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PREFACE 

The document entitled Intruder Dose Pathway Analysis of the Onsfte Disposal 
of Radioactive Wastes; The ONSITE/MAXIl Computer Program (1984) by Napier 
et al. summarizes our initial efforts to develop human-intrusion scenarios 
and a modified version of the MAXI computer program for potential use by 
the NRC in reviewing applications for onsfte radioactive waste disposal. 
This document is a supplement to that document and summarizes our efforts 
to further modify and improve the ONSITE/MAX!l 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 fn 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 listings of the ONSITE/MAX!l 
Appendices A and B of this document. 
dose-rate factor libraries. 

computer program are included as 
Appendix C lists external exposure 

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. 
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EXECUTIVE SUMMARY 

Pacific Northwest Laboratory prepared this document as a supplement to a 
previous document that describes the ONSITE/MAXIl computer software package 
(Intruder Dose Pathway Analysis for the Onsite Disposal Radioactive Wastes: 
The ONSITE/MAXIl Computer Program, 1984, by Napier et al.>. The objective 
of this project is to modify an existing pathway-ta-man computer program, 
the MAXI computer program, for use by the U.S. Nuclear Regulatory Commis­
sion (NRC) in reviewing all proposed onsite burials of radioactive 
materials by its licensees. Because of uncertainties associated with 
assessing the potential risks from onsite burials of radioactive 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 onsfte burials of 
radioactive 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 combinations of direct exposure to penetrating 
radiation, inhalation of airborne radionuclides, ingestion of agricultural 
products raised in contaminated soil, and ingestion of radionuclides in 
drinking water. These scenarios are activated by running the ONSITE/MAXII 
computer software package. 

As a continuation of our earlier efforts, enhancements to the ONSITE/MAXII 
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 in 
understanding the operation of the computer programs. These program 
enhancements and expanded model descriptions are discussed in Section 2 of 
this supplement. 

The ONSITE/M~fl software package has been installed on both coc<al 6600-
7600 and VAX b 780 compule~s, and the ONSITE computer program has also 
been installed on the IBM c PC. The original documentation for the 
ONSITE/MAXII 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 VAX780 computer. A sample problem that demonstrates the stored waste 
sub-set of the External Exposure Scenario is also given in Section 3. 
Except for the system-level commands, the operation of the ONSITE/MAXII 

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

(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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software is identical on both the CDC and VAX 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 1n Napier et 
al. (1964) have not been repeated 1n this document. A complete listing of 
the MAXIl and ONSITE computer programs along with a complete listing of the 
the data libraries 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/MAXIl 
document to fac111tate 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 licensee or applicant for a license may apply to the Com­
mission for approval of proposed procedures to dispose of 
licensed material in a manner not otherwise authorized in the 
regulations fn 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 radioactivity involved, and the pro­
posed manner and conditions of disposal. The application should 
also include an analysis and evaluation of pertinent information 
as to the nature of the environment, including topographical, 
geological, meteorological, and hydrological characteristics; 
usage of ground and surface waters fn 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-ta-man computer program, 
MAXI! (Napier et al. 1979), for use by the NRC Waste Management staff when 
they conduct human-intrusion, dose-pathway analyses for onsfte burial of 
low-level radioactive wastes. As part of an earlier effort on this pro­
ject, specff1c 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 radfonuclides in drinking water <Napier 
et al. 1984). These scenarios are activated by running the ONSITE/MAXII 
computer software package. As a continuation of earlier work, enhancements 
to the ONSITEiMAXIl 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/MAXIl 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 scenarios. MAXI! is then 
used with the scenario information to calculate the maximum annual dose to 
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the exposed individual 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 contain 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 
revisions 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, Strange 
and Watson 1974) computer program. The external dose-conversion factors 
for various waste disposal geometries and conditions are calculated using 
the ISOSHLD (Engel, Greenberg 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 published 
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 
eta]. (1984). To facilitate cross-referencing, major sections of the two 
documents are parallel. Appendices in this supplement contain the current 
listings of all external dose-rate factor files and the modified versions 
of the ONSITE and MAXI1 computer programs. 

REFERENCES 

Engel, R. L., J. Greenberg, and M. M. Hendrickson. 1966. ISOSHLO- A 
Computer Code for General purpose Isotope Shielding Analysis. BNWL-236, 
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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 
al. Cl984l. 

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 fs, radiation-exposure scenarios for the maximally exposed 
individual (an intruder) are established and the resulting radiation dose 
is determined. 

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

1. External-Exposure Scenario. An individual is assumed to work 1n an 
area previously used for onsite disposal. Only external exposure to 
direct penetrating radiation is considered. Optional 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 1s used for waste storage or disposal. A sub-set of this 
scenario is the Stored Waste Scenario, which is described in detail in 
Section 2.1.5. 

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

3. Agricultural Scenario. An individual is assumed to raise his annual 
diet (or a fraction of it) in soil contaminated by the onsfte disposal 
of radioactive wastes. External exposure and inhalation of resus­
pended radionuclfdes from surface soil are also considered. 

4. Irrfgat1on/Dr1nking-Water Scenario. An individual is assumed to irri­
gate and/or drink from a water supply contaminated by radionuclides 
from an onsite disposal site. In addition, external exposure and 
inhalation of resuspended rad1onucl1des 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 1n the 
ONSITE/MAXIl computer software package. 
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The remainder of ~his section describes the enhancements that have been 
made to the original ONSITE/MAXI1 computer software package. 

2.1.1 Altetnatiye Land-Use Coodftfons 

Additional agricultural scenario options have been developed to consider 
alternative land-use conditions. The original agricultural 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 livestock. In this second option, referred to as the meat 
diet option, the intruder's diet consists of meat and dairy products 
obtained from the livestock raised on the disposal site. 

Diet parameters are "environment"-specffic 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 MAXI1. In order 
to implement the alternative land-use conditions, additional files of leaf 
mechanism dose-rate factors (Napier 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 listed 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 implementation of the additional agricultural 
land-use options into the ONSITE/MAXI1 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 resulting 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 ~rgan 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/MAX!l computer 
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TABLE 2.1-1. Fractional Contribution of Meat and Vegetable Diet to 
Total-Body Dose-Rate Factors During the First Year of 
Exposure for Selected Radionuclfdes 

fladionucl1de 

3H 

14c 

60co 

90sr+o' a> 

137cs+D 

238u+o 

Meat 
.!li.e:t 

0.7 

0.8 

0.1 

0.3 

0.7 

0.2 

Leaf Mechanism 

Vegetable 
Diet 

0.3 

0.2 

0.9 

0.7 

0.3 

0.8 

SoiJ Mechanism 

Meat Vegetable 
.!li.e:t DJet 

0.3 0.7 

0.4 0.6 

0.3 0.7 

0.1 0.9 

0.4 0.6 

0.1 0.9 

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

TABLE 2.1-2. Results of Sample Problem Three for the Three 
Land-Use Diet Options 

Diet Total Dose Dominant Dominant Maximum 
Organ 

Total-Body 

Bone 

Lower 
Large 
Intestine 
of GI­
Tract 

Option 

Meat 
Vegetable 
Combined 

Meat 
Vegetab 1 e 
Combined 

Meat 
Vegetable 
Combined 

(rem) Pathway 

1.8+1 (b) External 
1.8+1 Ingestion 
2.2+1 External 

1.9+1 External 
5.3+1 Ingestion 
5.6+1 Ingestion 

1.3+1 External 
1.6+1 External 
l. 7+1 External 

{a) Napier et al. (1984), Sect1on !.4.3. 
(b) Where 1.8+1 indicates 1.8 x 10 . 
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Radfonuclfde Year 

60co 10 
90Sr+D 22 
60co 10 

6Dco 10 
90Sr+D 27 
90sr+D ?7 

60co 10 
60co 10 
6Dco 10 



programs contain two additional 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 fn Napier et a1. <1984, Section 2.1.4.1>. 
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 substantial 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 inadver­
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 in 
Section 2.2.1. 

2.1.3 Resyspension and Inhalation Area Correction Factor 

The original documentation of the ONSITE/MAXI1 computer program (Napier et 
al. 1984) accounted for sites of limited size. The document developed and 
discussed area correction factors that were intended to reduce the default 
exposure pathway conditions t·o account for sites with areas 1 ess 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 inhalation (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 ingestion. 
This is because many of the experiments relating air and soil concentra­
tions were performed on sites of limited 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 in Section 2.2.4. 
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2.1.4 External Exposure Sensitivity Studies 

When developing the external-exposure libraries used by the ONSITE/MAXIl 
computer program, certain simplifying assumptions were made. This section 
discusses the sensitivity of the results based on these assumptions. Two 
primary assumptions are evaluated in the sensitivity studies: 

• The effect of waste form density is determined by comparing the 
external-exposure factors, originally calculated for a waste form 
density ~f l.B, with factors calculated for densities of 1.0, and 
0.6 g/cm • 

• The effect of the slab-source thickness is determined by comparing 
the external-exposure factors calculated for 1-m-thick and 3-m-thick 
slabs. 

The sensitivity studies were performed using modified input parameters with 
the ISOSHLD computer program <Engel et al. 1966; Simmons et al. 1967). A 
summary of the results generated fs shown in Table 2.1-3 fo~ selected 
radionucl ides based on a constant source strength of 1 Ci/m of each radi o­
nuclide. These results show there is a strong dependence on waste form 
density; that is, for a constant source strength, the less the waste den­
sity, the greater the calculated dose rate. However, for each waste 
density there is little dependence on slab thickness. 

I86LE 2.1-3. Sensitivity Study Results Jor the External Exposure 
Pathway- mrem/hr per Ci/m for Selected Waste Form 
Densities and Slab Thicknesses with 0.0 m Overburden 

1.8 g/cJ LO g/cJ 0.6 glen( 

Slab Thickness: STab Thickness: Slab Thickness: 
BadiQDU~]jd~ l m 3 m 1 m 3 m 1 m 3 m 

22Na 514 514 964 966 1600 1630 
51cr 12 12 28 28 470 471 
54Mn 327 327 684 684 1140 1150 

57 co 21 21 70 70 117 117 
60co 1000 1000 1930 1930 3200 3270 

90sr+D 2 2 6 6 9 9 

1311 133 133 323 323 539 541 
134cs 674 674 1500 1500 2470 2500 
137cs+D 241 241 573 573 935 942 
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Based on this result, the ONSITE/MAXll 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 tte 
user may select are 1.8 g/cnf (the ~pproxfmate density of soi 1 ), 1.0 g/crrr' 
(the density of water), or 0.6 glen? (the approximate density of noncorn­
pacted trash waste forms). No corrections for slab thickness are included 
in the external-exposure data libraries. 

2.1.5 Stared Waste Scenario 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 intruder located 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 in the storage facility are not included because shielding calcula­
tions have shown that the dominant contributor to the dose rate will be 
from 1'1 ine-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 waul d 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 input and output used to run this 
scenario using ONSITE/MAXI1 is given in Section 3.4. 

2.1.6 Comparison of Maximum Annual Dose to Committed Dose EQuivalent 

As stated in Napier et al. (1984), the fundamental relationship for calcu­
lating radiation doses to people from any radionuclide exposure pathway is 
given in Equation (2.1) (Sol dat, Robinson, and Baker 1974) 

(2,1) 
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where 

R 1pr = the radiation dose-equivalent or 
equivalent from radionuclide, 1, 
organ, r (rem) 

committed radiation dose­
via exposure pathway, p, to 

=concentration of r~dfonuclfde, i, in the media of exposure 
pathway, p; CpCi/m?, pCi/L, or pCi/kg) for calculations 
involving airborne radionuclfdes. C fs replaced with the 
term, X, which represents the aver16e airborne concentration 
of radionuclide, 1. 

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

radiation 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 radiation 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 radionuclfdes and the duration of exposure must 
be quantified. For ingestion of farm products grown on a contaminated 
site, the radfonuclide concentration in separate food products must be 
determined by accounting for root uptake from soil, dry deposition from afr 
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 inhalation, 
the airborne concentration of resuspended rad1onucl ides can be determined 
directly from the ground concentration using a mass-loading factor, resus­
pensfon factor, or resuspensfon 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 fs 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 fs simply the 
summation of the radiation dose equivalents from all internal and external­
exposure pathways. For the second year, the annual dose fs calculated by 
the following expression <Kennedy et al. 1979): 
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where 

( 2.2) 

A2 = the annual dose to the organ of reference during the second 
year from al 1 exposure pathways, rem 

the radiation dose equivalent in the second year to the organ 
of reference from al 1 internal and external-exposure pathways 
from intake and exposure in the second year, mrem 

=the committed dose equivalent to the organ of reference for 
the first two years from radionuclides internally deposited 
during intake from exposure pathways in the first year. mrem 

=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 [A2 in Equation (2.2)] 
is the summation of the radiation dose equivalents from al 1 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 rad1onuclides, 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): 

where 

~ = 

* ~ = 

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

( 2.3) 

during the third year 

the radiation dose equivalent in the third year to the organ 
of reference from all internal and external-exposure pathways 
from intake and exposure 1n the third year, mrem. 

In Equation (2.3), the terms R R and R are similar in form, each 
containing two subscripts. t~%'fi~~t subsc~l~t defines the year of intake 
or exposure after the start of continuous exposure, and the second defines 
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the number of years used in calculating the committed dose equivalent. The 
quantity in the first parentheses is the dose equivalent to the organ of 
reference in the third year from radionuclfdes 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 radionuclfdes 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): 

where 

At = the annual dose 
to the organ of 

(2.4) 

during the year, t, from all exposure pathways 
reference, mrem 

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 fs valid only for positive integer values 
of t. For t equal to 1, the summation term is zero. 

The annual dose, At' to the organ of reference is calculated for each value 
of t from 1 to SO, and the maximum annual dose is determined by inspection. 
Experience with this method to date indicates 50 years as a suitable maxi­
mum value oft; 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. Details about calculating the 
radionuclide concentrations in various media, Cio' from Equation (2.1), are 
given in Sections 2.1.4.1 through 2.1.4.5 of Nap1er et al. (1984). 

The annual dose, At' defined by Equation <2.4), is then compared to the 50-
year committed 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 SO years, to account for the average adult lifetime; however, any 
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time period may be used. To provide a simple illustrative comparison, a 
dose commitment period of 3 years will 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 example, the annual dose in the third year after the start of con­
tinuous exposure, based on Equation (2.3), is considered. First, the term 
R3 is replaced with the term o3,3. This new term represents the dose 
equivalent during the third year from all intake and external exposure 
occurring during the third year. Next, the <R13 - R1 2> term is replaced 
with the term o1,3, representing the dose delivered in'the third year after 
intake in the flrst year; and the <R2 2 - R2 1> term is replaced with the 
term o2,3, representing the dose deliVered in the third year after intake 
in the second year. Equation (2.3), or the expression for the annua 1 dose 
during the third year, is now expressed as: 

where 

( 2.5) 

= the dose equivalent during the third year from al 1 internal 
external exposure occurring in the third year of continuous 
exposure 

and 

the dose equivalent in the third year 
the first year of continuous exposure 

resulting from intake in 

o2,3 =the dose equivalent in the third year resulting from intake in 
the second year of continuous exposure 

and where~ 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 ingestion or inhalation, is graphically repre­
sented in 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. labeled o1, 1; the dose 
received in the second year is shown as two boxes, labeled 01 2 and 02 2; 
and the dose received in the third year is shown as three boxeS, label6d 
o1,3, o2,3• and o3,3• The 3-year dose commitment is the sum of the 
bottom row of boxes shown in Figure 2.1-2, or W1, 1 + o1, 2 + o1, 3l. 

For conditions of constant intake over the 3-year period. the top row 
of boxes are of equal size, or o1, 1 = 02, 2 = o3,3• Because the effective 
half-life of a radionuclide is constant. the Gose received in the year 
following the intake is reduced by a constant amount. This is shown in 
Figure 2.1-2 as o1,2 = o2,3• Both the annual dose in the third year and 
the 3-year dose commitment contain the term o1 3• Thus, it can be seen 
from the sizes of the boxes in Figure 2.1-3, tOr 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 equa 1. 

In addition, Lindell (1985) recently demonstrated the equal fty 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 is met when the radionuclide of concern has a long physical 
half-life. For those radfonuclides, MAXIl reports the maximum annual dose 
as occurring in the last year (50th year) of continuous exposure. Thus. 
for a SO-year exposure situation, the maximum annual dose and the 50-year 
committed dose equivalent are equal. 

For short-lived radfonucl fdes, or those with effective half-lives 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 radioactive wastes. The external-exposure 
pathway does not result in a dose during subsequent years; that fs, the 
first-year dose and the 50-year commitment are equal for external exposur~ 
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 commitment. 

o, 

0 2.2 

o, 

2 
Year 

0 3,3 

0 2,3 

o,,3 

3 

FIGURE z.l-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-lived 
radionuclides (those with half-lives of 1-50 years) and for scenarios of 
interest to onsite disposal (which include the external-exposure pathway), 
the maximum annual dose will approximate the 50-year committed dose equiva­
lent quite closely. The closeness of the comparison will depend on the 
relative 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 limits 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 limits. The MAXIl deriva­
tion used the intruder construction and intruder agriculture scenarios, as 
defined in the Draft Environmental Impact Statement CDEIS) in support of 10 
CFR Part 61 (NRC 1981). 

Disposal 11m1ts are 11sted 1n 10 CFR Part 61 CNRC 1984) for three classes 
of commercial radioactive wastes: A, B, and C. Class A wastes have mini­
mum stability requirements, low levels of radioactivity, and their limits 
reflect 100 years of radioactive decay that would occur during an institu­
tional control period. 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 wfth higher integrity than required for Class A orB wastes, and 
their limits 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 limits 
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 scenario descriptions given in the <NRC 1981) and 
correctly accounting for radioactive decay, the results generated by MAXI1 
generally compare closely to the 10 CFR 61 disposal limits. The comparison 
is very close for short to mid half-life radionuclides (i.e., half-lives 
less than 30 years>. The

9
notable exceptions to this close agreement are 

the disposal limits for 9Tc and the Class C disposal limit for lj/Cs where 
ij~r values are about ten times the 10 CFR 61 values. The difference in the 

Tc concentrations a drinking-water scenario, rather than the intruder 
scenarios, for results from the NRC's use of the 10 CFR 61 value. 

The general agreement of MAXU calculated values with the 10 CFR 61 
disposal limits, 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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TABLE 2.1-4. Comparison of 10 CFR Part 61 and Calculated 
Low-Level Waste Disposal Concentrations 

10 CFR Part 61 Calculated 
Concent;;,tion 

( Cl/ l 
Concent~tion 

!C!/ l 

Radfonuclide Class A Class c Class A Class c 

14c 0.8 -~<al 0.8 -~ <al 60co 700 400 
59Ni 2.2 22 1 10 

63Ni 3.5 700 1 200 
90sr+o<bl 0.04 7000 0.03 5000 
99Tc 0.3 3 3 30 

137cs+o<bl 1 4500 ( ) 0 3 30000 ( ) 
239pu 10(c) 100 c 30tcl 300 c 

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

(b) 
(c) 

2.1. 7 

+D means p~~ short-lived daughters. 
Units for Pu are in nCi/g. 

MAXIl Time Line 

To fully understand the scenario construction flexibility of the ONSITE/ 
MAXI! computer software package. the user must understand the relationships 
between the tfmes the scenario events are assumed to occur. Figure 2.1-4 
contains the 11MAXI1 time line11 and is 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 radfonuclide 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 scenario 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 in Napier et al. 0984). The 
intruder scenario and dose calculation period ends at time IT2, always 
(ITl +SO>. If ITl is greater than o, there will be ITl years of radio­
nuclide decay before the intruder scenario begins. In addition. (ITl- m) 
is the length of time that radionuclfdes may build up via irrigation before 
the dose calculation period begins. The MAXI! parameter IRR is equivalent 
to the period (Ill - m). The MAXI! control parameters that the user may 
manipulate are IT!, IT2, and IRR. 
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Optional Inventory Decay Period 

Inventory 
Disposed 
of Onsite 

t 
0 

t 
m 

Opt1onal Radionuclide 
Build-up vis Irrigation 

t 
IT1 

FIGURE 2 .l-4. 

Scenario Duration (Dose 
Calculation Period of 50 yrs) 

MAXIl Time L 1 ne 

2.1.8 Derivation of Area Correction Factors for Ingestfon Pathway 

t Years 

IT2 

The total diet of a "maximum indfvidual 11 , taken from Napier (1981) 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 ar~a is assumed to be intensely farmed for vegetables. An area of 
about 50 m is 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 a2d 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 10% of the total intake. Grains and root vegetables make up about 15%. 
Fruit comprises about 30% 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 increases, other foods 
are added. A small orchard and domestic animals are assumed, in addition, 
as plot size allows. Cattle are only assumed for areas large enough to 
support them. The step function is used to connect the points rather than 
a curve. This allows for more ~fficient agricultural practices and partial 
dietary contributions of the various crops. Because the true production­
versus-area curve would connect the lower points, the step function is a 
conservative upper bound. 
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2.2 COMPUTER IMPLEMENTATION OF SCENeBIO AND MODEL ENHAnCEMENTS 

The ONSITE/MAXIl model enhancements described in the previous section have 
been implemented fn the computer software package. The following sections 
contain detailed descriptions of the software changes and are intended to 
supplement the original ONSITE/MAXII document (Napier et al. I984l. 

2.2.1 Expanded Land-Use And Dfet Modfffcatfon Options 

As discussed in Section 2.1.1, the ONSITE/MAXIl software has been modified 
to include three optional diets for the intruder: 1} the combined diet, 2) 
the vegetable diet, and 3) the meat diet. These diet options are based on 
the diet listed in 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 ons1te may be either: 

1 - Total diet 
2 - Vegetable product diet 
3 - Animal product diet 

The default selection is 1. 

(plant and animal products) 
(plant only) 
(milk, eggs, and meat only) 

Do you wish to change this value {N/Yl? 

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

2.2.2 Waste Density Options for External 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 results 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/c~, 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: 

(so ill 
<water) 

1 - 1.8 g/cu em 
2 - 1.0 g/cu em 
3 - 0.6 g/cu em (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 Incfdenta] Surface Contamination for ExternaJ 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 soil surface, 15 em 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-soil 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 em thick)" 
from the menu. The waste location screen contains additional word changes 
that cl arffy the avai 1 able waste configurations. 

In this scenario, waste location and depth may be: 

1 - On surface 
2 - On surface 
3 - Overburden of 0.5 m 
4 - Overburden of 1.0 m 
5 - Stored waste 

(15 em thick) 
(l m thick) 
(l m thick) 
(l m thick) 
(l m thick) 

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

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

FIGURE 2.2-3. Example of the ONSITE External 
Exposure Option Input Screen 
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2.2.4 Inhalation 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 line segments. This modifica­
tion is automatically activated when the user identifies a site area of· 
1 ess than 1 ha. 

2.3 DATA BASE EXPANSION 

Additional files of leaf mechanism, soil mechanism, and external-exposure 
dose-rate factors were developed to expand the capabilities of the 
ONSTTE/MAXI1 computer programs. These enhancements to the ONSITE/MAXI1 
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 "environment11-spec1f1c leaf 
mechanism dose-rate factors. These factors are based on 1 pC1 of each 
radionuclfde per cubic meter of air. The user can provide any concentra­
tion of radionuclides in air as input to the ONSITE program. The f11 e 
names and their descriptions are as follows: 

VEG20 

MEAT20 

FILE20 

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

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

- 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 f1le 
format is described in Napier et al. {1984, Section 2.3.2). An updated 
version of FILE20 (dated 4/85) is included in the software package. 

2.3.2 Soil Mechanism Dose=Rate Factors 

The ONSITE/MAXIl user may select from three optional files containing 
11environment11-spec1fic soil mechanism dose-rate factors that are based on 
1 pCi of radionuclide per cubic meter in air. The file names and their 
descriptions are as follows: 
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VEG2l 

MEAT2l 

FILE2l 

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

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

- 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 fncl uded in the software package. 

2.3.3 External-Exposure Mechanism Dose-Rate factors 

The ONSITE/MAXIl data base includes 15 files containing external-exposure 
dose-rate factors for 1 pCi of radionuclide per cubic meter in air. These 
factors relate the radionuclide source strength to the dose rate in tissue 
1m away. The file names, logical 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, 
Greenberg and Hendrickson 1966; Simmons et al. 1967) computer program. 
Table 2.3-2 summarizes the ISOSHLO 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 

• a modified version of the ISOSHLD computer 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 MAXI1-
formatted file. 

Files listed in Table 2.3-1 replace the files named PLANSOURC, ROOM, 
VOLSOURC, BURIEOHF, and BURIEOl. 

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 th~ same functions. Historically, ~nput to 
FILE22 was defined as dose factors with units of remlyr per pCi/m, while 
input to FILE27, assumed to be generated by ISOSHLO, was defined in terms 
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of mrem/yr per pCi/~. The MAXIl code operates internally in soil concen­
tration unfts of pCi/~, defined by the root and leaf 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 unfts 22 and 27 are maintained in the present ver­
sions of MAXI1 to allow simultaneous consideration of two distinct source 
geometries (e.g., surface and buried soil, contaminated soil and a point 
source, etc.). 

IABLE 2.3-l. Dose-Rate Factor Files for External Exposure 

Logical 
Un1t 

File Name Assignment 

PLANE A 22 

PLANEB 22 

PLANEC 22 

VOLSOURCA 27 

VOLSOURCB 27 

VOLSOURCC 27 

BUR!EDHFA 27 

BURIEDHFB 27 

BURIEDHFC 27 

BURIED1A 27 

BURIED1B 27 

BURIED1C 27 

STOREDA 27 

STOREDB 27 

STOREDC 27 

Waste 
Densi~ 
(gm/c ) 

1.8 

1.0 

0.6 

1.8 

1.0 

0.6 

1.8 

1.0 

0.6 

1.8 

1.0 

0.6 

1.8 

1.0 

0.6 
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Description 

Infinite plane of sofl 
contamination, waste 
thickness of 15 em 

Infinite surface slab 
source, waste extends 
to a depth of 1.0 m 

Infinite slab source, 
buried in soil with an 
overburden depth of 0.5 m, 
waste thickness of 1.0 m 

Infinite slab source, 
buried in soil with an 
overburden depth of 1.0 m, 
waste thickness of 1.0 m 

Rectangular slab source, 
10.0 m x 3.0 m, waste 
thickness of 1.0 m 



TABLE 2. 3-2. ISOSHLD Parameter Values Used for External Dose-Rate Factors 

Slab Source 

Plane Source 0.5 m 1.0 m Stored 
lSOSHlD Parameter At Surface At Surface Overburden Overburden Waste 

IGEOM 5 5 5 5 10 

ANGL (degrees) 90.0 90.0 90.0 90.0 90.0 

X {cml 115.0 200.0 250.0 300.0 400.0 

y (cml 300.0 

SL TH (cml 1000.0 

NSHLD 3 3 4 4 3 

SHIELD 1• 
T(l) (em) 15.0 100.0 100.0 100.0 100.0 
Materf a 1 (a) (a) (a) (a) (a) 
Density (g/cJJ (a) (a) ( al (a) ( al 

SHIELD 2: 
T(2) (em) 95.0 95.0 50.0 ) 100.0 295.0 
Material afr afr concrete(b concrete<bl a f r 
Dens1ty 0.00129 0.00129 1.8 1.8 0.00129 

SHIELD 3: 
T(3) (cml 5.0 5.0 95.0 95.0 5.0 
Mclterf al skin skin af r afr skin 
Density 1.0 1.0 1.00129 0.00129 1.0 

SHIELD 4: 
T(4) (em) 5.0 5.0 
Material skin skin 
Density 1.0 1.0 

WEIGHT <C1l l.Q X lQ-6 l.Q X 10-6 l,Q X 10-6 LOx 10-6 30.0 

NTHETA 6 

NPSI 5 

DELR 0.2 

<al External do3e-rate factors were generated for the following waste densities: 
ll 1.8 g/c~ {material: concrete) 
2l 1.0 g/crrf <material: water} 
31 0.6 g!cm? (materials: 0.5 g/c~ + 0.1 g/cm3 carbon> 

(b) The electronfc density of soil fs approximated by that of concrete. 
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3.0 PROCEDURES 

The ONSITE/MA£Jl software package has been installed on both COC(a) 6600-
7600 and VAX( 780 compute~s, and the ONSITE computer program has also 
been installed on the IBM(c PC • The user instructions for the ONSITE/ 
MAXIl computer software package (Napier et al. 1984) are written for the 
CDC computer. User instructions for the VAX computer are presented in thts 
section to complete the documentation for both computer systems. This 
section also contains detailed discussions of selected input parameters, 
enhanced input features of the ONSITE computer program, and a sample 
problem considering the stored waste sub-set of the External Exposure 
Scenario. It should be noted that, except for the system-level commands, 
the operation of the ONSITE/MAXIl computer software is identical on both 
the VAX 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> 

boldface 

CAPITAL LETTERS 

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

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

- When capital letters in boldface type are en­
countered, the user should type in the boldface 
letters exactly as shown. 

lower-case letters - When lower-case letters are encountered in 
boldface type, the user should substitute 
unique identifiers. 

3.1 USER INSTRUCTIONS FOR THE VAX COMPUT£R 

Instructions for using the ONSITE/MAXIl software package on a VAX 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. 

Cb) 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 SYS$COMMAND FOROOS 

ASSIGN RMDONS.DAT FOR010 

ASSIGN MAXI1.COM FOR007 

RUN ONS!TE 

To execute ONSITE on the VAX computer, type: 

ONSilE <cr> 

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

IMAXIl <cr> 

To submit MAXI! for batch processing with printed output, type: 

SlBCIT MAXI 1 <cr> 

If the user wishes to edit the MAX!l input file before execution, type: 

EDIT MAXll.OOM <cr> 

To save the MAXIl input file, type: 

RENAME MAXIl.OOM newname.ext <cr> 

where 11 newname.ext11 is a user-selected file name. 

3.2 INPUT 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 
comments included to clarify the intended use of selected parameters. 
Information in this section is not necessary for successful execution of 
the ONSITE program. It fs included for for reference and to provide a 
more complete set of documentation. Because of the enhancements documented 
in this manual, the default parameter values assigned to each scenario have 
been modified as shown in Table 3.2-1. This table is intended to replace 
Table 3.2-1 of Napier et al. (1984). 

The five ONSITE/MAXI1 sample problems (Napier et .al. 1984) closely parallel 
the ffve ons1te disposal scenarios. Consequently, it is easy to confuse 
sample problem conditions with default ons1te 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 1n Napier et al. (1984). 

3. 2 



TABLE 3.2-1. Scenario Default Parameter Values 

External Irrigation/ 
External Exposure Plus Drinking 

pathways Exoosure lnbala.t1on Agricultural Water User Deffned 

Exterr~al exposure to slab 
source of waste ( IEXTJ 0 0 1 

External exposure to an 
Infinite plane of waste 
( ISUR) 0 0 1 1 

Food consumption (I FOOl 0 0 1 1 1 

Drinking water consumption 
( IWAT) 0 0 0 1 1 

Aquatic food product 
consumption <IARGJ 0 0 0 0 1 

Afr submersion <IAIRJ 0 0 0 0 0 

Hours of exposure: 
To external 2000.0 2000.0 2000.0 2000.0 8766 .o 
To Inhalation 0 2000.0 2000.0 2000.0 8766 .o 

Waste dilution factor ( SRDILl 0.2 0.2 0.2 0.2 0.2 

Resuspenslon Model: NA Anspaugh 
Age of contamination 

Anspaugh Anspaugh Mass loading 

<yrl <AGEl NA 0 0 0 -1 

Thickness of surface soil 
layer available (em) NA 1.0 1.0 1.0 NA 

Ratio of waste concentration 
In surface to subsurface 
soil IRPfU NA NA NA NA 1.0 

fraction of total roots 1" 
top 15 em of soil IRfl l NA NA 1.0 1.0 1.0 

fraction of total roots '" subsurface soil 1Rf2l NA NA 0.0 0.0 0.0 

fraction of diet grown on 
sfte tRDf2l NA NA 1.0 1.0 1.0 

Years of prfor frrfgatlon 
of sfte (IRR) 0 0 0 10 0 

Sel acted organs (KORG) Total Total body, Total body. Total body, Total body, 
body bone, lungs, bone, lungs, bone, lungs. bone, lungs. 

thyroid, thyrol d. thyroid, thyroid, 
GI tract GI tract GI tract GI tract 

No. of years after 
waste Is disposed that: 

Scenario begins (llll 1 1 1 10 1 

Scenario ends (IT2l 50 50 50 59 50 

Site sfze (hal (fRSIZl 1.0 1.0 1.0 1.0 1.0 
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TABLE 3.2-2. Sample Problem Parameter Values 

Pilthwa.ys 

External exposure to slab 
source of waste (lEXTl 

External exposure to an 
Infinite plane of waste 
( ISURl 

Food consumption <IFODJ 

Drinking water consumption 
CH~All 

Aquatic food product 
consumption CIARGl 

Air submersion (IAIRl 

Hours of exposure: 
To external 
To Inhalation 

Waste dilution factor (SRDILJ 

Resuspenslon Model: 
Age of contamination 
Cyrl <AGEl 

Thickness of surface so1l 
layer ava1lable (cml 

Ratio of waste concentration 
In surface to subsurface 
so11 CRPFll 

Fraction of total roots In 
top 15 em of son <Rfl) 

Fraction of total roots In 
subsurface so11 (RF2) 

Fraction of diet grown on 
site (RDF2J 

Years of prior Irrigation 
of s1te (JRRJ 

Selected organs <KORGl 

No. of years after 
waste fs dfsposed that: 

Scenarfo begfns <ITl) 

Scenarfo ends <IT2l 

Sfte sfze (ha) (fRSIZl 

1 

0 

0 

0 

0 

0 

2000,0 
0 

0.2 

NA 

NA 

NA 

1 

0 

0 

0 

0 

0 

3000.0 
3000.0 

0.2 

Anspaugh 

0 

1.0 

NA NA 

NA NA 

NA NA 

NA NA 

0 0 

Total Total body, 
body bone, 1 ungs, 

thyrofd, 
GI tract 

10 10 

59 59 

1.0 1.0 

3.4 

0 

1 

1 

0 

0 

0 

2000.0 
2000.0 

0.2 

Anspaugh 

0 

1.0 

NA 

1.0 

0.0 

1.0 

0 

Total body, 
bone, 1 ungs, 
thyrof d, 
GI tract 

10 

S9 

o.os 

0 

1 

1 

0 

0 

2000.0 
2000 .o 

0.2 

Anspaugh 

0 

1.0 

NA 

1.0 

0.0 

1.0 

10 

Total body, 
bone. 1 ungs, 
thyrofd, 
GI tract 

10 

59 

1.0 

1 

1 

1 

1 

1 

0 

2000.0 
2000.0 

0.'2 

Mass loadfng 

NA 

NA 

o.o 

0.6 

0.4 

1.0 

10 

Total body, 
bone, lungs, 
thyrof d, 
GI tract 

10 

59 
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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 fnput screen for 
the radfonuclfde 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 fs assumed 
to be present in both the surface and subsurface soil. The ffrst 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 soil 
contamination. The RPFl parameter may be a useful parameter when model fng 
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 fn 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 l.OE+20, usually 0.0 to 1.0) 

This factor will be used as a multiplier of al 1 input 
concentrations. It fs 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 Radfonuclfde 
Inventory Modification Factor - SRDIL 

This scenario assumes contamination to both surface <top 15 em) 
and subsurface soil. Concentrations you input will be assumed 
to be in the subsurface soil. 

What fs the ratio of waste concentration fn 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)? 

FIGURE 3.2-2. Revised ONSITE Input Screen for Soil Contamination 
Distribution Parameter - RPFl 
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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 

AREA IN 

!EXT 

!SUR 

TABLE 3.2-3, ONSITE/MAXI1 Parameter Descriptions 

NAMELIST 
Set/No. Array 

El aments 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

Data Type Desc r f pt 1 on 

Real Anspaugh model. Average age in 
years of surface contamination at 
the beginning of the calculation 
fn years. This factor accounts for 
environmental weathering. This 
parameter is set to -1 to select 
the mass-loading resuspension 
model. (Default value is 0) 

Real Area correction factor for external 
and inhalation pathways to account 
for the limited potential for expo­
sure from smaller disposal sites. 
This parameter is calculated by 
ONSITE based on the size of the 
site, FRS1Z. <Default value is 
1.0) 

Real Area correction factor for inges­
tion pathways to account for the 
limited potential for exposure from 
smaller disposal s1tes. This 
parameter is calculated by ONSITE 
based on the size of the site, 
FRS1Z. <Default value is 1.0) 

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

0 - pathway not selected 
1 - pathway selected 

Integer Option to consider external exposure 
to surface contamination model led as 
a plane source. This pathway is 
selected to consider either a waste 
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NAMELIST 
Parameter Set/No. Array 

Name Elements 

!SUR, contd 

IT! INPUT 

RPFl INPUT 

RPF2 INPUT 

SRDIL INPUT 

TABLE 3.2-3, (Contdl 

Data Type 

Integer 

Real 

Real 

Real 

3.7 

Description 

sp111 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 O, 
XFACT wfll be set to 1,0 in MAX!l, 
(Default value fs 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 fn surface to subsurface soils. 
This parameter is used only when 
contamination fs assumed to be pre­
sent in both surface (top 15 em) 
and subsurface soil. 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 1s 1.0) 

Fraction of the total selected diet 
grown on the site. RPF2 must be 
greater than 0.0. (Default value 
is 1.0) 

Inventory modification factor. This 
factor is 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 cl e'!l'b soil. 
Range: 0.0 to 1.0 X 10 used to 
correct units, 0.0 to 1.0 as a di 1 u­
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-line table 
of acceptable radionuclfde nomenclature. All user input is now read in 
FORTRAN CHARACTER format and checked for invalid entries before converting 
to a numeric format. This virtually eliminates user-caused program 
crashes. Figure 3.3-1 contains the list of radionuclides from which dose­
rate factors are available in the ONSITE/MAXIl software package. This 
table is displayed at the beginning of the inventory entry and then 
optionally throughout the inventory entry period to assist the user with 
the input requirements. 

Radfonuclfde inventory must be from the following 11 st: 

H 3 c 14 NA22 p 32 p 33 
s 35 CL36 K 40 CM5 SC46 
CR51 MN54 FE55 FE59 C057 
C060 NI59 NI63 ZN65 SE75 
SR85 SR90+D M093 NB94 RU106+D 
CD1D9 AGllDM+D IN1ll SB124 SB125+D 
I 125+0 I 131+0 CSl37+D CE144+D EU152 
EU154 1B160 OS1B5 OS191 IR192 
HG2D3 PB210+D RA226+D TH228+D TH230+D 
IH232+D u 233+0 u 234 u 235+0 u 238+0 
NP237+D PU241+D SR89 Y 89M SR90 
y 90 M099 TC99M TC99 RU103 
PD103 RH103M I 129 CSl34 CSl35 
CSl37 BAl37M CE141 SM151 u 235 
TH231 PA231 AC227 IH227 FR223 
RA223 NP237 PA233 u 233 TH229 
RA225 AC225 u 238 TH234 PA234M 
PA234 PU242 NP238 PU238 CM244 
PU244 u 240 PU240 CM243 PU243 
AM243 NP239 PU239 PU241 AM241 

Press any key to continue ... <cr> 

EI!lUBE :l,:l-l. Input Screen of Radionuclides Considered 
in the ONSITE/MAXIl Software Package 
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3.4 SAMPLE PROBLEM- STORED WASTE SCENARIO 

As discussed in Section 2.1, the Stored Waste Scenario is a sub-set of the 
External Exposure Scenario. 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 is included in this sectio~ 
For this sample problem, a licensee is assumed to dispose of 100 mr of non­
compacted waste in drums in an abovegrou~d st~&ge facility. The waste is 
assumed~to contain an average of 0.1 C1/m? of Co and have a density of 
1.0 g/cm-. 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 scenario with the user responses shown in the ONSITE interactive 
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 radioactive waste with nonradioactive materials like 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.{1964), 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 little meaning. The area correction question is left in 
ONSITE for the stored waste option to provide the user with another level 
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 problem is about 6.1 rem/yr. 

REFERENCES 

Napier, B. A., R. A. Peloquin, W. E. Kennedy, Jr. and S.M. Neuder. 1964. 
Intruder Dose Pathway Anaylsis for the Onsite Disposal of Radfoactfye 
Wastes: The ONSITEIMAXIl Computer Program. NUREG/CR-3620. U.S. Nuclear 
Regulatory Carmi ss ion, Wash 1 ngton, D.C. 
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#11#1#1#61116###6111111##1#111#11##1##11111111#111#111#111#1111##11##11#1### 
, # 
I =================== I 
# ONSITE/MAXI I 
I =================== I 
# # 
# This interactive program will assist you in the creation II 
# of scenarios for assessment of ons1te disposal of low- # 
# level waste. Doses to man through the specified pathways # 
# will be simulated by the canputer program MAXI. # 
I I 
# The following notes may be of interest: # 
# When you have finished reading, press <return> <cr> # 
# I 
#1111#1###11116#1111111111##66111#1#11###11111111111#11111111#11616#1111#6#1 

1111111111#1#1#1##1#1#11111###61#1#1#1##16#11#11#11111111111#111#66#1#161#16 
6 I 
6 I 
# 1) If the default condition is selected, you need only # 
# press <return>. YES-or-NO questions are designated by # 
# <Y/N) and should be answered with a Y or N. The default # 
# condition is always listed first. # 
# 2) The values you enter will be tested against reasonable # 
# limits and ff they are not accepted you will be asked to # 
# supply another value. # 
6 I 
# When you have finished reading, press <return> <cr> # 
# # 
# I 
6####1##11###11#1#1###1##########1#1######1111111#16#11#1#6####1##11#11#61## 

#l#l#l#l#ll#l###lll#l#l#ll#l##l#lll#llll##l####l#llll#ll#l##l###ll#####l#### 
# # 
# The following scenarios have been defined: II 
# # 
# 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 # 
# I 
I # 
# To select a scenario or for additional information # 
# on a scenario enter lr 2, 3, 4, or 5: 1 <cr> # 
I I 
6 # 
1####66#1#6########1###16#####6#1######1#1#1#1###1###1#11#1#1#1#1#1#11##1#1# 

FIGURE 3.4-1. Input for the Stored Waste Scenario Sample Problem 
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ll#l#l###ll#l###l###l#lll#ll#l#l#ll#l#l#l#l#lll########l####llll#l#l#l####l# 
I I 

' # 
1 SCENARIO 1: External Exposure 6 

' ' # This scenario can be used alone or as part of Scenarios 2 # 
1 and 3. Occupational conditions of 2000 h/yr of external # 
# exposure are assumed. Waste may be located on the surface, # 
# buried at 0.5 m, buried at 1.0 m, or stored. # 

# ' 
# # 
II Scenario l 1 s now sel ectad. Do you wish to change # 
# this selection (N/Y): <cr> # 
# I 
# I 
ll#l#l##l#l#l#l#l#l####l#l#l#l####l#l#l####l#####l#l#l#l#ll#l#l#ll########## 

#####lll########l#l##l###l#l#l##l###l#l#l#l####l#l#l########l#l#l#l###l#l#l# 
# # 
I # 
I I 
I # 
# Enter a descriptive title to identify this case: # 
# Stored Waste Sub-set of the External Exposure Scenar1o <cr> # 
# # 
# # 
I # 
# # 
# # 
I I 
##############l###################l####l#########l#l#####ll#l####l#l###l#l## 

#l#####l###l#l#l#l####l#l#l#l#l####l##l#####l#l#l#l#l#l#l######l########ll## 
# # 
# Three of printer reports are available: # 
# # 
# 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 radionuc11de# 
# 4- Table above plus maximum by organ and radionuclide # 
# # 
# The current selection is: 0 # 
# # 
# ---------------------------------------------------------------------- # 
# Do you wish to change this value {N/YJ? <cr> # 
# # 
#########1#############1#1###1#################1###########1#1############## 

FIGURE 3.4-l. (Contdl 
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l#l#####l#lll###ll#l#lll#lllll#ll###ll#lllll#llll#l###l#l##l##ll#l#l#ll##### 
# # 
# In this scenario, waste location and depth may be: # 
# I 
# 1 - On surface ( 15 em thick) # 
# 2 - On surface Cl m thick) II 
# 3- Overburden of 0.5 m Cl m thick) # 
# 4 - Overburden of 1.0 m (1 m thick) # 
# 5 - Stored waste ( 1 m th 1 ck) 1 
# # 
# See Table 2.3-l of NUREG/CR-3620 Supplement. I 
# The current selection fs: 3 # 
# ---------------------------------------------------------------------- # 
# Do you wish to change this value CN/YJ? Y <cr> # 
# Enter new value: 5 <cr> # 
l#l#####l###l#l##l#lll#lll######l#####llll#l#lll###l##l##l#lll#ll##l#l####l# 

llllllll##llll#####lllll#l#ll###ll#lllll#lll#ll#llll#llll####lll#l#l####l### 
# # 
I # 
I # 
# # 
# The size of the site in terms of fractional hectares # 
I <1.e., 10000 sq m), 1s 1.00 # 
I # 
I # 

# ---------------------------------------------------------------------- I 
# I 
# Do you wish to change thfs value (N/YJ? <cr> # 
# I 
I I 
I I 
#l#llllllllllllllllll#lllll#l#l#ll##lllll#lllllllll#lllll#l#llllllll#llll#ll 

##lll#lll##llllllllll#llllllllllllllllllll#lllllll#lllllllllllllllllllllllll 
# I 
I I 
# The inventory will automatically be adjusted by the 1 
# appropriate area correction factor for each exposure # 
I pathway based on a site size of 1.00 hectares. # 
I I 
I I 
I =======·============================================================== # 
I I 
# Do you wish to review or change sfte size parameters (N/Y)<cr> I 
# I 
I I 
lllll##l#l#l#l##lllll#l##l#llll#llllllllllllllll#lll#lll#llllllll#llllllllll 

FIGURE 3.4-l. (Contdl 
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llll#lllllll##llll#lll#lllll#llll#lllll#llllllllllllll#lllllllllllll#l#lllll 
I I 
I I 
' ============================================ ' 
' ' # Do you wish to review/modify any pathway I 
I parameter values for Scenario 1 (N/Y) ? Y <cr> I 
I I 
I I 
I ====================================================================== I 
I I 
# Do you wish to review or change ext. exposure parameters CN/Y) Y <cr> I , , 
I I 
lll##lll#lllllllll#l#l##l#lll#l#ll#lll#llll#ll#lll#ll###lllllll#lll#l#l##lll 

#ll#l###l#l#ll#l#l#ll#llll#l##lll##ll#l#l#llll#ll#l#l#l#ll#llll#l#ll#lll#l## 
I I 

' ' I The number of hours of exposure to external contamination # 
# per year is 2.000E+03 (range= 0.0 to 8766.) # 
I I 
# # 
I ---------------------------------------------------------------------- I 
I # 
# Do you wish to change this value (N/Y)? Y <cr> # 
I I 
# Enter new value: 500 <cr> # 
I # 
I # 
l#l#l#l#lll#l#l#ll#lll#l#l#l###lll#lll##lllll#l#l#l#l#l#l#l#ll#l#l#ll#llllll 

l#l#l#l##l#lll###l#llll#lllll#l#lllll##ll#ll#l#l#lll#l#l#l#l##l##l####l###l# 
I I 
I I 
# The waste density may be either: # 
# I 
# 1 - 1.8 g/cu em (soil) # 
# 2 - 1.0 g/cu em (water) # 
# 3 - 0.6 g/cu em (0.5 water+ 0.1 carbon) # 
# I 
# The default selection is 1. # 
# # 

# ---------------------------------------------------------------------- # 
# Do you wish to change this value (N/Yl? Y <cr> # 
# Enter new value: 2 <cr> # 
# # 
#ll#l##ll##l##ll#ll##l#l###l####ll#l#l#l###l##ll##ll###l#l#l#ll#l#l#lll#l### 

FIGURE 3.4-1. CContdl 
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l##########l####ll#l#lll####l####l##lll#ll##l#lll#l#l##ll####l############## 
# # 
I # 
I # 
, # 
I ====================================================================== I 
# I 
# Do you w1 sh to rev1 ew or change organ parameters ( N/Y) <cr> fl 
I I 
I I 
# # 
# I 
# # 
###########l##l####ll#########l###llll#l#lll##llllll#l##l######l##l######### 

l###l###ll##l####l#l##l###l#########l##lllll#lll#########lll#l#lll#l######l# 
# I 
# I 
# # 
I The dose calculations begin 1 years after the waste is I 
I disposed. # 
# I 
I ---------------------------------------------------------------------- I 
I Do you wish to change this value (N/Y)? Y <cr> I 
# Enter new value: 0 <cr> # 
# I 
# I 
# The dose calculations will end 49 years after the waste 1s I 
# disposed. OK? (Y/N) <cr> I , , 
#l#l#l#l#ll#l#l#l#l#l#ll#l#lllllll##ll##l##l#l##ll###l#l###l#l#ll#l##ll##lll 

lll#l#ll##lllll##llll#ll#ll##l##llll#ll##ll#ll#lll#l#ll##lllll###ll##lll#lll 
# I 
I The surface/buried inventory may be entered as: I 
I I 
# 1 - pCi I 
I 2 - uCi # 
I 3 - mCl # 
# 4 - Ci I 
# I 
# The current selection 1s: 1 I 
I I 

I ---------------------------------------------------------------------- I 
I Do you wish to change this value (N/Y)? Y <cr> I 
I Enter new value: 4 <cr> I 
I I 
l#llll#l####llll#llllllllll####lllllllllllllllllll#lll##l#llllll#lll#l##llll 

fiGURE 3.4-l. (Contd) 
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,l#l#l#l#l# 
# # 
I The contamination deposited on the site at start of # 
# calculation may be entered in the following units: I 
# # 
# 0 - Ci I square meter # 
I 1 - Ci /cubic meter # 
I 2 - Ci /Kg of soil # 
, # 
I Usually 0 for surface contamination and 1 for buried # 
# contamination. The current selection is: 1 # 
I I 
# ---------------------------------------------------------------------- , 
# Do you wish to change this value (N/Y)? <cr> I 
# I 
#l###l#########l###ll###lll####l#####l#l####lll#####l######l#########l##l#l# 

#l###l###l##llll#######l#l#l####ll###ll#lll#ll##l########################### 
# I 
# # 
# The radionuclide inventory modification factor is: 0.20 # 
# (range = 0.0 to l.OE+20, usually 0.0 to 1.0) # 
# # 
# This factor will be used as a multiplier of all input I 
# concentrations. It is a handy parameter to correct units # 
I or make other changes <such as dilution of inventory with # 
# clean so11). # 
# # 
# ---------------------------------------------------------------------- # 
# Do you wish to change this value (N/Y)? <cr> # 
# I 
# # 
############l#l###l##########l###ll###lll#l#####l#####l###l##l####l#l##ll### 

########ll###l###########l#l###l####l###ll####################l######l###l## 
I I 
# # 
# I 
# # 
I ====================================================================== # 
I # 
# Do you w1sh to review or change any of the above parameters (N/Y) <cr> # 
# # 
# # 
, # 
# I 
l############l##########l#ll##l#######l##############l##############ll###### 

FIGURE 3.4-1. (Contd) 
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l#l#l#l#l###ll##l#lll###l#ll##l#l#l#l#####l#l#l#l#llll##l#l#l###l#####llll## 
# Radfonuclide inventory must be from the following list: # 
I H 3 C 14 NA22 P 32 P 33 # 
# 5 35 CL36 K 40 CM5 5C46 # 
# CR51 MN54 FE55 FE59 C057 # 
# COOO NI59 NI63 ZN65 5E75 # 
I 5R85 5R90+0 M093 N894 RU106+0 # 
# C0109 AGl!OM+O IN!l1 58124 58125+0 # 
# I 125+0 I 13!+0 C5l37+0 C£144+0 EU152 # 
# EU154 TB160 05185 05191 IR192 # 
# HG203 P8210+0 RA226+0 TH228+0 TH230+0 # 
# TH232+0 U 233+0 U 234 U 235+0 U 238+0 # 
# NP237+0 PU241 +0 5R89 Y 89M 5R90 I 
# Y 90 M099 TC99M TC99 RU103 I 
# P0103 RH103M I 129 C5l34 C5l35 # 
# C5l37 8Al37M CE141 5M151 U 235 I 
I TH231 PA231 AC227 TH227 FR223 # 
# RA223 NP237 PA233 U 233 TH229 # 
# RA225 AC225 U 238 TH234 PA234M # 
I PA234 PU242 NP238 PU238 CM244 # 
# PU244 U 240 PU240 CM243 PU243 I 
I AM243 NP239 PU239 PU241 AM241 # 
I Press any key to continue ... <cr> # 
ll####l#######l##########lll#########l#l####ll#l################l#####l#l### 

lll##l#####ll#l####l#l#####l#l#l#l#l#####l#l#######ll########l#l###l######## 
# # 
# The following questions pertain to the radfonuclide # 
# inventory. After inputting the inventory, enter # 
# 11 9911 for element name to signal to the program that # 
# you are finished. # 
I ====================================================================== I 
# Press <return> when you have finished reading: <cr> # 
# # 
l#l###l#######l#l#l###l##l#l#l##ll###l##ll####l###l#ll########l#####l#l#lll# 

#ll#l###l###l#l##l#lll#l##ll#l######l##l#ll#l#ll##########l#####l##ll#ll###l 
I Enter new 2-character element (98=11st, 99=f1nished): CO <cr> # 
I I 
I Mass number input can be up to 6 characters long. # 
# Include metastable <M) and daughter (+D) designation, (f.e., TE127M+D) # 
# # 
I Enter mass number: 60 <cr> # 
I I 
# Enter the quantity of 0060 buried at the site at start of I 
I calculation (units: Cf /cubic meter : .1 <cr> II 
I I 
###l#ll##ll##l######l#l##l#ll##l#l#lllll###l###l#l###########l######l##ll##l 

FIGURE 3.4-1. (Contdl 
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lll#llll###l#llll#l#lll#l##l#l#l#lll#l#ll##l#ll#l##l#ll##l##ll#l#lll#ll#l#l# 
# I 
I I 
I Enter new 2-character element (98=list, 99=f1n1shed); 99 <cr> I 
# I 
# , 
I Surface/Buried Drinking # 
# Ci Irrigation Water I 
# Rad1onuc11de /cubic meter C1 /1 Ci /1 # 
# ------------ ---------- ---------- ---------- I 
I C060 0.10 O.OOE+OO O.OOE+OO # 
# # 
I # 
I ====================================================================== I 
# # 
I Do you wish to review or change the above parameters (N/Y) <cr> I 
# Do you wish to add radionuclides to the above inventory (N/Y) ? <cr> # 
# # 
# I 
#l#l#l#l##l###l###l#l####llll##lll#lllllll#l#ll#l##lll#l#llll#ll#lll#l#l#### 

(The above interactive session generates the following file.) 

SET DEF DISK!:[!NTRUD.L!B] 
ASSIGN FILE20.DAT FOR020 
ASSIGN FILE2l.DAT FOR021 
ASSIGN F!LE24.DAT FOR024 
ASSIGN FILE25.DAT FOR025 
ASSIGN PLANEA.DAT FOR022 
ASSIGN STOREDB.DAT FOR027 
ASSIGN RMDL!B.DAT FORO!O 
ASSIGN FILE23 .OAT FOR023 
RUN DISKl:[!NTRUD.TAPJMAX!l 
Stored Waste Sub-set of the External Exposure Scenario 

$INPUT NEXT=!, 
IFOD=O, IARG=Q, IWAT=Q, IEXT=l, 
ISUR=O, !A IR-Q, 
RPFl= 0.00 , RPF2= 1.00 
RINH= 0.000000, D!LF= 1.00 
M3M2= !, INTRUD=O, 122=0, 

' , XF2= 500. 

ITl= Q, IT2= 49, NORG= 1, KORG<l>= 1, 
SRDIL= 0.200 , FRS!Z= 1.00 , AREAIN= 1.00 
AREAEX= 1.00 , 
!OUT= O, ION=!, $END 

1 0 
0060 11311 l.OOE+ll O.OOE+OO O.OOE+OO O.OOE+OO 

fiGURE 3.4-1. CContdl 
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"' 

MAXI -Maximum Annual Dose Calculation Version VAX2.2 2-APR-85 
E<ecuted on 15-MAY-85 at 14:58:18 

Case tlt1e:Stored Waste Sub-set of the bternal Exposure Scenario 

RADIONUCLIDE CHAIN LIBRARY USED; RADIONUCLIDE MASTER DATA LIBRARY /w TRANSLOCATION CLASSES, 19-MAR-85 RAP 

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

DOSES CALCULATED FROM 0 TO 49 YEARS FOLLOWING TIME ZERO 

PATHWAYS INITIALIZED FOR DOSE CALCULATIONS: 
FARM PRODUCT INGESTION: OFF 
INHALATION OF RESUSPENDED MATERIAL:OFF 
AQUATIC FOODS INGESTION: OFF 
DRINKING WATER INGESTION: OFF 
CONTINUING ATMOSPHERIC DEPOSITION OH 
EXTERNAL FROM BURIED WASTES ON 
EXTERNAL FROM SURFACE DEPOSITS: OFF 

FARM PRODUCT PARAMETERS USED: 

FRACTION OF ROOTS IN UPPER SOIL: 0, 10E+Dl 
FRACTION OF ROOTS IN BURIED WASTE O.OOE+OO 
FRACTION OF TOTAL DIET GROWN ON SITE: l.OOE+OO 

EXTERNAL EXPOSURE PARAMETERS USED: 

SPECIAL PARAMETERS INITIALIZED: 

INVENTORY DILUTION FACTOR: 2.00[-01 
DECAY OF RIVER RELEASE SOURCE TERM NOT PERFORMED 
DECAY OF AIR RELEASE SOURCE TERM NOT PERFORMED 
SITE X/Q: D.DOE+OO 
SPECIAL INHALATION MODEL NOT USED 
SIZE OF THE SITE: 1.00000 FRACTIONAL HECTARES 
INTERNAL PATHWAY AREA CORRECTION FACTOR: l.OOE+OO 
EXTERNAL PATHWAY AREA CORRECTION FACTOR: 1.00E+00 

IRRIGATION RATE: O.OOE+OOL/M-2/MO 
MONTHS PER YEAR IRRIGATED: 6 
RIVER DILUTION FACTOR: l.OOE+OOYR/L 
YEARS OF IRRIGATION WITH CONTAMINATED WATER PRIOR TO 

THE DOSE CALCULATIONS: 0 

RATIO OF EXTERNAL CONTAMINATION IN SURFACE SOIL TO SUBSURFACE SOIL O.OOE+OO 
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 
~m==~=~~=~~=========~==== ~~===~~=== 

FIGURE 3.4-2. Output from the Stored Waste Scenario Sample Problem 
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"' 

Stored Waste Sub-set of the External Exposure Scenario 

MAXI, Vers1on VAX2.2 2-APR-85 executed on 15-MAY-85 at 14:58:18 

RELEASE TERMS 
NUCLIDE ORGAN SOLUBILITY CLASSES 

SOIL SOURCE !RRIGATAT!ON/AQUATIC DRINKING WATER 
(PCI/M**J) (PCl/L ) {PCI/L) 

ATM. RELEASE 
(Cl/YR) 

co 60 0 0 0 0 2.00Et10 O.OOE+OO O.OOEtOO O.OOEtOO 

-lHI---**-*PLEASE NOTE ANY SPECIAL CONSIDERATIONS IN THIS SPACE*"""*'''" 101'"'-''' 11 """* 
* * 
X''''' •11•''''''' '' ·--·IHH< lE'' ''. '**"""""---·' '''.''*""""*'''''X'''.''''··-*********** 

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

RAO I ONUCll DE SURFACE SOIL DEEP SOIL AIR IRRIGATION DRINKING WATER 
PCI/M2 PCI/M3 PCI/M3 PCI/L PCI/L 

co 60 O.OOEtOO 2.00Et10 O.OOEtOO 0. DOE tOO O.OOEtOO 

SOIL, AIR, AND WATER CONCENTRATION SUMMARY FOR THE YEAR 49 

RAOIONUCL 1 DE SURFACE SOIL DEEP SOIL AIR 
PCI /M2 PC!/M3 PC!/M3 

co 60 0. OOE+OO 3. l3Et07 O.OOEtOO 

MAXJMUM ANNUAL DOSE SUMMARY FOR THE YEAR 0 FORTOTAL BODY 

RA!J!ONUCLIOE 
------------

C060 

TOTALS 

EXPOSURE PATHWAY 
INGEST ION INHALATION 
REM Z REM % 
--------------- ---------------

O.OOEtOO 

INGESTION 

0. ODE tOO 

0 

% 

0 

0. DOE tOO 

INHALATION 

O,OOEtOO 

0 

0 

DIAGNOSTIC 1: END OF FILE ON INPUT, STOP 
FORTRAN STOP 

' 

EXTERNAL 
REM ' 
6. 10[+00 100 

EXTERNAL 

6. 10[+00 100 

% 

IRRIGATION DRINKING WATER 
PCI/L 

0.00£+00 

AQUAT 1 C FOOD 
REM % 

0. DOE tOO 0 

AQUATIC FOOD % 

O.OOEtOO 0 

PC!/L 

0. OOE+OO 

DRINKING WATER 
REM % 

0. ODE+OO 0 

DRINKING WATER % 

O.OOEtOO 0 

FIGURE 3.4-2. (Contd) 
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4.0 PROGRAMMING DETAIL 

The changes and enhancements made to the ONSITE/MAXll 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 MAXIl computer programs are summarized 
below. 

One additional subroutine, RDLIST, was added to ONSITE. RDLIST is cal led 
by RADIN to display the table of available radionuclides. Minor changes 
have been made to the following ONSITE subroutines: ONSITE, CHANGE, 
DISINV, 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 
MAXIl subroutine PADOS to apply the appropriate area correction factor for 
inhalation pathways. In addition, changes were made to OAPAGE and OUTPUT 
to record the date of this modification. 

The VAX version of the MAXI! computer program is listed in Appendix k 
There are two notable differences between the VAX and CDC versions of 
MAXI!. First, two different algorithms are used by the two versions to 
read the dose rate factor files. These algorithms are contained in the 
subroutines OFREAO and SETDAT. The difference concerns a trade-off between 
the amount of computer memory <CDC version} versus the amount of central 
processing time <VAX version} required for input operations. This mech­
anism fs transparent to the user. The second difference is the addition 
of a fourth output option with the VAX version. The additional report 
summarizes the maximum year of exposure by rad1onuc11de 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 calculations. The results of these compari­
sons verified that both the VAX and CDC versions of the enhanced software 
package were operating correctly. 
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5.0 ERRATA 

The following corrections were included in the ONSITE/MAXll software pack­
age since the original document was published in October 1984. 

5.1 UNITS CONVERSION- ONSITE 

In the ONSITE computer program <Napier et al. 19~), the corre~tfon factor 
for units of mCi to pCi was changed from 1.0 x 10 to 1.0 x 10 • This 
factor is stored in the third element of the array NVUNIT and initialized 
with a DATA statement. 

5.2 RUTHENIUM-103 DECAY CHAIN- RMDLIB/RMDONS 

The l03Ru decay chain in the files RMDLIB and RMDONS (Appendix l.C, Napier 
et al. 1964) was corrected to read as follows: 

RU103 
PD103 
RH103M 

3 .94E+1 1 0 
1.70E+1 2 0 
3.90E-2 3 1 .9974 

5.3 STRONTIUM-90 - ORGLIB 

0 
0 
2 .9997 

A correc~bon was made to the organ datz file ORGLIB The biological half-
1 ife of Sr was .ppdated fro~ 1.3 x 10 to 4.0 x 10~ days for tota 1 body 
and from 1.8 x 10 to 4.0 x 10 days for bone. The versions of FILE~8' 
FILE21, FILE24, and FILE25 dated 4/85 contain dose rate factors fo§ Sr 
with this shorter biologi~al half-life. This change affects only 0sr, the 
biological halfg6ife of 9 Sr+D (the data entry that includes the short-
1 1 ved daughter Yl was correct. 
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APPENDIX A COMPUTER OODE LISTING - MAXI! 

c-------------------------------------------------------------------c 
C Program Title: MAXI! 
c 
C Developed for: 
c 
c 
c 
c 
c 
c 
c 
c 
C Date: 
c 
C NRC Contacts: 
c 
c 
c 
c 
C Code Developer: 
c 
c 
c 

U.S. Nuclear Regulatory Commission 

Office of Nuclear Regulatory Material 
Safeguards 

Safety & 

Division of Waste Management 
and 

Office of Nuclear Regulatory Research 
Division of Health, Siting, and Waste Management 

May 31, 1984 

Dr. Stan Neuder (NMSSl 
Phone: 301-427-4533 

B.A. Napier, R.A. 
Pacific Northwest 
Richland, WA 

Peloqufn, W.E. Kennedy, 
Laboratory 
509-375-3849 (WEKl 

J r • 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

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 liability or responsibility for 
any third party's use, or the results of such use, of any portion 
of th1s program or represents that its use by such third party 
would not infringe privately owned rights. 

c------------------------------------------------------------------------
c 
c 

c 
PROGRAM MAXI 1 

C TIHS PROGRAM IS DESIGNED TO CALCULATE ANNUAL RADIATION DOSES FROM 
C INGESTION, INHALATION, EXTERNAL SURFACE CONTAMINATION, 
C AND AQUEOUS FOOD AND WATER INGESTION RESULTING 
C FROM RESIDUAL RADIOACTIVITY AT DECOMMISSIONED NUCLEAR FACILITIES 
C AND WASTE STORAGE SITES. 
c 
C Version of May 31, 1985 
c 
c 
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c-----------------------------------------------------------------------
c 

c 

c 

c 

c 

c 

c 

COMMCN/THIRDSIOK<sol.AML<SoJ.xosiTE.IAIR.IDKAIR,IBLow 

00MMON/RLIB/ELT(300l,AW(300l,TR(300l,NUC,NCH,NCHN(300l,NOFNUC(200) 
.,NCHST(200l,IFR(2,300l,DKF(2,300l,!MEM(300l 

00MMON/DATAl/ELT0(50l,AW0(50),JOFNUC(50l,NONUC,DK(2,50l, 
.!FRM(2,50l,AL(50l,AM(50l,SOILCN(50l,ICHN,AM!(50l,AMJ(50l, 
.IFOO,JARG,IWAT,RIRR,RPF,XMLF,DILF,IMQ,DEN,IEXT 

OOMMCN/DATA2/DFDOS(SO,SO,Sl,AIDOS(SO,SO,Sl,JNDOS(SO,SO,Sl, 
.DEXT(50l,ARGF(50,SO,Sl,ARDW(50,SO,Sl,DEDXT(50l 

OOMMCN/DOSEl/EXDOS(SO,SOl,AEXDOS<SOl,FDOS(SO,SO,Sl, 
.FADOS(SQ,SQ,S),DADOS(SO,SO,S), 
.ARDQS(SQ,SQ,S),DWDOS(SO,SO,S), 
.AFDOS(SO,Sl,ADADOS(SQ,Sl,ADQS(SO,Sl, 
.AAROOS(SO,Sl,ADWDOS(SO,Sl 

COMMCN/MXTIM/MAXT!M(Sl,MAXO(Sl,MAXPM(SQ,Sl 

COMMON/JUNK/DDTT,!Tl,IT2,TITLE!(20l,TODAY,CLOCK 

c-----------------------------------------------------------------
c 
C Added for fast execution version (original> 
c 

c 

c 

COMMON/FREAD/ELTLS(lOQl,AWLS(lQQl,ELTX(lOOl,AWX(lOQl, 
.DFXT(lOOl, 
.NYRL,NYRS,NORGL,NORGS,NISOL,NISOS,NISQX, 
.NYRW,NYRA,NORGW,NORGA,NISOW,NISOA,ELTA(lOOl,AWAW(lOOl, 
.ELTW(lOOl,AWW(lOOl,ELTOX(lOOl,AWDX(lOOl,DFDXT(lOOl,N!SODX 

DIMENSION X(lOOOOOl 
DIMENSION OINCL<SO,!OO,Sl,D!NCS(SO,!OO,Sl, 

.DINCA(SQ,lQO,S),DlNCW<SO,lOO,S) 
DIMENSION KORGLS(Sl,KORGA<Sl,KORGW(Sl 

c-----------------------------------------------------------------
c 

c 

DIMENSION KQRG(5l,NTR(5,5Ql,TITLR(20l,TITLO!(l5l,NSOLD(5,50l 
DIMENSION TITL!N(40l 

DIMENSION Q(50l .EL THSOl ,AWHSOl 
DIMENSION QI(5Q),QJ(50l,OAPR(50l 
DIMENSION NFLAG(300l,NFLAGC(200l 
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c 

c 

c 

c 

APPENDIX A COMPUTER CODE LISTING - MAXI! 

CHARACTER AW*6,AW0*6,AWI*6 
CHARACTER AWLS*6,AWX*6,AWAW*6,AWW*6,AWDX*6 
CHARACTER DDTT*9, TODAY*!O, CLOCK*lO 
REA!*4 INDOS 

EQUIVAlENCE (D!NCL,X),(X(!),EXDOS),(X(250l),AEXDOS), 
,(X(255ll,FDOS) 

EQUIVALENCE (X(2500ll,DINCS),(X(l505ll,FADOS),(X(2755ll,DADOS) 
EQUIVAlENCE (X(5000ll,DINCA),(X(4005l),ARDOS), 

.(X(5255ll,OWDOSl,(X(6505l),AFDOS),(X(6530l),ADADOS), 

.(X(6555ll,AD0Sl 
EQUIVAlENCE (X(7500!),D!NCW),(X(6580ll,AARDOS), 

.(X(6605l),A0WDOS) 

DATA AST /'** 1/ 

C NAMELIST INPUT PARAMETERS 
c 

NAMELIST/INPUT/IEXT,XFACT,!OUT,!Tl,IT2,KORG,NORG,XDPT,NEXT 
.,AGE,IFOD,IARG,IWAT,RIRR,RPF,XMLF,M3M2,DILF,IMO,DEN, 
.RF1,RF2,RINH,INTRUD,JDKWAT,IAIR,XQSITE,IDKAIR, 
. RPFl, RPF2, !SUR, 122, XF2, SROIL, IBIO, 
. FRS!Z, AREAIN, AREAEX, ION 

c 
C LAST TWO LINES OF NAMELIST INPUT SPECIFIC TO VAX ONSITE/BIOPORT 
C VERSION 
c 
C MAXIMUM NUMBER OF RADIONUCLIDES THAT CAN BE CONSIDERED 

NMAX=SO 
c 
C GET DATE AND TIME 

CALL DATE(TODAYl 
CALL T!ME(CLOCKl 

c 
C READ MASTER DATA LIBRARY FOR RADIONUCLIDE AND CHAIN DECAY DATA 
c 

CALL RLIBIN(T!TLRl 
c 
C READ CASE SPECIFIC INPUT 
c 

DEN=lOO. 
!M0=6 
~~~! 

IARG=l 
IWAT=l 
lAIR=! 
XQSITE=O.O 
IDKAIR=O 
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c 

c 

c 
c 

RPF=l. 
RPFI=l.O 
RPF2=0.0 
RIRR=O.O 
XMLF=O.Ol 
M3M2=0 
DILF=l.O 
AGE=-l.O 
IDKWAT=O 
RIM=l.O 
XDPT=0.067 
XFACT=l.O 
!SUR=! 
122=1 
XF2=0.0 
!Tl=l 
RFl=l.O 
RF2=0.0 
RINH=l.O 
IEXT=O 
INTRUD=O 
IT2=50 
SRD!L=l.O 

KORG< 1) =1 
KORG(2)=6 
KORG(3)=8 
KORG(4)=16 
KORG<Sl=23 
NORG=S 

IBIO = 0 
ION = 0 
FRS!Z = I.O 
AREAIN = l.O 
AREAEX = l.O 

C RPFl= OLD RPF 
C RPF2= FRACTION OF TOTAL DIET GROWN ON SITE 
C RPF=RPFl : IF RPF2>0. THEN RPF = RPFl*RPF2 
C ONLY RPF IS USED IN THE CALCULATION; RPFl, RPF2 USED FOR QA PAGE -RAP 
c 
C !SUR, 122, AND XF2 ARE THE ONSITE PARAMETERS EQUIVELENT TO XFACT 
C !SUR = SURFACE CONTAMINATION (0-NOT CONSIDERED, !-CONSIDERED) 
C 122 = INDEX OF SURFACE CONTAMINATION SOURCE (0-ISOSHLD, 2-MAX!2l 
C XF2 = NO.OF HOURS/YEAR PERSON IS EXPOSED TO EXTERNAL CONTAMINATION 
c 
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C CODE LOGIC HAS BEEN ARRANGED SO THAT THE USER MAY STILL INPUT "XFACT" 
C THROUGH NAMELIST. XFACT WILL ONLY BE SET BY MAXI1 IF VALUES HAVE BEEN 
C INPUT FOR !SUR, 122, AND XF1 
c 

c 

1 READ(5,SO,END=99l TITLE1 
READ(UN!T=S,NML=!NPUT,ERR=97l 
!F(NEXT.E0.4lGO TO 95 

C SET RIM VALUES BY M3M2 
c 

c 

!F(M3M2.E0.1l RIM=0.15 
!F(M3M2.E0.2l RIM=224. 

C IF ONSITE INPUT, SET XFACT BASED ON VALUES OF !SUR, 122, AND XF2 
IF (!SUR .EO. 0) THEN 

c 

XFACT = 0.0 
ELSE 

IF (122 .EO. Ol XFACT = 5.844E-11 
IF (XF2 .GT. O.l XFACT = XFACT * (XF2/8766.) 

ENDIF 

C IF ONSITE, SET RPF ELSE SET RPF1=RPF 
IF <RPF2 .GT. 0.) THEN 

c 

RPF = RPF1 * RPF2 
ELSE 

RPF1 = RPF 
RPF2 = 1.0 

END IF 

C READ NEW ISOTOPE SELECTION 
C NOTE: SUCCESSIVE CASES USE THE INITIAL INVENTORY 
c 
C IF NOT BIOPORT INPUT , DO STANDARD INVENTORY INPUT 

IF CIBIO .NE. ll THEN 
c 

c 

c 

!F(NEXT.EQ.3) GO TO 100 
READ(5,2QQ,END=99l NIN, IRR, !BLOW 
IFCN!N.GT.NMAX.OR.NIN.LT.1l GO TO 98 

READC5,300,END=99l<ELTI(!),AWI<Il,(NSOLD(J,!),J=1,5),0(!), 
Ql(J),QJ(l),QK(!),I=l,NIN> 

ELSE 
C USE SPECIAL INVENTORY INPUT ROUTINE FROM BIOPORT 
c 
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IF (NEXT .EQ. 1) THEN 
C FIRST TIME THROUGH 

READC5,201l !RR, !BLOW 
READC30,202l CTITLINCIRAPl,IRAP=1,10l 

C PRINT 202, CTITLINCIRAPl.!RAP=1,40) 
END IF 

c 
C READ B!OPORT YEAR FOR REPORTS 

READ (30,205) !BYR 
C PRINT 205, !BYR 
c 
C USE ALTERNATE INVENTORY INPUT(* SIGNALS END THIS YEAR) 
c 

c 

NIN=O 
I=1 

153 CONTINUE 
READ C30,301,END=99l ELTIC!l,AWIC!l,CNSOLDCJ,Il,J=1,5), 

Q(l), QI(l), QJ(!) 
c 
c PRINT 8801, ELT!(l),AWIC!l,QC!),AST 
c 8801 
c 

FORMAT(' AS READ:•,M,':' 1 A6,E10.3,•:•,A4,t:r) 

IF CEL TIC!l ,EQ. ASTl GO TO 152 
I = I + 1 

c 

NIN = NIN + 1 
GO TO 153 

152 CONTINUE 
c 

c 

END!F 

DO 150 1=1 ,NIN 
QC!l = OCil * SRDIL 

150 QICil=QICil*DILF 

C IMPORTANT NOTE: THE ORDER OF NSOLD ON THE INVENTORY CARDS 
C ABSOLUTELY MUST MATCH THAT OF THE INPUT ORDER OF KORG 
C IN THE INPUT NAMELISTII 
c 
C DO THE FOLLOWING FOR STANDARD EXECUTION: 

IF CNEXT .NE. 5) THEN 
c 

CALL IDNUCCNUC,ELT,AW,ELTI,AWI,N!N,NCHN,NFLAG,NFLAGC) 
c 
C CALL DATE OF RUN 

CALL DATECTODAYl 
CALL TIMECCLOCKl 

c 
c 
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C READ AND SET DATA ARRAYS 
c 

CALL DFREAD(DINCL,DINCS,KDRGLS,DINCA,DINCW,KDRGA,KDRGWl 
c 
C CALL SETDAT TO SET DATA IN CHAINS 
c 

c 
c 

CALL SETDAT(ELTI,AWI,NFLAG,NFLAGC,O.DINCL,DINCS, 
.KORG,KORGLS,NORG,NSOLD,NTR,QI,QJ,RIM, 
.D!NCA,DINCW,KORGA,KORGW,OAPRl 

C SET INHALATION DATA ARRAY 

c 

c 
c 

c 

CALL INSET<NORG,KORG,NTR,TITLDil 

100 CONTINUE 

ELSE 

C THIS IS SUBSEQUENT BIOPORT RUN, USE SPECIAL INITIALIZATION 
CALL RDSUB (0. QJ, QJ, NFLAG, OAPR, R!Ml 

c 

c 
c 

END!F 

C CALL OAPAGE TO PRINT BACK PARAMETERS USED 
c 

c 

CALL OAPAGECRFl,RF2,INTRUD,IDKWAT,XFACT,IRR,RINH,XDPT,AGE, 
.M3M2,KORG,NORG,NTR,TITLR,TITLDI,QAPR,RPFl,RPF2,ISUR,I22, 
.XF2,SRDIL,!B!O,!BYR,TITLIN,NEXT,FRS!Z,AREA!N,AREAEX,JON) 

C SET AIR CONCENTRATIONS FRQM OFF-SITE SOURCES 
c 

!F(!AIR.NE.llGO TO 160 
DO 151 l=l,NONUC 

151 AML(!l=AML<Il*XUS!TE*3.175E4 
160 CONTINUE 

c 
C CALCULATE PATHWAY DOSES 
c 

CALL PADOSCXFACT,NORG,XDPT,AGE,IRR,RFl,RF2,RINH,INTRUD,IDKWAT, 
XF2, RPFl, RPF2, AREAIN, AREAEX) 

c 
C CALCULATE ANNUAL DOSES 
c 

CALL ANDOS(NORGl 
c 
C DETERMINE MAXIMUM ANNUAL DOSE 
c 

CALL MAXDOS(NORG,NONUCl 
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c 
C PRINT OUTPUT RESULTS PAGE 
c 

CALL OUTPUT (NORG,IDUT,KORG,IBIO,IBYR,NEXT) 
c 
C RECOVER AML FOR FUTURE CASES 
c 

c 

c 

IFCIAIR.NE.!lGO TO 180 
DO 170 I=!,NONUC 

IF (XQSITE .GT. 0.) THEN 
AML(Il=AMLCil/(XQSITE*3.175E4) 

ELSE 
AMLCil=D.O 

END IF 
!70 CONTINUE 
!80 CONTINUE 

50 FORMATC20A4l 
200 FORMAT(3I5l 
201 FORMATC2I5l 
202 FORMAT(20A4l 
205 FORMATe IX .IS) 
300 FORMAT(A2,A6,5I!,4El0.2) 
301 FORMATCJX,A2,A6,5I!,4E!0.2) 

C IFCNEXT.GT.!l GO TO I 
GO TO I 

c 
c 

95 PRINT 400 
STOP 

99 PRINT 600 
600 FORMATCIHI,• DIAGNOSTIC I' 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 FORMATCIH!,' DIAGNOSTIC 3, ERROR IN NUMBER OF NUCLIDES '• 

.'INPUT, NONUC=',I3,'MAXIMUM ALLOWED !5,'!4) 
400 FORMATCIH!,•DIAGNOST!C 4: END OF INPUT FOR THIS RUN, NORMAL '• 

• 'TERMINATION') 
c 
c------------------------------------------------------------------------c 

END 
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C-------------------------------------------------------------------------
C 

SUBROUTINE ACHAJN(NUC,T,DK,JFRM,AL,AM,AOl 
c 
C THIS SUBROUTINE IS THE HEART OF THE CHAIN DECAY PROCEDURE. 
C IT REOLJRES THE COMPLEX INFRASTRUCTURE OF RLIBJN,SETDAT,PADOS. 
c 
C Module of MAXI! 
C Version of 7-FEB-85 RAP 
c 
C------------------------------------------------------------------------
C 
c 

c 

REAL*B AC45), SUMPR, ASUM, AMO, EXPOC9), ALD(9), ARG 
DIMENSION DK(2,9l,JFRM(2,9),AL(9),AM(9),A0(9) 

C CCNVERT AL TO DOUBLE PRECISION 
DO 113 JJK = 1, 9 

ALD(JJKl = DBLE(AL(JJK)) 
113 CONTINUE 

c 
C INITIALIZE CCEFFICJENT ARRAY TO ZERO 
c 

N2N=NUC*CNUC-ll/2+NUC 
C CALL ZEROR(N2N,Al 

c 

DO 100 IJK = 1, N2N 
A(IJKl = O.ODO 

100 CONTINUE 

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

c 
C CALCULATE EXPONENTIAL FOR CURRENT NUCLIDE 

ARG = -ALD(J) * T 

c 

EXFO(J)=DEXPCARG) 
JJ=J*(J-ll/2 
Jl=J-1 
!F(J1.LE.Ol GO TO 4 
IMAX=MINO( Jl, 2) 
DO 3 M=l,Jl 
DO 2 L=M,Jl 
DO 1 !=!,!MAX 
IFCIFRM(J,Jl.EQ,Ll THEN 

A(M+JJl=ACM+JJl+DK(J,Jl*ALCLl*A(M+L*(L-ll/2) 
END IF 

1 CONTINUE 
2 CCNTINUE 

ACM+JJl=A(M+JJ)/(ALD(J)-ALD(Mll 
3 CONTINUE 
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4 CONTINUE 
ASUM = 0.000 
IF (J1 .EQ. 0) GO TO 11 

DO 12 !RAP = 1, J1 
JK = JJ + !RAP 
ASUM = ASUM + A(JK) 

12 CONTINUE 
11 CONTINUE 

C 4 A(J+JJ)=AM(J)-ASUM(J1,A(JJ+1)) 
c 

AMD = AM(J) 
A(J+JJ) = AMD - ASUM 

c 
C AO(J)=SUMPRD(J,EXPO,A(JJ+1)) 
C THE VAX HAS A PROBLEM WITH THIS CODE- USR THE FOLLOWING: 
c 

c 

c 

c 

SUMPR = 0.000 
DO 8884 IN = 1,J 

JK = JJ + IN 
SUMPR = SUMPR + EXPO(!Nl * ACJK) 

8884 CONTINUE 
AO(J) = SUMPR 

5 CONTINUE 

RETURN 

C-------------------------------------------------------------------------
C 

END 
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c--------------------------------------------------------------------------c 

SUBROUTINE AFACT(AIT!M,AIRFA,ITIME,XDPTl 
c 
C THIS SUBROUTINE CALCAULATES A RESUSPENSION FACTOR USING THE ANSPAUGH 
C MODEL WITH A LOWER LIMIT OF l.DE-9. 
c 
C Module of MAXI! 
C Version of 25-APR-84 
c 
c--------------------------------------------------------------------------c 
c 

c 

c 

c 

c 

DIMENSION AIRFA<SOl 

1 CONTINUE 

IF(AITIM.GT.25l GO TO 10 
AIRFA<ITIMEl=l.OE-4*<EXP(-2.87*(SQRT(A!T!Mllll+l.OE-9 
AIRFA<ITIMEl=AIRFA<ITIMEl*XDPT 
GO TO 30 

10 AIRFA(ITIMEl=l.OE-9*XDPT 
30 CONTINUE 

RETURN 

c---------------------------------------------------------------------------c 
END 
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c-------------------------------------------------------------------------c 
SUBROUTINE AIRD!S(!DKA,INUC,JTIME,AMM,Jl 

c 
C THIS SUBROUTINE IS USED TO DECAY THE ATMOSPHERIC RELEASE SOURCE TERM 
C IF NECESSARY. USED FOR CASES WITH OFF-SITE AIRBORNE SOURCES 
c 
C Module of MAXI! 
C Version of 25-APR-84 RAP 
c 
o------------------------------------------------------------------------

c 

c 

c 

COMMON/DATAI/ELT0(5Dl.AW0(50),!0FNUC(50l.NONUC,DK(2,50) • 
• !FRM(2,50l,AL(50l,AMC5Dl,SO!LCN(50l,ICHN,AMIC50l,AMJ(50), 
.IFOD,IARG,JWAT,RIRR,RPF,XMLF,OILF,IMO,DEN,JEXT 

COMMON/THIRDS/OKCSOl,AMLCSOl,XOSITE,IAIR,IDKA!R,!BLOW 

CHARACTER*6 AWO 
DIMENSION AMM(50) 

C IF NOT DECAYING SOURCE, SET AMM=AML 
c 

c 

IST=INUC+J 
K=IST+J-1 
IFCIDKA.NE.OlGO TO 10 
DO !DO l=IST,K 

100 AMMC!l=AMLC!l 
GO TO 90 

C DECAY ONE-MEMBER CHAINS 
c 

10 !F(J.GT.JlGO TO 2D 
AMM( ISTl =AML ( ISTl *EXP ( -AL ( ISTl *J TIME) 
GO TO 90 

c 
C CALL CHAIN DECAY ROUTINE 
c 

20 DO 2DO I=IST,K 
200 AMM(!)=AML(ll/AL(!) 

CTIME=JTIME 
CALL ACHAIN(J,CTIME,DK(J,IST),!FRM(J,IST),AL(IST),AMM(IST), 

.AMM(!ST)) 
DO 3DD I=IST,K 

300 AMMC!l=AMMC!l*ALC!l 
c 

90 RETURN 
c 
c---------------------------------------------------------------------------c 

END 
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c----------------------------------------------------------------------------
c 

SUBROLTINE ANDOSCNORGl 
c 
C THIS SUBROLTINE IS USED TO CALCULATE ANNUAL AND PATHWAY DOSES 
c 
C Module of MAXI1 
C Version of 19-JUN-84 
c 
c----------------------------------------------------------------------------c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

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

COMMON/OATA1/ELTOCSOl,AW0(50),!0FNUCCSOl,NONUC,DK(2,SOl, 
.IFRM(2,50),AL(50),AM(50l,SOILCNCSOl,JCHN,AM!(50l,AMJ(50), 
.IFOO,IARG,IWAT,RIRR,RPF,XMLF,DILF,IMO,OEN,IEXT 

CCMMON/DOSE1/EXOOS(SO,SOl,AEXDOSCSO),FOOS(SO,SO,Sl, 
.FADOS(SO,SO,Sl,DADOSCSO,SO,Sl,AROOS(SO,SO,Sl,DWDOSCSO,SO,Sl, 
.AFDOSCSO,Sl,ADAOOSCSO,Sl,AOOSCSO,Sl, 
.AARDOSCSO,Sl,ADWDOSCSO,Sl 

CCMMON /NEWRPT/ PATHOT(SO,SO,Sl 

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

ITIME=O 
CALL ZERORC2SO,AF00Sl 
CALL ZERORC2SO,AOADOS) 
CALL ZEROR(250,AAROOSl 
CALL ZEROR(2SO,ADWD0Sl 
CALL ZERORC12SOO,PATHOTl 

DO 100 JTIME=IT1,IT2 

ITIME=ITIME+1 

DO 200 INUC=1,NONUC 
00 300 IORG=1,NORG 

C CALCULATE TOTAL FOOD PRODUCT DOSES 
c 

FDOS(!TJME,INUC,JORGl=FDOSC!TIME,INUC,!ORGl+FADOS(!TIME,INUC,IORG 
) 

c 
C CALCULATE TOTAL FOOD PRODUCT DOSES SUMMED OVER ALL NUCLIDES 
c 

AFDOSCITJME,IORGl=AFDOSCITIME,!ORGl+FOOSCITIME,!NUC,IORGl 
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C CALCULATE TOTAL INHALATION'DOSE SUMMED OVER ALL NUCLIDES 
c 

ADADOS(!TIME,IORGl=ADADOS(!TIME,IORGl+DADOS(!TIME,INUC,!ORGl 
c 
C CALCULATE TOTAL AQUEOLS FOOD DOSES 
c 

c 

AARDOS(IT!ME,!ORGl=AARDOS(ITIME,!ORGl 
+ARDOS(!TIME,INUC,JORGl 

C CALCULATE TOTAL DRINKING WATER DOSE 
c 

ADWDOS(!TIME,!ORGl=ADWDOS(!T!ME,IORGl 
+DWDOS(!TIME,INUC,!ORG) 

c 
C Calculate pathway totals for each organ, nuclide, and t1me 
c 

PATHOT(!TIME,INUC,!ORGl = FDOS(!TIME,!NUC,IORGl 
+ DADOS(ITIME,INUC,!ORGl 
+ ARDOS(!TIME,INUC,!ORGl 
+ DWDOS(ITIME,JNUC,!ORGl 
+ EXDOS(!T!ME,INUC) 

c 
C PRINT 8888, PATHOT(!TIME,INUC,!ORGl 
C 8888 FORMAT(' PATHOT: •,El0.2l 
c 

300 CONTINUE 
200 CONTINUE 

c 
C CALCULATE ANNUAL DOSES 
c 

DO 400 IORG=l,NORG 
ADOS(ITIME,!ORGl=AFDOS(ITIME,JORGl+ADADOS(!TIME,IORGl+AEXDOS(!TIME 

)+AARDOS(!TIME,!ORGl+ADWDOS(!TIME,!ORG) 
c 

c 

40D CONTINUE 
100 CONTINUE 

C DEBUG PRINT STATEMENT--
C IT!ME=O 
C DO 101 JTIME=!Tl,IT2 
C IT!ME=ITIME+l 
C PRINT 888l,JTIME,(AD0S(!TIME,!ORGl,!ORG=l,NORGl 
C 8881 FORMAT(' JTIME, ADOS: •,I4,5E!0.3l 
C 101 CONTINUE 
c 

RETURN 
c 
c---------------------------------------------------------------------------c 

END 
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c-------------------------------------------------------------------------c 
FUNCTION ASUM(J,A) 

c 
C This function sums an array, called by ACHAIN 
c 
C Module of MAXI! 
C Version of 25-APR-84 RAP 
c 
c-------------------------------------------------------------------------c 
c 

c 

c 

c 

DIMENSION ACll 

ASUM=O. 
IFCJ.LE.Ol GO TO 2 
DO 1 I=l,J 
ASUM=ASUM+ACI) 

1 CONTINUE 

2 RETURN 

C------------------------------------------------------------------------
C 

c 

c 

c 

c 

c 

END 
SUBROUTINE DFREADCDINCL,DINCS,KORGLS,DINCA,DINCW,KORGA,KORGWl 

COMMON/DATA1/ELTOC50l,AWOC50l,IOFNUCC50),NONUC,DK(2,50), 
.IFRMC2,50l,ALC50l,AMC50l,SOILCN(50),ICHN,AMIC50),AMJ(50), 
.IFOD,IARG,IWAT,RIRR,RPF,XMLF,DILF,IMQ,DEN,IEXT 

COMMON/TITLS/TIT20Cl3l,TIT21Cl3),TIT22(13),TIT24(13), 
.TIT25(13),TIT27(13) 

COMMON/FREAD/ELTLS(l00),AWLS(l00),ELTX(l00l,AWXC100), 
.DFXT(l00), 
.NYRL,NYRS,NORGL,NORGS,NISOL,NISOS,NISOX, 
.NYRW,NYRA,NORGW,NORGA,NISOW,NISOA,ELTA(l00l,AWAW(l00), 
.ELTWC!OOl,AWWClOOl,ELTOXClOOl,AWOX(lOO),OFOXT(lOO),NISOOX 

DIMENSION KORGLSC5l,KORGA(5),KORGWC5l 
DIMENSION DINCLC50,100,5l,DINCSC50,100,5),0INCAC50,100,5), 

.OINCW(50,100,5) 
CHARACTER*6 AWLS,AWX,AWO,AWAW,AWW,AWDX 

C READ LEAF AND SOIL MECHANISM DATA 
c 

500 CONTINUE 
READ(20,600)TIT20 

600 FORMATC13A4l 
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READ(20,lliD,NYRL,NISOL,NORGL 
READ(20,7l(KORGLS(I),I=l,NORGLl 
READ(21,600lTIT21 
READ(2l,lliD,NYRS,NISOS,NORGS 
READ(21,7l<KORGLS(I),I=l,NORGS) 

1 FORMAT<5X,A4,3I5l 
7 FORMAT<515l 

READ(24,600lTIT24 
READ(24,l)ID,NYRA,NISOA,NORGA 
READ(24,7l(KORGA<Il,I=l,NORGAl 
READ(25,600lTIT25 
READ(25,lliD,NYRW,NISOW,NORGW 
READ(25,7l(KORGW(I),I=l,NORGWl 

51 CONTINUE 

C LEAF,SO!L,AQUEOUS FOOD AND DRINKING WATER DATA IN BLOCKS 
c 

c 

DO 15 IYR=l,NYRL 
IF(IFOD.EQ.Ol GO TO 56 
READ(20,25) 
READ<21,25l 

56 IF<IARG.EO.Ol GO TO 57 
READ<24,25) 

57 !F(IWAT.EQ.O) GO TO 58 
REA0(25,25l 

58 CONTINUE 
25 FORMAT< lX) 

DO 10 ISO=l,NISOS 
IF<IFOD.EQ.OlGO TO 60 
READ(20,2lELTLS(IS0l,AWLS<ISOl,(DINCL(IYR,ISO,IOR),IOR=l,NORGLl 
READ(21,2)ELTLS<ISOl,AWLS(ISO),(DINCS<IYR,ISO,IORl,IOR=l,NORGSl 

10 CONTINUE 
60 IF(IARG.EQ.Ol GO TO 61 

DO 11 ISO=l,NISOA 
READ(24,2lELTA(lSOl,AWAW(ISOl,(DINCA(IYR,ISO,IOR), 

.!OR=l,NORGAl 
11 CONTINUE 
61 IF(IWAT.EO.Ol GO TO 15 

DO 12 ISO=l,NISOW 
READ(25,2lELTW<ISOl.AWW(ISOl,<DINCW<IYR,ISO,IORl, 

.IOR=l,NDRGW) 
2 FORMAT(A2,A6,5El2.2l 

12 CONTINUE 
15 CONTINUE 

C READ EXTERNAL EXPOSURE MECHANISM DATA 
c 

READ(22,600lTIT22 
READ(22,3liD,NISOX 

3 FORMAT(5X,A4,1I5l 
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DO 20 IS0=1,NISOX 
20 READC22,4lELTXCISOl,AWXCISOl,DFXTCISOl 

IFCIEXT.NE.1l GO TO 31 
READC27,600lTIT27 
READC27,3l ID,NISODX 
DO 30 IS0=1,NISODX 
READC27,5l ELTOXCISOl,AWDXCISO),DFDXTCISO) 

30 CONTINUE 
31 CONTINUE 
4 FORMATCA2,A6,E7.1) 
5 FORMATCA2,A6,E7.1) 

C PRINT DIAGNOSTIC MESSAGES, IF ANY, AND STOP 
c 

c 

IFCNISOL.GT.100.0R.NISOS.GT.100.0R.NISOX.GT.100l 
.GO TO 100 
IFCNISOA.GT.100.0R.NISOW.GT.100) GO TO 100 
IFCNYRL.GT.50.0R.NYRS.GT.50.0R.NYRA.GT.50.0R.NYRW.GT.50) 

.GO TO 200 
IFCNORGL.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 FORMATC1H1,• DIAGNOSTIC 8: NUMBER OF ISOTOPES FOR DFREAD OUT OF BO 

.UNDS•,/,5(5X,I5)) 
201 FORMAT(1H1,' DIAGNOSTIC 9: NUMBER OF YEARS FOR DFREAD OUT OF BOUND 

.S 1 ,/,4(5X,I5)} 
301 FORMATC1H1,• DIAGNOSTIC 10:NUMBER OF ORGANS OUT OF BOUNDS FOR DFRE 

.AD 1 ,/,4(5X,I5ll 
END 
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c--------------------------------------------------------------------------
c 

SUBROUTINE DUMMY(N) 
c 
C THIS ROUTINE READS PAST UNUSED ENTRIES IN FILE 23 
c 
C Module of MAXI! 
C Version of 25-APR-84 RAP 
c 
c-------------------------------------------------------------------------
c 

c 

c 

DO 100 I = !,N 
READC23,!0l 

10 FORMAT (IX) 
100 CONTINUE 

RETURN 

c--------------------------------------------------------------------------
c 

END 
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c----------------------------------------------------------------------c 
SUBROUTINE !DNUC<NUC,ELT,AW,ELT!,AWI,NIN,NCHN,NFLAG,NFLAGC) 

c 
C THIS MODULE IDENTIFIES NUCLIDES IN INPUT INVENTORY 
c 
C Module of MAXI! 
C Version of 25-APR-64 RAP 
c 
c----------------------------------------------------------------------

DIMENSION NFLAGC(200),NCHN(300) 
DIMENSION ELT(300),AW(300),ELT!(50),AW!(50),NFLAG(300) 
CHARACTER AW*6,AWI*6 

C INITIALIZE COUNT INDEX ON UNIDENTIFIED NUCLIDES 
c 

4 CONTINUE 
ISTOP=O 

C LOOP ON NUCLIDES INPUT. TEST AGAINST MASTER LIST. 
c 

c 

CALL ZER01(200,NFLAGC) 
CALL ZER01(300,NFLAG) 
DO 3 IN=!,NIN 
00 I IL=!,NUC 
ILN=IL 
!F(ELT(!L).NE.ELTI(!N)) GO TO I 
IF(AW(!Ll.EO.AWI<IN)) GO TO 2 
!F(AW(!L),EQ,AWI<IN)) GO TO 2 

I CONTINUE 

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

c 

ISTOP=ISTOP+! 
PRINT 100, ELTI(!N),AW!(!N) 
GO TO 3 

2 NFLAG(!U=IN 
NFLAGC<NCHN(!Lll=! 

3 CONTINUE 
IF(!STOP.LT.J) RETURN 

C PRINT TOTAL NUMBER OF UNKNOWN NUCLIDES AND STOP. 
c 

c 

PRINT 200, !STOP 
100 FORMAT(!HO,' DIAGNOSTIC II: UNIDENTIFIED NUCLIDE 0 ,A2,A6) 
200 FORMAT(!HO,• DIAGNOSTIC 12: THERE WERE UNIDENTIFIED NUCLIDES, '• 

• 0 !STOP =0 ,13) 
STOP 

c----------------------------------------------------------------------------
c 

END 
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c-----------------------------------------------------------------------
c 

c 
c 
c 
c 
c 
c 
c 

SUBROUTINE INSETCNORG,KORG,NTR,TITLDIJ 

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

Module of MAXI1 
Version of 25-APR-84 RAP 

factor file from the 

c----------------------------------------------------------------------c 

c 

COMMON/DATA1/ELTOC50l,AWOC50l,IOFNUCC50J,NONUC,DKC2,50), 
.IFRMC2,5QJ,ALC5QJ,AM(5QJ,SOILCN(5Q),ICHN,AMICSOJ,AMJC5Q), 
.IFQD,IARG,IWAT,RIRR,RPF,XMLF,DILF,IMO,DEN,IEXT 
COMMON/DATA2/DFDOSC5Q,50,5l,AIDOSC50,50,5l,INDOSC50,50,5l,DEXTC50l 

.,ARGFCSO,SO,S),ARDW<SO,SQ,S),DEDXT(SO) 
DIMENSION NTRC5,50l,KORGC5l,IDORGC5l,TITLDIC15l,DINC3,51,5l 
CHARACTER AW0*6,AWD*6 
REAL*4 INDOS 

1 CONTINUE 
CALL ZERORC12500,INDOSJ 
READ(23,10)NDI,TITLDI 

10 FORMATCI5,15X,1SA4) 
READ(23,11lCIDORGCil,I=1,5l 

11 FORMATCSISJ 

C LOOP ON NUCLIDES IN DACRIN-GENERATED FILE 23 
c 

c 

c 

DO 100 IDI=1,NDI 

READC23,12lELTD,AWD,N1,N2,N3 
12 FORMAT(A2,A6,2X,3I5l 

ICHK=O 

C MATCH WITH DESIRED NUCLIDES, INCLUDING DAUGHTERS 
c 

c 

c 

DO 200 INUC=1,NONUC 

IFCELTD.NE.ELTOCINUCJ.OR.AWD.NE.AWOCINUCll GO TO 200 
ICHK=1 

C READ ALL DATA FOR FOUND NUCLIDE INTO TEMPORARY ARRAY LOCATION 
c 

IFCN1.LE.Ol GO TO 50 
READ(23,13lCCDINC1,IYR,IOR),IOR=1,5l,IYR=1,N1l 

SO IF(N2.LE.Ol GO TO 55 
READ(23,13lCCDINC2,IYR,IOR),IOR=1,5l,IYR=1,N2l 

55 IFCN3.LE.Ol GO TO 60 
READC23,13lCCDINC3,IYR,IOR),IOR=1,5l,IYR=1,N3l 
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60 CONTINUE 
13 FDRMAT(10X,5E10.2) 

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

C IDENTIFY ORGAN AND SOLUBILITY CLASS AND SET 
c 

c 

00 300 IORG=1,NORG 
DO 400 JORG=1,5 
IF<IDORG(JORGl.NE.KORG<IORG)) GO TO 400 
IF<NTR(IORG,INUC).EQ.2) GO TO 420 
IF<NTR<IORG,INUC) .EQ.3) GO TO 430 

410 IF(N1.EQ.0) GO TO 300 
DO 411 IYR=1,N1 

411 INDOS(IYR,INUC,IORGl=DIN(1,IYR,JORG) 
GO TO 300 

420 IF(N2.EQ.0) GO TO 300 
DO 421 IYR=1,N2 

421 INDOS(IYR,INUC,IORGl=DIN(2,IYR,JORG) 
GO TO 300 

430 IF(N3.EQ.O) GO TO 300 
DO 431 IYR=1,N3 

431 INDOS(IYR,INUC,IORG)=OIN(3,IYR,JORG) 
GO TO 300 

400 CONTINUE 
300 CONTINUE 
200 CONTINUE 

C IF NO NUCLIDE MATCH IN 200 LOOP, READ PAST LIBRARY DATA 
c 

N4=N1+N2+N3 
IF(ICHK.EQ.O) CALL OUMMY(N4) 

100 CONTINUE 
C D0501IYR=1,10 
C 00 500 INUC = 1, NONUC 
C PRINT 8892, (INDOS<IYR,INUC,IORG), IORG=1,5) 
C 8892 FORMAT (' ',5E11.3) 
C 500 CONTINUE 
C PRINT 8893 
C 8893 FORMAT (' ') 
C 501 CONTINUE 
c 

RETURN 
c 
C-------------------------------------------------------------------------
C 

END 
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c------------------------------------------------------------------------c 
SUBROUTINE MAXDOS(NORG,NONUCl 

c 
C This subroutine finds the maximum dose for each organ. 
c 
C Module of MAXIl 
C Verison of 29-JUN-84 
c 
c-------------------------------------------------------------------------
c 
c 

c 

c 

c 

c 

c 

c 

c 

COMMON/DOSE!/EXDOS(50,50l,AEXDOS(50l,FDOS(50,50,5),FADOS(50,50 
.,S),DADOS(SO,SO,S),ARDOSCSO,SQ,S),DWDOS<SO,SO,S), 
.AFDOS(50,5),ADADQS(50,5l,ADOS(50,5), 
.AARDOS(50,5l,ADWDOS(50,5) 

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

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

COMMON/JUNK/DDTT,ITJ,IT2,TITLE1(20),TODAY,CLOCK 

CHARACTER*IO TODAY, CLOCK 
CHARACTER*9 DDTT 

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

CALL ZEROR(5,MAXIDl 
CALL ZEROR(250,MAXPTH) 
CALL ZEROI(250,MAXPMl 

ITIME=O 
DO 2 I=J,5 
MAXTIM<Il=l 
DO 211 INUC = !, NONUC 

C PRINT 8881, INUC, I, NONUC 
CB881 FORMAT ( 0 INUC, I, NONUC, 0 ,3I5) 

MAXPM(INUC,Il = I 

c 

211 CONTINUE 
2 CONTINUE 

DO 100 JTIME=ITJ,IT2 
ITIME=ITIME+l 
DO 200 IORG=!,NORG 
IF(ADOS(ITIME,IORGl.GT.MAXID(IORGll GO TO 50 
oomw 

50 MAXID(IORGl=ADOS(ITIME,IORGl 
MAXTIM<IORGl=ITIME 
MAXD(IORGl=JTIME 
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60 CONTINUE 
DO 210 INUC = 1, NONUC 

IF CPATHOT(ITJME,INUC,IORG) .GT. MAXPTHCINUC,IORGl l THEN 
MAXPTHCINUC,!ORG) = PATHOT(ITIME,INUC,IORGl 
MAXPMCINUC,!ORGl = !TIME 

ENDIF 
210 CONTINUE 

200 CONTINUE 
100 CONTINUE 

RETURN 

c---------------------------------------------------------------------------c 
END 
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c-----------------------------------------------------------------------
c 

SUBROUTINE MLOADl!TIME,DEN,XMLF,A!RFAl 
c 
C This subroutine calculates resuspensfon using the mass loading 
C equation. 
c 
C Module of MAXI! 
C Vers1on of 25-APR-84 RAP 
c 
c-------------------------------------------------------------------------
c 
c 

c 

c 

c 

c 

DIMENSION A!RFA(50l 

1 CONTINUE 

AIRFA(ITIMEl=XMLF/DEN/0.15 

RETURN 

c-------------------------------------------------------------------------
c 

END 
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c-------------------------------------------------------------------
c 

SUBROUTINE OUTPUT(NORG,IOUT,KORG,!B!O,IBYR,NEXT) 
c 
C Th1s subrout1ne pr1nts a report of MAXIl results. 
c 
C Module of MAXI! 
C Version of 2-APR-85 RAP 
c 
c-------------------------------------------------------------------
c 
c 

c 

c 

c 

c 

c 

c 

c 

COMMON/DATA1/ELT0(50),AW0(50),!0FNUC(50),NONUC,DK(2,50), 
.!FRM(2,50),AL(50),AM(50),SOILCN(50),JCHN,AMI(50),AMJ(50), 
.IFOD,IARG,IWAT,RIRR,RPF,XMLF,DILF,IMO,DEN,IEXT 

COMMON /JUNK/ DDTT, IT!, IT2, TITLE1(20), TODAY, CLOCK 

COMMCN/DOSE1/EXDOS(50,50),AEXDOS(50),FDOS<S0,50,5), 
.FADOS(SQ,SQ,S),DADOSCSO,SO,Sl,ARDOSCSO,SO,S>,DWDOSCSO,SO,S), 
.AFDOSCSO,S),ADADOSCSO,S),ADOS(SO,Sl,AARDOSCSO,S>, 
• AOWDOS.< 50,5) 

CCMMON/MXTIM/MAXTIM(5),MAXD(5),MAXPM(50,5) 

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

DIMENSION ONAME(Z3),0NA(5),KORG(5) 

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

DATA(ONAME(!),!=1•23)/'TOTAL BODY 1 , 1 BODY WATER 1 , 1 KIDNEYS I , I L1 
.VER I , I SPLEEN I, I BONE I , I FAT I , I LUNGS ', ' ADRE 
.NALS '•' TESTES I I I OVARIES I, I SKIN I , I BRAIN I , I MUSC 
.LE I, 'PROSTATE '•' ll-IYROID t,r PANCREAS '•' HEART I , I Gl-TRA 
• CT I , I STOMACH I , I SI I , I ULI I , I LLI 

c 
C PRINT TITLES FOR SUMMARY BY ORGAN AND RADIONUCLIDE (!OUT=Ol 
c 

DO 100 IORG=1,NORG 
IF (NONUC .GT. 20 .OR. IORG .EU. 1) WRITE(6, 10) 
IF <NONUC .GT. 20 .OR. IORG .EQ. 1) WRITE(6, 11) TITLE1 

'I 

IF <NONUC .GT. 20 .OR. IORG .EU. 1) WR!TE(6, 12) TODAY, CLOCK 
IF <IBID .GT. 0) WRITE(6, 27) IBYR 

c 
ONA(JORG)=ONAME(KORG(JORG)) 
WRITE(6, 13) MAXD<IORG),ONA<IORG) 
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c 

c 

c 

c 
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WRITEC6, 14) 
DO 200 INUC=l,NONUC 
K=MAXTIM(!ORGl 

ATEMP = AFDOS(K,IORGl 
IPFD = 0 
IF CATEMP .GT. O.l IPFD=FDQS(K,INUC,IORGl/ATEMP*lOO 

ATEMP = ADADOS(K,IORGl 
IPOAD = 0 
IF CATEMP .GT. 0.) IPOAD=OADQS(K,INUC,IORGl/ATEMP*lOO 

IPEX = 0 
IF CAEXOOS(K) .GT. 0.) IPEX=EXOOS(K,INUCl/AEXDOS(K)*lOO 

ATEMP = AARDOS(K,IORGl 
IARG = 0 
IF (ATEMP .GT. 0.) IARG=AROOS(K,INUC,IORGl/ATEMP*lOO 

ATEMP = ADWOOS(K,IORGl 
IOWO = 0 
IF CATEMP .GT.O.l IOWD=DWDQS(K,INUC,IORGl/ATEMP*lOO 

WRITE(6, 15) ELTOCINUCl,AWOCINUCl,FOOSCK,INUC,IORG), 
.IPFO,OAOOSCK,INUC,IORGl,IPDAD, 
.EXDOSCK,INUCl,IPEX, 
.AROOSCK,INUC,IORGl,IARG,OWDOSCK,INUC,IORGl,IOWD 

200 CONTINUE 
c 

c 

IPAF = 0 
IPAD = 0 
IPAX = 0 
IAGO = 0 
IOWA = 0 
ATEMP = ADOSCK,IORGl 

IF CATEMP .LE. 0.) GO TO 201 
IPAF=AFOOSCK,IORGl/ATEMP*lOO 
IPAD=ADADOSCK,IORGl/ATEMP*lOO 
IPAX=AEXDOSCKl/ATEMP*lOO 
IAGD=AARDOSCK,IORGl/ATEMP*!OO 
IOWA=ADWDOS(K,IORGl/ATEMP*lOO 

201 CONTINUE 
c 

c 

WRITEC6, 16) AFOOSCK,IORGl,IPAF,ADADOSCK,IORG), 
.IPAO,AEXDOS(Kl,IPAX, 
.AAROOS(K,IORGl,IAGO,AOWDOSCK,IORGl,IOWA,ADOSCK,IORGl 

100 CONTINUE 

10 FORMAT(!Hll 
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c 
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11 FORMAT!4X,20A4) 

12 FORMAT(/,25X, 1MAXI, Version VAX2.2 2-APR-85 1 , 

• 1 executed on •,Al0, 1 at •,Al0, 1 • 1 ) 

13 FORMAT! I ,1X, •MAXINJM ANNUAL DOSE SUMMARY FOR "THE YEAR 1 , 

.IS,t FOR 1 ,Al0) 
14 FORMAT(//,28X, 1 EXPOSURE PA1HWAY 1 ,/,17X, 1 INGESTION 1 ,11X, 

• 1 INHALATION',lOX,'EXTERNAL', 
.12X,•AOUATIC FOOD•,8X,•ORINKING WATER•, 
./,1X,•RADIONUCLIDE•,3X, 
.s < • REM • ,gx, '" • ,sx> ,; ,IX,I2< •-'l ,3x,s < 16< •-'} ,4X> ,n 

15 FORMAT!3X,A2,A6,5X,5!1PE9.2E2,2X,I4,5X)) 
16 FORMATClX,ll2<'-'),/,SX,tTOTAlS',6X,tiNGESTION',4X,tSt, 

.6x, • INHALATION • ,4x, •s • ;6x, • EXTERNAL • .sx, •.s •, 

.6X, t AQUATIC FOOD' , lX, '% t ,SX, t DRINKING WATER 1 , lX, 

.•s•,6X,•TOTAL', 

.//,16X,5!1PE9.2E2,2X,I4,5Xl,1PE9.2E2l 
27 FORMAT!1X, 1 DOSE RESULTING FROM CONCENTRATIONS AT YEAR '• IS, 

.• OF BIOPORT SIMULATIO~.') 

C PRINT DOSE BY ORGAN TO FILES FOR PLOTIING IF BIOPORT INPUT 
c 

c 

c 

c 

c 

c 

c 

c 
c 

IF (IBIO .EQ. 1) THEN 

IU = 40 

IF !NEXT .EQ. 1) THEN 
WRITE !IU,31) TITLE1,(0NA!IORGl,IORG=1,NORG) 

END IF 

WRITE !IU,32) IBYR, !ADOS!MAXTIM!IORG),IORG),IORG=1,NORGl 

ENDIF 

31 FORMAT { 1 1 ,2QA4,//,1X, 1 Year 1 ,5(2X,A10)/ 
I ----------

'---------- ----------') 
32 FORMAT (t t,UQ,5!2X,El0.3)) 

C PRINT MAXIMUM DOSE BY ALL PA"THWAYS FOR EACH YEAR AND ORGAN REPORT 
IF (lOUT • EQ. 4) "THEN 

WRITE (6, 10) 
WRITE (6, 12) TODAY, CLOCK 
WRITE (6, 33) TITLE1, !ONA!IORG), IORG=1,NORGl 

c 
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c 

c 
c 

APPENDIX A COMPUTER CODE LISTING - MAXI! 

DO 70 INUC = l, NONUC 
WRITE (6,34) ELTO(INUC), AWO(INUCl, 

70 CONTINUE 
ENDIF 

<MAXPM(INUC,J), PATHOT(MAXPM<INUC,Jl,INUC,Il, 
I = l, NORGl 

33 FORMAT (t •,2QA4,//,1SX, 
' MAXIMUM DOSE BY NUCLIDE AND ORGAN SUMMED OVER ALL ', 
'PATHWAYS•// 
' Rad1o- ',5(5X,Al0,2X),/ 
1 Nuclide •,S(2X, 1 Year•,zx,•Dose <rem)')/ 
I ---------- ---------------- ----------------

•----------------•---------------- ----------------•,/) 
34 FORMAT (I I ,A2,A6,2X, 5(2X,I4, 2X,lPE10.3)) 

C TEST ON OUTPUT CLASS AND CONTINUE 
c 

IF(IQUT,EQ.O .OR. !OUT.EQ.4) GO TO 999 
c 
C PRINTA TABULATION OF ANNUAL DOSES BY ORGAN (IOUT=ll 
c 

c 

WR!TE(6, 10) 
WRITE(6, lll TITLE! 
WRITE(6, 12) TODAY, CLOCK 
WRITE(6, 20) IT2 
WRITE(6, 21) (ONA(IORG),IORG=l,NORG) 

C LOOP ON YEARS AND ORGANS 
c 

c 

ITIME=O 
DO 300 JTIME=ITl,IT2 
ITIME=ITIME+l 
WRITE(6, 22) JTIME,(ADOS(ITIME,!ORGl,IORG=l,NORGl 

300 CONTINUE 
20 FORMAT(/,2X, 1 ANNUAL DOSE SUMMARY FOR 1 ,15, 1 YEARS 1 ) 

21 FORMAT(2X,•YEAR•,sX,S(Al0,2Xll 
22 FORMAT (IX, IS ,SX,S ( lPE9.2E2.3Xl l 

C PRINT LUNG OUTPUT BY PATHWAY, ORGAN, AND YE"AR (IOUT.GT.ll 
c 

!F(!OUT.LT.2lGO TO 999 
ITIME=O 
DO 500 JTIME=ITl,!T2 
ITIME=ITIME+l 
DO 600 IORG=l,NORG 

C PRINT TITLES 
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WR!TE(6, 10) 
WRITE(6, 11) TITLE1 
WRITE(6, 12) TODAY, CLOCK 
WRITE(6, 25) JTIME,ONA<IORGl 
WRITE(6, 14) 

C LOOP ON RADIONUCLIDES 
c 

c 

c 

c 

c 

c 

c 

c 

DO 700 INUC=1,NONUC 

ATEMP=AFDOSCITIME,IORG) 
IPFD = 0 
IF CATEMP .GT. 0.) IPFD=FDOSCITIME,INUC,IORGl/ATEMP*100 

ATEMP=ADADOSCITIME,IORGl 
IPDAD=O 
IF (ATEMP .GT. 0.) IPDAD=DADOSCITIME,INUC,IORGl/ATEMP*10D 

ATEMP=AEXDOS(!TIME) 
IPEX = D 
IF CATEMP .GT. 0.) IPEX=EXDOSCITIME,INUCl/ATEMP*100 

ATEMP = AARDOSCITIME,IORG) 
IARG = 0 
IF (ATEMP .GT. 0.) IARG=ARDOSCITIME,INUC,IORGl/ATEMP*1DO 

ATEMP = ADWDOS(!TIME,IORGl 
IDWD = 0 
IF (ATEMP .GT. 0.) IDWD=DWDOSCITIME,INUC,IORGl/ATEMP*1DO 

WRITE(6, 15) ELTOCINUC),AWOCINUCl,FDOSCITIME,INUC,IORG), 
.IPFD,DADOS(!TIME,INUC,IORG), 
.IPDAD,EXDOS(ITIME,INUC),!PEX, 
.ARDOSCITIME,INUC,!ORG),!ARG,DWDOSCITIME,INUC,IORGl,IDWD 

700 CONTINUE 
c 

c 

IPAF = 0 
!PAD = 0 
!PAX = 0 
IAGD = 0 
IOWA = 0 
ATEMP = ADOSCITIME,IORG) 

IF CATEMP .LE. 0.) GO TO 701 
IPAF=AFDOSCITIME,IORGl/ATEMP*100 
IPAD=ADADOSCITIME,IORGl/ATEMP*1DO 
IPAX=AEXDOSCITIMEl/ATEMP*100 
IAGD=AARDOS(!TIME,IORGl/ATEMP*100 
IDWA=ADWDOS(!TIME,IORGl/ATEMP*100 
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701 CONTINUE 
c 

c 
c 

c 

WR!TE(6, 16) AFDOSCITIME,IORG),!PAF,ADADOSCITIME,!ORGl, 
.IPAD,AEXOOSCITIME),JPAX, 
.AARDOSC!TJME,IORG),!AGD,ADWOOSCITIME,JORGl,!DWA, 
.AOOSCITIME,!ORG) 

600 CONTINUE 
500 CONTINUE 

25 FORMAT(/,13X,•ANNUAL DOSE SUMMARY FOR YEAR 1 ,J5,1X, 
• 'AND ORGAN 1 ,Al0l 

999 CONTINUE 

RETURN 

c--------------------------------------------------------------------------c 
END 
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c---------------------------------------------------------------------c 

c 

SUBROUTINE PADOSCXFACT,NORG,XOPT,AGE,IRR,RFl,RF2,RINH,INTRUD, 
.IDKWAT,XF2, RPFl, RPF2, AREAIN, AREAEX) 

C PADOS calculates doses for each pathway. 
c 
C Module of MAXI! 
C Version of 2-APR-85 RAP 
c 
c---------------------------------------------------------------------c 

c 

c 

c 

c 

c 

c 

c 

COMMCN/THIRDS/QK(SOl,AML<SOl,XUSITE,IAIR,IDKAIR,IBLOW 

COMMCN/JUNK/DDTT,IT!,IT2,TITLE1(2Ql,TODAY,CLOCK 

COMMCN/DATA2/DFDOS(SQ,SO,S),AIDOS(SQ,SO,Sl,INDOS(50,50,5), 
.DEXT(50),ARGF(50,SO,Sl,ARDW<SO,SO,Sl,DEDXT(50l 

OOMMON/DATA1/ELT0(5Ql,AW0(5Ql,IOFNUC(50l,NONUC,DK(2,50), 
.IFRM(2,50l,AL(50l,AM(50l,SOILCN(5Dl,ICHN,AMI(5Dl,AMJ(5Dl, 
.IFOD,IARG,IWAT,RIRR,RPF,XMLF,DILF,IMO,OEN,JEXT 

OOMMCN/DOSE1/EXDOS(50,5Dl,AEXDOS(50l,FDOS(SO,SO,Sl,FADOS(50,50 
.,S),DADOSCSO,SO,S),ARDOS(SQ,SO,S},DWDOS(SO,SO,S), 
.AFDOS(SO,S),ADADOS(SO,Sl,ADOS(SO,Sl,AARDOS(SO,Sl, 
.ADWDOS<SO,Sl 

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

REAL*4 INDOS 
CHARACTER*9 DDTT 
CHARACTER*lO TODAY, CLOCK 
CHARACTER*6 AWO 

C INITIALIZE OAT ARRAYS 
c 

c 

CALL ZEROR(l2500,ARDDSl 
CALL ZEROR(l2500,DWDOSl 
CALL ZEROR<SO,AOl 
CALL ZEROR<SO,SOILCNl 
CALL ZEROR(SO,AIRFAl 
CALL ZEROR(SO,AIRCONl 
CALL ZEROR(SO,AEXDOSl 
CALL ZEROR(l2500,FDOSl 
CALL ZEROR(l2500,FAD0Sl 
CALL ZEROR(l25QO,QADOSl 
IDKA=IDKAIR 
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C MASTER LOOP ON TIME 
c 

c 

ITIM2=0 
ITA=!Tl-IBLOW 
!TW=!Tl-IRR 
ITIME=-MAXCIRR,IBLOW) 
ITM=IT!+ !TIME 
DO 50 JTIME=ITM.IT2 
IFCINTRUD.NE.O.AND.JTIME.GT.IT!lGO TO 50 
ITIM2=ITIM2+! 
ITIME=ITIME+l 
N=ITIME-1 
IFCITIM2.EQ.!) A!TIME=JT!ME 
!F(!TIM2.GT.!)A!TIME=l.O 
B!TIME=JT!ME+AGE-ITM 

C CALL RESUSPENSION OR MASS LOADING FACTOR 
c 

!F(ITIME.LE.Ol GO TO 10 
!F(AGE.GE.O) 

.CALL AFACT<BITIME,AIRFA,!TIME,XDPT) 
!F(AGE.LT.O) CALL MLOAD(!TIME,DEN,XMLF,AIRFA) 

10 CONTINUE 
INUC=O 

C LOOP ON CHAINS 
DO 200 ICH=!,ICHN 

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

c 

J=IOFNUC(!CH) 
!F(JTIME.EQ.ITA)CALL A!RD!S(!DKA,INUC,JTIME,AMM,J) 
IF<JTIME.EQ.ITWlCALL WATER(!DKWAT,!NUC,JTIME,AMK,J) 

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

c 

c 

c 

c 

CALL SOLOONCITIM2,ICH,JNUC,AITIME,J,AO,JTIME,AMT,ITl,AMK,AMM, 
RPFll 

!F(IDKA.NE.O.AND.JTIME.GE.ITAlCALL AIRD!S(!,INUC,JTIME,AMM,J) 
!F(IDKWAT.NE.O.AND.JTIME.GE.!TWlCALL WATER(!,INUC,JTIME,AMK,J) 

DO 290 JNUC=!,J 

INUC=INUC+l 
IF<JTIME.LT.IT!) GO TO 290 

C CALCULATE AIR CONCENTRATIONS 
c 
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AIRCON(!NUCl=SOILCN(!NUCl*AIRFA(!TIMEl+AMM(INUCl 
c 
C CALCULATE EXTERNAL TOTAL BODY DOSES 
c 

c 

EXDOS(!T!ME,INUCl=DEXT(!NUCl*SO!LCN(!NUCl*XFACT*AREAEX 
+DEDXT(!NUCl*AMT(INUCl*5.844E-ll*XF2/8766.*AREAEX 

C WHERE 5.844E-ll=(HR/YR*REM/MREM*C!/PC!l/0.15 
c 
c 
C CALCULATE EXTERNAL DOSE SUMMED OVER ALL NUCLIDES AND DAUGHTERS 
c 

AEXDOS<ITIMEl=AEXDQS(IT!MEl+EXDOS(!T!ME,JNUCl 
c 
C CALCULATE INTERNAL PATHWAY DOSES 
c 

c 

c 

c 

c 

DO 300 IORG=!,NORG 
M=SO-N 
DO 400 ITTIM=l,M 

IR = ITTIM+N 

FDOS<ITTIM+N,!NUC,!ORGl=FDOS(!TTIM+N,!NUC,!ORGl+DFDOS(!TTIM,!NUC 
.,!ORGl*SOILCN(!NUCl*RFl*RPF2*AREAIN 
.+DFDOS(ITTIM,!NUC,IORGl*AMT(INUCl*RF2*RPF2*AREA!N 

FADOS(!TTIM+N,!NUC,IORGl=FADOS(!TT!M+N,!NUC,IORGl+AIDOS(ITT!M,!NUC 
.,!ORGl*AIRCON(!NUCl*RPF2*AREA!N 

C IRRIGATION LEAF DEPOSITION, AIR DEPOSITION VELOCITY IS ASSUMED 
C TO BE lE-3 FOR ALL RESUSPENDED PARTICLES 
C THIS REQUIRES A SPECIAL LIBRARY OF DEP VELOCITIES FOR FOOD FILGEN!I 
c 

c 

c 

!F(R!RR.LE.O.OlGO TO 500 

FADOS(JTTIM+N,INUC,IORG):FADOS(!TTIM+N,INUC,IORG)+ 
.A!DOS<ITT!M,INUC,JORGl*AMK(INUCl*RIRR/2.635E6/l.DE-3*RPF2 

500 CONTINUE 
c 
c 

c 

c 

c 

DADOS(!TTIM+N,INUC,IORGl=DADOS(!TTIM+N,INUC,IORGl+INDOS(!TTIM,INUC 
,IORGl*AIRCON(!NUCl*R!NH*AREAEX 

ARDOS(!TTIM+N,INUC,!ORG)=ARDOS(!TTIM+N,INUC,IORGl 
+ARGF(!TT!M,INUC,!ORGl*AMK(!NUCl 

DWDOS(!TTIM+N,!NUC,IORGl=DWDOS(!TTIM+N,!NUC,!ORGl 
+ARDW(!TTIM,INUC,!ORGl*AMJ(INUCl 
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c 

400 CONTINUE 
300 CONTINUE 
290 CONTINUE 
200 CONTINUE 

C CALL SOILCN, A!RCON PRINTOUT--
C IF (JT!ME .NE. !T2) GOTO 8878 
C DO 8879 !RAP = 1, 50 
C PRINT 8877, CDADOS ( IRAP.JNU,3) , INU=l,NONUCl 
C 8877 FORMAT(' DADOS: '.3El0.3) 
C 8879 CONTINUE 
C 887 8 CONTINUE 
c 

IFCJTIME.EG.!Tl.OR.JTIME.EQ.IT2l 
.CALL PNTOCSOILCN,AIRCON,JNUC,NONUC,JTIME,ELTO,AWO,AMK,AMJ,AMTl 

c 
50 CONTINUE 

c 
RETURN 

c 
c----------------------------------------------------------------------
c 

END 
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c-----------------------------------------------------------------------c 
SUBROUTINE PNTO (SOILCN,AIRCON,INUC,NONUC,JTIME,ELTO,AWO,AMI,AMJ, 

AMTl 
c 
C THIS SUBROUTINE IS USED TO PRINT THE RESULTING TIME DEPENDENT 
C SOIL, AIR, IRRIGATION WATER, AND DRINKING WATER CONCENTRATIONS 
c 
C Module of MAXI! 
C Version of 25-APR-84 RAP 
c 
c-----------------------------------------------------------------------c 

c 

c 

c 

c 

c 

DIMENSION AIRCON(50l,SO!LCN(50l,ELT0(50l,AW0(50l 
DIMENSION AM!(50l,AMJ(50l,AMT(50l 
CHARACTER*6 AWO 
IF (NONUC.GT.20 .OR. JTIME .EQ. ll THEN 

WRITE (6,51) 
ELSE 

WRITE (6,52) 
END IF 

WRITE (6,50) JTIME 
IF<INUC.NE.NONUCl GO TO 200 
DO 100 JNUC=l,NONUC 
AMT<JNUCl=AMT(JNUCl/.15 
WRITE (6,60) ELTO(JNUCl,AWO(JNUCl,SO!LCN(JNUC),AMT(JNUCl, 

.AIRCON<JNUCl,AM!(JNUCl,AMJ(JNUCl 
AMT(JNUCl=AMT<JNUCl*.l5 

100 CONTINUE 

RETURN 
20D WRITE (6,70) 
50 FORMAT(lH ,3QX,•SO!L,A!R, AND WATER CONCENTRATION SUMMARY•, 

• 1 FOR THE YEAR 1 ,I6,//,1QX, 1RADIONUCLIDE 1 ,SX, 1 SURFACE SOIL', 
.5X, 1 DEEP SOIL 1 ,8X,tAIR 1 ,9X,•IRRIGATI0N',4X, 
.'DRINKING WATER•,/,31X, 1PCI/M2 1 ,BX, 1PCI/M3',10X, 
• 1 PCI/M3 1 ,9X,tPCI/L 1 ,llX, 1 PCI/L 1 ,/) 

51 FORMAT (!Hl l 
52 FORMAT (////) 
60 FORMAT(l3X,A2,1X,A6,3X,5<5X,lPE10.2E2ll 
70 FORMAT(///,3X, 1 DIAGNOSTIC 14: TEST, INUC.NE.NONUC=END- '• 

• I FROM PNTO') 

STOP 

c------------------------------------------------------------------------c 
END 
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c----------------------------------------------------------------------c 
SUBROUTINE GAPAGECRFl,RF2,INTRUD,JDKWAT,XFACT,!RR,RINH,XDPT,AGE, 

.M3M2,KORG,NORG,NTR,TITLR,TITLDI,QAPR,RPF1,RPF2,ISUR,I22, 

.XF2, SRDIL, !BIO, IBYR, TITLIN, NEXT, FRSJZ, AREAIN, AREAEX, ION) 
c 
C This subroutine prints a report of input parameter values. 
c 
C Module of MAX!l 
C Version of 2-APR-85 RAP 
c 
c----------------------------------------------------------------------c 

c 

c 

c 

c 

c 

c 

c 

c 

COMMON/THIRDS/QK(SQ),AML(SOl,XOS!TE,IAIR,IDKA!R,IBLOW 

COMMON/TITLS/TIT20(13l,TIT21(13),TIT22(13l,TIT24(13), 
• TIT25 ( 13), TIT27 ( 13) 

COMMON/DATAl/ELT0(50l,AWOCSOl,IOFNUCCSOl,NONUC,DK(2,50), 
.IFRMC2,50),AL(50l,AMCSO),SOILCN(50),JCHN,AM!(SOl,AMJ(50), 
.JFOD,IARG,IWAT,RIRR,RPF,XMLF,DILF,IMO,DEN,IEXT 

COMMON/JUNK/DDTT,!Tl,IT2,TITLE1(20l,TODAY,CLOCK 

DIMENSION KORG(S),NTR(S,SOl,TITLR(20l,TITLDI(lSl,TITL!N(40) 

CHARACTER DDTT*9,FDK*l3,FINTRD*B,TINHL*l2,0NAME*lO,FM3M2*5 
CHARACTER FDJ*l3 
CHARACTER i'i/0*6 
CHARACTER*lO TODAY, CLOCK 

DIMENSION ONAME(23) ,QAPRCSO) 

DATA CONAME(!),J=l,23)/'T0TAL BODY 1 , 1 BODY WATER 1 , 1 K!ONEYS•, 
• 1LIVER•,•SPLEEN 1 ,tBONEt,tfAT1 , 1LUNGS','ADRENALS','TESTES', 
• 1 0VARIES 1 , 1 SKIN•,•BRAIN 1 ,'MUSCLE 1 , 1 PROSTATE 1 , 1THYROID','PANCREAS 1 , 

.•HEART 1 , 1GJ 1 ,'STOMACH 1 , 1 SMALL INI•, 1Gl-ULI','GI-Lll'/ 

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

c 

c 

c 

WRITE(6,19) 
19 FORMATClHll 

WRITE(6,1) TODAY, CLOCK, TITLEl 

1 FORMAT<T27,'MAXI- Maximum Annual Dose Calculation Version '• 
. 1VAX2.2 2-APR-65 I,/, 
.T4S,•Executed on •,AlO,• at •,AlO,•.•t, 
.T27,•Case tft1e: 1 ,2QA4,/) 
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c 
C CALL IDLINE 

WRITE(6,18l 
18 FORMAT(25X,80( 1 - 1 ),/) 

c 
C LIBRARIES USED 
c 

c 

c 

WRITE(6,1000lTITLR 
1000 FORMAT(5X, 1 RADIONUCLIDE CHAIN LIBRARY USED: 1 ,4X,20A4,/,SX, 

.•DOSE FACTOR FILES USED FOR THIS CASE: 1 ) 

IF (IFOD .GT. Ol WRITE (6,1001) TIT20, TIT21 
1001 FORMAT(l5X,'*20 FOOD-LEAF:•, 

.13X,l3A4,/,1SX,t*21 F000-SOIL:',l3X,l5A4) 

IF (XFACT .NE. O.l WRITE (6,1002) TIT22 
1002 FORMAT (15X,'*22 SHALLOW EXTERNAL:',6X,l5A4l 

c 
IF (RINH .GT. 0.0) WRITE (6,1003) TITLDI 

1003 FORMAT (15X,'*23 DACRIN-INHALATION:',SX,l5A4l 
c 

IF (IARG .GT. Ol WRITE (6,1004) TIT24 
1004 FORMAT (15X, 1 *24 ARRRG-FISH:',l2X,l5A4l 

c 
IF (IWAT .GT. Ol WRITE (6,1005) TIT25 

1005 FORMAT (15X, 1 *25 ARRRG-DRINK H20: 1 ,SX,l5A4l 
c 

c 

c 

c 

IF(IEXT.GT.Ol WRITE(6,3) TIT27 
3 FORMAT(l5X,'*27 ISOSHLD EXTERNAL: '•15A4l 

IF (IBIO .GT. Ol WRITE (6,1006) TITLIN 
1006 FORMAT (/,lSX, 1BIOPORT INVENTORY FROM: •,; 

30X,2QA4,/,30X,20A4) 

WRITE<6,2lliTl,IT2 
21 FORMAT(/,SX,•DOSES CALCULATED FROM 1 ,IS,t T0 1 ,IS, 

• 1 YEARS FOLLOWING TIME ZERO•,/) 

C PATHWAYS AND PARAMETERS USED 
c 

FLAG20='0FF 1 

FLAG22= 10FF 1 

FLAG23= 10FF 1 

FLAG24='0FF' 
FLAG25= 10FF 1 

FLAG27='0FF 1 

FLAG28=•0FF 1 

FDK='NOT PERFORMED' 
FDJ= 1 NOT PERFORMED• 
FINTRD=•NOT USED' 
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!F(!FOO.NE.OlFLAG20='0N ' 
IF<RINH.NE.O.OlFLAG23='0N ' 
!F(!ARG.NE.OlFLAG24='0N ' 
!F(!WAT.NE.OlFLAG2S= 00N ' 
IF(!EXT.NE.OlFLAG27= 00N ' 
IF(XFACT.NE.O.OlFLAG22= 0 0N ' 
!F(!AIR.EQ.l)FLAG28= 0 0N ' 
JF(!NTRUD.NE.OlFINTRD=•USED 
!F(!DKWAT.NE.OlFDK='PERFORMED 
IF(!DKAIR.EQ.l)FDJ='PERFORMED 

WR!TE(6,4)FLAG2D,FLAG23,FLAG24,SRD!L,FLAG2S,FDK,FLAG28,FDJ, 
.FLAG27,XQSITE,FLAG22,FINTRD 

4 FORMAT(SX,•PATHWAYS INITIALIZED FOR DOSE CALCULAT!ONS:•,T6S, 
.'SPECIAL PARAMETERS INITIALIZED:',/,lSX,•FARM PRODUCT INGESTION:•, 
.TS!,A3,/,1SX, 0 1NHALAT!ON OF RESUSPENDED MATER!AL: 0 ,A3,/ 
.,lSX,tAQUATIC FOODS INGESTION:',T5l,A3, 
.T70, 0 INVENTORY DILUTION FACTOR: 0 ,1PE9.2E2,/, 
.!SX,•DRINKING WATER INGEST!ON:•,TS!,A3oT70, 0DECAY OF RIVER '• 
.•RELEASE SOURCE TERM •,A13,/, 
.lSX,•CONTINU!NG ATMOSPHERIC DEPOSITION °A3,T70,'DECAY OF '• 
• 'AIR RELEASE SOURCE TERM ', Al3 ,/, 
.!SX, 'EXTERNAL FROM BURIED WASTES ', TS!,A3, 
.T70, 1 SITE X/Q: 1 ,1PE9.2E2,/ 
.!SX,•EXTERNAL FROM SURFACE DEPOS!TS: 0 ,TS!,A3,T70, 
.'SPECIAl INHAlATION MODEL •,AS) 

IF (JON .GT. 0) WRITE (6,10SS) FRSIZ,AREAIN,AREAEX 
lOSS FORMAT(T70,'S!ZE OF THE S!TE:',F9.S,• FRACTIONAL HECTARES•/, 

.T70,•INTERNAL PATHWAY AREA CORRECTION FACTOR: 0 ,1PE9.2E2/ 

.T70, 0EXTERNAL PATHWAY AREA CORRECTION FACTOR: 0 ,!PE9.2E2) 

C FARM PRODUCT PARAMETERS 
c 

c 

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

.!SX,°FRACTION OF ROOTS IN UPPER SO!L:•,OPE10.2E2o 

.T6S,•IRRIGATION RATE: 1 ,1PE10.2E2,'L/M**2/M0 1 ,/ 

.lSX,•FRACTION OF ROOTS IN BURIED WASTE 0 ,0PE9.2E2, 
• T6S, •MONTHS PER YEAR IRRIGATED:' .IS,/ 
.lSX,•FRACTION OF TOTAL DIET GROWN ON S!TE: 0 ,1PE10.2E2, 
.T6S,'R!VER DILUTION FACTOR:•.!PE10.2E2o 0YR/L 0,/ 

.T6S,•YEARS OF IRRIGATION WITH CONTAMINATED WATER PRIOR TO•,/ 

.T70,•THE DOSE CALCULAT!ONS:•,JS) 

C EXTERNAL PATH PARAMTERS 
c 

IF <FLAG22.EQ.'OFF' .AND. FLAG27 .EO. 00FF'l GO TO 100 
WRITE (6.1060) 

1060 FORMAT ('0',4X,•EXTERNAL EXPOSURE PARAMETERS USED:') 
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WRITE (6,1065) RPF1 
1065 FORMAT (15X, 1 RATIO OF EXTERNAL CONTAMINATION IN SURFACE SOIL '• 

.•TO SUBSURFACE SOIL', 1PE10.2E2l 
IF (Xf2 .GT. 0.0) WRITE (6,1070) XF2 

1070 FORMAT (15X,•NUMBER OF HOURS OF EXPOSURE TO EXTERNAL '• 
.• CONTAMINATION', 1PE10.2E2l 
IF (Xf2 .EO. 0.0) WRITE (6,1075) XFACT 

1075 FORMAT <15X, 1 XFACT MODIFICATION: 0 ,1PE10.2E2l 
IF CI22 .EO. Ol WRITE (6,1080) 

1080 FORMATC15X, •SURFACE DEPOSITS DRFS FROM ISOSHLD; ' 
.,•MODIFICATION FACTOR: 5.844E-11') 

100 CONTINUE 
c 
C AIR PATH PARAMETERS 
c 

IF (FLAG23 .EO. 1 0FF 1 l GO TO 101 
c 

WRITE (6,1090) 
1090 FORMAT ( •O' ,4X, 1 INHALATION PARAMETERS USED: 1 l 

c 

c 

c 

c 

RIN = RINH * 8766. 
WRITE (6,1095) RINH,RIN 

1095 FORMAT (15X,•MCDIFICATION FACTOR , RINH: 1 , 1PE10.2E2, 
./20X, 1 (EQUIVALENT TO BREATHING RATE OF 230 CC/SEC FOR 1 ,0PF6.0, 
.• HR!YRl'l 

TINHL=•ANSPAUGH 
IF(AGE.LT.O.OlTINHL= 1 MASS LOADING' 
WRITE (6,6 l TINHL 

6 FORMAT(15X,•RESUSPENSION MODEL USED FOR CALCULATING AIR '• 
• •CONCENTRATION: ',A12l 

AVCM = XDPT * 15.0 
IFCAGE.GE.O.OlWRITEC6,7)AGE,AVCM 

7 FORMAT(15X, 1 AVERAGE AGE OF MATERIAL ON GROUND AT TIME ZERO:•, 
.1PE10.2E2, 1 YEARS 1 ,/,15X,tTQP 1 ,0PF4.1, 1 CM OF THE '• 
.•CONTAMINATED SURFACE LAYER IS AVAILABLE FOR RESUSPENSION.•, 
.1PE10. 2E2/ ll 
IF(AGE.LT.O.OlWRITE(6,8lDEN,XMLF 

8 FORMAT(lSX,tSOIL DENSITY, G/M**3: 1 ,1PE10.2E2,/,1SX, 
• 1 MASS LOADING FACTOR, GIM**3: 1 ,1PE10.2E2,//) 

101 CONTINUE 

C ORGANS 
c 

WRITE(6,9)(0NAMECKORG(I)),I=1,NORGl 
9 FORMAT<' ',/ 

.5X, 10RGANS FOR WHICH DOSES ARE CALCULATED (SAME ORDER AS', 
1 SOLUBILITIES GIVEN BELOWl:',//,10X,5(10X,A10ll 
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c 
C SIGN-OFF 
c 

c 

WR!TE(6,J0) 
10 FORMAT(//,2QX, 1 INPUT PREPARED 8Y',25X,'DATE 1 ,/,37X,25( 1='),4X, 

.10( 1 ='),//,20X,tiNPUT CHECKED BY 1 ,26X, 1 DATE 1 ,/,37X,25('= 1 ),4X, 

.JO('=')) 

C RELEASES 
c 

c 

c 

ID = 1 YR 1 

IDL = INT(D!LF) 
IF (!DL .EQ. !) !D = 'L I 

FM3M2= I M**2) I 
!F(M3M2.EQ.JlFM3M2= 1M**3)' 
!F(M3M2.EQ.2)FM3M2= 1 KG ) I 

200 CONTINUE 
c 

c 

c 

c 

IF (JBIO .GT. 0) THEN 
WRITE (6,1011) IBYR 

lOll FORMAT ( 1 1 INVENTORY FOR YEAR 1 ,!5, 1 OF B!OPORT SIMULATION.') 
ELSE 

WRITE (6, 1012) 
1012 FORMAT ( 1!1) 

ENDIF 

WR!TE(6,JllFM3M2, ID 
II FORMAT(JH ,SX, 1 RELEASE TERMS •,T56,•SOIL SOURCE•,T?O,'IRR!GAT1 , 

• 'AT! ON/ AQUATIC•, T92, 'DRINKING WATER', TJJO, 'ATM. RELEASE',/, 
.IOX, 1NUCLIDE',l0X,t0RGAN SOLUBILITY CLASSES 1 ,5X, 1 (PCI/',A5,10X, 
• '<PCII' ,A2, q ',gx,' <PCI!U' ,rox,' <CIJYR>' ,n 

DC 13 l=J,NONUC 
WR!TE(6,J2lELTO(!),AW0(!),(NTR(J,J),J=J,S),QAPR(!),AMJ(!),AMJ(!) 

•• AML<ll 
12 FORMAT(JOX,A2,JX,A6,8X,S!4,4(8X,JPEJ0.2E2)) 
13 CONTINUE 

C NOTE BOX 
c 

c 
IF (NEXT .EQ. 5) GOTO 201 

IBOX=SO-NONUC 
!F(IBOX.LT.6lGO TO 20 
WR!TE(6,J4) 

14 FORMAT(/,20X,20('*'l, 1 PLEASE NOTE ANY SPECIAL CONSIDERATIONS IN•, 
• 1 THIS SPACE',20( 1* 1 )) 

IBX=IBOX-2 
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IF(JBX.GT.ZO)IBX=ZD 
DO 16 1=1,1BX 
WRITE (6, 15) 

15 FORMAT(2QX, 1*',90X,'*') 
16 CONTINUE 

WRITE (6, 17 l 
17 FORMAT!ZOX,92('* 1 l) 

201 CONTINUE 
20 RETURN 

c--------------------------------------------------------------------------
END 
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c----------------------------------------------------------------------------
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROOTINE RDSUB (Q, QI, QJ, NFLAG, QAPR, R!Ml 

THIS ROOTINE INITIALIZES SUBSEQUENT INVENTORIES GENERATED BY THE 
BIOPORT COMPUTER. THE RADIONUCLIDES AND THEIR ORDER MUST BE 
THE SAME AS INPUT FOR THE FIRST EXECUTION. IT IS ALSO NECESSARY THAT 
RADIONUCLIDES BE ARRANGED IN CHAINS AS THEY APPEAR IN RMDLIB. 
THIS IS TRANSPARENT TO THE BIOPORT USER, BUT MUST BE CAREFULLY 
CONSIDERED IF THIS ROUTINE IS ADAPTED TO OTHER USES. USER BEWARE! 

THIS ROOTINE ELIMINATES REREADING OF THE DOSE FACTOR LIBRARIES 
TO REDUCE EXECUTION TIME. 

Modu1 e of MAX!l 
Version of 25-APR-84 RAP 

c-----------------------------------------------------------------------------
c 

c 

c 

COMMON /DATAl/ ELT0(50l,AW0(50l,!OFNUC(50l,NONUC,DK(2,50), 
IFRM(2,50l,AL(50),AM(50l,SO!LCN(50),JCHN,AM!(50l,AMJ(50l, 
IFOD,IARG,IWAT,RIRR,RPF,XMLF,DILF,IMO,DEN,IEXT 
DIMENSION Q(50), QAPR(5Q), 01(50), OJ(50), NFLAG(300l 
CHARACTER*6 AWO 

CALL ZEROR (50, AM) 
CALL ZEROR (50,0APRl 
CALL ZEROR (SO,AM!l 
CALL ZEROR (SO,AMJl 

C SET INPUT INVENTORY INTO CORRESPONDING CHAIN POSITION: 
c 

DO !00 IL = J, NONUC 
c 
C IF CNFLAG(!Ll .GT. Ol THEN 
c 

IN = IL 
AMC!Ll = Q(!Nl * RIM 
OAPR(JL) = Q(!Nl 
AMI(!Ll = QJ(JN) 
AMJ(!Ll = QJ(!Nl 

C ENDIF 
c 

lDO CONTINUE 
c 

RETURN 
c 
c------------------------------------------------------------------------
c 

END 
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C-----------------------------------------------------------------------
C 

SUBROUTINE RLIB!N(T!TLRl 
c 
C THIS SUBROUTINE READS A MASTER NUCLIDE DATA LIBRARY WITH QlAIN 
C DECAY DATA. 
c 
C Module of MAX!l 
C Version of 25-APR-84 
c 
C-----------------------------------------------------------------------
C 

c 

c 

COMMON/RLIB/ELT(300l,AW(300l,TR(300l,NUC,NQl,NQlN(300),NOFNUC(200l 
.,NCHST(200l,IFR(2,300l,DKF(2,300),!MEM(300l 

DIMENSION T!TLR(20l,!T(2),FR(2) 

CHARACTER AW*6,A*6 

C INITIALIZE INDICES 
c 

c 

IMO=O 
NCH=O 
NUC=1 

C READ TITLE CARD 
c 

READ(10,200,END=99l TITLR 
c 
C READ AND COUNT NUCLIDE !D AND DECAY DATA. 
c 

1 READ(10,100,END=99l E,A,T,!M,!T(1l,FR(1l,!T(2),FR(2) 
c 
c TEST FOR END OF LIBRARY 
c 

!F(!M.GT.Ol GO TO 2 
NUC=NUC-1 
IF(NUC.GT.300l GO TO 98 
!F(NUC.LT.1) GO TO 98 

c 
RETURN 

c 
c TEST FOR NEW CHAIN, IM = 1 
c 

2 IF(!M.GT.1l GO TO 3 
c 
c FIRST MEMBER, NEW CHAIN 
c 

NCH=NCH+1 
NOFNUC(NCHl=1 
IMD=1 
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NCHST( NCHJ =NUC 
GO TO 4 

C DAUGHTER NUCLIDES 
C TEST ORDER 
c 

c 

3 IF(IM-IMO.NE.1l GO TO 97 
IMO=IM 
NOFNUC(NCHJ=NOFNUC(NCHJ+1 
JFR(1,NUCJ=ITC1J 
IFR(2,NUCJ=IT(2J 
DKF(l,NUCJ=FR(l) 
DKF(2,NUCJ=FR(2J 

C SET DATA FOR CURRENT NUCLIDE. 
c 

c 

4 ELT(NUCJ=E 
AW<NUCJ=A 
TRCNUCl=T 
IMEMCNUCJ=IM 
NCHN<NUCJ=NCH 
NUC=NUC+l 
GO TO 1 

C PRINT ERROR MESSAGES AND STOP 
c 

c 

97 PRINT 500, NCH, IM 
500 FORMATC1Hl,' DIAGNOSTIC 5: DECAY CHAIN 1 ,I4, 1 HAS IMPROPER ORDER. C 

.URRENT MEMBER INDEX IS•,I4) 
STOP 

98 PRINT 300, NUC 
300 FORMAT(lH1,• DIAGNOSTIC 6: IMPROPER NUMBER OF NUCLIDES IN MASTER L 

.IBRARY, NUC=',l8) 
STOP 

99 PRINT 400 
400 FORMATC1H1, 1 DIAGNOSTIC 7: END OF FILE ON MASTER LIBRARY UNIT 10 1 ) 

STOP 

C INPUT DATA FORMATS 
c 

c 

100 FORMAT(A2,A6,E10.2.I2,2(I2,F7.4JJ 
200 FORMAT(20A4J 

c------------------------------------------------------------------------------c 

c 

END 
SUBROUTINE SETDATCELTI,AWI,NFLAG,NFLAGC,O.DINCL,DINCS, 

.KORG,KORGLS,NORG,NSOLD,NTR,QJ,QJ,RIM,DINCA,DINCW, 
,KORGA,KORGW,QAPRJ 
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c 

c 

c 

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

COMMON/RLIB/ELT(300),AW!300),TR(300l,NUC,NCH,NCHN!300l,NOFNUC!200) 
•• NCHST(200),IFR(2,300l,DKF(2,300),!MEM(300) 

COMMON/FREAD/ELTLS(100l,AWLS(100l,ELTX!100l,AWX!100), 
.DFXT(100), 
.NYRL,NYRS,NORGL,NORGS,NISOL,NISOS,NISOX, 
.NYRW,NYRA,NORGW,NORGA,NISOW,NISOA,ELTA!100l,AWAW!100), 
.ELTW(100l,AWW!100),ELTOX!100),AWDX(100),DFDXT(100),N!SODX 

DIMENSION DINCL!S0,100,Sl,DINCS!S0,100,5), 
.DINCA(50,100,Sl,DINCW!S0,100,5) 

DIMENSION KORG!S),KORGLS!S),NSOLD(S,SOl,NTR(S,SO), 
.KORGA!S),KORGW!Sl 

COMMON/DATA1/ELTO!SO),AW0(50l,IOFNUC!50),NONUC,DK(2,50), 
.IFRM(2,50),AL(50),AM(50),SO!LCN!SO),ICHN,AMI!50l,AMJ(SO), 
.IFOO,IARG,JWAT,RIRR,RPF,XMLF,DILF,IMO,DEN,JEXT 
COMMON/DATA2/DFDOS!SO,SO,Sl,AIDOS!SO,SO,Sl,INDOS!SO,SO,Sl, 

.DEXT(SO),ARGF!SO,SO,S),ARDW!SO,SO,Sl,DEDXT!SO) 

DIMENSION ELTI!50),AWI!SO),NFLAG(300l,NFLAGC!200),Q(50) 
DIMENSION QI(50),QJ(50),QAPR(50) 

CHARACTER*6 AW,AWLS,AWX,AWJ,AWO,AWAW,AWW,AWDX 
REAL*4 INDOS 

INUC=O 
ICHN=O 
CALL ZEROR(SO,ELTO) 

C CALL ZEROR!SO,AWOl 

c 

DO 8881 !RAP = 1,50 
AWO!!RAP) = I 

8881 CONTINUE 
CALL ZERO!(SO,IOFNUCl 
CALL ZEROR!SO,AL) 
CALL ZEROR(SO,AMl 
CALL ZER0!(250,NTR) 

C LOOP ON ALL CHAINS FROM MASTER LIBRARY 
c 

DO 20 IC=1,NCH 
c 
C IF THIS CHAIN IS NOT USED, THEN SKIP TO 20 
c 

c 
IF!NFLAGC!ICl.NE.1)GO TO 20 

ICHN=ICHN+1 
NCN=NOFNUC!ICl 
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Nl=NCHST(ICl 
N2=NJ+NCN-J 
IONE=O 
I=O 

C LOOP ON ALL NUCLIDES IN ACTIVE CHAIN 
c 

DO 15 IL=NJ,N2 
c 
C CAPTURE ALL DAUGHTERS 
c 

IF(IONE.EQ.JlGO TO 10 
c 
C IF THIS NUCLIDE AT THE FRONT OF THE CHAIN IS NOT SPECIFIED, SKIP. 
c 

c 

IF(NFLAG(ILl.EQ,OlGO TO 14 
lONE=! 

C SET ALL DATA FOR THIS NUCLIDE FROM INPUT AND EXTERNAL FILES 
c 

c 

10 INUC=INUC+l 
IFCINUC.GT.50lGO TO 97 

C RADIOLOGICAL DATA 
c 

c 

IFRM(J,INUCl=MAX<O,IFR(J,ILl-Il 
IFRM(2,INUCl=MAX(O,IFR(2,ILl-Il 
DK(J,INUCl=DKF(J,ILl 
DK(2,INUCl=DKF(2,ILl 
ALCINUCl=0.693/TRCILl*365.25 
IF<NFLAG(ILl,EQ,OlGO TO 16 
NFIL=NFLAG(!L) 
AM(INUCl=Q(NFILJ*RIM 
QAPR(INUCl=Q(NFILl 
AMI(INUCl=QI(NFILl 
AMJ(INUCl=OJ<NFILl 
AML(INUC)=QK(NFILl 

16 CONTINUE 
ELTD(INUCl=ELT<ILl 
AWOCINUCl=AW(ILl 

C ORGAN SOLUBILITY DATA 
c 

DO 250 JORG=J,NORG 
250 NTR<JORG,INUCl=NSOLD(JORG,NFILl 

c 
C LEAF AND SOIL MECHANISM DATA 
c 

IF(IFOD.EO.Ol GO TO 30 
DO !DO ISOLS=J,NISOL 
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IF<ELTLS<ISOLSJ.NE.ELTO(INUCl.OR.AWLS(lSOLSJ.NE.AWO(INUCll 
.GO TO 100 

DO 201,IORG=1,NORG 
DO 200 IOR=1,NORGL 
IF<KORG(lORGl.NE.KORGLS(lORllGO TO 200 
DO 200 IYR=1,NYRL 
DFDOS(lYR,INUC,IORGl=DINCS(lYR,ISOLS,IORl 
AIDOS(lYR,INUC,IORGl=DINCL(lYR,ISOLS,IORl 

200 CONTINUE 
201 CONTINUE 

GO TO 101 
100 CONTINUE 
101 CONTINUE 
30 IF(IARG.EO.Ol GO TO 40 

c 
C AQUEOUS FOOD PATHWAY DATA 
c 

DO 39 ISOA=1,NISOA 
IF(ELTA(ISOAl.NE.ELTO(INUCJ.OR.AWAW(ISOAl.NE.AWO<INUCll 

.GO TO 39 
DO 31 IORG=1,NORG 
DO 32 IOR=1,NORGA 
IF(KORG<IORGl.NE.KORGA(IORll GO TO 32 
DO 32 !YR=1,NYRA 
ARGF(IYR,INUC,IORGl=DINCA(IYR,ISOA,IORl 

32 CONTINUE 
31 CONTINUE 

GO TO 40 
39 CONTINUE 
40 IF<IWAT.EQ.O) GO TO 50 

c 
C DRINKING WATER PATHWAY 
c 

c 

DO 49 ISOW=1,NISOW 
IF(ELTW(ISOWl.NE.ELTO(INUCJ.OR.AWW(ISOWl.NE.AWO(lNUCll 

.GO TO 49 
DO 41 IORG=1,NORG 
DO 42 IOR=1,NORGW 
IF(KORG<IORGl.NE.KORGW(IORll GO TO 42 
DO 42 IYR=1,NYRW 
ARDW<IYR,INUC,IORGl=DINCW(IYR,ISOW,IORl 

42 CONTINUE 
41 CONTINUE 

GO TO 50 
49 CONTINUE 
50 CONTINUE 

C EXTERNAL MECHANISM DATA 
c 
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IF(IEXT.GT.ll GO TO 350 
DO 300 ISOX=l,NISOX 
JF(ELTX<ISOX).NE.ELTO(INUC).OR.AWX<ISOX).NE.AWO<INUC))GO TO 300 
DEXT(INUC>=DFXT(!SOX) 
GO TO 301 

300 CONTINUE 
301 CONTINUE 

!F(!EXT.NE.l) GO TO 350 
DO 400 ISODX=l,N!SODX 
IF(ELTDX(!SODX>.NE.ELTO(!NUC).OR.AWDX(!SODX).NE.AWO<INUC)) 

.GO TO 400 
DEDXT(!NUC)=DFDXT(!SODX) 
GO TO 401 

400 CONTINUE 
401 CONTINUE 
350 CONTINUE 

GO TC 15 

C INCREMENT INDEX TO SKIP UNUSED CHAIN MEMBERS 
c 

14 I=IMEM(!U 
c 

15 CONTINUE 
c 
C SET NUI-IlER OF NUCLIDES IN REDUCED CHAIN 
c 

c 
IOFNUC(!CHN>=NCN-1 

20 CONTINUE 
NONUC=INUC 
RETURN 

97 WR!TE(6,98)!NUC 
98 FORMAT<lHJ,t DIAGNOSTIC l3•TOO MANY NUCLIDES ATTEMPTED IN SUBROUT! 

.NE SETDAT. INUC=•,J5) 
STOP 
END 
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c---------------------------------------------------------------------c 

c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE SOLCON CITIM2,ICH,INUC,AITIME,J,AO,JTIME,AMT,IT1, 
AMK,AMM, RPF1l 

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

Module of MAXI1 
Version of 25-APR-84 RAP 

C----------------------------------------------------------------------
C 
c 

c 

c 

c 

c 
c 
c 
c 
c 

c 

COMMON/DATA1/ELT0(50l,AW0(50l,IOFNUCC50l,NONUC,DK(2,50), 
.IFRM(2,50l,AL(50l,AMC50l,SOILCNC50l,ICHN,AMIC50l,AMJ(50l, 
.IFOD,IARG,IWAT,RIRR,RPF,XMLF,DILF,IMO,DEN,IEXT 

CHARACTER*6 AWO 

DIMENSION AMMC50l 
DIMENSION A0(50l,AMK(50l,AMT(50l 

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 RATIO BETWEEN 
BURIED AND SURFACE WASTE 

150 AO(ISTl=AOCISTl+AMKCISTl*RIRR*IMO+AMMCISTl*3.15E4 
AOCISTl=AO(ISTl*EXP(-AL(ISTll 
SOILCN(ISTl=AM(ISTl*RPF1*EXP(-ALCISTl*JTIMEl+AO(ISTl 
IFCIEXT.NE.1l GO TO 170 

C SETS AMT IF ON 

c 

IF(JTIME.GE.IT1l AMTCISTl=AMCISTl*EXPC-ALCISTl*JTIMEl 
GO TO 170 

160 CONTINUE 
K=IST+IOFNUC(ICHl-1 

C CALL CHAIN DECAY 
c 

DO 100 I=IST,K 
IFCITIM2.EQ.1l 

.SOILCN(Il=(AMCil*RPF1l/ALCil 
IFCITIM2.GT.1l 

.SOILCN(Il=CSOILCNCil+AMKCil*RIRR*IM0+3.15E4*AMMCill/AL(Il 
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100 CONTINUE 
CALL ACHAIN(J,AITIME,DK(!,ISTl,IFRM(!,ISTJ,AL<ISTl,SOILCN(ISTl, 

c 

c 

• SOILCN ( ISTl l 
DO 200 I=IST,K 
SOILCN(I)=SOILCN(I)*AL(Il 

200 CONTINUE 
IF(JTIME.LT.ITll GO TO 170 

IF(IEXT.NE.ll GO TO 170 

C THIS SEGMENT SETS AMT, AMOUNT OF DEEPLY BURIED WASTE 
c 

DO 300 I=IST,K 
AM(Il=AM(Il/AL(Il 

300 CONTINUE 
ATIM=JTIME 
CALL ACHAIN(J,ATIM,DK(l,ISTl,IFRM(l,ISTl,AL(IST),AM(IST),AMTITSTl . ) 
DO 310 I=IST,K 
AM(Il=AM(Il*AL(Il 
AMT(Il=AMT(Il*AL(Il 

310 CONTINUE 
170 CONTINUE 

c 
REl\JRN 

c 
c------------------------------------------------------------------------c 

END 
FUNCTION SUMPRD(J,A,Bl 
DIMENSION A(!),B(l) 
SUMPRD=O 
DO 1 I:I,J 
SUMPRD=SUMPRD+A(Il*B(Il 

l CONTINUE 
REl\JRN 
END 
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c-------------------------------------------------------------------------c 
SUBROUTINE WATERC!DKWAT,INUC,JTIME,AMK,Jl 

c 
C TIHS SUBROUTINE IS USED TO DECAY lHE WATER RELEASE SOURCE 
C TERM IF NECCESSARY. USED FOR OVERFLOW RELEASE CASES. 
c 
C Module of MAXI1 
C Version of 25-APR-84 
c 
c-------------------------------------------------------------------------

COMMON/DATA1/ELTocso>.AWocso>.IOFNuccso>.NONuc,DKC2,so>. 
&!FRM(2,SOl,ALCSOl,AMC50),SOILCN(50l,!CHN,AMI(50),AMJ(50), 
&IFQO,IARG,IWAT,RIRR,RPF,XMLF,DILF,IMO,OEN,IEXT 

CHARACTER*6 AWO 
DIMENSION AMKC50) 

1 CONTINUE 
c 
C IF NOT DECAYING WATER SOURCE, SET AMK=AMI 
c 

IST=!NUC+1 
K=!ST+J-1 
IFC!DKWAT.NE.OlGO TO 10 
DO 100 !=IST,K 

100 AMKC!l=AM!(J) 
GO TO 90 

c 
C DECAY ONE MEMBER CHAINS 
c 
10 IFCJ.GT.1lGO TO 20 
c 

c 
c 
c 
20 
200 

300 
c 
90 
c 

AMK( !STl =AMI (!STl*EXP ( -ALC ISTl *JTIME) 
GO TO 90 

CALL CHAIN DECAY ROUTINE 

DO 200 l=IST,K 
AMIC!l=AM!(!)/AL(!) 
CTIME=JTIME 
CALL ACHAIN(J,CTIME,DK(1,JST),JFRM(1,!STl,AL(!STl,AMI(!ST), 

&AMK(!STl) 
DO 300 I=IST,K 
AM!Cll=AM!Cil*AL(!) 
AMKC!l=AMKC!l*AL(!) 

RETURN 

c------------------------------------------------------------------------c 
END 
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c------------------------------------------------------------------------c 
SUBROUTINE ZEROJ(N,Kl 

c 
C THIS MODULE SETS N VALUES OF ARRAY K TO INTEGER ZERO. 
c 
C Module of MAXI! 
C Vers1on of 25-APR-84 RAP 
c 
C------------------------------------------------------------------------
C 

c 

c 

c 

DIMENSION K(N) 

DO 1 J=l,N 
K(J)=O 

1 CONTINUE 

RETURN 

c-------------------------------------------------------------------------c 
END 
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c--------------------------------------------------------------------------c 
SUBROUTINE ZEROR(N,A) 

c 
C THIS MDOULE SETS N VALUES OF ARRAY A TO REAL ZERO. 
c 
C Module of MAXI1 
C Version of 25-APR-84 RAP 
c 
c-----------------------------------------------------------------------------c 
c 

c 

c 

c 

DIMENSION A(N) 

DC 1 J=1,N 
A(J)=O. 

1 CONTINUE 

RETURN 

c------------------------------------------------------------------------------c 
END 
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c-------------------------------------------------------------------c 
C Program Title: ONSITE 
c 
C Developed for: 
c 

U.S. Nucear Regulatory Commission 
Office of Nuclear Material Safety 
D1v1s1on of Waste Management 

& Safeguards 
c 
c 
C Date: 
c 

March 29, 1985 

C NRC Contact: 
c 

Or. Stan Neuder 
Phone: 301-427-4533 

c 
C Code Developer: 
c 

B.A. Napier, R.A. Peloquin, W.E. Kennedy, 
Pacific Northwest Laboratory 

Jr. 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

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 11ab111ty or responsibility 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. 

C-----------------------------------------------------------------------­
C------------------------------------------------------------------------c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

ONSITE is the interactive user/system interface for the ONSITE 
Disposal Version of the MAXIl computer code. ONSITE creates 
a file containing the JCL and input stream for MAXIl. 

Version of 3-APR-65 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 
user-entered inventory 

GROUP - to determine 1f changes 
of parameters 

modifications to the 

are required for a group 

INTRO- to display introductory message 
MODIF- to modify selected scenario parameters 
QUANTI- to read in source term this rad1onucl1de 
RADIN - to read in and test radiological inventory 
RDLIST- to display the radionuclide master list 
RITFIL - to write MAXI! JCL and input stream 
SELECT - to select and test scenario option 
SCENR- to establish scenario default parameters 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c----
c 

c 

c 

c 

c 

c 
c 
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Program variable 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 subroutine flag: (returned) 
0 - no change requested in 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 subrouot1ne passing parameter - integer value 
IH- CHANGE passing parameter- maximum allowable integer input 
IL- CHANGE passing parameter- minimum allowable integer input 
GNAME(2) - Real*S 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 allowable real input 
RSX _CHANGE subroutine passing parameter - rea1*8 value 

data definition and intialization --------------------------------------

INCLUDE •DNSITE.CMN' 

REAL*8 R8X, GNAME<2), EXTFAC(4,Sl 

DATA KEY, SCRN, CUT, IRS, IMDD, ISS /5,6,7,1,0,1/ 
DATA EXTFAC / 1 0n surfa','ce t,t 

1 0nsurfa 1 ,'ce •,• 
10verburd•,•en of o.•,•s m 
10verburd•,•en of 1.','0 m 
•Stored w•,•aste '•' 

(15 c 1 ,'m thick)', 
(1 •, 1m th1ck)t, 
(1 •,•m thick}', 
(1 1 , 1m thick}', 
n • .•m thick} 'I 

DATA NYU / 1 pC1 •,•uC1 1 ,'mC1 1 , 1 Ci 1 / 

DATA NVUNIT /l.D, l.DE+6, l.OE+9, l.DE+l21 

DATA UNITS / 1 /square •,•meter '• 
1/cubic m1 , 1eter '• 
'!Kg of s 1 , 'oil 'I 

C---- introduce program, describe scenarios to user, & establish defaults---­
C 

c 

CALL INTRD 
CALL SCENR 
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c---- input title ------------------------------------------------------------c 

WRITE lSCRN,1100l 
1100 FORMAT (I I ,20(/), I ', 

.•Enter a descriptive title to identify this case: 1 ) 

READ (KEY ,llOll <TITUil, I=1,2Dl 
1101 FORMAT (20A4l 

c 
C---- review return comes to this location ----

201 CONTINUE 
c 
c 
c---- input report option ----------------------------------------------------
c 

WRITE (SCRN,1120l 
WRITE (SCRN,1121l lOUT 

1120 FORMAT (t 1 ,14(!), 1 t, 

.•Three types of printer reports are available;'// 
1 0- Tables of maximum annual dose per organ with radio', 

.'nuclide and 1 / 1 pathway contribution'/ 
1- Table above plus annual doses by organ and total'/ 
2- Table above plus annual doses by organ, pathway and 1 , 

1 rad1onuc11de 1 / 

4- Table above plus maximum by organ and radionuclide') 
1121 FORMAT(//' '• 

c 
c 

c 
c----
c 

302 

c 
1210 

1211 
1212 

c 
304 

.•The current selection 1s:',!2) 
CALL CHANGE ((1), ICFLAG, IX, (1), (4), RX, RL, RH, R8Xl 
IF (!CFLAG.EQ.1l lOUT= IX 

IF (IRS .GT. 1 .AND. IRS .LT. Sl GO TO 304 

if scenario 1 or 5, find out where the wastes are located and set flags 

IF (!EXT .EQ. Ol GO TO 304 
WRITE (SCRN,l210) 
DO 302 I = 1, 5 

WRITE (SCRN, 121ll !, <EXTFAC(J,!l,J=1,4l 
CONTINUE 
WRITE lSCRN,1212l !LOC 

FORMAT (t ',14(/),t t, 
' In this scenario, waste location and depth may be:'//) 
FORMAT(l5X,I2, 1 - t, 4A6) 
FORMAT(//,' See Table 2.3-1 of NUREG/CR-3620 Supplement.'/ 
' The current selection 1s: t,Il) 
CALL CHANGE ((1J,ICFLAG,IX,(1),(5l,RX,RL,RH,R8Xl 
IF (!CFLAG .EQ. 1) !LOC =IX 

CONTINUE 
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c 
C---- ff user-defined scenario, select pathways -------------------------­
C 

IF (IRS .LT. 5) GO TO 111 
IMOD=1 
CALL OPTION 
GO TO 100 

111 CONTINUE 
c 
C---- set area correction factor ---------------------------------------­
C 

c 

c 

c 

c 

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

WRITE <SCRN,1300l FRSIZ 
1300 FORMAT ( 1 1 ,14(/),t ,, 

1The size of the site fn terms of fractional hectares'/ 
1 Cie., 10000 sq m), fs 1 ,1PG10.3,'.') 
CALL CHANGE ((2l,ICFLAG,IX,IL,IH,RX,(1.E-30),(1.E30l,R8Xl 
IF <ICFLAG.EQ.1) FRSIZ = RX 

WRITE <SCRN,1301l FRSIZ 
1301 FORMAT(////' '• 

• 1The inventory will automatically be adjusted by the'/ 
• 1 appropriate area correction factor for each exposure'/ 
• 1 pathway based on a site size of '• 1PG10.3, 1 hectares.'/) 

GNAME(1) = 'site sfz' 
GNAME(2) = 'e 
CALL GRQUP (IGFLAG, GNAMEl 

IF (IGFLAG.EQ.1) GO TO 400 
c 

IF (FRSIZ .GE. 1.0) THEN 
AREAIN = l.O 

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 
END IF 

ENDIF 
END IF 

END IF 
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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. O.Oll THEN 
AREAEX = 6.5 * FRSIZ + 0.48 

ELSE 
IF <FRS!Z .GE. 0.0025) THEN 

AREAEX = 20.0 * FRS!Z + 0.35 
ELSE 

AREAEX = 160.0 * FRSIZ 
END IF 

END!F 
ENDIF 

END IF 

401 CONTINUE 
c 
c---- modify pathway parameters -------------------------------------------­
c 

WRITE (SCRN,lOOll IRS 
1001 FORMAT(' t,lQ(J),' t, 

.14X,44( 1 # 1 )//14X, 1Do you wish to review/modify any pathway' 

./14X, 1 parameter values for Scenario •,11, 1 (N/Y) ?t) 
READ (KEY,SOOl) !DUM 

8001 FORMAT (All 
WRITE (SCRN,l002l 

1002 FORMAT(' •,14(/)) 
c 

IF (!DUM .EG. 1 Y• .OR. !DUM .EO. 1 y 1 ) !MOD =1 
c 

100 CONTINUE 
IF (!MOO .EO. ll CALL MOOIF 

c 
C---- start and end times -------------------------------------------------
C 

200 CONTINUE 
c 

IF (!Tl .LT. IRR) !Tl = !RR 
WRITE <SCRN,lllOl !Tl 

1110 FORMAT(' t,2Q(f),' •, 
• 1The dose calculations begin •,!4, 1 years after the waste is' 
./ 1 disposed.') 
IF (!RR .GT. 0) WRITE (SCRN,ll12l 

1112 FORMAT(' See Section 3.1 1n NUREG/CR-3620 Supplement. 1 ) 

CALL CHANGE ( (1), !CFLAG, IX, !RR, (9999), RX, RL, RH, RSXl 
IF (!CFLAG.E0.1l IT1 = IX 
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c 
c 

APPENDIX B COMPUTER CODE LISTING - ONS!TE 

IT2 = !Tl + 49 
WRITE CSCRN,1111) !T2 

1111 FORMAT (' ', 
.'The dose calculations will end 1 .!4, 1 years after the waste is'/ 
• ' disposed. OK? CY/N) ') 

READ (KEY, 8001) !DUM 
IF (!DUM .EQ. •N• .OR. !DUM .EQ. 'n') GO TO 2DO 

C----- input ratio and inventory units ------------------------------------­
C 
c 

c 

c 

c 

c 

c 

c 

IF (!SUR .EQ. 1 .AND. !EXT .EQ. 1) THEN 

WRITE CSCRN,1220) RPF1 
1220 FORMAT (I I ,14(/), I I, 

•This scenario assumes contamination to both surface •, 
'<top 15 em) 'I 
' and subsurface soil. Concentrations you input will 1 , 

' be assumed to '/ 
1 be fn the subsurface so11. 1// 

1 What fs the ratio of waste concentration fn the surface 'I 
' to subsurface sofls? 1// 
1 (Range= 0.0 to 10.0 for spills, usually 0.0 to 1.0 to 'I 
' allow redistribution from buried material to surface)'// 
' The current selection fs: •, 1PG10.3) 
CALL CHANGE ((2),!CFLAG,JX,IL,!H,RX,C0.0),(10.0),R8X) 
IF C!CFLAG .EQ. 1) RPF1 = RX 

ELSE 

IF CISUR .EQ. 1) RPFl = 
IF (!EXT .EQ. 1) RPF1 = 

ENDIF 

IF (IRS .EQ. 4) GO TO 300 

WRITE CSCRN,1230) 
DO 131 I = 1, 4 

1.0 
D.O 

WRITE CSCRN,1231) !, NVU(!) 
131 CONTINUE 

WRITE CSCRN, 1232) !NUT 
c 

1230 FORMAT(' •,24(/),t t, 

• 1The surfacelburfed inventory may be entered as: 'II) 
1231 FORMATClSX, !l,'- •,A4) 
1232 FORMAT(! I' ', 

.'The currect selection 1s: 1 ,!1) 
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c 

142 

c 
1200 

c 

1201 
1202 
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CALL CHANGE ((ll,ICFLAG, IX, (1), (4), RX,RL,RH,RBX) 
IF (ICFLAG .EQ. 1) INUT = IX 

WRITE (SCRN,1200l 
DO 142 I = 1, 3 

1M3 = I - 1 
WRITE (SCRN,1201l 1M3, NVU(INUT), (UNITS(J,Il,J=1,2l 

CONTINUE 
WRITE (SCRN,1202l M3M2 

FORMAT (t '•14(/),t t, 

'The contamination deposited on the site at start of 1/ 
1 calculation may be entered in the following un1ts: 1//) 

FORMAT ClSX, 11, 1 - 1 ,A4,2A8) 
FORMAT(//, 1 Usually 0 for surface contamination and •, 
11 for bur1ed 1/ 

'contamination. The current selection is: •,Ill 
CALL CHANGE ((l),ICFLAG,IX,(Q),(2),RX,RL,RH,R8X) 
IF (lCFLAG .EQ. 1l M3M2 = IX 

300 CONTINUE 
c 

c 
IF (IRS .EQ. 4) GO TO 301 

WRITE (SCRN,1250l SRDIL 
1250 FORMAT<• 1 ,14(/),t t, 

'The radionuclide inventory modification factor is: 1 ,1PG10.2/ 
1 <range= 0.0 to l.OE+20, usually 0.0 to 1.0) 1// 
1 This factor will be used as a multiplier of all input'/ 
1 concentrations. It is a handy parameter to correct units'/ 
1 or make other changes (such as dilution of inventory with'/ 
' clean so11). 1 ) 

CALL CHANGE ((2),ICFLAG,IX,IL,JH,RX, (0.0),(1.E20l,R8Xl 
IF (lCFLAG .EQ. 1) SRDJL = RX 

301 CONTINUE 
c 
c 
C----allow user to review parameters before entering the inventory--------­
C 

c 
c 

GNAME(l) = 'any of t' 
GNAME(2) = 1he above' 
CALL GROOP (lGFLAG,GNAMEl 
IF (lGFLAG .EQ. 1) THEN 

!MOD = 0 
GO TO 201 

ENDIF 

c---- input inventory and write file ---------------------------------------­
c 
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CALL RADIN 
CALL DISINV 
CALL RITFIL 

c---- end of program --------------------------------------------------------c 
WRITE CSCRN,8D00) 

8000 FORMAT (' ',20(1), 

c 
c 

.lOX,•To execute MAXI! on the VAX fnteractfvely, type:'// 

.lOX,• flMAX!1 1/// 

.IQX,•To execute MAXI! on the VAX and have printed output, type: 1// 

.lOX,• SUBMIT MAXI1 1/// 

.lOX,•To edft the MAXIl input ffle, type:'// 

.lOX, 1 EDIT MAX!l.COM 1/// 

.IQX, 1To save the MAXI! input f11e, type: 1// 

,lOX,• RENAME MAX!l.COM newname.COM'/1 
.lOX, 'where "newname" is a unique filename of your choice. 1/} 

END 
C-----------------------------------------------------------------------------
C 

c 
c 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

COMMON /VARYBU IFOD, RIRR,RPF, IMO, RFl, RF2, IARG, IWAT, 
IDKWAT, !EXT, !AIR, XQSITE, IDKAIR, 
!SUR, 122, XF2, 

REAL NVUN!T 

AGE, XDPT, DEN, XMLF, RINH, DILF, M3M2, INTRUO, 
!Tl, IT2, NORG, KORG(S), !OUT, NEXT, 
RPFl, RPF2, INHAL, IRR, SRDIL, NVUNIT(4) 

COMMON /!NV/ NIN, ELTIClOQ), AWIC100), NSOL0(5,100), 
Q(lQQ), QI(lOO), OJ(l00), QK(lOOl 

REAL*B AWI 
INTEGER EL TI 

COMMON /FLAG/ IRS, !LOC, !NUT, IARL, IWRL, IWD, lOT 

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 

!NUT - INDEX OF RADIOLOGICAL UNITS INPUT FOR ARRAYS 
NYU (DESCRIPTION) AND NVUNITCMOD. FACTOR) 

IARL - SET IF SURFACE/BURIED CONTAMINATION 
IWRL - SET IF LIQUID CONTAMINATION 
IWD - INDEX OF SELECTED WASTE DENSITY 
IDT - INDEX OF SELECTED DIET 
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c 

c 
c 
c 
c 
c 

c 
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COMMON I MI.EAI FRSIZ, MI.EAIN, MI.EAEX 

FRSIZ - SIZE OF THE SITE IN FRACTIONAL HECTARES 
AREAIN - AREA CORRECTION FACTOR FOR INTERNAL PATHWAYS 
MI.EAEX - AREA CORRECTION FACTOR FOR EXTERNAL PATHWAYS 

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

C-----------------------------------------------------------------------
C 

c 

COMMON /IOVAR/ SCRN, ().JT, OUTFIL, KEY 
CHMI.ACTER*lS OUTFIL 
INTEGER SCRN, OUT 

C----------------------------------------------------------------------------C VERSION OF 21-FEB-85 RAP 
C----------------------------------------------------------------------------
C 
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C-----------------------------------------------------------------------------
C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBRDLTINE CHANGE (JTFLAG, ICFLAG, IX, IL, !H, RX, RL, RH, RBX) 

CHANGE fs called to query ff parameter fs to be changed, 
and if so, to input the new value and test if within the 

This subroutine will handle integer, real and alphanumeric 
input and will test the lfmfts on integer and real input. 
Alphanumeric input fs read into the rea1*6 variable. 

!CFLAG - CHANGE subroutine passing flag: (returned) 
0 - no change requested 
1 - change requested 
2 - input only, not change (received) 

lfmfts. 

!DUM 
!FLAG() 

- logical unfit number of scratch file used for conversion 

!H 
IL 
ITFLAG 

!VAL() 
IVL 
IX 
LETTER() 
RX 
RH 
RL 
RBX 
WORD 
WRDLEN 

- exceptable/not acceptable flag for each character of 
input string 

-maximum allowable integer 
- minimum allowable integer 
- CHANGE subroutine passing 

1- integer value 
2- real value 

fnput 
input 
flag: 

(received) 
(received) 
(received) 

3 - alphanumeric input - rea1*8 
-ASCII value of each character of input string 
- ASCII value of current character of input string 
-new integer value (returned) 
-array contianfng each character of input string 
-new real value (returned) 
- maximum allowable real 1nput (received) 
- minimum allowable real input (received) 
- rea1*8 alphanumeric string input (returned) 
- input string 
- number of characters fn input string 

Module of ONSITE 
IBM-PC Versfon of 22-FEB-85 RAP 

c-----------------------------------------------------------------------------
c 

c 

c 

c 

INCLUDE 'ONSITE.CMN' 

REAL*B RBX 

DIMENSION IVAL(!O), !FLAG(!O) 

INTEGER WRDLEN 
CHARACTER*IO WORD 
CHARACTER*! LETTER(JO) 
EDLIVALENCE (WORD, LETTER(!)) 
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c 
c 
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!DUM = 3 

C ---- this 1s input only, not a change ----
C 

c 

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

ENDIF 

C ---- query if change requested ----
C 

c 

c 

c 

ICFLAG = 0 
WRITE (SCRN,lOOOl 

1000 FORMAT(//' 1 ,70{1- 1 ),// 

.• Do you wish to change this value (N/Y)? 1 ) 

READ CKEY,800ll IY 
8001 FORMAT (All 

IF (lY .NE. •Y• .AND. IY .NE. 'Y'l GO TO 700 

!CFLAG = l 
100 CONTINUE 

WRITE CSCRN, 1010) 
1010 

c 
FORMAT ( 1 'I' Enter new value: 1 ) 

c 
c 

c 

c 

c 

c 

c 
c 

c 

c 

200 

---- input response as a character string ----

CONTINUE 

READ (SCRN,8010l WORD 

IF CITFLAG .EQ. 3) GO TO 700 

WRDLEN = 0 
DO 500 1 = 1, 10 

WRDLEN = WRDLEN + l 
!FLAG(!) = 0 
IVL = ICHAR(LETTER(lll 
!VALCll = IVL 

----all numerals are valid 
IF CIVL .LT. 48) IFLAG(ll = l 
IF (lVL .GT. 57) lFLAG(l) = l 

IF (lFLAG(l) .GT. Ol THEN 
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c 

c 
c 

c 
c 

c 
c 

c 

c 

c 

c 

c 
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---- space fs OK, but quit scan ---­
IF (!VL .EQ. 32) THEN 

!FLAG(!) = 2 
WRDLEN = 1-1 
GOTO 501 

END IF 

---- reset for leading sign ----
IF (!VL .EG. 45 .AND. I .EQ. 1) !FLAG(!) = 0 
IF (!VL .EQ. 43 .AND. I .EQ. 1) !FLAG(!) = 0 

---- E fs allowable----------­
IF (!VL .EQ. 69) THEN 

IF ( I .NE. 1 .AND. !TFLAG .EQ. 2) !FLAG(!) = 0 
END IF 

----Decimal point fs allowable---­
IF (!VL .EQ. 46) !FLAG(!) = 0 

END IF 

500 CONTINUE 
501 CONTINUE 

IF <WRDLEN .LT. 1) WRDLEN = 1 
IF (!VAUWRDLEN) .EQ. 69) !FLAG(!) = 1 

!GOOD = 1 
DO 502 I = 1, WRDLEN 

IF (!FLAG(!) .GT. 0) !GOOD = 0 
502 CONTINUE 

IF (!GOOD .EQ. 1) THEN 
WRITE (!DUM,8010) WORD 

8010 FORMAT (A10) 
BACKSPACE !DUM 

c 

c 

c 

IF (JTFLAG .EQ. 1) THEN 
READ (!DUM,*,ERR=100,END=100) IX 
IF (IX .LT. IL .OR. IX .GT. !H) GOTO 100 

END IF 

IF (!TFLAG .EQ. 2) THEN 
READ (!DUM,•,ERR=100,END=100) RX 
IF (RX .LT. RL .OR. RX .GT. RH) GOTO 100 

ENDIF 

ELSE 
GOTO 100 

END IF 
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c 
700 CONTINUE 

c 
WRITE lSCRN,1001l 

1001 FORMAT (I I ,10(/)) 
c 

RETURN 
c 
C ---- format statements ---­
C 

8003 FORMAT (A8l 
c 
C---------------------------------------------------------------------------
C 

END 
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c-----------------------------------------------------------------------------
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE D!S!NV 

This subroutine displays the radfonuclide inventory, allows the user 
to first modify quantities fn the inventory, and then to add radio­
nuclides to the list. If changes or additions are requested, the 
inventory will be redfsplayed; the user does not return from this 
subroutine until satisfied with the inventory. 

Module of ONSITE 
Version of 21-FEB-85 RAP 

C----------------------------------------------------------------------------
C 

c 

INCLUDE 'ONSITE,CMN' 
REAL*8 GNAME(2) 

300 CONTINUE 
c 

WRITE (SCRN,JOOOl NVU(!NUT), (UN!TS(J,M3M2+!),J=J,2), NVU(INUTl, 
NVU( INUTl 

1000 FORMAT(///T24, 1Surface/Burfed', T57, 1Drinkfng'/ 

c 

!00 
1001 

c 

c 

T29, A4 .. T41, 1 Irrfgatfon Water'/ 
Tll, 1Radfonuclfde 1 ,T25,A8,AS, T43,A4, 1/1 1 , T58,A4, 1 /1 1 ,/ 

Tll, 1------------ 1 ,3X,3( 1----------',5X)) 

DO 100 I = !, NIN 
WRITE (SCRN,!OO!l ELT!(!), AWl(!), Q(!), QJ(!), QJ(J) 

CONTINUE 
FORMAT(!!X,A2,A6,3(5X,JPG!0.2ll 

GNAME(!) = 'the abov' 
GNAME(2l = 'e 
CALL GROUP ( IGFLAG, GNAME l 
IF <IGFLAG .NE. Ol THEN 

!MOD = I 
WRITE (SCRN,IO!ll 

lOll FORMAT (// 1 You may now modify the quantity of selected'/ 

c 

1 radfonuclides. To delete a rad1onucl1de, 1/ 
1 enter zero quant1ty. 1////) 

DO 200 I = J, NIN 
WRITE (SCRN,JO!Ol ELTI(!), AWl(!), Q(J), NVU<INUT), 
(UN!TS(J,M3M2+J),J=!,2), QI(J), NVU(!NUTl, QJ(J), NVU(!NUT) 

1010 FORMAT (// 1 Rad1onucl1de •,A2,A6, 1 : 1// 

Su rface/Bur1 ed: ', 1PG10. 2, IX, A4, Aa, AS/ 
Irr1gati on: ', IPGI0.2,1X,A4, 1/1 1/ 

Drinking Water: •,1PG10.2,IX,M,'Il') 
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CALL GROUP(IGFLAG,GNAMEl 

200 
c 

IF <IGFLAG .NE. 0) CALL QUANTI (I) 
CONTINUE 

c 

c 

c 

c 
c 

c 

c 
c 

c 

c 

ELSE 

IMOD = 0 

ENOIF 

WRITE <SCRN,l020) 
1020 FORMAT (///' Do you wish to add rad1onuc11des to the above' 

' inventory (N/Y) ?') 
READ (KEY,800l) IY 

800 l FORMAT (All 

IF (IY .EQ. 'Y' .OR. IY .EQ. 'y') THEN 
IMOD = l 
CALL RADIN 

END If 

IF <IMOD .EQ. l) GO TO 300 

RETURN 

c-----------------------------------------------------------------------------
END 
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C----------------------------------------------------------------------------
C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SU8RWTINE GRWP CIGFLP6, GNAMEl 

This subroutine introduces a new category of parameters and allows 
the user the option of skfppfng edits to that entire group of 
parameters. 

Parameters: 

IGFLP6 - flag returned to calling program to indicate 
preferance concerning thfs group: 

0 - do not change any parameters 
1 - display/query thfs parameter group 

user 

GNAME - description of parameter 
program <Rea1*8) 

group passed from calling 

Module of ONSITE 
Version of 3-APR-85 RAP 

c-----------------------------------------------------------------------------c 

c 

c 

c 

c 

INCLUDE •ONSITE.CMN' 
REAL*8 GNAME(2) 
IGFLP6 = 0 

WRITE CSCRN,lOOOl (GNAMECil,I=l,2l 
1000 FORMAT(' t,l(J),• t,7Q('#'l// 

. 'Do you wfsh to review or change •, 2AB, 
• 1 parameters (N/Y)') 

READ (KEY,8003l !DUM 
8003 FORMAT (All 

IF (!DUM .EQ. 'Y' .OR. !DUM .EQ. 'y'l IGFLAG = l 

RETURN 

c----------------------------------------------------------------------------c 
END 
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c-----------------------------------------------------------------------------c 

c 
c 
c 
c 
c 
c 
c 

SUBROUTINE INTRO 

This subroutine displays 
available scenarios, and 

Module of ONSITE 
Version of 17-APR-84 RAP 

introductory messages, describes 
queries for user's selection. 

c-----------------------------------------------------------------------------c 

c 
c 

c 

c 

c 

c 

INCLUDE IQNSITE.CMNI 

WRITE CSCRN,2000) 
2000 FORMAT ( 1 1,24(/),30X, 19(1= 1)/34X, 10NSITE/MAX11/30X, 

• 19( 1 =1 ),//////) 

WRITE CSCRN,2011) 
2011 FORMAT (14X, 1This interactive program will assist you •, 

• 1 1n the creation'/ 
.14X,'of scenarios for assessment of onsfte disposal of low- 1 / 

.14X,'level waste. Doses to man through the specified pathways 1/ 

.14X, 1 w111 be simulated by the computer program MAXI. 1/// 

.14X, 1 The following notes may be of interest:') 

WRITE CSCRN,2010) 
READ CKEY,B003) !DUM 

WRITE (SCRN,2001) 
2001 FORMAT ( 1 1, 24(/), 

.14X, 11) If the default condition is selected, you need only'/ 

.14X,•press <return>. YES-or-NO questions are designated by'/ 

.14X, 1 (Y/N) and should be answered with a Y or N. The default'/ 

.14X,•condit1on 1s always 11sted first.') 

WRITE CSCRN,2002) 
2002 FORMAT (10 1, 

c 

.13X,'2) The values you enter w111 be tested against reasonable'/ 

.14X,'1im1ts and if they are not accepted you w111 be asked to'/ 

.14X,'supp1y another value.') 

WRITE CSCRN,2010) 
2010 FORMAT (/14X,'When you have finished reading, press <return>') 

READ CKEY,B003) !DUM 
8003 FORMAT CAB) 

c 
C---- loop until user is satisfied w1th scenario selection ------------------­
C 
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c 

c 
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100 CONTINUE 

CALL SELECT 

IF (IRS ,EO, 1) WRITE CSCRN,2100) 
2100 FORMAT (' ',24(/l, 

.14X,•SCENARIO 1: External Exposure'// 

.14X,•Thfs scenario can be used alone or as part of Scenarios 2 1/ 

.14X,•and 3. Occupational conditions of 2000 h/yr of external'/ 

.14X,•exposure are assumed. Waste may be located on the surface,•/ 

.14X,•burfed at 0.5 m, buried at 1.0 m, or stored.') 

IF (IRS .EO. 2) WRITE CSCRN,2200) 
2200 FORMAT (' ',24(/l, 

.14X, 1SCENARIO 2: External Exposure plus Inhalation from Resus•, 
'pension'// 

.14X,•Thfs scenario assumes surface contamination results over a'/ 

.14X, 1 11mfted area. The scenario defaults to 2000 h/yr exposure'/ 

.14X,•to surface contamination and inhalation. The Anspaugh') 
IF (IRS .EO. 2) WRITE (SCRN,2201) 

2201 FORMAT C14X, 
•resuspensfon model fs used. User may define the fraction'/ 

.14X,•of soil fn the top 15 em containing buried waste (defaults'/ 

.14X,•to 0.2). 1 ) 

IF (IRS .EO. 3) WRITE CSCRN, 2300) 
2300 FORMAT(' ',24(/), 

.14X,•SCENARIO 3: Agricultural Actfvftfes 1// 

.14X,•This scenario assumes surface contamination (as in Scenario'/ 

.14X, 12) wfth farming; defaults to 2000 h/yr exposure to surface') 
IF (IRS .EQ. 3) WRITE (SCRN, 2301) 

2301 FORMAT (14X, 
•contamination and inhalation. Anspaugh resuspensfon model'/ 

.14X,•is used. Scenario defaults to total diet of fruits, veg-'1 

.14X, 1 etables, and anlmal products grown on the site. The user'/ 

.14X,•may specify the percentage of soil containing waste fn the'/ 

.14X, •top 15 em. t) 

IF (IRS .EO. 4) WRITE CSCRN, 2400) 
2400 FORMAT(' •,24(/), 

.14X,•SCENARIO 4: Irrigation and Drinking Water'// 

.14X, 1Th1s scenario accounts for the use of well or river water'/ 

.14X,•for irrigation and drinking. Assumes an frrfgation rate') 
IF (IRS .EO. 4) WRITE CSCRN, 2401) 

2401 FORMAT (14X, 
'of 150 1/sq m/mo for 6 months. Defaults to Anspaugh model 1 / 

.14X, 1for inhalation. Assumes total diet and 1.2 liters/day of 1 / 

.14X, 1 drfnkfng water.') 
c 

IF (IRS .EO. 5) WRITE (SCRN,2500) 
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2500 FORMAT (t t,24{/), 
.14X,'SOENARIO 5: User Defined Scenario'// 
.14X, 1Thfs scenario defaults to a full year of exposure to 1/ 

.14X,•external contamination and a full year of 1nha1atfon. 1/ 

.14X, 1The user may specify any parameters to define a scenario.') 

WRITE (SCRN,2600l IRS 
2600 FORMAT(' •,2(/), 

.14X, 1 Scenar1o •,11, 1 fs now selected. Do you wish to change'/ 

.14X, 1th1s selection (N/Y):') 
READ (KEY,8004l !DUM 

8004 FORMAT (All 
IF (!DUM .NE. 'Y' .AND. !DUM .NE. 'y') RETURN 

GO TO 100 

C----------------------------------------------------------------------------
END 
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c----------------------------------------------------------------------------c 

c 
c 
c 
c 
c 
c 
c 

SUBROUTINE MOD!F 

Thfs subroutine allows the user to 
Scenarios 1 through 4 or to create 

Module of ONSITE 
Version of 3-APR-85 RAP 

change selected parameters of 
a scenario (Scenario 5). 

c----------------------------------------------------------------------------c 
C------ include common blocks, define variables and fnftfalfze -------------­
C 

INCLUDE •ONSITE.CMN' 
c 

REAL*8 RSX, GNAME(2) 
c 
c------ revfew/query/modffy agricultural parameters ------------------------­
c 

1000 
c 

c 

IF (!FOD .EO. 0) GO TO 100 
CONTINUE 

GNAME<l> = 1agrfcult' 
GNAME(2) = 'ural 
CALL GROUP (!GFLAG, GNAMEl 
IF (!GFLAG .EO. 0) GO TO 100 

C ---- skfp roots fs Scenario 3, assumes surface contamfnatfon ---­
IF (IRS .EO. 3) GO TO 122 

c 

c 

120 

1120 

1130 

• 

IF (IRS .EO. 1 .AND. !LOC .EO. 4) THEN 
set parameters for room model ----­

RFl = 0. 
RF2 = 1. 

ELSE 
CONTINUE 

WRITE (SCRN,1120l RF1 
FORMAT (t 1 ,20(/), 1 t, 

•The fraction of total roots fn top 15 em of the soil fs •, 
1PG10.3 .I 

(range= 0.0 to 1.0>•> 
CALL CHANGE ((2), !CFLAG, IX, IL, IH, RX, (0.0), (l.O), R8X) 
IF (!CFLAG.EO.l) RFl = RX 
WRITE CSCRN,ll30) RF2 
FORMAT (I I, 

•The fraction of total roots entering the buried waste 1/ 

' below the top 15 em plow layer of soil fs •, 1PG10.3, 
1 <range= 0.0 to 1.0) 1 ) 

CALL CHANGE ((2), ICFLAG, IX, !L, IH, RX, (0.0), (!.0), R8Xl 
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IF CICFLAG.EQ.1) RF2 • RX 

RF • RF1 + RF2 
IF CRF .GT. 1.0) WRITE CSCRN,1140l 

1140 FORMAT (///' Ill The sum of the previous two fractions cannot 'I 
' be greater than 1.0: REENTER 111 1 ) 

IF CRF .GT. 1.0) GO TO 120 
ENDIF 

122 CONTINUE 
c 

c 

1166 

• 

WRITE (5CRN,1166) IDT 
FORMAT (t t,2Q(/),t t, 

'The R.G. 1.109 diet raised ons1te may be either:'// 
9X, ' 1- Total diet (plant and animal products)'/, 
9X, 1 2- Vegetable product diet (plant only)'/, 
9X, 1 3 - Animal product diet {milk, eggs, and meat only) 1 , 

//, 1 The default selection is •,Iz,•.•> 
CALL CHANGE ((1),ICFLAG, IX, (1), (3), RX,RL,RH,R8Xl 
IF CICFLAG.EQ.1) IDT • IX 

IF (FRSIZ .LT. 1.0) GOTO 1161 
WRITE (5CRN,1160l RPF2 

1160 FORMAT (I 1 ,20{/), I I, 
1The fraction of the selected diet grown on the site '• 
' is 1 , 1PG10.3,/' (range= 0.0 to 1.0>') 
CALL CHANGE ((2), ICFLAG, IX, IL, IH, RX, (0.0), (1.0), R8X) 
IF CICFLAG.EU.1l RPF2 • RX 

1161 CONTINUE 
c 

c 

c 

IF CIWAT .EQ. 0) GOTO 100 
WRITE (5CRN,1100) RIRR 

1100 FORMAT (I '• 

'The irrigation rate 1n liters per square meter per month is 1 , 

1PG10.3 ,/ 
(range • 0.0 to 1000.) 1 ) 

CALL CHANGE((2),ICFLAG,IX,IL,IH,RX,(0.0),(1000.0l,R8Xl 
IF CICFLAG.EQ.1) RIRR • RX 

IF CRIRR .EQ. 0.0) GO TO 110 
WRITE (SCRN,1110l IMO 

1110 FORMAT {I I, 
1The number of months per year that crops are irrigated is •, 
12,/ 

<range= 0 to 12) 1 ) 

CALL CHANGE ((1), ICFLAG, IX, (Q), (12), RX, RL, RH, R8X) 
IF CICFLAG.EQ.1l IMO:IX 

110 CONTINUE 

WRITE CSCRN,1111) IRR 
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100 
c------
c 

1210 

210 

1200 

c 

1201 

200 
c------
c 

c 
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FORMAT (I I, 
1The number of years prior to the beginning of dose 1 / 

'calculations that frrfgatfon accumulates radionuclfdes 1 / 

' 1 s 1 ,14, ' (range = 0 to 1000) ') 
CALL CHANGE ((!), ICFLAG, IX, (0), (1000), RX,RL,RH,R8X) 
IF (ICFLAG.EO.ll IRR=IX 
CONTINUE 
review/query/modify external exposure parameters --------------------

IF <IEXT .EO. 0 .AND. ISUR .EQ. 0) GO TO 2DO 
GNAME(l) = 'ext. exp' 
GNAME(2) = 1 osure ' 
CALL GROUP (IGFLAG, GNAME) 
IF <IGFLAG .EO. Ol GO TO 200 
IF <ISUR .EQ. 0) GO TO 210 

WRITE <SCRN,l210) I22 
FORMAT ( 1 •,20(/),' •, 
'Dfd you use MAXI2 to generate a special external exposure'/ 
' dose rate factor file for this scenario? (default=•, 
n,•>•,;; 
lSX,tQ- no 1/15X,'l- yes 1 ) 

CALL CHANGE((!), ICFLAG, IX, (D), (!), RX,RL,RH,R8Xl 
IF <ICFLAG.EO.l) I22 = IX 

CONTINUE 
WRITE (SCRN,!200) XF2 
FORMAT (t t,zQ(!),• t, 

'The number of hours of exposure to external contamination '• 
/ 1 per year is •,IPG1Q.3,• (range= 0.0 to 8766.) 1 ) 

CALL CHANGE ((2), ICFLAG, IX, IL, IH, RX, <0.0),(8766.), R8Xl 
IF (ICFLAG.EO.l) XF2 = RX 

WRITE <SCRN,!20ll IWD 
FORMAT ( 1 1 ,20(1),• •, 
1The waste density may be either:'// 
lOX, ' 1- 1.8 g/cu em (sofl) '/ 
lOX, ' 2- 1.0 g/cu em <water)'/ 
lOX, 1 3 - 0.6 g/cu em (0.5 water+ 0.1 carbon)'// 
' The default selection is ',12,'.') 
CALL CHANGE ((!), ICFLAG, IX, (!), (3), RX,RL,RH,R8Xl 
IF (ICFLAG.EO.l) IWD = IX 
CONTINUE 
review/query/modify inhalation exposure parameters -------------------

IF <INHAL .EO. 0) GO TO 300 

GNAME(l) = 1 fnhalatf 1 

GNAME(2) = 'on 
CALL GROUP <IGFLAG, GNAME) 
IF (IGFLAG .EO. 0) GO TO 300 
RIN = RINH * 8766. 
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WRITE (SCRN,1301l RIN 
1301 FORMAT(' t,2Q(f),t t, 

c 

c 

c 

'The number of hours of inhalation of contamination '• 
I' per year 1s •,1PG10.3, 1 (range= 0.0 to 8766.}1) 
CALL CHANGE ((2l,ICFLAG,IX,IL,!H,RX,(0,0),(8766.),R8X) 
IF <ICFLAG .EQ.1) RIN = RX 
RINH = RIN I 8766. 

WRITE (SCRN,1300) !NHAL 
1300 FORMAT (I ',2Q(/)' I I, 

1Two resuspens1on models are ava1lable: 1/ 

• 1 - Anspaugh'/ 
2 - Mass Load1ng 1/ 

/ 1 The selected model 1s •,Il) 
CALL CHANGE ((1), !CFLAG, IX, (1), (2), RX, RL, RH, R8X) 
IF (!CFLAG.EQ.1) INHAL = IX 

IF (!NHAL .EO. 2) GO TO 310 

WRITE (SCRN,1310) AGE 
1310 FORMAT (' I, 

'The number of years that contamination existed'/ 
' on the surface, to account for environmental'/ 
1 weathering, at the start of the scenario 1 /, 
1 is 1 ,1PG1Q.3, 1 years. (range= 0.0 to 25.0) 1 ) 

CALL CHANGE ((2), !CFLAG, IX, JL, JH, RX, (0.0),(25.0), R8X) 
IF (ICFLAG.EQ.1) AGE= RX 
AVCM = XDPT * 15.0 
WRITE (SCRN,1320) AVCM 

1320 FORMAT (' ', 
'The top •,F4.1, 1 em. of the contaminated surface soil'/ 
1 layer 1s available for resuspens1on (range= 0.0 to 15.0) 1 ) 

CALL CHANGE ((2), ICFLAG, IX, IL, JH, RX, (0.0),(15.0), R8X) 
IF (!CFLAG. EQ.ll XDPT = RX/15. 

310 CONTINUE 
c 

c 
IF (INHAL ,EQ, 1) GO TO 320 

WRITE (SCRN,1330) DEN 
1330 FORMAT ( ' I. 

1The density of the soil 1s 1 ,1PG10.1, 1 grams per cubic' 
1meter. 1/' (range= l.ES to S.OE7) 1 ) 

CALL D-IANGE ((2), ICFLAG, IX, IL, IH, RX, (l.E5),(5.E7), RBX) 
IF (!CFLAG.EQ.1) DEN= RX 
WRITE (SCRN,1340) XMLF 

1340 FORMAT (' ', 
1The Mass Loading Factor is 1 ,1PG1Q.l, 1 grams per cubic 1 

'meter. 1/ 1 (range= l.E-7 to 0.1 1 ) 

CALL CHANGE ((2), ICFLAG, IX.IL.IH, RX, (l.E-7),(0.1), RBX) 
IF (!CFLAG.EQ.1) XMLF = RX 
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c 
320 
300 

c 

CONTINUE 
CONTINUE 

C------ revfew/query/modffy organ parameters -------------------------------­
C 

c 

c 

c 

c 

GNAME(l) = 'organ 
GNAME(2) = ' 
CALL GROUP (!GFLAG, GNAMEl 
IF (IGFLAG .EQ, 0) GO TO BOO 

WRITE <SCRN,1800) NORG 
1800 FORMAT(' •,2Q(f),t t, 

'The number of organs considered fs t,J2, 1 (range= 1 to 5)'/ 
1 Total body must always be one of the selected organs.') 
CALL CHANGE ((l), ICFLAG, IX, (l), (5), RX, RL, RH, RBX) 
IF (!CFLAG.EQ.1) NORG = IX 

DO 810 I = 1, NORG 
WRITE (SCRN,1810) 
WRITE <SCRN,1812) 
WRITE <SCRN,1811) I, KORG(Il 

1810 FORMAT " I, 
1The available organs are: 1// 

' !-Total body 9-Adrenals 
2-Body water 10-Testes 
3-Kfdneys 11-0varfes 
4-Uver 12-Skin 
5-Spleen 13-Brafn 

1812 FORMAT (I I I 

17-Pancreas'/ 
18-Heart 1 / 

19-GJI/ 
20-Stcmach 'I 
21-Small 1ntestfne 1 ) 

1 6-Bone 14-Muscle 22-Upper large intestine'/ 
7-Fat IS-Prostrate 23-Lower large intestine'/ 
8-Lungs 16-Thyrofd 1// 

1 The ONSITE dose rate factor files have data on (!)total', 
1 body, (6)bone, 'I 
1 (8llungs, (16)thyrofd, and (23)LLI. If you wish to use 1 , 

'other') 
1811 FORMAT (' 1 , 

'organs, a new environment must be created. See Section 2.2 1/ 

'of the Users Manual.'// 
'The current selection for organ no. •,rz,r 1s •,!2) 
CALL CHANGE ((1), ICFLAG, IX, (1), (23), RX, RL, RH, RBX) 
IF (ICFLAG.EQ.1) KORG(J) = IX 

810 CONTINUE 

BOO CONTINUE 
RETURN 

c-----------------------------------------------------------------------------END 
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c----------------~------------------------------------------------------------
c 

c 
c 
c 
c 
c 
c 
c 

SUBROUTINE OPTION 

This subroutine allows the user to select various exposure 
pathways for the construction of a scenario. 

Module of ONSITE 
Vers1on of 17-APR-84 RAP 

c-----------------------------------------------------------------------------c 

c 

c 

c 

c 

c 

INCLUDE •DNSITE.CMN' 

REAL*8 ANS( 2) 
DATA ANS I '(N/Yl 

IA = 1 

t,t(Y/N) 

IF (!SUR .EQ. 1) IA = 2 
WRITE (SCRN,2002) ANS(!Al 

2002 FORMAT (' I ,24(/), 14X, 

'I 

1Do you wish to consider external exposure to surface'/ 
.14X,•contam1nat1on? •,AB) 

READ (KEY,8Q04) !DUM 
IF (!A .EU. 1 .AND. (!DUM .EU. 'Y' .OR. !DUM .EU. 'y'll !SUR=1 
IF (!A .EO. 2 .AND. (!DUM .EO. 'N 1 .OR. !DUM .EO. 'n'll !SUR=O 

!A = l 
IF (!EXT .EQ. ll IA=2 
WRITE (SCRN,2004) ANS(!Al 

2004 FORMAT (I '• 24(/), l4X. 
•Do you wish to consider external exposure and crop '/ 

.14X, 1 penetrat1on to deeply buried waste? •,A8) 
READ (KEY,8004l !DUM 

8004 FORMAT (All 
IF <IA .EU. l .AND. (!DUM .EO. •Y• .OR. !DUM .EU. 'y'll IEXT=l 
IF (!A .EU. 2 .AND. (!DUM .EQ. 1 N' .OR. !DUM .EO. 'n'll IEXT=O 

!A = l 
IF (!FOD .EO. ll IA=2 
WRITE (SCRN,2005l ANS(!Al 

2005 FORMAT ( 1 t, 24(/), 14X, 
'Do you wish to consider farm product ingestion ?'/ 

l4X, A8l 
READ (KEY,8004) !DUM 
IF (!A .EQ. l .AND. (!DUM .EQ. 'Y' .OR. !DUM .EU. 1 y')) !FOD=l 
IF (!A .EQ. 2 .AND. (!DUM .EQ. 1N' .OR. !DUM .EO. •nl)) IFOD=O 

!A = l 
IF (!WAT .EQ. ll !A=2 
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WRITE CSCRN,2006) ANSCJA) 
2006 FORMAT(' 1 , 24(/), l3X, 

'Do you wfsh to consider drfnkfng water ingestion 1/ 

14X, 1 from a contaminated well? 1 , AS) 
READ CKEY,8004) !DUM 
IF (!A .EQ. l .AND. (!DUM .EO. 1yo .OR. !DUM .EO. 1y1 )) !WAT=l 
IF CIA .EO. 2 .AND. (!DUM .EO. 1N1 .OR. !DUM .EQ. 1nl)) IWAT=O 

!A = l 
IF CIARG .EO. l) JA=2 
WRITE CSCRN,2007) ANSCIA) 

2007 FORMAT (I I. 24( /). l3X. 

c 

'Do you wfsh to consider consumption of aquatic'/ 
14X, 1food from a contaminated river? •, A8) 
READ (KEY,8004) !DUM 
IF CIA .EQ. l .AND. (!DUM .EO. 1 Y1 .OR. !DUM .EQ. lyl)) IARG=l 
IF CIA .EQ. 2 .AND. CJDUM .EO. 'N 1 .OR. !DUM .EO. 1nl)) IARG=O 

2000 CONTINUE 
c 

RETURN 
c 
c-----------------------------------------------------------------------------

END 
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C----------------------------------------------------------------------------
C 

c 
c 
c 
c 
c 
c 
c 

SUBROUTINE QUANTI (1) 

This subroutine requests the quantity 
for each of the selected pathways. 

Module of ONSITE 
Version of 22-FEB-85 RAP 

of the current radfonuclfde 

C---------------------------------------------------------------------------
C 

INCLUDE •ONSITE.CMN' 
c 

c 

c 

c 

REAL*8 R8X 
DIMENSION WHERE(3,2l 

DATA WHERE 

202 CONTINUE 

/ 1 depo 1 , 1 site 1 ,'d 
1 burf','ed a•,•t 

IF (IRS .EQ. 4) GO TO 206 

on', 
'I 

IF (M3M2 .LT. 0 .OR. M3M2 .GT. 2) M3M2 = 0 
IF (!SUR .EQ. 1 .OR. ILOC .EQ. 5) THEN 

IA = 1 
ELSE 

IA = 2 
ENDIF 

WRITE (SCRN,1050) ELTI(l), AWl(!), (WHERE(J,IAl,J=1,3), 
NVU(lNUT),(UNITS(J,M3M2+1), J=1,2) 

1050 FORMAT (II' '• 
'Enter the quantity of 1 ,A2,Ae,3A4,' the site at•, 
' start of'/' calculation <units: •, A4, 2A8,') :') 
CALL CHANGE((2),(2),IX,IL,IH,RX,(0.),(1.E30), RBX) 
Q(l) = RX 

206 CONTINUE 
c 

c 

c 

IF (IRS .LT. 4) GO TO 301 

WRITE <SCRN,1052) 
1052 FORMAT (I I ,14(/), I ', 

1 To consider only irrigation or only drinking water ' 
'contamination,'/ 
1 enter zero quantity for the other pathway.') 

WRITE (SCRN,1060l ELTl(l), AWl(!) 
1060 FORMAT (!I • ', 

'Enter the concentration of 1 ,A2,A6,' in the irrigation '• 
'water at start of 1 / 1 calculation <units: pC1/liter): 1 ) 
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CALL CHANGE ((2),(2), !X,!L,!H, RX, (0.), (1.E30), RBX) 
Ql(!) = RX 
IF (QI(J) .GT. 0.) IWRL=1 

302 CONTINUE 
WRITE (SCRN,1070) ELT!(J), AWl(!) 

1070 FORMAT U I' ', 
'Enter the concentration of 1 ,A2,A6, 1 1n the drinking water', 
'at start of'/' calculatfon (unfts: pCf/lfter>:•> 
CALL CHANGE ((2),(2), IX,!L,!H, RX, CO.O), (l.E30), RBX) 

OJ(!) = RX 
IF (OJ(!) .GT. 0.) IWRL=1 

301 CONTINUE 

RETURN 

c-----------------------------------------------------------------------------
END 
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c----------------------------------------------------------------------------c 

c 
c 
c 
c 
c 
c 
c 

SUBROUTINE RADIN 

This subroutine controls input of the 
and user radiological inventory input 

Module of DNSITE 
Version of 3-APR-85 

rad1onucl1de master library 

C----------------------------------------------------------------------------
C 

c 

c 

c 

c 

INCLUDE •ONSITE.CMN• 

REAL*8 R8X, ORG(23J, CL(3J 
DIMENSION El300J, Al300J, NS(2,300J, 1Sl2J, lDORGlSJ 
REAL*8 A 
INTEGER E 

DATA ORG !'tot body 1 , 1 body H20 1 , 1 k1dneys 
'bone •,•fat •,'lungs 
'ovaries •,•skin '•'brain 
'thyroid •,•pancreas•,•heart 
'sm. 1nt.•,•uu •,•LLI 

DATA IDORG I 1,6,8,16,23/ 
DATA NIN, I /0,0/ 
DATA IS I 1 ', 1 1 n' 1 

•,'liver •,•spleen 1 , 

'•'adrenals•,•testes '• 
'•'muscle •, 1 prostrat•, 
•,•GI •,•stomach 1 , 

'I 

DATA CL / 1Class 0 •,•Class W '•'Class Y 'I 
DATA FIRTIM /0/ 

C---- read in radionuclide library ------------------------------------------­
C 

c 

c 

c 

c 

IF lFIRTIM .EO. OJ THEN 

NUC • 1 
READ(10,8003J !DUM 

8003 FORMAT lA8J 

100 CONTINUE 
READ(10,1001,END=992J ElNUCJ, A(NUCJ, IM, lNS(J,NUCJ,J=1,2J 

1001 FORMATCA2,AB,8X,I2,41X,2ll) 
IF liM .EO. OJ GO TO 200 
NUC=NUC+1 

GO TO 100 

200 CONTINUE 
ENDIF 

C---- set flag if translocation review/check desired -------------------------
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IF CFIRTJM .EQ. 0) THEN 
lTC = 0 

IF CJNHAL .EQ. 0 ) GO TO 410 
WRITE CSCRN,4101) 

4101 FORMAT (t •,20(!),' t, 

c 

1 Do you wish to review and/or change solubility classification' 
/ 1 for each organ for each radfonuclfde. The default assump-' 
/ 1 tion is elements are insoluble for lung and soluble for all' 
/ 1 other organs. (N/Y>') 
READ CKEY,B001) !DUM 
IF (!DUM .EQ. 'Y' .OR. !DUM .EO. 'y'l lTC = 1 

410 CONTINUE 
END IF 

C--- test if this fs original or additional inventory and set flags --------­
C 

c 

IF CFIRTJM .EQ. 0) THEN 
NIN = 0 
I = 0 

ELSE 
I = NIN 

ENDJF 

C---- fnftfalfze quantity arrays--------------------------------------------­
C 

c 

IF CFIRTIM .EQ. 0) THEN 
DO 610 JQ = 1, 100 

Q(JQ) = o. 
QJ(JQ) = o. 
QJ(!Q) = o. 
QK(JQ) = o. 

610 CONTINUE 
ENDIF 

C---- display list of radfonuclfdes -----------------------------------------­
C 

CALL RDL!ST (E,A) 
c 
c---- signal beginning of inventory input -----------------------------------­
c 

208 CONTINUE 
WRITE CSCRN,1100) 

1100 FORMAT{' ',20(/),t t, 
1The following questions pertain to the rad1onucl1de 1 / 

' inventory. After 1nputt1ng the inventory, enter'/ 
1 "9911 for element name to signal to the program that 1/ 

' you are f1n1shed. 'Ill, 1 ',70(1#1)// 
' Press <return> when you have finished reading:') 
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READ (KEY,SQOll !DUM 
8001 FORMAT (All 

c 
c---- input name and source terms for each radionuclide --------------------­
C 

149 CONTINUE 
c 

WRITE (SCRN,2400l 
2400 FORMAT (t 1 ,10(/),t •,70( 1#'),///) 

c 

c 

c 

c 

300 CONTINUE 
ICFLAG = 1 
WRITE (SCRN, 1010) 

1010 FORMAT (// 1 Enter new 2-character element t, 
1 ( 98=11st, 99=fin1 shed): ') 
READ (KEY,8005l IZ 

8005 FORMAT (A2l 
IF (IZ .EQ. ' ') GO TO 149 
IF (IZ .EQ. '99') GO TO 148 
IF (!Z .EQ. •98') THEN 

CALL RDLIST (E,Al 
GOTD 149 

END IF 

WRITE (SCRN, 1011) 
lOll FORMAT <•aMass number input can be up to •, 

16 characters long.'/ 
' Include metastable (M) and daughter (+D) designation,•, 
' (1.e., TE127M+Dl'// 
1 Enter mass number: 1 ) 

READ (KEY,8003l R8X 

DO 140 IX = 1, NUC 
IF (!Z .EQ. E(IXl .AND. R8X .EQ. A<IXll GO TO 142 

14D CONTINUE 
WRITE (SCRN,240ll 

2401 FORMAT(///' ???? Rad1onucl1de not found in library, t, 
1try again ????'//) 

GOTO 300 

142 CONTINUE 

2402 

DO 144 IN = 1, NIN 
IF (ELTI(INl .EU. IZ .AND. AWHINl .EQ. R8Xl THEN 

WRITE (SCRN,2402l 
FORMAT (/// 1 ???? Rad1onucl1de aready included, try 1 , 

'again ???1 1 //) 

GO TO 300 

144 
c 

END IF 
CONTINUE 
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IXS = IX 
NIN = NIN + 1 
I = I + 1 
ELTI(J)=!Z 
AWJ(J)=R8X 
DD 143 J = 1, 5 

NSOLD(J,!) = NS(1,JXS) 
IF (KORG(J) .EG. 8) NSOLD(J.J) = NS(2,!XS) 

143 CONTINUE 
c 

2020 

213 
2021 

2022 

212 
210 

c 

c 

IF (lTC .EQ. 0) GO TO 210 
DO 212 J = 1,5 

WRITE (SCRN,2020) ELT!(!) 
FORMAT(' •,4(/),t t, 

'Element •,A2, 1 Translocation Classfffcation: 1/) 

DO 213 K = 1,2 
WRITE (SCRN,2021) K, CL(NS(K,!XS)), !S(K) 

CONTINUE 
FORMAT CSX, 12,•- 1 ,A8, 1 for 1 ,A2, 1soluble 1 ) 

WRITE (SCRN,2022) ELT!(!), AW!(J), CL(NSOLO(J,J)), 
ORG(KORG(J)) 

FORMAT (// 1 The translocation index for •,A2,A6,' is r, 
AS,• for 1 ,M3/ 
1 To change enter 1ndex. 1 ) 

CALL CHANGE ((1), !CFLAG, IX, (1), (3), RX,RL,RH,R8X) 
IF (!CFLAG .EQ. 1) NSOLD(J,J) = NS(JX,!XS) 

CONTINUE 
CONTINUE 

CALL QUANTI (! ) 
GO TO 149 

148 CONTINUE 
FIRT!M = I 

c 
c 

c 
RETURN 

C--------- error messages ----------------------------------------------------
C 

990 WRITE (SCRN,9000) 
9000 FORMAT(' Error opening radfonuclfde library.') 

STOP 
c 

992 WRITE (SCRN,9002) 
9002 FORMAT ( 1 Premature end-of-file discovered fn library•> 

c 
c 
c-----------------------------------------------------------------------------

END 
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c-----------------------------------------------------------------------------c 

c 
c 
c 
c 
c 
c 
c 

SUBROUTINE RDLIST (E,Al 

This subroutine displays the 
when requested. 

Module of ONSITE 
Version of 14-FEB-85 

radfonuclfde master 11st 

c----------------------------------------------------------------------------c 

c 

INCLUDE •ONSITE.CMN• 
REAL E(300) 
REAL*8 A(300) 

300 CONTINUE 
c 

WRITE <SCRN,1000l 
1000 FORMAT(/// 1 Rad1onucl1de inventory must be from the ' 

'following list: I) 
c 
c 

100 
1001 

c 
c 

1020 

8001 
c 
c 

c 

DO 100 IN = 1, 96, 5 
WRITE (SCRN,1001l (E(Il, A(l), I=IN, IN+4l 

CONTINUE 
FORMAT( 5(5X,A2,A6ll 

WRITE (SCRN,1020l 
FORMAT(' Press any key to continue ... ') 
READ (KEY,8001) IY 
FORMAT (All 

RETURN 

c-----------------------------------------------------------------------------
END 
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c----------------------------------------------------------------------------
c 

c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE RITFIL 

This subroutine wrftes a ffle wfth 
system commands for MAXI!. RITFIL 
ONSITE. 

Module of DNSITE 
INTRUD Versfon of 26-MAR-85 RAP 

input parameters 
fs called by the 

and 
program 

c-----------------------------------------------------------------------------c 
INCLUDE '0NSITE.CMN 1 

c 
200 CONTINUE 

c 
C---- assign library files to logical unit devices--------------------------­
C 

WRITE (OUT, 3009) 
3009 FORMAT ('SET OEF DISK1:[INTRUD.LIB] 1 ) 

c 
IF (IOT .LT. 2) WRITE COUT, 3010) 

3010 FORMAT ('ASSIGN FILE20.DAT FOR020'1 
'ASSIGN FILE21.DAT FOR021') 

c 
IF (IDT .EQ. 2) WRITE (QUT, 3011) 

3011 FORMAT ('ASSIGN VEG20.DAT FOR020 1/ 

• 'ASSIGN VEG21.DAT FOR021') 
c 

IF (IOT .EQ. 3) WRITE (QUT, 3012) 
3012 FORMAT ('ASSIGN MEAT20.0AT FOR020 1/ 

'ASSIGN MEAT21.DAT FOR021') 
c 
c 
c IF (IARG .GT. 0) WRITE (OUT, 3020) 

WRITE (QUT,3020) 
3020 FORMAT ('ASSIGN FILE24.DAT FOR024 1 ) 

c 
c IF (IWAT .GT. 0) WRITE (OUT, 3030) 

WRITE (DUT,3030) 
3030 FORMAT ('ASSIGN FILE25.0AT FOR025 1 ) 

c 
WRITE COUT,8200) 

8200 FORMAT ('ASSIGN PLANEA.DAT FOR022') 
c 

c 

IF (ILOC .EQ. 1 .AND. IWO .EQ. 1) WRITE (OUT, 3040) 
3040 FORMAT ('ASSIGN PLANEA.DAT FOR022 1 ) 

IF (ILOC .EO. 1 .AND. IWO .EQ. 2) WRITE COUT,3088) 
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3088 FORMAT ('ASSIGN PLANEB.DAT FOR022 1 l 
c 

IF (ILOC .EO. 1 .AND. IWD .EO. 3) WRITE (0UT,3089l 
3089 FORMAT ('ASSIGN PLANEC.DAT FOR022 1 l 

c 
WRITE (OUT, 8201) 

8201 FORMAT ('ASSIGN VOLSOURCA.DAT FOR027'l 
c 

c 

IF (!LOC .EO. 2 .AND. IWD .EO. 1) WRITE (OUT, 3044) 
3044 FORMAT ('ASSIGN VOLSOURCA.DAT FOR027 1 l 

IF (!LQC .EO. 2 .AND. IWD .EO. 2) WRITE (OUT, 3031) 
3031 FORMAT ('ASSIGN VOLSOURCB.DAT FOR027 1 l 

c 

c 

IF (JLOC .EO. 2 .AND. IWD .EO. 3) WRITE (OUT, 3032) 
3032 FORMAT ('ASSIGN VOLSOURCC.DAT FOR027') 

c 
JF (!LOC .EO. 3 .AND. IWD .EO. 1) WRITE (OUT, 3041) 

3041 FORMAT ('ASSIGN BURIEDHFA.DAT FOR027') 
c 

IF (JLOC .EO. 3 .AND. IWD .EO. 2) WRITE (OUT, 3033) 
3033 FORMAT ('ASSIGN BURIEDHFA.DAT FOR027'l 

c 
IF (ILOC .EO. 3 .AND. IWD .EO. 3) WRITE (OUT, 3034) 

3034 FORMAT ('ASSIGN BURIEDHFB.DAT FOR027 1 l 
c 
c 

IF (!LOC .EO. 4 .AND. IWD .EO. 1) WRITE (OUT, 3042) 
3042 FORMAT ('ASSIGN BURIED1A.DAT FOR027 1 l 

c 
IF (JLOC .EO. 4 .AND. IWD .EO. 2) WRITE (OUT, 3035) 

3035 FORMAT ('ASSIGN BUR!ED1B.DAT FOR027'l 
c 

IF (JLQC .EO. 4 .AND. IWD .EO. 3) WRITE (OUT, 3036) 
3036 FORMAT <•ASSIGN BURIEDlC.DAT FOR027'l 

c 
IF (JLQC .EO. 5 .AND. IWD .EO. 1) WRITE <ouT, 3037) 

3037 FORMAT <'ASSIGN STOREDA.DAT FOR027 1 l 
c 

IF (JLQC .EO. 5 .AND. IWD .EO. 2) WRITE (OUT, 3038) 
3038 FORMAT ('ASSIGN STOREDB.DAT FOR027 1 l 

c 
IF (JLOC .EO. 5 .AND. !WD .EO. 3) WRITE (0UT,3039l 

3039 FORMAT ('ASSIGN STOREDC.DAT FOR027') 
c 

WRITE (OUT, 3050) 
3050 FORMAT ('ASSIGN RMDLIB.DAT FOR010'/ 

'ASSIGN FILE23.DAT FOR023'l 
c 
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C---- calculate output values--------------------------------------------­
C 

c 

c 
c 

RPF = RPFl 
IF (RPF2 .GT. O.l RPF = RPF1 * RPF2 

IF (JNHAL .EQ. Ol RINH = 0.0 
IF (INHAL .EQ. 2) AGE = -1.0 

C---- execute command, t1t1e, and NAMELIST ---------------------------------­
C 
c 
c 

WRITE (OUT, 3100) <TITUI), I=1o20) 
3100 FORMAT ( 0RUN DISK1:[INTRUD.TAPlMAXI1°/20A4/ 0 $INPUT NEXT=1,'l 

c 
WRITE (OUT, 3110) IFOD, IARG, IWAT, IEXT, ISUR, IAIR 

3110 FORMAT ( 1 IF00= 1 ,Il,t, IARG=',Il, 1 , IWAT= 1 ,II,t, IEXT=•,II,t,r; 
ISUR= 1 ,Il, 1 , IAIR= 1 ,Il, 1 , 1 ) 

c 
IF (IFOD .GT. Ol WRITE (OUT, 3120) RIRR, IMQ, RF1, RF2 

3120 FORMAT (t RIRR=',Gl0.3, 1 , IMQ=t,JI, 
'• RF1= 1 ,Gl0.3,', RF2= 1 ,Gl0.3,', 1 ) 

c 
WRITE (OUT,3022l RPF1, RPF2 

3022 FORMAT ( 1 RPFl= 1 ,Gl0.3,', RPF2= t,GlQ.3, 1 , 1 ) 

c 
IF (IWAT .GT. 0) WRITE (0UT,3130l IDKWAT 

3130 FORMAT(' IDKWAT=',!l,t,t) 
c 

IF (!AIR .GT. Ol WRITE (DUT,3140) XQSITE, IDKAIR 
3140 FORMAT (t XQSITE=',GI0.3,t, IDKAIR=•,n,r,t) 

c 
IF (INHAL .EQ. 1) WRITE (OUT, 3150) AGE, XDPT 

3150 FORMAT (I PGE= 1 ,Gl0.3, 1 , XDPT= 1 ,Gl0.3, 1 ,1) 
c 

IF (INHAL .EQ. 2) WRITE (OUT, 3160) DEN, XMLF 
3160 FORMAT (t AGE=-1, DEN= 1 ,GI0.3,t, XMLF= 1 ,Gl0.3, 1 , 1 ) 

c 
WRITE (OUT, 3170) RINH, DILF, XF2 

3170 FORMAT ( 1 RINH= 1 ,Fl0.6, 1 , DILF=',G10.3, 1 , XF2= 1 ,G10.3,•, 1 ) 

c 
WRITE (0UT,3180l M3M2, INTRUD, 122 

3180 FORMAT ( 1 M3M2=•,I2,•, INTRUD=•,I1, 1 , !22= 1 ,!1,', 1 ) 

c 
WRITE (0UT,3190) IT1, JT2, NORG, (KORG(I),I=1,NORGl 

3190 FORMAT(' IT1= 1 ,!4, 1 , IT2= 1 ,!4, 1 , NORG= 1 ,I2, 
'• KORG(l)= 1 ,502, 1 ,') ) 

c 
WRITE (OUT,3192l SRDIL, FRSIZ, AREAIN, AREAEX 
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3192 FORMAT( I SRDIL=',Gl0.3,t, FRSIZ=',Gl0.3,t, AREAIN=',Gl0.3,t,tf 
AREAEX= 1 ,Gl0.3,t,t) • c 

WRITE !OUT, 3200) lOUT 
3200 FORMAT (t IOUT=•,I2,•, !ON=1, $END 1 ) 

c 
C--- adjust inventory to proper units and wrfte to ffle ---------------------­
C 

WRITE (OUT, 3300) N!N, IRR 
3300 FORMAT (2!5) 

c 
DO 100 I = 1, NIN 

Q(!) = Q(!) * NVUN!TCINUTl 
WRITE (OUT, 3400) ELT!(!), AWl(!), (NSOLD(J,!),J=1,5), 

Q(!), QI(!), QJ(!), QK(!) 

3400 FORMAT (A2,A6,5!1,4(1PG10.2ll 

c 
c 

c 

100 CONTINUE 

RETURN 

C--- error routines ----------------------------------------------------------
C 

992 WRITE (SCRN,9920l 
9920 FORMAT (tOError fn opening output ffle 1 ) 

GO TO 200 
c 

c 
c 

994 WRITE CSCRN,9940l 
9940 FORMAT ( 10Error in closing output f11e 1 } 

STOP 

c-----------------------------------------------------------------------------ENo 
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c----------------------------------------------------------------------------c 
SUBROUTINE SCENR 

c 
C This subroutine establishes default parameter values for the 
C selected scenario. 
c 
C Module of ONSITE 
C Version of 23-MAR-85 RAP 
c 
c----------------------------------------------------------------------------INCLUDE '0NSITE.CMN 1 

c 
C------ set default values per scenario ------------------------------------­
C 

c 

c 

DATA NEXT,IOUT 11,01 
DATA IFOD, IWAT, IARG, !EXT, !AIR, INHAL, !SUR I l,l,Q,l,O,I,l I 
DATA NORG, KORG I 5, 1,6,8,16,23 I 
DATA !Tl, IT2 I 1 ,SO I 
DATA RIRR, RPFl, RPF2, RPF, IMO I 150., 1.0, 1.0, 0.2, 6 I 
DATA RF1, RF2 I 1.0, 0.0 I 
DATA IDKWAT, IDKAIR, XQSITE I O, O, 0.0 I 
DATA XF2, 122, RINH I 2000.0, O, .23 I 
DATA AGE, XDPT, DEN, XMLF I 0.0, 0.067, 1.0E+6, 1.0E-04 I 
DATA DILF, M3M2 I 1.0, 1 I 
DATA INTRUD, IBS, ILOC, IRR I Q, 1, 2, 0 I 
DATA SRDIL, !NUT 10.2, 11 
DATA FRSIZ, AREAIN, AREAEX 11.0, 1.0, 1.01 
DATA IWD, IDT 11,11 

IF CIRS .EO. 1l ILDC=3 
IF (IRS .LT. 3) IFOD=O 
IF (IRS .LT. 4) IWAT=O 
IF (IRS .EO. 1) ISUR=O 
IF (IRS .EO. 2) ISUR=O 
IF (IRS .EO. 3) IEXT=O 
IF (IRS .EO. 4) IEXT=O 
IF (IRS • EO. 5 l IARG=1 
IF (IRS .EO. Sl XF2=8766. 
IF (IRS .EO. 4) IRR = 10 
IF (IRS .EO. 5) R!NH = 1.0 
IF (IRS • EO. 5 l INHAL=2 
IF (IRS .EO. 1) INHAL=O 
IF (IRS .EO. 1) R!NH=O.O 
IF (IRS .EO. 1) NORG=1 

RETURN 
c----------------------------------------------------------------------------c 

END 
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c---------------------------------------------------------------------------­
c-----------------------------------------------------------------------------
c 

c 
c 
c 
c 
c 
c 
c 

SUBROUTINE SELECT 

This subroutine prints a menu of scenario selection 
user and then test validity of the user input. 

Module of ONSITE 
Version of 17-APR-84 RAP 

for the 

c----------------------------------------------------------------------------c 

c 

c 

c 

c 

c 

INCLUDE 1 DNSITE.CMN 1 

WRITE (SCRN,2004l 
2004 FORMAT ( 1 t, 24(/}, 13X, 

1The following scenarios have been defined:'// 
.14X, 11- External exposure'/ 
.14X, 12- External exposure plus inhalation from resuspensfon'/ 
.14X, 13 -Agricultural activities 1/ 

.14X,•4- Use of well water for irrigation and drinking water'/ 

.l4X, 15- User-created scenario'//) 

100 CONTINUE 
WRITE (SCRN,2006l 

2006 FORMATC14X,•To select a scenario or for additional information'/ 
.14X,ton a scenario enter 1, 2, 3, 4, or 5: I) 

READ (KEY,*l IRS 
IF (IRS .LT. 1 .OR. IRS .GT. Sl GO TO 100 

RElURN 

c-----------------------------------------------------------------------------
END 
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APPENDIX C 

EXTERNAL EXPOSURE DOSE RATE FACTOR LIBRARIES 

CONTENTS 

PLANEA • ••••••••• , ••• , , ••••• , •••• , ••••••••• , ••••• , 

PLANES •••• , ••• , •••• , •••• , ••• ,,, ••• , ••••• , •••••••• 

PLANEC., , •••• , ••• , •••• , ••••• , •••••••••••••••••••• 

STOREDA ••••• 0 •••••••••••••• 0 ••••• 0 ••••• 0 ••• 0 ••••• 

STOREDB., ••• , ••••• , , ••• , , ••• , , , ••• , ••••••••••• , , • 

STOREOC • •••••••• , ••• , •••••••••••••••••••••• , ••••• 

VOLSOURCA.,, •••• ,, •••• ,, •••• ,, •••• , ••••• , ••••• ,,. 

VOLSOURCB •••• •••••••••••••••••••••• 0 •• 0 ••••••••• 0 

VOLSOURCC •• • , ••••••••••• , ••• , • , ••••••••••• , •••••• 

BURIEDHFA ••••••• ••••• 0 ••••• 0 0 ••••••••• 0 •••• 0 0 • 0 •• 

BURIEDHFB ••••••• •••••• 0 • 0 ••••• 0 0 ••• 0 ••• 0 0 ••••••• 0 

BURIEDHFC •• ••• , , ••••• , •••.• , , •••• , , ••• , •••••• , , •• 

••••• 0 ••• 0 • 0 •••••• 0 •• 0 0 • 0 ••• 0 •••••••••• BURIEDlA •• 

BURIED lB. ........................................ 
BURIEDlC. •• 0 • 0 ••••• 0 •••••••••••• 0 ••••• 0 •••••••••• 

C.l 

C.3 

c.s 

C.7 

C.9 

C.ll 

C.l3 

C.lS 

C.l7 

C.l9 

C.21 

C.23 

C.25 

C.27 

C.29 
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ONSITE/MAXI 15 CM. PLANE SOLRCE ON SURFACE <DEN: CONCRETE/1.8) MR/HR 26-JUN-85 
100 

H 3 0 .OE+OO 
C 14 6.2E-04 
NA22 4 .3E+02 
P 32 9.2E-01 
P 33 2.8E-03 
S 35 O.OE+OO 
CL36 7 .5E-02 
K 40 5.7E+01 
CA45 2.8E-03 
SC46 7.2E+02 
CR51 l.1E+01 
MN54 2.9E+02 
FE55 0 .OE+OO 
FE59 4.0E+02 
C057 2.1E+01 
C060 8.6E+02 
NI59 0 .OE+OO 
NI63 l.4E-05 
ZN65 2.2E+02 
SE75 9.2E+01 
SR85 l.8E+02 
SR90+D L 9E+OO 
M093 1.4E+OO 
N894 5 .3 E+02 
RU106+0 4.1E+01 
C0109 7.6E+OO 
AGllOM+Ol.1E+03 
IN111 7 .6E+01 
S8124 7 .2E+02 
S8125+D L 7E+02 
I 125+0 8.8E-01 
I 131+D L2E+02 
CS137+0 2.1E+02 
CE144+D l. 7E+01 
EU152 4 .OE+02 
EU154 4.2E+02 
T8160 3 .8E+02 
OS185 2.5E+02 
OS191 7 .9E+OO 
IR192 2.5E+02 
HG203 4. 7E+01 
PB210+D 3 .4E-01 
RA226+0 4.7E+02 
TH228+0 L2E+03 
TH230+0 l. 7E-02 
TH232+0 7 .4E-01 
U 233+0 4.2E-03 
U 234 6.9E-02 
U 235+0 2.1E+01 
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U 238+0 4.9E+OO 
NP237+0 6.2E+01 
PU241+0 1.1E+OO 
SR89 S. 7E-01 
Y 89M 3. 7E+OO 
SR90 3.0E-02 
Y 90 1.9E+OO 
M099 4 .8E+01 
TC99M 1.9E+01 
TC99 4.0E-03 
RU103 1.8E+02 
RH103M S .1E-02 
PD103 2 .8E-01 
I 129 4.3E-01 
CS134 6.0E+02 
CS13S 1.3E-03 
CS137 4.1E-02 
BA137M 2. 2E+02 
CE141 l.OE+01 
SM151 2.4E-04 
U 235 2 .OE+01 
TH231 1.3 E+OO 
PA231 8.6E+OO 
AC227 1.3E-02 
TH227 2 .5E+01 
FR223 7 .6E+OO 
RA223 2.6E+01 
NP237 1. 9E+OO 
PA233 6 .OE+01 
U 233 4.2E-03 
TH229 1. 8E +00 
RA225 6.8E-01 
AC225 1.7E+OO 
U 238 9.8E-03 
TH234 7 .SE-01 
PA234M 2.9E+OO 
PA234 6 .3E+02 
PU242 8.1E-04 
NP238 2 .OE+02 
PU238 2.9E-03 
CM244 1.8E-03 
PU244 6.8E-07 
U 240 4 .7E-02 
PU240 2. 7E-03 
CM243 2.5E+01 
PU243 2. 7E+OO 
AM243 3 .6E+OO 
NP239 2.9E+01 
PU239 2 .9E-03 
PU241 2.9E-12 
AM241 1.1E+OO 

C.2 



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - PLANES 

ONSITE/MAXI 15 CM. PLANE SOURCE ON SURFACE (DEN: WATER 1.0) MR/HR 26-JUN-85 
100 

H 3 O.OE+OO 
C 14 5.2E-03 
NA22 6 .4E+02 
P 32 2.3E+OO 
P 33 5.1E-02 
S 35 O.OE+OO 
CL36 1.8E-02 
K 40 8.8E+01 
CA45 1.8E-02 
SC46 1.1E+03 
CR51 2.3E+01 
MN54 4.8E+02 
FESS O.OE+OO 
FE59 5 .8E+02 
COS? 6.2E+01 
C060 1.3 E+03 
Nl59 O.OE+OO 
Nl63 2. 9E-13 
ZN65 3 .4E+02 
SE75 2.2E+02 
SR85 3. 7E+02 
SR90+D 4. 7E+OO 
M093 1.3E+01 
NB94 9.4E+02 
RU106+D 8.0E+01 
CD109 2.6E+01 
AG110M+D1.8E+03 
IN111 2.0E+02 
SB124 1.2E+03 
SB125+D 3.4E+02 
I 125+D 1.2E+01 
I 13l+D 2.6E+02 
CS137+D 3. 9E+02 
CE144+D 3.4E+01 
EU152 6.5E+02 
EU154 6.8E+02 
TB160 6.0E+02 
OS185 4. 7E+02 
OS191 2.7E+01 
IR192 5.4E+02 
HG203 1.2E+02 
PB210+D 1.4E+OO 
RA226+0 7 .6E+02 
TH228+D 1. 9E+03 
TH230+D 7. 7E-02 
TH232+D 4.2E+OO 
U 233+D 3.2E-02 
U 234 2.6E-01 
U 235+D 6.1E+01 

C.3 



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - PLANEB 

U 238+D 9.3E+OO 
NP237+D 1.4E+02 
PU24l+D 6 .4E+OO 
SR89 1.6E+OO 
Y 89M 5.3E+OO 
SR90 1.3E-Ol 
Y 90 4.6E+OO 
M099 9 .2E+O l 
TC99M 5.5E+Ol 
TC99 2.4E-02 
RU!03 3. 7E+02 
RH!03M 8. 7E-Ol 
PD!03 4. 7 E+OO 
I 129 6.2E+OO 
CS!34 l.lE+03 
CS!35 9.6E-03 
CS!37 1.6E-Ol 
BA!37M 4.1E+02 
CEl4l 3 .2E+Ol 
SM15l 4.4E-03 
U 235 5 .6E+Ol 
1H23l 5.4E+OO 
PA23l 1.9E+Ol 
AC227 4.0E-02 
1H227 6.0E+Ol 
FR223 2.3E+Ol 
RA223 6 .4E+Ol 
NP237 7.8E+OO 
PA233 1.3E+02 
U 233 3 .2E-02 
1H229 5.8E+OO 
RA225 5.4E+OO 
AC225 5 .OE+OO 
U 238 5 .6E-02 
TH234 2 .6E+OO 
PA234M 4 .6E+OO 
PA234 l.OE+03 
PU242 6.5E-03 
NP238 2.9E+02 
PU238 1.3E-02 
CM244 l.5E-02 
PU244 1.2E-05 
U 240 2.7E-Ol 
PU240 l.lE-02 
CM243 6. 7E+Ol 
PU243 8.!E+OO 
AM243 1.4E+Ol 
NP239 7 .6E+Ol 
PU239 l.lE-02 
PU24l 5 .OE-11 
AM24l 6.4E+OO 

C.4 



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - PLANEC 

ONSITE/MAX! 15 CM. PLANE SOLRCE ON SURF. (DEN: H20:CARBON/.5,.l)MR/HR 26-JUN-85 
100 

H 3 0 .OE+OO 
C 14 8.3E-03 
NA22 7 .BE+02 
P 32 3.1E+OO 
P 33 2.8E-02 
S 35 O.OE+OO 
CL36 4.0E-Ol 
K 40 l.lE+02 
CA45 2 .BE-02 
SC46 l.4E+03 
CR5l 2.9E+Ol 
MN54 6.0E+02 
FE55 0 .OE+OO 
FE59 7. 2E+02 
C057 8.4E+Ol 
C060 l.6E+03 
Nl59 0 .OE+OO 
Nl63 3 .3E-04 
ZN65 4 .lE+02 
SE75 3 .OE+02 
SRBS 4 .8E+02 
SR90+D 6.3 E+OO 
M093 2.1E+Ol 
NB94 l. 2E+03 
RU106+D l.OE+02 
C0109 3 .6E+Ol 
AGUOM+D2.2E+03 
!NUl 2. 7E+02 
SB124 l.SE+03 
SB12S+D 4.3E+02 
I l25+D 2.0E+Ol 
I l3l+D 3.4E+02 
CS137+D 4.8E+02 
CE144+D 4.4E+Ol 
EU152 8.0E+02 
EU154 8.4E+02 
TB160 7 .SE+02 
0Sl85 5.8E+02 
0Sl9l 3.8E+Ol 
!Rl92 6.9E+02 
HG203 l.SE+02 
PB210+D 2.1E+OO 
RA226+D 9.4E+02 
TH228+D 2.2E+03 
TH230+D l.lE-01 
TH232+D 6.1E+OO 
U 233+D 4. 9E-02 
U 234 3.7E-Ol 
U 235+D 8.4E+Ol 

.::.s 



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - PLANEC 

U 238+0 1.2E+01 
NP237+D 1.8E+02 
PU241+D 9.5E+OO 
SR89 2.1E+OO 
Y 89M 6.6E+OO 
SR90 1.9E-01 
Y 90 6.1E+OO 
M099 1.1E+02 
TC99M 7.6E+01 
TC99 3 .6E-02 
RU103 4 .6E+02 
RH103M l.5E+OO 
PD103 8 .2E+OO 
I 129 1.0E+01 
CSl34 1.3E+03 
CSl35 1.5E-02 
CSl37 2 .2E-01 
BA137M 5.1E+02 
CE141 4.5E+01 
SM151 7.6E-03 
U 235 7 .6E+01 
11-1231 8.0E+OO 
PA231 2 .6E+01 
AC227 5 .5E-02 
11-1227 7. 9E+01 
FR223 3.1E+01 
RA223 8.6E+01 
NP237 l.1E+01 
PA233 1. 7E+02 
U 233 4.9E-D2 
TH229 8.1E+OO 
RA225 B.1E+OO 
AC225 6 .BE +DO 
U 238 8.1E-02 
TH234 3 .6E+OO 
PA234M 5 .8E+OO 
PA234 1.3E+03 
PU242 9.8E-03 
NP238 3, 7E+02 
PU238 1.8E-02 
CM244 2.2E-02 
PU244 2.2E-05 
U 240 5 .OE-01 
PU240 l.6E-02 
CM243 9.0E+01 
PU243 l.1E+01 
AM243 2.1E+01 
NP239 l.OE+02 
PU239 l.6E-02 
PU241 9.1E-ll 
AM241 9.5E+OO 

C,6 



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - STOREDA 

ONSITE/MAXI - STORED: 1.D M THICK FINITE SLAB (DEN: soil 1.8) MR/HR 26-JUN-85 
100 

H 3 7 ,6E-15 
C 14 l.OE-D4 
NA22 1.7E+02 
P 32 3 .4E-01 
P 33 6 .3E-04 
S 35 O.OE+OO 
CL36 2.5E-02 
K 40 2.2E+01 
CM5 6.4E-04 
SC46 2.8E+02 
CR51 4.1E+OO 
MN54 L1E+02 
FE55 0 .OE+OO 
FE59 1.5E+02 
C057 8.2E+OO 
0060 3 .3E+02 
Nl59 0 .OE+OO 
N!63 1.2E-06 
ZN65 8. 7E+01 
SE75 3 .6E+01 
SR85 7 .OE+01 
SR90+D 7 .3E-01 
M093 1.3E-Ol 
NB94 2.0E+D2 
RU1D6+D 1.6E+01 
CD109 2.2E+OO 
AG11DM+D4.0E+02 
IN1ll 2. 9E+01 
SB124 2.8E+02 
SB125+D 6.4E+01 
I 125+D 7 .4E-02 
I l31+D 4.7E+Ol 
CSl37+D 7. 7E+01 
CEl44+D 6.4E+OO 
EU152 1.6E+02 
EU154 1.6E+02 
TB160 1.5E+02 
DS185 9.3E+01 
OS191 2.8E+OO 
IR192 9.8E+01 
HG203 !.8E+01 
PB210+D !.OE-01 
RA226+D 1.8E+02 
TH228+0 4.9E+02 
TH230+D 4. 7E-03 
TH232+D 2.0E-01 
U 233+0 6 .4E-04 
U 234 2.4E-02 
U 235+D 8.0E+OO 

c. 7 



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - STOREDA 

U 238+D 1.8E+OO 
NP237+D 2.4E+01 
PU241+D 3.0E-01 
SR89 2.1E-01 
Y 89M 1.4E+OO 
SR90 9.5E-03 
Y 90 7.2E-01 
M099 1.8E+01 
TC99M 7.4E+OO 
TC99 l.OE-03 
RUl03 6.9E+01 
RH103M 4.0E-03 
PDl03 3 .2E-02 
I 129 3.8E-02 
CSl34 2.3E+02 
CSl35 2 .6E-04 
CSl37 1.4E-D2 
BAl37M 8.2E+01 
CE!41 4 .OE+OO 
SM151 1.8E-05 
U 235 7 .6E+OO 
TH231 3.9E-01 
PA231 3.3E+OO 
AC227 5 .OE-03 
TH227 9.5E+OO 
FR223 2. 7E+OO 
RA223 9.7E+OO 
NP237 5.6E-01 
PA233 2.3E+01 
U 233 6 .4E-04 
TH229 7.0E-01 
RA225 7 .3E-02 
AC225 5. 7E-01 
U 238 2.6E-03 
TH234 2.3E-01 
PA234M 1.1E+OO 
PA234 2.4E+02 
PU242 8.6E-05 
NP238 7 .9E+01 
PU238 9.1E-04 
CM244 1.9E-04 
PU244 7.9E-09 
U 240 7 .6E-03 
PU240 8.9E-04 
CM243 9 .8E+OO 
PU243 8.8E-01 
AM243 l.OE+OO 
NP239 l.1E+01 
PU239 l.OE-03 
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) MRIHR 26-JUN-85 
100 

H 3 7 .3E-12 
C 14 3.4E-03 
NA22 3 .OE+02 
P 32 1.1E+OO 
P 33 1.1E-02 
S 35 O.OE+OO 
CL36 1.5E-01 
K 40 4.5E+01 
CM5 1.1E-02 
SC46 5.3E+02 
CR51 9.BE+OO 
MN54 2. 2E+02 
FE55 0 .OE+OO 
FE59 2.8E+02 
C057 2.7E+01 
C060 6.1E+02 
NI59 0 .OE+OO 
N!63 1.4E-04 
ZN65 1.6E+02 
SE75 9. 7E+01 
SR85 1. 7E+02 
SR90+D 2.2E+OO 
M093 7 • 9E +00 
NB94 4.3 E+02 
RU106+0 3.6E+01 
C0109 1. 7E+01 
AGllOM+DB .4E+02 
!Nll1 8,8E+01 
SB124 5. 7E+02 
SB125+D 1.6E+02 
I 125+D B.2E+OO 
I 131+D 1.2E+02 
CS137+D 1.8E+02 
CE144+D 1.6E+01 
EU152 3 .1E+02 
EU154 3, 2E+02 
TB160 2.8E+02 
OS185 2.2E+02 
OS191 1.4E+01 
!R192 2.3E+02 
HG203 5 .1E+01 
PB210+D 7.6E-01 
RA226+0 3.7E+02 
TH228+D 9.3 E+02 
TH230+D 5 .1E-02 
TH232+D 2.8E+OO 
U 233+0 2.DE-02 
U 234 1. 4E-01 
U 235+D 2.8E+01 

C.9 



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - STOREDB 

U 238+D 4 .8E+OO 
NP237+D 6.4E+01 
PU24l+D 4.3E+OO 
SR89 7.8E-01 
Y 89M 2.5E+OO 
SR90 7 .3E-Q2 
Y 90 2 .2E+OO 
M099 4.2E+01 
TC99M 2.4E+01 
TC99 1.5E-02 
RU103 1.6E+02 
RH103M 6,2E-01 
PD103 3 .4E+OO 
I 129 4.3E+OO 
CS134 4.9E+02 
CS135 6. 2E-03 
CS137 8.5E-02 
BA137M l.9E+02 
CE141 1.4E+01 
SM151 3.2E-03 
U 235 2.5E+01 
TH231 3.5E+OO 
PA231 8.8E+OO 
AC227 1. 9E-02 
TH227 2. 7E+01 
FR223 1. 2E+O 1 
RA223 3.1E+01 
NP237 5 .2E+OO 
PA233 5.9E+01 
U 233 2 .OE-02 
TH229 2.6E+OO 
RA225 3 .1E+OO 
AC225 2 .8E+OO 
U 238 3. 7E-02 
TH234 1.6E+OO 
PA234M 2.2E+OO 
PA234 4.9E+02 
PU242 3.7E-03 
NP238 1.4E+02 
PU238 6.4E-03 
CM244 8.3E-03 
PU244 6,6E-06 
U 240 1.9E-01 
PU240 5.4E-03 
CM243 2.9E+01 
PU243 4. 9E+OO 
AM243 9.3E+OO 
NP239 3 .3E+01 
PU239 5.9E-03 
PU241 2.8E-ll 
AM241 4.3E+OO 

C.10 



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - STOREDC 

ONSITE/MAXJ- STORED: 1.0 M FINITE SLAB (DEN: H20:CARBON/.S,.1) MR/HR 26-JUN-85 
100 

H 3 S.6E-14 
C 14 9.1E-04 
NA22 4 .BE+02 
P 32 l.SE+OO 
P 33 4 .3E-03 
S 35 O.OE+OO 
CL36 1.3E-01 
K 40 6.7E+01 
CA45 4 .3 E -03 
SC46 8.3E+02 
CRS1 1.6E+01 
MNS4 3 .6E+02 
FESS O.OE+OO 
FES9 4 .4E+02 
COS? 4 .4E+01 
0060 9.SE+02 
NIS9 0 .OE+OO 
N!63 2.3E-05 
ZN65 2.5E+02 
SE75 1.6E+02 
SRBS 2. 7E+02 
SR90+D 3.0E+OO 
M093 1.6E+OO 
NB94 6. 9E+02 
RU106+D 5. 7E+01 
CD109 9.3E+OO 
AG110M+D1.3E+03 
JN111 1.4E+02 
SB124 8.9E+02 
SB125+D 2.4E+02 
I 125+D 1.4E+OO 
I 131+D l.BE+02 
CS137+D 2.BE+02 
CE144+D 2.3E+Ol 
EU152 4.BE+02 
EU154 S.OE+02 
TB160 4 .4E+02 
OS185 3.3E+02 
OS191 l.SE+01 
IR192 3.BE+02 
HG203 8.1E+01 
PB210+D 5.1E-01 
RA226+0 5. 7E+02 
TH228+0 1.4E+03 
TH230+D 2.BE-02 
TH232+D 1.6E+OO 
U 233+0 5 .BE-03 
U 234 l.SE-01 
U 235+D 4.1E+01 

c.u 



APPENDIX C - EXTERNAL DCSE RATE FACTOR LIBRARIES - STOREDC 

U 238+0 5 .8E+CO 
NP237+D 9 .2E+01 
PU241+D 2.4E+CO 
SR89 9.3E-01 
Y 89M 3.9E+CO 
SR90 5.2E-02 
Y 90 3 .OE+CO 
M099 6.6E+01 
TC99M 3.9E+C1 
TC99 6.3E-03 
RU103 2.6E+C2 
RH103M l.OE-01 
PD103 5.8E-01 
I 129 7.2E-01 
CSl34 7. 7E+C2 
CS135 2.0E-03 
CS137 7 .OE-02 
BA137M 3 .OE+02 
CE141 2.1E+C1 
SM151 S.OE-04 
U 235 3.9E+C1 
TH231 !.9E+OO 
PA231 l.3E+C1 
AC227 2.SE-02 
TH227 4.1E+C1 
FR223 l.3E+01 
RA223 4.1E+C1 
NP237 2. 7E+OO 
PA233 9.0E+C1 
U 233 S .SE-03 
TH229 3 .BE +CO 
RA22S 6.8E-01 
AC225 2.SE+OO 
U 238 2.1E-02 
TH234 9.8E-01 
PA234M 3 .3E+OO 
PA234 7. 7E+C2 
PU242 8.2E-04 
NP238 2.2E+C2 
PU238 S.2E-03 
CM244 l.SE-03 
PU244 8.4E-08 
U 240 5. 7E-02 
PU240 5 .OE-03 
CM243 4.7E+C1 
PU243 3 .6E+OO 
AM243 5 .OE+CO 
NP239 5.4E+01 
PU239 S.9E-03 
PU241 2.1E-l3 
AM241 2.4E+CO 

C.12 



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - VOLSOURCA 

ONSITE/MAXI 1.0 M lliiCK VOL. SOURCE ON SURF. WEN: CONffiETE/l.8lMR/HR 26-JUN-85 
100 

H 3 O.OEtOO 
C 14 6.2E-04 
NA22 5.1Et02 
P 32 9.8E-D1 
P 33 2.8E-03 
S 35 O.OEtOO 
CL36 7. 7E-D2 
K 40 7.0Et01 
CM5 2.8E-03 
SC46 8.4Et02 
CR51 l.2Et01 
MN54 3 .3E+02 
FE55 O.OEtOO 
FE59 4. 7Et02 
C057 2.1Et01 
C060 l.OEt03 
NI59 O.OEtOO 
NI63 1.4E-05 
ZN65 2. 7Et02 
SE75 9.6E+01 
SR85 2 .0Et02 
SR90+D 2.1Et00 
M093 1.4Et00 
NB94 6 .0Et02 
RU106+D 4 .6Et01 
CD109 7 .6Et00 
AGllOM+D1.2Et03 
IN111 7.8E+01 
SB124 8.6Et02 
SB125+D l. 9E+02 
I 125+0 8.8E-D1 
I 131 +D l.3E+02 
CS137+D 2 .3Et02 
CE144+D 1.9Et01 
EU152 4. 7Et02 
EU154 4.9E+02 
TB160 4.4Et02 
OS185 2. 7Et02 
OS191 B.OEtOO 
IR192 2.7E+02 
HG203 4.9Et01 
PB210+D 3.5E-01 
RA226+D 5 .5Et02 
lli228+D l.6E+03 
TH230+D l. 7E-02 
lli232+D 7 .4E-Dl 
U 233+0 4.2E-D3 
U 234 6.9E-02 
U 235+0 2 .1Et01 

C.l3 



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - VOLSOURCA 

U 238+0 5 .6E+DO 
NP237+D 6. 7E+Ol 
PU24l+D l.lE+DO 
SR89 6.1E-Ol 
Y 89M 4 .4E+DO 
SR90 3.0E-02 
Y 90 2.1E+DO 
M099 5 .4E+Dl 
TC99M l. 9E+Dl 
TC99 4.0E-03 
RU103 2.0E+D2 
RH103" 5.1E-02 
PD103 2.8E-Ol 
I 129 4.3E-Ol 
CSl34 6. 7E+D2 
CSl35 l.3E-03 
CSl37 4.2E-02 
BAl37M 2.4E+02 
CE14l l.OE+Dl 
SM15l 2.4E-04 
U 235 2 .OE+Dl 
TH23l l.3E+OO 
PA23l 9.3E+DO 
AC227 l.3E-02 
TH227 2 .6E+Dl 
FR223 8.0E+OO 
RA223 2. 7E+Dl 
NP237 2.0E+OO 
PA233 6 .5E+Dl 
U 233 4.2E-03 
TH229 l.9E+DO 
RA225 6.8E-Ol 
AC225 l. 7 E +DO 
U 238 9.8E-03 
TH234 7.6E-Ol 
PA234M 3 .4E+OO 
PA234 7 .2E+D2 
PU242 8.1E-D4 
NP238 2.4E+D2 
PU238 2.9E-03 
CM244 l.SE-03 
PU244 6.8E-07 
U 240 4. 7E-Q2 
PU240 2. 7E-03 
CM243 2.6E+Dl 
PU243 2.8E+OO 
AM243 3 .6E+DO 
NP239 3.0E+Ol 
PU239 2.9E-03 
PU24l 2.9E-l2 
AM24l l.lE+DO 

C.l4 



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - VOLSOURCB 

ONSITE/MAXI 1.0 M THICK VOL. SOURCE ON SURF. (DEN: WATER 1.0) MRIHR 26-JUN-85 
100 

H 3 0 .OE+{)O 
C 14 5.4E-03 
NA22 9.6E+{)2 
P 32 2.8E+OO 
P 33 5.9E-02 
S 35 O.OE+OO 
CL36 !.9E-02 
K 40 !.5E+02 
CA45 L9E-02 
SC46 L6E+03 
CR51 2.8E+{)1 
MN54 6.8E+02 
FE55 O.OE+{)O 
FE59 8. 7E+02 
C057 7 .0E+{)1 
C060 !.9E+03 
Nl59 0 .OE+{)O 
NI63 2.9E-l3 
ZN65 5.1E+{)2 
SE75 2.7E+02 
SR85 4 .8E+{)2 
SR90+D 5.8E+OO 
M093 L3E+{)l 
NB94 !.3E+03 
RU106+D L1E+{)2 
CD109 2.8E+01 
AGllOM+D2 .6E+{)3 
!Nll1 2.3E+02 
58124 L8E+03 
SB125+D 4.6E+02 
I 125+D L2E+{)1 
I l3l+D 3 .3 E+02 
C5l37+D 5 .4E+{)2 
CE144+D 4.6E+Ol 
EU152 9.6E+{)2 
EU154 9.8E+02 
TB160 8 .6E+{)2 
OS185 6.5E+02 
05191 3 .0E+{)1 
IR192 6.7E+02 
HG203 !.4E+{)2 
PB210+D L6E+OO 
RA226+D !.2E+{)3 
TH228+D 3.1E+03 
TH230+D 8 .3E-02 
TH232+D 4.4E-00 
U 233+D 3 .4E-02 
U 234 2.9E-01 
U 235+D 7 .0E+{)1 

C.15 



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - VOLSOORCB 

U 238+0 1.2E+01 
NP237+D I. 7E+02 
PU241+D 6.8E+OO 
SR89 I. 9E+OO 
Y 89M 7.8E+OO 
SR90 1.4E-01 
Y 90 5.6E+OO 
M099 1.3E+02 
TC99M 6 .3E+01 
TC99 2 .5E-02 
RU103 4.8E+02 
RH103M B.BE-01 
PD103 4.8E+OO 
I 129 6.2E+OO 
CS134 1.5E+03 
CS135 l.OE-02 
CS137 I. 7E-Q1 
BA137M 5. 7E+02 
CE141 3.6E+01 
SM151 4.4E-03 
U 235 6.4E+01 
1H231 5 .BE+OO 
PA231 2.4E+01 
AC227 4.5E-02 
1H227 7 .1E+01 
FR223 2.6E+01 
RA223 7 .6E+01 
NP237 8.5E+OO 
PA233 1.6E+02 
U 233 3 .4E-Q2 
1H229 6.5E+OO 
RA225 5.6E+OO 
AC225 5 .6E+OO 
U 238 5.9E-Q2 
1H234 2.8E+OO 
PA234M 6 .5E+OO 
PA234 1.5E+03 
PU242 6.BE-03 
NP238 4.3E+02 
PU238 1.4E-02 
CM244 1.5E-Q2 
PU244 1.2E-Q5 
U 240 2.8E-Q1 
PU240 1.2E-Q2 
CM243 7.7E+01 
PU243 9.1E+OO 
AM243 1.5E+01 
NP239 8.8E+01 
PU239 1.2E-02 
PU241 5.0E-ll 
AM241 6.8E+OO 
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - VOLSOORCC 

ONSITE/MAXI 1.0 M lHICK VOL. SaJRCE ON SURF. WEN: H20:CARBON/ .S,.ll 26-JUN-85 
roo 

H 3 O.OE+OO 
C 14 9.3E-03 
NA22 l.6E+03 
P 32 4.7E+OO 
P 33 3 .2E-02 
S 35 O.OE+OO 
Cl36 5 .2E-Q1 
K 40 2.4E+02 
CMS 3.2E-Q2 
SC46 2. 7E+03 
CR51 4.7E+01 
MN54 l.1E+03 
FESS O.OE+OO 
FE59 1.4E+03 
COS? l. 2E+02 
C060 3.2E+03 
Nl59 O.OE+OO 
Nl63 3 .SE-Q4 
ZN65 8.4E+02 
SE75 4.SE+02 
SR85 8.1E+02 
SR90+D 9.7E+OO 
M093 2.3E+01 
NB94 2.2E+03 
RU106+D 1.8E+02 
CD109 4.7E+Ol 
AG110M+D4 .3E+03 
IN111 3.9E+02 
SB124 3 .OE+03 
58125+0 7 .SE+02 
I 125+0 2.1E+01 
I 131+0 5.5E+02 
CS137+D 8.8E+02 
CE144+D 7. 7E+Ol 
EU152 l.6E+03 
EU154 l.6E+03 
TB160 l.4E+03 
OS185 1.1E+03 
OS191 5.0E+01 
IR192 1.1E+03 
HG203 2.3E+02 
PB210+D 2.7E+OO 
RA226+D l. 9E+03 
1H228+D 5.0E+03 
1H230+D l.4E-01 
1H232+D 7.5E+OO 
U 233+0 5 .8E-Q2 
U 234 4.8E-01 
U 235+0 l.2E+02 
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - VOLSOURCC 

U 238+D 2.1E+01 
NP237+D 2.8E+02 
PU24l+D l.2E+01 
SR89 3.1E+00 
Y 89M 1.3E+01 
SR90 2.4E-01 
Y 90 9.4E+OO 
M099 2.1E+02 
TC99M l.1E+02 
TC99 4.2E-02 
RU103 8.0E+02 
RH103M 1.5E+OO 
PD103 8.4E+OO 
I 129 l.1E+01 
CS134 2.5E+03 
CS135 l. 7E-02 
CS137 2. 9E-01 
BA137M 9 .3E+02 
CE141 6.1E+01 
SM151 7.8E-03 
U 235 l.1E+02 
TH231 9.8E+OO 
PA231 4.0E+01 
AC227 7 .5E-02 
TH227 l. 2E+02 
FR223 4.4E+01 
RA223 l.3E+02 
NP237 l.4E+01 
PA233 2. 7E+02 
U 233 5 .8E-02 
TH229 l.1E+01 
RA225 9.6E+OO 
AC225 9.4E+OO 
U 238 l.OE-01 
TH234 4. 7E+OO 
PA234M l.1E+01 
PA234 2.5E+03 
PU242 l.2E-02 
NP238 7 .2E+02 
PU238 2.3E-02 
CM244 2.6E-02 
PU244 2.1E-05 
U 240 6.0E-01 
PU240 2.0E-02 
CM243 l.3E+02 
PU243 l.6E+01 
AM243 2.6E+01 
NP239 l.5E+02 
PU239 2.1E-02 
PU241 9.1E-ll 
AM241 l.2E+01 
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIEDHFA 

ONSITE/MAXI BURIED AT 0.5 M (DENSITY: CONCRETE !.8) MR!HR 26-JUN-85 
100 

H 3 O.OE+OO 
C 14 !.2E-12 
NA22 !.8E+OO 
P 32 4.2E-04 
P 33 2.5E-06 
S 35 O.OE+OO 
CL36 !.9E-10 
K 40 3.9E-01 
CA45 !.9E-10 
SC46 2.3E+OO 
CR51 2.8E-03 
MN54 4.4E-01 
FE55 O.OE+OO 
FE59 !.6E+OO 
C057 8 .4E-06 
0060 3. 7E+OO 
Nl59 O.OE+OO 
Nl63 O.OE+OO 
ZN65 9.3E-01 
SE75 !.5E-02 
SR85 !.1E-01 
SR90+D I. 7E-03 
M093 3 .5E-34 
NB94 6 .lE-01 
RU106+D 6.2E-02 
CD109 5 .5E-08 
AG110M+D2. 7E+OO 
IN111 !.3E-03 
SB124 4.2E+OO 
SB125+D !.1E-01 
I 125+D I. 2E-34 
I l3l+D 4.0E-02 
CS137+D !.5E-01 
CE144+D I.!E-01 
EU152 !.6E+OO 
EU154 !.4E+OO 
TBI60 !.1E+OO 
05185 2.0E-01 
05191 2.2E-06 
lR192 9.0E-02 
HG203 !.1E-03 
PB210+D 5.0E-05 
RA226+D 2.4E+OO 
TH228+D 2.4E+01 
TH230+D 3 .1E-!4 
TH232+D 3.9E-16 
U 233+D 6.5E-19 
U 234 I. 9E-08 
U 235+D 8.7E-05 
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIEDHFA 

U 238+0 1.2E-Q2 
NP237+D l.6E-02 
PU24l+D 2.6E-09 
SR89 l.8E-Q4 
Y 89M l.4E-Q2 
SR90 S.SE-07 
Y 90 1.7E-03 
M099 4 .4E-02 
TC99M 7.5E-06 
TC99 7.8E-10 
RU103 l.1E-Q1 
RH103M 2.7E-26 
PD103 9.3E-06 
I 129 6.3E-13 
CSl34 8.0E-01 
CSl35 3 .4E-ll 
CSl37 4.4E-06 
BAl37M l.SE-Q1 
CE141 4.3E-06 
SM151 l.8E-19 
U 235 8. 7E-05 
Tli231 l.OE-07 
PA231 l.9E-03 
AC227 4.3 E-09 
Tli227 2.4E-03 
FR223 2.2E-03 
RA223 3.9E-03 
NP237 2.7E-Q8 
PA233 l.6E-Q2 
U 233 6.5E-19 
Tli229 7.1E-07 
RA225 4.3E-09 
AC225 1.4E-OS 
U 238 5 .2E-18 
TH234 4 .6E-08 
PA234M 9.1E-03 
PA234 l.6E+OO 
PU242 2. 7E-27 
NP238 7 .4E-01 
PU238 8.4E-10 
CM244 6.2E-27 
PU244 O.OE+OO 
U 240 l.1E-l3 
PU240 8.4E-10 
CM243 3 .SE-Q4 
PU243 2.1E-04 
AM243 8.5E-10 
NP239 7.9E-04 
PU239 8.4E-10 
PU241 O.OE+OO 
AM241 2.6E-09 
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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 

H 3 O.OE-1{)0 
C 14 4.0E-12 
NA22 3 .5Ei{)0 
P 32 9.5E-04 
P 33 6.7E-06 
S 35 O.OE+OO 
CL36 6.2E-10 
K 40 8.2E-01 
CM5 6,3E-1D 
SC46 4.5E+OO 
CRSl 7.0E-03 
MN54 9.8E-01 
FES5 O.OE-1{)0 
FE59 3 .OE+OO 
C057 2.8E-05 
0060 7.0E+OO 
NI59 O.OE-1{)0 
NI63 O.OE+OO 
ZN65 1.8Ei{)0 
SE75 3.9E-02 
SR85 2.7E-Ol 
SR90+D 3 .6E-03 
M093 2.2E-33 
NB94 1.4E+OO 
RU106+D 1.3E-01 
CD109 2.0E-07 
AGUOM+D5 .6Ei{)0 
!NUl 3.8E-D3 
SB124 8.6Ei{)0 
SB12S+D 2.6E-01 
I 125+D 7 .6E-34 
I 13l+D 9.9E-02 
C5137+D 3 .4E-Ql 
CE144+0 2.2E-Ol 
EU15 2 3 • 2E -1{)0 
EU154 2.6E+OO 
TB160 2.2Ei{)0 
05185 4.6E-Ol 
05191 7.2E-06 
!Rl92 2.3E-Ol 
HG203 3.1E-03 
PB210+D 1.2E-04 
RA226+D 4.9Ei{)0 
TH228+D 4.6E+Ol 
TH230+D 1.4E-13 
TH232+D 2.1E-15 
U 233+D 3 .5E-18 
U 234 6 .4E-08 
U 235+D 2.5E-04 
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIEDHFB 

U 238+D 2.4E-D2 
NP237+D 4.DE-D2 
PU241+D 8.7E-09 
SR89 4.3E-D4 
Y 89M 2.5E-D2 
SR9D l.4E-D6 
Y 9D 3 .6E-D3 
M099 l.DE-D1 
TC99M 2.5E-D5 
TC99 2.4E-D9 
RU1D3 2. 7E-D1 
RHl03M l.8E-25 
PD103 2.3E-D5 
I 129 2.2E-12 
CSl34 l.8E+OD 
CSl35 l.1E-l0 
CSl37 l.1E-D5 
BAl37M 3 .6E-D1 
CE141 l.4E-D5 
SM151 8.2E-19 
U 235 2.5E-D4 
TH231 3 .5E-D7 
PA231 4 .8E-D3 
AC227 l.4E-D8 
TH227 6 .1E-03 
FR223 5.1E-D3 
RA223 l.OE-D2 
NP237 9.3E-08 
PA233 4.DE-D2 
U 233 3 .5E-18 
TH229 2.4E-D6 
RA225 1.3 E-D8 
AC225 4.1E-05 
U 238 2.8E-l7 
TH234 l.5E-07 
PA234M l. 7E-02 
PA234 3 .3E+OO 
PU242 l.8E-26 
NP238 l.4E+OO 
PU238 2.8E-09 
CM244 4.1E-26 
PU244 D.OE+OO 
U 240 3 .6E-l3 
PU24D 2.8E-D9 
CM243 l.DE-D3 
PU243 5 .3 E-D4 
AM243 3 .4E-D9 
NP239 2.1E-D3 
PU239 2.8E-D9 
PU241 D.OE+DD 
AM241 8.7E-D9 
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIEDHFC 

ONSITE/MAXI 1.0 M THICK BURIED @0.5 M (DEN: H20/CARBON 0.5/0.1)MR/HR 26-JUN-85 
100 

H 3 O.DE-f{)O 
C 14 6.7E-12 
NA22 5.8Eof{)O 
P 32 l.6E-03 
P 33 l.OE-09 
S 35 D.OE+DO 
CL36 !.9E-05 
K 40 l.3E+OO 
CA45 l.OE-09 
SC46 7 .4E+OO 
CR51 l.ZE-02 
MN54 l.6E+OO 
FE55 0 .OE-f{)D 
FE59 4.9E+OO 
C057 4. 7E-D5 
C06D l.2E+01 
Nl59 0 .OE+OO 
NJ63 1.2E-21 
ZN65 2.9E+OO 
SE75 6 .6E-02 
SR85 4.6E-01 
SR9D+D 5.9E-03 
M093 3.9E-33 
NB94 2.3 E+OO 
RU1D6+D 2.1E-01 
CD109 3.3E-D7 
AG110M+D9.1E+OO 
IN1ll 6.4E-03 
S8124 l.4E+01 
S8125+D 4.3E-D1 
I 125+D 1.3E-33 
I l3l+D l.6E-01 
CS137+D 5 .5E-01 
CE144+D 3.6E-01 
EU152 5 .2E+OO 
EU154 4.3E+OO 
TB160 3.7E+OO 
OS185 7 .5E-01 
OS191 l.ZE-05 
JR192 3.8E-01 
HG203 5 • 2E -03 
PB210+D 2.DE-04 
RA226+D 2.1E-03 
TH228+D l.2E+D1 
TH230+D 2.4E-13 
TH232+D 3 .6E-15 
U 233+D 5.9E-18 
U 234 l.1E-07 
U 235+D 4.2E-04 

C.23 



APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIEDHFC 

U 238+D 3.9E-02 
NP237+D 6. 7E-02 
PU241+D l.SE-08 
SR89 7.1E-04 
Y 89M 4.2E-02 
SR90 2.4E-06 
Y 90 5.9E-03 
M099 1.6E-01 
TC99M 4.2E-05 
TC99 4.1E-09 
RU103 4 .6E-01 
RH103M 3.1E-25 
PD103 3 .9E-05 
I 129 3.6E-12 
CS134 2. 9E+OO 
CS135 1.9E-10 
CS137 1.8E-05 
BA137M 5.8E-01 
CE141 2.4E-05 
SM151 1.4E-18 
U 235 4.2E-04 
Tii231 5.8E-07 
PA231 8.0E-03 
AC227 2 .4E-08 
TH227 l.OE-02 
FR223 8.4E-03 
RA223 1. 7E-02 
NP237 1.6E-07 
PA233 6 .7E-02 
U 233 5.9E-18 
Tii229 4.0E-06 
RA225 2.1E-08 
AC225 6.9E-05 
U 238 4.7E-17 
Tii234 2.6E-07 
PA234M 2.8E-02 
PA234 5.4E+OO 
PU242 3.1E-26 
NP238 2 .3E+OO 
PU238 4. 7E-09 
CM244 7 .OE-26 
PU244 O.OE+OO 
u 240 3 .oE-07 
PU240 4.7E-09 
CM243 1. 7E-03 
PU243 8.9E-04 
AM243 5. 7E-09 
NP239 3 .5E-03 
PU239 4. 7E-Q9 
PU241 O.OE+OO 
AM241 1.5E-08 
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURJED1A 

ONSITE/MAXI 1.0 M THICK BURIED AT 1.0 M CDEN: SOIL 1.8) MR/HR 26-JUN-85 
100 

H 3 O.OEt{)O 
C 14 l.1E-19 
NA22 9.2E-03 
P 32 9.1E-07 
P 33 l. 7E-09 
S 35 O.OE+OO 
CL36 l.2E-16 
K 40 3.0E-03 
CA45 1.2E-16 
SC46 l.OE-02 
CR51 8. 9E-07 
MN54 7 .9E-04 
FE55 O.OEt{)O 
FE59 7 .3E-03 
C057 5 .4E-12 
C060 l.8E-02 
Nl59 0 .0Et{)0 
Nl63 O.OE+OO 
ZN65 4 .6E-03 
SE75 l.OE-05 
SR85 7. 7E-05 
SR90+D 7. 7 E -06 
M093 O.OEt{)O 
NB94 9.4E-04 
RU106+D 4.9E-Q4 
CD109 7.2E-16 
AGllOM+D1.4E-02 
!Nll1 4.3E-08 
SB124 4.8E-02 
SB125+0 8. 7E-05 
I 125+0 O.OEt{)O 
I 131+0 2.1E-05 
CS137+0 l.3E-Q4 
CEl44+D l. 9E-03 
EU152 9 .5E-03 
EU154 6.6E-03 
TB160 4.9E-03 
OS185 2.2E-04 
OS191 1.4E-12 
JR192 4.9E-05 
HG203 3 .5E-08 
PB210+0 4.1E-08 
RA226+0 2.3E-02 
TH228+0 6.5E-01 
TH230+0 1.4E-25 
TH232+0 6.4E-31 
U 233+0 l.1E-33 
U 234 l.2E-14 
U 235+0 2 .6E-09 
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIED1A 

U 238+0 5 .3E-05 
NP237+D 5. 7E-06 
PU24l+D 1.6E-15 
SR89 2.8E-07 
Y 89M 5.8E-05 
SR90 1.5E-10 
Y 90 7.7E-06 
MC99 6 .6E-D5 
TC99M 4.9E-12 
TC99 1.3E-14 
RU103 7 .9E-OS 
RH103M O.OE+OO 
PD103 3 .OE-Q9 
I 129 4.2E-20 
CS134 2.1E-03 
CS135 1.9E-17 
CS137 4.1E-09 
BA137M 1.3E-04 
CE141 9.3E-ll 
SM151 7 .8E-30 
U 235 2.6E-09 
TH231 6.0E-14 
PA231 6.0E-07 
AC227 2. 7E-15 
TH227 6.SE-07 
FR223 3 .6E-06 
RA223 1. 7 E -06 
NP237 1.6E-15 
PA233 5. 7E-06 
U 233 1.1E-33 
TH229 4.6E-l3 
RA225 1.2E-13 
AC225 4 .6E-10 
U 238 8.5E-33 
TH234 1.6E-14 
PA234M 3 .6E-05 
PA234 8.2E-03 
PU242 O.OE+OO 
NP238 3 .2E-03 
PU238 5.4E-16 
CM244 O.OE+OO 
PU244 O.OE+OO 
U 240 6.4E-21 
PU240 5 .4E-16 
CM243 1.1E-08 
PU243 6. 7E-08 
AM243 4.3E-19 
NP239 1.5E-07 
PU239 5 .4E-16 
PU241 O.OE+OO 
AM241 1.6E-15 
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIED1B 

ONSITE/MAXI 1.0 M THICK BURIED AT 1.0 M (DEN: WATER 1.0) MRIHR 26-JUN-85 
100 

H 3 O.OE+OO 
C 14 3.3E-19 
NA22 1. 7E-02 
P 32 l.BE-06 
P 33 4.4E-09 
S 35 O.OE+OO 
CL36 3.6E-16 
K 40 6.4E-03 
CA45 3.7E-16 
SC46 1. 9E-02 
CR51 2.2E-06 
MN54 l.BE-03 
FESS O.OE+OO 
FE59 1.4E-02 
C057 1. 7E-ll 
C060 3 .4E-02 
NI59 O.OE+OO 
NI63 O.OE+OO 
ZN65 8.7E-03 
sE7s 2.SE-o5 
SR85 1.9E-04 
SR90+D l.SE-05 
M093 O.OE+OO 
NB94 2.1E-03 
RU106+D 9.3E-04 
C0109 2.4E-15 
AG110M+D3 .OE-02 
IN111 1.2E-07 
SB124 9 .4E-02 
SB125+D 1.9E-04 
I 125+0 O.OE+OO 
I 131+0 4.7E-05 
CS137+0 2. 7E-04 
CE144+0 3.7E-03 
EU152 1.9E-Q2 
EU154 1.2E-02 
TB160 9.2E-03 
OS185 4.8E-04 
OS191 4.3E-12 
IR192 1.2E-04 
HG203 9. 7E-08 
PB210+D 9.3E-08 
RA226+0 4.6E-02 
TH228+0 1. 2E-OO 
TH230+0 5 .5E-25 
TH232+D 2. 7E-30 
U 233+0 4.5E-33 
U 234 3.8E-14 
U 235+0 7 .2E-09 
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIED1B 

U 238+D 9.9E-05 
NP237+D l.4E-D5 
PU24l+D 5.0E-15 
SR89 5. 7E-07 
Y 89M !.1E-D4 
SR90 3.8E-10 
Y 90 l.5E-05 
M099 !. 4E-04 
TC99M l.5E-ll 
TC99 3.5E-14 
RU!D3 !. 9E-04 
RH103M O.DE+OO 
PD103 7 .3E-09 
I 129 !.3E-19 
CSl34 4.6E-D3 
CSl35 5.9E-17 
CS137 9.0E-09 
BA137M 2.8E-04 
CE!41 2.3E-10 
SM151 2.8E-29 
U 235 7.2E-D9 
TH231 !.9E-l3 
PA231 l.5E-D6 
AC227 8.4E-15 
TH227 !.6E-06 
FR223 8.1 E-06 
RA223 4.3E-06 
NP237 4.9E-15 
PA233 !.4E-05 
U 233 4.5 E-33 
TH229 !.4E-12 
RA225 3 .3E-l3 
AC225 1 .3E-Q9 
U 238 3.6E-32 
TH234 4.8E-14 
PA234M 6. 7E-D5 
PA234 !.6E-02 
PU242 O.OE+OO 
NP238 5 .8E-03 
PU238 !. 7E-15 
CM244 O.OE+OO 
PU244 D.OE+OO 
U 24D 2 .DE-20 
PU240 l. 7E-15 
CM243 3 .OE-08 
PU243 !.6E-07 
AM243 !.5E-18 
NP239 3.7E-07 
PU239 !.7E-15 
PU241 O.DE+OO 
AM241 5.0E-15 
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APPENDIX C - EXTERNAL DOSE RATE FACTOR LIBRARIES - BURIED1C 

ONSITE/MAXI 1.0 M THICK BURIED AT 1.0 M (DEN: WATER/CARPON 0.5/0.1) 26-JUN-85 
100 

H 3 O.OE+OO 
C 14 5 .5E-19 
NA22 2.8E-02 
P 32 3.0E-06 
P 33 5.8E-16 
S 35 O.OE+OO 
CL36 8.2E-09 
K 40 l.OE-02 
CA45 6.2E-16 
SC46 3.1E-02 
CR51 3.6E-06 
MN54 3.0E-03 
FE55 O.OE+OO 
FE59 2.2E-02 
C057 2.8E-ll 
C060 5.7E-02 
NI59 O.OE+OO 
NI63 O.OE+OO 
ZN65 1.4E-02 
SE75 4.2E-05 
SR85 3. 2E-04 
SR90+D 2.5E-05 
M093 0 .OE+OO 
NB94 3 .5 E-03 
RU106+D 1.5E-03 
CD109 4.0E-15 
AG110M+D4. 8E-02 
IN111 2.0E-07 
SB124 1.5E-01 
SB125+D 3 .2E-04 
I 125+D O.OE+OO 
I 131+D 7.7E-05 
CS137+D 4.3E-04 
CE144+D 5.9E-03 
EU152 3.1E-D2 
EU154 2.1E-02 
TB160 1.5E-02 
OS185 7.9E-04 
0S191 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 
TH230+D 9 .3E-25 
TH232+D 4.6E-30 
U 233+D 7. 7 E-33 
U 234 6 .5E-14 
U 235+D 1.2E-08 
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APPENDIX C - EXTERNAL DCSE RATE FACTOR LIBRARIES - BURIED1C 

U 238+0 l.6E-04 
NP237+D 2.3E-05 
PU241+D 8.5E-15 
SR89 9.5E-07 
Y 89M 1.8E-04 
SR90 6.4E-10 
Y 90 2.5E-05 
M099 2.3E-04 
TC99M 2.5E-ll 
TC99 5 .9E-14 
RU103 3. 2E-04 
RH103M O.OE+OO 
PD103 1.2E-08 
I 129 2.2E-19 
CS134 7 .5E-03 
CS135 l.OE-16 
CS137 1.5E-08 
BA137M 4 .6E-04 
CE141 3 .9E-10 
SM151 4.7E-29 
U 235 1.2E-08 
TH231 3 .1E-l3 
PA231 2.5E-06 
AC227 1.4E-14 
TH227 2. 7E-06 
FR223 1.3E-05 
RA223 7 .1E-06 
NP237 8.3E-15 
PA233 2 .3E-05 
U 233 7. 7E-33 
TH229 2.4E-12 
RA225 5.5E-13 
AC225 2 .1E-09 
U 238 6.2E-32 
TH234 8.1E-14 
PA234M 1.1E-04 
PA234 2.6E-02 
PU242 O.OE+OO 
NP238 9 .6E-03 
PU238 2.8E-15 
CM244 O.OE+CO 
PU244 O.OE+OO 
U 240 4.5E-ll 
PU240 2.8E-15 
CM243 5.1E-08 
PU243 2.8E-07 
AM243 2 .6E-18 
NP239 6.2E-07 
PU239 2.8E-15 
PU241 O.OE+OO 
AM241 8.5E-15 
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