84E-01
I

Cs- 137


