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PREFACE

The document entitied Intruder Dose Pathway Analysis of the Onsite Disposal
of Radioactive Wastes: The ONSITE/MAXI1 Computer Program (1984} by Napier

et al. summarizes our initial efforts to develop human-intrusion scenarios
and a modiffed version of the MAXI computer program for potential use by
the NRC in reviewing applications for onsite radioactive waste disposal.
This document 1s a supplement to that document and summarizes our efforts
to further modify and improve the ONSITE/MAXI1 software package. To
facilitate cross-referencing, it follows the same format. Notable improve-
ments to the software package include the capability to account for shield-
ing conditions that represent noncompacted trash wastes and the option to
indicate alternative land-use conditions. This supplement contains a
description of the implementation of these modifications. In addition, a
series of discussions are included in an attempt to increase the user's
understanding of the scenarios and dose calculation methods. These discus~
sions respond to frequently asked questions about the mathematical models
and use of the software.

Computer 1istings of the ONSITE/MAXI1 computer program are included as
Appendices A and B of this document. Appendix C 1ists external exposure
dose-rate factor 1{braries.

A second supplement to the 1984 NUREG document is planned for publication
in late 1986. The second supplement will include ICRP-26/30 internal dose
conversion factors and modifications for operations on a personal computer.






EXECUTIVE SUMMARY

Pacific Northwest Laboratory prepared this document as a suppiement to a
previous document that describes the ONSITE/MAXI1 computer software package
(Intruder Dose Pathway Analysis for the Onsite Disposal Radicactive Wastes:

» 1984, by Napier et al.)., The objective
of this project 1s to modffy an existing pathway-to-man computer program.
the MAXI computer program, for use by the U.S. Nuclear Regulatory Commis-
sfon (NRC) in reviewing all proposed onsite burials of radicactive
materials by its 1icensees, Because of uncertainties associated with
assessing the potential risks from onsite burials of radicactive waste, the
NRC amended its regulations to provide greater assurance that buried radio-
active material will not present a hazard to public health and safety. The
current policy of the NRC is to review all proposed onsite burials of
radiocactive waste on a case-by-case basis. As part of our earlier work on
this project, specific human intrusion scenarios were developed that con-
sider various potential combinatifons of direct exposure to penetrating
radiation, inhalation of airborne radionuclides, ingestion of agricultural
products raised in contaminated soil, and ingestion of radionuclides 1n
drinking water. These scenarios are activated by running the ONSITE/MAXI1
computer software package.

As a continuation of our earlier efforts, enhancements to the ONSITE/MAXIl
computer software package and revisions to the documentation were made to
more fully explain the computer software. The program enhancements account
for additional optional shielding factors that could influence external
exposure to penetrating radiation and provide options for alternative land-
use conditions that permit the user to select from a complete diet, meat
diet, or vegetable diet. Expanded descriptions of the radiation exposure
scenarios and mathematical models are also included to assist the user 1n
understanding the operation of the computer programs. These program
enhancements and expanded model descriptions are discussed in Section 2 of
this supplement.

The ONSITE/MAX¥1 software package has been installed on both coct®) g600-
7600 and VAX(D 780 compu?eys, and the ONSITE computer program has also
been installed on the IBM'C’/ PC. The original documentation for the
ONSITE/MAXI1 software provided detailed instructions for operation on the
CDC 6600-7600 computer (Napier et al. 1984). Section 3 of this document
contains a description of the procedures used to operate the software on
the YAX780 computer. A sample problem that demonstrates the stored waste
sub-set of the External Exposure Scenario 1s also given in Section 3.
Except for the system-level commands, the operation of the ONSITE/MAXI1

{a) CDC is a registered trademark of Control Data Corporation, St. Paul,
Minnesota.

{b) YAX is a trademark of Digital Equipment Corporation, Nashua, New
Hampshire.

(c) IBM is a registered trademark of International Business Machines
Corporation, Boca Raton, Florida.
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software 1s identical on both the CDC and YAX computers, and full verifica-
tion and test problems have been completed. The changes and enhancements
made to the software have not altered the structure or operation of the
computer programs; thus, the structure and operation discussed in Napier et
al. (1984} have not been repeated in this document. A complete 1isting of
the MAXI1 and ONSITE computer programs along with a complete 11sting of the
the data 1ibraries used to model a wide variety of external exposure condi-
tions are provided in the appendices of the document. The organization of
this supplement roughly follows the arrangement of the original ONSITE/MAXI1
document to facilitate cross-referencing.
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1.0 _INTRODUCTION

In January 1981, the U.S. Nuclear Regulatory Commission (NRC) amended its
regulation in order to minimize the risks associated with onsite land
disposal of radioactive materials by licensees. Current regulations
require that disposal of radioactive materials by licensees, unless other-
wise authorized, be specifically approved by the NRC pursuant to Section
20.302{(a) of 10 CFR Part 20 (NRC 1984)., This regulation states:

Any 1icensee or applicant for a 1icense may apply to the Com-
mission for approval of proposed procedures to dispose of
licensed material in a manner not otherwise authorized 1n the
regulations in this chapter. Each application should include a
description of the licensed material and any other radioactive
material involved, including the quantities and kinds of such
material and the levels of radiocactivity involved. and the pro-
posed manner and conditions of disposal. The appiication should
also fnclude an analysis and evaluation of pertinent information
as to the nature of the enviromnment. including topographical,
geological, meteorological, and hydrological characteristics;
usage of ground and surface waters in the general area; the
nature and locations of other potentially affected facilities;
and procedures to be observed to minimize the risk of unexpected
or hazardous exposures.

The current policy of the NRC is to review all proposed onsite burials on a
case-by-case basis. Technical assessments of proposed onsite disposals may
at times require modeling of the potential pathways to man and projecting
the magnitude of potential radiation dose commitments. The objective of
this project is to modify an existing pathway-to-man computer program,
MAXI1 (Napier et al. 1979), for use by the NRC Waste Management staff when
they conduct human-~intrusion, dose-pathway analyses for onsite burial of
Tow-level radioactive wastes. As part of an earlier effort on this pro-
Ject, specific human-intrusion scenarios were developed for various poten-
tial combinations of direct exposure to penetrating radiation, inhalation
of airborne radionuclides, ingestion of agricultural products raised in
contaminated soil, and ingestion of radionuciides in drinking water (Napier
et al. 1984), These scenarios are activated by running the ONSITE/MAXI1
computer software package. As a continuation of earlier work, enhancements
to the ONSITE/MAXI1 computer software package and revisions to the documen-
tation have been made to explain the computer software. Program enhance-
ments add optional shielding factors in the direct exposure pathway
scenarios and options for alternative land-use conditions that permit the
user to select from a combined diet, meat diet, or vegetable diet,

The ONSITE/MAXI1 software package contains four computer codes. ONSITE is
the interactive user interface that allows the end-user to simply and

efficiently create and use the radiation exposure scenarfos. MAXI1 is then
used with the scenario information to calculate the maximum annual dose to

1.1



the exposed {ndividual from selected pathways. MAXI2 generates inter-
mediate dose-conversion factors for food pathways. These factors are
stored in data files. MAXI3 generates the data files containing inter-
mediate dose-conversion factors for aquatic pathways.

In addition, data files are provided that contaln inhalation and external
dose-conversion factors. These factors are calculated using codes external
to the ONSITE/MAXI1 software package. The inhalation dose-conversion
factors are based on the Task Group on Lung Dynamics Model (TGLM) and
ravisions to the metabolic data for plutonium and other actinides developed
by the International Commission on Radiological Protection {ICRP 1966; ICRP
1972). They are calculated using a version of the DACRIN (Houston, Strenge
and Watson 1974) computer program. The external dose-conversion factors
for various waste disposal geometries and conditions are calculated using
the ISOSHLD (Engel, Greenborg and Hendrickson 1966) shielding program.

This supplement to Napier et al. (1984} describes the enhancements added to
the ONSITE/MAXI1 software package since the original document was pubiished
in October 1984. Notable improvements to the software package include the
ability to account for shielding conditions that represent noncompacted
trash wastes and the option to indicate alternative land-use conditions.
Expanded descriptions of the scenarios and mathematical models are also
included to assist the user in understanding the operation of the computer
programs.

The organization of this supplement closely follows the outline of Napier
et al. (1984}, To facilitate cross~referencing, major sections of the two
documents are parallel. Appendices in this supplement contain the current
1istings of all external dose-rate factor files and the modified versions
of the ONSITE and MAXI1 computer programs.

REFERENCES
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2.0 MATHEMATICAL MODELS AND COMPUTER SOFTWARE FOR ASSESSING ONSITE
DISPOSAL IMPACTS - ENHANCEMENTS AND FURTHER DISCUSSIONS

This section discusses enhancements to the radiation-exposure scenarios,
mathematical models, computer programs., and data bases for assessing poten-
tial doses to intruders of onsite disposal sites as presented in Napier et
at. (1984).

2.1 DEFINITION AND SOLUTION OF THE PROBLEM

As described in Napier et al. (1984}, an approach similar to that applied
in the Draft and Final Environmental Impact Statement in support of 10 CFR
Part 61 (NRC 1981; NRC 1982) is used to assess risks associated with onsite
disposal. That §s, radiation~exposure scenarios for the maximally exposed
individual (an intruder) are established and the resulting radiation dose
1s determined.

Five scenarios are identified for assessing doses to Intruders at onsite
disposal sites.

1. External-Exposure Scenario. An individual 1s assumed to work in an

area previously used for onsite disposal. Only external exposure to
direct penetrating radiation is considered. Qptional data libraries
permit the user to select from surface~soil contamination. wastes
buried at depths of 0.5 m or 1.0 m» or entry into a room {or vault)
that is used for waste storage or disposal. A sub-set of this
scenario is the Stored Waste Scenario, which is described in detatl in
Section 2.1.5.

2. External Exposure Plus Inhalation Scenario. An individual is assumed
to work in an area with limited surface~soil contamination. This
individual is exposed to direct penetrating radfation and inhales
resuspended radionuclides that are present in the surface sotl.

3. Agricultural Scenario. An individual is assumed to raise his annual
diet (or a fraction of 1t) in sofl contaminated by the onsite disposal
of radiocactive wastes. External exposure and inhalation of resus-
pended radionuclides from surface soil are also considered.

4. Irrigation/Orinking~Water Scenario. An individual is assumed to irri-

gate and/or drink from a water supply contaminated by radionucliides
from an onsfite disposal site. In addition, external exposure and
inhalation of resuspended radionuciides that are deposited on the
surface of the soil by the irrigation water are considered.

5. User~-Defined Scenario. The user may construct his own scenario by

selecting exposure pathways and defining conditions described in the
ONSITE/MAXI1 computer software package.
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The remainder of this section describes the enhancements that have been
made to the original ONSITE/MAXI1 computer software package.

2.1.1 Alternative Land-Use Conditions

Additional agricultural scenario options have been developed to consider
alternative land-use conditions. The original agrficultural scenario
assumed the intruder raised vegetables, fruit, and livestock for meat and
dairy products on the waste disposal site. This original scenario is
referred to as the combined diet option. Two alternative types of land~use
may now be considered by the software user. The first alternative land-use
option, referred to as vegetable diet option, assumes the intruder grows
only vegetables and fruits on the waste disposal site. The second alterna-
tive land-use option assumes the intruder uses the waste disposal site only
for grazing of 1ivestock. In this second option, referred to as the meat
diet option, the intruder's diet consists of meat and dajry products
obtained from the livestock raised on the disposal site.

Diet parameters are “environment"-specific in that intruder diet parameters
are used to calculate dose-conversion factors that are subsequently used in
the onsite disposal scenarios (Napier et al. 1984, Sections 2.1.1 and
2.1.2). Diet parameters are reflected in the leaf and soil mechanism dose-
rate factors [Napier et al. 1984, Equation (2,9)] used by MAXI1l. In order
to implement the alternative land-use conditions, additional files of Tleaf
mechanism dose-rate factors (Napler et al. 1984, Section 2.3.2) and soil
mechanism dose-rate factors (Napier et al. 1984, Section 2.3.3) were
developed. The parameters used to generate these dose~rate factors for
selected foods are 1isted in Napier et al. (1984, Table 2.1-1). The vege-
table diet option consists of leafy, other aboveground, and root vegetables
as well as fruits and grains. The meat diet option consists of eggs, milk,
beef, pork, and poultry. The Tmplementation of the additional agricultural
land-use options into the ONSITE/MAXI] software package is further dis-
cussed in Section 2.2.1.

The diets considered in the alternative land-use options have been shown to
affect the doses resuiting from the agricultural scenario. Table 2.1-1
contains the fractional contribution of the meat and vegetable diet to
total-body dose-rate factors during the first year of exposure for selected
radionuclides. Selecting the vegetable diet option or the meat diet option
may change the magnitude of the organ dose. the dominant pathway, the
dominant radionuclide in a given mixture, and the year of maximum exposure.
To demonstrate these possible changes, Table 2.1-2 summarizes the results
of Sample Problem Three (Napier et al. 1984) when executed with the the
meat diet option, the vegetable diet option, and the combined diet option
for three selected organs.

2.1.2 Diet Correction Factor and Area Correction Factor Relationship

In Section 2.1.1, one method for adjusting the diet (selection of diet
option) of the site intruder was described. The ONSITE/MAXI1 computer
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Fractional Contribution of Meat and Yegetable Diet to
Total-Body Dose~Rate Factors During the First Year of
Exposure for Selected Radionuclides

(a) +D means plus short-lived radicactive decay products.

Land-Use Diet Options

TABLE 2,1-2.
Diet
_Organ _Option
Total-Body Meat
Vegetable
Comb1ined
Bone Meat
Vegetable
Combined
Lower Meat
Large Yegetable
Intestine Combined
of GI-
Tract

Total® Dose

_frem}

1.8+1(0)
1.8+1
2.2+1

1.9+1
5.3+1
5.6+1

1.3+1
1.6+1
1.7+41

Dominant

Pathway

External
Ingestion
External

External
Ingestion
Ingestion

External
External
External

{a) Napier et al, (1984), Section 3.4.3.
(b} Where 1.8+1 indicates 1.8 x 10" .

2.3

Dominant

Radionuclide

6000
90Sr+D

BUCO
60¢,

a0
Sr+D
905 ,4p

%
Co

6000

. Leaf Mechanism — Soil Mechanism

Meat Yegetable Meat Yegetable

Radionuclide Diet __Diet Diet __Diet
34 0.7 0.3 0.3 0.7
l4¢ 0.8 0.2 0.4 0.6
60c, 0.1 0.9 0.3 0.7
Dgrepla)l 0.3 0.7 0.1 0.9
137¢s40 0.7 0.3 0.4 0.6
238134p 0.2 0.8 0.1 0.9

Results of Sample Problem Three for the Three

Max imum
_Year

10
22
10

10
27
27

10
10
10



programs contain two addftional methods for adjusting the diet of the
intruder. One method indicates the size of the waste disposal site in
fractional hectares. Based on the indicated site size, an area correction
factor is applied as discussed in Napier et al. (1984, Section Z2.1.4.1).
The second method directly indicates the portion of the intruder's diet
that is grown on the waste disposal site (referred to as diet correction
factor). These three methods allow substantfal flexibility in scenario
construction when considering the agricultural pathways. However, it is
important for the user to understand the relationships among these three
methods so they can be properly applied.

The area correction factor and the diet correction factor are both multi-
pliers that modify the intruder's selected diet. Minor changes have been
made to the ONSITE computer program to ensure that the user cannot fnadver-
tently apply both a diet correction factor and an area correction factor.
The order of questions during the input process has been rearranged so the
question concerning the area correction factor is presented before the
query about the diet correction factor. If the user selects a waste dis-
posal site size of less than a hectare, indicating that an area correction
factor is to be applied, the option to apply a diet correction factor is
bypassed. Computer implementation of these modifications is discussed 1n
Section 2.2.1,

2.1.3 Resuspension and Inhalatjon Area Correction Factor

The original documentation of the ONSITE/MAXI1 computer program (Napier et
al., 1984) accounted for sites of 1imited size. The document developed and
discussed area correction factors that were intended to reduce the default
exposure pathway conditions to account for sites with areas less than 1 ha.
These factors applied to the direct exposure pathway and the combined
ingestion and inhalation pathways. A sensitivity study was used for
developing the direct exposure pathway area correction factors. A step
function area correction factor relationship was assumed for both ingestion
and inhatlation {as shown in Figures 2.1-1 and 2.1-4 of Napier et al. 1984).
After careful consideration of the potential magnitude of the area correc-
tion for inhalation factors, it was determined that the area correction
developed for the direct exposure pathway should be applied for the inhala-
tion pathway, instead of the assumed step function used for fingestion.

This 1s because many of the experiments relating air and soll concentra-
tions were performed on sites of 1imited size (i.e., sites with areas of

1 ha or less) (Sehmel 1974; Milham et al. 1976; Sehmel and Lloyd 1976).
Thus, it is perhaps not unreasonable to assume that the area correction
factor would approach 1.0 for a relatively small site (0.1 to 0.2 ha). The
revised area correction factors for direct exposure and inhalation are
shown in Figure 2.1-1 and the area correction factors used for ingestion
are shown in Figure 2.1-2. The computer implementation of these modifica-
tions is discussed 1n Section 2.2.4.
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Based on this result, the ONSITE/MAXI1l computer program has been modified
to permit the user to select the waste form density when performing
external-exposure calculatigns. The possible waste form densities that ﬁge
user may select are 1.8 g/c {themgpproximate density of soil), 1.0 g/c
{the density of water), or 0.6 g/cm (the approximate density of noncom-
pacted trash waste forms). No corrections for slab thickness are included
in the external-exposure data T{ibraries.

2.1.5 Stored Waste Scenarig Description

As stated in Section 2.1, the Stored Waste Scenario is a sub-set of the
External-Exposure Scenario in which the user selects the stored waste dose-
conversion factor files instead of the surface or buried waste files.
Including this scenario permits the user to consider cases where wastes are
disposed of in a storage building, vault, or cave, and where an intruder
would only receive external exposure from penetrating radiation. This type
of scenario was first considered in a document on decommissioning by Oak et
al, (1980). The dose-conversion factor files used to model this case are
based on an fntruder Tocated 3 m away from a storage area with dimensions
of 3 m high by 10 m wide by 3 m deep. Because it is difficult to antici-
pate potential variation of stored waste conditions and exposure geome-
tries, dose-conversion factors for only one selected geometry have been
developed. However, the user may select the waste density (as described in
Section 2.1.4) and exposure duration and develop his own modeling assump-
tions. The effects of reflected gamma energy from distant walls or sur-
faces 1n the storage facility are not included because shielding calcula-
tions have shown that the dominant contributor to the dose rate will be
from "1ine~of-sight"” with the stored wastes (Blizard 1962}, For photon
energies greater than about 1 Mev, the incremental contribution from
reflected radiation would be about 1%¥. For lower photon energies, the
incremental contribution would be as high as 15% {Jaeger 1968). Also, it
is impossible to completely model the large potential for variable condi-
tions at real waste storage facilities. A description of the data base
containing the optional external-exposure files is included in Section
2.3.4, and an example problem showing the fnput and output used to run this
scenario using ONSITE/MAXI1 is given in Section 3.4.

2.1.6 Comparison of Maximum Anpual Dose to Committed Dose Equivalent

As stated 1n Napier et al. (1984), the fundamental relationship for calcu=~
lating radiation doses to people from any radionucl ide exposure pathway is
given in Equation (2.1) (Soldat, Robinson, and Baker 1974)

R = Cip u

ipr (2.1)

p Dipr
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where

R_I = the radtation dose-equivalent or committed radiation dose-
pr
equivalent from radionucliide, 1, via exposure pathway, p, to
orgam r (rem)

C1p = concentration of radfonuclide, 1, in the media of exposure
pathway, p; (pCi/m”, pCi/L, or pCi/kg) for calculations
involving atrborne radionuclides, C, 1s replaced with the
term, X, which represents the averlﬁe airborne concentration
of radionuclide, 1.

U = usage parameter (exposure rate or intake rate) associated with
exposure pathway, p (hr/yr, L/yr, or kg/yr)

Dipr = radiatfon dose-equivalent factor or the committed dose-
equivalent factor for radionuclide, 1, exposure pathway, p,
and organ, r, to convert the concentration and usage
parameters to the radiation dose equivalent or to the
committed radfation dose equivalent (mrem/pCi)

Analyzing radiation doses from separate exposure pathways requires deter-
mining the radionuclide concentrations and exposure rate or intake rate
associated with each exposure pathway.

Site-specific parameters can be used to determine the exposure pathways,
the radionuclides, and the exposure or intake rates. For external expo-
sure, the concentration of radionuclides and the duration of exposure must
be quantified. For ingestion of farm products grown on a contaminated
site, the radifonuclide concentration in separate food products must be
determined by accounting for root uptake from soil, dry deposition from air
onto plant surfaces, or animal consumption of contaminated forage or feed.
The annual diet for the maximally exposed individual and the holdup time
between harvest and consumption must also be determined. For inhalatfon,
the airborne concentration of resuspended radionuclides can be determined
directly from the ground concentration using a mass-loading factor, resus-
pension factor, or resuspension rate analysis (Anspaugh et al. 1975),

Calculating the annual dose to an organ of reference using the MAXI1 com-
puter program requires the dose equivalent from exposure during the year of
interest plus the annual dose resulting from previous years of intake. The
general expression for annual dose calculations is deduced by inspecting
the annual dose equations for the first 3 years of continuous exposure.

For the first year, the annual dose to an organ of reference is simply the
summation of the radiation dose equivalents from all internal and externai-
exposure pathways. For the second year, the annual dose 15 calculated by
the following expression (Kennedy et al., 1979):
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- RN+ (R, » = Ry ) (2.2)

where

A, = the annual dose to the organ of reference during the second
year from all exposure pathways, rem

R, = the radiation dose equivalent in the second year to the organ
of reference from all internal and external-exposure pathways
from intake and exposure in the second year, mrem

R = the committed dose equivalent to the organ of reference for
the first two years from radionucl{des internally deposited
during intake from exposure pathways in the first year, mrem

R = the radiation dose equivalent to the organ of reference for
the first year from radionuclides internally deposited during
intake from exposure pathways in the first year (no external
component to the dose equivalent), mrem.

The second-year annual dose to an organ of reference [A, in Equation (2.2}]
is the summation of the radiation dose equivalents from all exposure path-~
ways during the second year and the dose equivalent delivered during the
second year from the radionuclides internally deposited in that organ
during the first year. The term in parentheses in Equation (2,2) is the
expression for the dose equivalent to the organ of reference from radio-
nuclides deposited in that organ during the first year. It is found by
subtracting the first-year dose equivalent, resulting from internally
deposited radionuclides, from the second-year committed dose equivalent.
The mathematical expression for the annual dose to an organ of reference in
the third year of continuous exposure 1s (Kennedy et al. 1979):

*
Ay =Ry + Ry 5 =Ry )+ Ry =Ry (2.3)

where

the annual dose to the organ of reference during the third year
from all exposure pathways, mrem

g
%

the radiation dose equivalent in the third year to the organ
of reference from all internal and external-exposure pathways
from intake and exposure in the third year, mrem.

In Equation (2.3}, the terms,R andR are simiiar in form, each

containing two subscripts. ted f1}é% subsc;T&t def ines the year of intake
or exposure after the start of contfnuous exposure, and the second defines
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the number of years used in calculating the committed dose equivalent. The
quantity 1n the first parentheses is the dose equivalent to the organ of
reference 1n the third year from radionuclides deposited during the first
year of continuous exposure (i.e., the difference between the third-year
committed dose equivalent and the second-year committed dose equivalent).

The quantity in the second parentheses is the dose equivalent in the third
year to the organ of reference from radionuclides deposited during the
second year of continuous exposure (i.e., the difference between the second-
year committed dose equivalent and the first-year committed dose equivalent).

The general expression for calculating the annual dose to an organ of
reference during any year after the start of continuous exposure is
expressed as (Kennedy et al. 1979):

A—R*+t§R R (2.4)
£ R T L\ B -t T R en 2.4
where

A, = the annual dose during the year, t, from all exposure pathways

to the organ of reference, mrem

R, = the radiation dose equivalent in year, t, to the organ of
reference from all internal and external-exposure pathways from
intake and exposure in the year, t, mrem,

The summation term in Equation (2.4} represents the dose equivalent
delivered to the organ of reference in year, t, from radionuclides
deposited in the organ from intake in all previous years since the start of
continuous exposure. This term 1s valid only for positive integer values
of t. For t equal to 1, the summation term is zero.

The annual dose, A., to the organ of reference 1s calculated for each value
of t fron 1 to 50, and the maximum annual dose is determined by inspection,
Experience with this method to date indicates 50 years as a suitable maxi-
mum value of t; however, higher maximum values are not precluded. The
radiation dose equivalent terms required by Equation (2.4} are determined
from Equation (2.1} using existing radiation dose computer programs for
pertinent radiation-exposure pathways. Deta115 about calculating the
radionuclide concentrations in various media, C;_ , from Equation (2.1), are
given in Sections 2.1.4.1 through 2.1.4.5 of Nap?er et al. (1984},

The annual dose, A, defined by Equation (2.4}, 1s then compared to the 50~
year commijtted dose equivalent. The radiation dose~-commitment accounts for
the dose received over a specified amount of time from intake during one

year of exposure. The common dose commitment period used in most applica-
tions is 50 years, to account for the average adult 1ifetime; however, any
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time period may be used. To provide a simple i1lustrative comparison, a
dose commitment period of 3 years wil1l be considered. It should be noted
that the same general conclusions reached for the 3-year commitment also
apply to the 50-year commitment.

As an examplie, the annual dose in the third year after the start of con-
tinuous exposure, based on Equation (2.3), is considered, First, the term

Ry 1s replaced with the term Dy 5. This new term represents the dose

equivalent during the third year from al1 intake and external exposure

occurring during the third year. Next, the (R ~ R, } term 1s replaced
%he third year after

with the term D, 3. representing the dose de11vered in
intake in the f%rst year; and the (R ) term is replaced with the
term D2 3+ representing the dose de1f%ered Fh the third year after intake
in the Second year. Equation (2.3), or the expression for the annual dose
during the third year, 1s now expressed as:

A3 = D3,3 + Dy 3+ Dy 3 (2.5)

the dose equivalent during the third year from all internal and
external exposure occurring in the third year of continuous
exposure

01'3 = the dose equivalent in the third year resulting from intake in
the first year of continuous exposure

"

02’3 the dose equivalent in the third year resulting from intake in
the second year of continuous exposure

and where Ay is as defined for Equation (2.3),

The dose received during the first 3 years of continuous exposure, at a
constant rate of intake by Tngestion or inhalation. is graphically repre-
sented 1n Figure 2.1-3. The size of the boxes is used to show the relative
dose received in any specified year from a particular year of intake. The
dose received in the first year is shown as one box, lTabeled Dl 15 the dose
received in the second year is shown as two boxes, labeled D and D

and the dose received in the third year is shown as three boxes, 1abe eg
Dl 32 D2 3° and D3 3- The 3-year dose commitment is the sum of the

bottom Fow of boxes shown 1n Figure 2.1-2, or (Dl 1t Dl 2+ 0y, 3)

For conditions of constant intake over the 3 year period, the top row

of boxes are of equal size, or D Because the effective
half-1ife of a radionuclide is constant, he &%se received in the year
folTowing the intake 1s reduced by a constant amount. This fs shown in
Figure 2.1-2 as Dy , = 02 3. Both the annual dose in the third year and
the 3-year dose commitment contain the term Dy 2. Thus, it can be seen
from the sizes of the boxes In Figure 2.1-3, or the condition of constant
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intake, that the annual dose in the third year and the 3-year dose commit~
ment are equal.

In addition, Lindel1 (1985) recently demonstrated the equal 1ty between the
collective dose commitment from one year of intake and exposure and the
highest future annual collective dose under steady~state conditions for a
period of continuous exposure at a constant rate. The condition of con-
stant intake s met when the radfonuclide of concern has a long physical
hatf-1ife, For those radionuclides, MAXIl reports the maximum annual dose
as occurring in the last year (50th year) of continuous exposure. Thus,
for a 50-year exposure situation, the maximum annual dose and the 50-year
committed dose equivalent are equal.

For short-1ived radionuclides, or those with effective half-Tives of a few
months or less, essentially all of the dose is received in the first year;
thus, the first-year dose equals both the maximum annual dose and the 50-
year committed dose equivalent.

The external-exposure pathway is considered along with inhalation and
sometimes ingestion of food products for the scenarios of interest to the
assessment of onsite disposal of radiocactive wastes. The external-exposure
pathway does not result in a dose during subsequent years; that is, the
first-year dose and the 50-year commitment are equal for external exposure.
Thus, for radionuclides and/or exposure scenarios dominated by the external-
exposure pathway, the maximum annual dose peaks in the first year and
equals {or closely approximates) the 50-year dose comnitment.

&
& D34
g
= Dy,
iy
)
o
B4 D)3
D
1,2
D3
1 2 3
Year

FIGURE 2,1-3. Equality Between the Dose Commitment and the
Annual Dose Under Continuous Exposure Condi-
tions of Constant Annual Intake
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Experience with the MAXI1 computer program indicates that, for mid-1ived
radionucl ides (those with half-1ives of 1-50 years) and for scenarios of
interest to onsite disposal (which include the external-exposure pathway),
the maximum annual dose wiil approximate the 50-year committed dose equiva-
lent quite closely. The closeness of the comparison will depend on the
retative contribution of the exposure pathways considered in the scenario
analysis.

As an example of the comparison of the maximum annual dose with the 50-year
dose commitment, an independent derivation of the 10 CFR Part 61 (NRC 1984}
low-level waste disposal 1imits was performed using the MAXI1 computer
program (Kennedy and Napier 1984). Major differences in the 50-year dose
commitment and the maximum annual dose would result in significant differ-
ences in the calculated low-level waste disposal 1imits. The MAXIl deriva-
tion used the intruder construction and intruder agriculture scenarios, as
defined in the Draft Environmental Impact Statement (DEIS) in support of 10
CFR Part 61 (NRC 1981),

Disposal 1imits are listed in 10 CFR Part 61 (NRC 1984) for three classes
of commercial radioactive wastes: A, B, and C. Class A wastes have mini-
mum stability requirements, low levels of radfoactivity, and their 1imits
reflect 100 years of radicactive decay that would occur during an institu-
tional control peried. Class B wastes permit higher activity levels and
must meet more rigorous waste-form requirements to ensure stability after
disposal. Class C wastes are required to have a stable waste form, a
package with higher integrity than required for Class A or B wastes, and
their 1imits reflect 500 years of radioactive decay. Disposed Class C
wastes are further assumed to provide ten times more protection from intru~
sion than disposed Class A wastes.

The results of the derivation of the Class A and Class C disposal 1imits
using the MAXI1 computer code, based on maximum annual dose instead of the
50~year dose commitment as used by NRC, are shown in Table 2.1-4, By
carefully following the scenarfo descriptions given in the {NRC 1981) and
correctly accounting for radicactive decay, the results generated by MAXI1
generally compare closely to the 10 CFR 61 disposal 1imits. The comparison
is very close for short to mid half-11ife radionuclides (i.,e., half-Tives
less than 30 years). Theggotab'le exceptions to this close agreequt are
the disposal 1imits for ’Tc and the Class C disposal 1imit for Cs where
Sar values are about ten times the 10 CFR 61 values. The difference in the
Tc concentrations a drinking-water scenario, rather than the Intruder
scenarfos, for results from the NRC's use of the 10 CFR 61 value.

The general agreement of MAXI1 calculated values with the 10 CFR 61
disposal 1imits, accounting for minor modeling differences, Indicates the
50~year dose commitment and the maximum annual dose are quite close for
most radionuclides.
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Comparison of 10 CFR Part 61 and Calculated
Low-Level Waste Disposal Concentrations

10 CFR Part 61 Calculated
Concentration Concentration
(Ci/m”) (Ci/m)
Radionuclide Llass A Class C Llass A Class C
14
C 0.8 8 0.8 B
ggCo 700 --(2) 400 --(a
N1 2.2 22 1 10
g3N1 (b) 3.5 700 1 200
O5r+D 0.04 7000 0.03 5000
991 0.3 3 3 30
137 (b
Cs+D 1 4500 0,3 30000

(a) Dashes indicate that no Class C 1imits are established (j.e., the
concentration is limited only by practical considerations including
the stability of the waste form, internal heat generation, and
handling).

(b) +D means piga short-1ived daughters.

{c) Units for Pu are in nCi/g.

2.1.7 MAXI]l Time Line

To fully understand the scenario construction flexibility of the ONSITE/
MAXI1 computer software package, the user must understand the relationships
between the times the scenario events are assumed to occur. Figure 2,1-4
contains the "MAXI1 time 1ine" and s shown in order to graphically relate:
1) the time at which the radionuclide inventory is disposed of at the site,
2} the optional period of radionuclide decay before the beginning of the
intruder scenario, 3} the optional period when build-up of radionuclides
may occur due to irrigation with contaminated water, and 4) the beginning
of the intruder scehario which is also the beginning of the dose calcula-
tion period. In Figure 2.1-4, the inventory is assumed to be disposed of
at the site at time 0. The intruder scenario and the dose calculation
period begin at time ITl, as discussed tn Napier et al. (1984). The
intruder scenario and dose calculation period ends at time ITZ, always

(IT1 + 507, If ITl is greater than 0O, there will be ITl years of radio-
nuclide decay before the intruder scenario begins. In addition, (ITl - m)
i{s the length of time that radionuclides may build up via irrigation before
the dose calculation period begins. The MAXII parameter IRR is equivalent
to the period (IT1 -~ m}. The MAXI1 control parameters that the user may
manipulate are ITl, IT2, and IRR.
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Optional Inventory Decay Period

f ]

Optional Radionuclide Scenario Duration (Dose

Build-up vis Irrigation Calculation Period of 50 yrs)
Inventory . o~
Disposed ( Y \
of Onsite

Years

0 m 1T IT2

FIGURE 2.1-4, MAXI1 Time Line

2.1.8 Derivation of Area Correcijon Factors for Ingestion Pathway

The total diet of a "maximum individual", taken from Napier (198l1) is used
to construct the step function of Figure 2.1-2. The step function allows
consideration of area-intensive practices for small areas without forcing
extreme conservatism on larger areas.

A small arga is assumed to be intensely farmed for vegetables. An area of
about 50 m“ 1s required for an individual to grow a year's supply of %eafy
and other aboveground vegetables. An additional area of about 150 m“ is
required to grow a year's supply of root vegetables aEd grains, Larger
areas are required for orchards. About 800 to 1800 m“ is required to grow
a year's supply of food for a single pig. An area greater than 1 ha is
required to support one milk cow.,

The percentage of the total diet that each of these foods supplies is also
derived from Napier (1981). The above-ground vegetables comprise about 5
to 108 of the total! intake. Grains and root vegetables make up about 15%.
Fruit comprises about 308 and beef and milk products about 25%. These
percentages, combined with the areas required for their production, provide
the step function curve shown in Figure 2.1-2,

The combination of dietary components is based on a logical progression of
garden size versus production. Small areas are assumed to be intensely
cultivated for garden vegetables. As the plot size JIncreases, other foods
are added. A small orchard and domestic animals are assumed, in addition,
as plot size allows. Cattle are only assumed for areas Jlarge enough to
support them. The step function is used to connect the points rather than
a curve. This allows for more efficient agricultural practices and partial
dietary contributions of the various crops. Because the true production-
versus~area curve would connect the Tower points, the step function is a
conservative upper bound.
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2.2 COMPUTER IMPLEMENTATION OF SCENARIO AND MODEL ENHANCEMENTS

The ONSITE/MAXI1 model enhancements described in the previous section have
been implemented in the computer software package. The following sections
contain detailed descriptions of the software changes and are intended to
supplement the original ONSITE/MAXI1 document (Napier et al. 1984),

2.2.1 Expanded Land-Use And Diet Modification Qptions

As discussed in Section 2.1.1, the ONSITE/MAXI1 software has been modified
to include three optional diets for the intruder: 1)} the combined diet, 2)
the vegetabie diet, and 3) the meat diet. These diet options are based on
the diet 1isted fn Regulatory Guide 1.109 (NRC 1977). Figure 2.2-1 con-
tains the ONSITE input screen that permits the user to select the Intru-
der's diet. Based on the user's response to this input screen, the ONSITE
program automatically assigns the appropriate dose-rate factor files.

The R.G. 1.109 diet raised onsite may be either:

1 - Total diet (plant and animal products)
2 - Vegetable product diet {(plant only)
3 -~ Animal product diet (milk, eggs. and meat only)

The default selection is5 1.

Do you wish to change this value (N/Y)?

FIGURE 2.2-1. Example of the ONSITE Diet Option
Input Screen

2.2.2 Kaste Density Options for Exiernal Exposure

As described in Section 2.1.4, a study was conducted to determine the
sensitivity of the external-exposure doses to the assumptions used in
generating the dose-conversion factor files. The resuits of the sensitiv~
ity study indicated that results were strongly dependent on the density of
the disposed waste. As a result, the ONSITE/MAXI1 software package was
modified to permit the user to select external dose-rate factors that
correspond to one of three optional waste densities. Figure 2.2-2 displays
the question asked of the user by the ONSITE computer program. Three files
of external-exposure dose-rate_factors, corresponding to the waste densi-
ties of 1.8, 1.0, and 0.6 g/cms, have been generated for each waste loca-
tion option. Based on the user's response to the question in Figure 2.2-2,
the ONSITE program will automatically assign the appropriate external-
exposure dose~rate factor files.
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The waste density may be either:
.8 g/cu cm (soil)

l1-1
2- 1.0 g/cucm (water)
3 -0.6 g/cucm (0.5 water + 0.1 carbon)

The default selection is 1.

Do you wish to change this value (N/Y)?

FIGURE 2,2-2. Example of the ONSITE Waste
Density Option Input Screen

2,23 Incidental Surface Contamipation for External Exposure and
Inhalation Pathways

An additional waste configuration has been added to allow the user to
simulate the external-exposure conditions resulting from incidental surface
contamination. External dose-rate factors for an infinite plane of con-
tamination on the soil1 surface. 15 cm thick, have been made available to
the ONSITE user. Previously, these external dose-rate factors were used
for agricultural scenarios. However, the user could not explicitly assign
the file containing these dose-rate factors. Figure 2.2-3 depicts the
ONSITE program input screen that permits the user to select the 15-cm
surface-soi1 files that can be used with area correction factors to model
incidental surface contamination situations. To simulate an incidental
surface contamination, the user selects Item 1, "On surface (15 cm thick)"
from the menu., The waste location screen contains additional word changes
that clarify the available waste configurations.

In this scenario, waste location and depth may be:

On surface {15 cm thick)

On surface {1 m thick)

- Overburden of 05 m (1 m thick}
Overburden of 1.0 m (1 m thick)

Stored waste (1 m thick)

[V - S TV N ]

See Table 2.3-1 of NUREG/CR~3620 Supplement.
The current selection is: 2

Do you wish to change this value (N/Y)?

EIGURE 2.2-3. Example of the ONSITE External
Exposure Option Input Screen
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2.2.4 Iphalation Area Correction Factor

The modified area correction factor for inhalation used by the ONSITE/MAXI1
computer software package is discussed in Section 2.1.3. The computer
program was modified to consider the same area correction factor for both
the direct exposure and inhalation pathways, Figure 2.1~1 shows this area
correction factor relationship between site size and external-exposure
rate. As shown in the figure, we have approximated this curve in the
ONSITE computer program as the sum of four 1ine segments. This modifica~
tion is automatically activated when the user identifies a site area of "
less than 1 ha.

2.3 DATA BASE EXPANSION

Additional files of l1eaf mechanism, soi1 mechanism, and external-exposure
dose-rate factors were developed to expand the capabilities of the
ONSITE/MAXI1 computer programs. These enhancements to the ONSITE/MAXI]
data base are part of the modifications described in this supplementary
document and are described in the following sections.

2.3.1 Leaf Mechanism Pose-Rate Factors

Three files are now provided that contain "environment"-specific leaf
mechanism dose-rate factors. These factors are based on 1 pCi of each
radionuc]l ide per cubic meter of air. The user can provide any concentra-
tion of radionuclides in air as input to the ONSITE program. The file
names and their descriptions are as fol Tows:

YEG20 - Vegetable diet option consisting of fruit, vegetables and
grains grown on the disposal site

MEAT20 - Meat diet option consisting of meat and dairy products
obtained from 1ivestock grazed on the disposal site

FILE20 -~ Combined diet option consisting of fruit, vegetables,
grains, and meat and dairy products raised on the disposal
site

The ONSITE computer program assigns one of these files to logical unit 20
based on the user's answer to the question shown in Figure 2.2-1. The file
format 1s described in Napier et al. (1984, Section 2.3.2). An updated
version of FILE20 (dated 4/85) i1s included in the software package.

2.3.2 So0i] Mechanism Dose-Rate Factors

The ONSITE/MAXI]1 user may select from three optional files containing
"environment"-specific soil mechanism dose~rate factors that are based on
1 pCi of radfonuclide per cubic meter in air, The file names and their
descriptions are as fol l1ows:
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VEGZ21 - Vegetable diet option consisting of fruit, vegetables, and
grains grown on the disposal site

MEATZ1 - Meat diet consisting of meat and dairy products obtained
from Tivestock grazed on the disposal site

FILEZ] ~ Combined diet option consisting of fruits, vegetables,
grains, and meat and dairy products raised on the disposal
site

The ONSITE computer program assigns one of these files to logical unit 21
based on user's answer to the question shown in Figure 2.2-1. The file
format is described in Napier et al. (1984, Section 2.3.3). An updated
version of FILE21 (dated 4/85) is included in the software package.

2.3.3 [External-Exposure Mechanism Dose-Rate Factors

The ONSITE/MAXI1 data base includes 15 files containing external-exposure
dose-rate factors for 1 pCi of radionuclide per cubic meter fn air. These
factors relate the radionuciide source strength to the dose rate in tissue
1 m awvay. The file names, Togical unit assignments, waste density, and
descriptions are summarized in Table 2.3=1. The format of these files are
described in Napier et al. (1984, Sections 2.3.4 and 2.3.8). Listings of
the external-exposure dose-rate files are in Appendix C.

The external-exposure dose-rate factors were created by the ISOSHLD (Engel.
Greenborg and Hendrickson 1966; Simmons et al., 1967) computer program.
Table 23-2 summarizes the ISOSHLD parameter values used to approximate
each waste configuration. To reduce errors, an automated process was used
to generate the external-exposure dose-rate factor files. This process
consisted of the following:

* a standardized ISOSHLD input file

e a modified version of the ISOSHLD cemputer program that produces
dose-rate factors to a formatted computer file

» a utility computer program that reads the ISOSHLD-generated file,
adds daughter factors to parent when necessary, and writes a MAXIl-
formatted file.

Files 1isted 1n Table 2.3~1 replace the files named PLANSCURC, ROOM,
VDLSOURC, BURIEDHF, and BURIEDI].

As noted in Table 2.3-1, external-exposure dose-rate factor files may be

assigned to either logical unit 22 or 27. Files assigned to logical units
22 and 27 perform essentially the same functions. Historically, %nput to
FILE22Z was defined as dose factors with units of rem/yr per pCi/m“; while
input to FILE27, assumed to be generated by ISOSHLD, was defined in terms
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of mrem/yr per pC1/m3. The MAXI1 code operates internally in soil concen-
tration units of pCi/mz, defined by the root and l1eaf pathway factors from
MAXI2 (FOOD). Whenever the external doses are calculated, the soil concen-
tration units are converted to be compatible with the dose factors. File
assignments to logical units 22 and 27 are mafntained in the present ver-
sfons of MAXI1 to allow simultaneous consideration of two distinct source
geometries (e.g., surface and buried soil, contaminated soil and a point
source, etc.).

TABLE 2.3-1. Dose-Rate Factor Files for External Exposure

Logical Waste
Unit Densit

PLANEA 22 1.8 Infinite plane of soil
contamination, waste

PLANER 22 1.0 thickness of 15 cm

PLANEC 22 0.6

YOL SOURCA 27 1.8 Infinite surface slab
source, waste extends

YOLSOURCEB 27 1.0 to a depth of 1.0 m

YOL SQURCC 27 0.6

BURIEDHFA 27 1.8 Infinite slab source,
burfed in soil with an

BURIEDHFB 27 1.0 overburden depth of 0.5 m,
waste thickness of 1.0 m

BURIEDHFC 27 0.6

BURIEDILA 27 1.8 Infinite sTab source,
buried 1n soil with an

BURIED1B 27 1.0 overburden depth of 1.0 m,
waste thickness of 1.0 m

BURIED1C 27 0.6

STOREDA 27 1.8 Rectangular slab source,
10.9 m x 3.0 m, waste

STOREDB 27 1.0 thickness of 1.0 m

STOREDC 27 0.6

2.20



TABLE 2.3-2. ISOSHLD Parameter Values Used for External Dose-Rate Factors

S)ab Source
Plane Source 0.5 m 1.0m Stored

ISOSHLD Parameter _At Surface  Af Surface Overburden Qverburden _ Waste .
IGEOM 5 5 5 5 10
ANGL {degrees) 90.0 90.0 90.0 90.0 90.0
X {cm) 115.0 200.0 250.0 300.0 400.0
Y {cm) 300.0
SLTH (cm) 1000.0
NSHLD 3 3 4 4 3
SHIELD 1:

T(1Y {cm) 15.0 100,0 100.0 100.0 100.0

Materdial {a} (a) {a) (a} (a)

Densfty (g/cm) (a) (a) (a) (a) (a)
SHIELD 2:

T(2} {cm) 95.0 95.0 50.0 ) 100.0 ) 295.0

Matertal afr air t:ont:reete(b concrete(b air

Density 0.00129 0.00129 1.8 1.8 0.00129
SHIELD 3:

T{(3) (cm) 5.0 5.0 95.0 95.0 5.0

Material skin skin air air skin

Denstty 1.0 1.0 1.0012% 0.00129 1.0
SHIELD 4:

T(4) (cm) 5.0 5.0

Material skin skin

Density 1.0 1.0
WEIGHT (C1) 1.0x10°% 1.0x10® 1.0x10®% 1.0x10°® 30.0
NTHETA 6
NPSI 5
DELR 0.2

(a} External doge-rate factors were generated for the following waste densities:
1) 1.8 g/c:3 {material: concrete)
2) 1.0 g/cm {materfal: water}
3) 0.6 g/cm3 (materials: 0.5 g/cm3 + 0,1 g/cm3 carbon)

(b) The electronic density of soil 1s approximated by that of concrete.
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3.0 PROCEDURES

The ONSITE/MAﬁgl software package has been installed on both coct@) 6600-
7600 and VAX'P} 780 compufe;s, and the ONSITE computer program has also
been installed on the IBM'©’ PC . The user instructions for the ONSITE/
MAXI1 computer software package (Napier et al., 1984) are written for the
CDC computer. User instructions for the YAX computer are presented in this
section to complete the documentation for both computer systems. This
section also contains detailed discussions of selected 1nput parameters,
enhanced input features of the ONSITE computer program, and a sample
problem considering the stored waste sub-set of the External Exposure
Scenarfo. It should be noted that, except for the system-level commands,
the operation of the ONSITE/MAXI1 computer software is identical on both
the YAX and CDC computers, and that full verification and test problems
have been completed.

The following conventions are used in this manual to distinguish exact user
input from instructions and from computer program displays.

<cr>» - When encountered in the manual, this symbol
indicates that the keyboard key labeled RETURN
should be pressed. This {is analogous to the
carriage return for those more familiar with
typewriters than computers.

boldface - Boldface print designates information entered
at the terminal by the user. NOTE: 1In the
appendices, informaticon entered by the user is
underlined.,

CAPITAL LETTERS ¥hen capital letters in boldface type are en-
countered, the user should type in the boldface

letters exactly as shown.

Tower-case letters ¥hen lower-case letters are encountered {n
boldface type, the user should substitute

unique identifiers.
3.1 USER INSTRUCTIONS FOR THE YAX COMPUTER

Instructions for using the ONSITE/MAXI1 software package on a YAX computer
are included below. A file named ONSITE.COM must reside in the user's
directory. The ONSITE.COM should contain the following commands:

(a) IBM is a registered trademark of International Business Machines
Corporation, Boca Raton, Florida.

(b) VAX is a trademark of Digital Equipment Corporation, Nashua, New
Hampshire.

(c) IBM is a registered trademark of International Business Machines
Corporation, Boca Raton, Florida.
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ASSIGN SYSSCOMMAND FORQOS
ASSIGN RMDONS.DAT FORO10
ASSIGN MAXI1.COM FORQOQ7
RUN ONSITE

To execute ONSITE on the YAX computer, type:
ONSITE <cr>

Upon completion of ONSITE, the user may execute MAXI1 either interactively
or in a batch processing mode. To execute MAXIL interactively, type:

MMAXT] <cr>
To submit MAXI1 for batch processing with printed output, type:
SUBMIT MAXI1 <cr>
If the user wishes to edit the MAXI1 {nput file before execution, type:
EDIT MAXI1.COM <cr>
To save the MAXI1 input file, type:
RENAME MAXI1.COM newname.ext <cr>

where "newname.ext" is a user-selscted file name.

3.2 JNPUT PARAMETERS - FURTHER DISCUSSION

This section contains a summary of the default parameter values for the
ONSITE waste disposal scenarios, the sample problem parameter values, and
commants included to clarify the intended use of selected parameters,
Information 1n this section is not necessary for successful execution of
the ONSITE program. It is included for for reference and to provide a
more complete set of documentation. Because of the enhancements documented
in thi{s manual, the default parameter values assfgned to each scenario have
been modified as shown in Table 3.2-1. This table is Tntended to replace
Table 3.2-1 of Napier et al. (1984),

The five ONSITE/MAXI1 sample problems (Napier et al. 1984) closely parallel
the five onsite disposal sceparios. Consequently, it i1s easy to confuse
sample problem conditfons with default onsite disposal scenario default
conditions. In order for the user to more easily distinguish between the

two, a table of parameter values used in the sample problems is included.
Table 3.2~2 gives parameter values for each of the five sample problems
documented in Napier et al. (1984),
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TABLE 3.2-1.

Pathways

External exposure to stab
source of waste (IEXT)

External exposure to an
infinite plane of waste
(ISUR)

Food consumption (IFOD}

Orinking water consumption
{IWAT)

Aquatic food product
consumption {IARG}

Air submersion {IAIR}
Hours of exposura:

To external
To inhalation

Waste dilution factor (SRDIL)

Resuspension Model:
Age of contamipation
(yr} {AGE)

Thickness of surface sofl
layer available (cm}

Ratio of waste concentration
in surface to subsurface
sof1l (RPF1}

Fraction of total roots in
top 15 c¢m of soll (RF1)

Fractfon of total roots in
subsurface soll (RF2)

Fraction of diet grown on
site (RDF2)

Years of prior frrigaticn
of site {IRR)

Selected organs (KORG)

No. of years after

waste 15 disposed that:
Scenario begins (IT1}
Scenarfo ends {IT2)

S$ite size (ha) (FRSIZ)

Scenarigs

Scenario Default Parameter Values

Extarnal
External

1 1
0 a
0 [}
0 0
o] 4]
0 0
2000.0 2000.0
0 2000.0
0.2 0.2
NA Anspaugh
NA 0
NA 1.0
NA NA
NA NA
MA NA
NA NA
a 4]
Total Total body,
body bone, Tungs,
thyroid,
GI tract
1 1
50 50
1.0 1.0

3.3

Exposure Plus

Exposurg _Ishalation = Agricultural _ Water

2000.0
2000.0

0.2
Anspaugh
0

1.0

NA
1.0
0.0
1.0
o
Total body,
bone, lungs,

thyroid,
GI tract

50

1.0

Irrigation/
Drinking

2000.0
2000.0

0.2
Anspaugh

0

1.0

NA

1.0

0.0

1.0

10
Total body,
bone, lungs.

thyrofd,
GI tract

10
5%

1.0

User Defined

B8766,0
8766.0

0.2
Mass Toading

-1

NA

1.0

.0

0.0

1.0

0
Total body,
bone, lungs,

thyroid,
GI tract

50

1.0



TABLE 3.2-2.

Sample Problem Parameter Values

Sample Problem
Pathways 1 2 3 4 5
External exposure to slab
source of waste (IEXT) 1 1 0 0 1
External exposure to an
infinite plane of waste
(ISUR} 0 0 1 1 1
Food consumption (IFOD) 0 0 1 1 1
Brinking water consumption
(IWAT} 0 0 0 1 1
Aquatfc food product
consumption (IARG) o o 0 0 1
Atr submersion (IAIR) 0 0 0 0 0
Hours of exposure:
To external 2000,0 3000.0 2000.0 2000.0 2000.0
To inhalation 0 3000.0 2000.0 2000.0 2000.0
Waste dilution factor (SRDIL) 0.2 0.2 0.2 0.2 0.2
Resuspension Model: NA Anspaugh Anspaugh Anspaugh Mass loading
Age of contamination
(yr) (AGE) NA 0 0 4 NA
Thickness of surface soll
layer available (cm) NA 1.0 1.0 1.0 NA
Ratic of waste concentration
in surface to subsurface
soi1 (RPF1} NA NA NA NA 0.0
fFraction of total roots in
top 15 cm of soi} (RF1) NA NA 1.0 1.0 0.6
Fraction of total roots 1in
subsurface soil (RF2} NA NA 0.0 0.0 0.4
Fraction of diet grown on
site (RDF2} NA NA 1.0 1.0 1.0
Years of prior irrigation
of site (IRR} 0 0 0 10 10
Selected organs (KORG) Total Total body, Total body. Total body. Total body.
body bone, lungs, bone. lungs, bone. lungs. bone, Tungs,
thyrold, thyroid, thyroid, thyroid,
GI tract GI tract GI tract GI tract
No. of years after
waste 1s disposed that:
Scenario begins (ITl} 10 10 10 10 10
Scenarfio ends {IT2) 59 58 59 5G 59
Site sfze {ha) (FRSIZ) 1.0 1.0 0.05 1.0 1.0
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Selected ONSITE input screens have been revised to clarify the use of the
input parameters. Figure 3.2-1 depicts the revised ONSITE {nput screen for
the radionuclide inventory modification factor SRDIL. Figure 3.2-2 shows
the modified ONSITE input screen for the contamination/soil mixing param-
eter RPFl., The RPFl parameter is used only when contamination is assumed
to be present In both the surface and subsurface soil. The first two
onsite disposal scenarios (external exposure and inhalation) assume
contaminated subsurface soil. The third and fourth scenarios (agricultural
and irrigation} assume contaminated surface soil. Only the fifth scenario
(user defined) allows consideration of both surface and subsurface sofil
contamination. The RPFl parameter may be a useful parameter when model ing
more complex agricultural scenarios. For instance, the waste may be deeply
buried, but mixing with the surface soil may occur to produce a diluted
waste concentration in the surface soil. For this situation, fractions of
the plant roots may enter both contaminated soil zones.

The radionuclide inventory modification factor is: 0.20
{range = (0.0 to 1.0E+20, usually 0.0 to 1.0)

This factor will be used as a muitiplier of all input
concentrations. It is a handy parameter to correct units
or make other changes (such as dilution of inventory with
clean soil).

Do you wish to change this value (N/Y)?

FIGURE 3,2-1. Revised ONSITE Input Screen for Radionuclide
Inventory Modification Factor - SRDIL

This scenario assumes contamination to both surface (top 15 cm}
and subsurface soil. Concentrations you input will be assumed
to be in the subsurface soil.

What is the ratio of waste concentration in the surface
to subsurface soils?

(Range = 0.0 to 10.0 for spills, usually 0.0 to 1.0 to
allow redistribution from buried material to surface)

The current selection is: 1.00

Do you wish to change this value (N/Y)?

EIGURE 3,2-2. Revised ONSITE Input Screen for Soil Contamination
Distribution Parameter - RPF1
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Selected input parameters for ONSITE/MAXI1 are described in Table 3.2-3.
Descriptions are given in greater detail than in Napier et al. (1984).

Parameter

_Name
AGE

AREAEX

AREAIN

IEXT

ISUR

JABLE 3.2-3.

NAMELIST
Set/No. Array
_Elements

INPUT

INPUT

INPUT

INPUT

INPUT

ONSITE/MAXI1 Parameter Descriptions

Data Type
Real

Real

Real

Integer

Integer

Description

Anspaugh model. Average age in
years of surface contamipation at
the beginning of the calculation
in years. This factor accounts for
environmental weathering. This
parameter 1s set to -1 to select
the mass-1oading resuspension
model. {Default value is O}

Area correction factor for external
and inhalation pathways to account
for the 1imited potential for expo-
sure from smaller disposal sites.
This parameter is calculated by
ONSITE based on the size of the
s{te, FRS1Z, (Default value is
1.0

Area correction factor for inges-
tion pathways to account for the
1im{ted potential for exposure from
smaller disposal sites. This
parameter is calculated by ONSITE
based on the s{ze of the site,
FRS1Z. (Default value is 1.0)

External exposure and crop-root
penetration pathway for waste model-
ed as a slab source. Waste may be
stored aboveground, buried at the
soi1 surface, or buried with a soil
overburden, Allowable values are:

0 - pathway not selected

1 - pathway selected

Option to consider external exposure
to surface contamination modelled as
a plane source. This pathway fis

selected to consider efther a waste
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NAMELIST
Parameter Set/No. Array

_Name =~ _Elements ~ Data Tvpe

ISUR, contd

IT1 INPUT
RFF1 INPUT
RPF2 INPUT
SRDIL INPUT

Integer

Real

Real

Real

JABLE 3.2-3.

(Contd)

Description

3.7

spill or agricultural activities as
defined in Scenarios 3 and 4, Al-
lowable values are:

0 - pathway not selected

1 - pathway selected

If this parameter is set to 0,
XFACT wil1l be set to 1.0 in MAXIL,
(Default value is 1)

The year after waste disposal when
intrusion occurs and the annual
dose calculation begins. This
parameter allows for correct chain
decay of source term. (Default
value is 1 or IRR, whichever is
greater)

This is a ratio of waste concentra-
tion in surface to subsurface soils.
This parameter is used only when
contamination is assumed to be pre~
sent in both surface (top 15 cm}
and subsurface sofl. RPFl allows
redistribution of the waste in the
soil. Ranges: 1.0 to 10.0 for inci-
dental surface contamination, 0.0
to 1.0 for buried to surface redis-
tribution, {Default value is 1.0)

Fraction of the total selected diet
grown on the site. RPFZ must be
greater than 0.0. (Default value
is 1.0)

Inventory modification factor. This
factor 1s used as a multiplier of
all input concentrations. It is a
parameter used to correct units or
make other changes (such as dilution
of inventory with c1eiﬂ)soi1.
Range: 0.0 to 1.0 X 10~ used to
correct units, 0.0 to 1.0 as a diju-
tion factor. (Default value is 1.0)



3.3 [ENHANCED INPUT FEATURES

Two major enhancements have been added to the input procedure of the ONSITE
computer program: 1) error checking of user input and 2) an on-11ine table
of acceptable radionuclide nomenclature, Al1 user input 1s now read in
FORTRAN CHARACTER format and checked for invalijd entries before converting
to a numeric format. This virtually eliminates user-caused program
crashes. Figure 3.3~1 contains the 11st of radionuclides from which dose-
rate factors are available in the ONSITE/MAXI1 software package. This
table is displayed at the bheginning of the inventory entry and then
optionally throughout the Inventory entry period to assist the user with
the input requirements.

Radionuclide inventory must be from the following 1ist:

H3 C 14 NAZ22 P32 P 33
535 CL36 K 40 CA45 SC46
CR51 MN54 FESS FES9 Co57
Co60 NI5S NI63 ZN65 SE75
SR85 SR90+D M093 NB94 RU106+D
CD109 AG110M+D IN111 S5B124 SB125+D
1 125+D I 131+D CS137+D CE144+D EU152
EU154 TB160 05185 05191 IR192
HG203 PB2104D RA226+D TH228+D THZ230+D
TH232+D U 233+4D U 234 U 235+D U 238+D
NP237+4D PU241+D SR8% Y 89M SR90

Y 90 MOS9 TC99M TC99 RU103
PD103 RH103M I 129 CS134 Cs135
Cs137 BA137M CE141 SM151 U 235
THZ231 PAZ31 AC227 TH227 FR223
RAZ223 NP237 PA233 U 233 TH229
RA225 AC225 U 238 THZ3 4 PA234M
PA234 PU242 NP238 PU238 CM244
PU244 U 240 PU240 CM243 PU243
AM243 NP239 PU239 PU241 AM241

Press any key to continue... <cr>

FIGURE 3,3-1. Input Screen of Radionuclides Considered
in the ONSITE/MAXI1 Software Package
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3.4 SAMPIE PROBLEM - STORED WASTE SCENARIQ

As discussed in Section 2.1, the Stored Waste Scenario is a sub-set of the
External Exposure Scenarfo. To activate the stored waste option, the user
simply selects the stored waste external-exposure dose-conversion factors
(option 5 in Figure 2.2-3}, as discussed in Section 2.1.5. To further
document this option, a sample problem s included In this sectio

For this sample problems, a ]1icensee s assumed to dispose of 100 of non~
compacted waste in drums 1n an aboveground stqﬁfge facility, The waste is
assumed to contain an average of 0.1 Ci/m” of ““Co and have a density of
1.0 gfcm. The resulting dose to an intruder who enters the storage
facility a few weeks after the wastes are disposed of and stays there for
500 h of exposure is determined by running the ONSITE default external~
exposure scenarfo with the user responses shown 1n the ONSITE intsractlve
session given in Figure 3.4-1 (on the next page). It should be noted that
the ONSITE program asks for an inventory modification factor and that a
value of 0.2 is used for the sample problem. This factor accounts for the
mixing of the radiocactive waste with nonradiocactive materials 1ike drums or
packaging materials or noncontaminated soil for the case of land disposal.
For consistency with the other sample problems given in Napier et
al.(1984), the factor of 0.2 is used; however, more appropriate values for
stored waste may be closer to 1.0 and may be substituted by the user.
ONSITE also asks about the site size, but for the stored waste scenario
this question has 1ittle meaning. The area correction question is left In
ONSITE for the stored waste option to provide the user with another Tevel
to account for conditions that might further reduce the external-exposure
pathway, The output for this sample problem 1s shown in Figure 3.4-2, The
total-body dose to the intruder for this sample probiem is about 6.1 rem/yr.

REFERENCES

Napier, B. A., R. A, Peloquin, W. E. Kennedy, Jr. and S. M, Neuder. 1984.

Intruder Dose Pathway Anaylsis for the Onsite Disposal of Radigactive
Hastes: The ONSITE/MAXIL Computer Program. NUREG/CR-3620, U.5. Nuclear
Regulatory Commission, Washington. D.C.
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FERRETEFHEE AP RERERE SO PR EFR BRI RTEREREPEREE ISR RE 0PI R AT RRR R E R HHH

This interactive program will assist you in the creation
of scenarios for assessment of onsite disposal of low-
level waste. Doses to man through the specified pathways
will be simulated by the computer program MAXI,

The following notes may be of interest:
When you have finished reading, press <return> <cr>

e W A Y TR RO EE OYh TR R Y TR
Wa W W WA MR Ve YR VA YA TR YA T R

FEEESPRIRHERPRRRREEERRRERRETRREGHERRTET RIS EE IV ER R EOORISIRRRRERRIR RS

FEEREBEFOERR AT HRRTIHERHFH 000D R BT ERRESRHRARF R SRR HER T EERCERIIRRRIRHERHE
#

#
# 1) If the default condition is selected, you need only

# press <return>. YES-or-NO questions are desfgnated by

# {(Y/N) and should be answered with a Y or N. The default

# condition is always l1isted first.

# 2} The values you enter will be tested against reasonable
# 1imits and if they are not accepted you will be asked to
# supply another value.

#

#

#

#

#

When you have finished reading, press <return> <cr>

oW VA OWH Uh WA Tn W VR R YR YR A

FERFERRRERIEORER R IR R R RER R BB RRRRREFRRRIOT IR R G R RERRRDIRRR RO RER Y
FHEGEBEFABETRIORROCRaRiRRRRiraRiRROReaadiesivisnsvinaiosinsbiineisstefssts

# #
# The following scenarios have been defined: ¥
# #
# 1 - External exposure #
# 2 - External exposure plus inhalation from resuspension #
# 3 -~ Agricultural activities #
# 4 - Use of well water for irrigation and drinking water #
# 5 « User-created scenario #
# #
# F
¥ To select a scenario or for additional information #
¥ on a scenario enter 1, 2, 3, 4, or 5: 1 <er> #
# #
# ¥
FRESETFEPIERIRRIEPE P RHR AR TR EIRRRIRHNREEF R R FHF AT I EI RPN EORR PPN E8F

EIGURE 3.4-1. Input for the Stored Waste Scenario Sample Problem
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EESERIFERREEFoRFORIRESEESREFORRRERESRRBEIRRTRPERERRREFENERRRIIRERRRIT ISR
#
SCENARIO 1: External Exposure

and 3. Occupational conditions of 2000 h/yr of external
exposure are assumed. Waste may be located on the surface,

#
#
#
This scenario can be used alone or as part of Scenarios 2 :
#
buried at 0.5 m, buried at 1.0 m, or stored. £

#
#
Scenario 1 is now selected. Do you wish to change #
this selection {N/Y): <cr> g
#
#

Y T W e VR Wn W VR Ve Yh WA T W W

BEERERRERRAEERREF AP RR AR FERRIPERRREARRORBRRRCRRIRRERRRRR AR RS RERREE
BEECEGERRRRRARREREERRRRERRRRRRBRRRRESRRRRRERRPRRPRERRERHEREREERECERRERRERREE

Enter a descriptive title to fdentify this case:
Stored Waste Sub-set of the External Exposure Scenario <cr>

e W Hh W T R R YR Y TR YR TR
e T Ha R VR TR Th T R Y TR YR

FEEBEERERFEHBRIERRR AR R RRARPR BV ERRREBER I BHH AR R B RHRR AR BERBRRRREH I
FERBRAEBERERTPNRN RN IR EBRRRR AR IR RERERBREN IR RRREH AR BN AR IR RN BV B #¥

Three of printer reports are avajlable:

0

Tables of maximum annual dose per organ with radionuclide and
pathway contribution

1~ Table above plus annual doses by organ and total

2- Table above plus annual doses by organ, pathway and radionuclide

4- Table above plus maximum by organ and radiocnuclide

The current selection is: O

————— - - e o e e e e A e s B

Do you wish to change this value {N/Y)? <cr>

Ty TR W T YR T VR OWR W T TR TR W TR
e TR W TR SR TR TR VR TR YR TR TR TR Y

FRARERRRECERLERPRRREREE BT EREH IRV R RE TR BRHRREBIBA R R R R EFFEE VAR AR EETEREREHE

F 4-1. {(Contd}
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FEFEERER0ERREERRERIREREERIRERIE RIS R IBRTIRORRIE PRI RRPERREERIERIRERIES

In this scenario, waste location and depth may be:
- On surface (15 cm thick)
- On surface (1 m thick)

Overburden of 0.5 m (1 m thick)
Overburden of 1.0 m (1 m thick)
Stored waste (1 m thick)

U o Wy
I

See Table 2.3-1 of NUREG/CR-3620 Supplement.
The current selection is: 3

Do you wish to change this value (N/Y)? Y <cr>
Enter new value: 5 <cr>
PROBERERRRRRRIRTEPIRRERRRP IR RN EERRIRERT PR IR RIS OB REIRE IR FRRIRP SR ELHEH

By T YR B Ve Te WO Te Ve YR W YR T

#
#
#
#
#
#
7
#
7
#
#
#
#
#
7

FREREEEREBERPESREREGRER IR IO LI PRI IR ETIRTROIEERE PN SH0ETETREREERIHEEHE

The size of the site in terms of fractiomal hectares
{i.e., 10000 sq m), is 1.00

Do you wish to change this value (N/Y)? <cr>

e WA e B TR S T TR WA YR We B YR W
W Sh oo W WE T R WE EROYR Y R W TR

PREORERIFEREREQRES AR IOREUae eI v oo elaossteqioopetaassssssstsstasspssss
FEELESPERERTEFSETR0 R0 SO0 EERERTHOPETIEOSERETROIEREGTISSIEROIELETIELISIERER

I
f
The inventory will automatically be adjusted by the 4
appropriate area correction factor for each exposure £
pathway based on a site size of 1.00 hectares. 4
#
#
131331 - ittt ittt e ‘

Do you wish to review or change site size parameters (N/Y)<cr>

e S Y WO W WA Th S R TR YA T

Py A R S L L T S L T i tititdiddiiididiidii
FIGURE 3.4-1. (Contd)
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# 4
# #
# St s At e #
# #
# Do you wish to review/modify any pathway #
# parameter values for Scenario 1 (N/Y} 7 Y <cr> ?
# #
# #
# S S S P e R S e e e 3 #
# #
# Do you wish to review or change ext. exposure parameters (N/Y) Y <cr> #§
# #
# #
FRERRE RO FRRRERR R PR ERERR R PR TR FRR R R R R R RRREFRHRRRFR R FHBER IR PR RF R 1S

FERRRRIER IR IR ERRAREORRP PR TRRRIRR RN EE TR IR TRTRERTRTFRETRERRIRTRREFER 144

The number of hours of exposure to external contamination
per year is 2.000E+H03 (range = 0.0 to 8766.)

Do you wish to change this value (N/Y)?T Y <cr>

Enter new value: 500 <cr>

U U R YR T O T TR TR TR Y R TR

#
#
#
¥
¥
¥
¥
¥
#
#
#
4
#

FERERERRERRRERRR IR IR AR AR SR ETRRRHBRRPRFRRRR R R R R TR RRRSTREBETETEFERHHTRHEEF
FORORTEORRERERRRRERIRERERiReiisesestssisdssdidddiddsisisisigesdisssisissssy

# #
# #
# The waste density may be either: ¥
F ¥
# l1-1.8g/cucm (so0il) #
# 2 -1.0 g/cu ecm (water) ¥
# 3 - 0.6 g/cu cm (0.5 water + 0.1 carbon) #
# #
# The default selection is 1. #
F F
# e - F
# Do you wish to change this value (N/Y)? Y <cr> ¥
# Enter new value: 2 <cr> #
[ #
BEPRPEOOREREER LT ORTRIRERTRTRRR IR RE PR RH ORI THBRP IR OR PR BB RTRETRAER B0 08T

FIGURE 3.4-1. (Contd)
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FEPREEEREHEEF RO EHPHEROFREREREROERGRTRRIEEH PR ERRRFFRECRRRERRRRIREIREREIIEH

e Wk YH Y TR TR YA UER W YR W YR

o T o e T T W R T e - i ek e e e e - B e T e e e A B A e e e o R e B B e e e = B e e e e e e
IS -t A - S S A S S S A

Do you wish to review or change organ

parameters (N/Y) <ecr>

Wy W Wh WA W WA R W TS YR YA YR

FERRRERRER PR IS RIS ARG REOOREC PR IR IO R HERRRERRRERIEFREEREF RN ORERRRINE

FESRRESCRRRERORF BRI EECRERRI IR ERRREERETHRTRRRRREIRIRIREREHRRREETEIREIRE

W W e YR W W W W W YR W TR WA n

The dose calculations begin

disposed.

e o —— -

1l years after the waste is

Do you wish to change this value (N/Y)? Y <cr>

Enter new value: 0 <cr>

The dose calculations will end

disposed. OK? (Y/N) <cr>

49 years after the waste is

——

Bh Na W W TR TR TR W W W YR TR TR W

FERFRHCIREREOOIEIERISHPREESERIEEOFRREEORIEECOREEERaREEERFREERRREEFRRERORRENE

FIRREIREREEEOOREERIBE R IR0 RIRE IR L IS ISSETRISEFEHLLIRIRIEEILESFIREGHILEEY

#

H
H
H
7
H
#
#
#
#
H
H
H
H
#

The surface/buried inventory may be entered as:

1 - pCi
2 - uCt
3 - mCi
4 - Cf

The current selection is:

1

Do you wish to change this value (N/Y)? Y <cr>

Enter new value: 4 <cr>

EIGURE 3.4-1.

3.14

(Contd)

FIRIRF S S TT IR 8L S ETTTTES 48 E4 0 TRTLEEE 0T TSRS AT LILE 828001082808 004088

H

H
#
#
f
#
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FEEEFEREREBEFRRERRERREFLERR IR REEE 84840 EESEFR TR ER IR ER RIS EREER I EE#

The contamination deposited on the site at start of

calculation may be entered in the following units:
0 - Ci /square meter

1l - Ci /cubic meter

2 - Cf /Kg of soil

Usually 0 for surface contamination and 1 for buried

contamination. The current selection is: 1

Do you wish to change this value (N/Y)? <cr>

e Ty W Vi W Wh Wh Y W U R YR R R
B W Wh Th YR Wh T W YR Th R W YR TR

BEFEBHTRRARE RO RRRERR IR EER AR B PRBHEREREBREEHBRTHIAREPORARPRERRRRRHHORRERE RN
ECFEFBEEE R EFERREE RO RRTEERERREEOEREIRAR R ERERIRIR R I RO ERERHIR PP PR HRHH

The radionuclide inventory modification factor is: 0.20
(range = 0.0 to 1,0E+20, usually 0.0 to 1.0

This factor will be used as a multiplier of all input
concentratfons. It is a handy parameter to correct units
or make other changes (such as dilution of inventory with
clean soil},

Do you wish to change this value (N/Y)? <cr>

e YR Wh W Wh VR W Th TR W YR TR YR YR
Th Y Vi T W Wh YR W Y W YhE WL YR W

BERPRERRR AR ERR R IR GR RO RRPHIRGEBE RO RRHRERR PR IERARERE R TR R R HRRBRHLHRAHH
FREFERRESERF PRS0 BB ER TR AR RO RLSHERERETRBEBFRERINE AR ERRUSERR UL HFR IR EHEHE

e e e e e A e e e e e e e e e e e A e T e e e e e e e e e e A AR B R M e e e e e e e e e i e e ek e A A A
S s it e S e S S T

Do you wish to review or change any of the above parameters (N/Y)} <cr>

W W R TR WA YR U VR VR R W R
e W W YR TR TH Y TR R Th R YR

BERRPRERRRBARRRPR AR ERERHHORERENOERER IR TRR R EO RO ROAHBEROAFRHERRB ARSI E
FIGURE 3.4-1. (Contd}
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FEPFEEFREFREUBIEEREFIBRREPRESEERBROHFRELERPISIBECHI PRI REELEREERMERERIREERY

H3

S 35
CR51
Co60
SR8LS
CD109

I 125+D
EU154
HG203
THZ3 24D
NP237+D
Y 90
PD103
CS137
THZ231
RA223
RAZ25
PAZ34
PU244
AM243

B G W Sa YR Y TR TR TR SR YR Wh YRR R YR TR TR TR TR YR YR

C 14
CL36
MN54
NI59
SR90+D
AGL10M+D
I 1314D
TB160
PB210+D
U 233+D
PU2414D
M099
RH103M
BA137M
PAZ31
NP237
AC225
PU242

U 240
NP239

Press any key to continue...

NA22
K 40
FE55
NI63
MO93
IN111
CS137+4D
05185
RA2264D
U 234
SR89
TCO9M
1129
CE141
AC2217
PAZ33
U 238
NP238
PUZ40
PU239
<cr>

Radionuclide inventory must be from the following 1ist:

P 32
CA45
FE59Q
ZN65
NB94
SB124
CE144+D
0S191
TH228+D
U 235+D
Y 89M
TCS99
CS134
SM151
TH227

U 233
TH234
PUZ238
CM243
PUZ241

P 33
SCa6
cos?
SE75
RU106+D
SB125+D
EUl52
IR192
TH230+4D
U 238+D
SR90
RU103
CS135

U 235
FR223
TH229
PAZ234M
CM244
PU243
AM241

Ha Wh PR T W W W TR WA YR TR YR YR TR PR TR TR TR TR YR TR YR

PEPREFEREREPEREPHACEPEFIEIREREREPIREE R RERIRERHEHETREPRIHHFRERCRHREREREHIHY

FIREBTREREFREERERERARRRERBEFRIEFRER IR EERRRH PR TR RRERFHRERARER A ERTRECRERREH

you are finished.

W W W TR TR YR R Wh

The following questions pertain to the radionuclide
inventory. After inputting the inventory, enter
"go" for element name to signal to the program that

o e e e e B A e e e e P e A e e e e e e e o e e e e e B e e e e e A B e . e e T e o e e e
M S e e e e e

Press <return> when you have finished reading: <cr>

L T

FERRERERBEHECER B EERERERERERERRRERERECRPRERROCRIIRLICER R PP PBEERERERBIR RPN

EE E Er Ey E E E S E S E Sy EE FE FE R F S T TS S S EE TS TS TSI TETTTFSITI
(98=11st, 99=finished): CO <cr>

Enter new Z2-character element

Mass number input can be up to 6 characters long.

Include metastable (M) and daughter (4D} designation, (i.e., TE127M+D)

Enter the quantity of CO60

Ci /cubic meter

#

#

#

#

¥

# Enter mass number: 60 <cr>
#

¥

# calculation {units:
#

#

PERBOSRPRRRERRERERERRERERERRERRERBRERERRP R EPORERREOERERRERREREERERERERE

FIGURE 3.4-1.

buried at
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# #
# #
# Enter new 2-character element (98=11st, 99=finished): 99 <cr> #
# 4
# #
# Surface/Buried Drinking 4
# Ci Irrigation Water £
FJ Radfonuclide /cubic meter Cci /1 Ci N #
# - - - #
# €060 0.10 0.00E+Q0 0.00E+00 i
# #
¥ #
# b St -t S e s S e S A 4 ] F
# #
# Do you wish to review or change the above parameters (N/Y) <cr> §
# Do you wish to add radionuclides to the above inventory (N/Y) ? <cr> §
# #
i F
FERREERERORRIRIRFRER R RGN GEGERIRERERETCIvER e EpEERERiRiEREpabvEcEREs

{The above interactive session generates the following file.)

SET DEF DISK1:[INTRUD.LIB]
ASSIGN FILE20.DAT FORO20
ASSIGN FILEZ1.DAT FORD21
ASSIGN FILE24.DAT FORD24
ASSIGN FILE25.DAT FOR0O2%
ASSIGN PLANEA.DAT FORQ22
ASSIGN STOREDB.DAT FOR0O27
ASSIGN RMDLIB.DAT FORO10
ASSIGN FILE23.DAT FOROZ23
RUN DISK1:[INTRUD.TAPIMAXI1
Stored Waste Sub-set of the External Exposure Scenario
$INPUT NEXT=1,
IFOD=0, I1ARG=0., IWAT=0, IEXT=1,
ISUR=0, IAIR=0,
RPF1=  0.00C » RPF2= 1.00 B
RINH= 0.000000, DILF= 1.00 s XF2= 500, ’
M3M2= 1, INTRUD=0, 122=0,
ITl= 0, IT2= 49, NORG= 1, KORG{1}= 1,
SRDIL= 0,200 » FRSIZ= 1.00 » AREAIN= 1.00 ’
AREAEX=  1.00 ’
IOUT= 0, ION=1, $END
1 0
Co60 11311 1.00E+11 O0.00E+00 0.00E4+00 0.00E+00
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MAX] ~ Maximum Annual Dose Calculation Version VAXZ2.2 2-APR-85
Executed on 15-MAY-85 at 14:58:18

Case title:Stored Waste Sub-set of the External Exposure Scenario

RADIONUCLIDE CHAIN LIBRARY USED: RADIONUCLIDE MASTER DATA LIBRARY /w TRANSLOCATION CLASSES, 19-MAR-BS RAP

DOSE FACTOR FILES USED FOR THIS CASE:
*27 1SOSHLD EXTERNAL: STORED: 1.0 M THICK FINITE SLAB {DEN: H20 1.0) MR/HR

DOSES CALCULATED FROM 0 TQO 49 YEARS FOLLOWING TIME ZERO

PATHWAYS INITIALIZED FOR DOSE CALCULATIORS: SPECIAL PARAMETERS INITIALIZED:
FARM PRODUCT IMGESTION: QFF
INHALATION OF RESUSPENDED MATERIAL:OFF
AQUATIC FOODS INGESTION: OFF INVENTORY DILUTION FACTOR: 2,00E-O1
DRINKING WATER INGESTION: OFF DECAY OF RIVER RELEASE SOURCE TERM NOT PERFORMED
CONTINUING ATMOSPHERIC DEPQSITION OFF DECAY QF AIR RELEASE SOURCE TERM NOT PERFORMED
EXTERNAL FROM BURIED WASTES ON SITE X/Q:  0.00E+00
EXTERNAL FROM SURFACE DEPOSITS: OFF SPECIAL INHALATION MODEL NOT USED

SIZE OF THE SITE: 1.00000 FRACTIONAL HECTARES
INTERNAL PATHWAY AREA CORRECTION FACTOR: 1.00E+00
EXTERNAL PATHWAY AREA CORRECTION FACTOR: 1,00£+00

FARM PRODUCT PARAMETERS USED:

FRACTION OF ROQTS IN GPPER S0IL: 0, 10E+01 TRRIGATION RATE: 0.0QE+00L/M**2/M0
FRACTION OF ROOTS IN BURIED WASTE 0.00E+00 MONTHS PER YEAR IRRIGATED: 6
FRACTION OF TOTAL DIET GROWN ON SITE: 1.00€+00 RIVER DILUTION FACTOR: 1,00E400YR/L
YEARS OF IRRIGATION WITH CONTAMINATED WATER PRIOR TO
THE DOSE CALCULATIONS: a

EXTERNAL EXPQSURE PARAMETERS USED:
RATIO OF EXTERMAL CONTAMINATION TN SURFACE SOIL TO SUBSURFACE SOIL 0.00E+00

NUMBER OF HOURS OF EXPOSURE TO EXTERNAL CONTAMINATION 5.00E+02
SURFACE DEPOSITS DRFS FROM ISOSHLD; MODIFICATION FACTOR: 5.844E-11

ORGANS FOR WHICH DOSES ARE CALCULATED (SAME ORDER AS SOLUBILITIES GIVEN BELOW):

TOTAL BODY
INPUT PREPARED BY DATE
INPUT CHECKED BY DATE

FIGURE 3.4-2. OQutput from the Stored Waste Scenario Sample Problem
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Stored Waste Sub-set of the External Exposure Scenarioc

MAXT, Version VAXZ.Z2 2-APR-85 executed on 15-MAY-B5 at 14:58:18

RELEASE TERMS SOIL SOURCE  TRRIGATATION/AQUATIC DRINKING WATER ATM. RELEASE
NUCLIDE ORGAN SOLUBILITY CLASSES (PCI/Me*3) (PCI/L ) (PCI/LY {CI/YR)
CO &0 0 0 0 0 2. 00E+10 (. 00E+00 Q. Q0E+00 0. 00E+00

TR RS e et D FASE NOTE ANY SPECTAL CONSIDERATIONS IN THIS SPACE*******************:
E

AT SRR T R PO NN T e T 0 00636 P S S 3 S S ST A e

SOIL,AIR, AND WATER CONCENTRATION SUMMARY FOR THE YEAR 0

RADIONUCL TOE SURFACE SOIL DEEP SOIL AlIR IRRIGAT ION DRINKING WATER
PLIMZ PCI/M3 PCI/M3 PCL/L PCI/L
€O 40 0. 00E+00 2. 00E+10 0. 00E+00 0. 0OE+Q0 0.00E+00

SGIL.AIR, AND WATER CONCENTRATION SUMMARY FOR THE YEAR 49

RADIONUCL IDE SURFACE S0Tt DEEP SOIL ALR [RRIGATION DRINKING WATER
PCI/M2 PCI/M3 PCI/M3 PCI/L PCI/L
€0 60 0.00E+00 3.13E407 0. 00E+00 0.00E+00 0. GOE+0D

MAXTMUM ANNUAL DOSE SUMMARY FOR THE YEAR 0 FORTOTAL BOOY

EXPOSURE PATHWAY

TMGESTION [HHALAT ION EXTERNAL AQUATIC FOOD DRINKING WATER
RAL1ONUCLIDE REM i REM z REM p REM z REM i3
Cos0 (. O0E+Q0 0 0.00E+00 0] 6.10E400 100 0. 00E+00 o 0.00€+00 0
TQTALS INGESTION Z INHALATION z EXTERNAL Z AQUATIC FOOD % DRINKING WATER Z TOTAL
0. 00E+00 0 0, 00E+00 0 6.10E400 100 0.00E+00 a 0. 00E+00 ] 6. 10E+00

DIAGNOSTIC 1: EMO OF FILE ON INPUT, SYOP
* FORTRAN STOP

FIGURE 3.4-2. (Contd)







4.0 PROGRAMMING OETAIL

The changes and enhancements made to the ONSITE/MAXI1 computer software
package that are discussed in this supplement have not substantially
altered the structure, organization, or operation of the computer programs.
The changes made to the ONSITE and MAXI1 computer programs are summarized
below.

One additional subroutine, RDLIST, was added to ONSITE. RDLIST is called
by RADIN to display the table of available radionuclides. Minor changes
have been made to the following ONSITE subroutines: ONSITE, CHANGE,
DISINY, MODIF, QUANTI, RADIN, RITFIL, and SCENR. Two parameters, IWD and
IDT, were added to the ONSITE Common Block FLAG to store the selected waste
density and diet options, respectively. Changes were also made to the
MAXI1 subroutine PADQS to apply the appropriate area correction factor for
inhalation pathways. In addition, changes were made to QAPAGE and OUTPUT
to record the date of this modification.

The VAX version of the MAXI1 computer program is 1isted in Appendix A.
There are two notable differences between the VAX and CDC versions of
MAXIl. First, two different algorithms are used by the two versions to
read the dose rate factor files. These algorithms are contained in the
subroutines DFREAD and SETDAT., The difference concerns a trade-off between
the amount of computer memory (CDC version} versus the amount of central
processing time (YAX version) required for input operations. This mech-
anism 1s transparent to the user. The second difference is the addition
of a fourth output option with the YAX version. The additional report
summarizes the maximum year of exposure by radionuclide and organ,

As an additional quality assurance step, the sample problems described in
Napier et al. (1984) were run with the new version of the software and the
results were compared with those previously documented. This was done to
assure that no unpredictable changes or programming errors occurred during
the software enhancement. A comparison was also made between the VAX and
CDC versions of the software to assure that both versions gave the same
results. The sample problems documented in Napier et al. {1984) were used
in these comparisons because hand calculations verified that the software
was correctly doing all of the calculatfons. The results of these compari-
sons verified that both the VAX and CDC versions of the enhanced software
package were operating correctly.

REFERENCES

Napier, B. A., R. A. Peloquin, W. E. Kennedy, Jr., and S. M. Neuder. 1984,

ReguTatory Commission, Washington, D.C.
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5.0 ERRATA

The following corrections were included in the ONSITE/MAXI1 software pack-
age since the original document was pubiished in October 1984,

5.1 UNITS CONYERSION - ONSITE

In the ONSITE computer program (Napier et al. 1984), the corre8t1on factor
for units of mCi to pCi was changed from 1.0 x 10~ to 1.0 x 10°, This
factor 1s stored in the third element of the array NVUNIT and initialized
with a DATA statement.

5.2 RUTHENIUM-103 DECAY CHAIN - RMDLIB/RMDONS

The 103Ru decay chain in the files RMDLIB and RMDONS (Appendix 1.C, Napier
et al. 1984) was corrected to read as follows:

RU103 3.94E+1 1 0 0
PD103 1.70E+1 2 0 0
RH103M 3.90E-2 3 1 .9974 2 ,9997

5.3 STRONTIUM-90 - ORGLIB

A correcBbon was made to the organ datz file ORGLIEé. The biological half-
1ife of 7°Sr was Adeated frorn_:!l.B x 10" to 4.0 x 10° days for total body
and from 1.8 x 10” to 4.0 x 10° days for bone. The versions of FILEag:
FILE21, FILE24, and FILE25 dated 4/85 contain dose rate factors foB Sr
with this shorter bio] ogi%a'I half-11fe. This change affects only OSr, the
biological half=1ife of Ngr+p (the data entry that includes the short-
1ived daughter ““Y) was correct.

REFERENCES
Napier, B. A.» R. A. Peloquin, W, E. Kennedy, Jr., and $. M. Neuder. 1984,
D
Wastes:; The ONSITE/MAXI1 Computer Program. NUREG/CR-3620. U.S. Nuclear

Regulatory Commission, Washington, D.C.
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APPENDIX A COMPUTER CODE LISTING - MAXI1

Program Title:

Developed for:

Date:

NRC Contacts:

Code Developer:

MAXI1
U.S. Nuclear Reguiatory Commission

Office of Nuclear Regulatory Material Safety &
Safegquards
Division of Waste Management
and
Office of Nuclear Regulatery Research
Division of Health, Siting, and Waste Management

May 31, 1984

Dr. Stan Neuder (NMSS)
Phone: 301-427-4533

B.A. Napier, R.A. Peloquin, W.E. Kennedy, Jr.
Pacific Northwest Laboratory
Richland, WA 509-375-3849 (WEK)

This program was prepared for an agency of the United States
Government. Neither the United States government nor any agency
thereof, or any of their employees, make any warranty, expressed
or implied, or assumes any legal 1iability or responsibiiity for
any third party's use, or the results of such use, of any portion
of this program or represents that its use by such third party
would not infringe privately owned rights.

OO0 OOO000 OO0QOOO00O0O00O0O00000OOOO00000000000000000

PROGRAM MAXI1

THIS PROGRAM IS DESIGNED TO CALCULATE ANNUAL RADIATION DOSES FROM
INGESTION, INHALATION, EXTERNAL SURFACE CONTAMINATION,

AND AQUEOUS FOOD AND WATER INGESTION RESULTING

FROM RESIDUAL RADIOACTIVITY AT DECOMMISSIONED NUCLEAR FACILITIES
AND WASTE STORAGE SITES.

Yersion of May 31, 198%

A.l
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APPENDIX A COMPUTER CODE LISTING - MAXI1

COMMON/THIRDS/QK(50) , AML(50) , XQSITE, IAIR, IDKAIR, IBLOW

COMMON/RLIB/ELT(300}, AW{(300),TR(300) ,NUC, NCH, NCHN{300) ,NOFNUC( 200}
. sNCHST{(200),IFR(2,300) ,DKF(2,300) , IMEM{300)

COMMON/DATAL/ELTO(50), AKQ(50) , TOFNUC(50Q) ,NONUC,DK(2,50),
.IFRM(2,50) ,AL{50) ,AM{50),SOILCN(50) , ICHN, AMI(50) ,AMJ(50),
. IFOD, IARG, IWAT,RIRR, RPF, XMLF,DILF, IMO, DEN, IEXT

COMMON/DATA2/DFD0OS(50,50,5) ,AID0OS(50,50,5) , INDOS(50,50,5),
.DEXT(50) , ARGF(50,50,5} , ARDW(50,50,5) , DEDXT(50)

COMMON/DOSEL1/EXD0OS(50,50) , AEXDOS(50),FDOS(50,50,5) »
.FADOS(50,50,5),DAD0OS(50,50,5),

.ARD0S(50,50,5) ,DWDOS(50,50,5) ,

.AFD0OS(50,5) ,ADAD0OS(50,5) , ADOS(50,5),
.AARDOS(50,5) » ADWD0OS(50,5)

COMMON/MXTIM/MAXTIM(S) ,MAXD(5) ,MAXPM(50,5)

COMMCN/ JUNK/DDTT, IT1,IT2, TITLEL1(20), TODAY, CLOCK

c
c Added for fast execution version (original)
c

OO0

COMMON/FREAD/ELTLS(100) , AWLS{100) ,ELTX(100) , AWX{100),
LDFXT(100},

.NYRL > NYRS, NORGL , NORGS,NISOL , NISOS, NISOX,
NYRW,NYRA,NORGW,NORGA,NISOW,NISOA, ELTA(100) , AWAW(100),
.ELTW(100) , AWW(100} ,ELTDX(100) , AWDX{100},DFDXT(100) ,NISODX

DIMENSION X{100000)

DIMENSION DINCL(50,100,5),DINCS(50,100,5),
.DINCA(50,100,5),DINCW(50,100,5)

DIMENSION KORGLS(5),KORGA(5),KORGW(5)

DIMENSION KORG(5),NTR(5,50),TITLR(20),TITLDI(15},NSOLD{(5,50}
DIMENSION TITLIN(40}

DIMENSION Q(50),ELTI(50),AWI{50)

DIMENSION QI(50},Q1(50),QAPR(50)
DIMENSION NFLAG(300),NFLAGC(200)

A.2
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APPENDIX A COMPUTER CODE LISTING - MAXI1

CHARACTER AW%6, AWO*6, AWI*6

CHARACTER AWLS™E, AWX®E, AWAWG , AWNW G , AWDX*6
CHARACTER DDTT*9, TODAY¥10, CLOCK*1IO
REAL*4 INDOS

EQUIVALENCE (DINCL,X),(X(1),EXDOS), (X(2501),AEXDOS),

. (X{2551),FDOS)

EQUIYALENCE (X(25001),DINCS),(X(15051),FADOS),{X{(27551),DAD0S)
EQUIVALENCE (X(50001),DINCA},(X(40051),ARD0S),

. (X{52551),DWD0OS), (X(65051) ,AFDOS) , (X{65301) , ADADOS) ,

. {X(65551),AD0S)

EQUIVALENCE (X(75001),DINCW),(X{65801),AARDOS),

. (X(66051) , ADKDOS)

DATA AST /%% 1t/
NAMELIST INPUT PARAMETERS

NAMELIST/INPUT/IEXT,XFACT, IOUT, IT1,IT2,KORG,NORG, XDPT,NEXT
.» AGE,IFOD, IARG, INAT,RIRR,RPF , XMLF ,M3M2,DILF, IMO,DEN,
-RF1,RF2,RINH, INTRUD, IDKWAT, IAIR, XQSITE, IDKAIR,

. RPF1, RPF2, ISUR, 122, XF2, SRDIL, IBIO,

. FRSIZ, AREAIN, AREAEX, ION

LAST TWO LINES OF NAMELIST INPUT SPECIFIC TO VAX ONSITE/BIOPORT
YERSION

MAXIMUM NUMBER OF RADIONUCLIDES THAT CAN BE CONSIDERED
NMAX=50

GET DATE AND TIME
CALL DATE(TODAY)
CALL TIME(CLOCK)

READ MASTER DATA LIBRARY FOR RADIONUCLIDE AND CHAIN DECAY DATA
CALL RLIBIN{TITLR}
READ CASE SPECIFIC INPUT

DEN=100.
IMO=6
IFOD=1
IARG=1
IWAT=1
IAIR=1
XQSITE=0.0
IDKAIR=0
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IDKWAT=0
RIM=1.0
XDPT=0.067
XFACT=1.0
ISUR=1
I122=1
XF2=0.0
IT1=1
RF1=1.0
RF2=0.0
RINR=1.0
IEXT=0
INTRUD=0
IT2=50
SRDIL=1.0

KORG(1)=1
KORG(2} =6
KORG(3)=8
KORG(4}=16
KORG(5)=23
NORG=5

IBI0O = 0
ION = 0
FRSIZ =
AREAIN
AREAE X

1.0
1.0
1-0

RPF1= OLD RPF

RPF2= FRACTION OF TOTAL DIET GROWN ON SITE

RPF=RPF1 : IF RPF2>0. THEN RPF = RPF1¥*RPF2

ONLY RPF IS USED IN THE CALCULATION; RPF1l, RPFZ USED FOR QA PAGE -RAP

ISUR, I22, AND XF2 ARE THE ONSITE PARAMETERS EQUIVELENT TO XFACT

ISUR = SURFACE CONTAMINATION {(0~-NOT CONSIDERED, 1~CONSIDERED)
122 = INDEX OF SURFACE CONTAMINATION SOURCE (0-ISOSHLD, 2-MAXIZ}
XF2 = NO.OF HOURS/YEAR PERSON IS EXPOSED TO EXTERNAL CONTAMINATION
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CODE LOGIC HAS BEEN ARRANGED SO THAT THE USER MAY STILL INPUT "XFACT"
THROUGH NAMELIST. XFACT WILL ONLY BE SET BY MAXI1 IF YALUES HAYE BEEN
INPUT FOR ISUR, I22, AND XF1l

1 READ(5,50,END=99) TITLEl
READ{UNIT=5,NML=INPUT,ERR=97)
IF{NEXT.EQ.4}GO TO 95

SET RIM YALUES BY M3M2

IF(M3M2.EQ.1} RIM=0.15
IF{M3M2.EQ.2) RIM=224.

IF ONSITE INPUT, SET XFACT BASED ON YALUES OF ISUR, I22, AND XF2
IF (ISUR .EQ. 0} THEN
XFACT = 0.0
ELSE
IF (122 ,EQ. 0) XFACT
IF (XF2 .GT. 0.) XFACT
ENDIF

5.844E-11
XFACT % (XF2/8766.)

IF ONSITE, SET RPF ELSE SET RPFL=RPF
If (RPF2 .GT. 0.) THEN
RPF = RPF1 * RPF2

ELSE
RPF1 = RPF
RPF2 = 1.0
ENDIF

READ NEW ISOTOPE SELECTION
NOTE: SUCCESSIYE CASES USE THE INITIAL INYENTORY

IF NOT BIOPORT INPUT , DO STANDARD INVENTORY INPUT
IF (IBIO .NE. 1) THEN

IF{NEXT.EQ.3) GO TO 100
READ{5,200,END=99) NIN, IRR, IBLOW
IF(NIN.GT.NMAX.,OR,NIN.LT.1) GO TO 98

READ(5,300,END=99) (ELTI(I),AWI(I), (NSOLD(J,I),J=1,5),Q(1},
. Q1(I},0J¢(I),0K(I),I=1,NIN)

ELSE
USE SPECIAL INYENTORY INPUT ROUTINE FROM BIOPORT
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IF (NEXT .EQ. 1) THEN
FIRST TIME THROUGH
READ(5,201) IRR, IBLOW
READ(30,202) (TITLIN(IRAP),IRAP=1,10}
PRINT 202, (T1TLIN(IRAP},IRAP=1,40)
ENDIF

READ BIOPORT YEAR FOR REPORTS
READ (30,205) IBYR
PRINT 205, IBYR
USE ALTERNATE INVENTORY INPUT (* SIGNALS END THIS YEAR)

NIN=0
I=1

153  CONTINUE
READ (30,301,END=99) ELTI(I),AWI(I),(NSOLD{J,I),J=1,5),
Q(I), QI(Id), QJ{(I)

PRINT 8801, ELTI(I),AWI(I),Q{I),AST

8801 FORMAT (! AS READ:Y,A4,1:V,A6,E10.3,':',A4,1: 1)
IF (ELTI(I)} .EQ. AST)Y GO TO 152
I=I+1
NIN = NIN + 1
GO TO 153

152  CONTINUE
ENDIF
DO 150 I=1,NIN
Q(I} = Q(I) * SRDIL
150 Q(I)=0I(I)*DILF
IMPORTANT NOTE: THE ORDER OF NSOLD ON THE INVENTORY CARDS
ABSOLUTELY MUST MATCH THAT OF THE INPUT ORDER OF KORG
IN THE INPUT NAMELISTI!

DO THE FOLLOWING FOR STANDARD EXECUTION:
IF (NEXT .NE. 5) THEN

CALL IDNUC(NUC,ELT,AW,ELTI,AWI,NIN,NCHN, NFLAG, NFLAGC)
CALL DATE OF RUN

CALL DATE(TQDAY)
CALL TIME(CLOCK)
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C READ AND SET DATA ARRAYS
C
CALL DFREAD{(DINCL,DINCS,KORGLS,DINCA,DINCW, KORGA, KORGW)

CALL SETDAT TO SET DATA IN CHAINS

OO0

CALL SETDAT(ELTI,AWI,NFLAG,NFLAGC,Q,DINCL,DINCS,
+ KORG, KORGL S,NORG,NSOLD,NTR,QI,QJ ,RIM,
.DINCA,DINCW, KORGA, KORGW, QAFR)

SET INHALATION DATA ARRAY
CALL INSET(NORG,KORG,NTR,TITLDI)

o OO0

100  CONTINUE

ELSE

o0 a0

THIS IS SUBSEQUENT BIOPORT RUN, USE SPECIAL INITIALIZATION
CALL RDSUB (Q, QI, J, NFLAG, QAPR, RIM)

]

ENDIF

CALL QAPAGE TO PRINT BACK PARAMETERS USED

o000

CALL QAPAGE(RF1,RF2,INTRUD,IDKNAT,XFACT, IRR, RINH, XDPT, AGE,
+M3M2, KORG,NORG,NTR, TITLR, TITLDI,CAPR,RPF1,RPF2, ISUR, 122,
. XF2, SRDIL, IBIO, IBYR, TITLIN,NEXT,FRSIZ, AREAIN, AREAEX, ION)

SET AIR CONCENTRATIONS FROM OFF-SITE SOURCES

OO0

IF(IAIR.NE.1}GO TO 160

DO 151 I=1,NONUC
151 AML(I)=AML(I)*XQSITE*3.175E4
160 CONTINUE

CALCULATE PATHWAY DOSES

OO0

CALL PADOS{XFACT,NORG, XDPT, AGE» IRR,RF1,RF2,RINH, INTRUD, IDKWAT,
. XF2, RPFl, RPF2, AREAIN, AREAEX)

CALCULATE ANNUAL DOSES
CALL ANDOS(NORG)

DETERMINE MAXIMUM ANNUAL DOSE

OO0 OO0

CALL MAXDOS(NORG,NONUC)
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c
C PRINT QUTPUT RESULTS PAGE
C
CALL OUTPUT (NORG, IOUT,KORG, IBIO, IBYR,NEXT)
C
C RECOVER AML FOR FUTURE CASES
C

IF({IAIR.NE.1)GO TO 180
DO 170 I=1,NONUC
IF (XQSITE .GT. 0.) THEN
AML(I}=AML(L}/{XQSITE#*3.175E4)
ELSE
AML(1)=0.0
ENDIF
170 CONTINUE
180 CONTINUE

50 FORMAT(20A4)

200 FORMAT(31I5)

201 FORMAT(2IS}

202 FORMAT(20A4)

205 FORMAT(1X,IS)

300 FORMAT(AZ,A6,5I1,4E10.2)
301 FORMAT(1X,AZ,A6,511,4E10.2)

C
C IF(NEXT.GT.1) GO TO 1
GO T0 1
C
C
95 PRINT 400
STDP
99 PRINT 600
600 FORMAT(1Hl.,' DIAGNOSTIC 1: END OF FILE ON INPUT, STOP!)
STOP

97 PRINT 700
700 FORMAT(' DIAGNOSTIC 2: ERROR ON NAMELIST INPUT'})
STOP
98 PRINT 800,NIN,NMAX
800 FORMAT(1Hl,' DIAGNOSTIC 3: ERROR IN NUMBER OF NUCLIDES *,
. TINPUT, NONUC=',I3,'MAXIMUM ALLOWED IS,'I4)
400 FORMAT(1H1,'DIAGNOSTIC 4: END OF INPUT FOR THIS RUN, NORMAL t,
. 'TERMINATION?')

END
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C A o R L o e e -
C
SUBROUTINE ACHAIN(NUC,T,DK,IFRM, AL, AMs AD)
C
C THIS SUBROUTINE IS THE HEART OF THE CHAIN DECAY PROCEDURE.
C IT REQUIRES THE COMPLEX INFRASTRUCTURE OF RLIBIN,SETDAT,PADQS.
C
C Module of MAXI1
C Yersion of 7-FEB-85 RAP
C
C _—— e ———————
C
C
REAL*8 A(45), SUMPR, ASUM, AMD, EXPO(9), ALD(9), ARG
DIMENSION DK{2,9},IFRM{2,9),AL{9),AM(9),A0(9)
C
C CONVERT AL TO DOUBLE PRECISION
DO 113 TIK = 1, 9
ALD(IJK) = DBLE(AL(IJK))
113 CONTINUE
C
C INITIALIZE COEFFICIENT ARRAY TO ZERO
C

N2N=NUC*(NUC-1) / 2+NUC
C CALL ZEROR(N2N,A)
DC 100 IJK = 1, N2ZN
A(IJK) = 0.0D0
100 CONTINUE

C

C DO LOOP ON CHAIN MEMBERS, MAX = NUC
DO 5 J=1,NUC

C

C CALCQULATE EXPONENTIAL FOR CURRENT NUCLIDE
ARG = -ALD(J) * T
EXPO{J) =DEXP (ARG)
JI=0*(J-1)/2
J1=J-1
IF(J1.LE.0) GO TO 4
IMAX=MINO(J1,2)
DO 3 M=1,J1
DG 2 L=M,J1
DO 1 I=1,IMAX
IF(IFRM(T,J).EQ.L) THEN
A(M+JJ) =A(M+JJ)+DK(I, J) ¥AL (LY *A(M+L¥(L-1)/2)

ENDIF

1 CONTINUE

2 CONTINUE
A(M+JJ)=A(M+JJ)/{(ALD(J}-ALD{(M})

3 CONTINUE
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4 CONTINUE
ASUM = 0.0D0
IF (J1 .EQ. O} GO TO 11
DG 12 IRAP = 1, Jl
JK = JJ + IRAP
ASUM = ASUM + A(JK}
12 CONTINUE
11 CONTINUE

4 A(J+JJ}=AM{J)-ASUM{J1,A(JJ+1))

OO0

AMD = AM(J)
A(J+JJ} = AMD ~ ASUM

AC{J)=SUMPRD(J,EXPC,A{JJ+1))
THE YAX HAS A PROBLEM WITH THIS CODE- USR THE FOLLOWING:

OO0

SUMPR = 0.0DO
DO 8884 IN = 1,)J
JK = JJ + IN
SUMPR = SUMPR + EXPO(IN) * A{JK)
8884 CONTINUE
AD(J) = SUMPR

5 CONTINUE

RETURN

QOO0 (o] (o]

END
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C
C
SUBROUTINE AFACT(AITIM, AIRFA,ITIME, XDPT)
C
C THIS SUBROUTINE CALCAULATES A RESUSPENSION FACTOR USING THE ANSPAUGH
C MODEL WITH A LOWER LIMIT OF 1.0E-9,
C
C Module of MAXIL
C Yersion of 25-APR-84
C
S —
C
C
DPIMENSION AIRFA{50)
C
1 CONTINUE
C
IF(AITIM,GT,.25) GO TO 10
AIRFA(ITIME)=1.0E-4%(EXP(~2,87* (SQRT(AITIM}))})+I1.0E-9
AIRFA(ITIME)=AIRFA{ITIME)*XDPT
GO TO 30
10 AIRFA(ITIME)=1,0E-9*XDPT
30 CONTINUE
C
RETURN
C
C- — _—
C
END
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C —— Lkl - b
C
SUBROUTINE AIRDIS(IDKA,INUC,JTIME,AMM,])
C
C THIS SUBROUTINE IS USED TO DECAY THE ATMOSPHERIC RELEASE SOURCE TERM
C IF NECESSARY. USED FOR CASES WITH OFF=SITE AIRBORNE SQURCES
C
C Module of MAXI]
C Yersion of 25-APR-84 RAP
C
o P —_— — ——
COMMON/DATAL/ELTO(50) , AWO(50) , IOFRUC(50) ,NONUC,DK(2,50},
.IFRM{2,50) ,AL(50), AM(50) , SOILCN(50) , ICHN, AMI (50} ,AM] (50) ,
. IFOD, IARG, INAT,RIRR,RPF, XMLF,DILF,IMO,DEN, IEXT
C
COMMON/ THIRDS/QK(50) , AML{50) , XQSITE, IAIR, IDKAIR, IBLOW
C
CHARACTER*6 AWO
DIMENSION AMM(50)
C
C IF NOT DECAYING SQURCE, SET AMM=AML
C
IST=INUC+]
K=IST+J)-1

IF(IDKA.NE.0)GO TO 10
DO 100 I=IST,K
100 AMM(I)=AML(I}
GO TO 90
c
C DECAY ONE-MEMBER CHAINS
c
10 IF(J.GT.1)GO TO 20
AMMOIST)=AML(IST)*EXP(-AL({IST)®JTIME)
GO TO 90
c
C CALL CHAIN DECAY ROUTINE
c
20 DO 200 I=IST,K
200 AMM(I)=AML(I)/AL(I)
CTIME=JTIME
CALL ACHAIN(J,CTIME,DK(1,IST),IFRM(1,IST),AL(IST),AMM(IST),
AMM(IST))
DO 300 I=IST,K
300 AMM(I)=AMM{I)*AL(I)
C
90 RETURN

C
C-
C

END
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(@ N ]

OO0 o v EoNaNe ReReNeNe

OO0

SUBROUTINE ANDOS(NORG)
THIS SUBROUTINE IS USED TO CALCULATE ANNUAL AND PATHWAY DOSES

Module of MAXI1
Yersion of 19-JUN-84

COMMON/JUNK/DDTT, IT1,1IT2, TITLE1{20),TODAY, CLOCK

COMMON/DATAL/ELTO(50) , AWO(50) , TOFNUC(50} , NONUC, DK(2,50),

+IFRM(2,50},AL(50) , AM(50) , SOILCN(50) , ICHN, AMI (50) , AMI(50) ,
. IFOD, I1ARG, IWAT,RIRR, RPF, XMLF , DILF, IMO, DEN, IEXT

COMMON/DOSEL/ EXDOS{50,50) , AEXDOS(50) ,FDOS(50,50,5)

.FADOS(50,50,5),DAD0OS(50,50,5) » ARDOS(50,50,5) ,DWD0S(50,50,5) ,
.AFDOS(50,5) , ADADOS{50,5) , ADOS(50,5) ,
+AARDOS(50,5) , ADWDOS(50,5)

COMMON /NEWRPT/ PATHOT(50,50,5)

CHARACTER*9 DDTT
CHARACTER*6 AWO
CHARACTER*10 TODAY, CLOCK

ITIME=0

CALL ZEROR(250,AFDOS)
CALL ZEROR(250,ADADOS)
CALL ZEROR(250,AARDOS)
CALL ZEROR{250,ADWDOS)
CALL ZEROR(12500,PATHOT)

DO 100 JTIME=IT1.IT2
ITIME=ITIME+1

DO 200 INUC=1,NONUC
DO 300 IORG=1.,NORG

CALCULATE TOTAL FOOD PRODUCT DOSES

FDOS{ITIME, INUC, IORG) =FDOS(ITIME, INUC, IORG) +FADOS(ITIME , INUC, IORG

}
CALCULATE TOTAL FOOD PRODUCT DOSES SUMMED OVER ALL NUCLIDES

AFDOS(ITIME, IORG) =AFDOS(ITIME, IORG) +FDOS(ITIME, INUC, IORG)
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C CALCULATE TOTAL INHALATION'DOSE SUMMED OVER ALL NUCLIDES
C

ADADOS(ITIME, IORG) =ADADOS{ ITIME, IORG) +DADOS{ ITIME, INUC, IORG)
C
C CALCULATE TOTAL AQUEOQUS FOOD DOSES
C

AARDOS(ITIME, IORG)=AARDOS(ITIME, IORG)

. +ARDOS{ITIME, INUC, IORG)
C
C CALCULATE TOTAL DRINKING WATER DOSE
C

ADWDOS(ITIME, IORG) =ADWDOS({ITIME, IORG)

. +DWDOS(ITIME, INUC, IORG)
C
c Calculate pathway totals for each organ, nuclide, and time
C

PATHOT(ITIME, INUC, IORG) = FDOS(ITIME, INUC,IORG)

. + DADOS(ITIME, INUC, IORG)

. + ARDOS{ITIME, INUC, IORG)

. + DWDOS{ITIME, INUC, IORG)

+ EXDOS(ITIME, INUC)

C
C PRINT 8888, PATHOT(ITIME,INUC,IORG)
C 8888 FORMAT (' PATHOT: ',E10.2)
C

300 CONTINUE
200 CONTINUE

C

C CALCULATE ANNUAL DOSES

c
DO 400 IORG=1,NORG
ADOS(ITIME, IORG) =AFDOS{ITIME, IORG}+ADADOS(ITIME, IORG)+AEXDOS(ITIME
. J+AARDOS(ITIME, IORG)+ADWDOS({ITIME,IORG)

C

400 CONTINUE
100 CONTINUE

DEBUG PRINT STATEMENT--
ITIME=0
DO 101 JTIME=ITL,IT2
ITIME=ITIME+]
PRINT 8881,JTIME, (ADOS(ITIME,IORG) ,IORG=1,NORG)
8881 FORMAT(' JTIME, ADOS: ',I4,5E10.3)
101 CONTINUE

OO0 000

RETURN

4]
I
1
1
1
1
1
1

END

A.14



APPENDIX A COMPUTER CODE LISTING - MAXI1

OO0

FUNCTION ASUM(J,A}
This function sums an array, called by ACHAIN

Module of MAXI1
Yersion of 25-APR-84 RAP

OO?OOOOOO

DIMENSION A{1l)

)

ASUM=0,
IF(J.LE.Q0) GO TO 2
DO 1 I=l.J
ASUM=ASUM+A(T)

1 CONTINUE

2 RETURN

OO0

END
SUBROUTINE DFREAD(DINCL,DINCS, KORGLS,DINCA, DINCW, KORGA, KORGW)

COMMON/DATAL/ELTO(50) , AWO(50) , IOFNUC(50) ,NONUC, DK(2,50) ,
.IFRM(2,50),AL(50}, AM(50) , SOILCN{(50) , ICHN, AMI (50) , AMJ(50) ,
. IFOD, IARG, INAT,RIRR,RPF, XMLF, DILF, IMO,DEN, IEXT

COMMON/TITLS/TIT20(13),TIT21(13),TIT22(13),TIT24(13),
LTIT25(13),TITZ27(13)

COMMON/FREAD/ELTLS(100) , AKLS(100) ,ELTX{(100) , AWX(100) ,
.DFXT(100),

+NYRL ;NYRS, NORGL ,NORGS, NISOL , NISOS, NISOX,
.NYRW,NYRA,NORGW,NORGA,NISOW,NISOA, ELTA(100) , AWAW{(100) ,
.ELTW(100) , AWW{100) ,ELTDX(100) , AWDX(100) ,DFDXT{100) ,NISODX

DIMENSION KORGLS(5) ,KORGA(S5) ,KORGW(5)
DIMENSION DINCL(50.,100,5),DINCS(50,100,5},DINCA(50,100,5},
.DINCW(50,100,5)
CHARACTER*6 AWLS,AWX,AW0, AWAW, ANW, AWDX
c
C READ LEAF AND SOIL MECHANISM DATA
c
500 CONTINUE
READ(20,600)TIT20
600 FORMAT(13A4)
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READ{20,1)ID,NYRL,NISOL,NORGL
READ(20,7) (KORGLS(I),I=1,NORGL)
READ(21,600)TIT21
READ(21,1)ID,NYRS,NISOS,NORGS
READ{21,7) (KORGLS(I),I=1,NORGS)
FORMAT(5X, A4,315)
7 FORMAT(S15)
READ(24,600)TIT24
READ(24,1)ID,NYRA,NISOA,NORGA
READ(24,7) (KORGA{I),I=1,NORGA)
READ(25,600)TIT25
READ{25,1)ID,NYRW,NISOW, NORGW
READ(25,7) (KORGW(I),I=1,NORGW)
51 CONTINUE

—

LEAF, SOIL, AQUEQUS FOOD AND DRINKING WATER DATA IN BLOCKS

OO0

DO 15 IYR=1,NYRL
IF(IFOD.EQ.0) GO TO 56
READ(20,25)
READ(21,25)
5 IF(IARG.EQ.0) GO TO 57
READ(24,25)
57 IF(IWAT.EQ.0) GO TO 58
READ(25,25)
58 CONTINUE
25 FORMAT(1X)
DO 10 IS0=1,NISOS
IF(IFOD.EQ.0)GO TO 60
READ(20,2)ELTLS{ISO), AWLS(IS0), (DINCL(IYR,IS0O,IO0R),IOR=1,NORGL)
READ(21,2)ELTLS(ISO), AWLS(ISO), (DINCS(IYR,IS0,I0R),I0OR=1,NORGS)
10 CONTINUE
60 IF(IARG.EQ.0) GO TO 61
DO 11 ISO=1,NISOA
READ(24,2)ELTA(ISO) , AWAK(ISQ), (DINCA(IYR, IS0, IOR},
. IOR=1,NORGA}
11 CONTINUE
61 IF(IWAT.EQ.0) GO TO 15
DO 12 ISO=1,NISOW
READ(25,2)ELTW(ISO) , AKW(ISO) , {DINCW(IYR,IS0,IOR),
. JOR=1,NORGW)
2 FORMAT(AZ,A6,5E12.2)
12 CONTINUE
15 CONTINUE
c
C READ EXTERNAL EXPOSURE MECHANISM DATA
C
READ(22,600)TIT22
READ(22,3}ID,NISOX
3 FORMAT(5X,Ad4,115)
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DO 20 IS0=1,NISOX
20 READ(22,4)ELTX(ISQ), AWX{ISO),DFXT(ISO)
IF({IEXT.NE.1)} GO TO 31
READ(Z7,600)TIT27
READ(Z7,3) ID,NISODX
DO 30 ISO=1,NISODX
READ{(Z7,5) ELTDX(ISQ),ANDX(ISQ),DFDXT(ISO)
30 CONTINUE
31 CONTINUE
4 FORMAT(A2,A6,E7.1)
5 FORMAT(A2,A6,E7.1)

PRINT DIAGNOSTIC MESSAGES, IF ANY, AND STOP

IF{NISOL.GT.100.0R.NISOS.GT.100.0R.NISOX,GT,.100)

.GO TO 100

IF(NISOA.GT,100.0R.NISOW.GT.100} GO TO 100
IF(NYRL.GT.50.0R.NYRS.GT.50.0R.NYRA.GT,50.0R.NYRKW.GT,50}
.GO TO 200
IF(NORGL.GT,5.0R.NORGS.GT.5.0R.NORGA. GT.5 .0R.NORGW.GT,5)
.GO TO 300

RETURN

100 PRINT 101,NISOL,NISOS,NISOX,NISOA, NISOW
GO TO 400

200 PRINT 201,NYRL,NYRS,NYRA, NYRW
GO TO 400

300 PRINT 301,NORGL,NORGS, NORGA, NORGW

400 STOP

101 FORMAT(1Hl,' DIAGNOSTIC 8: NUMBER OF ISOTOPES FOR DFREAD OQUT OF BO
.UNDS',/,5(5X%,15))

201 FORMAT(1H1,!' DIAGNOSTIC 9: NUMBER OF YEARS FOR DFREAD OUT OF BOUND
.S1,/,4(5X,15))

301 FORMAT(1H1,' DIAGNOSTIC 10:NUMBER OF ORGANS OUT OF BOUNDS FOR DFRE
+AD?,/,4(5X,15))
END
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SUBROUTINE DUMMY(N)
THIS ROUTINE READS PAST UNUSED ENTRIES IN FILE 23

Module of MAXI1
Yersion of 25-APR-84 RAP

10
100

DO 100 I = 1,N
READ(23,10)
FORMAT (1X)

CONTINUE

RETURN

OO0 (9]

END
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a0

SUBROUTINE IDNUC{NUC,ELT,AW,ELTI,ANI,NIN,NCHN,NFLAG,NFLAGC)
THIS MODULE IDENTIFIES NUCLIDES IN INPUT INVENTORY

Module of MAXI1
Version of 25-APR-84 RAP

OOO0O0000

DIMENSION NFLAGC(200),NCHN(300)
DIMENSION ELT(300),AN(300),ELTI(50),ANI(50),NFLAG{30D)
CHARACTER AW*H, ANI*6

INITIALIZE COUNT INDEX ON UNIDENTIFIED NUCLIDES

[@ N ]

4 CONTINUE
ISTOP=0
LOOP ON NUCLIDES INPUT, TEST AGAINST MASTER LIST.

a0

CALL ZEROI(200,NFLAGC)
CALL ZEROI{300,NFLAG)
DO 3 IN=1,NIN
DO 1 IL=1,NUC
ILN=IL
IF(ELT(IL}.NE.ELTI(IN}) GO TO 1
IF(AW(IL) .EQ.ANI(IN)) GO TO 2
TF(AW(IL) .EQ,ANI(IN}} GO TO 2
1 CONTINUE

NO MATCH IN LIBRARY FOR INPUT NUCLIDE. PRINT NAME OF UNKNOWN NUCLIDE

OO0

ISTOP=ISTOP+1
PRINT 100, ELTI(IN),AWI(IN)
GO TO 3

2 NFLAG(IL)=IN
NFLAGC(NCHN(IL})=1

3 CONTINUE
IF{ISTOP.LT.1) RETURN

PRINT TOTAL NUMBER OF UNKNOWN NUCLIDES AND STOP.

OO0

PRINT 200, ISTOP

100 FORMAT(1HO,' DIAGNOSTIC 11: UNIDENTIFIED NUCLIDE ',A2,A6)

200 FORMAT(LHO," DIAGNOSTIC 12: THERE WERE UNIDENTIFIED NUCLIDES, !,
LAISTOP =1,13)

STOP
c
Cm- - -
c

END
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SUBROUTINE INSET(NORG,KORG,NTR,TITLDI)

INSET reads the inhalation dose conversion factor file from the
file assigned to logical unit 23.

Module of MAXI1
Version of 25-APR-84 RAP

i T o S o S e B e e e B G L Ay - -

COMMON/DATAL/ELTQO(50) , AWQ(50) , IOFNUC(50) ,NONUC,DK(2,50) ,
.IFRM(2,50), AL(50), AM{50) , SOILCN(50) , ICHN, AMI(50) , AMJ (50},
. IFOD, IARG, INAT,RIRR,RPF, XMLF, DILF, IMO,DEN, IEXT
COMMCN/DATA2/DFD0S(50,50,5) ,AID0OS(50,50,5) , INDOS{50,50,5) , DEXT{(50)
. s ARGF{50,50,5) , ARDW(50,50,5) ,DEDXT (50)
DIMENSION NTR(5,50),KORG{(5),IDORG(5),TITLDI(15),DIN(3,51,5)
CHARACTER AWO*G, AWD*6
REAL*4 INDOS

1 CONTINUE
CALL ZEROR(12500,INDOS)
READ(Z23,10)NDI,TITLDI

10 FORMAT(I15,15X,15A4)
READ(Z3,11) ({IDORG(I),I=1,5)

11 FORMAT(5I5)

LOOP ON NUCLIDES IN DACRIN-GENERATED FILE 23
DO 100 IDI=1,NDI
READ(Z3,12)ELTD, AWD, N1 ,N2,N3
12 FORMAT(AZ,A6,2X,315)
ICHK=0
MATCH WITH DESIRED NUCLIDES, INCLUDING DAUGHTERS
DO 200 INUC=1,NONUC

IF(ELTD.NE.ELTO(INUC) .OR. AWD.NE. AWO(INUCY) GO TO 200
ICHK=1

READ ALL DATA FOR FOUND NUCLIDE INTQ TEMPORARY ARRAY LOCATION

IF(N1.LE.Q)} GO TO 50

READ(Z3,13) ((DIN(1,IYR,IOR),IOR=1,5},1YR=1,N1)
50 IF{N2.LE.Q) GO TO 55

READ{23,13) {{DIN(2,IYR, IOR},IOR=1,5),IYR=1,N2)
55 IF{N3.LE.0) GO TO 60
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CONTINUE
FORMAT{10X,5E10.2)

IF (N1 .GT. 50> N1=50
IF (N2 .GT. 50) N2=50
IF (N3 .GT. 50) N3=50

IDENTIFY ORGAN AND SOLUBILITY CLASS AND SET

410
411
420
421
430
431
400
300
200

IF

100

8892

DO 300 IORG=1,NORG

DO 400 JORG=1,5

IF(IDORG{JORG) .NE.KORG(IORG)) GO TO 400
TF{NTR({IORG,INUC).EQ.2)} GO TO 420
IF(NTR({IORG,INUC).EQ.3) GO TO 430
IF(N1.EQ.0) GO TO 300

DO 411 IYR=1,N1
INDOS{IYR, INUC, IORG) =DIN(1, IYR, JORG)
GO TO 300

IF(N2.ECQ.0) GO TO 300

DO 421 IYR=1,N2
INDOS(IYR, INUC, IORG)=DIN(2, IYR,JORG)
GO TO 300

IF(N3.EQ.0)} GO TO 300

DO 431 IYR=1,N3
INDOS(IYR, INUC, IORG)=DIN(3,IYR,JORG)
GO TO 300

CONTINUE

CONTINUE

CONTINUE

NO NUCLIDE MATCH IN 200 LOOP, READ PAST LIBRARY DATA

N4=N1+NZ2+N3
IF(ICHK.EQ.0)} CALL DUMMY{N4)
CONTINUE
DO 501 IYR = 1, 10
DO 500 INUC = 1, NONUC
PRINT 8892, (INDOS{IYR,INUC,IORG}, IORG=1,5)
FORMAT (t* ',5E11.3)

500 CONTINUE

PRINT 8893

8893 FORMAT (' 1)
501 CONTINUE

RETURN

OO0

END
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SUBROUTINE MAXDOS{NORG, NONUC)
This subroutine finds the maximum dose for each organ.

Module of MAXI]
Yerison of 29-JUN-B84

OO0 0O000 oo

o o O 0

o

C
c888l

211

COMMON/DOSE1/EXD0S(50,50) , AEXDOS(50} ,FD0S(50,50,5) ,FADOS(50,50

.»5),DAD0S(50,50,5), ARDOS(50,50,5),DWD0S(50,50,5),
.AFDOS(50,5) , ADADOS(50,5) ,ADOS(50,5) ,
. AARDOS(50,5) , ADWDOS(50,5)

COMMON/MXT IM/MAXTIM(5} ,MAXD(5} ,MAXPM(50,5)
COMMON /NEWRPT/ PATHOT(50,50,5)
COMMON/ JUNK/DDTT, IT1,IT2,TITLE1(20),TODAY,CLOCK

CHARACTER*10 TODAY, CLOCK
CHARACTER*9 DDTT

REAL*4 MAXID(5), MAXPTH(50,5)

CALL ZEROR(5,MAXID)
CALL ZEROR(250,MAXPTH}
CALL ZEROI{250,MAXPM)

ITIME=0

DO 2 I=1,5

MAXTIM(I)=1

DO 211 INUC = 1, NONUC

PRINT 8881, INUC, I, NONUC
FORMAT (' INUC, I, NONUC: ',3I5)
MAXPM(INUC,I) = 1

CONTINUE

2 CONTINUE

DO 100 JTIME=ITL1,IT2

ITIME=ITIME+]

DO 200 IORG=1,NORG
IF(ADOS{ITIME, IORG) .GT.MAXID(IORG)) GO TO 50
GO TO 60

50 MAXID(IORG)=ADOS(ITIME, IORG)

MAXTIM(IORG)=ITIME
MAXD({IORG) =J TIME
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C
60 CONTINUE
DO 210 INUC = 1, NONUC
IF (PATHOT{ITIME, INUC, IORG) .GT. MAXPTH(INUC,IORG) ) THEN
MAXPTH(INUC, IORG) = PATHOT(ITIME, INUC,IORG)
MAXPM(INUC, IORG) = ITIME
ENDIF
210 CONTINUE
C

2D0 CONTINUE
100 CONTINUE

RETURN
C
C-
c

END
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oo

e e o e P 4 .

SUBROUTINE MLOAD(ITIME,DEN,XMLF,AIRFA)

This subroutine calculates resuspension using the mass loading
equation.

Module of MAXI1
Yersion of 25-APR~84 RAP

OCOoOOCOO0O0O00

o

DIMENSION AIRFA(5Q)
1 CONTINUE
AIRFA(ITIME)=XMLF/DEN/0.15

RETURN

END
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TER CODE LISTING - MAXI1

SUBROUTINE OUTPUT{NORG,
This subroutine prints

Module of MAXI1
Yersion of 2-APR-85 RAP

IOUT,KORG, IBIO, IBYR,NEXT)

a report of MAXI1 results.

——

COMMON/DATAL/ELTOQ(50), A
.IFRM(2,50) , AL(50}, AM(50
.IFOD, IARG, IWAT,RIRR, RPF

COMMON /JUNK/ DDTT, IT1
COMMON/DOSE1/EXDOS(50,5
.FADOS(50,50,5) ,DADOS(50
. AFDOS(50,5) , ADADOS(50,5
.ADWDOS(50,5)

COMMON/MXT IM/MAXTIM(5) ,

¥O (50}, IOFNUC(50) ,NONUC, Dk(2,50},
}»SOILCN(50) » ICHN, AMI(50) ,AMJ(50),
+ XMLF,DILF,IMO,DEN, IEXT

» IT2, TITLE1(20}, TODAY, CLOCK
0) ,AEXDOS(50) ,FD0S(50,50,5),

»50,5) , ARDOS(50,50,5) ,D¥DOS(50,50,5) ,
)»ADOS(50,5) , AARDOS(50,5),

MAXD(5) ,MAXPM(50,5)

COMMON /NEWRPT/ PATHOT(50,50,5)

DIMENSION ONAME{Z3),0NA

CHARACTER*10 ONAME, ONA
CHARACTER*6 AWO
CHARACTER%®S DDTT

(5) ,KORG{5)

CHARACTER*10 TODAY, CLOCK

DATA{ONAME(I),1=1,23)/'TOTAL BODY', 'BODY WATER',t KIDNEYS Y,

.YER t,v SPLEEN ¢,!

r oLl
BONE  ',' FAT '»' LUNGS ',' ADRE
CNALS ',' TESTES *',' OVARIES ',' SKIN ',' BRAIN t,' MUSC

.LE ', 'PROSTATE !',' TH
.CT ',' STOMACH *,!

PRINT TITLES FOR SUMMARY BY

DO 100 IORG=1,NORG

IF (NONUC .GT. 20 .OR.
IF (NONUC .GT. 20 .OR.
IF {NONUC .GT. 20 ,OR,

YROID ¥,' PANCREAS *',' HEART ',' GI-TRA

SI st ULI st LLI v/
ORGAN AND RADIONUCLIDE (IQUT=0)
IORG .EQ. 1) WRITE(6, 10}

IORG .EQ. 1) WRITE(6, I1) TITLEl
IORG .EQ. 1) WRITE(6, 12} TODAY, CLOCK

IF (IBIO .GT. 0) WRITE(6, 27) IBYR

ONA(TORG) =ONAME { KORG(TORG) )

WRITE(6, 13) MAXD{IORG)

»ONA{IORG)
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WRITE(6, 14)
DO 200 INUC=1,NONUC
K=MAXTIM{IORG)

ATEMP = AFDOS(K, IORG)
IPFD = 0
IF (ATEMP .GT. 0.) IPFD=FDOS(K,INUC,IORG)/ATEMP*100

ATEMP = A
IPDAD = 0O
IF {ATEMP .GT. 0.) IPDAD=DADOS(K,INUC, IORG}/ATEMP*100

DADOS(K, IORG)

1

IPEX = 0
IF (AEXDOS{K) .GT. 0.) IPEX=EXDOS{K,INUC)/AEXDOS(K)*100

ATEMP = AARDOS(K,IORG)
IARG = 0
IF (ATEMP .GT. 0.) IARG=ARDOS(K,INUC,IORG)/ATEMP*100

ATEMP = ADWDOS{K,IORG)
IWD = 0
IF (ATEMP ,GT.0.) IDWD=DWDOS(K,INUC,IORG)/ATEMP*100

WRITE{6, 15) ELTO{INUC),AWO(INUC},FDOS(K,INUC,IO0RG),
. IPFD, DADOS(K, INUC, IORG) , IPDAD,
.EXDOS(K, INUC) , IPEX,
« ARDOS(K, INUC, IORG) » I ARG, DWDOS(K, INUC, IORG) , IDWD
200 CONTINUE

IPAF
IPAD
IPAX
IAGD
IDWA
ATEMP = ADOS(K, IORG)

o wn
[ [ on I o - QL

IF (ATEMP .LE. 0.} GO TO 201
IPAF=AFDOS (K, IORG) /ATEMP*100
IPAD=ADADOS(K, IORG) /ATEMP¥100
IPAX=AEXDOS(K)/ATEMP*100
TAGD=AARDOS(K, IORG) /ATEMP*100
IDWA=ADWDOS (K, IORG) / ATEMP*100

201 CONTINUE

WRITE(6, 16) AFDOS(K,IORG),IPAF,ADADOS(K,IORG),

+ IPAD, AEXDOS (K) » IPAX,

+AARRDOS(K, JORG) , IAGD, ADWDOS(K, IORG) , IDWA, ADOS(K, IORG)
100 CONTINUE

10 FORMAT(1H1)
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11 FORMAT(4X,20A4}

12 FORMAT(/,25X, 'MAXI, Yersion VAX2,2 2-APR-B85?,
.' executed on ',Al0,' at ',AlQ,'.t)

13 FORMAT(/,1X, '"MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR!,
.I5,% FOR',AlD)

14 FORMAT(//, 28X, YEXPOSURE PATHWAY',/,17X, 'INGESTION',11X,
. YINHALATION', 10X, 'EXTERNAL?,

.12X, T AQUATIC FOOD!',8X, 'DRINKING WATER?,
./ +1X, 'RADIONUCLIDE?',3X,
L5(" REM *,9X, '%',5X),/,1X,12('=1),3X,5(16('=1),4X),/)

15 FORMAT(3X,A2,A6,5X,5(1PFE9,2E2,2X,14,5X))

16 FORMAT(1X,112(*'-'),/,5X, 'TOTALS?,6X, 'INGESTION',4X, %',
.6X, YINHALATION"',4X,'%",6X, "EXTERNAL',5X,'%?,
.6X, ' AQUATIC FOOD',1X,'%',5X, 'DRINKING WATER?',1X,
N%1,6X,'TOTAL?Y,

.//,16X,5(1PE9.2E2,2X,14,5X),1PES.2E2)

27 FDRMAT(1X,'DOSE RESULTING FROM CONCENTRATIONS AT YEAR ', IS,

.! OF BIOPORT SIMULATION.')

PRINT DOSE BY ORGAN TO FILES FOR PLOTTING IF BIOPORT INPUT
IF (IBIO .EGQ. 1) THEN
IU = 40
IF (NEXT .EQ. 1) THEN
WRITE (IU,31) TITLE1l,(ONA(IORG).IORG=1,NORG)
ENDIF
WRITE (IU,32) IBYR, (ADOS(MAXTIM(IORG),IQRG),IORG=1,NORG}
ENDIF
31 FORMAT (' *,20A4,//,1X,'Year ',5(2X,A10)/
. " - h '
32 FORMAT (' ',I10,5(2X,E10.3))
PRINT MAXIMUM DOSE BY ALL PATHWAYS FOR EACH YEAR AND ORGAN REPORT

IF (IOUT .EG. 4) THEN
WRITE (6, 10

WRITE (6, 12) TODAY, CLOCK
WRITE (6, 33) TITLE1l, (ONA(IORG), IORG=1,NORG)
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DO 70 INUC = 1, NONUC
WRITE (6,34) ELTO{INUC), AWO(INUC),
{MAXPM(INUC,I). PATHOT{(MAXPM{INUC,I),INUC,I),
. I =1, NORG)
70  CONTINUE
ENDIF

33 FORMAT (1t ',20A4,//,15X%,
. ' MAXIMUM DOSE BY NUCLIDE AND ORGAN SUMMED OVER ALL t,
YPATHWAYSY//
' Radio- V,5(5X,A10,2X),/
' Nuclide ',5(2X,'Year!',2X,'Dose (rem)?!)/

' — - ')

34 FORMAT (' t,A2,A6,2X, 5(2X,14, 2X,1PE10.3))

TEST ON OUTPUT CLASS AND CONTINUE
IF(IOUT.EQ.O0 .OR. IOUT.EQ.4) GO TO 999
PRINTA TABULATION OF ANNUAL DOSES BY ORGAN (IOUT=1)

WRITE(6, 10)

WRITE(6, 11) TITLEl

WRITE(6, 12) TODAY, CLOCK

WRITE(6, 20) IT2

WRITE(6, 21} (ONA{IORG),IORG=1,NORG)

LOOP ON YEARS AND ORGANS

ITIME=0

DO 300 JTIME=ITL,ITZ

ITIME=ITIME+]

WRITE(6, 22) JTIME, (ADOS(ITIME, IORG) , IORG=1,NORG)

300 CONTINUE

20 FORMAT{(/,2X, * ANNUAL DOSE SUMMARY FOR ',I5,' YEARS?')
21 FORMAT(2X,*YEAR',5X,5(Al0,2X))
22 FORMAT(1X,I5,5X,5(1PE9.2E2,3X})

PRINT LONG OUTPUT BY PATHWAY, ORGAN, AND YEAR (IOUT.GT.1)

IF(IOUT.LT.2)GO TO 999

ITIME=0

DO 500 JTIME=IT1,IT2

ITIME=ITIME+L

DO 600 IORG=1,NORG
PRINT TITLES
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WRITE(6, 10)

WRITE(6, 11} TITLEl

WRITE(6, 12) TODAY, CLOCK
WRITE(6, 25) JTIME,ONA{IORG)
WRITE(6, 14)

LOOP ON RADIONUCLIDES

700

DO 700 INUC=1,NONUC

ATEMP=AFDOS(ITIME, IORG)
IPFD = 0
IF (ATEMP ,GT. 0.) IPFD=FDOS(ITIME, INUC,IORG)/ATEMP*100

ATEMP=ADADOS(ITIME, IORG)
IPDAD=0
IF (ATEMP .GT. 0.) IPDAD=DADOS(ITIME,INUC,IORG)/ATEMP*100

ATEMP=AEXDOS(ITIME)
IPEX = 0
IF (ATEMP ,GT. 0.} IPEX=EXDOS{ITIME,INUC)/ATEMP*100

ATEMP = AARDOS(ITIME, IORG)
IARG = 0
IF (ATEMP .GT. 0.) IARG=ARDOS{ITIME, INUC,IORG)/ATEMP*100

ATEMP = ADWDOS(ITIME, IORG)
IOWD = 0
IF (ATEMP ,GT. 0.} IDWD=DWDOS{ITIME,INUC, IORG)/ATEMP*100

WRITE(6, 15) ELTOCINUC),AWO(INUC),FDOS(ITIME, INUC, IORG),

. IPFD, DADOS(ITIME, INUC, IORG) ,
. IPDAD, EXDOS(ITIME, INUC), IPEX,
- ARDOS(ITIME, INUC, IORG) , IARG, DWDOS{ ITIME, INUC, IORG) , IDWD

CONTINUE

IPAF
IPAD
IPAX
TAGD
IDWA
ATEMP = ADOS(ITIME,IORG)

LI T T (I
OO0

IF (ATEMP ,LE, 0.} GO TO 701
IPAF=AFDOS(ITIME, IORG}/ATEMP*100
IPAD=ADADOS(ITIME, IORG) /ATEMP*100
IPAX=AEXDOS(ITIME)/ATEMP¥*100
IAGD=AARDOS(ITIME, IORG)/ATEMP¥100
IDWA=ADWDOS(ITIME, IORG) /ATEMP*100
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701 CONTINUE

WRITE(E, 16) AFDOS(ITIME,IORG),IPAF,ADADOS{ITIME,IORG),
.IPAD, AEXDOS(ITIME) , IPAX,
- AARDOS(ITIME, IORG) , TAGD, ADKDOS{ITIME, I0RG) , IDWA,
.ADOS{ITIME, IORG)

600 CONTINUE

500 CONTINUE

25 FORMAT(/,13X, *ANNUAL DOSE SUMMARY FOR YEAR',I5,1X,

« YAND ORGAN',Al0)

999 CONTINUE

RETURN

OO0

END
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Qo

SUBROUTINE PADOS(XFACT,NORG, XDPT, AGE, IRR,RF1,RF2,RINH, INTRUD,
.IDKWAT,XF2, RPF1, RPF2, AREAIN, AREAEX)

PADOS calculates doses for each pathway.

Module of MAXI1
Yersion of 2-APR-85 RAP

(] o oo 000

OO0

COMMON/THIRDS/ QK(50) , AML(50) ,XQSITE, IAIR, IDKAIR, IBLOW
COMMON/ JUNK/DDTT, IT1,IT2, TITLEL(20},TODAY,CLOCK

COMMON/DATA2/DFDOS(50,50,5) » AIDOS(50,50,5) , INDOS(50,50,5) »
.DEXT(50), ARGF{50,50,5) , ARDW(50,50,5) ,DEDXT(50)

COMMON/DATAL/ELTO{(50} , ARO(50) , IOFNUC(50) ,NONUC, DK(2,50) ,
.IFRM(2,50),AL{50},AM(50),SOILCN(50} , 1CHN, AMI (50) , AMJ (50) ,
. IFOD, IARG, IWAT,RIRR,RPF, XMLF,DILF, IMO,DEN, IEXT

COMMON/DOSEL/EXDOS(50,50) , AEXDOS(50} ,FDOS(50,50,5) , FADOS(50,50
.»5),DAD0S(50,50,5) , ARDOS{(50,50,5) , DWDOS(50,50,5),

. AFDOS(50,5) » ADADOS(50,5) , ADOS(50,5) , AARDOS(50,5) ,

. ADWDOS (50,5}

DIMENSION AMM(50)
DIMENSION AIRFA(50),AIRCON(50),A0(50),AMT(50) , AMK(50)

REAL*4 INDOS

CHARACTER*g DDTT
CHARACTER*10 TODAY, CLOCK
CHARACTER*G AWO

INITIALIZE DAT ARRAYS

CALL ZEROR(12500,ARDOS)
CALL ZEROR{12500,DWD0S)
CALL ZEROR(50, A0}

CALL ZEROR(50,SOILCN)
CALL ZEROR(50,AIRFA)
CALL ZEROR(50,AIRCON)
CALL ZEROR(50,AEXDOS)
CALL ZEROR(12500,FDQS)
CALL ZEROR(12500,FADOS)
CALL ZEROR(12500,DADOS)
IDKA=IDKAIR
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C MASTER LOOP ON TIME

C
ITIM2=0
ITA=IT1-IBLOW
ITw=IT1-1IRR
ITIME=-MAX(IRR, IBLOW}
ITM=IT1+ITIME
DO 50 JTIME=ITM,ITZ
IF(INTRUD,NE.O.AND.JTIME.GT.IT1)GO TO 50
ITIM2=ITIM2+1
ITIME=ITIME+]
N=ITIME-1
IF(ITIMZ.EQ.1) AITIME=JTIME
IF(ITIM2.GT.1)AITIME=1.0
BITIME=JTIME+AGE-ITM

C CALL RESUSPENSION OR MASS LOADING FACTOR

IF(ITIME,LE.O} GO TO 10

IF (AGE.GE.O)

.CALL AFACT(BITIME.AIRFA,ITIME,XDPT)

IF(AGE.LT.0) CALL MLOAD(ITIME,DEN, XMLF,AIRFA)
10 CONTINUE

INUC=0

LOOP ON CHAINS

DO 200 ICH=1,ICHN

o

SET IRRIGATION AND AQUATIC FOOD WATER CONC TO AMK
ONCE, IF CONSTANT SOURCE
EVERY TIME, IF DECAYING SOURCE

OO0

J=IOFNUC(ICH)
IF(JTIME.EQ.ITA}CALL AIRDIS{IDKA,INUC,JTIME,AMM,J)
IF(JTIME.EQ.ITW)CALL WATER{IDKWAT,INUC,J TIME,AMK,J)

SET SOIL CONC, DEPENDENT ON IRRIGATION, SUBSURFACE, ETC.

OO0

CALL SOLCON(ITIMZ,ICH,INUC,AITIME,J,AQ,JTIME,AMT,IT1,AMK, AMM,
. RPF1)

IF{IDKA.NE.O.AND.JTIME.GE. ITA)CALL AIRDIS(1,INUC,JTIME,AMM,J)
IF(IDKWAT.NE.O.AND.JTIME.GE.ITW)CALL WATER(1,INUC,JTIME,AMK,J}

DO 290 JNUC=1,J

INUG=INUC+]
IF(JTIME.LT.ITI) GO TO 290

CALCULATE AIR CONCENTRATIONS

OO0
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AIRCON{INUC)=SOILCN(INUC)*AIRFA(ITIME)+AMM(INUC)
g CALCULATE EXTERNAL TOTAL BODY DOSES
¢ EXDOS(ITIME, INUC)=DEXT (INUC) #SOILCN{INUC) *XF ACT*AREAEX
+DEDXT { INUC) *AMT (INUC) *5 . B44E~11%*XF 2/ 8766 . ®AREAEX

WHERE 5,844E~11=(HR/YR*REM/MREM*CI/PCI)/0.15

CALCULATE EXTERNAL DOSE SUMMED OVER ALL NUCLIDES AND DAUGHTERS
AEXDOS{ITIME)=AEXDOS(ITIME)+EXDOS(ITIME, INUC)
CALCULATE INTERNAL PATHWAY DOSES

o000 QOO0

DO 300 IORG=1,NORG
M=50-N
DO 400 ITTIM=1,M

C
IR = ITTIMN
c
FDOS(ITTIM+N, INUC, IORG) =FDOS(ITTIMN, INUC, IORG)+DFDOS({ITTIM, INUC
. » I0RG) *SOILCN(INUC) ¥RF 1*RPF 2% AREAIN
.+DFDOS(ITTIM, INUC, IORG) *AMT{ INUC) *RF 2%RPF 2*AREAIN
C
FADOS(ITTIM+N, INUC, IQRG)=FADOS{ITTIMN, INUC, IORG) +AIDOS{ITTIM, INUC
. » JORG} *AIRCON ( INUC ) *RPF 2*AREAIN
C
C IRRIGATION LEAF DEPOSITION, AIR DEPOSITION VELOCITY IS ASSUMED
C TO BE 1E-3 FOR ALL RESUSPENDED PARTICLES
C THIS REQUIRES A SPECIAL LIBRARY OF DEP VELOCITIES FOR FOOD FILGEN!!
c
IF(RIRR.LE.0.0)GO TO 500
c
FADOS(ITTIM+N, INUC, IQRG) =FADOS(ITTIM+N, INUC, IORG) +
+AIDOS(ITTIM, INUC, IORG) *AMK(INUC)*RIRR/2.635E6/1.0E-3*RPF2
c
500 CONTINUE
C
c
DADOS(ITTIMN, INUC, TORG) =DADOS{ ITTIM+N, INUC, IORG) +INDQS{ITTIM, INUC
. + IORG)Y ®*ATRCON { INUC) ¥R INH®ARE AEX
C
ARDOS(ITTIMN, INUC, IORG) =ARDOS{ITTIM+N, INUC, IORG)
. +ARGF (ITTIM, INUC, IORG) *AMK ( INUC)
C
DWDOS(ITTIM+N, INUC, IORG) =DWDOS{ ITTIM+N, INUC, IORG)
. +ARDW(ITTIM, INUC, IORG) *AMJ (INUC)
c
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400 CONTINUE
300 CONTINUE
290 CONTINUE
200 CONTINUE

C
c CALL SOILCN, AIRCON PRINTOUT--
C IF (JTIME .NE. IT2) GOTO 8878
C DO 8879 IRAP = 1, 50
C PRINT 8877, (DADOS(IRAP,INU,3),INU=1,NONUC}
C 8877 FORMAT(* DADQS: ',3E10.3)
C 8879  CONTINUE
C 8878 CONTINUE
C
IF(JTIME.EG.IT1.OR.JTIME.EQ.IT2)
.CALL PNTO(SOILCN,AIRCON, INUC,NONUC,JTIME,ELTO, ANO, AMK, AMJ , AMT)
C
50 CONTINUE
C
RETURN
C
e e e e e e e e e e e e e e e e e e o B e e
C
END
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a0

SUBROUTINE PNTO (SOILCN,AIRCON,INUC,NONUC,JTIME,ELTO, AWO, AMI, AMJ,
. AMT)

THIS SUBROUTINE IS USED TO PRINT THE RESULTING TIME DEPENDENT
SOIL, AIR, IRRIGATION WATER, AND DRINKING WATER CONCENTRATIONS

Module of MAXI1
Yersion of 25-APR-B4 RAP

OO0OO0O0O000000

DIMENSION AIRCON(50),SOILCN(50),ELTO(50), AW0(50)
DIMENSION AMI(50),AMJ(50),AMT(50)
CHARACTER®6 AWO
IF (NONUC.GT.20 .OR. JTIME .EQ. 1) THEN
WRITE (6,51
ELSE
WRITE (6,52)
ENDIF

WRITE (6,50} JTIME
IF{INUC.NE.NONUC) GO TO 200
DO 100 JNUC=1,NONUC
AMT (JNUC)=AMT(JNUC) /.15
WRITE (6,60) ELTO(JNUC}, AWO(JNUC),SOILCN(JNUC) , AMT{JNUC),
+AIRCONCJNUC) , AMI (JNUC) , AMJ (JNUC)
AMT (JNUC) =AMT (JNUC) *, 15
100 CONTINUE

RETURN
200 WRITE (6,70}

50 FORMAT{1H ,30X,*SOIL,AIR, AND WATER CONCENTRATION SUMMARY!,
.' FOR THE YEAR',I6,//,10X, "RADIONUCLIDE!,5X, *SURFACE SOIL',
.5X, 'DEEP SOIL'Y,BX,VAIR',9X, 'IRRIGATION!,4X,

. 'DRINKING WATER',/,31X,'PCI/M21,8X,'PCI/M31,10X,
«'PCI/M31,9X, *PCI/L',11X, 'PCI/LY,/)

51 FORMAT {1H1}

52 FORMAT (///1)

60 FORMAT(13X,A2,1X,A6,3X,5(5X,1PE10.2E2})

70 FORMAT(///,3X, 'DIAGNOSTIC 14: TEST, INUC.NE.NONUC=END - *,
. TFROM PNTO")

STOP

OO0 (]

END
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SUBROUTINE QAPAGE(RF1,RF2, INTRUD, IDKWAT, XFACT, IRR,RINH, XDPT, AGE,
.M3M2,KORG, NORG,NTR, TITLR,TITLDI, QAPR,RPF1,RPF2, ISUR, 122,
.XF2, SRDIL, IBIO, IBYR, TITLIN, NEXT, FRSIZ, AREAIN, AREAEX, ION)

This subroutine prints a report of input parameter values.

Module of MAXI1
Yersion of 2-APR-85 RAP

COMMON/ THIRDS/ QK(50) , AML (50}, XQSITE, IAIR, IDKAIR, IBLOW

L] OO0 0O0

COMMON/TITLS/TIT20(13),TIT21(13),TIT22(13},TIT24(13),
LTIT25(13),TIT27(13)

COMMON/DATAL/ELTO(50) , AWO(50) , IOFNUC(50) ,NONUC, DK(2,50} ,
+IFRM(2,50),AL{50),AM(50) ,SOILCN(50) , ICHN,AMI (50} ,AMJ (50) ,
. IFOD, I ARG, INAT,RIRR,RPF, XMLF, DILF, IMO, DEN, IEXT

COMMON/ JUNK/DDTT, IT1,IT2, TITLEL1 (20}, TODAY,CLOCK
DIMENSION KORG(5),NTR(5,50),TITLR(20),TITLDI(15),TITLIN(40)

CHARACTER DDTT#*9,FDK*13,FINTRD*8, TINHL*12,ONAME®*10, FM3M2#*5
CHARACTER FDJ*13

CHARACTER AWO*6

CHARACTER*10 TODAY, CLOCK

DIMENSION ONAME(Z3),QAPR{50)

DATA (ONAME(I),I=1,23)/'TOTAL BODY', 'BODY WATER', 'KIDNEYS?',

. '"LIVER?', *SPLEEN', 'BONE"', "FAT', 'LUNGS', Y"ADRENALS* , *TESTES?',
.TOYARIES', "SKIN', 'BRAIN', 'MUSCLE", 'PROSTATE?, ' THYROID* , ' PANCREAS?,
+THEART!', 'GI?, 'STOMACH?, * SMALL INT','GI-ULI','GI-LLI'/

IF THIS IS A SUBSEQUENT BIOPORT RUN, SKIP DOWN TO INVENTORY
IF (NEXT .EQ. 5) GOTO 200

WRITE(6,19)
19 FORMAT(1H1)

WRITE{(6,1) TODAY, CLOCK, TITLEl
1 FORMAT{T27,*MAXI - Maximum Annual Dose Calculation Yersion !,
LIVAX2,.2 2-APR-85'Y,/,

.T45, *Executed on ',AlQ,' at ',Al0,'.Y'/,
. 127, 'Case title:',20M,/)
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C CALL IDLINE
WRITE(6,18)
18 FORMAT(25X,80(1-"},/)
C
C LIBRARIES USED
C
WRITE(6,1000)TITLR
1000 FORMAT(5X, 'RADIONUCLIDE CHAIN LIBRARY USED: ',4X,20A4,/,5X,
.'DOSE FACTOR FILES USED FOR THIS CASE:*)
C
IF (IFOD .GT. 0) ®WRITE (6,1001) TIT20, TIT21
1001 FORMAT(15X,'¥20 FOOD~LEAF:?,
.13X,13A4,/,15X, 1*21 FOOD-SOIL:!',13X,15A4)

IF (XFACT .NE. 0.) WRITE (6,1002) TIT22
1002 FORMAT (15X,'¥22 SHALLOW EXTERNAL:',6X,15A4)

IF {(RINH .GT. 0.0) WRITE (6,1003) TITLDI
1003 FORMAT (15X,'*23 DACRIN~INHALATION:',5X,15A4)

IF (IARG .GT. 0) WRITE (6,1004) TIT24
1004 FORMAT (15X,'*24 ARRRG-FISH:',12X,15A4)

IF (INAT .GT. 0) WRITE (6,1005) TIT25
1005 FORMAT (15X,'#25 ARRRG~DRINK H20: 1',5X,15A4)

IF{IEXT.GT.0) WRITE{6,3) TIT27
3 FORMAT(15X,'¥*27 ISOSHLD EXTERNAL: ',15A4)

IF (IBIO .GT. 0) WRITE (6,1006) TITLIN
1006 FORMAT (/,15X, 'BIOPORT INYENTORY FROM: ',/
30X,20M4,/,30X,20A4)

WRITE(6,21)IT1,IT2
2] FORMAT(/,5X, 'DOSES CALCULATED FROM',IS,t TO',IS,
.' YEARS FOLLOWING TIME ZERO?',/)
c
C PATHWAYS AND PARAMETERS USED
c
FLAG20="'0OFF?
FLAG22='0FF!
FLAG23='0FF1
FLAG24='0FF
FLAG25="0FF"
FLAGZ7=10FF"
FLAGZ8="0QFF*
FDK='NOT PERFORMED?!
FDJ=*NOT PERFORMED!'
FINTRD='NOT USED'
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IF(IFOD.NE.O)FLAG20="'0ON 1
IF(RINH.NE.O.O)FLAG23=1ON '
IF(IARG.NE.O)FLAGZ4="0ON !
IF(IWAT.NE.O)FLAG25='0N
IF(IEXT.NE,O0)FLAG27='0ON !
IF(XFACT.NE.0.0}FLAG22="0ON '
IF({IAIR.EQ.1)FLAG28="T0N !
IF(INTRUD.NE.O)FINTRD='USED '
IF (IDKWAT,NE, Q) FDK='PERFORMED '
IF{IDKAIR.EQ.1)FDJ="*PERFORMED '

WRITE(6,4)FLAG20,FLAG23,FLAG24, SRDIL, FLAG25, FDK,FLAG28,FDJ,
.FLAGZ7, XQSITE, FLAG22,FINTRD

FORMAT(5X, *PATHWAYS INITIALIZED FOR DOSE CALCULATIONS:t',T65,
.'SPECIAL PARAMETERS INITIALIZED:',/,15X,*FARM PRODUCT INGESTION:?®,
+151,A3,/,15X, YINHALATION OF RESUSPENDED MATERIAL:t',A3,/

. 215X, AQUATIC FOODS INGESTION:',T51,A3,

.T70, * INVENTORY DILUTION FACTOR:',1PE9.2E2,/,

+15X, 'DRINKING WATER INGESTION:',T51,A3,T70,'DECAY OF RIVER !,
.'"RELEASE SOURCE TERM ',Al3,/,

.15X, *CONTINUING ATMOSPHERIC DEPOSITION 'A3,T70,'DECAY OF *,
.TAIR RELEASE SOURCE TERM ',Al3,/,

.15X, 'EXTERNAL FROM BURIED WASTES ',T51,A3,

.T70,SITE X/Q: ',1PES.2E2,/

.15X, 'TEXTERNAL FROM SURFACE DEPOSITS:!',T51,A3,T70,

. 'SPECIAL INHALATION MODEL ', A8)

IF (ION .GT. 0) WRITE (6,1055) FRSIZ,AREAIN,AREAEX
FORMAT{(T70,*SIZE OF THE SITE:',F9.5,%' FRACTIONAL HECTARES'/,
.T70, ' INTERNAL PATHWAY AREA CORRECTION FACTOR:',l1PE9.2E2/
.T70, '"EXTERNAL PATHWAY AREA CORRECTION FACTOR:',1PE9.2E2)

C FARM PRODUCT PARAMETERS

C

C

5

WRITE(6,5)RF1,RIRR,RF2,IMO,RPF2,DILF,IRR
FORMAT{'0",4X, *FARM PRODUCT PARAMETERS USED:*,/,

.15X, *FRACTION OF ROOTS IN UPPER SOIL:*,0PE10.2E2,

. T65, YIRRIGATION RATE:',1PE10.2E2, 'L/M%X*2/MQ",/

.15X, tFRACTION OF ROOTS IN BURIED WASTE',0PE9.2E2,

. T65, 'MONTHS PER YEAR IRRIGATED:',I5,/

.15X, 'FRACTION OF TOTAL DIET GROWN ON SITE:',1PE10.2E2,

.T65, tRIVER DILUTION FACTOR:',1PE10.2E2,'YR/L',/

.T65, VYEARS OF IRRIGATION WITH CONTAMINATED WATER PRIOR TO',/
.T70,'THE DOSE CALCULATIONS:',15)

C EXTERNAL PATH PARAMTERS

C

IF (FLAG22.EQ.'OFF' .AND, FLAG27 .EQ. 'OFF') GO TO 100
KRITE (6,1060}

1060 FORMAT (t'0',4X, 'EXTERNAL EXPOSURE PARAMETERS USED:')
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WRITE (6,1065) RPF1
1065 FORMAT (15X, 'RATIO OF EXTERNAL CONTAMINATION IN SURFACE SOIL ¢,
.1TO SUBSURFACE SOIL!', 1PE10.2E2)
IF {XF2 .GT. 0.0) WRITE (6,1070) XFZ
1070 FORMAT (15X, 'NUMBER OF HOURS OF EXPOSURE TO EXTERNAL ',
.1 CONTAMINATION', 1PE10.2E2Z)
IF (XF2 .EQ. 0.0} WRITE (6,1075} XFACT
1075 FORMAT (15X, 'XFACT MODIFICATION: ',1PE10.2E2)
IF (I22 .EQ. 0) WRITE (6,1080)
1080 FORMAT(15X, 'SURFACE DEPOSITS DRFS FROM ISQSHLD; '
. » TMODIFICATION FACTOR: 5.B44E-11")
C
100 CONTINUE
C
C AIR PATH PARAMETERS
C
IF (FLAGZ3 .EQ. 'OFF') GO TO 101
C
WRITE (6,1090)
1090 FORMAT (tQ',4X, ' INHALATION PARAMETERS USED:')
C
RIN = RINH * 8766.
WRITE (6,1095) RINH,RIN
1095 FORMAT (15X, *MODIFICATION FACTOR , RINH:*, 1PE10.2EZ,
./20X, " (EQUIVALENT TO BREATHING RATE OF 230 CC/SEC FOR ',0PF6.0,
.t HR/YRYY)

TINHL="ANSPAUGH '
IF(AGE.LT.0.0}TINHL='MASS LOADING'
WRITE (6,6) TINHL
6 FORMAT(15X, YRESUSPENSION MODEL USED FOR CALCULATING AIR ¥,
. "CONCENTRATION: ',Al2)

AVCM = XDPT * 15.0
IF(AGE.GE.0.0)WRITE(6,7)AGE, AYCM
7 FORMAT(15X, YAYERAGE AGE OF MATERIAL ON GROUND AT TIME ZERO:?!,
.1PE10.2E2,' YEARS',/,15X,'TOP ',0PF4.,1,* CM OF THE ',
. "CONTAMINATED SURFACE LAYER IS AVAILABLE FOR RESUSPENSION.',
.1PE10.2E2//)
IF(AGE.LT.0.0)WRITE(6,8)DEN, XMLF
8 FORMAT(15X, 'SOIL DENSITY, G/M**3:t,1PE10.2E2,/,15X,
. 'MASS LOADING FACTOR, G/M*%3:',1PE10.2E2,//)
101 CONTINUE
C
C ORGANS
C
WRITE(6,9) (ONAME (KORG(I) ), I=1,NORG)
3 FORMAT(' ¥,/
.5X5 YORGANS FOR WHICH DOSES ARE CALCULATED {(SAME ORDER ASt,
.' SOLUBILITIES GIVEN BELOW):',//,10X,5(10X,A10))
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c
C SIGN-OFF
C
WRITE(6,10)

10 FORMAT(//,20X, 'INPUT PREPARED BY',25X, 'DATE',/,37X,25(1=1),4X,
L10(1=1),//,20X, VINPUT CHECKED BY',26X,*DATE"®,/,37X,25(%=1),4X,
L10(t="})

C
C RELEASES
C
ID = 'YR!
IDL = INT(DILF}
IF {IDL .EQ. 1) ID = 'L
C
FM3M2="1M**2) 1
IF(M3M2,EQ.1)FM3M2=TM¥*%3) ¢
IF (M3M2,EQ.2)FM3M2='KG !
C
200 CONTINUE
C

IF (IBIO .GT. 0) THEN
WRITE (6,1011) IBYR
1011 FORMAT ('l INVENTORY FOR YEAR ',I5,' OF BIOPORT SIMULATION.')
ELSE
WRITE (6,1012}
1012 FORMAT (f1")
ENDIF

WRITE(6,11)FM3M2, ID

11 FORMAT(1H ,5X, 'RELEASE TERMS 1!,T56,'SOIL SOQURCE',T70,'IRRIGAT?,
. VATION/ AQUATICY, T92, 'DRINKING WATERY,T110,*ATM. RELEASE',/,
.10X, "NUCLIDE?', 10X, 'ORGAN SOLUBILITY CLASSES®,5X,'(PCI/',A5,10X,
LHPCI/ Y, A2,1)7,9X, YIPCI/L) ¥, 10X, Y (CI/YR) ', /)

DO 13 I=1,NONUC
WRITE(6,12)ELTO(I) , ANO(I), (NTR(J,I),J=1,5),0APR(I},AMI(I),AMI(I)
« s AML(T)

12 FORMAT{10X,A2,1X,A6,8X,514,4(8X,1PE10.2E2))

13 CONTINUE

NOTE BOX

IF (NEXT .EQ. 5) GOTO 201

L] oReRe;

IBOX=50-NONUC
IF{IBOX.LT.6)GO TO 20
WRITE(6,14)
14 FORMAT(/,20X,20{**'),*PLEASE NOTE ANY SPECIAL CONSIDERATIONS IN',
.¥ THIS SPACE',20('%"))
IBX=1BOX~-2
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IF(IBX.GT.20)IBX=20
DO 16 I=1,IBX
WRITE(6,15)
15 FORMAT(20X,"#*',90X,1%1)
16 CONTINUE
WRITE(6,17)
17 FORMAT(20X,92(t%1))

201 CONTINUE
20 RETURN

END

A.41



APPENDIX A COMPUTER CODE LISTING - MAXI1

C—ﬁ e — — - —— —— W — —
C
SUBROUTINE RDSUB (Q, QI, QJ, NFLAG, CQAPR, RIM)
C
c THIS ROUTINE INITIALIZES SUBSEQUENT INVENTORIES GENERATED BY THE
c BIOPORT COMPUTER, THE RADIONUCLIDES AND THEIR ORDER MUST BE
C THE SAME AS INPUT FOR THE FIRST EXECUTION. IT IS ALSO NECESSARY THAT
C RADIONUCLIDES BE ARRANGED IN CHAINS AS THEY APPEAR IN RMDLIB.
C THIS IS TRANSPARENT TO THE BIOPODRT USER, BUT MUST BE CAREFULLY
C CONSIDERED IF THIS ROUTINE IS ADAPTED TO OTHER USES. USER BEWARE!
C
C THIS ROUTINE ELIMINATES REREADING OF THE DOSE FACTOR LIBRARIES
C TO REDUCE EXECUTION TIME. :
C
C Module of MAXI]
C Yersion of 25-APR-84 RAP
C
i e e e e i o e e
C
COMMON /DATAL/ ELTO(50) s AWO(50}, ICFNUC(50) ,NONUC,DK(2,50),
. IFRM{2,50),AL{50},AM{50),SOILCN(50),ICHN,AMI(50),AMI{(50),
. IFOD,IARG,IWAT,RIRR,RPF,XMLF,DILF,IMO,DEN,IEXT
DIMENSION Q{50), QAPR(50), QI(50), QJ{(50), NFLAG(300)
CHARACTER®G6 AWO
C
CALL ZERCR (50, AM)
CALL ZEROR (50,QAPR)
CALL ZEROR (50,AMI}
CALL ZERQR (50,AMJ)
C
Cc SET INPUT INVENTORY INTQ CORRESPONDING CHAIN POSITION:
C
DO 100 IL = 1, NONUC
C
C IF (NFLAG{IL) .GT. O) THEN
C
IN = IL
AM(ILY = Q({IN) * RIM
QAPR(IL) = Q{IN)
AMIC(IL)Y = QI(IN)
AMI{IL)Y = QI(IN)
C ENDIF
C
100 CONTINUE
C .
RETURN
C
C - i —— ——— - -
C
END
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SUBROUTINE RLIBIN(TITLR)

THIS SUBROUTINE READS A MASTER NUCLIDE DATA LIBRARY WITH CHAIN
DECAY DATA.

Module of MAXI1
Yarsion of 25-APR-84

OO0 0O00O0 o0

OO0 @)

O s NeRel ooo0o OO0

OO0 OO0

COMMON/ RLIB/ELT(300) , AW(300}, TR(300) , NUC,NCH, NCHN(300)} , NOFNUC{ 200}

. »NCHST(200),IFR(2,300),DKF{2,300), IMEM(300)

DIMENSION TITLR(20),IT(2),FR(2)
CHARACTER AWX6,A%6

INITIALIZE INDICES

IMO=0

NCH=0
NUC=1

READ TITLE CARD

READ(10,200,END=99) TITLR

READ AND COUNT NUCLIDE ID AND DECAY DATA.
1 READ{10,100,END=99) E,A,T,IM,IT(1),FR{1},IT{2},FR(2)

TEST FOR END OF LIBRARY

IF(IM.GT.0) GO TO 2
NUC=NUC-1
IF(NUC.GT.300) GO TO 98
IF(NUC.LT.1) GO TO 98

RETURN

TEST FOR NEW CHAIN, IM =1
2 TF(IM.GT.1) GO 10 3

FIRST MEMBER, NEW CHAIN

NCH=NCH+1
NOFNUC(NCH}=1
IMO=1
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NCHST(NCH) =NUC
GO TO 4

DAUGHTER NUCLIDES
TEST ORDER

QOO0

3 IF(IM-IMO.NE.1) GO TO 97
IMO=IM
NOFNUC{NCH) =NOFNUC(NCH) +1
IFR(1,NUC)=IT(1)
TFR(2,NUC)Y=IT(2)
DKF{1,NUC)=FR(1}
DKF{2,NUC}=FR(2)

SET DATA FOR CURRENT NUCLIDE.

OO0

4 ELT{(NUC)=E
AW{NUC)=A
TR(NUC) =T
IMEM(NUC)=IM
NCHN(NUC) =NCH
NUC=NUC+1
GO TO 1

PRINT ERROR MESSAGES AND STOP

OO0

97 PRINT 500, NCH,IM
500 FORMAT(1HL,' DIAGNOSTIC 5: DECAY CHAIN',I4,t HAS IMPRCOPER ORDER, C
+URRENT MEMBER INDEX IS',I4)
STOP
98 PRINT 300, NUC
300 FORMAT(1H1,' DIAGNOSTIC 6: IMPROPER NUMBER OF NUCLIDES IN MASTER L
» IBRARY, NUC=',1IB8)
STOP
99 PRINT 400
400 FORMAT(1Hl,' DIAGNOSTIC 7: END OF FILE ON MASTER LIBRARY UNIT 10%")
STOP
C
C INPUT DATA FORMATS
C
100 FORMAT(A2,A6,E10.2,12,2(12,F7.4))
200 FORMAT(20A4)

C
C -
C
END
SUBRQUTINE SETDAT(ELTI, AWI,NFLAG,NFLAGC, Q. DINCL,DINCS,
.KORG, KORGL $,NORG, NSOLD,NTR, QI,QJ ,RIM, DINCA, DINCH,
. KORGA, KORGW, GAPR)
C
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COMMON/ THIRDS/QK(50) ,AML(50} , XQSITE, IAIR, IDKAIR, IBLOW

COMMON/RL IB/ELT{(300) , AN(300) , TR(300) ,NUC, NCH, NCHN(300) , NOFNUC( 200"
. +NCHST( 200} ,1FR(2,300),DKF(2,300) , IMEM(300)

COMMON/FREAD/ELTLS(100) , AWLS(100) ,ELTX(100} , AWX{(100),
.DFXT{(100),

«NYRL ,NYRS, NORGL, NORGS , NTSOL ,NISQS, NISOX,

.NYRW,NYRA, NORGW,NORGA,NISOW,NISOA,ELTA(100) , AWAW(100),
LELTW(100),AWW(100) ,ELTDX(100) , AXDX (100} ,DFDXT(100) , NISODX

DIMENSION DINCL(50,100,5),DINCS(50,100,5),
.DINCA(50,100,5) ,DINCW(50,100,5)

DIMENSION KORG(5),KORGLS(5),NSOLD(5,50},NTR(S5,50),
+KORGA(5) , KORGW(5)

COMMON/DATAL/ELTO(50) , AWO(50) , IOFNUC(50} , NONUC, DK(2,50) ,

- IFRM(2,50) , AL{50}, AM(50) , SOILCN(50} , ICHN, AMI(50) ,AMJ (50} ,
. IFOD, IARG, INAT,RIRR,RPF, XMLF ,DILF, IMO, DEN, IEXT
COMMON/DATA2/DFDOS(50,50,5),A1D05(50,50,5), INDOS{50,50,5},
.DEXT(50) , ARGF(50,50,5) , ARDW(50,50,5) , DEDXT{50?

DIMENSION ELTI(50),AWI{50),NFLAG(300},NFLAGC(200),0Q(50)
DIMENSION QI(50),QJ(50),QAPR(50)

CHARACTER*6 AW, AWLS, AWX, AW1, AWO, AWAK , AWW, AWDX
REAL*4 INDOS

INUC=0

ICHN=0

CALL ZEROR(50Q,ELTO)

CALL ZEROR(50,AW0)

DO 8881 IRAP = 1,50
ANO(IRAP) = ! !

8881 CONTINUE

CALL ZERQI(50,IOFNUC)

CALL ZEROR(S50,AL)

CALL ZEROR(S0,AM}

CALL ZEROI(250,NTR)

o

g LOOP ON ALL CHAINS FROM MASTER LIBRARY

¢ DO 20 IC=1,NCH

g IF THIS CHAIN IS NOT USED, THEN SKIP TO 20
z IF(NFLAGC(IC).NE.1)GO TO 20

TCHN=ICHN+1
NCN=NOFNUC(IC)
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NI=NCHST(IC)
NZ=N1+NCN-1
TONE=0

I=0

LOOP ON ALL NUCLIDES IN ACTIYE CHAIN
DO 15 IL=N1,N2
CAFTURE ALL DAUGHTERS
IF(IONE.EQ.1)GO TO 10
IF THIS NUCLIDE AT THE FRONT OF THE CHAIN IS NOT SPECIFIED, SKIP.

IF(NFLAG(IL).EQ.0)GO TO 14
IONE=1

SET ALL DATA FOR THIS NUCLIDE FROM INPUT AND EXTERNAL FILES

10 INUC=INUC+1
IF(INUC.GT.50)G0 TO 97

RADIOLOGICAL DATA

IFRM( 1, INUC)=MAX(0Q,IFR(1,IL)-1)
IFRM(2, INUC) =MAX(0Q,IFR{2,IL)~1)
DK(1,INUC)=DKF(1,IL)
DK(2Z2,INUC)=DKF(2,IL)
AL{INUC)=0.693/TR(IL)*365.25
IF(NFLAG(IL).EQ.0)GO TO 16
NFIL=NFLAG(IL)
AM{INUC)=Q{(NFIL)*RIM
QAPR{INUC)=Q(NFIL)
AMI (INUC)=QI{NFIL)
AMJ { INUC) =QJ (NFIL)
AML (INUC)Y=QK(NFIL}

16 CONTINUE
ELTO(INUCY=ELT(IL)
AWOUINUC)=AW(IL})

ORGAN SOLUBILITY DATA

DO 250 JORG=1,NORG
250 NTR{JORG, INUC)=NSOLD(JORG,NFIL)

LEAF AND SOIL MECHANISM DATA

IF(IFOD.EQ.0) GO TO 30
DO 100 ISOLS=1,NISOL
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IF(ELTLS(ISOLS) ,NE.ELTG(INUC).OR, AWLS(ISOLS) .NE. AWO(INUC))
.GO TO 100
DO 201,I0RG=1,NORG
DO 200 IO0R=1,NORGL
IF(KORG{IORG) .NE.KORGLS(IOR})GO TO 200
DO 200 IYR=1,NYRL
DFDOS(IYR, INUC, IORG) =DINCS{IYR, ISOLS,I0R)
AIDOS(IYR,INUC, IORG)=DINCL(IYR, ISOLS, IOR)
200 CONTINUE
201 CONTINUE
GO TO 101
100 CONTINUE
101 CONTINUE
30 IF(IARG.EQ.0) GO TO 40
C
C  AQUEQUS FOOD PATHWAY DATA
C
DO 39 TISOA=1,NISOA
IF(ELTA(ISOA} .NE.ELTO(INUC) .OR. AWAW(TISOA) .NE. AWC(INUC) }
.GO TO 39
DO 31 IORG=1,NORG
DO 32 IOR=1,NORGA
IF(KORG(IORG) .NE.KORGA(IOR)}) GO TO 32
DO 32 IYR=1,NYRA
ARGF (TYR, INUC, IORG) =DINCA(IYR, ISOA, IOR)
32 CONTINUE
31 CONTINUE
GO TO 40
39 CONTINUE
40 IF(IWAT.EQ.0) GO TO 50

DRINKING WATER PATHWAY

OO0

DO 49 ISOW=1,NISOW
IF(ELTW(1SOW) .NE.ELTO(INUC).OR. AWK(TISOW) .NE. AWO{INUC) )
.GO TO 49
DO 41 IORG=1,NORG
DO 42 10R=1,NORGW
IF(KORG(IORG) . NE. KORGW(IOR)) GO TO 42
DO 42 TYR=1,NYRW
ARDW (IYR, INUC, IORG)=DINCW(IYR, ISOW, IOR)
42 CONTINUE
41 CONTINUE
GO TO 50
49 CONTINUE
50 CONTINUE

EXTERNAL MECHANISM DATA

OO0
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IF(IEXT.GT.1) GO TO 350
DO 300 ISOX=1,NISOX
IF (ELTX(ISOX) NE.ELTO(INUC).OR, AWX{ISOX) .NE. AWQO(INUC))GO TO 300
DEXT ( INUC) =DF XT ( ISOX}
GO TO 301
300 CONTINUE
301 CONTINUE
IF(IEXT.NE.1) GO TO 350
DO 400 ISODX=1,NISODX
IF(ELTDX(ISO0X) .NE.ELTO(INUC) . OR. AWDX{ ISODX} .NE, AWO(INUC))
.GO TO 400
DEDXT ( INUC)=DFDXT (IS0DX}
GO TO 401
400 CONTINUE
401 CONTINUE
350 CONTINUE

GO TO 15
INCREMENT INDEX TO SKIP UNUSED CHAIN MEMBERS
14 I=IMEM(IL)
15 CONTINUE
SET NUMBER OF NUCLIDES IN REDUCED CHAIN
TOFNUC(ICHN) =NCN-I
20 CONTINUE
NONUC=INUC
RETURN
97 WRITE(6,98)INUC
98 FORMAT(1Hl,' DIAGNOSTIC 13:TOO MANY NUCLIDES ATTEMPTED IN SUBROUTI
.NE SETDAT. INUC=',I5)

STOP
END
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OO0

0000000000

OO0 0

oo

OO0

SUBROUTINE SOLOON (ITIMZ,ICH,INUC,AITIME,J,AQ,JTIME,AMT,IT],
, AMK, AMM, RPF1)

THIS SUBROUTINE IS USED TO CALCULATE THE SOIL OCONCENTRATION OF
BOTH THE DECAYING SURFACE CONTAMINATION AND DEPOSITED
CONTAMINATION FROM IRRIGATION

Module of MAXI1
Yersion of 25-APR-B4 RAP

COMMON/DATAL/ELTC(50) , AWO(50) , IOFNUC(50) , NONUC, DK(2,50) ,
«IFRM(2,50), AL{50) , AM(50) , SOILCN(50) , ICHN, AMI{50) , AMJ (50},
. IFOD, IARG, INAT,RIRR, RPF , XMLF, DILF, IMO, DEN, IEXT

CHARACTER*S AWO

DIMENSION AMM(50}
DIMENSION AQ(50),AMK(50},AMT(50)

IST=INUC+1
IF(J.EQ.1) GO TO 150
GO TO 160

DECAY ONE MEMBER CHAINS AND CORRECT FOR IRRIGATION BUILDUP AND
"PLOW FACTOR', THE MULTIPLICATIVE RATIQO BETWEEN
BURIED AND SURFACE WASTE

150 AQ(IST)=AQ(IST)+AMK(IST)*RIRR*IMO+AMM(IST)*3,15E4
AQ(IST)=AQ(IST)*EXP{-AL(IST))
SOILCN(IST)=AM(IST)*RPF1*EXP (-AL{I1ST)*J TIME)+AQ{IST)
IF(IEXT.NE.1) GC TO 170

SETS AMT IF ON
IF(JTIME.GE.IT1) AMT(IST)=AM{(IST)*EXP{~AL{IST)*JTIME)
GC TC 170

160 CONTINUE
K=IST+IOFNUC(ICH)-1

CALL CHAIN DECAY

DO 100 I=IST,K

IF(ITIM2.EQ.1)

+SOILCN(I)=(AM(I)}*RPF1}/AL(I)

IF(ITIM2.GT.1}

+ SOILCN(T)={ SOILCN(I)+AMK(I)*RIRR¥IMO+3 . 15E4*AMM(I))/AL(I)
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CONT INUE

CALL ACHAIN(J,AITIME,DK(1,IST),IFRM(1,IST),AL{IST),SOILCN(IST),

SOILCN(IST))

DO 200 I=IST,K
SOILCN(I)}=SOILCN(I}*AL(I)
CONTINUE

IF(JTIME.LT.IT1) GO TO 170

IF(IEXT.NE.1) GO TO 170

DO 300 I=1ST,.K
AM(T)=AM(I)/AL(I)
CONTINUE
ATIM=JTIME

THIS SEGMENT SETS AMT, AMOUNT OF DEEPLY BURIEO WASTE

CALL ACHAIN(J,ATIM,DK(I,IST),IFRM(I,IST),AL(IST),AM(IST),AMT{TST)

l)

DO 310 I=IST,K
AM(T)=AM(T}*AL(I)
AMT(I)=AMT(I)*AL(I)
CONTINUE

CONTINUE

RETURN

OO0 o

END

FUNCTION SUMPRD(J,A,B)
DIMENSION A(I1),B{(1)
SUMPRD=0

0O 1 I=1,d
SUMPRD=SUMPRD+A(I)*B(I)
CONTINUE

RETURN

END
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c
C
SUBROUTINE WATER(IDKWAT, INUC,JTIVME, AMK,J)
c
C THIS SUBROUTINE IS USED TO DECAY THE WATER RELEASE SOURCE
C TERM IF NECCESSARY. USED FOR OVERFLOW RELEASE CASES.
c
C Module of MAXI1
c Yersion of 25-APR-84
C
C
COMMON/DATAL/ELTO(50) , ANO{(50) , IOFNUC(50) ,NONUC,DK(2,50),
AIFRM{2,50) , AL{50), AM(50) , SOILCN(50) , ICHN, AMI{50) ,AM) (50),
&IFOD, IARG, INAT,RIRR,RPF, XMLF,DILF,IMO,DEN, IEXT
CHARACTER*6 AWO
DIMENSION AMK(S50)
1 CONTINUE
c
C IF NOT DECAYING WATER SOURCE, SET AMK=AMI
c
IST=INUCH+]1
K=I5T+J-1

IF(IDKWAT.NE.O}GO TO 10
DO 100 I=IST.K
100 AMK(I)=AMI(I)

GO TO 90

C

C DECAY ONE MEMBER CHAINS

C

10 IF(J.GT.1)GO TO 20

c
AMK(IST)=AMI(IST)*EXP(-AL(IST)¥JTIME)
GO TO 90

c

C CALL CHAIN DECAY ROUTINE

C

20 DO 200 I=IST,K
200  AMI(I)=AMI{(I)/AL(I}
CTIME=JTIME
CALL ACHAIN(J,CTIME,DK(1,IST),IFRM(1,IST),AL{IST),AMI{IST),
SAMK(IST))
DO 300 I=IST,K
AMI(I)}=AMI(I)*AL(I)
300 AMK(I}=AMK(I)*AL(I)

90 RETURN

Cmmmmem e e ——— e _— - ——
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SUBROUTINE ZERDI(N,K)
THIS MODULE SETS N YALUES OF ARRAY K TO INTEGER ZERO.
Module of MAXI1
Yersfon of 25-APR-B4 RAP
DIMENSION K(N)
DO 1 J=1,N
K(J)=0
1 CONTINUE
RETURK
END
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SUBROUTINE ZEROR(N,A)
THIS MODULE SETS N VALUES

Module of MAXI1
Yersion of 25-APR-84 RAFP

OF ARRAY A TO REAL ZERO.

O OOO0O0O0O000 OO0

DIMENSION A(N)
Do 1 J=1:N
A()}=0,
CONTINUE

RETURN

OO0 O

END
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Program Title: ONSITE

Developed for: U.S. Nucear Regulatory Commission

Date:

Office of Nuclear Materfal Safety & Safeguards
Division of Waste Management

March 29, 1985

NRC Contact: Dr. Stan Neuder

Phone: 301-427-~4533

Code Developer: B.A. Napier, R.A. Peloquin, W.E. Kennedy, Jr.

Pacific Northwest Laboratory
Richland, WA 509-375-3849 (WEK)

This program was prepared for an agency of the United States
Government. Nefther the United States government nor any agency
thereof, or any of thefr employees, make any warranty, expressed
or implied, or assumes any legal l1iability or responsibiiity for
any third party's use, or the results of such use, of any portion
of this program or represents that {ts use by such third party
would not infringe privately owned rights.

OO0 00000000000000OQ0CO0ON0NCONDACONOOOO000O0O0O0O000

ONSITE is the 1nteractive user/system Interface for the ONSITE
Disposal Version of the MAXI1l computer code. ONSITE creates
a file containing the JCL and input stream for MAXI1,.

Version of 3-APR-85 RAP

The program ONSITE includes the following modules:

CHANGE - to query if parameter is to be changed, and if so,
to Input the new value

DISINV - to display and control modifications to the
user-entered {nventory

GROUP - to determine {f changes are required for a group
of parameters

INTRO - to display introductory message

MODIF - to modify selected scenario parameters

QUANTI - to read in source term this radionuclide

RADIN - to read in and test radiological inventory

RDLIST - to display the radionuclide master 1ist

RITFIL ~ to write MAXI1 JCL and fnput stream

SELECT ~ to select and test scenario option

SCENR -~ to establish scenario default parameters
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Program varfable descriptions --
IDT - selected diet option
IWD - selected waste density option
IRS - Index of scenario used for default values
ICFLAG - CHANGE subroutine passing flag: (returned)
0 - no change requested
1 - change requested
IGFLAG - GROUP subroutfne flag: (returned)
0 ~ no change regquested 1n this group
1 - change requested in this group
ITFLAG - CHANGE subroutine passing flag: (sent)
1 - integer value
2 - real value
3 - double precision value
IX - CHANGE subrouotine passing parameter - integer value
IH -~ CHANGE passing parameter - maximum allowable integer input
IL - CHANGE passing parameter - minimum allewablie integer input
GNAME(2) - Real*B name of subgroup passed to GROUP
RX - CHANGE subroutine passing parameter - real value
RH - CHANGE passing parameter - maximum allowable real input
RL - CHANGE passing parameter -~ minimum aliowable real input
REX _ CHANGE subroutine passing parameter - real*8 value

--—- data definition and intialization ———~———vemcmmmmmrrsvec e vam e

INCLUDE 'ONSITE.CMN'
REAL*8 RBX, GNAME(2), EXTFAC(4,5)

DATA KEY, SCRN, OUT, IRS, IMOD, IBS /5.,6,7,1,0,1/

DATA EXTFAC /'On surfa','ce 1! (15 ct,'m thick)?',
. 'On surfa',tce 1t (1 *,'m thick)?,
. 'Overburd®>ten of 0.7, m (1 *,™m thick)?',
. 'Overburd',ten of 1.','0m (1 *,'m thick)!,
. 1Stored w','taste LI {1 '»'m thick)'/
Cc
DATA NVU /'pCi ','uCi t,'mCi ',' Ci 1/
DATA NYUNIT /1.0, 1.0E+6, 1.0E+9, 1.0E+12/
C
DATA UNITS /t'/square ','meter f,
. */cubic m','eter L
. '/Kg of st',tofl v/
Cc
C
C-——- introduce program, describe scenarios to user, & establish defaults ----
c
CALL INTRO
CALL SCENR
c
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C~---~ input title ————
C

WRITE (SCRN,1100)

1100 FORMAT (1t 1,20(/)," ¢,
.1Enter a descriptive title to identify this case: ")
READ (KEY,1101) (TITL(1}, I=1,20)

1101 FORMAT (20A4)

C
C-~-- review return comes to this locatfon ===
201 CONTINUE
Cc
C
Cw~=~ input report option - - -—
C

WRITE (SCRN,1120)
WRITE (SCRN,1121) IOUT
1120 FORMAT (' 7,14(/),' ',
.'Three types of printer reports are available:'//

A 0- Tables of maximum annual dose per organ with radio!,

.Tnuclide and'/? pathway contribution'/

o 1~ Table above plus annual doses by organ and total!'/

. 2~ Table above plus annual doses by organ, pathway and',
.! radionuclide’/

.t 4~ Table above plus maximum by organ and radionuclide'}

1121 FORMAT (//' ',
.'The current selection is:!,I12)
CALL CHANGE ((1), ICFLAG, IX, (1), (4), RX, RL, RH, R8X)
IF (ICFLAG.ECQ.1) IQUT = IX

c
c
IF (IRS .GT. 1 .AND. IRS .LT. 5) GO TO 304
c
C---- 1f scenarfo 1 or 5, find out where the wastes are located and set flags
c

IF (IEXT .EQ. 0) GO TO 304
WRITE (SCRN,1210}
0O302I=1,5
302 CONTINUE
WRITE (SCRN,1212) ILOC

1210 FORMAT (1t Y,14(/),' Y,
. ' In this scenario, waste location and depth may be:'//)
1211 FORMAT(15X, 12, - t, 4A8)
1212 FORMAT (//,!' See Table 2.3-1 of NUREG/CR-3620 Supplement.'/
. ' The current selection is: ¥,I1)
CALL CHANGE ((1),ICFLAG,IX,(1),(5),RX,RL,RH,R8X)
IF (ICFLAG .EQ. 1) ILOC = IX

304 CONTINUE
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C
Cuee—= 1f user-defined scenario, select pathways —-——-—cemm-mcemmmmmumme—caa—
C
IF (IRS .LT. 5) GO TO 111

IMOD=1

CALL OPTION

GO TO 100

111 CONTINUE

C
C---- set area correction factor ---—--—e—vme v —— -
c

400 CONTINUE
IF (IRS .EQ. 4) GO TO 401

WRITE (SCRN,1300) FRSIZ
1300  FORMAT (' ',14(/), Y,
. 'The size of the site in terms of fractional hectarest!/
. ' (ie.,» 10000 sq m), is ',1PG10.3,'.")
CALL CHANGE ((2)},ICFLAG,IX,IL,IH,RX,(1,E-30}),(1.E30),R8X)
IF (ICFLAG.EQ.1) FRSIZ = RX
C
WRITE (SCRN,1301) FRSIZ
1301  FORMAT (////' 1,
.'The inventory will automatically be adjusted by the'/
.' appropriate area correction factor for each exposuret/
.! pathway based on a site size of ', 1PG10.3, ' hectares.t!/)

GNAME (1) 'site siz?
GNAME( 2} te '
CALL GROUP (IGFLAG, GNAME)

IF (IGFLAG.EQ.1) GO TO 400

IF (FRSIZ .GE. 1.0) THEN
AREAIN = 1.0
ELSE
IF (FRSIZ .GE. 0.1) THEN
AREAIN = 0.75
ELSE
IF (FRSIZ .GE, 0.002) THEN
AREAIN = 0.50
ELSE
IF (FRSIZ .GE. 0.005) THEN
AREAIN = 0.25
ELSE
AREAIN = 0,10
ENDIF
ENDIF
ENDIF
ENDIF
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IF (FRSIZ .GE. 0.125) THEN
AREAEX = 1.0
ELSE
IF (FRSIZ .GE. 0.05) THEN
AREAEX = 2.7 * FRSIZ + 0.67
ELSE
IF (FRSIZ .GE. 0,01) THEN
AREAEX = 6.5 * FRSIZ + 0.48
ELSE
IF (FRSIZ .GE. 0,0025) THEN
AREAEX = 20.0 * FRSIZ + 0.35
ELSE
AREAEX = 160.0 * FRSIZ
ENDIF
ENDIF
ENDIF
ENDIF
C
401 CONTINUE
C

C-—-- modify pathway parameters —---—«-—=~-—c-- -
c
WRITE (SCRN,1001) IRS
1001 FORMAT (t ',10(/),t ¢,
J4X,44(1§1)//714X, Do you wish to review/modify any pathway !
./14X, tparameter values for Scenario ',Il,' (N/Y) ')
READ (KEY,8001) IDUM
8001 FORMAT (Al)
WRITE (SCRN,1002)
1002 FORMAT (' *,14(/))
C
1F (IDUM ,EQ, 'Y' .OR. IDUM .EQ. 'y') IMOD =1
C
100 CONTINUE
IF (IMOD .EQ. 1) CALL MODIF

c
C---~ start and end times
C
200 CONTINUE
C

If (IT1 .LT. IRR) ITl = IRR
WRITE (SCRN,1110Q) IT1

1110 FORMAT (' 1,200/}, 1,
.'The dose calculations begin ',I4,' years after the waste ist
/' disposed,')
IF (IRR .GT. 0} WRITE (SCRN,1112)

1112 FORMAT (' See Section 3.1 in NUREG/CR~-3620 Supplement. ')
CALL CHANGE ((1), ICFLAG, IX, IRR, (9999}, RX, RL, RH, R8X)
IF (ICFLAG.EQ.1) IT1 = IX
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IT2 = IT1 + 49
WRITE (SCRN,1111) IT72
1111 FORMAT (' 1,
.'The dose calculations will end ',I4,' years after the waste ist?/
.! disposed. OK? (Y/N)')
READ (KEY, 8001) IDUM
IF (IDUM ,EQ. 'N' ,OR. IDUM .EQ. 'n') GO TO 200

C-rmem input ratio and inventory units --

IF (ISUR .,EQ. 1 .AND. IEXT .EQ. 1) THEN

WRITE (SCRN,1220} RPF1l
1220  FORMAT (' 1,14(/),' ',
'This scenario assumes contamination to both surface !,
'(top 15 cm}t/
' and subsurface sofl. Concentrations you input will 7,
be assumed to '/
be in the subsurface sofl.t//
What is the ratfo of waste concentration 1n the surface '/
to subsurface soils?t//
(Range = 0.0 to 10.0 for spills, usually 0.0 to 1.0 to ¥/
. allow redistribution from buried material to surface)'//
' The current selection {s: ', 1PG10.3)
CALL CHANGE ((2},ICFLAG,IX,IL,IH.RX,(0.0),(10,0},R8X)
IF (ICFLAG .EQ. 1) RPFl = RX

- e am e = =

c
ELSE
c
IF (ISUR .EQ. 1) RPF1 = 1,0
IF (IEXT .EQ. 1) RPF1 = 0.0
C
ENDIF
c
IF (IRS .EQ. 4) GO TO 300
c

WRITE (SCRN.1230)
WRITE (SCRN,1731) I, NVU(I)
131 CONTINUE
WRITE {(SCRN, 1232) INUT
c
1230 FORMAT(' ',24(/),* 1,
.1The surface/buried inventory may be entered as: '//)
1231 FORMAT(15X, Il,*' - ',Ad)
1232 FORMAT(//' ',
.'The currect selection is: ',I1)
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CALL CHANGE ((1),ICFLAG, IX, (1), (4}, RX,RL,RH,R8X}
IF (ICFLAG .EQ. 1) INUT = IX

WRITE (SCRN,1200}
DO 1421 =1, 3
IM3 =1-1
WRITE (SCRN,1201) IM3, NYUCINUT), (UNITS(J,I),J=1,2)
CONTINUE
WRITE (SCRN,1202) M3M2

FORMAT (' t,14(/),' 1,

. 'The contamination deposited on the site at start of'/

' calculation may be entered in the following units:'//)

1201  FORMAT (15X, I1,' - ',A4,2A8)
FORMAT (//, ' Usually 0 for surface contamination and ',
+ 'l for buried'/

. Y contamination. The current selection is: ',Il1)

1202

c

CALL CHANGE ({1),ICFLAG,IX,(0},(2),RX,RL,RH,REX}
IF (ICFLAG .EQ. 1) M3M2 = IX

300 CONTINUE

c
c

1250

IF (IRS .EQ. 4) GO TOC 301

WRITE (SCRN,1250) SRDIL
FORMAT(t ¥,14(/),' 1,

'The radionuclide inventory modification factor is: ',1PGl0.2/

' (range = 0.0 to 1.0E+20, usually 0.0 to 1.0)%//

' This factor will be used as a multiplier of all inputt/
' concentrations. It is a handy parameter to correct units!/
' or make other changes (such as dilution of inventory with!/

t clean soil).")
CALL CHANGE ((2),ICFLAG,IX,IL,IH,RX, (0.0),(1.E20),R8X}
IF (ICFLAG .EQ. 1) SRDIL = RX

301 CONTINUE

—— . e o

C
C
C---- allow user to review parameters before entering the inventory
c
GNAME(1} = Yany of t!
GNAME{2) = 'he above'
CALL GROUP (IGFLAG,GNAME)
IF (IGFLAG .EQ. 1) THEN
IMOD = 0
GO TC 201
ENDIF
C
C
C---- input inventory and write file ——~————cmmmmcemmmm o _——
c
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CALL RADIN
CALL DISINY
CALL RITFIL

C---- end of program - - . -

c

WRITE (SCRN,8000)

8000 FORMAT (' ',20(/),

.10X, 'To execute MAXI1 on the VAX interactively, type:'//
10X, ! @MAXI1Y///

.10X,'To execute MAXI1 on the VAX and have printed output, type:!'//

210X, ! SUBMIT MAXI1Y///

.10X,'To edit the MAXI1 input file, type:'//

10X, EDIT MAXI1.COMt///

.10X,'To save the MAXI1 input file, type:!//

» 10X, RENAME MAXI1.COM newname.COM'//

.10X, 'where "newname" is a unique filename of your choice.'/)

END

oo OO

OO0 0O000O00O0 ]

COMMON /VYARYBL/ IFOD, RIRR,RPF, IMO, RF1l, RFZ, IARG, IWAT,

. IDKWAT, IEXT, IAIR, XQSITE, IDKAIR,

. ISUR, 122, XF2,

. AGE, XDPT, DEN, XMLF, RINH, DILF, M3MZ, INTRUD,
. ITl, IT2, NORG, KORG(5), IOUT, NEXT,

. RPF1, RPFZ, INHAL, IRR, SRDIL, NVUNIT(4)
REAL NVUNIT

COMMON /INV/ NIN, ELTI(100), AWI(100}, NSOLD(5,100},
. Q(100), QI(100), QI(100), QK(100)
REAL*8 AWI
INTEGER ELTI

COMMON /FLAG/ IRS, ILOC, INUT, IARL, IWRL, IWD, IDT

IRS ~ INDEX OF SELECTED SCENARIO

ILOC -~ INDEX OF LOCATION OF THE WASTE:
1} SURFACE
2) BURIED AT 0.5 M
3) BURIED AT 1.0 M
4) STORED

INUT - INDEX OF RADIOLOGICAL UNITS INPUT FOR ARRAYS
N¥YU (DESCRIPTION) AND NYUNIT(MOD. FACTOR)

IARL - SET IF SURFACE/BURIED CONTAMINATION

INRL -~ SET IF LIOQUID CONTAMINATION

I¥D - INDEX OF SELECTED WASTE DENSITY

IDT - INDEX OF SELECTED DIET
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COMMON /AREA/ FRSIZ, AREAIN, AREAEX

FRSIZ ~ SIZE DF THE SITE IN FRACTIONAL HECTARES
AREAIN - AREA CORRECTION FACTOR FOR INTERNAL PATHWAYS
AREAEX -~ AREA CORRECTION FACTOR FOR EXTERNAL PATHWAYS

COMMON /DESC/ TITL{(20), UNITS(2,3), NYU(4)
REAL*8 UNITS
REAL*4 TITL, NYU

OO0

COMMON /IOYAR/ SCRN, QUT, QUTFIL, KEY
CHARACTER®15 QUTFIL
INTEGER SCRN, QUT

OO0

YERSION OF 21-FEB~85 RAP
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ICFLAG

IDUM
IFLAGD)

IH
It -
ITFLAG

IVAL()
IvL

IX
LETTER()
RX

RH

RL -
R8X
WORD -
WRDLEN -

Module of ONSITE

REAL*8 R8X

L] (@] o OO0 O0O0000000000000000000000000000O00O00O000 (')(l'J
]
!

INTEGER WRDLEN

SUBROUTINE CHANGE (ITFLAG, ICFLAG, IX, IL, IH, RX, RL, RH, R8X}

CHANGE 1s called to query if parameter is to be changed,
and if so, to input the new value and test if within the 1imits.

This subroutine will handle integer, real and alphanumeric
input and will test the 1ifmits on integer and real input.
Alphanumeric input is read into the real*8 variable.

CHANGE subroutine passing flag: (returned)

0 - no change requested

1 - change requested

2 - input only: not change (received)
logical uniit number of scratch file used for conversion
exceptable/not acceptable flag for each character of
jnput string
maximum allowable integer input (received)
minimum allowable integer input (received)
CHANGE subroutine passing flag: (received)

1 - integer value

2 - real value

3 - alphanumeric input - real*8
ASCII value of each character of imput string
ASCII value of current character of input string
new integer value (returned)
array contianing each character of input string
new real value (returned)
maximum allowable real input (recelved)
minimum allowable real input (received)
real*8 alphanumeric string input (returned)
input string
number of characters in input string

IBM-PC Yersion of 22-FEB-85 RAP

—— it s —— B i e - -

INCLUDE *ONSITE.CMN!

DIMENSION IVAL(10}, IFLAG(10)

CHARACTER*10 WORD
CHARACTER*1 LETTER(10}
EQUIVALENCE (WORD, LETTER(1))
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OO0

OO0

1000
8001
C
C

100
C

1010

OO0

200

e

APPENDIX B COMPUTER CODE LISTING - ONSITE
IDUM = 3

---= this is input only, not a change ~---

IF (ICFLAG .EQ. 2) THEN
ICFLAG = 2
GOTO 200

ENDIF

—--~- query {f change requested —---—-

ICFLAG = 0

WRITE (SCRN,1000)

FORMAT (//' t,70('=%),//

.! Do you wish to change this value {(N/Y)?")
READ (KEY,8001) IY

FORMAT (Al)

IF (IY .NE., ®'Y' _AND, IY .NE. 'y!') GO TO 700

ICFLAG = 1
CONTINUE

WRITE (SCRN, 1010)
FORMAT (' '/ Enter new value: ')

--—- input response as a character string ~——-
CONTINUE

READ (SCRN,8010) WORD

IF (ITFLAG .EQ. 3} GO TO 700

WRDLEN = 0

PO 500 I =1, 10

I

WRDLEN = WRDLEN + 1
IFLAG(I) = 0

IVL = ICHAR(LETTER(I))
IVAL{I) = IVL

~==~ all numerals are valid ---——-
IF (IVL .LT. 48} IFLAG(I)
IF (IvL .GT. 57) IFLAG(I)

now
-

IF (IFLAG(I) .GT. 0) THEN
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500
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502

8010
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-~-- space 1s 0K, but quit scan ~~--
IF (IVL .EQ. 32) THEN

IFLAG(I) = 2
WRDLEN = I-1
GOTO 501
ENDIF
~--- reset for Teading sign ~---
IF (IVL .EQ. 45 .AND. I .EQ. 1) IFLAG(I} =0
IF (IVL ,EQ, 43 ,AND. I ,EQ. 1) IFLAG(I} =0

---- E is allowable —~—-~e——ue-
IF (IVL .EQ. 69) THEN

IF ( I .NE. 1 .AND, ITFLAG .EQ. 2) IFLAG(I) =0
ENDIF

---- Decimal point is allowable ~---
IF (IVL .EQ. 46) IFLAG(I) =0

ENDIF

CONTINUE
CONTINUE

IF (WRDLEN .LT. 1) WRDLEN =1
IF (IVAL(WRDLEN) .EQ. 69) IFLAG(I) =1

IGOOD =1
DO 502 I = 1, WRDLEN

IF (IFLAG(I} .GT. 0) IGOOD = O
CONTINUE

IF (IGOOD .EQ. 1) THEN
WRITE (IDUM,8010) WORD
FORMAT (Al0)

BACKSPACE IDUM

IF (ITFLAG .EQ. 1) THEN

READ (IDUM,*,ERR=100,END=100) IX

IF (IX .LT. IL .OR. IX .GT. IH) GOTO 100
ENDIF

IF (ITFLAG .EQ. 2) THEN

READ (IDUM,*,ERR=100,END=100) RX

IF (RX .LT. RL .OR, RX .GT. RH) GOTO 100
ENDIF

ELSE
GOTO 100
ENDIF
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700 CONTINUE

WRITE (SCRN,1001)
1001 FORMAT (t ',10(/))

RETURN
~~-= format statements ——--

8003 FORMAT (A8)

END
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C ——————————————————————————— T w——— o — —— ——
C
SUBROUTINE DISINY
c
C This subroutine displays the radionuclide inventory, allows the user
C to first modify quantities in the inventory, and then to add radio-
c nuclides to the 1ist, If changes or additions are requested, the
C inventory will be redisplayed; the user does not return from this
C subroutine until satisfied with the inventory.
c
C Module of ONSITE
C Yersion of 21-FEB-85 RAP
c
Crmmem e e e e e o . o e e e o A e T . o . o At e e e e o
C
INCLUDE 'ONSITE.CMN!
REAL¥8 GNAME(2)
C
300 CONTINUE
C
WRITE (SCRN,1000} NVUCINUT), (UNITS(J,M3M2+41),J=1,2), NYU{INUT),
. NYU(INUT)
1000 FORMAT(///T24,'Surface/Buried', T57,'Drinking*/
. 129, A4, T4l, '"Irrigation Water?'/
. Tll,'Radionuclide’,T25,A8,A5, T43,A4,'/1t, T58,A4,1/1Y,/
e Tll,tme—memme e 13X, 3 (e mmcmme e 1,5xX))
C

DO 100 I = 1, NIN
WRITE (SCRN,1001) ELTI(I), AWI(I), Q{I), QI(I), QJ(I)
100  CONTINUE
1001  FORMAT(11X,A2,A6,3(5X,1PG10.2))

C
GNAME(1) = 'the abov!
GNAME(2) = '@ !
CALL GROUP (IGFLAG,GNAME)
IF (IGFLAG .NE. 0) THEN
C
IMOD = 1
WRITE (SCRN,1011)
1011 FORMAT (//Y You may now modify the quantity of selected'/
. ' radionuciides. To delete a radionuclide,!/
' enter zero quantity.'////)
C
DO 200 I = 1, NIN
WRITE (SCRN,1010) ELTI(I}, ANI(I}), Q(I), NVU(INUT),
. (UNITS(J,M3M2+1),30=1,2), QI{(I), NYU(INUT), QI{(I}, NYU(INUT)
1010 FORMAT (//' Radionuclide ',AZ2,A6,': '//
. ' Surface/Buried: 1,1PGl10.2,1X,A4, A8, AL/
a ' Irr1gat1on: tLIPG10.2,1X A4,/ 1Y/

! Drinking Water: ',1PGl0.2,1X,Ad,'/1")
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CALL GROUP(IGFLAG,GNAME}
IF (IGFLAG .NE. 0} CALL QUANTI (I}
200 CONTINUE

c
c

ELSE
c

IMOD = 0

c

ENDIF
C
c

WRITE (SCRN,1020)
1020 FORMAT (///' Do you wish to add radionuclides to the above!
. ' inventory (N/Y} 1)
READ (KEY,8001) IY
8001 FDRMAT (AL)

c
IF (IY ,EQ. 'Y' ,OR. IY .EQ. 'y') THEN
IMOD =1
CALL RADIN
ENDIF
c
C
IF (IMOD .ECQ., 1) GO TO 300
C
RETURN
c
S ———————————
END
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c- e e e e e e ke i e
”
SUBROUTINE GROUP (IGFLAG, GNAME)
"
C This subroutine introduces a new category of parameters and allows
C the user the option of skipping edits to that entire group of
c parameters.
C
c Parameters:
C
c IGFLAG -~ flag returned to calling program to indicate user
C preferance concerning this group:
C 0 - do not change any parameters
c 1 ~ display/query this parameter group
c
C GNAME - description of parameter group passed from calling
C program (Real¥*8)
c
c Module of ONSITE
c Yersion of 3-APR-85 RAP
c
c e — ——
c
INCLUDE 'ONSITE.CMN!
REAL*8 GNAME (2}
IGFLAG = ©
C

WRITE (SCRN,1000) (GNAME(I),I=1,2)

1000 FORMAT (* 1,1(/),"' ', 70('¥1)//
« ' Do you wish to review or change ', 2A8,
. ' parameters (N/Y)')

c

READ (KEY,8003) IDUM

8003 FORMAT (Al)
IF (IDUM .EQ. 'Y' ,OR. IDUM .EQ. 'y') IGFLAG = 1

C
RETURN
c
C- -
c
END
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OQ

SUBROUTINE INTRO

This subroutine displays introductory messages, describes
available scenarios, and queries for user's selection.

Module of ONSITE
Yarsion of 17-APR-84 RAP

INCLUDE '"ONSITE.CMN'

oo OO0O0O000000

WRITE (SCRN,2000)

2000 FORMAT (' ',24(/),30X, 19('=¥)/34X, *ONSITE/MAXI*/30X,
o 19(=0),/77/711)

c

WRITE (SCRN,2011)

2011 FORMAT (14X,'This Interactive program will assist you ',
.'in the creation'/
+14X,'of scenarios for assessment of onsite disposal of low-'/
.14X,'leve) waste. Doses to man through the specified pathways '/
«14X,'wi11 be simulated by the computer program MAXI.t///
.14X,'The following notes may be of interest:')}

WRITE (SCRN,2010)
READ (KEY,8003) IDUM
C
WRITE (SCRN,2001)
2001 FORMAT (' t, 24(/),
.14X,11) If the default condition is selected, you need onlyt'/
-14X,'press <return>. YES~or-NO questions are designated by'/
.14X, ' (Y/N) and should be answered with a Y or N, The default?!/
+14X,'condition 1s always listed first.')
C
WRITE (SCRN,2002)
2002 FORMAT (1'01,
«13X5'2) The values you enter will be tested against reasonable!'/
.14X,'1imits and if they are not accepted you will be asked to'/
.14X, 'supply another value.')
C
WRITE (SCRN,2010)
2010 FORMAT (/14X,'When you have finished reading, press <return>')
READ (KEY,8003) IDUM
8003 FORMAT (A8)
C
C~—-= loop until user s satisfied with scenarfo selection -

C
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100 CONTINUE
C
CALL SELECT
c
IF (IRS .EQ., 1) WRITE (SCRN,2100}
2100 FORMAT (* 1,24(/),
.14X, YSCENARIO 1: External Exposure'//
.14X,'This scenarto can be used alone or as part of Scenarfos 2'/
.14X,'and 3. Occupational conditions of 2000 h/yr of external!'/
.14X,'exposure are assumed. Waste may be located on the surface,!'/
14X, 'buried at 0.5 m, buried at 1.0 m, or stored.')
C
IF (IRS .EQ. 2) WRITE (SCRN,2200)
2200 FORMAT (' +,24(/),
.14X, YSCENARIO 2: External Exposure plus Inhalation from Resus!,
. *pensiont'//
.14X,'This scenario assumes surface contamination results over at/
.14X,*1imited area. The scenario defaults to 2000 h/yr exposure!/
.14X,'to surface contamination and inhalation. The Anspaugh')
IF (IRS .EQ. 2) WRITE (SCRN,2201)
2201 FORMAT (14X,
. fresuspension model is used. User may define the fractiont/
14X, tof soil in the top 15 cm containing buried waste (defaults'/
JA14X,'to 0.2).Y)
C
IF (IRS .EQ. 3} WRITE (SCRN, 2300}
Z300 FORMAT (' 1,24(/),
«14X, tSCENARIO 3: Agricultural Activities'//
.14X,'This scenario assumes surface contamination (as in Scenario!'/
.14X,12) with farming; defaults to 2000 h/yr exposure to surface')
IF (IRS .EQ. 3) WRITE (SCRN, Z301)
2301 FORMAT (14X,
. tcontamination and inhalation. Anspaugh resuspension model'/
.14X,'{s used. Scenario defaults to total diet of fruits, veg-'/
.14X,%etables, and animal products grown on the site. The user'/
.14X,'may specify the percentage of soil containing waste in the'/
14%,%top 15 cm. V)
C
IF (IRS .EQ. 4) WRITE (SCRN, 2400}
2400 FORMAT (1t ',24(/),
.14X, 'SCENARIO 4: Irrigation and Drinking Water'//
.14X,'This scenario accounts for the use of well or river watert/
14X, 'for irrigation and drinking. Assumes an irrigation rate')
IF (IRS .EQ. 4) WRITE (SCRN, 2401)
2401 FORMAT (14X,
. tof 150 1/sq wmo for & months. Defaults to Anspaugh model!/
.14X,'for inhalation. Assumes total diet and 1.2 1iters/day of'/
14X, 'drinking water.'}

IF (IRS .EQ, 5) WRITE (SCRN,2500)
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2500 FORMAT (t V,24(/),
.14X, *SCENARIO 5: User Defined Scenario'//
.14X,'This scenario defaults to a full year of exposure to'/
.14X, 'external contamination and a full year of inhalation.'/
.14X,'The user may specify any parameters to define a scenario.')

WRITE (SCRN,2600) IRS
2600 FORMAT (' ',2(/),
.14X,'Scenario ',I1,"' is now selected. Do you wish to change'/
.14X,tthis selectfon (N/Y):")
READ (KEY,8004) IDUM
8004 FORMAT (Al)
IF (IDUM _NE. 'Y' .AND. IDUM .NE. 'y')} RETURN

c
GO TO 100

C

C

C -— - -
END

B.19



APPENDIX B COMPUTER CODE LISTING - ONSITE

Cﬂ M — e — B s g S s U e S e T R P -
c
SUBROUTINE MODIF
C
c This subroutine allows the user to change selected parameters of
C Scenarios 1 through 4 or to create a scenario (Scenario 5).
c
C Module of ONSITE
c Yersion of 3-APR-85 RAP
c
O e i e o et e v e e e e e o e
c
Ce==-=- include common blocks, define variables and initialize
c
INCLUDE *ONSITE.CMN!
c
REAL*8 R8X, GNAME(2)
C
Commamw review/query/modify agricultural parameters -
c

IF (IFOD .EQ. 0) GO TO 100
1000  CONTINUE

GNAME(1) = tagricult!?

GNAME ( 2) ‘ural !

CALL GROUP (IGFLAG, GNAME)
IF (IGFLAG .EQ. 0} GO TO 100

-=-—— skip roots is Scenario 3, assumes surface contamination ---—-
IF (IRS .EQ. 3) GO TO 122

IF (IRS .EQ. 1 .AND, ILOC .EQ. 4} THEN
~~=—= ot parameters for room model --—--
RF1 = 0.
RF2 = 1.
ELSE
120 CONTINUVE
WRITE (SCRN,1120)} RFl
1120 FORMAT (' 1,20(/),t 1,
, *The fraction of total roots in top 15 cm of the sofil is !,
. 1PG10.3,/
. ' {range = 0.0 to 1.00")
CALL CHANGE ((2), ICFLAG, IX, IL, IH, RX, (0.0}, (1.0}, R8X)
IF (ICFLAG.EQ.1) RF1 = RX
WRITE (SCRN,1130) RF2
1130 FORMAT (! 1,
. '*The fraction of total roots entering the buried waste '/
. ' below the top 15 cm plow layer of soil 1s ', 1PG10.3.
. *  {(range = 0.0 to 1.0)")
CALL CHANGE ((2), ICFLAG, IX, IL, IH, RX, {0.0), (1.0}, R8X)

O 0 00

i

B.20



1140

122

1166

1160

1161

1100

1110

110

APPENDIX B COMPUTER CODE LISTING - ONSITE
IF (ICFLAG.EQ.1) RFZ = RX

RF = RF1 + RF2Z

IF (RF .GT. 1.0) WRITE (SCRN,1140)

FORMAT (///' 111 The sum of the previous two fractions cannot '/
' be greater than 1.0: REENTER 11}'})

IF (RF .GT. 1.0) GO TO 120

ENDIF

CONTINUE

WRITE (SCRN,1166} IDT
FORMAT (' ',20(/),' ',
'The R.G. 1.109 diet raised onsite may be efther:'//

9X, ' 1 -~ Total diet (plant and animal products)t/,
9X, ' 2 - Vegetable product diet (plant only)?/,
9%, ' 3 - Animal product diet {milk, eggs, and meat only)?,

//s" The default selection is ',I1IZ2,'.")
CALL CHANGE ((1),ICFLAG, IX, {1), (3), RX,RL,RH,RBX)
IF (ICFLAG.EQ.1) IDT = 1IX

IF (FRSIZ .LT. 1.0} GOTO 1161

WRITE (SCRN,1160) RPF2

FORMAT (* 1,20(/),' ',

'The fraction of the selected diet grown on the site ',

' {s ', 1PG10.3,/' (range = 0.0 to 1.03")

CALL CHANGE ((2), ICFLAG, IX, IL, IH, RX, (0.0}, (1.0}, R8X)
IF (ICFLAG.EQ.1) RPFZ = RX

CONTINUE

IF (IWAT .EQ. 0) GOTO 100

WRITE (SCRN,1100) RIRR

FORMAT (' ¢,

'The irrigation rate in liters per square meter per month is ',
1PG10.3.,/

'  (range = 0.0 to 1000.)1')

CALL CHANGE((2),ICFLAG,IX,IL,IH,RX,(0.0),(1000.0},R8X}

IF (ICFLAG.EQ.1} RIRR = RX

IF {(RIRR .EQ. 0.0) GO TO 110
WRITE (SCRN,1110) IMO
FORMAT (' 1,
'The number of months per year that crops are Irrigated is ?,
12,7
' (range = 0 to 12)1%)
CALL CHANGE ((1}, ICFLAG, IX, (0), (12}, RX, RL, RH, R8X)
IF (ICFLAG.EQ.1) IMO=IX
CONTINUE

WRITE (SCRN,1111) IRR
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FORMAT (' ¢,

'The number of years prior to the beginning of dose '/

' calculations that irrigation accumujates radionuclides?/

' is *,I4,' (range = 0 to 1000}")

CALL CHANGE ((1), ICFLAG, IX, (0), (1000), RX,RL,RH,R8X)

IF (ICFLAG.EQ.1} IRR=IX

CONTINUE

review/query/modify external exposure parameters - -

IF (IEXT .EQ. O ,AND. TISUR .EQ. 0) GO TO 200
GNAME( 1) text. exp!
GNAME(2) 'osure !
CALL GROUP (IGFLAG, GNAME)
IF (IGFLAG .EQ. 0) GO TO 200
IF (ISUR .EQ. 0) GO TO 210
WRITE (SCRN,1210) 122
FORMAT (' ',20(/),' ',
'Did you use MAXIZ to generate a special external exposure!
' dose rate factor file for this scenario? (default=',
I1,%),//
15X, 0 - no'/15X,']1l - yes')
CALL CHANGE ((1), ICFLAG, IX, (Q), (1), RX,RL,RH,RE8X)}
IF (ICFLAG.EQ.1) I22 = IX
CONTINUE
WRITE (SCRN,1200) XFZ
FORMAT (' 1,20(/),"' ',
'The number of hours of exposure to external contamination ',
/' per year is ',1PG10.3,' (range = 0.0 to 8766.)1")
CALL CHANGE ((2), ICFLAG, IX, IL, TH, RX, (0.0),(8766.), R8X)
IF (ICFLAG.EQ.1) XF2 = RX

]

WRITE (SCRN,1201) IWD

FORMAT (' t,20(/)," ',

'The waste density may be either:'//
10X, ¥ 1 ~ 1.8 g/cu cm (soil)Y/
10X, * 2 -1.0 g/cu cm {water)'/
10X, * 3 - 0.6 g/cu cm (0.5 water + 0.1 carbon)'//
' The default selection is ',I2,'.")

CALL CHANGE ((1), ICFLAG, IX, (1}, (3}, RX,RL,RH,R8X}
IF (ICFLAG.EQ.1} IWD = IX

CONTINUE

review/query/modify inhalatfon exposure parameters

/

IF (INHAL .EQ. 0) GO TO 300

GNAME (1) 'inhalati?
GNAME(2) ton !

CALL GROUP (IGFLAG, GNAME)
IF (IGFLAG .EQ. 0) GO TO 300
RIN = RINH * 8766.
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WRITE (SCRN,1301) RIN

FORMAT (t 1,20(/),* 1,

'The number of hours of inhalation of contamination !,
/' per year is ',1PG10.3,' (range = 0.0 to 8766.)")
CALL CHANGE ((2),ICFLAG,IX,IL,IH,RX,(0.0),(8766.),R8X)
IF (ICFLAG .EQ.,1) RIN = RX

RINH = RIN / 8766.

WRITE (SCRN,1300) INHAL

FORMAT (' ',20(/),' ',

'"Two resuspension models are available: '/

! 1 = Anspaugh'/

' 2 - Mass Loading'/

/' The selected model is ',I1)

CALL CHANGE ((1), ICFLAG, IX, (1), (2}, RX, RL, RH, R8X)
IF (ICFLAG.EQ.1) INHAL = IX

IF (INHAL .EQ. 2) GO TO 310

WRITE (SCRN,1310) AGE
FORMAT (t ',
'The number of years that contamination existed'/
' on the surface, to account for environmentait/
' weathering, at the start of the scenario 1/,
' is 1,1PG10.3,' years. (range = 0.0 to 25.0) ")
CALL CHANGE ((2), ICFLAG, IX, IL. IH, RX, (0.0),(25.0), R8X)
IF (ICFLAG.EQ.1) AGE = RX
AYCM = XDPT # 15.0
WRITE (SCRN,1320) AVCM
FORMAT (v 1,
'The top ',F4.l,' cm. of the contaminated surface soil'/
' layer is available for resuspension (range = 0.0 to 15.0}"}
CALL CHANGE ((2), ICFLAG, IX, IL, IH, RX, (0.0},(15.0), R8X)
IF (ICFLAG.EQ.1) XDPT = RX/15.
CONTINUE

IF (INHAL .EQ. 1) GO TO 320

WRITE (SCRN,1330) DEN

FORMAT (' ',

'The density of the soil is ',1PG10.1,' grams per cubic !
‘meter.'/' (range = 1.E5 to 5.0E7)")

CALL CHANGE ((2), ICFLAG, IX, IL, IH, RX, (1.E5),{(5.E7), R8X)
IF (ICFLAG.EQ.1) DEN = RX

WRITE (SCRN,1340} XMLF

FORMAT (1 1,

'The Mass Loading Factor is ',1PGl0.1,' grams per cubic '
'meter.t/? (range = 1.E-7 to 0.1')

CALL CHANGE ({2}, ICFLAG, IX,IL,IH, RX, (1.E-7),(0.1), R8X}
IF (ICFLAG.EQ.1) XMLF = RX
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CONTINUE
CONTINUE

review/query/modify organ parameters - e e e

GNAME(1) = torgan !

GNAME( 2) ! '

CALL GROUP (IGFLAG, GNAME)
IF (IGFLAG .EQ. 0) GO TO 800

WRITE (SCRN,1800) NORG

FORMAT (' 1,20(/),' ',

'The number of organs considered is ',I2,' (range =1 to 5)%/
' Total body must always be one of the selected organs.t'}

CALL CHANGE ((1}, ICFLAG, IX, (1), (5), RX, RL, RH, R8X)

IF (ICFLAG.EQ.1) NORG = IX

DO 810 I = 1, NORG
WRITE (SCRN,1810)
WRITE (SCRN,1812)
WRITE (SCRN,1811) I, KORG(I)
FORMAT (* ¢V,
'*The available organs are:!//
1-Total body 9-Adrenals 17-Pancreas!'/
' 2-Body water 10-Testes 18-Heart!/
' 3-Kidneys 11-Ovaries 18-GIY/
't 4-Lijver 12-Skin 20-Stomacht/
' 5-Spleen 13-Brain 21-Small intestinet)
FORMAT (¥ !,

' 6-Bone l4-Muscle 22-Upper large intestinet/
' 7-Fat 15-Prostrate 23-Lower large intestinet'/
' 8-Lungs 16-Thyroid*'//

' The ONSITE dose rate factor files have data on (1l)total!,
' body, {6)bone,?!/

' (8)Tungs, (16)thyroid, and (Z3)LLI. If you wish to use ',
tother!')

FORMAT (t 7,

torgans, a new environment must be created. See Section 2.2'/

' of the Users Manual.t//
' The current selection for organ no. ',I2,!' is ',12)
CALL CHANGE ((1), ICFLAG, IX, (1), (23), RX, RL, RH, RBX)
IF (ICFLAG.EQ.1l) KORG(I} = IX

CONT INUE

CONTINUE
RETURN

END
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a0

— -

SUBROUTINE OPTION

This subroutine allows the user to select various exposure
pathways for the construction of a scenario.

Module of ONSITE
Yersion of 17-APR-84 RAP

OOO0OO0O0O0O00

O

2002

2004

8004

2005

INCLUDE T'ONSITE.CMN!

REAL*8 ANS(2)
DATA ANS /Y(N/Y) ', {(Y/N) v/

IA=1
IF (ISUR .EQ. 1) IA = 2
WRITE (SCRN,2002) ANS{IA}
FORMAT (' ',24(/), 14X,
Do you wish to consider external exposure to surfacet'/

14X, 'contamination? f,A8)

READ (KEY,8004) IDUM
IF (IA .EQ. 1 .AND. (IDUM .EQ. 'Y' .OR, IDUM ,EQ. 'y')} ISUR=1
IF (IA .EQ. 2 .AND, (IDUM _EQ. 'N' .OR. IDUM ,EQ. 'n')} ISUR=0

IA=1
IF (IEXT .EQ. 1) IA=2
WRITE (SCRN,2004) ANS(IA)
FORMAT (' v, 24(/), 14X,
'Do you wish to consider external exposure and crop '/

.14X, 'penetration to deeply buried waste? ',A8)

READ (KEY,8004) IDUM

FORMAT (Al)

IF (IA .EQ. 1 .AND. (IDUM .EQ. t'Y' .OR. IDUM .EQ. 'y'))} IEXT=1
IF (IA .EQ. 2 .AND. {IDUM .EQ, 'N*' .OR. IDUM .EQ. 'n')) IEXT=0

IA=1
IF (IFOD .EQ. 1) IA=2
WRITE (SCRN,2005) ANS(IA)
FORMAT (t ', 24(/), 14X,
Do you wish to consider farm product ingestion 7%/
14X, A8)
READ (KEY,8004) IDUM
IF (IA .EQ. 1 .AND. (IDUM .EQ. *'Y' ,OR. IDUM .EQ. 'y')) IFOD=l

IF (IA .EQ. 2 .AND. (IDUM .EQ. 'N' ,OR. IDUM .EQ. 'n")) IFOD=0

IA=1
IF (IWAT .EQ. 1) IA=2
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WRITE {(SCRN,2006) ANS(IA)
FORMAT (v ', 24(/), 13X,
'Do you wish to consider drinking water ingestion '/
14X, 'from a contaminated well? *, A8)
READ (KEY,8004) IDUM
IF (IA .EQ. 1 .AND. (IDUM .EQ. 'Y' .OR. IDUM ,EQ. fy')) IWAT=1
IF (IA .EQ. 2 .AND, (IDUM .EQ. *N* ,OR, IDUM .EQ. 'n')) IWAT=0

IA=1
IF (IARG .EQ. 1) IA=2
WRITE (SCRN,2007) ANS(IA)
FORMAT (' ¥, 24(/), 13X,
‘Do you wish to consider consumption of aquatic!/
14X, 'food from a contaminated river? ', A8)
READ (KEY,8004) IDUM
IF (IA .EQ. 1 .AND, (IDUM ,EQ. 'Y' .OR. IDUM .EQ. 'y'")) 1ARG=1
IF (IA .EQ. 2 .AND. (IDUM ,EQ, 'N®' ,OR. IDUM ,EQ. *n')) IARG=D

2000 CONTINUE

RETURN

END
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o0
1
1
1
1

SUBROUTINE QUANTI (I

This subroutine requests the quantity of the current radionuclide
for each of the selected pathways.

Module of ONSITE
Yorsion of 22-FEB-85 RAP

OOO0O0O0000O0

O

202

INCLUDE 'ONSITE.CMN?

REAL*8 REX
DIMENSION WHERE(3,2)

DATA WHERE /'depo','site','d on',
Yburit,'ed at,'t Y/

CONTINUE
IF (IRS .EQ. 4) GO TO 206

IF (M3M2 .LT. 0 .OR. M3M2 .GT. 2) M3M2 =0

IF (ISUR .EQ. 1 .OR. ILOC .EQ. 5) THEN
IA=1

ELSE
IA=2

ENDIF

WRITE (SCRN,1050) ELTI(I), AWI(I), (WHERE(J,IA),J=1,3},
NYUCINUT), (UNITS{J,M3M2+1), J=1,2)

FORMAT (//' 9,

'Enter the quantity of ',A2,Ab,3A4,' the site at',

' start of'/' calculation {units: ', A4, ZAB,') :1)

CALL CHANGE((2),(2),IX,IL,IH,RX:(0.),{1.E30), RBX)

Q{I) = RX

CONTINUE

IF (IRS .LT., 4) GO TO 301

WRITE (SCRN,1052)

FORMAT (' 7,14(/},' t,

' To consider only irrigation or only drinking water '
'contamination,'/

' enter zero quantity for the other pathway.')

WRITE (SCRN,1060) ELTI(I), AWI(I)

FORMAT (//' ',

'Enter the concentration of ',A2,A6,' in the irrigation ',
'water at start of'/' calculation (units: pCi/Titer):")
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CALL CHANGE ((2},(2), IX,IL,IH, RX, (0.}, (1.E30}, RBX)
QI(I) = RX
IF (QI(I) .GT. 0.) IWRL=1

CONTINUE
WRITE (SCRN,1070) ELTI(I}, AWI(I}
FORMAT (//' 1,
'Enter the concentration of ',AZ,A6,' in the drinking water!,
' at start of'/' calculation (units: pCi/liter):')
CALL CHANGE ({(2),(2), IX,IL.IH, RX, (0.0), (1.E30), R8X)
QI(I) = RX
IF (QI{I) .GT. 0.) IWRL=1

CONTINUE

RETURN

END
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C
c
SUBROQUTINE RADIN
c
C This subroutine controls input of the radionuclide master library
c and user radiological inventory fnput
c
c Module of ONSITE
c Yersion of 3-APR-85
c
C
c
INCLUDE 'ONSITE.CMN!
c
REAL*8 R8X, ORG(Z23), CL(3)
DIMENSION E(300), A(300), N5(2,300), IS{(2), IDORG(5)
REAL%*8 A
INTEGER E
c
DATA ORG /'tot body','body H20','kidneys !','iiver 1','spleen !,
. 'bone ",1fat ','lungs ','adrenals','testes !,
tovaries ','skin '»!'brain  ','muscle ',t'prostratf,
*thyroid '.'pancreas','heart ','GI 's'stomach ¥,
'sm, int.','UL] ', 1LLI '/
c
DATA IDORG / 1,6,8,16,23/
DATA NIN, 1 /0,0/
DATA IS /' ','inY/
DATA CL /1'Class D *,'Class W ','Class Y ¥/
DATA FIRTIM /0/
c
C-~-- read in radionucliide 1ibrary
C
IF (FIRTIM .EQ. 0) THEN
C

NUC = 1
READ(10,8003) IDUM
8003 FORMAT (A8}
c
100 CONTINUE
READ(10,1001,END=992) E(NUC), A{(NUC), IM, (NS{J,NUC),J=1,2)
1001  FORMAT(A2,AB,8X,12,41X,211)
IF (IM .EQ. O0) GO TO 200

NUC = NUC + 1
GO TO 100
c
200 CONTINUE
ENDIF
C
C--—-- set flag 1f translocation review/check desired
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IF (FIRTIM .EQ. 0} THEN
ITC =0

IF (INHAL .EQ. 0 } GO TO 410
WRITE (SCRN,4101)
FORMAT (' 7,20(/),' !,
Do you wish to review and/or change solubility classification?
/' for each organ for each radionuclide. The default assump-?!
/' tion is elements are insoluble for lung and soluble for all!?
/' other organs. {N/Y)!')
READ {KEY,8001) IDUM
IF (IDUM ,EQ. *'Y' .OR. IDUM .EQ. 'y") ITC =1

410 CONTINUE

C

ENDIF

C--- test if this is original or additional inventory and set flags --—---—--—-

C

[ —

610

Cmmum

(o —

208

1100

IF (FIRTIM .EQ. 0) THEN
NIN =0
I=0

ELSE
I = NIN

ENDIF

initialize quantity arrays —_—— —

IF (FIRTIM .EQ. 0) THEN
DO 610 IQ =1, 100

Q(Iq) = 0,

QI{IoQ = 0.

Qi = 0.

oK{IQ) = 0.
CONTINUE
ENDIF

display 1ist of radionuclides ==—==c——commcommme e e e e

CALL RDLIST (E,A)

signal beginning of inventory input -

CONTINUE
WRITE (SCRN,1100)
FORMAT (' ',20(/),' 1,
'The following questions pertain to the radionuclide '/
' inventory. After inputting the {nventory, enter!/
' "gg" for element name to signal to the program that '/
' you are finished.'///, ' 'V,70('§")//
' Press <return> when you have finfshed reading:')
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READ (KEY,B8001) IDUM
8001 FORMAT (AL)

C
C~~-- input name and source terms for each radionuclide -
C
149  CONTINUE
c
WRITE (SCRN,2400)
2400 FORMAT (t ',10(/),' Y,70( #%),///)
300 CONTINUE
ICFLAG = 1
WRITE (SCRN, 1010}
1010 FORMAT (//' Enter new 2-character element T,
. ' (98=1ist, 99=finished): '}

READ (KEY,8005) IZ
8005 FORMAT (A2)
IF (IZ .EQ. * ') GO TO 149
IF (IZ .EQ. '99') GO TO 148
IF (IZ .EQ, '98') THEN
CALL RDLIST (E,A)
GOTO 149
ENDIF

WRITE (SCRN, 1011)
1011 FORMAT ('OMass number input can be up to ¥,
. 16 characters long.!'/
! Include metastable (M) and daughter (+D) designation,?',
' (i.e., TEL2TMD} Y/ /
' Enter mass number: 1)
READ (KEY,8003) R8X

DO 140 IX =1, NUC
IF (IZ .EQ. ECIX) ,AND. R8X .EQ, A(IX))} GO TO 142
140 CONTINUE
WRITE (SCRN,2401)
2401 FORMAT (///' 1?7? Radionuclide not found in library, ',
. 'try again 2202'//)
GOTO 300

142 CONTINUE

DO 144 IN = 1, NIN
IF (ELTI(IN) .EQ. IZ .AND. AWI(IN)} .EQ. R8X) THEN
WRITE (SCRN,2402)
2402 FORMAT (///1'1717 Radionuclide aready {included, try ',
. tagain ?721'//)
GO TO 300
ENDIF
144 CONTINUE
C
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IXS = IX
NIN NIN + 1
I=1+1
ELTI(I}=1Z
ANT (1)=RBX
DO 143 J =1, 5
NSOLD(J,I} = NS(1,IXS)
IF (KORG(J) .EQ. 8) NSOLD(J,I} = NS(Z,IXS)

B

143 CONTINUE
c
IF (ITC .EQ. 0) GO TO 210
D0 212 4J = 1,5
WRITE (SCRN,2020} ELTI(I)
2020 FORMAT (' #,4(/),' ?,
. '*Element ',A2,' Translocation Classification:'/)
DO 213 K = 1,2
WRITE (SCRN,2021) K, CL(NS{K,IXS)), IS(K)
213 CONTINUE
2021 FORMAT (5X, I2,' - ',AB,' for ',A2,'soluble!)
WRITE (SCRN,2022) ELTI{(I), AWI(I), CL{(NSOLD{(J,I)),
. ORG(KORG( 1))
2022 FORMAT (//' The translocatfon index for ',AZ,A6,' is 1,
. AB,! for ',A8/
' To change enter Tndex.")
CALL CHANGE ((1), ICFLAG, IX, (1), (3), RX,RL,RH,R8X)
IF (ICFLAG .EQ. 1) NSOLD(J,I) = NS(IX,IXS$}
212 CONTINUE
210 CONTINUE
C
CALL QUANTI (I)
GO TO 149
C
148 CONTINUE
FIRTIM = 1
c
C
RETURN
c
Commm—mrme error messages e
c
990 WRITE (SCRN,9000)
9000 FORMAT (' Error opening radionuclide 1{ibrary.t)
STOP
c
992 WRITE (SCRN,9002)
9002 FORMAT (' Premature end-of-file discovered in library'}
c
c
c

END
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SUBROQUTINE RDLIST (E,A)

This subroutine displays the radionuclide master 1ist
when requested.

Module of ONSITE
Yersion of 14-FEB-85

300

1000

100
1001

1020

8001

INCLUDE *ONSITE.CMN?
REAL E(300)
REAL*8 A{300)

CONTINUE

WRITE (SCRN,1000)
FORMAT(///' Radionuclide inventory must be from the !
'following 1ist:")

DO 100 IN =1, 96, 5

WRITE (SCRN,1001) (E(I), A(I), I=IN, IN+4)
CONTINUE
FORMAT( 5(5X,A2,A6))

WRITE (SCRN,1020}

FORMAT (' Press any key to continue...')
READ (KEY,B8001) IY

FORMAT (Al)

RETURN

. g e -

END
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Commenm e ———————————— - ———
c

SUBROUTINE RITFIL

This subroutine writes a fiie with tnput parameters and
system commands for MAXIl. RITFIL is called by the program
ONSITE.

Module of ONSITE
INTRUD Yersfon of 26-MAR-85 RAP

e o — e Y e - —

INCLUDE '*ONSITE.CMN'

<) OO0 00O0

200 CONTINUE
C
C---~ assign 1ibrary files to logical unit devices ~————emmemrmmcmr i ccm—eeee
C

WRITE (OUT, 3009}
3009 FORMAT ('SET DEF DISK1:[LINTRUD.LIB]1t)
c
IF (IDT .LT. 2) WRITE (OUT, 3010}
3010 FORMAT ('ASSIGN FILE20.DAT FORO20'/
tASSIGN FILEZ1.DAT FORO21%)
C
IF (IDT ,EQ. 2) WRITE (QUT, 3011)
3011 FORMAT ('ASSIGN YEG20.DAT FQRO20'/
. YASSIGN YEG21.DAT FORO21Y)
c
IF (IDT .EQ, 3) WRITE (OUT, 3012)
3012 FORMAT ('ASSIGN MEAT20.DAT FOR0O20'/
. TASSIGN MEATZ1.DAT FORO21')
c
c
c IF (IARG .GT. 0) WRITE (0UT, 3020)
WRITE (OUT,3020)
3020 FORMAT (*ASSIGN FILE24.DAT FOR024')
C
c IF (IWAT .GT. 0) WRITE (OUT, 3030}
WRITE (QUT,3030)
3030 FORMAT ('ASSIGN FILE25.DAT FORD25')
C
WRITE (0UT,8200)
8200 FORMAT ('*ASSIGN PLANEA.DAT FOR022')
c
IF (ILOC .EQ. 1 .AND. IwD .EQ. 1} WRITE (QUT, 3040}
3040 FORMAT (*ASSIGN PLANEA.DAT FOR0D22')
c
IF (ILOC .EQ, 1 .AND, IND .EQ. 2) WRITE (OUT,3088)
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3088 FORMAT ('ASSIGN PLANEB.DAT FOR0Z2')

C

IF (ILOC .EQ. 1

.AND. IWD ,EQ. 3) WRITE

3089 FORMAT ('ASSIGN PLANEC.DAT FOR022')

c

C

WRITE (QUT, 8201)

8201 FORMAT ('ASSIGN

IF (ILOC .EQ. 2

3044 FORMAT ('ASSIGN

C

C

C
C

C

C
C

C

C

C

C

c

IF (ILOC .EQ. 2
3031 FORMAT {*ASSIGN

IF (ILOC .EQ. 2
3032 FORMAT ('ASSIGN

{F (ILOC .EQ. 3
3041 FORMAT ('ASSIGN
c
IF (ILOC .EQ. 3
3033 FORMAT ('ASSIGN

IF (ILOC .EQ. 3
3034 FORMAT ('ASSIGN

IF (ILOC .EC. 4
3042 FORMAT ('ASSIGN
c
IF (ILOC .EG. 4
3035 FORMAT ('ASSIGN

IF (ILOC .EQ. 4
3036 FORMAT ('ASSIGN

IF (ILOC .EQ. 5
3037 FORMAT ('ASSIGN
C
IF (ILOC .EQ. 5
3038 FORMAT (TASSIGN

IF (ILOC .EQ. 5
3039 FORMAT (TASSIGN

YOLSOURCA.DAT FORD271')

.AND. IWD ,EQ. 1} WRITE
YOLSOURCA.DAT FOROZ7")

.AND. IWD ,EQ. 2) WRITE
YOLSOURCB.DAT FOROZ7 ")

+AND. IWD .EQ. 3) WRITE
YOLSOURCC.DAT FOROZ7')
«AND. IWD .EQ. 1) WRITE
BURIEDHFA.DAT FOROZ7')

+AND. IND .EQ. 2) WRITE
BURIEDHFA.DAT FOROZ71!)

.AND. IWD ,EQ. 3) WRITE
BURIEDHFB.DAT FOROZ7 ')
.AND. IWD .EQ. 1) WRITE
BURIED1A.DAT FOROZ7')

+AND. IWD .EQ. 2) WRITE
BURIED1B.DAT FORQZ7 ')

.AND. IWD .EQ. 3) WRITE
BURIED1C.DAT FORGO271)

+AND. IWD .EQ. 1) WRITE
STOREDA.DAT FOROZ7')

+AND. IWD .EQ. 2) WRITE
STOREDB.DAT FORDZ7 ')

+AND. IWD .EQ. 3) WRITE
STOREDC.DAT FOROZ7!)

WRITE (OUT, 3050
3050 FORMAT ('ASSIGN RMDLIB.DAT FORO1OY/

'ASSIGN

FILE23.DAT FORGZ231)
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C---- calculate output values —-—---— —-
c
RPF = RPF1
IF (RPF2 .GT, 0.) RPF = RPF1 * RPF2
c
IF (INHAL ,EQ. O0) RINH = 0.0
IF (INHAL .EQ. 2) AGE = -1.0
c
c
C——-- execute command, title, and NAMELIST - —_—
c
c
c

WRITE (OUT, 3100} (TITL(I), I=1,20)
3100 FORMAT ('RUN DISK1:[INTRUD.TAPIMAXIlt/20A4/"' $INPUT NEXT=1,%)
C
WRITE (OUT, 3110) IFOD, 1ARG, IWAT, IEXT, ISUR, IAIR
3110 FORMAT (°* IFOD=",1I1,', IARG=',I1,', IWNAT=7,I1,', IEXT=',I1,%,t/
. ' ISUR=',I1,!, IAIR="11"I')
C
IF (IFOD .GT. 0) WRITE (QUT, 3120} RIRR, IMQ, RFl, RF2
3120 FORMAT (! RIRR=',G10.3,', IMD=t%,I1,
’ Y, RF1=',G10.3,'s RF2=',G10.3,',")
C
WRITE (OUT,3022) RPF1, RPF2
3022 FORMAT (! RPF1= *,G10.3,', RPF2= ',G10.3,1,")
C
IF (IWAT .GT. 0) WRITE (0UT,3130) IDKWAT
3130 FORMAT (! IDKWAT=*,11,1,1)
c
IF (IAIR .GT. 0) WRITE (QUT,3140) XQSITE, IDKAIR
3140 FORMAT (¢ XQSITE=*,G10.3,', IDKAIR=',I1,*',")
C
IF (INHAL .EQ. 1) WRITE (OUT, 3150} AGE, XDPT
3150 FORMAT (! AGE=',G10.3,1, XDPT=!,G10.3,7,!')
c
IF (INHAL .EQ. 2) WRITE (OUT, 3160) DEN, XMLF
3160 FORMAT (1 AGE=-1, DEN=',G10.3,', XMLF=',Gl0.3,',")
Cc
WRITE (OUT, 3170) RINH, DILF, XF2
3170 FORMAT (! RINH=',F10.6,', DILF=',G10.3,', XF2=1,Gl0.3,!',")
c
WRITE (OUT,3180) M3M2, INTRUD, 122
3180 FORMAT (¢ M3M2=1%,12,1, INTRUD='r113': I12Z2=',11,1,")
c
WRITE (OUT,3190) IT1l, IT2, NORG, (KORG(I),I=1,NORG)
3190 FORMAT (! ITl=t,14,', IT2=%,14,', NORG=',12,
. t, KORG(1)=',5(12,t',") )
c
WRITE (OUT,3192) SRDIL, FRSIZ, AREAIN, AREAEX

B.36



APPENDIX B COMPUTER CODE LISTING — ONSITE

3192 FORMAT(* SRDIL=',G10.3,f, FRSIZ=!,G10.3,', AREAIN=!,Gl0.3,",!/
. ' AREAEX= ',G10.3,',")

C
WRITE (OUT, 3200) IOUT

3200 FORMAT (' IOUT=',12,', ION=1, $END')

C

C--- adjust inventory to proper units and write to file
C
WRITE (OUT, 3300} NIN, IRR
3300 FORMAT (2I5)
C
PO 100 I = 1, NIN
Q(I} = Q(I) * NVUNIT{(INUT)
WRITE (QUT, 3400) ELTI(I), AWI(I}, (NSOLD{J,I),J=1,5),
. Q(I), QI(I), QJ(I), OK(I}
3400 FORMAT (A2,A6,511,4(1PG10.2})
100 CONTINUE

RETURN

~-=-= @rror routines

O [ ]

992 WRITE (SCRN,9920)
8920 FORMAT ('OError in opening ocutput file')
GO TO 200
C
994 WRITE (SCRN,9940)
9940 FORMAT ('OError in closing output filet)
STOP

OO0

END
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o0

SUBRQUTINE SCENR

This subroutine establishes default parameter values for the
selected scenarfio,

Module of ONSITE
Yersion of Z3-MAR-85 RAP

(e ReNoNeReReNole]

INCLUDE 'ONSITE.CMN'®

c
Commonm sot default values per scenario -~
c

DATA NEXT,IOUT /1.,0/

DATA IFOD, IWAT, IARG, IEXT, IAIR, INHAL, ISUR / 1,1,0,1.,0,1,1 /
DATA NORG, KORG / 5, 1,6,8,16,23 /

DATA IT1, ITZ / 1,50 /

DATA RIRR, RPF1l, RPFZ, RPF, IMO / 150., 1.0, 1.0, 0.2, 6 /
DATA RF1, RF2 / 1.0, 0.0 /

DATA IDKWAT, IDKAIR, XQSITE / 0, 0, 0.0 /

DATA XF2, 122, RINH / 2000.0, 0, .23 /

DATA AGE, XDPT, DEN, XMLF / 0.0, 0.067, 1.0E+6, 1.0E-04 /
DATA DILF, M3M2 / 1.0, 1 /

DATA INTRUD, IBS, ILOC, IRR/ 0, 1, 2, O /

DATA SRDIL, INUT /0.2, 1/

DATA FRSIZ, AREAIN, AREAEX /1.0, 1.0, 1.0/

DATA IWD, IDT /1.,1/

IF (IRS .EQ, 1) ILOC=3

IF (IRS .LT. 3) IFOD=0

IF (IRS .LT. 4) IWAT=0
IF (IRS ,EQ. 1) ISUR=0

IF (IRS .EQ. 2) ISUR=0D
IF {IRS .EQ. 3) IEXT=0
IF (IRS .EQ. 4) IEXT=0
IF (IRS .EQ. 5) IARG=1

IF (IRS .EQ. 5) XF2=8766.
IF (IRS .EQ. 4) IRR =10
IF (IRS .EQ. 5) RINH = 1.0
IF (IRS .EQ. 5) INHAL=2
IF (IRS .EQ. 1) INHAL=0
IF (IRS .EQ. 1) RINH=0.0
IF (IRS .EQ. 1) NORG=1

RETURN

END
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OoOOO0O0O00O0 OO0

L o

c

2004 FORMAT ()

c

SUBROUTINE SELECT

This subroutine prints a menu of scenaric seiection for the
user and then test validity of the user input.

Module of ONSITE
Yersion of 17-APR-84 RAP

INCLUDE 'ONSITE.CMN?'

WRITE (SCRN,2004)

. 'The

14X, 0]
L14X,12
14X, 13
14X, 14
14X, 15

100 CONTINUE
WRITE {(SCRN,2006)

2006 FORMAT(14X,'To select a scenario or for addftional information'/

Yy 24(/), 13X,

folTowing scenarios have been defined:!//

External exposure'/

External exposure plus inhalation from resuspensiont'/

Agricultural activities '/

Use of well water for irrigation and drinking water!/

User-created scenariol//})

.14X,'on a scenario enter 1, 2, 3, 4, or 5¢ 1)

C
READ (KEY,*) IRS
IF (IRS .LT. 1 .OR. IRS .GT. 5) GO TO 100
C
RETURN
c
C -—
END
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APPENDIX C

EXTERNAL_EXPOSURE DOSE RATE FACTOR LIBRARIES

OONTENTS

PLANEC. csevcevaosasnvosnanas cseressavesrtsressnene
STOREDA. . vveesvacenanancsnsoreansasnsrnassaosonans
STOREDB. esvevanennsasonorensosnsvsascversannsonna
STOREDC. s vveavrnvancinannns casarecranvsarrernares
VOLSOURCA. s s auesvavacssrsssvsnacacsosncsnsassnana
YOLSOURCB.sovsvsvsrevanascsvansvaracens vasenaisane
VOLSOURCC.. . 0vavan seaene cresessnsenesaone cresrnan
BURIEDHF A e vaoureranonennsornacancsnsosasanens o
BURIEDHFB. s scenusersnsesesssnersaaresnaosvsnanane
BURIEDHFC. e sevarvacenarareresnarensncrosanaces tesa
BURIED1A........... Seeavesdsenestrerantseranannnn
BURIEDIB.vevvieeresuacnnnnronans cereruienen crsans

BURIEDlCI.-..l.l'.ll.l....l.ll..l....‘. aaaaaa nasa

C.1
Cc.3
C.5
C.7
c.9
c.1l1
C.13
C.15
c.17
C.19
C.21
C.23
C.25

C.27



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - PLANEA

ONSITE/MAXI 15 CM, PLANE SOURCE ON SURFACE (DEN: CONCRETE/1.8) MR/HR 26-JUN-85
100
H3 0.0E+00
C 14  6.26-04
NA22  4.3E+02
P32  9.2E-01
P33  2.8E-03
S35  0.0E+00
CL36  7.5E-02
K 40  5.7E401
CM5  2.BE-03
SC46  7.2E402
CR51  1.1E+01
MN54  2.9E+02
FE55  0.0E+00
FE5S9  4.0E+02
Co57  2,1E+01
0060  8.6E+02
NISS  0.0E+00
NI63  1,4E-05
ZN65  2.2E+02
SE7T5  9.2E+01
SRB5  1,8E+02
SR90+D  1.9E+00
MO93  1.4E+00
NB94  5.3E+02
RULO6+D 4.1E+01
CD109  7.6E+00
AG110M+D1,1E+03
INI11  7.6E+01
SB124  7.2E402
SB125+D 1.7E+02
I 125+D 8.8E-01
I 1314D 1.2E+02
CS137+D 2.1E402
CE144+D 1.7E+01
EUL52  4.0E+02
EUL54  4.2E+02
TB160  3.BE+02
05185  2.5E+02
0S191  7.9E+00
IR192  2.5E+02Z
HG203  4,7E+01
PBZ10+D 3.4E-01
RA2264D 4,7E+02
TH228+D 1.2E403
THZ30+4D 1.7E~02
TH232+D 7.4E-01
U 233+D 4.2E-03
U234 6.9E-02
U 235+D 2.1E+01

C.1



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES -~ PLANEA

U 238+D 4.9E+00
NP237+D 6.2E+01
PU241+D 1.1E+00
SR89 5.7E-01
Y 89M  3.7EH00
SR90 3.0E~02
Y 90 1.9E+00
M099 4.8E+01
TCOSM  1.9E+01
TC99 4,0E-03
RULO3  1.8E+D2
RH103M 5.1E-02
PD103  2.8E-01
1129 4.3E-01
Cs134 6.0E+02
CS135  1.3E-03
CS137  4.1E-02
BA137M 2.2E+02
CEl41 1.0E+01
SM151  2.4E-04
U235 2.0E401
TH231  1.3E+00
PAZ31 8.6EH00
AC227 1.3E-02
TH2Z7  2.5E+01
FR223  7.6E+00
RAZZ3  2.6E+01
NPZ37  1.9E+00
PAZ33  6.0E+01
U233 4.2E-03
TH229  1.8E+00
RA225 6.8E-01
AC225 1.7E+H00
U238 9.8E-03
TH234  7.5E-01
PA234M  2,9E+00
PAZZ4 6.3E4+02
PU242 8.1E-04
NP238 2.0E+02
PU238 2.9E-03
CM244  1.8E-03
PU244  6.8E-07
U240 4.7E-02
PU240  2.7E-03
CM243  2.5E+01
PU243  2.7E+00
AM243  3.6E+00
NP239  2.9E+01
PU239  2.9E-03
PU241  2.9E-12
AM241  1.1E+00

CI2



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - PLANEB

ONSITE/MAXI 15 CM. PLANE SOURCE ON SURFACE (DEN: WATER 1.0) MR/HR 26-JUN-85
100
H 3 0.0E+00
C1l4 5.2E-03
NAZ2 6.4E+02
P3az 2.3E+00
P 33 5.1E-02
S 35 0.0E+00
CL3s 1.BE-D2
K 40 8.8E+01
CA45 1.BE-02
5C46 1.1E+403
CR51 2.3E+01
MNG 4 4,BE+02
FESS 0.0E+00
FES9 5.8E+02
Co57 6.2E401
Co60 1.3E+03
NI59 0.0E+00
NIG3 2.9E-13
ZN65 3.4E402
SE7S 2.2E+02
SRB5 3.7E+)2
SR90+D 4.7E+00
M0g3 1.3E+1
NB94 9.4E+02
RU106+D 8,0E+(01
cbl109  2.6E+01
AG110M+D1.BE+D3
IN111 2.0E+02
SB124 1.2E+03
SB125+D 3.4E+402
I 1254D 1.2EH}]
I 131+D 2.6E+02
CS137+D 3.9E+02
CE144+D 3.4E+01
EUl52 6.5E+02
EU154 6.BE+02
TB160 6.0E+D2
05185 4.7E+02
05191 2.7+l
IR192 5.4E+0D2
HG203 1.2E+02
PB210+D 1.4E+00
RA226+D 7.6E+02
TH228+D 1.9E+03
THZ30+4D 7.7E=D2
TH2324D 4.2E400
U 233+D 3.2E-02
U 234 2.6E-01
U 235+4D 6.1E+01

C.3



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - PLANEB

U 238+D 9,3E+00
NP237+0 1,4E+02
PU241+D 6,.4E+00
SR89 1.6E+00
Y 89M  5,3E+00
SR90 1.3E-01
Y 90 4.6E+00
MO9S 9,2E+01
TC9SM  5.5E+01
TC99 2.4E-02
RU103  3.7E+02
RH103M 8.7E-01
PD103  4.7E+H00
I129 6.2E400
5134 1,1E+03
CS135  9.6E-03
CS137 1.6E-01
BA137M 4.1E+02
CE141 3.2E+01
SM151  4.4E-03
U 235 5.6E+01
TH231  5.4E+C0
PAZ31 1.9E401
AC227  4.0E-02
TH227  6.0E+01
FR223  2.3E+01
RA223  6.4E+01
NP237  7.8E+00
PA233  1.3E+02
U233 3.2E-02
TH228  5.8E+00
RA225  5.4E+00
AC225 5.DE+00
U238 5.6E-02
TH234  2.6E+00
PAZ34M 4 .6E+00
PA234  1.CGE+03
PU242 6,5E-03
NPZ38 2.9E+02
PU238  1.3E-02
CM244  1.5E-02
PU244  1.2E-05
U 240 2.7E-01
PU240  1,1E-02
CM243  6.7EH01
PU243  8.1E+0C
AMZ243  1,4E+01
NP239  7.6E+01
PUZ39 1.1E-02
PU241  5.0E-11
AM241  6.4E+00

C.4



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES ~ PLANEC

ONSITE/MAXI 15 CM. PLANE SOURCE ON SURF. (DEN: H20:CARBON/.5,.1)}MR/HR Z6-JUN-85
100
H3 0.0E+00
C1l4 8.3E-03
NAZ22 7.8E+02
P32 3.1E+00
P 33 2.8E-02
S 35 0.0E+00
CL36 4.0E-01
K 40 1.1E+02
CAM5 2.8E~-02
SC46 1.4E+03
CR51 2.9E+01
MN54 6.0E+02
FE55 0.0E+OD
FE59 7.2E+02
€057 8.4E+01
Co60 1.6E+03
NI59 0.0E+H00
NI63 3.3E-04
ZN65 4.1E4+02
SE75 3.0E+02
SR85 4,8E+02
SRI0+D 6.3E+00
MO93 2.1E+01
NBS4 1.2E+03
RUL06+D 1.0E+02
CD109  3.6E+01
AG110M+D2.2E+03
IN111  2.7E+02
SB124  1.5E+03
SB125+D 4.,3E+02
I 125+D 2.0E+H01

I 13140 3.4E402
CS1374D 4.8E+02
CE144+D 4.4E401
EU152 B.0E+H0Z
EUl154 8.4E+02
TBl60 7.5E+02
0§185 5,.8E+02
05191 3.8E+01
IR192 6.9E+02
HG203 1.5E+02
PB210+D 2.1E+00

RA226+D 9,4E+02
TH228+D 2.2E+03
TH230+D 1.1E-01
TH232+D 6.1E+00
U 334D 4.9E-02
U234 3.,7E-01
U 235+D 8.4E+01



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - PLANEC

U 238+D 1.2E401
NP237+D 1.BE+02
PU241+D 9.5E+00
SRB9 2,1E+00
Y 89M  6.6E+00
SR90 1.9E-01
Y 90 6.1E+00
M099 1.1E402
TC99M  7.6E+01
TC99 3.6E-02
RUL03  4.6E+02
RH103M 1.5E+00
PD103  8.2E+00
I129 1.0E+01
CS134  1.3E+03
CS§135 1.5E-02
CS8137  2.2E-01
BAI37M 5.1E+02
CEl41 4.5E+01
SM151  7.6E-03
U235 7.6EH01
TH231  8.0E+00
PAZ31  2.6E+01
AC227  5.5E-02
TH2Z7  7.8EH1
FR223  3.1E+01
RAZ223  8.6E+01
NP237  1.1E+01
PA233  1.7E+02
U233 4,9e-02
TH229  8,1E+00
RA225 B8.1E+00
AC225 6.BE+HOO
U238 B.1E-02
TH234 3.6E+00
PAZ34M 5,8E+00
PAZ34 1.3EH)3
U242  9.BE-03
NPZ238 3.7E+02
PU238 1.8E-02
CM244  2,2E-02
PU244  2.2E-05
U 240 5.0E-01
PU240  1.6E-02
CM243  S.0E+01
PU243  1.1E+01
AM243  2.1EH01
NP239  1.0E+02
PU239 1.6E-02
PUZ41  8.1E-11
AMZ4]  9,5EH00

C.6



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - STOREDA

ONSITE/MAXI - STORED: 1.0 M THICK FINITE SLAB (DEN: sofl 1.8) MR/HR 26-JUN-85
100
H3 7.6E-15
C 14 1.0E~04
NA22 1.7E+02
P 32 3.4E-01
P 33 6.3E-04
S 35 0.0E+00
CL3é 2,5E-02
K 40 2,2E+01
CA45 6.4E-04
SC46 2,8E102
CR51 4,1E+00
MN54 1.1E+02
FESS 0.0EH00
FESS 1.5E+02
C057 8.2E+00
o606 3.3E402
NIS9 0.0E+00
NI63 1.2E-06
ZN65 8.7E+01
SE75 3.6E+01
SRB5 7.0E401
SR90+D 7.3E-01
MO93 1.3e=01
NB94 2,0E+02
RUL06+D 1.6E+01
CD109  2.2E+00
AGL10M+D4.0E+H02
IN111  2.9E+01
SBl24  2.BE+02
$B125+D 6.4E+01
I 125+D 7.4E-02
I 131+D 4.7E+01
CS137+D 7.7E+01
CE144+D 6.4E+00
EUL5Z  1.6E+402
EU154  1.6E+02
TB160 1.5E+02
0S§185  9.3E+01
05191  2.BE+H0O
IR192 9.8E+01
HG203  1.8E+01
PB210+D 1.0E-01
RAZ26+D 1.8E+02
TH228+D 4.9E+02
THZ30+D 4.7E~03
TH2324D 2.0E-01
U Z33+D 6.4E~0C4
U 234 2,.4E-02
U 235+D B.0EH0O

c.7



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - STOREDA

U 238+D 1.8E+00
NP237+D 2.4E+01
PU241+D 3.0E-01
SR89 2.1e-01
Y 89M  1.4E+00
SR90 9.5E-03
Y 90 7.2E-01
M099 1.8E+01
TCO9M  7.4E+00
TC99 1.0E-03
RU103  6.9E+01
RH103M 4.0E-03
PD103  3.2E-02
1129 3.8E-02
CS§134  2.3E+02
CS135  2.6E-04
CS§137  1.4E-02
BA137M B8.2E+01
CE141 4.0E+00
SM151  1.8E-05
U235 7.6EH00
TH231 3.9E-01
PAZZ1  3.3E+00
AC227  5.0E-03
TH227  9.5E+00
FR223  2.7E+00
RAZZ3  9.7E+00
NP237 5.6E-01
PAZ3Z3  2.3E+01
U 233 6.4E-04
TH229 7.0E-01
RA225  7.3E-02
AC225 5.7E-01
U238 2.6E-03
TH234  2.3E-D1
PA234M 1.1E+00
PAZ34  2.4E+02
PU242  B.6E-D5
NPZ38  7.9E401
PU238 9.1E-04
CMz244  1.9E-D4
PU244  T7.9E-09
U240 7.6E-03
PU24C  8.9E-04
CM243  9.8E+00
PU243  8.8E~01
AM243  1.0E+00
NP239  1.1E+01
PUZ239  1.0E-G3
PU241  2.9E-14
AM241 3.0E-01

c.8



APPENDIX C ~ EXTERNAL DOSE RATE FACTOR LIBRARIES - STOREDB

ONSITE/MAXI ~ STORED: 1,0 M THICK FINITE SLAB (DEN: H20 1.0) MR/HR 26-JUN-85
100
H3 7.3E-12
C 14 3.4E-03
NA22 3.0E+02
P32 1.1E+00
P 33 1.1E-02
S 35 0.0E+00
CL36 1.5E-01
K 40 4,5E+01
CA45 1.1E-02
SC46 5.3E+02
CR51 9.8E+00
MNS 4 2.2E402
FE55 0.0E+00
FE59 2.8E+02
C057 2.7E401
co60 6.1E+02
NI59 0.0E+00
NI63 1.4E-04
ZN65 1.6E402
SE75 9,.7E+01
SR85 1.7E+02
SRI0+D 2.2E+00
M0OS3 7.9E+00
NB94 4.3E+02
RU106+D 3.6E+01
CD109 1.7Et01
AGL10M+DB.4E+02
IN111  8.BE+01
SB124 5.7E+02
5B125+D 1.6E+02
I 125+D 8.2E+00
I 1314D 1.2E+02
CS137+D 1.8E+02
CE1444D 1.6E+01
EU152 3.1E+02
EU154  3.2E+02
18160  2.8E+02
05185  2.Z2E+02
05191  1.4E+01
IR192 2.3E+02
HG203  5.1E+0]
PB2104D 7.6E-01
RAZ226+D 3.7E+02
TH228+D 9.3E+02
TH2304D 5.1E-02
TH232+D 2.8E+00
U 334D 2.0E-02
U234 1.4E-01
U 23540 2.8E+(01

C.9



APPENDIX C — EXTERNAL DOSE RATE FACTOR LIBRARIES - STOREDB

U 238+D 4,8E+H00
NP237+D 6.4E+01
PU241+D 4.3E+00
SR89 7.8E-01
Y 8SM  2,5E+00
SR90 7.3E-02
Y 90 2.2E+00
M0OS9 4,2E+01
TC99M  2.4EH01
TC99 1.5e-~02
RU103 1.6E+02
RH103M 6.2E-01
PD103  3.4E+00
1129 4.3E+00
CS134  4.9E+02
CS135  6.2E-03
CS137  8.5E-02
BA137M 1.9E+02
CEl4] 1.4E+01
SM151  3.2E-03
U5 2.5E401
TH231 3.5E+00
PA231  8.8E+00
AC227 1.S9E-02
TH227  2.7E+401
FR223  1.2E+01
RA223 3.1E+01
NP237  5,2E+00
PA233 5.9E+01
U 233 2.0E-02
TH229  2,6E+00
RA225 3.1E+00
AC225  2.8EH00
U 238 3.7E~02
TH234  1.6E400
PAZ34M 2.2E+00
PA234  4.9EH02
PU242  3.7E-03
NP238  1.4E+D2
PU238 6.4E-03
CM244  8.3E-03
PUZ44 6.6E-06
U240 1.9&-01
PU240 5.4E-03
CM243  2.9E+401
PU243  4.9E+00
AM243  9.3E+00
NP239  3,3E+01
PUZ239 5.9E-03
PU241  2.8E-11
AM241  4.3E+00

c.10



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - STOREDC

ONSITE/MAXI - STORED: 1.0 M FINITE SLAB (DEN: H20:CARBON/.5,.1) MR/HR 26-JUN-85
100
H3 5.6E-14
C 14 9.1E~-04
NA22 4,8E+02
P 32 1.5E+00
P 33 4.3E-03
$ 35 0.0E+00
CL36 1.3E-01
K 40 6.7E+01
CAM5 4.3E-03
SCA6 8.3E+02
CR51 1.6E+01
MN54 3.6E+02
FES5 0.0E+H00
FES9 4 .AE102
CO57 4,4E401
0060 9,5E402
NI59 0.0E+00
NIG63 2.3E-05
ZN65 2.5E402
SE75 1.6E+02
SR85 2,7EH02
SR90+D 3.0E+00
MO93 1.6E+00
NB94 6.9EH02
RUL106+4D 5.7E+01
CD109  9.3E+00
AG110M+D1.3E+03
IN111  1.4E+02
SB124  8.9E+02
SB125+D 2.4E+02
I 125+D 1.4E+H00
I 131+D 1.8E+02
CS137+D 2.8E+02
CE144+D 2,3E+01
EU152 4.8EH2
EUl154 5.0E+02
TB160 4.4E+H02
05185 3.3EH02
0§191 1.5E+01
IR192 3.8E+02
HG203  8.1EH01
PB210+D 5.1E-01
RA226+D 5.7EH02
TH228+D 1.4E+03
THZ30+D 2.8E-02
TH232+D 1.6E+00
U 334D 5.8E-03
U234 1.5E-01
U 354D 4.1E+01

Clll



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - STOREDC

U Z38+D 5.8E+H00
NP237+D 9.2E+01
PU241+4D 2.4E+00
SR89 9.3E-01
Y 89M 3.9E+00
SR90 5.2E-02
Y 90 3.0E+00
MOg9 6.6E+01
TC9S9M  3.9EH01
TC99 6.3E-03
RUL03  2.6E+02
RH103M 1.0E-01
PD103  5.8E-01
I129 7.2E-01
CS134  7,7E4H02
CS135  2.0E-03
CS137  7.0E-02
BAL37M 3.0E+02
CEl4l  2.1E+01
SM151 5.0E-04
U 235 3.9E+01
TH231 1.9E+00
PA231 1.3E+01
AC2Z71  2.5E-02
TH227  4.1E+01
FRZ223  1.3E+01
RA223  4.1EH01
NP237  2,7E+00
PAZ33  9.0E+01
U 233 5.8E-03
TH229  3.8E+H00
RA225 6.8E-01
AC225 2.5E+00
U238 2.1E-02
TH234  9.8E-01
PA234M 3.3E+00
PAZ34 7.7EH02
PU242 8.2E-D4
NPZ38  2.2E+02
PUZ38 5.2E-03
CM244  1.BE-03
PU244  B.4E-08
U 240 5.7E-02
PU240  5.0E-Q3
CM243  4,7E+01
PU243  3.6E+00
AM243  5.0E+00
NP239  5.4E+01
PU239 5,9E-03
PU241  2.1E-13
AM241  2.4E4H00

C.12



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - YOLSOURCA

ONSITE/MAXI 1.0 M THICK VOL. SOURCE ON SURF.

100
H3 0.0E+00
C 14 6.2E-04
NAZ2 5.1E+02
P32 9.8E-01
P 33 2.8E-03
S 35 0.0EH)0
CL36 7.7€6=02
K 40 7.0E+01
CA45 2.8e-03
SC46 8.4E+02
kvl 1.2E+01
MN54 3.3E+02
FESS 0.0E+00
FEB9 4 . 7EH02
Co57 2.1E+01
C060 1.0E+03
NI5S 0.0E+00
NI63 1.4E-05
ZN6S 2.78+02
SE75 9,6E+01
SRE5 2.0E+02
SR90+D 2.1E+00
MO93 1.4E400
NB94 6.0E+)2
RU106+D 4.6E+01
CD109  7.6E+D0
AG110M+D1,.2E+03
IN111 7.8E+01
SB124 8.6EH)Z
SB125+D 1.9E+02
I 125+D 8.8E=-01
I 1314D 1.3E+02
CS137+D Z.3E+02
CE144+D 1.9E+01
EUl5Z 4.7E+402
EUlb4  4.9E+0)2
TB160 4.4EH)2
05185 2.7E+02
05191 8.0E+H00
IR192 2.7E+02
HG203  4.SE+01
PBZ210+D 3.5E-01
RA226+D 5.5E+02
TH228+D 1.6E+03
TH230+D 1.7E-02
THZ32+D 7.4E-01
U 2334D 4,.2E-03
U 234 6.9E-02
U 235+D 2.1E+)]

C.13
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - YOLSOURCA

U 238+D 5.6E+00
NP2374D 6,7E+01
PU241+D 1.1E+00
SR89  6.1E-01
Y 89M  4.4E40D
SRO0  3.0E-02
Y 90  2,1E400
MO9S  5.4E+01
TCO9M  1.9E+01
TC99  4,0E-03
RUI03  2.0E+02
RH103f 5.1E-02
PD103  2.8E-01
I 129 4.3E-01
CS134  6.7E+02
CS135  1,3E-03
CS137  4.2E-02
BAL37M  2.4E+02
CE141  1.0E+01
SM151  2.4E-04
U 235  2.0E401
TH231  1.3E+00
PAZ31  9.3E+00
AC227T  1.3E-02
TH227  2.6E+01
FR223  8.0E+00
RA2Z3  2.7E+01
NP237  2.0E+00
PAZ33  6.5E+01
U233 4.2E-03
TH229  1.9E+00
RA225 6.8E-01
AC225  1.7E+00
U 238 9.8E-03
TH234  7.6E-01
PA234M 3.4E+00
PAZ34  7.2E+02
PU242 8.1E-04
NP238  2,4E+02
PU238  2.9E-03
CM244  1.8E-03
PU244  6.8E-07
U240 4.7E-02
PU240  2.7E-03
CM243  2.6E+01
PU243  2.8E+00
AM243  3.6E+00
NP239  3.0E+01
PUZ39  2.9E-03
PU241  2.9E-12
AM241  1,1E+00

C.14



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - YOLSOURCB

ONSITE/MAXI 1.0 M THICK ¥OL. SOURCE ON SURF.

100
H 3 0.0E+D0
C 14 5.4E-03
NA22 9.6E+02
P32 2.8E+00
P 33 5.9E~02
S 35 0.0E+00
CL36 1.9E~02
K 40 1.5E+02
CA45 1.9E~02
SC46 1.6E+03
CR51 2.8E+01
MNG 4 6.8E+02
FES5 0.0EH0
FE59 8.7E+02
co57 7.0E+01
Cco60 1.9E+03
NIGS 0.0E+00
NIE3 2.9E~13
ZNES 5.1EH02
SE75 2.7E+02
SR85 4,.8EH02
SR90+4D 5.8E+00
MO93 1.3E+01
NB94 1.3E+03
RULOG+D 1.1E+02
CD109 2.8E+01
AGL1OM+D2 .6E+D3
IN111 2.3E+02
SBl24 1.8E+03
SB125+D 4.6E+02
I 125+D 1.2EH01
I 1314D 3.3E+02
CS1374D 5.4E+02
CE144+D 4.6E+01
EUl52 9.6E+02
EU154  9.8E+(Q2
TB160 8.6E+02
0sieés 6.5E+02
05191 3.0E+01
IR192 6.7E+02
HG203 1.4E+02
PB210+D 1.6E+400
RAZ26+D 1,2E+03
TH228+D 3.1E+(03
TH2304D 8.3E~02
THZ324D 4.4E-00
U 233+D 3.4E-02
U234 2.9E-01
U 235+D 7.0E+01

C.15

(DEN: WATER 1.0) MR/HR 26-JUN-85



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - VOLSOURCB

U 238+D 1.ZE+01
NP2374D 1.7E+02
PUZ41+D 6.8E+00
SR89 1.9E+00
Y 89M  7.8E+00
SRS0 1.4E-01
Y 90 5.6E+00
M099 1.3E+02
TC99M  6.3E+01
TC99 2.5E-02
RUIO3  4.8BEH)2
RH103M 8.8E-01
PD103  4.8E+00
1129 6.2E+00
CS134 1.5EH03
Cs135 1.0E-02
CS137 1.7E-01
BA137M 5.7E+02
CEl41 3.6E+01
SM151  4.4E-03
U235 6.4E401
TH231 5.8EH00
PAZZ1  2.4E+01
AC227  4.5E-02
TH2Z7  7.1E401
FR223  2.6E+01
RA223  7.6EH01
NPZ37 8.5EHIO
PAZ33  1.6E+02
U233 3.4e-02
TH229  6.5E+H00
RA225  5.6E+00
AC225 5.6E+00
U 238 b5.9E-02
THZ34  2.8EH00
PAZ234M 6,5E+00
PAZ34 1.5EH03
PU242 6.8E-03
NP238 4.3E+02
PU238 1.4E-02
CMz44  1.5E-02
PU244  1.2E-05
U240 2.8E-01
PU240 1.2E-02
CMz43  7.7E401
PU243  9.1E300
AM243  1.5E+01
NP239  8.8E+01
PUZ39 1.2E-02
PU241 5.0E-11
AM24]1  6.8EH00

C.16



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - VOLSOQURCC

ONSITE/MAXI 1.0 M THICK YOL. SOURCE ON SURF. (DEN: H20:CARBON/.5,.1)} 26-JUN-85
100
H3 0.0E+00
C 14 9.3E-03
NAZ22 1.6E+03
P 32 4.7E+00
P 33 3.2E-02
S 35 0.0E+00
Ct36 5.2e-01
K 40 2.4E+02
CA4S 3.26-02
SC46 2.7E+03
CR51 4.7E+01
MNS 4 1.1E+03
FESS 0.0E+00
FEG9 1.4E+03
cos57 1.2E402
Co60 3.2E+03
NIS9 0.0E+00
NI63 3.5E-04
ZN65 8.4E+02
SE7S 4.5E+02
SR8% 8.1E+02
SR90+D 9.7E+00
MO93 2.3E4H01
NB94 2.2E+03
RU106+D 1.8E+02
CD109 4.7E+01
AG110M+D4 .3E+03
IN111  3.9E+02
58124 3.0E+403
SB125+D 7.5E+02
I 125+D 2.1E+D1
I 131+D B.RE+02
CS137+D 8.8EH)2
CE144+D 7.7E+01
EUlRZ2 1.6E+03
EU154 1.6E+03
TB160 1.4E+03
05185 1.1E403
05191 5.0E+01
IR192 1.1E+03
HG203  2.3E+02
PB210+D 2.7E+H00
RA226+D 1.9E+03
TH228+D 5.0E+)3
THZ30+D 1.4E-0]
TH232+D 7.S5E+400
U 233+D 5.8E-Q2
U 234 4.8E-01
U 2354D 1.2E+02

C.17



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES ~ YOLSQURCC

U 238+D 2.1E+01
NP237+D 2.8E+02
PU241+D 1.2E401
SR89 3.1E+00Q
Y 89M  1.3E+01
SR90 2.4E-01
Y 80 9.4E+00
M099 2.1E402
TCO9M  1.1E+02
TC99 4,2E-02
RU103  8.0E+D2
RH103M 1,5E+00
PD103  8.4E+00
1129 1.1E+01
Csl34  2,5E+03
Cs135  1.7E-02
CS137  2.9E-01
BA137M 9,3E+02
CEl4l] 6.1E+01
SM151  7,.8E-03
U235 1.1E4H02
TH231  9.8E+00
PAZZ1  4.0E+01
AC22?  7.5E-02
TH2Z7  1.2E+H02
FR223  4.4E+01
RA2Z3  1.3E+02
NP237  1.4E+01
PAZ33  2,7E4+02
U233 5.8E-02
TH229 1,1E+01
RA225  9.6E+00
AC225  9.4E400
U238 1.0E-0]
THZ34  4,7E+00
PA234M 1,1E+01
PA234 2.5E+03
PU242  1.2E-02
NP238  7.2E+02
PU238 2.3E-02
CM244  2.6E-02
PUZ44  2.1E-05
U 240 6.0E-01
PUZ40  2.0E-02
CM243  1.3E+02
PU243  1.6E+01
AM243  2.6E+01
NP239  1.5E+02
PUZ39  2.1E-02
PU241  G.1E-11
AM241 1.2EH0]

Cc.18



APPENDIX C ~ EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIEDHFA

ONSITE/MAXI BURIED AT 0.5 M (DENSITY: CONCRETE 1.8) MR/HR 26-JUN-85
100
H3 0.0EHO0
C 14 1.2E-12
NAZ2 1.8E+00
P 32 4.2E-04
P 33 2.5E-06
$ 35 0.0E+00
CL36 1.9E-10
K 40 3.9e-01
CM5 1.9E~10
SC46 2.3E+00
CR51 2,.8E-03
MN5 4 4,4E-01
FES5 0.0EH0O
FESQ 1.6E+00
Co57 8.4E-06
co60 3.7E+00
NISQ 0.0EH00Q
NI63 0.0E+00
ZN65 9.3E-01
SE75 1.5E-02
SR85 1.1E-01
SR9C0+D 1.7E-03
MO93 3.5E-34
NB94 6.1E-01
RU106+D 6.2E-02
CD109 5.5E-08
AG110M+D2 ., 7E+00
IN111  1.3E=-D3
SB124  4.2E+00
§B125+D 1,1E-01
I 125+D 1,2E-34
I 1314D 4.0E-02
CS137+D 1.5E-01
CE1444D 1.1E-01
EU152 1.6E+00
EU154  1.4E+00
TB160  1.1EH00
05185  2.0E-01
05191 2.2E-06
IR192 9.0E-02
HG203  1.1E-03
PB210+D 5,0E-05
RA226+D 2.4E+H00
TH228+D 2.4E+01
THZ30+D 3.1E-14
TH232+4D 3.9E-16
U 233+D 6.5E-19
U234 1.9e~08
U 235+D 8,7E-05

Cc.19



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES -~ BURIEDHFA

U 238+4D 1.2E~02
NP237+D 1.6E-02
PU241+D 2,6E-09
SRB9 1.8E-04
Y 89  1.4E-02
SR90 5.5E-07
Y 90 1.7E-03
M0O99 4 .4E-02
TC99M  7.5E-06
TC99 7.8E-10
RU103 1.1E-01
RH103M 2.7E-26
PD103  9.3E-06
1129 6.3E-13
CS134 8.0E-01
CS135  3.4E-11
CS137  4.4E-06
BA137M 1.5E-01
CEl41 4.3E-06
SM151 1.8E-19
Uuzss B8.7E-05
TH231  1.0E-07
PAZ31 1.9E~-03
AC2Z7  4.3E-09
TH2Z7  2.4E-03
FR223  2.2E-03
RA223  3.9E-03
NP237  2.7E-08
PAZ33  1.6E-02
U233 6.5E-19
TH229  7.1E-07
RA225  4.3E-09
AC225  1.4E-05
U238 5.2E-18
TH234 4.6E-08
PAZ234M O.1E-03
PAZ34 1.6EH00
PU242 2.7E-27
NP238 7.4E-01
PUZ38 8.4E-10
CM244 6.2E-27
PU244 0.0E+00
U240 1.1E-13
PU240  8.4E-10
CM243  3.5E-04
PU243  2.1E-04
AM243  8.5E-10
NP239  7.9E-04
PUZ39  8.4E-10
PU241  0.0E+HD0
AM241  2.6E-09

C.20



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIEDHFB

ONSITE/MAXI 1.0 M THICK BURIED AT 0.5 M (DEN: WATER 1.0} MR/HR 26=-JUN-85
100
H3 0.0EHOO
C 14 4.0E-12
NAZ2 3.5EH00
P32 9.5E-04
P 33 6.7E-06
S 35 0.0E+00
CL36 6.2E-10
K 40 B8.2E-01
CA45 6.3E-10
SC46 4,.5E+00
CR51 7.DE-03
MNS 4 9.8E-01
FES5 0.0EH00
FE59 3.0E+00
COs7 2.BE-05
Co60 7.0E+00
NIS9 0.0E+00
NI63 0.0E+00
ZN65 1.8E+00
SE75 3.9E-02
SR85 2.7E-01
SR90+D 3.6E-03
MO93 2.2E-33
NB94 1.4E+00
RU106+D 1.3E-01
CD109  2.0E-07
AG110M+D5 .6E+00
IN111 3.8E-03
SB124  B.6E+HDO
SB125+0 2.6E-01
1 125+4D 7.6E-34
I 13140 9,9E-02
CS137+D 3.4E-01
CE144+D 2.2E-01
EU152 3.ZE+)O
EU154 2.6E+00
TB160 2.ZEH)0
05185 4.6E-01
05191 7.2E-06
IR192 2.3E-01
HG203  3.1E-03
PB210+D 1.Z2E-D4
RAZ26+D 4.9E+0D
THZ228+D 4.6E+401
THZ304D 1.4E-13
TH23 24D 2.1E=15
U Z33+0 3.5E-18
U 234 6.4E-08
U 23540 2.5E-04

C.21



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIEDHFB

U 238+D 2.4E-02
NP2374D 4,0E-02
PU241+D 8.7E-09
SR89 4,3E-04
Y 89  2,.5E-02
SR90 1.4E-06
Y 90 3.6E~03
M099 1.0E-01
TC99M  2.5E-05
TC99 2.4E-09
RU103  2.7E-01
RH103M 1.8E-25
PD103  2.3E-05
1129 2.2E-12
CS134  1.8E+00
CS135  1.1E-10
CS137 1.1E-05
BA137M 3.6E-01
CE141 1.4E-05
SM151  8.2E-19
U35 2.5E-04
TH231  3.5E-07
PA231 4.8E-03
AC2Z7 1.4E-08
TH2Z?  6.1E-03
FR223  5.1E-03
RAZZ3  1.0E-D2
NP237  9.3E-08
PAZ33  4.0E-02
U 233 3.5E-18
TH229  2.4E-06
RA225 1.3E-08
AC225  4.1E-05
U238 2.8E-17
TH234  1.5E-07
PA234M 1,7E-02
PAZ34  3.3E+00
PU242 1.8E-26
NP238 1.4E+400
PU238  2.8BE-09
CM244  4,1E-26
PU244  0.0E+00
U 240 3.6E-13
PU240  2.BE-09
CM243  1.0E-03
PUZ43  5.3E-04
AM243 3 .4E-09
NP239  2.1E-03
PUZ39  2.BE-09
PU241  0.0E+00
AM241  B.7E-09
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APPENDIX C ~ EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIEDHFC

ONSITE/MAXI 1.0 M THICK BURIED @80.5 M (DEN: H20/CARBON 0.5/0.1)MR/HR 26~JUN-85
100
H3 0.0E+00
C l4a 6.7E-12
NA22 5.8E+00
P 32 1.6E-03
P 33 1.0E-09
535 0.0E+00
CL36 1.8E-05
K 40 1.3E+00
CA45 1.0E-09
5C46 7.4E+00
CR51 1.2E-D2
MNS 4 1.6E+00
FES5 0.0E+00
FES9 4.9E+00
cos57 4.7E-05
Coe0 1.2E+01
NIS9 0.0E+00
NI63 1.2E~21
ZN65S 2.9E+00
SE75 6.6E-02
SR85 4.6E-01
SR90+D 5.9E-03
M093 3.9E-33
NBS4 2.3E+00
RU106+D 2.1E-01
CD109  3.3E-07
AG110M+D9.1E+00
IN111  6.4E-03
SB124 1.4E+01
SB125+D 4,.3E-01
I 125+D 1.3E-33
I 1314D 1.6E-01
CS137+D 5.5E-01
CE144+D 3.6E-01
EU152 5.2E+00
EU154  4.3E+00
TB160 3.7E+00
0s185  7.5E-01
05191 1.2E-05
IR19Z2 3.8E-01
HG203  5.2E-03
PB210+D Z.0E-04
RA226+4D 2,.1E-03
TH228+D 1.ZE+01
THZ230+D 2.4E-13
TH232+4D 3.6E-15
U 233+D 5.9E-18
U234 1.1£-07
U 2354D 4.2E-04

C.23



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIEDHFC

U 238+D 3,9E-02
NPZ37+D 6.7E-02
PU241+D 1.5E-08
SR89 7.1E~04
Y 89M  4.2E-02
SR90 2.4E-06
Y 90 5.9E-03
M099 1.6E-01
TCO9M  4.2E-05
TC99 4.1E-09
RU103  4.6E-01
RH103M 3.1E-25
PD103  3.9E-05
1129 3.6E-12
CS134  2.9EHO0
CS135  1.9E-10
CS137  1.8E-05
BAL37M 5.8E-01
CE141  2.4E-05
SM151  1.4E-18
U235 4.2E-04
THZ31  5.8E-07
PAZ31  8.0E-03
AC271  2.4E-08
TH2Z]  1.0E-02
FR223  8.4E-03
RA223 1.7E-02
NP237  1.6E-07
PAZ33 6.7E-02
U233 5.9E-18
TH229  4.0E-06
RA225  2.1E-08
AC225 6.9E-05
U 238 4.7E-17
TH234  2.6E-07
PA234M 2.8E-02
PA234  5.4EH00
PU242 3.1E-26
NPZ38 2.3E+H00
PU238 4.7E-09
CM244  7.0E-26
PU244 0,0E+00
U240 3.0E-07
PU240  4.7E-09
CM243  1.7E-03
PU243  8.9E-04
AM243  5.7E-09
NF239  3.5E-03
PU239 4,7E-09
PU241  0.0E+00
AM24]  1.5E-08
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIED1A

ONSITE/MAXI 1.0 M THICK BURIED AT 1.0 M (DEN: SOIL 1.8) MR/HR 26-JUN-85
100
H3 0.0EH00
C 14 1.1E-19
NAZ22 9.2E-03
P 32 9.1E-07
P 33 1.7E-09
535 0.0E+00
CL36 1.2e-16
K 40 3.0E-03
CA4S5 1.2E-16
SC46 1.0E-02
CR61 8.9E-07
MNS 4 7.9E-04
FES5 0.0E+H00
FES9 7.3E-03
Cos7 5.4E-12
Co60 1.8E-02
NISS 0.0E+00
NI63 0.0E+00
ZN65 4 ,6E-03
SE75 1.0E-~05
SR85 7.7E-05
SR90+D 7.7E-06
M093 0.0E+00
NBG4 9.4E-04
RU106+D 4,9E-04
Cb109 7,2E-16
AG110M+D1.4E-02
IN111  4.3E-08
SB124  4.8E-02
SB125+D 8.7E-05
I 125+D 0.0E+00
I 131+D 2.1E-05
CS137+0 1.3E-04
CE144+D 1.9E-03
EUl52  9.5E-03
EU154 6.6E-03
TB160  4,9E-03
08185  2,2E-04
05191 1.4E-12
IR192 4.9E-05
HG203  3.5E-08
PB210+D 4.1E-08
RAZ226+D 2.3E-02
TH228+D 6.5E-~01
THZ30+D 1.4E-25
THZ32+D 6.4E-31
U 233+4D 1.1E-33
U234 1.2E-14
U 235+D 2.6E-09
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES ~ BURIED1A

U 238+D 5.3E-05
NPZ37+D 5.7E-06
PU241+D 1.6E-15
SR89 2.8E-07
Y 89M 5.8E-05
SRA0 1.5E-10
Y 90 7.7E-06
M0S%9 6.6E-05
TCO9M  4,9E-12
TCSS 1.3E~-14
RU103  7.9E-05
RH103M 0.0E+00
PD103  3.0E-09
1129 4.2e-20
C5134  2.1E-03
CS135  1.9E-17
CS5137 4.1E-09
BA137M 1.3E-04
CEl4l  9.3E-11
SM151  7.8E-30
U235 2.6E-09
TH231 6.0E-14
PAZ31 6.0E-07
AC2Z1  2.7E-15
TH227  6.5E-07

FR223 3.6E-06
RAZ23  1.7E~06
NP237  1.6E-15
PA233  5.7E-06
U233 1.1E-33
TH229  4.6E-13
RA225 1.2E-13
AC225 4.6E-10
U 238 8.5E-33
THZ34 1.6E-14
PAZ234M 3.,6E-05
PAZ34 8.2E-03
PU242  0.0E+00
NFP238  3.2E-03
PU238 5.4E-16
CM244  0.0E+00
PU244  0.0E+00
U 240 6.4E-21
PU240  5.4E-16
CM243  1,1E-08

PU243 6.,7E-08
AM243  4,3E-19
NP238  1.5E-07
PUZ39 5.4E-16
PU241 0.0E+00
AMZ241  1.6E-15
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIEDI1B

ONSITE/MAXI 1.0 M THICK BURIED AT 1.0 M (DEN: WATER 1.0} MR/HR 26-JUN-85
100
H3 0.0E+00
C 14 3.3E~19
NA22 1.7E-02
P 32 1.8E-06
P 33 4 .4E~09
$ 35 0.0E+00
CL36 3.6E-16
K 40 6.4E~03
CA45 3.7E~16
SC46 1.96-02
CR51 2,2E~06
MNS 4 1.8E~03
FES5 0.0E+00
FE59 1.4E-02
CO57 1.7E-11
Co60 3.4E~D2
NISS 0.0E+00
NI&3 0.0E+00
ZN65 8.7E-03
SE75 2.5E-05
SR85 1.9E-04
SR90+D 1.5E-05
M093 0.0E+00
NBG4 2.1E-03
RU106+D 9.3E-04
CD109  2.4E-15
AG110M+D3.0E-02
IN111  1.2E-07
SBl124  9.4E-02
SB125+D 1.9E-04
I 125+D 0.0E+00
I 131+D 4,7E-05
CS137+D 2.7E-04
CE144+4D 3.7E-03
EUl52 1.9E-02
EULR4  1.2E-0Z
TB160  9.2E-03
05185 4.8E-04
05191  4.3E-12
IR192  1.2E-04
HG203  9.7E-08
PB210+D 9.3E-08
RA2264D 4,6E-02
TH228+D 1,2E-00
TH230+D 5.5E-25
TH232+D 2.7E-30
U 233+D 4.5E-33
U234 3,.8E-14
U 235+D 7.2E-09
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIED1B

U 238+D 9.9E-05
NP237+D 1.4E-05
PU241+4D 5.0E-15
SR89 5.7e-07
Y 89M  1.1E-04

SR9Q 3.8E~10
Y 90 1.5E-05
M099 1.4E-04
TCO9M  1.5E-11
TC99 3.5E-14
RULO3  1.9E-04
RH103M 0.0E+00
FD103  7.3E-09
I129 1.3E-19
CS134  4,6E-03
CS135  5.9E-17
CS137  9.0E-09
BA137M 2,.8E-04
CEl14l  2.3E-10
SM151  2.8E-29
Uuz3s 7.2E-09
TH231 1.9E-13
PAZ31  1.5E-06
ARC227  8.4E-15
TH2Z7  1.6E-06
FR2ZZ3  B.1E-06
RAZZ3  4.3E-06
NP237  4.9E-15
PAZ33  1.4E-05
U233 4,5E-33
TH229  1.4E-12
RA225 3.3E-13
AC225 1.3E-09
U238 3.6E-32
TH234  4.BE-14
PA234M 6.7E-05
PAZ34 1,6E-02
PU242  0.0E+00
NPZ38 5.BE-03
PU238 1.7E-15
CM244  0.0E+00
PUZ44  0.0E+00
U240 2.0E-20
PU240 1,7E~15
CM243  3.0E-08
PU243  1.6E-07
AM243  1.5E~18
NP239  3.7E-07
PU239  1.7E-15
PU241  0.0E+00
AM241  5.0E-15
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APPENDIX C ~ EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIEDIC

ONSITE/MAXI 1.0 M THICK BURIED AT 1.0 M (DEN: WATER/CARRON 0.5/0.1} 26-JUN-85
100
H 3 0.0E+00
C 14 5.5E-19
NAZ2 2.8E-02
P32 3.0E-06
P 33 5.8E-16
5 35 0.0E+00
CL36 8.2E-09
K 40 1.0E-02
CA45 6.2E-16
SC46 3.1E-02
CR51 3.6E-06
MNG4 3.0E-03

FES5 0.0E+00
FE59 2.2E=02
C0o57 2.8E-11
Co60 5.7E-02
NI59 0.0E+00
NI63 0.0E+00
ZN65 1.4E-02
SE75 4.2E-05

SR85 3.2E-04
SR90+D 2.5E-05
mM093 0.0E+00
NBS4 3.5E-03
RU106+D 1.5E-03
CD109  4.0E-15
AGl10M+D4.8E-02
IN111  2.0E-07
SB124 1.5E-01
SB125+D 3.2E-04
I 125+D 0.0E+00
I 131+D 7.7E-05
CS137+D 4.3E-04
CE144+D 5.9E-03
EUl52 3.1E-02
EUl54 2.1E-02
18160 1.5E~02
05185 7.9tE-04
08191 7.3E-12
IR192 2.0E-04
HG203  1.6E-07
PB210+D 1.5E-07
RA226+D 6.3E-07
TH228+D 9,3E-02
THZ30+D 9.3E-25
TH232+D 4,6E-30
U Z334D 7.7E-33
U234 6.5E-14
U 235+D 1,2E-08
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIEDIC

U 2384D 1.6E-04
NP237+D 2.3E-05
PU241+D B8.5E-15
SR89 9.5E-07
Y 869M  1.8E-04
SR90 6.4E-10
Y 90 2.5E-05
M099 2.3E-04
TCO9M  2,5E-11
TC99 5.9E-14
RU103  3.2E-04
RH103M 0.0E+00
PD103  1.2E-08
1129 2.2e-19
CS134  7.5E-03

CS135 1.0E-16
CS137 1.5E-08
BA137M 4.6E-04
CEl4l 3.9E-10
SM151  4.7E-29
U235 1.2E-08
THZ231 3.1E-13
PA231  2.5E-06
AC227 1.4E-14
TH2Z7  2.7E-06
FR2Z3  1.3E-05
RA223  7.1E-06
NP237  8.3E-15
PAZ33  2.3E-05
U233 7.7e-33
TH229  2.4E-12
RA225  5.5E-13
AC225  2.1E-09
U238 6.2E-32
THZ34  8.1E-14
PAZ34M 1.1E-04
PAZ34  2.6E-02
PUZ42  0.0E+00
NP238  9.6E-03
PU238  2.8E-15
CMz244  0.0EH00
PU244  0.0E+DO
U 240 4.5E-11
PUZ40  2.8E~15
CMz243  5.1E-08
PU243  2.8E-07
AMZ43  2.6E-18
NP239  6.2E-07
PU239  2,8E-15
PU241  0.0E+00
AM241  8.5E~15
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