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FOREWORD 

The EPA Office of Radiation Programs carries out a national program 
to evaluate human exposures to radioactivity, and to promote the 
development of controls to protect the environment and public health 
from such radioactivity. An important part of this program consists of 
the development of environmental protection criteria and standards for 
radioactive waste management and disposal. 

To sustain this effort, studies have been supported by EPA to 
develop methods to evaluate the environmental adequacy of proposed 
waste management alternatives, and this report describes one of the 
first attempts to develop a comprehensive assessment model. It has 
been funded at a very modest level. Much interest has been expressed 
in this work, and through publication, EPA is making it available to 
those involved with the development and use of models as decision
making tools. 

In order for models to be useful as tools for decision-making 
concerning radioactive waste management alternatives, their 
capabilities and limitations must be fully understood. It should be 
noted that assessment models in themselves will not identify optimum 
waste management choices. However, they can be used to compare well 
defined alternatives. One of the necessary steps in any model 
development and validation process is the comparison of results with 
results obtained from the application of alternate models to test 
cases. It is hoped that as other comprehensive assessment models become 
available, comparison studies can be performed. 

Themethodologydescribed herein has been applied, for model 
illustration purposes, to a reference repository in a bedded salt 
formation located in the southwestern United States. Any results 
published in this report should not be interpreted as implying 
conclusions concerning the suitability of the reference site or any 
site-specific method/repository combination for the preparation and 
disposal of radioactive waste. 

Comments on this analysis as well as any new information would be 
welcomed; they may be sent to the Director, Technology Assessment 
Division (AW-459) Office of Radiation Programs, U.S. Environmental 

Protection Agency, Washington, 0~~--~ 

W. D. Rowe, Ph.D. 
Deputy Assistant Administrator 
for Radiation Programs (AW-459) 
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ABSTRACT 

A Radioactive Waste Management Systems Model, developed and imple

mented by The University of New Mexico under contract with the u. s. 
Environmental Protection Agency, is presented. The systems model and 

associated computer code called ~mAW (Assessment Method for Radioactive 

Waste), has two parts. The first part, AMRAW-A, consists of the Source 

Term (radioactive inventory versus time), the Release Model, and the 

Environmental Model. The Release Model considers various geologic and 

man-caused events which are potential mechanisms for release of radio

active material beyond the immediate environs of a repository or other 

location; the risk analysis mode uses events distributed probabilistically 

over time, and the consequence analysis mode uses discrete events occur

ring at specified times. The Environmental Model includes: 1) the trans

port to and accumulations at various receptors in the biosphere, 

2) pathways from these environmental concentrations, and 3) resulting 

radiation dose to man. 

The second part of the systems model, AMRAW-B, is the Economic Model 

which calculates health effects corresponding to the various organ dose 

rates from AMRAW-A, collects these health effects in terms of economic 

costs and attributes these costs to radionuclides, decay groups, and 

elements initially in the waste inventory. Implementation, with calcu~ 

lated results, of AMRAW for Terminal Storage in a Bedded Salt Reference 

Repository are presented. Preliminary demonstrations for the repository 

operations phase of waste management and terminal storage in a shale 

formation are described; possible applications to other radioactive and 

nonradioactive hazardous materials are discussed. AMRAW uniquely links 

all steps together in a continuous calculation sequence. 
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LPRINT 
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MANlL(ITE,IH) 

MANlN(ITE,IH) 
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Counter 
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all nuclides, total all receptors, by organ, man-rem/y 

MAN2NF(ITE,IH,JF) Average annual nonspecific dose to individual, total 
all nuclides, for receptor JF = 1 to 4, by organ, 
man-rem/y 

MC Number of columns in output tables (FOR POLYEPA) 

MODE A major grouping of environmental pathways under a 
receptor; in general, MODE = 1 is external exposure 
and MODE = 2 is internal 

MS Number of time intervals corresponding to the reposi
tory operations phase {for POLYEPA) 

MT Number of time reporting points (each "time increment" 
is between adjacent time reporting points) 

MTADJ Number of interpolated output time points (for POLYEPA) 

MW Maximum number of operation modes 

MZ Number of geographic zones calculated 

Ml counter 

MlO Counter 
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ND 

NIHT 
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NK 

NPRINT 

NSP (JF) 
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ORGNAM (I) 
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POLYDATA 
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POLYDD 

PORE 

PROBB(JF,J,K) 
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RELOUT 

Identification number of case or cases submitted 

Number of chemical elements in inventory 

Number of body organs being calculated 

Number of cutsets (release scenarios) for each 
receptor JF 

Number of component factors for cutset I 

Number of isotopes in inventory 

Output table specification 

Number of subpaths for each receptor ~; the value 
of NSP for each JF applies to both modes l and 2 
for each receptor 

Symbol name for nuclide K, double precision, up to 
8 characters each 

Names of organs (body sites) for which dose rates 
are calculated, up to I = NIHT, double precision, 
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Data file for assembling POLYEPA input data 

An auxiliary program for preparing nuclide inventory 
data matrix by curve-fitting source data to pre
scribed times specified in AMRAW input 

POLYEPA output data storage file 

Aquifer porosity (as decimal) 

Initial probability of occurrence of component fac
tor, y-1; K is component factor 

Release fraction by each cut set for each nuclide, 
to each Environmental Input Receptor 
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RKDMAX 

RLEACH 

RlJ (JF, ITR) 

RlJMIN 

R2(JF,ITE,IZ) 

R2CON 

R2MIN 

R2TOT 
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SENDY 

SPACT (K) 

SUBROUTINE FAULT 

SUBROUTINE TRINP 

SUBROUTINE TRMAN 

Used in accounting nuclide reduction in receptor 
JFA due to interreceptor transfer to receptor JF 

Distribution coefficient Kd, by nuclide K, c~3/g 

cutoff value for RKD. (distribution coefficient Kd) 
above which ground water transport calculations may 
be bypassed 

Subprogram in FAULT which handles leaching into 
ground water 

Release increment to each Preliminary Environment 
Input Receptor from all release events by nuclide, 
for different times, Curies 

Truncation value (to 0.0} for RlJ (Curies released 
to a given receptor) 

Adjusted concentration per release increment by 
receptor 

Intermediate unit conversion value of R2 used in 
accumulating R2TOT 

Truncation value (to 0.0) for R2 (component of 
environmental concentration R2TOT) 

2 Accumulated net total concentration in IJCi per em 
or cm3 by zone and Environment Input Receptor, for 
different times 

An auxiliary program for comparing results in tables 
from AMRAW run with corresponding tables from 
another run 

Specific activity of nuclide K, Ci/g 

Determines release probability transfer coefficient; 
also, by use of time dependent component factors, the 
subroutine can modify the nuclide inventory at risk 

Determines transport-to-environment transfer coeffi
cient, accounting for decay and other processes such 
as delay in ground water transport 

Determines environment-ta-man transfer coefficient 
for dose to man via all pathways from environmental 
concentrations 
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T 

TFUEL 

TIME (I) 

TIMEAD(I) 

TITLE 

TP(JF,J,K) 

v 

Total inventory in repository, metric tons 

The time in years at each of MT time reporting points 

Time in years at each of !1TADJ output time points 
(for POLYEPA) 

Title of run or case (l-10) 

Time at which functional change in probability 
commences, y; K is component factor 

VOLINT(JF,MODE,I,IZ) consumption, exposure or food production rate, as 
appropriate, y/y, crn3jy, or gjy 

VS 

vx 

X 
X(K, IT) 

XL(I) 

XX {ID) 

y 

YW(I} 

YY(I) 

3 Volume of solidified waste specimen (canister), em 

Ground water seepage velocity, rn/d 

Mass of nuclide Kat TIME (IT), grams 

Distances from repository to average discharge point 
in each zone for I = 1 to MZ zones; XL = 0.0 indi
cates to code that contaminated plume does not dis
charge in zone 

Total inventory of each element at end of repository 
operations, grams 

Effective width of plume (width for concentration 
0.1% of center line value) in each zone (distance XL) 
where discharge occurs, for I = 1 to MZ zones, m; 
input as 0.0 for each zone where no discharge occurs 
(not used except in output display) 

Distance from plume centerline where concentration 
equals average across effective width YW, in each 
zone {distance XL) where discharge occurs, for I = 
1 to MZ zones; input as 0.0 for each zone where no 
discharge occurs (not used except in output display) 



z 
ZAVG 

ZONALO(JF,IZ) 

ZONDEP (IZ) 

PART 2 

AMB 

AMRAW 

AMRAW-A 

Al•1RAW-B 

MUE 

COMPRESS 

DAMAGE 

DDP 

DLD 

DPY 

DT 

DT9 

Average quantity of nuclide in Curies during release 
time increment 

Dispersion allocation factors by zone IZ for transport
to-environment receptor JF, Ci-y/cm3-ci for JF = 1, 
Ci/Ci for JF = 2, 3; for JF = 4, ZONALO = 1.0 desig
nates effected ground water in zone; 0.0 designates 
none 

·; 2 . surface deposition factor by zone IZ, C~ em -c~ 

One of three AMRAW-B input files; provides economic 
model control and conversion data 

(Assessment Method for Radioactive Waste) Assessment 
Model and associated computer code 

That portion of AMRAW which includes Source Term, 
Release Model, and Environmental Model 

The economic part of AMAAW 

One of three AMRAW-B input files; provides time values, 
nuclide names and masses at each time 

An auxiliary program for preparing an AMRAW-B input file 
from AMRAW-A input 

An intermediate calculated value, damage per person (or 
nonspecific category), $/y, during a given time incre
ment, for a given zone and nuclide, summed for dose to 
all organs 

Implied value of dose, $/man-rem 

An output parameter for Table 4, denoting deaths per 
time interval 

6 Incidence rate for health effects, cases per 10 man-
rem (dose to organs) 

An output parameter for Table 1, denoting DTZ summed 
over all zones 

An output parameter for Table 1, denoting DTZ summed 
over all zones and the nonspecific category 
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DTZ 

DYRH 

DYRL 

ECONxx 

IH 

IKK 

IN 

IP 

IS 

IT 

ITB3 

IZ 

K 

MAN! 

MANlL 

MANlN 

MZ 

NG 

NIHT 

NK 

An output parameter for Tables 1 and 2, denoting damage 
rate (given nuclide and time) by zone for Table 1, $/y, 
and various summations for Table 2. For the latter, 
subscripts 1 through 5 represent, respectively: local 
damage summed over zones for high population, local 
damage summed over zones for low population, nonspecific 
damage, total of local and nonspecific damage for high 
population, and total for low population 

An output parameter for Table 5, denoting discounted 
damages per time interval, $, for high population pro
jection 

Same as DYRH except for low population projection 

One of three AMRAW-B input files; provides restructured 
output matrix MAN! of dose rates from AMRAW-A (xx is case no.) 

Organ identifier subscript 

Subscript identity of each of K nuclides in group 

Number which specifies computer input medium 

Number which specifies computer output medium 

Number which specifies an input medium with large storage 
used for file ECONxx 

Time subscript used in matrices 

Number which specifies printing option for Table 2 (1 -
requests printing; 0 - suppresses printing) 

Subscript used for zone identification 

Number of nuclides in group 

Refers to large dose rate output matrix from AMRAN-A 

Average annual local dose to individual by nuclide, organ, 
and zone, mrem/y, comprising part of MAN! 

Average annual nonspecific dose to population by nuclide 
and organ, man-rem/y, comprising part of MAN! 

Number of geographic zones 

Number of nuclide decay groups 

Number of organs (body sites) 

Number of nuclides 
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NT 

NUCNAM, NUC2 

POPH 

POPL 

PV2 

REG 

RATE 

SPV 

ss 

TIME (I) 

TTD 

TODH 

TUDL 

VOL 

X 

Number of times 

Abbreviated'nuclide name, e.g., AM 242M 

Input high population projection by zone 

Input low population projection by zone 

An output parameter for Table 3, denoting disconnected 
present value of damages from a given nuclide over the 
full time range 

Name of zane 

Discount rate expressed as decimal; input in file AMB 

An output parameter for SS for all decay groups 

An output parameter for Table 3, denoting sum of PV2 for 
all nuclides in a given decay group, $; also, used for 
marginal damages for a given decay group, $/gm 

Time in years for each subscripted value of TIME 

An output parameter for Table 4, denoting sum of DLD 
over all time increments 

An output parameter for Table 5, denoting sum of DYRH 
over all time increments 

An output parameter for Table 5, denoting sum of DYRL 
over all time increments 

Cost of increased levels of risk; input in file AMB 

Quantity of given nuclide in inventory at given time, gm 
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CHAPTER 1 

INTRODUCTION 

The Radioactive Waste Management Systems Model (Fig. 1-1) has sev

eral parallel paths, each representing a phase in the waste management 

sequence: residuals treatment (interim surface storage and solidifica

tion at a reprocessing plant site), waste transport, repository operations, 

and terminal storage. If other phases become applicable, such as interim 

surface storage away from a reprocessing plant site, interim storage as 

spent fuel, reprocessing of waste form, and other transportation steps, 

each of these simply becomes an additional parallel path in the model. 

One branch (parallel path) of the systems model is shown in greater detail 

in Fig. 1-2. 

Implementation of the model is by the AMRAW computer code (Assess

ment Method for Radioactive Waste Management). The code runs calculations 

separately for each branch of the model. AMRAW is divided into two parts 

which are run separately: 1) AMRAW-A (see Figs. 1-1 and 1-2), described 

in Vols. I and II, begins with the inventory at risk and calculates 

population dose rates, and 2) AMRAW-B, described in Vol. III, uses the 

calculated population dose rates, applies incidence rates of health effects 

associated with radiation dose and calculates the economic costs of health 

effects in the population. 

The model provides for technology assessment·of radioactive waste 

management in two categories: 1) risk analysis, which considers the 

probabilities of occurrence of various radiation release scenarios and 

the consequence of such releases, and 2) consequence analysis, which 

considers only the consequences of the various low-probability potential 

release events assuming they do occur. The methodology permits evalua

tion of the various long-term waste disposal methods and management 

options, for protection of public health and safety and protection of 

resources. 

A user's guide for AMRAW-A is presented in Part 1 and for AMRAW-B 

in Part 2 of this volume. 
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REPROCESSING RESIDUALS RESIDUALS _ ......... WASTE ........... REPOSITORY ........... TERMINAL 
PLANT GENERATION TREATMENT / TRANSPORT 7 OPERATIONS / STORAGE 
I ~ 

\ v \ v \ v \ v 
RELEASE RELEASE RELEASE RELEASE 

MODEL MODEL MODEL MODEL 

\ v \ v \ v \ v 
ENVIRON. ENVIRON. ENVIRON. ENVIRON. 

MODEL MODEL MODEL MODEL 
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Figurel-1. Radioactive waste management systems model. 



INVENTORY AT RISK 

,II 

ACTIVITY TRANSFER~COEFFICIENT 

RELEASE MODEL AMRAW-A 

~ 

ENVIRONMENTAL MODEL 

TRANSPORT TO ENVIRONMENT 
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ENVIRONMENT-TO-MAN PATHWAYS 

~ 

ECONOMIC MODEL j 
HEALTH EFFECTS 

AMRAW-B 
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DAMAGE CALCULATIONS 

! 
DAMAGES 

Figure 1-2. One branch of systems model. 
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PART 1 

AMRAW-A liSERS 1 GUIDE 

CHAPTER 2, SUMMARY 

CHAPTER 3, INPUT/OUTPUT DESCRIPTION 

CHAPTER 4, PROGRAM OPTIONS 

CHAPTER 5. ERROR MESSAGES 

APPENDICES: A THROUGH J 
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CHAPTER 2 

SUMMARY 

A. PROGRAM 5 LMI'v'I.4RY 

Title: AMRAW-A; Assessment Method for Radioactive Waste {First Part). 

Abstract: AMRAW performs a sequence of calculations for an inventory 

of radioactive wastes, evaluating release quantities, dis

persion to the environment, and pathways for dose to man. 

Effective Date: January, 1978. 

Programmer: S. E. Logan 

Computer: IBM 360/67 

Language: Fortran IV 

Core Memory Requirement: 256 k bytes 

Execution Time {CP sec): < 1,300 

Auxiliary Hardware Requirements: Disk, Tape, Line Printer 
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B. PURPOSE 

AMRAW-A, the first part of the Radioactive Waste Management Systems 

Model, calculates population dose rates from postulated releases of radio

active material. Population dose rates are divided into local dose rates 

for populations within each of several geographic zones and nonspecific 

dose rates which are associated with largely exported agricultural pro

ducts. Sub-models consider in series (see Fig. 1-2): the inventory at 

risk (Source Term), postulated release scenarios in the Release Model, 

dispersion from the locale of release to environmental receptors in each 

geographic zone (Transport to Environment) and the pathway analysis 

(Environment-ta-Man Pathways) . 
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C. METHOD 

The AMRAW code is written in Fortran IV language. The AMRAW-A part 

of the AMRAW computer code may be run for one or more branches of the 

model, depending upon the number of sets of input data provided. The 

discussion which follows is based upon the terminal storage branch, in 

that the frame of reference refers to the inventory emplaced in a reposi

tory, However, the calculation flow of the model and code also applies 

to the other branches. 

The code is structured with sequences of "receptors" separated by 

transfer coefficients. The receptors represent the progress of releases, 

environmental concentrations, concentrations in food and drink, radiation 

doses, health effects and associated economic damages. The transfer 

coefficients are evaluated in subroutines using externally-determined 

input data. The subroutines can be modified or replaced, providing a 

modular arrangement. Factors for dispersion, biological accumulation, 

dose, etc., used in the transfer coefficients, are evaluated externally 

by various existing transport and dose codes. 

Each branch of the model (Fig. 1-2} is entered with the mass of each 

significant radionuclide in the inventory at risk. This is converted 

to Curies in the inventory by an activity transfer coefficient (specific 

activi~y). The Release Model evaluates the probability for release by 

each of numerous potential release mechanisms, and the fraction of the 

inventory released by each such occurrence, during each increment of 

time. AMRAW may be run for any of several release scenarios: 1) proba

bilistic distribution of events over time, 2) discrete event at specified 

time, 3) several events each at mean time of first occurrence, 4} dynamic 

repository simulation, or 5} combinations of these. Subroutine FAULT 

handles the Release Model and provides the transfer coefficients used to 

accumulate releases to four preliminary input receptors from all release 

events considered. This subroutine uses function RLEACH when an event 

involves leaching into ground water. 

Releases as determined by the Release Model are not necessarily 

directly to the environment. This is particularly true for deep releases 

to ground water. The first portion of the Environmental Model is there

fore the "Transport to Environment" section. This adjusts each release 
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increment, obtaining the contribution-to-concentrations in environmental 

input receptors at various times following release. These receptors 

are: air, ground surface, surface water, and ground water. The adjust

ment provides for dispersion into each of the several geographical zones 

comprising the study region, and then accounts for dispersion areas or 

volumes in each zone. The adjustment also accounts for decay from the 

time of release to the time being evaluated, transfer between receptors 

{such as deposition from air onto ground), retardation in ground water 

flow, and other environmental removal or fixation processes. Subroutine 

TRINP handles transport from the preliminary input receptors, providing 

transfer coefficients which account for physical and environmental decay 

and ground water transport delays. This subroutine uses function CRATIO 

for the ground water transport calculations. Use of the transfer coeffi

cients from TRINP by the main program leads to net environmental concen

trations for input to pathway analysis. 

-The last portion of the Environmental Model covers the pathways 

from environmental input concentrations to radiation dose to the popu

lation, with dose rate calculations for several organs of concern. Sub

routine TRMAN handles evaluation of transfer coefficients between 

environmental concentrations and population dose rates for the various 

pathways. Pathways include immersion in air, inhalation, ingestion of 

ground water and contaminated food and drink (from contaminated ground 

surface and surface water), submersion in water, and direct surface 

exposure. 

The present dimensioning of AMRAW-A is as follows: 

1) Radionuclides: 25. 

2) Environmental receptors: 4, designated by programming as 

Air, Land Surface, Surface Water, and Ground Water. 

3) Release Model events: 9 events or event combinations under 

each of the 4 environmental receptors. Each may be input with 

up to 9 component factors. Each of these factors may be flagged 

for type of function {constant, step, ramp, exponential, or 

delta) and specified by three appropriate function parameters. 

4) Environmental pathways: 2 main pathways (modes) are programmed 
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for each environmental receptor. Dimensioning provides for up 

to 6 subpaths for each receptor (each mode under a given recep

tor is divided into the same number of subpaths). 

5) Geographic zones: 8. 

6) Human organs: 8. Typically, one of these is total body, but 

there is no restriction. 

7) Time increments; SO. 

With this dimensioning, the code runs with 256 k bytes of core storage, 

10 cylinders (1459 k bytes) of disc storage, and requires 21 minutes of 

CPU time in the UNM IBM 360/67 computer. The range of subscripts for 

variables is specified by input data and may be any value within the 

above dimensioning with the exception of environmental receptors which 

are fixed within the code at four. Dimensioning may be increased if 

necessary, limited only by available core storage or other system require

ments. 

Large output matrices for local and nonspecific dose rates are 

written onto disc to conserve core space. Complete output is then writ

ten onto magnetic tape for retention but output may be diverted directly 

to printer by job control statements if preferred. Printed output is 

subsequently obtained from the tape as needed. If AMRAW-B is to be 

coupled to AMRAW-A for a combined run, AMRAW-B may access the disc for 

dose rate input data. The operation demonstrated at UNM is separate 

running of AMRAW-B. For this purpose, the dose rate portion of the 

AMRAW-A output is obtained from tape. 
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CHAPTER 3 

INPUT/OUTPUT DESCRIPTION 

Input for AMRAW-A is by an 80 column card data deck. There are 40 

card types. As implemented at UNM, the input deck is read from two files 

in disk storage (file division made between card types 19 and 20), instead 

of from a card reader. No additional inputs are required. Card input 

is described in the following section. 

Output is described in Section 3.B. 
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A. CARD INPUT SPECIFICATIONS 

1. Data Deck Setup. Descriptions and number required of each card 

type are given in section 2 which follows. The sequence of the data 

deck, beginning with the first or front card is listed below: 

card Type 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

Item 

NCASE 

TITLE 

ND, NK, MT, IW, ITRS, ITRE, MZ, NIHT, NPRINT, 
IFDIVW 

R1JMIN, A2MIN, R2MIN, RKDMAX, CRMIN, DFMIN 

TIME 

ELEM 

TFUEL 

XX 

NUCNAM, X 

CHECK, ICHCK 

SPACT 

DC! 

DRC 

ADJl, ADJ2 

DISPN 

ZONALO 

ZONDEP 

AREAW 

RKD 

CHECK, ICHCK 

NSP 

VOLINT 

BIOFAC 

CHECK, ICHCK 

ORGNAM 

DOSFAC 

CHECK, ICHCK 

NJ 

JJ, NJJ 

12 

(There are 4 sets of card 
types 28 - 31) 



Card Type Item 

30 AAl 

31 PROBE, !FLAG, TP, CP 

32 IFLAGE 

33 VX, PORE, AL, AT, HT, BULKD, FS, VS, 
XL, YW, YY, CINV, CFAI 

34 CHECK, ICHCK 

35 !SECT 

36 EDC (omitted if !SECT = 1) 

37 CHECK, ICHCK 

38 IZONM 

39 I ZONE 

40 ITSUMY, ITSUMJ, KSUB 
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2. Description of card Input. There are 3 subscripts prominently 

involved with input data: K, JF, and IZ. Subscript K designates the 

radionuclide, presently dimensioned to handle up to 25 nuclides. Sub

script JF designates the 4 environmental receptor (shortened to "receptor" 

in descriptions which follow): JF = 1 is air, JF = 2 is land surface, 

JF = 3 is surface water, and JF = 4 is ground water. Subscript IZ 

designates geographic zones in the study region, presently dimensioned 

to handle up to 8 zones. Other subscripts are identified below as they 

occur. 

The largest matrices of data are for X (card type 9), BIOFAC (card 

type 23) , and DOSFAC (card type 26) . The Release Model input (card 

types 28 to 31) can be as large as 400 cards if the full dimensioned 

capability is used. If EDC (card type 36) is read in instead of using 

internal default values, it is also a large input matrix. Because of 

the large amount of input data required, there are 6 check points pro

vided; if any check point test is not satisfied, an error statement is 

output which identifies the block of data in which there are extra or 

omitted cards, and the run is terminated. 

A list of each card type in input sequence, the necessary card 

format in each instance, the number of each card type required (one 

card unless stated otherwise), the data items and their descriptions, 

plus other explanatory notes are presented below. 

card 

~ Format and Item 

1. FORMAT (IS) 

2. 

NCASE 

FORMAT { lOAB) 
TITLE 

3. FORMAT {16!5) 
ND 
NK 

MT 

IW 

Description 

Number of cases submitted. 

3 cards 
Title of case, double precision, up to 
80 characters per card. 

Number of chemical elements in inventory. 
Number of isotopes in inventory. 
Number of time reporting points (each 

"time increment" is between adjacent time 
reporting points) . 
Model branch or waste management phase 
{IW = 1 is residuals treatment; IW = 2 
is transportation; IW = 3 is repository 
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Card 

~ Format and Item 

ITRS 

ITRE 

MZ 
NIHT 
NPRINT 
IFDIVW 

Description 

operations and IW = 4 is terminal storage). 
TIME subscript for end of time incre-
ment when release calculations start. 
TIME subscript for end of time incre-
ment when release calculations cease 
(end). 
Number of geographic zones calculated. 
Number of body organs calculated. 
Output table specification (see Chap. 3). 
Ground water time increment control; 
IFDIVW = 0 avoids subdivision of time 
increments and IFDIVW > 0 causes sub
division branch in subroutine TRINP 
to be executed. 

4. FORMAT (8El0.2) 

5. 

6. 

7. 

8. 

9. 

This card specifies truncation or cutoff values to 
avoid overflow, underflow, or nonproductive calculations. 

RlJMIN 

A2MIN 

R2MIN 

RKDMAX 

CRMIN 

DFMIN 

FORMAT (BElO. 2) 
TIME (I) 

FORMAT (20A4) 
ELEM (ID) 

FORMAT (BE10.2) 
TFUEL 

FORMAT (8El0.2) 
XX (ID) 

FORMAT (AB, 2X, 7El0.2) 

Truncation value (to 0.0) for RlJ 
(Curies released to a given receptor). 
Truncation value (to 0.0) for A2 (accounts 
for decay and transport processes). 
Truncation value (to 0.0} for R2 (com-
ponent of environmental concentration 
R2TOT). 
cutoff value for RKD (distribution 
coefficient Kol above which ground water 
transport calculations may be bypassed. 
cutoff value for CRATIO (ground water 
concentration) • 
Cutoff value for DECFAC (decay factor) . 

1 card for each 8 time points. 
The time in years at each of MT time 
reporting points·. 

1 card if ND ~ 20. 
Symbol for each of ND chemical elements. 

Total inventory in repository, metric 
tons. 

1 card for each 8 elements. 
Total inventory of each element at end 
of repository operations, grams. 

Minimum of 1 card for each of NK 
nuclides; add one card for each nuclide 
for each 7 time points beyond the first 
7 points. 

15 



Card 

~ 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Format and Item 

NUCNAM (K) 

X(K, IT) 

F0ffi.1AT (lOX, 7El0. 2) 

FORMAT (19A4, 12) 

Description 

Symbol name for nuclide K, double pre
c~slon, up to 8 characters each. 
Mass of nuclide Kat TIME (IT), grams. 

Used for all cards after the first for 
each nuclide (bypasses rereading NUCNAM) . 

This card provides a check field to provide error 
statement and terminate runs if incorrect number 
of cards read to this stage. 

CHECK 

ICHCK 

FORMAT (8El0.2} 
SPACT (K) 

FORMAT (BE10.2} 
ocl (K) 

FORMAT (BElO. 2) 
DRC (K) 

FORMAT (BElO. 2) 

Alphanumeric identification of check
point no. 1, up to 76 columns. 
01 in columns 77 and 78. 

1 card for each 8 nuclides. 
Specific activity of nuclide K, ci/g. 

1 card for each 8 nuclides. 
Effective diffusivity for nuclide K 
leaching, cm2/d. 

1 card for each 8 nuclides. 
Dissolution rate constant for nuclide 
K leaching, d-l. 

4 cards for each zone (1 card for each of 4 recep
tors in each zone). These cards provide pairs of 
adjustment parameters for inter-receptor adjustments 
over time following an initial dispersion. 

ADJl(JF,JFA,IZ) Maximum fraction of a quantity dispersed 
to receptor JFA in zone IZ which can be 
transferred to receptor JF in the same 
zone. 

ADJ2(JF,JFA,IZ) Transfer rate constant associated with 

(( 
ADJl, y-l. 

Read as: (ADJl(JF,JFA,IZ), ADJ2(JF,JFA,IZ), JFA"" l, 4), 

JF = l, 4), IZ = 1, MZ)) 

FORMAT (8El0.2) 
DISPN (JF, IZ) 

4 cards {l for each receptor) 
Area or volume over which, or in which, 
a release is dispersed in each receptor 
JF in each zone IZ, cm2 or cm3. 

Read as: ((oiSPN(JF,IZ), IZ = 1, MZ), JF = l, 4) 
FORMAT ( 8El0. 2) 4 cards (l for each environmental 

receptor) . 
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card 

~ Format and Item 

ZONALO (JF, IZ) 

Description 

Dispersion allocation factors by zone 
IZ for transport-to-environrnent.recep
tor JF, Ci-Yjcrn3-ci for JF = 1, Ci/Ci 
for JF = 2, 3. For JF = 4, ZONALO = 
1.0 designates effected ground water in 
zone; 0.0 designates none. 

Read as: ((zoNALO(JF,IZ),IZ = 1, MZ), JF = l, 4) 
17. FORMAT (8El0.2) 

18. 

19. 

20. 

ZONDEP (IZ) Surface deposition factor by zone IZ, 
Ci/cm2-ci. 

FORMAT ( BElO. 2) 
AREAW (IZ) Surface area of water by zone, 2 

ern . 

Note: corresponding AREAG, land surface by zone, is set within 
code = DISPN (2, IZ). 

FORMAT (8El0.2) 
RKD (K) 

FORMAT (19A4, !2) 

CHECK 

ICHCK 

1 card for each 8 of NK nuclides. 
Distribution coefficient Kd, by nuclide 
K, crn3/g. 

This card provides the second data 
check point. 
Alphanumeric identification of check 
point no. 2, up to 76 columns. 
02 in columns 77 and 78. 

The following card types 21 to 23, and 25 and 26 provide data for 
the Environment-ta-Man Pathways model (see Table 3-3 in Vol. I). 

21. 

22. 

23. 

FORMAT ( 16!5) 
NSF (JF) 

FORMAT (8E10.2) 

VOLINT(JF,MODE,I,IZ) 

Number of subpaths for each receptor 
JF. The value of NSP for each JF applies 
to both modes 1 and 2 for each receptor. 

4 cards (1 for each receptor) for each 
zone. 
consumption, exposure or food produc
tion rate, as appropriate, y/y, crn3;y, 
or g/y. 

Read as: ((voLINT(JF,MODE,I,IZ), I= 1, Ns), MODE= 1, 2), 
where I is subpath under JF, up to NS = NSP(JF). 

FORMAT (8El0. 2) 3 cards (1 each for receptors JF = 2, 
3, 4) for each of NK nuclides. 
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Card 

~ 

24. 

25. 

26. 

27. 

Format and Item 

BIOFAC (K, JF, I) 

Description 

Concentration or integrated concentra
tion in food or drink per unit receptor 
concentration, by subpath I, up to NS = 
NSP(JF). Units are (~Ci-y/g)/{~Ci/cm2) 
for terrestrial food, (~Ci/g)/(~Ci/cm3) 
for aquatic food, and dimensionless for 
drinking water. 

Note: BIOFAC for JF = 1 (air) is set ~ 1.0 in code. 

FORMAT (19A4, !2) 

CHECK 

ICHCK 

FORMAT (lOAB) 
ORGNAM (I) 

FORMAT ( BElO. 2) 

DOSFAC(K,JF,MODE,IH) 

FORMAT (19A4, 12) 

CHECK 

ICHCK 

This card provides the third data check 
point. 
Alphanumeric identification of check 
point point no. 3, up to 76 characters. 
03 in columns 77 and 78. 

Names of organs {body sites) for which 
dose rates are calculated,~p to I = 
NIHT, double precision, up to 8 charac
ters each. 

8 cards for each of NK nuclides (2 for 
each of 4 receptors JF; first of each 
pair for MODE 1 and second for MODE 2) . 
Dose commitment conversion factor for 
each organ IH of NIHT total. Each card 
has conversion factors for specified 
nuclide and receptor/exposure mode com
bination, (mrem/y)/(~Ci/cm3 ), (mrem/ 
(~Ci/cm2 ), or mrem/~Ci, as appropriate. 

This card provides the fourth data check 
point. 
Alphanumeric identification of check 
point no. 4, up to 76 characters. 
04 in columns 77 and 78. 

The following card types 28 to 31 provide data for the Release Model 
scenarios {see Table 6-4, Vol. II) calculated by subroutine FAULT. As 
presently dimensioned, each of 4 receptors JF may have up to 9 outsets 
(release scenarios) NJ, and each cutset may have up to 9 component fac
tors NJJ. This portion of the data deck can have from 4 cards {trivial 
case with zero release scenarios for each receptor) to 400 cards, as 
follows: 

4 sets of cards, 1 set for each receptor JF: 
Card type 28 1 card (if NJ ~ O, subsequent cards for this 
JF are ami tted ) • 
1 set of cards for each of NJ outsets (9 maximum) : 
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card 

~ 

28. 

29. 

30. 

Formula and Item 

type 29 1 card 
type 30 1 card 

Description 

card 
card 
Card 

(9 
type 31 1 card for each of NJJ component factor 
maximum) . 

FORMAT (l6I5) 
NJ(JF) 

FORMAT (l6I5) 
JJ(JF, I) 

NJJ (JF I I) 

FORMAT (8El0.2) 
AAl (JF I J) 

4 cards, sequenced as stated above. 
Number of cutsets (release scenarios) 
for each receptor JF. 

Number of cards as stated above. 
Cutset sequential identification number 
for cutset I, up to NJ. 
Number of component factors for cutset I. 

Number of cards as stated above. 
Fraction of inventory tranferred to 
receptor JF if a release via cutset J 
(i.e., JJ) occurs. 

31. FORMAT (El0.2, IlO, 2El0.2) 
Number of cards as stated above. Subscripts on 
this card are: K designates component factor (not 
to be confused with nuclide K used elsewhere) of 
cutset J {i.e. JJ) releasing to receptor JF. 

PROBB{JF,J,K) Initial probability of occurrence of 
component factor, y-1 

IFLAG(JF,J,K) Probability function designation: 

TP(JF,J,K) 

CP (JF ,J ,K) 

0 constant 
1 Step function 
2 Ramp function 
3 Exponential function 
4 Delta function. 

Time at which functional change in 
probability commences, y. 
Function parameter: size of step func
tion, slope of ramp function, exponential 
constant, or set = 1.0 for delta func
tion. 

Note: For the constant function, TP and CP may have any value 
{not used) but 0.0 is suggested to avoid confusion in 
output display. 

32. FORMAT (16!5) 
IFLAGE(JF,MODE,I) 

4 cards (1 for each receptor) 
Flag used in Environment-ta-Man Pathways 
model designating whether output is 
accumulated as "local dose" (IFLAGE = 

1) or "nonspecific dose" (IFLAGE c 2) , 
(see Table 6-14, Vol. II). Values are 
sequenced on card for each of NSP sub
paths under MODE = 1, followed by each 
of NSP subpaths under MODE = 2. 
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Card 

~ Format and Item Description 

The following series of 2 to 5 cards of type 33 provide data for 
the leach subprogram RLEACH and the ground water transport subprogram 
CRATIO. 

33. 

34. 

FORMAT (BElO. 2) 

vx 
PORE 
AL 
AT 
HT 
BULKD 
FS 

VS 

XL(I) 

YW{I) 

YY(I) 

CINV 
CFAI 

FORMAT (19A4, I2) 

CHECK 

ICHCK 

2 cards for 1 or 2 zones, 3 cards for 
3 or 4 zones, 4 cards for 5 or 7 zones, 
and 5 cards for 8 zones. 
Ground water seepage velocity, m/d. 
Aquifer porosity {as decimal) . 
Axial dispersivity coefficient, m. 
Transverse dispersivity coefficient, rn. 
Height of aquifer, m. 
Bulk solid density of aquifer, g/cm3 

Exposed area of solidified wast~ speci
men {canister as fractured) , em • 
Volume of solidified waste specimen 
{canister), cm3 • 
Distances from repository to average 
discharge point in each zone for I = 
1 to MZ zones. XL= 0.0 indicates to 
code that contaminated plume does not 
discharge in zone. 
Effective width of plume (width for 
concentration 0.1% of center line value) 
in each zone (distance XL) where dis
charge occurs, for I = 1 to !1Z zones, 
m. Input as 0.0 for each zone where 
no discharge occurs (not used except 
in output display) • 
Distance from plume centerline where 
concentration equals average across 
effective width YW, in each zone (dis
tance XL) where discharge occurs,. for 
I= 1 to MZ zones. Input as 0.0 for each 
zone where no discharge occurs (not used 
except in output display). 
Total number of canisters in inventory. 
Number of canisters exposed to leach 
incident. 

This card provides the fifth data check 
point. 
Alphanumeric identification of check 
point no. 5, up to 76 characters. 
05 in columns 77 and 78. 

The following type 35 card controls data for the environmental 
decay constant EDC(K,JF,IZ), y-1, where subscripts denote nuclide, 
receptor, and zone, respectively. EDC for JF = 1 & 4 is set by state
ments in the code: EOC(K, 1, IZ) = SO, providing for rapid deposition 
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card 
~ Format and Item Description 

from air after dispersion, and EDC (K, 4, IZ) ~ 0.0, as EDC has no pre
sent application to ground water calculations. 

35. 

~-

37. 

FORMAT (16!5) 
I SECT 

FORMAT (BE10.2) 

EDC(K, I, IZ) 

FORMAT (19A4, IZ) 

CHECK 

ICHCK 

Control flag for EDC data. 
!SECT ~ 1: internal EDC default values 
used for JF ~ 2 & 3 (= 2.30 x lo-5). 
Type 36 cards omitted. 
!SECT = 2: EDC default values used for 
JF = 3; type 36 cards read for JF = 2. 
!SECT = 3: EDC default values used for 
JF = 2; type 36 cards read for JF = 3. 
!SECT = 4: type 36 cards read for JF = 
2, followed by cards for JF = 3. 

0 cards if !SECT = l; MZ x NK/8 cards if 
!SECT = 2 or 3; 2(MZ x NK)/8 cards if 
!SECT = 4. 
Environmental decay constants for nuc
lides K, receptor JF (represented here 
by I) and zones IZ. Data sequence on 
cards is EDC by zone to MZ zones for 
first nuclide, repeated in turn for each 
subsequent nuclide to NK nuclides. If 
!SECT = 4, this group of cards is repeated 
in turn for JF = 2 and JF = 3. 

This card provides the sixth (and last) 
data check point. 
Alphanumeric identification of check 
point no. 6, up to 76 characters. 
06 in columns 77 and 78. 

The following card types 38 to 40 control selection of output for 
dose summary tables in Section 6 of output. Each such table is for a 
specified time. 

38. FORMAT (16!5) 

~-

40. 

IZONM 

FORMAT (16!5) 
IZONE(I) 

FORMAT (16!5) 
ITSUMY 
ITSUMJ 

Number of zones to be tabulated. 

Identification number for each zone to 
be tabulated, up to IZONM zones. 
Note: IZONE(lO) designates nonspecific 
dose category. 

Time subscript for first table. 
Increment on time subscript for suc
cessive tables. 
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Card 
~ Format and Item 

KSUB 

Description 

The nuclide K level for subtotal line 
in tables (as for subtotal of fission 
products followed by actinides) • 

A sample coding form for l nuclide, 1 zone, and 1 organ is given 
in Appendix c. More complete sample input is given in Appendix F. 
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B. OUTPUT DESCRIPTION 

AMRAW-A requires three output mediums: disk, tape file, and line 

printer. 

1. Disk. Intermediate temporary storage of calculated values for 

each nuclide is on disk. The disk storage capacity required is up to 

1459 k bytes of information. Information stored on disk is transferred 

to tape (or directly to line printer) at the end of each case. 

2. Tape File. The tape file is used to store selected run output 

transferred from disk into several tabular configurations. The output 

stored on tape may subsequently be used in part as input to AHRAW-B 

(Economic Model), used as input to auxiliary codes for further analysis, 

or may be directed to a line printer for one or multiple printed copies. 

If preferred, and if further computer processing of output is not planned, 

output can be routed directly to the line printer instead of to tape. 

3. Line Printer. The line printer must be capable of 132 charac-

·.· ters per line. The preferred mode of operation is to direct output 

stored on the tape file to the line printer instead of routing output 

directly to line printer. In addition to the major output, error state

ments and data check point confirmations are output. Error and check 

point statements are routed to the output medium specified by the vari

able IE (see Chapter 4) and should always be set to the line printer. 

4. Output Tables. Extensive output tabulations are produced by 

AMRAW-A, as directed by the output control parameter (see card type 3, 

and Chapter 4). These tables are divided into 6 sections, each set off 

by a divider page for clarity. Table 3-1 is a directory of output tables. 

The number of tables listed of each type is based upon 25 nuclides, 8 

zones, and 8 organs, resulting in a total of 627 tables if all are 

requested by NPRINT. The number of tables is reduced appropriately for 

fewer nuclides, zones, or organs. Sample output is given in Appendix F. 
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Table 3-1. Directory of AMRAW-A Output Tables 

Description 

SECTION 1. Data Ineut 

1. Output listing of AMRAW input. 

SECTION 2. Release to Enviromnent 

1. Release Fractions by Each Cutset f RELOUT 
2. Release Increments to Preliminary Environmental 

Input Receptors, RlJ, from All Release 
Events, Ci 

3. Concentrations at Environment Input Receptor, 
R2T01'. Units: JF ::: 1 uci-y/cm3, JF = 2 llCi/cm2 , 
JF ::: 3 and 4 \lCijcm3. 

SECTION 3. Local Dose to Individual 

1. Average Annual I.ocal Dose to Individual, 1.'1AN1L, 
mrem/y. 

SECTION 4. Nonseecific Dose to Po£ulation 

1. Average Annual Nonspecific Dose to Population, 
MANlN t manrem/y • 

~umber of 

Nuclides Zones 

(20 pages) 

25 

25 

25 8 

25 8 

25 

Table Combinations 

Environ. 
Organs Receptors 

(4 in each 
table) 

(8 in each 
table) 

(8 in each 
table) 

Total 

25 

25 

200 

200 

25 



Table J..;l. Directory of AM!J.w Output Tables (continued) 

SECTION 5. Total Dose by Receptors 

1. Average Annual Local Dose to Individual, 
· MAN2LF for JF = 1 to 4, MAN2L for Total, 
mrem/y, Total for All Nuclides. 

2. Average Annual Nonspecific Dose to Population, 
MAN2~~ for JF = 1 to 4, MAN2N for Total, 
manrem/y, Total for All Nuclides. 

SECTION 6. Dose Summary Tables 

1. Average Annual Local Dose to Individual, 
MANlL, in Zone, mremjy. 

2. Average Annual Nonspecific Dose to Population, 
MAN lN , manrern/y . 

Total Number of Tables 

Note: 

a. All output tables, except Section 6 are for SO 
time steps, 0 to 106 years, · 

b. Individual zones may be specified. 

c. Section 6 may call for a table for each of all 
times beginning with 100 y or skip some times; 
5 tables result if call for every ninth time. 

Nuclides 

(25 in each 
table) 

(25 in each 
table) 

Zones Organs 

8 8 

8 

b 
to 8 

(8 in each 
Up 

table) 

b to 8 (8 in each up 
table} 

Total 

Environ. 
Receptors 

(4 in each 
64 table) 

(4 in each 
8 table) 

cs 40 

cs 40 

627 
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CHAPTER 4 

PROGRAM O~TIONS 

The first class of program options is concerned with design of the 

application. The number of nuclides, zones, organs, times, release 

scenarios, and environmental pathways may be varied within the range of 

dimensioning. The reader is referred to Vol. I for full discussion of 

these and other general input data options. 

The input/output mediums are specified in statements in the main 

program which assign values for the variables IN, IE, and IP appropriate 

to the system being used (at UNM the values are 5, 6, and 2, respectively). 

IN specifies the input medium, normally the card reader 

IE specifies the output medium for error and data check point 
messages; this should always be set to the line printer 

IP specifies the output medium for the code; this is normally 
tape file but it may be set to the line printer if preferred. 

Calculation and output options are controlled by NPRINT (see card 

type 3, Chapter 3). This control variable has 3 digits, described in 

Table 3-1. The complete calculation and output capability is executed 

if NPRINT = 500. Options range down to setting the first digit to zero 

{such as NPRINT = 000 or simply = 0) resulting in reading _in and outputting 

all data (in the Section 1 explanatory tabular arrangement) but perform

ing no calculations. The latter is useful during setting up and check-

ing a large data file. 

EDC (environmental decay constant) values are internally set for 

the JF = 1 and 4 receptors. An option is provided for the values for, 

JF = 2 and 3 receptors, controlled by ISECT (see card type 35 in Chapter 

3) · If ISECT = 1, internal EDC default values are used for both recep

tors. If EDC data is available for specific nuclides, receptors and 

zones, this may be read in by setting !SECT = 2 to 4. If ISECT = 2, 

EDC is read in for JF = 2; if !SECT = 3, EDC is read in for JF = 3; if 

ISECT = 4, EDC is read in for JF = 2 and 3. 

27 



N 
CD 

Table 4-1. Calculation and Output Options Controlled by NPRINT 

NPRINT "" XYZ 
Z controls organs calculated. 

if z = 0, all organs in input are calculated. 
if 0 < z ~NIHT, only 1 organ, the zth organ, is calculated. 

Z > NIHT is error. 
Y controls zones calculated. 

if Y = 0, all zones in input are calculated. 
if 0 < Y ~MZ, only 1 zone, the yth zone, is calculated. 

Y > MZ is error. 
X -~ontr_ols output as follows where an "X" denotes . 

Description a b 
1 2 3 4 X = 0 

SECTION 1. Data !U,EUt 

1. Release Model data X X X X X 

Other input data X 

SECTION 2. Release to Environment 

1. RELOUT 
2. R1J X X X 

3. R2TOT X X X 

Section 3. Local Dose to Individual 

1. MANlL X 

Section 4, Nons.12:ecific Dose to PoEulation 

1. MANlN X 

Section 5. Total nose by ReCe£tors 

1. MAN2LF, MAN2L; 2. MAN2NF, I-1AN2N X 

Section 6. nose summary Tables 

1. MANlL; 2. MANlN X 

a 
bSee Table 2-1 for further description. 
For X = 0, reads in and then outputs all data; no calculations are made. 

5 6 7-9 

X X X 
X 

X 
X X 
X 

X X X 

X X X 

X X X 

X X X 



Section 6 of the output consists of dose summary tables. Each table 

is a summary for a specific zone (or nonspecific dose) at a specific time. 

The option controlling the number of zones and times output in this 

section is controlled by card types 38 to 40 (see Chapter 3}. IZONM 

specifies the number of zones to be tabulated, !ZONE identifies the 

zone number of each zone to be tabulated, ITSOMY specifies the time sub

script for the first table and ITSUMJ specifies a time subscript incre

ment for successive tables. 
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CHAPTER 5 

ERROR MESSAGES 

There are several error message provisions in AMRAW-A. Each message, 

its meaning, and corrective action required, is listed ~elow. 

Error Message: 

Meaning: 

"ERROR NEAR CHECK POINT {x) (y)" 

Data which follows error before check point x 
is not in correct order. 

Corrective Action: Check for extra or missing cards and make sure 
data is in correct order; sort as necessary. 

Error Message: "ERROR: ATTEMPTED REPOSITORY OPERATION WITHOUT 
SUBSEQUENT ENVIRONMENT TIME INCREMENT" 

Meaning: Continued operating repository until end of 
time being studied with no subsequent time in 
the environment left to study. 

Corrective Action: Make ITRE < MT. 

Error Message: "ERROR: VALUE OF ZONE (x) OUTSIDE OF RANGE OF 
MAXIMUM ZONE (y)" 

Meaning: Attempted use of nonexistent zone. 

Corrective Action: Modify value of 2nd (middle) digit of control 
parameter NPRINT such that it is ~ MZ. 

Error Message: "ERROR: INVALID ORGAN ~UMBER = ~x) MAXIMUM 
NUMBER OF ORGANS = (y}" 

Meaning: Attempted to study nonexistent organ. 

Corrective Action: Modify right most digit of control parameter 
NPRINT such that it is ~NIHT. 
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APPENDIX A 

BACKGROUND MATERIAL 

The basic structure of the AMRAW model and computer code was 

developed at UNM between 1972 and 1974 as part of the s. Logan Ph.D. 

dissertation: "A Technology Assessment Methodology Applied to High

Level Radioactive Waste Management," The University of New ~texico, 1974. 

Additional development proceeded with support from the Sandia Labora

tories University Research Program and from the Energy Resources Board 

of the State of New Mexico. Completion of the model and code was done 

under EPA Contract No. 68-0l-3256 beginning in August, 1975. 
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APPENDIX B 

SAMPLE RUN REQUEST 

AMRAW-A RUN REQUEST 

Requested By: 

Phone: Date: ----------------------
Number of Seconds: No. of Ouput Lines: 

Number of Copies Requested: 

Special Form? If so, form no. 

Input Data On: Disk Disk Name: --------
DSN: 

Card ----------- Tape----- Tape Name: ---------
Label: DSN: -------- ----------------

0 F F I C E U S E 0 N L Y ------ ---- ----

Date Received: 

Date Submitted: 

Date Returned: 

Initials: 
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APPENDIX C 

SAMPLE CODING FORM 

Table c-1 presents a sample coding form for AMRAW-A input data 

illustrating proper formats for the fo1lowing conditions. 

1 nuclide: 

1 zone: 

1 organ: 

Model Branch: 

50 Times: 

C-14 

Zone 1 

Total Body 

IW = 4, Terminal Storage (beginning at 30 y 
reference time) 

6 
Range from 0 to 10 y. 

Card types, described in Section 2.A.2., are indicated. 

This example is for Zone 1 for the base case described in Part 1 

of Vol. II in which it is assumed there is no surface water and no dis

charge of ground water. If the example were for Zone 2, the value on card 

type 18 (AREAW) would change from 0. 0 to 5. 06E+ 11 and the first 3 values of 

:t:lle second card of type 33 (XL, YW, and YY) would change from 0.0 to 

l. OOE+04, 2. 5 BE+O 3, and 5 • 20E+O 2, respectively . 

The Release Model data (card types 28 to 31) represent 10 cutsets: 

j for each of the first 3 environmental receptors, and 1 for the fourth 

receptor. 

It is assumed that EDC (Environmental Decay Constant) uses internal 

default values. Hence card type 35 has a value of 1 and card type 36 

is omitted. 
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Table c-1. Sample Coding Form for One Nuclide, One Zone, 
and one Organ 
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Table C-1. {continued) 
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APPENDIX D 

JOB PROCESSING INSTRUCTIONS 

··1. Prepare jobcard for run using run request as follows: 

Job name - 8 characters alphanumeric serial number, 

Time parameter - number of seconds estimated. 

Lines parameter - number of lines {in thousands) estimated. 

Forms parameter - form number from request. 

copies parameter - number of copies requested • 

.. 2 ...... Input medium: 

card - keypunch as necessary and place in appropriate section of 

deck. 

Oisk - modify GO.SYSIN DD card to reflect parameters required by 

system. 

Tape - modify GO.SYSIN DD card to reflect parameters required by 

system. 

< .3~ SUbmit job and note date submitted. 

4. Return job to requester and note date returned. 
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APPENDIX E 

OPERATING DECK SETUP 

JOB CONTROL LANGUAGE CARDS 

INPUT DATA 

JOB CONTROL LANGUAGE CARDS 

AMRAW PROGRAM 

JOB CONTROL LANGUAGE CARDS 

JOB CARD 
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APPENDIX F 

SAMPLE INPUT AND OUTPUT 

/ Sample input and output is presented for a "short run" using only 

.•••.• ~\ radionuclides: Sr-90 1 I-129, and Pb-210. Other parameters are as 

\ll a typical "fuel run": 4 environmental receptors, 10 release scenarios 

{ctitsets), 14 environmental pathways, 8 geographic zones, 8 hwnan organs, 

artdSO time increments. 

1. Input Data. Input data is listed according to card input 

~peoifications in Section 3 .A. and the sample coding forms in Appendix 

c ... · 
OUtput. Output is separated by partition pages into 6 sections: 

(a) Section 1 - Data Input. This section, presented in full, 

descriptive output of input data, in the following sequence: 

Definition of Environmental Inputs/Definition of Probability 

Inputs/Probability and Related Data. 

Selected Residual Elements in Waste/Selected Radionuclides 

in Waste. 

Ground Water Parameters 

EDC 

DISPN/ZONALO/ZONDEP 

AREAW/ADJ1/ADJ2 

VOL !NT 

BIOFAC 

DOSFAC 

(b) Seation 2 - Release to EnviPOnment. Sample output is 

!'resented far one nuclide (I-129) : 

Release Fractions by Each Cutset 

Release Increments to Preliminary Environment Input Receptors 

Concentrations at Environment Input Receptors (Zones 1 and 

2 of 8 zones shown) 
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(c) Section 3 - Local Dose to Individual. Sample output is 

presented for one nuclide (I-129) and one zone (Zone l) of 8: 

Average Annual Local Dose to Individual 

(d) Section 4 - Nonspecific Dose to Population. Sample output 

is presented for one nuclide (I-129): 

Average Annual Nonspecific Dose to Population 

(e) Section 5 - Total Doee by Receptors. This section presents 

totals for all nuclides: 

Average Annual Local Dose to Individual. Sample output is 

presented for 1 organ (Total Body) of 8 and 2 zones (1 and 2) of 

8. 

Average Annual Nonspecific Dose to Population. Sample out

put is presented for 1 organ (Total Body) . 

(f) Section 6 - Dose Summary Tables. These tables summarize 

dose rates by nuclide to each organ. Sample output is presented for 1 

time (1000 y) and 1 zone: 

Average Annual Local Dose to Individual, Zone 1 

Average Annual Nonspecific Dose to Population 
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~~~~i:>~Jt:.~ :i i. ·····:-:·~#];)## ~ta:.·.················· 

C.ASE FOR_ TER~JNAi.. SToRAGE PHASE: 
ooooooso. 

SHORT .RUH BASE 00000100 
ALL PR0f.h\lll.LJST1C REI..,EASE$ .. 000011150 

.APR. o6o 1976 DATA FILE us eo; AIISl NPRINT=500 oooooaoo 
03 03 !10 4 3 50 a !I 500 l 00000250 

loOOE-22: t.oor:-so l .. OOE-3:5 !1 •. 00£ +Ill loOOE-50 loOOE-10 000110300 
OoOOE+OO 5.oOOE+OO foOOE+Ol lo50E+~l 2oODE+11:1 2oSO.E+Ul 3o00E+01 4o00E+Ot 00000350 
So00E+01 6o OOE•OJ 7.o.OOE+01 e. OOE•Ot 9 oOOE+Ol l-ODE+02 2·0DE•G2 3o')OE+02 00000400 
4.oCIOE+02 i!!.oOOE•02 t.o00E+G2 7o00E+G2 l.l.oOOE+02 !ilo00E+02 l• 00Efo03 2o 00E+03 00000450 
3oCGE+03 4oOIIE+03 SoD.:IEfoOJ 6oOOE+03 'toODE+03 6o00E+OJ 9o OOE+03 t.OGE+04 00000500 
2oGOE+04 3o00E+04 4o00E+04 !loOIIE+04 6 o00E+04- 7oDOE+Q4 a.OOE+04 9o00E+IIIIo 110000550 
loDDE+DS 2.00E+05 3o 00£+05 4oOOE+05 SoOOE~S 6oUOE+IU:I 7oOOE+05 0o!)0E+05 00000600 
9oCOE+OS loOOE+06 00000650 
SA 1 PO 00000700 
lo87E+05 0000075G 
1o26E+DII loi!I4E+05 9oOIIE+02 ooooo8oo 

SA-90 I !l!o300+05 3.890+06 lo060+07 2ol!40+07 4ol!l!0+07 7.ollDHI7 6o280+07 00000850 
SR-90 2 4o910+0? 3.900.07 3.090+07 2.o430+1)7 h91D+07 !o4BD+II7 lol50+1)7 OD000900 
SR-SID 3 lloS70+05 7 .. 7.20+04 7o820+G:;I 7 o85Dt-O:i!. 7o2JD+01 6o10D+DD 4.o6.30-01 00000950 
SA-90 4 3o65t>-OJ! Zo6BP-D3 1 o62D-!4 So95D-25 o.o o .. o o.o 00001000 
SR-90 6 o.o o.o o .. o GoO DoD o.o o.o 00001050 
SR-90 6 OoO o .. o o.o OoO o.o OoO o.o 00001100 
~-90 7 OoO GoO o .. o GoO o.o o.o o.o 00001150 
S$1;-DD 8 o.o 00001200 
1-129 ! 3 .. 4S0+0.2 2 .. 660+03 7o96D+G3 lo770+04 3o400+04 Soll40+04 SoS4D+04 00001.250 
1-1.29 2 5o840+04 Soii4D+OI!o 5.840+04 flo840+0<1> 5.840+04 So8'10+04 So84D+OI\. 00001300 

4>- J-129 3 So840+04 5o840+04 So84~;J+04 5 .. 1!140+04 So04D+04 So84DHl4 So840+04 - -£10001350 t.n 
J-1.29 4 !:o640+04 So84D+04 So640+04 So840t04 So84D+04 5ofl4.0+U4 5oS40+04 00001400 
1-1.29 li So840+04 5oS4tl+04 So840 .. 04 a.S4-o .. o6 5oS30+04 5o830+04 5.630+04 00001450 
J-1.29 6 5.830+04 5.830+04 8o820<-04 s.eao+o4 5..8.20+04 5o8.20+04 5.800+04 00001 SOD 
1-129 7 So770+04 s .. 74D•o• 5o72D•04 5.690+04 Soe7o+u4 5o650-t04 5o630+B4 OOOOJSSil 
1-129 e s.t.!o+o4 00001600 

Pl!-.210 ! 2o!2o-o7 .2ol20-Q6 9olOO-Oe 3.o90D-05 1 .. 320-04 3o25D-04 4o51D-04 00001650 
P&-210 2 7 .. ooo-o4 9.,660-04 1o26D-OJ 1 .sao--G::~ lo94D-03 2·350-03 2o6Z0-03 00001700 
Pe-210 3 lo28tl-02 3.6®-02 7o65D-02 lo390-l)l 2o200-01 3o20D-01 •• 390-01 00001750 
P&-210 4 ~75D-01 7o29D-01 2.960+00 6o06D+OO 9o690<-0II Jo370+fll !.790+01 OOOGJ890 
PB-210 5 2-230+01 :i!.o690+01 3 .. 150+01 3o631H01 Sa.<l-00+01 lo 270-+02 lo630+02 000018!$0 
PS-210 t. lo<,l30+02 2:o190+02 2.4~0+02 2oS90+02 2.740+02 Zo860+G2 J •• OD-+02 OOOQJ<,!OO 
PB-210 7 3o0B0•02 2 .. 530+02 1 o990+02 1 o5S0+02 1ol90+02 9ol60+1)1 7o070+01 00001950 
PB-210 8 5.470-+01 00002000 

$$GCOO$$a$0C~GG4G CHECK POINT NU.IIBE~ ONE (U GGO*GG*G.V$$GGO..eGGee**•eot 00002050 
h42:Et-02 lo6JE-Q4 e. 12E+01 00002100 
J.,64E-08 'lio62E-10 9.39£-tO 0000.2150 
a.9oe:-oa 4o'il5E-03 2o75E-03 00002200 
OoO GoO t.OOE-09 2 .. 00E+Ol OoO o.o OoO o.o .00002250 
o.o GoO o.o O.D o.o GoO OoO GoO 00002300 
o .. o OoO OoO OoO o.o GoO o.o o .. o 00002350 
o,.G o.o OoO GoO o.o o.o OoO o.o 00002400 
G .. O DoG lo00£-09 2oOOE+01 OoO DoD o.o o.o 000G2450 
OoO o.o o .. o OoO o.o o.o OoO o.o OOD02$00 
o.o o.o OoO OoO o.o o.o 2o0(1E-OJ 2.00£+01 00002550 
o.o 0.-4 o.o o.o GoO o.o DoD Q.l) 000112600 
o.o DoD J.OOE-09 2oOOE+01 o.o o.o OoO o.o 0D002650 
GoO o.o o.o o.o DoD o.o o.o o.o 00002700 
CoO OoO o .. o o .. o OoO OoD o.o o.o 00002750 



APPENDIX F l. Input Data (continued) 

o.o CloG o.o o.o o.o OoC o.o t).t) 00002800 
o.o o.o loOOE-09 2oOOE+OJ o.o o.o o.o OoO oooozeso 
o.o o.o o.o o.o o.o o.o o .. o o.o 00002900 
o.o o.o o.o o.o OoO o.o o.o Oo? 000029:50 
OoO o.o o .. o OoO o.o GoO OoO o.o 00003000-
o.o o.o I .. OOE-09 J!.o OOE+OI o.o o.o o.o OoO 000030:50 
o.o o.o GoO GoO o.o o.o o.o o.o 00003100 
DoG o .. o o .. o GoO o.o o.o o.o o.o 00003150 
OoO o .. o GoO o.o o.o o .. o o.o Oo:'J 00003200 
o.o o.o loOOE-09 2o00E+01. OoO OoO o.o o.o 00003250 
o.o o.o o .. o o.o o.o o.o o.o o.o 00003300 
o .. o o.o o.o GoO o.o o.c o .. o OoO 000033!50 
o.o o.o o.o o.o o.o o .. o 1).0 o.o 00003400 o.o o .. o hOOE-0'9 Zo00£+01 o.o o.o o.o o.o 00003450 
o .. o OoO GoO o.o o.o o.o o.o o.o 00003500 
o .. o o.o OoO o.o 0 .o o.o. o.o o .. o 00003550 
o.o o.o o .. o OoO 11.0 OoO o .. o o.o 001)03600 
o.o o.o loOOE-09 z .. ooe:•o• o.o o.o DoD o.o 0001)36$0 
o .. o o .. o o.o o.o s.ooe-os- 2oOOEtOI OoO o.o 00003700 
o.o o .. o 0•0 OoO• o .. o o.o 8oOOE-Ol 2o00E+01 00003750 
o.o o.o o.o o.o o.o o.o o.o o .. o 00003000-
loOOE+DO · lo00£+00 I .. OOE+OO loOOE+OO laOOE+OO- ... 00£+00 1 .. 00E+00 loOOIHOO 00003850 
l'o90E+!l 1 o01E+14 z .. Zl'E+I-6 4o1'7E+l3 loZZ£+14 lol4E+14- t.STE .. 14 s.efiE+lz 00003900 
OoO Oo06E<>l3 lo14E+14 l .. 12EH3 3o06E+13 .2o815E+13 7oBBE+13 2,.80E+l4 000039511 
loOtE+OO I .. OOE+OO 1 .. 00£+00 loOOE+OO loOOE+OO l.OOE.OO l•OOE+OO- hOOE+OO -00004000-
1 .. 26E-ZO So3l£-23 s.oO£-M 2ol2E-24 3o631hZ4 3o03E-Z3 3ol8E-l1:4 3ol2E-23 00004050 

"'" 
lo29£-GI 4o41E-GI 9ol5E-Q2 Bo68E-0Ji 3•59E-02 2..42£-01 4oi8E-02 t .. 46E-02 00004100 

Cf'\ o .. o Zol'J'E-03 4o60E-04 z.aeEt-05 9o00E-G5 6 .. ooe-o• 2.JOE-D4- I-44£-03 00004150 
o.o 1.00£+00 o .. o o .. o' o.o OoO o .. o loOOE•OO 00004-200 
<11 .. 04£-13 lo93E-15 1 .. 94E-16 · I .. OSE-16 l • 79E-16 & .. 17£-1$ h$0E-16 lo25E-1S 00004250 
0.0 5o06E<>U l al4E+12 hl2E+U 3o0&EH1 2.8SEHI 7o88E+U So40E+ll 00004300 
2aOOE+Ol o~o 4oOOE+03 00004350 

0$0$$$1il**C$O)'tl""""'O CMECK POINT NUMBER TIIIO ( 21 00000$-$00$00'"$"'"" $$01!)cQ 2 00004400 
1 4 4 1 OOOIIoQ.4!50 

loOOE~O 7o30E+09 00004500 
l!loOCie:~oa o.o o.o o.o o.o 6o.30E+07 OoO GoO 00004550 
o.o o.o o.o OoO 0•0 OoO o.o o.o 00004600. 
o.o o.o 00004650 
1 .. ooe:+Do l'. 30Eti-09 00004700 
o.ooe-01 o.o o.o o.o o .. o l•lBEUO o.o Ool). 00004750 
a.ooe:~o:s o .. o o.o o .. o 4 .. 00E+0:5 6o'90E+09 o.o o.o 00004600 
4o80E+03 7.08E+Ol' 00004&50 
loOOE+OO 7 .. 30E+O'll 000114900 
• .. ooe:-oa o.o o.o o.o J oUE+IO lo81E+ 10 4o67E+OG 4s0SE+09 00004950 
loOOE-03 o.o o.o GoO 2o00E+O$ 4o60E+09 4o0SE+09 o.o 00005000 
OoO o.o 00005050 
loOOE+OO 7o30E+O'II 00005100 
4o00E-01 o.o o.o o.o 3o95E+09 7o60E+09 8o32E+08 3oZ1E!:+09 OOOOSU!iO 
1..00£-03 GoO o.o o.o o.o GoO 3o 21 E-+09 o.o 000052:10 
o.o o.o ooooszso 
!.OOE+OO 7o30E+09 00005300 
4.00E-Ol o.o o.o o .. o 2 o52E+ll loii2E+10 5o43E+0'9 lo58E+JO 00005350 
loOOE-03 OoO o.o OoO o .. o o.o 1oi58E+10 GoO 0000:5400 
OoO c.o 00005450 
1 .. ooe+Do 7o30E.09 00005500 



·.•.····•• Al_:>):!~~:J:X .. •·it iO: .....•.....•.. *~~~~ •J)~¥#:t<::%i:iti~~) 
.4 o OOe"::-;0.1 · ti~O o;.;o ·O·o•o 1.91'E~U · 1;.:31l£+io .lo9ZE+Q9 1.$0E+l0 OOal;tSS!So 
lo'OIIE-03 .0 •. 0 o.o· ··o. o. 0~0 .Q;,.O loSOEHO o .• o 0000!5600 
0~0 .. o.o 0000$650 
lo00Ef00 74:!oE•oo 00005700 
4oOOE-OI .0 •. 0 o .. o o.o S.82E+09 3o27E•10 7o88E+09 eio31E+10 00005750 
l.ooe-oi o.o o.o OoO 4oOOE+OS lo67E+iD tio3UZ+ID o.o OoDoseoo 
OoO .f.I.O 00005850 
loDOE+OD 7oJOE+D9 D000$900 
4o00E-Ol o.o DoD o.o 2oME+09 DoD 6o23E+D9 Jo46E+10 OOuOS954 
loOOE-03 o.o o.o DoO 4ollDE+OS <;iotiOE+OB 3o~6EUO o.o 00006000 
.2oOOE•04 4o80E+07 00006050 
s.z~e-a 1 S.ZJE-03 3oS~E-03 lo84E-DZ 00006100 
! o OOE+o 0 2o40E-01 Soi2E-Ol o.oo 00006150 
Uo4Dt:-OI oooo62oo 
Bo2fiE-OI 9 .. 4BE-O! z.soe-01 g~e&e-oa 00006250 
1oOOE+OO lo16E+OO 3o84E•OO o.oo 00006300 
l..!6E+00 00006350 
floi!!6E-01 2o32E-D:::I lo71E-o3 6o62E-Q3 00006400" 
hOOE+OO loi6E-01 ;,.o?E-01 o.oo 00006450 
1 ol6E~01 00006500 

···~···· .. ·-···· CKECK POINT NUMBER THREE 13) •*•••oo--•••*11<41'"'**••o3 00006.:>50 
TUT BOOYGI TRACT GONAOS LIVER i..UNGS M4RRO~ BONE THYROID 00006600 

OoO o.o GoO o.c o.o o.o o.o o.o 00006650 
lo71!1EHt3 3.1561\! .. 01 lo76E+OJ OoO 'ilo71!.H03 .2o67E+04 2o67E•04 o.o 00006700 
OoO GoO Doll OoO o.o OoO o.o o .. o 00006750 

.p,. 
1 .. 69Ef.0.2 4o8!1E .. 01 lo69E+02 o.o o.o 8o43E+03 6.43£+03 OoO oooo&aoo -...,J 
OoO o.o o.o o.o o.o OoO o.o o .. o 00006650 
lo69E+£12 4o85E+01 lo69E+02 OoO DoD 6o43E+03 6o43E+03 o.o 00006900 
lo69Ef.02 4.SSE+Dl lo6!1E+02 o.o o.o $o43Ef-03 8o4:!E+03 o.o 00006950 
io69E+02 4.85E+OI lo69€+02 o .. o o.o e .. 4JE+03 8o43E+03 o.o 00007000 
'lio55E+.;,7 I-9BE+07 1 o:::IJE+OB 3o60Ef-DT 4o85E+07 lo 56E+OB 1.45E+OB loOt E+OB 00007050 
4ol9E•IIO 6oJ4£+Ql) 4·19E+DO 2 .. 11 E+OO 4 o45E+0.2 .2o45E+OO 2o4BE+OO So5SE+03 00007100 
8o73E+04 1.a 9E•o• 7oiHIE:+04 2oi6E+04 2 .o;;u:t-04 9o:::I8E+04 Bo7.2E+04 6o041H04 00007150 
7o22E+OO 9.TOE+OO 7o22E+OO .2oBIE+OO OoO 3o27E+Oo Jo.27E+OO Sol7E+03 OQ007200 
2oOlE•o3 (lo18E .. 0.2 .2o74E•OJ T.S7E+02 lo02E+03 ::;loJI:9E•03 3o06E+03 .2ol2E+OJ 00007250 
7·22£+00 ilo70E+OO 7o22E+OO a:.atE+OO 0 .. o 3o.27E+UO 3o27Ef00 5o17E+03 00007:::100 
7 .. 225+00 <;lo70E+OO 7 .. 2.2E+OO . Jl:o£1! E~OO o.o 3o27E•oo :::lo27E+OO 5ol7E+O:::I 00007350 
7oUE+OCI o;; .. 7oe•oo 7o2ZE+OO 2· 81 E•Oo o .. o 3o27E•OO 3o 21'S fCO s.~ 7E+OJ. 00007400 
lo43E+C17 s .. TSE .. Ob lo2!E+07 7 .. .27E+06 'ilo02E+Q8 a:.6se•o7 2o45E+07 lo20E+07 00007450 
3o40E•OJ 7oi2E .. OO 3o40E•OJ 3 .. 1oe•o• 6o40E+OS 3o30E+05 :::loJOE+OS o.o 00007500 
a .. 27E•o• o;;.a5EHl3 1o!ii2E+04 ! oi6E+04 I o44E+04 4o23E•o4 3o90E+04 t-91E+D4 00007550 
5olOE+02 'llo70E+OO s.aoe:•oa 4o70E+03 OoO 5oOOE+04 5oOOE+04 o.o 00007600 
3•00E•02 1o21E+02 .2.54E+02 1~ SJE+02 , ... 0£+02 So59E+02. So!5E+0.2 2.S3E+02 00007650 
lloi0E+02 'So70E+OO 5oiOE•02 4o70E+03 OoO s .. ~CIE ... 04 s.ooe:•o• o.o 00007700 
So!OE<-02 9o70Ef00 5o!OE+0.2 4o70E+O:::I o.o So00£+04 5•00£+04 Doll 000077$0 
5o.IOE+02. <;;.70E+OO 5•10E+0.2 4o70E+OJ o.o So00E+04 5oOOE+04 o.o 00007800 

~o~••••••o•~~••$$ CttECil: POINT NUMBER FOUR (4) ~·~••••••~•~**~•••O*~••o• 00007850 
3 00007900 

' ' 00007950 
s.ooe:-oz. 00008000 
!oOOE-13 0 GoO o.o ooooaoso 

.2 l 00006101) 
7o60E-02 00008150 
2.40£-12 0 OoO OoO 00008.200 

3 1 l"''.n~•~"D ~al"'ll 



6o001!!-i13 
a.'IIOE-12 

3 
1 2 

3o3llE-05 
l .. OOE+OO 
o .. o 

2 1 
s.ooe.-oz 
1 .. 001!!-lll 

3 1 
?.&0!!-02 
0.101!-l.e 

3 
1 3 

3.331!:-DB 
l.OOE+OO 
S•OOlHOO 
o .. o 

2 2 
s.ooe-o2 
loDOE...OO 
hOOE-13 

3 2 
7oi50E-02 
la01)E.00 
s.IOE-1.2 

I 
I 4 

GaO 
t .. ooe•oo 
t .. ooe•oo 
t.OOE+OO 
1o40E-07 

1 1 
1 1 
l l 
1 2 

0 

0 
2 

0 

0 

0 
0 
II! 

0 
0 

0 
0 

0 
0 
0 
0 

1 l 
1 1 

APPENDIX F 

o.o DoC 

o~o o.o 
1 .. 60E~6 1.56t:-ll7 

o.o o .. o 

o.o c.o 

o .. o o .. o 
o .. o o.o 
t,.60E+06 l•56E-07 

o .. o o.o 
o .. o o .. o 

o.o o.o 
o.o o.o 

o.o o .. o 
o~o o.o 
o.o c.o 
GoO OaO 

2 2 2 2. 
1 .2 2 2 

4oOOE-il3 1•301!-01 8o00E+Ol 6o00E~OO SoO,E+Ol 
CoO loOOE+04 OoO OoO OoO 
o.o 2o6~E+03 Q,.Q 0.0 OoO 
0,.0 5.20£+02 0.0 o.o CoO 
6o25E+04 2o50E+02 

$0$6000~S00$0GOOS CHECK POINT NVUSER FIVE 151 
i 

'00"'0000$$$0<1$0'l!O$ CHECK POUlt NVIolaER Sllt 161 
3 
I G iO 

14 9 2 

L Input Data (concluded) 

2.30£+00 4.38£+04 2.22E+05 
o.o 0 .. o 2.00£~<)4 

0.0 0 •G :3o64E+03 
0 .. 0 Oo 0 7.,30E-+02 

00008300 
000083$0 
000011400 
00008450 
00006~0 

000085GO 
oaooa60o 
00000650 
00008700 
00008'150 
ooooa8oo 
ooooeeoso 
00008900 
00008950 
00009000 
00009050 
00009100 
00009150 
00009200 
00009250 
00000300 
00009350 
00009400 
00009"50 
00009!500 
00009550 
00009600 
00009650 
00009'PDO 
OOOG9750 
00009800 
00009850 
00009900 
00009950 
00010000 
00010050 
00010100 
00010150 
00010200 
OOCI10250 
00010300 
00010350 
00010400 
00010450 
00010~0 

00010$50 
00010600 
00010650 
00010700 



~ 
ID 

•o DEFINITION OF ENVI~CN~ENTAL 

JF DEFINITION -------
1 AI~ 

2 GROUND SURF AtE 
3 SURFACE IIATER 
4 GROUND IIATE~ 

(1(0 PMOB~B!LJTY AND RELATED OATji. 
JF NJF J NJJ 

1 3 I I 
1 3 2 1 
1 3 3 1 
2 3 2 

2 3 2 1 
2 3 3 1 
3 3 3 

3 3 2 2 

3 3 3 2 

4 1 4 

INPUTS 

AAl 

s.ooe:-oz 
7o50E-02 
o .. ooe-03 
3o33E-015 

SoOOE-02 
7.SOE-02 
3.33£-05 

SoOOE-02 

7oSOE-02 

o.o 

PROS 

loOOE-13 
2•40E-l2 
z.4oE-12 
l•OIIE 00 
o.o 
I.OOE-13 
a.lOE-10! 
loOOE 00 
loOOE 00 
o.o 
loODE 00 
loOOE-13 
loOOE 00 
B•lOE-12 
loOuE 00 
l•DOE DO 
loOOE 00 

oo DEFINITION CF PROBABILITY INPUTS 

I FLAG OEF INlTION 

0 ~RDSABILITY (PRD6) CONSTANT 
STEP FUNCTION AT Tl"E TP CNANGES PR06 6Y A~OUNT CP 

2 RA"P FUNCTION AT TP C~KGES PR06 6Y SLOPE CP 
3 EXPONENTIAL FUNCTION AT TP CHANGES PRDB BY TI~E CONSTANT CP 
4 DELTA FVNCTIONo AT TI~E JP ~LEASE TO ENVIRON"ENT iS AA! 

lA..AG 

0 
0 
0 
0 
2 
D 
D 

0 
D 
2 
0 
0 
D 

0 
(I 

0 
0 

TP 

OoO 
o.o 
o.o 
o.o 
lo60000E D& 
DoD 
o.o 
o.o 
OoD 
lo6D00DE 06 
o.o 
o .. o 
o.o 
o.o 
o.o 
OoO 
o.o 

CP 

o.o 
11 .. 3 
o.o 
o.o 
1·56000E-07 
o.o 
o.o 
o.o 
O·G 
1 o56(100E-07 
o.o 
o.ll 
o.a 
o.o 
lloO 
o.a 
o.o 

lo4DE-07 o 0.0 o.o 
0000000$8008 .. $8$$ CHECK POINT NU~BER FIVE 151 00~0$$.00$0808$88**6**00$ 5 
0$8800000000808000 CHECK POINT NU~6ER Sl~ (e) 000.800$0800880$00.8008$00 6 



APPENDIX F 2. Output (a) continued 

oc SELECTED ~ESIDUAL ELE~ENT$ IN ~ASTE 
G~A/45 .t.T STA~T OF TE~t41NAL STORAGE 

FOR TOTAL FUEL " 187000oMETRJC TONS 

s~ 1.26E OS 
lo84E 0~ 

PB 9~oee 02 

(")I SELECTED RADlONUCI.lDES IN ltASTE 
GRAMS IN IIASTE VERSUS TlloJE IN YEARS 

Tl/4E SR-90 I-129 PB-210 
o. 5o30E 05 3~48£ 02 2ol2E-07 
fio 3o69E 06 2o66E 03 2o12E-06 

lDo loOf>E 07 l'o96E 0:!! 9.10£-06 
l5o ~v~~E 07 lo 77E 04 3o90E-05 
20. 4o22E 07 3o40E 04 lo32E-04 
2.5-o 7o1IE 07 15oe4E 04 3.2SE-04 
30. 6o21lE 07 5o84E 04 4. 51 E- 04 
4Cio 4.91E 07 !lo84E 04 7oODE.-04 
so. 3o90E 07 5.84E 04 9o66E-04 
so. Jo09E 07 5o84E 04 lo 26E-D3 
70. 2o4JE 07 s .. a4e 04 lolSBE-03 
eo. lo 91E 07 :!!o84E 04 1o94E-OJ 
90. lo48E 07 5o84E 04 2o35E-03 

too. lo15E 07 lSoi'I4E 04 2o02E-D3 
200. l!o67E 05 5o64E 04 lo26E-02 
300 .. r .. rae 04 l5o64E 04 3o68E-02 
400. 7o82E OJ So64E 04 7 .. 85E-02 
!oo .. 7o65E 02. IS.84E 04 lo39E-Ol 
600 .. 7o21E 01 !5o84E 04 2o20E-Ol 
700o 6ol OE 00 5o64E 04 3.20£-0t 
eoo~ 4o83E-01 5o84E 04 4o39E-Ol 
900 .. Jo6!5E-02 5oS4E 04 5o75E-01 

1000. 2o 66E-03 S.64E 04 7o29E-01 
2000 .. lo62E-l4 5o64E 04 2o96E DO 
300Do So95E-25 5o64E 04 6o06E 00 
4000. c. 0 !lo84E 04 9o69E 00 
sooo .. o.o 5o84E 04 lo37E 01 
6000. o.o So84E 04 lo 79E 01 
10oo .. o .. o 5.84E 04 2o23E 01 
aooo. OoO 5o64E 04 2o69E 01 
9000 .. o. 0 5.84E 04 3ol5E 01 

10000 0 o.o 5o64E 04 3.63E 01 
20000. o.o 5. BJE 04 8.40E 01 
3000Do c.o s.e3E 04 lo27E 02 
~>oooo. o.o s.aJe. 04 J.6JE 02 
soooo .. o.o s.BJE 04 lo93E 02 
60000. o.o So83E 04 2ol9E 02 
70000 .. o.o 15o82E 04 ll:o40E 02 
60000. o.o 5o82E 04 2o59E 02 
90000o o.o 5o82E 04 2.ne 02 

lOOOOOo o.o 6oB2E 04 2oB6E 02 
200000. o.o 5oBOE 04 3o40E 02 
300000o o.o 15o77E 04 3oOBE 02 
400000., o.o s.r'le 04 2.!'.i3E 02 
eooooo. o.o So72E 04 1.99£ 02 
600000· o .. o 5o69E 04 lo55E 02 
rooooo. o.o 5o67E 04 lol9E 02 
800000 .. o .. o e.sse. 04 9ol6E 01 
9000DDo o.o 8o63E 04 7o07E 01 

I 000000• o.o 5o61E 04 5o47E 01 

SPECIFIC ACTIVITY 
CIJ'G to42E 02 lo fiJE-04 6ol2E 01 

50 



·.·.· •. •.iJWJ:?$:N:Dl:~.····•·:ti•·· 

AAD IONUCI..IDE 

511-90 
1-U9 

Pl:l-21 0 

CCI DATA 

l.64E-Da 
9o!'2E-HI 
~.39E-10 

D<tC DATA 

2o90E-02 
4o95E-03 
2o75E-O:J 

JtKD DATA 

2• DOE 01 
o.o 
4-oOOE 03 

GROUND ~ATSR SEEPAGE VELDClTYo V~o IN ~TE~S/DAY • 4oOOE-OJ 
POADSlTY OF SOLID MEOIUMo PORE ~ loSOE-Ol 
BULK SOLID OENSlTYo BULKDo IN GRAMS/~UBIC CM 2•30E 00 
DISPERSIVITY COEFFICIENTS, IN METERS: A~lALo 4L ~ SoOOE 01 TRANSVERSE, AT 

AQUIFER VALUES• lN METERS: ~IGHTo HT~ S•DDE 01 
DISTANCE FROM SOURCE TO EMERGENCE, KL{IZI EFFE~TlVE ~IDTHo YW{lZI 
CONCENTRATION AT VY =AVERAGE CONCENTRATION IN VW 

ZONE 
~tiZI 

YIHlZI 
YYUZJ 

IZ= 1 
o.o 
DoD 
DoD 

tZ= 2 12>• J 
loOOE 04 o.o 
2oS8E OJ OoO 
So 20E 02 o.O 

zz,. 4 
0 .o 
o.o 
o.o 

IZ= 5 
o.o 
o.o 
o.o 

IZ= 6 
DoD 
o.o 
o.o 

IZ"' 7 
o.o 
o.o 
o.o 

EKPDSED AREA OF SOLIDIFIED ~ASTE SPECIMEN• FS, IN SQUARE CM = 4o38E 04 
VOLUME OF SOI,.IOIFIED WASTE SPECIMEN, VS, IN CUBIC CM "' 2.22E 05 
TOTAL CANISTER INVENTORVo CINV = 6.2SE 04 
ASSUMED NUMBER OF CA~ISTER FAILURESo CFAI • 2o50E 02 

6.00E 00 

JZ::: e 
2 .. o~e 04 
J.64E OJ 
7o30E 02 



APPENDIX F 2. output (a) continued 

•• EOC.IKo .Jf" o IZJ OATAo ( JFzlo2o3 ,4) o OEFAUI..T VAl.\.ES USEOo EXO::EPTI hG HONE READ IN 

lZ• l IZ• 2. 

St~-90 SoOOE 01 z.;,oE-os 2.o30E-05 o.o s.ooe: 01 2.o30E-05 2o30E-OS o.o 
1-129 s.ooe 01 2,30E-05 2o30E-05 Oo 0 s.oce 01 2o30E-o5 2.3CE-05 c.o 

PS-210 5o DOE 01 2.30E-05 Z•lOE-05 o. 0 s.ooe: 01 2o30E-05 a.soe:-os o.o 

tz .. 3 lZ= 4 

SR-90 s.oce: 01 2o30E-OS z,Joe-os o.o SoOIJE at 2o30E-05 a.JOE-05 o.o 
1-12.11 5o00E 01 z,JIJE-05 z,JOE-05 o.o 5oOOE Cl 2o30E-05 2o30E-05 OoO 

P&-210 So !JOE 01 2.30E-05 z,JuE-05 o.o s.ooe 01 2o30E-05 2,3QE-OS o.o 

JZ• s IZ-"' 6 

tn SR-90 So ODE 01 2o30E-OS 2o31JE-O!J o.o s.ooe: ol Zo30E-05 2.o30E-IJ5 o.o 
IV J-1211 s.ooe: 01 2,31JE-OS 2o30E-05 o.o s.ooe 01 2o30E-05 2.30E-05 o.o 

PB-210 So DOE 01 z.soe:-os 2o30E-05 o.o 5o00E 01 z,JOE-05 2o30E-05 o.o 

JZm 7 IZ>< a 

SR-90 5o ODE Ol a.soe-os 2o3DE-05 o.o s .ooe o 1 2o30E-05 2o30E-D5 OoD 
1-129 So !JOE Ol 2 .. 30E-D5 2o30E-05 Q,Q s.ooe 01 ZolOE-05 2o30E-0'5 o.o 

PB-210 l!ioOOE 01 a,JOE-05 2o3PE-05 o.o So ODE 01 2o30E-IJ5 2o30E-05 OoO 



••••]I.I!P.ENDI}(•·J?•··•· 

IZ• I IZ= 2 
a.oO€ 00 7.90£ 11 o.o loOOE 00 loOOE 00 1 .. 0 IE 14 5o0t>E 13 loOOE 00 

az .. 3 JZ= 4 
a.ooe 00 2o27E 14 1.14£ 14 loOOE 00 loOO£ 00 4o77E 13 loll!£ 13 loOOE DO 

IZ= 5 IZ"" 0 
1-00E oo lo22E 14 3oOOE 13 loOOE 00 loOOE 00 loi4E 14 2oi!I5E 13 loOOE 00 

IZ= 7 tz, II 
loOO£ 00 1 .. 57£ 14 7o88E 13 t.ooe 00 I.OOE 00 5.40£ 12 2o60£ 14 l.OQE 00 

Ul $>10 ZONAi.(l ( .JF ol Z I OATP.w (Ezlo2o3o4) 
w 

lZ"' 1 lZ= 2; 

J.26E-20 lo29£-01 o.o o.o 5o31£-23 4o4lE-Ol 2 ol?E'-03 loOOE 00 

tz- 3 IZ= 4 
5o09£-24 9ol5E-D2 4o00E-04 o.o ZolZE-24 Bo66E-03 Zo!B£-05 o.o 

JZ.. 5 IZ= 6 
3o83E-24 3o59E-02 g.ooe-os o.o 3o03E-23 2o42£-0 l 6oOBE-04 o.o 

IZ .. 7 tz= 8 
.Jo18e-24 4oUIE-02 2.10£-04 o .. o 3ol2E-2.3 1.4.6£-02 1 .. 44£-03 loOOE 00 

ee ZONDEP(IZI DATA 

JZzt 12"'2 IZ=3 IZ=4 lz.,s IZ=6 IZ"'7 IZ=B 
4o04E-13 lo93£-15 lo94£-16 loOSE-16 lo79E-16 loi?E-15 loSOE-1~ 1o25£-IS 



APPENDIX F 2. Output (a) continued 

•• AREAIIIlZ I D,t,TA 

1z= 1 IZ"' 2 IZ» 3 IZ,.-4 IZ"" 5 tz,. e. IZ= 7 rz:,. a 
OeO s. 06£. 11 lol4E 1.2 lol2E 11 3 .. ct6E 11 2o85E ll 7oS !!IE 11 5o40£ u 

•• AD~l(~Fo~FAoiZioAD~2(~F,~FAolZI DAf,t,, 'JFA=l-o2o3o4) 

lZ»' 1 
.JI'z 1 o.o o.o 1 oOGE-D9 2.00E 01 o.o o.o o .. o GoO 
JF• 2 o.o o.o o .. o o.o o.o o.o o .. o o.o 
JF'" 3 o.o o.o o.o o.o o.o o.o o.o o.o 
JF= 4 DoD D .. o o .. o DoO OoO o.o o .. o o.o 

IZ= 2 
JF"' 1 DoO OoO 1 .ooE-o9 2o00E Dl o.o o.o o.o o.o 
JF= t; OeO o.o o.o o .. o o.o o.o o.o OoD 
JF,. 3 D..'o o.o o .. o OoD o.o o .. o 2,. OOE-01 2o00E 01 
.,w .. 4 OoO o.o o.o o.o o.o o.o o.o OoD 

lZ= 3 
1,}1 ,w .. 1 o .. o DoO lo DOE-G9 2o00E 01 o.o o.o OoO o.o 
,j:>. .,w .. 2 o.o o .. o o.o o .. o o.o o .. o o.o o.o 

.JF .. 3 OoO OoO O•D o.o o.o o.o o .. o DoD 

.JFz 4 DoO o .. o OoO o.o o .. o DoO o.o OoO 
IZ"" 4 

Ji' .. 1 D .. O o.o 1 oOOE-G9 ZoDDE 01 DoD o.o o.o OoO 
.IF= 2 DoD DoO o.o DoD o.o o .. o o .. o Oo 0 
JF• 3 o.o DoD o.o o.o o.o o.o 0 ·D o.o 
JF" 4 OoD OoO o.o o.o o.o o.o o.o OoO 

l.Z,O. 5 
.JIF" 1 o.o OoD 1 oOOE-Q9 2oOOE 01 DoD o.o o.o o.o 
JF"' 2 o.o o.o o.o o.o o.o o.o o.o o.o 
JF= 3 OoO o.o o.o OoD o.o DoO o. 0 Oo 0 
.w .. 4 DoD o.o o.o o.o o.o o.o o.o OoD 

IZ"" 6 
JF= 1 OoO DoO 1 .OOE-<J9 ZoDOE Dt o.o DoO DoD DoD 
..IF"'- 2 o.o _o.D Q,O OoD o.o o.o o.o o.o 
JF= 3 o.o o.o o.o DoO o.o DoD o.o OoO 
JF., 4 OoO OaD o .. o o.o DoO OoO D .. o D.O 

12'" 7 
.JF .. 1 o.o DoD $ oODE-09 z.ooe 01 OoD o.o o .. o o.o 
.If' .. 2 OoO DoD o.o DoO o.o OoO OoO o.o 
.If' .. 3 OoO Ootl o .. o o.o o.o o.o o.o o.o 
Jf'$ 4 o.o o .. D DoC o.o o.o D,O o.o o .. a 

Jz., e 
.JFz 1 o.o o.o 1 .. OtiE-(19 2.DOE 01 O.D o.o o.u 0·0 
.IF>< 2 OoD o.o o.o o.o s.oa e-o1 2oOOE Ol o.o OoO 
JF"" 3 o.o DoD CoO o .. o a.o o .. D a. OOE-01 2oOOE Ol 
.JF'" 4 o.o o .. o o.o o.o o.o o.o DoD OoO 





APPENDIX F 2. Output (a) continued 

IZ= 5 
.IF 1400E NSP..l THRU VOt..ft>.T 

1 1 1.ooe 00 
1 2 7o30E 09 
2 I 4 'loOOE-01 o.o o.o {1,0 
2 2. 4 2o5ZE 11 lo02.E 10 5o43E 09 1-58E 10 
3 1 4 1 .. ooe-o3 o.o 0 .o o.o 
3 2 4 o.o o.o 1 .see 10 o.o 
4 l 1 o.o 
4 2 1 o.o 

1Z• 6 
.JF 14WE NSP=l THRU VOt..lNT 

1 I • t.ooe 00 
I 2 1 7 .. JOE 09 
2 1 4 .... ooe-ot o,o o.o o.o 
2 2 4 l-97E 10 lo-'8E 10 lo92E 09 t.soe 10 
3 1 4- loOOE-03 o.o o.o o.o 
3 z 4 OoO o.o loSOE 10 o.o 
4 1 1 o.o 
4 2 1 o.o 

t.n I Z'" 7 
0'1 

.IF ~WE NSP><l THRU VOL. INT 
1 I 1 loOOE 00 
1 2 I 7o30E 09 
2 I 4 4oOOE-01 o.o IJoO o.o 
2 2 4 5o82E 09 3.27£ 10 ToBIJE 09 6.31E 10 
3 I 4 1oOOE-D3 o.o OoO tloO 
3 2 4 4-oOOE 05 lo67E 10 bo31E 10 o.o 
4 1 o.o 
4 2 o.o 

lZ" 8 
.JF 1400E NSP.:l THRV VOL. INT 

I J I loOOE 00 
1 2 1 7.30E 09 
2 1 4 4o OOE-01 o.o o.o o.o 
2 2 4 2.84E 09 o.o 6,23E 09 3o46E 10 
3 I 4 loOOE-03 o.o o.o o,G 
3 2 4 4-oOOE OS 9oCiOE 08 3o46E 10 o.o 
4 1 l z.ooe 04 
4 2 l 4o80E 07 



•• 6JDFAC (K o./F oNSPJ D .. T .. 

RAOIONUC1.1DE" SR-90 
.JF NSP>ol THRU BIOFAC 

1 1 loDDE DO 
2 4 5.26E-Dl 5o23E-03 3o56E-03 1-8-'IE-02 
3 4 l.OOE 00 2o4DE-Ol 5.12£-<11 o.o 
e I 2.40£-01 

RADIONIJCI... IDE"' 1-129 
.JF NSf'= I THRU BIDFAC 

l 1 t-O DE 00 
2 4 5o26£-01 9o4BE-Ol 2o59E-Ol 9.86E-02 
3 4 loOOE 00 1.16£ DO 3.84£ 00 o.o 
4 1 lo16E DO 

RADIDNVO...!OE" PB-210 
.JF NSP..l THRU BIOFAC 

1 I loDGE 00 
L1l 2 • So26E-OI 2o32E-D3 lo71E-D3 5o62E-03 
-...I 3 4 loODE DO lol6E-01 3o97E-01 DoD 

4 1 lo!foiE-Dl 



APPENDIX F 2. Output (a) continued 

... OOSFACI~oJFo~OOEoiHl DATA 

ORG"N = TOT BODY 
..IF= I JF"'2 JF"'3 JF=<4 

MOOE=l 1400E»2 ~OOE=t MOOE=2 ~ODE~ 1 ~ODE=2 ~ODE= I WJDE=2 
SR-90 o.o 1•78E OJ o .. 0 lo6'!0E 02 o.o lo69E 02 lo 69E 02 1,69E 02 
J-129 9o5SE 07 4ol9E 00 s. 7 :?E 04 7o2ZE DO 2o01E 03 7.22E DO 7e22E 00 7o2ZE 00 

PB-210 lo43E 07 3o4DE 03 2o27E 04 Sol DE 02 JoOOE 02 S.lOE 02 5o IDE 02 So IDE 02 

ORGJIN "" Gl TRACT 
JFo~l JF .. 2 .JF=3 JF=4 

NODE"" I NODE"2 l<IDDE"'l NDOE=Z ~OOEzt MDOE<=Z NOOE4 l .'tODE«2 
SR-90 o.o 3o56E 01 o.o 4o65E 01 0 .o 4o85E 01 4e85E 01 4.ese 01 
1-129 lo98E 07 5 .. 34E DO lo l9E 04 9o71lE co 4olllE 02 9o7DE oa 9o70E 00 9.7DE 00 

PS-210 5o75E 06 7 .. 12E 00 9ol5E 03 9o7DE 00 t.IUE 02 9o70E 00 9o70E 00 9.7oE 00 

ORGAN "' ~Dt<AOS 

..IF"" I .JF=2 .JF"J JF=4 

IIIODE=l NOOE=2 IIIIDDE=l MODE=2 MODE= I 140DE<=Z NODE= I loi00€=2 

Sll-90 DoD lo78E 03 o.o 1o69E 02 o.o t.69E 02 1.69E 02 lo69E 02 

1-129 t • .:ne Db 4ol9E 00 7e66E 04 7o22E 00 2o74E OJ 7o22E DO 7.22£ 00 7.,2ZE 00 

P8-:U D loiUE 07 3o40E 03 lo 'iZE 04 5olOE 02 2o54E oz 5o10E 02 5olOE 02 5o10E 02 
IJl 
Q) 

Dfi6.AN"' L IVEfl 
JF=t JF"'Z .JF=3 Jf:4 

NODE= I NDDE=2 NODE"l !o4DDE=2 NOOE'"l i'IODE•Z !o4DOE=l UOOU=Z 

SR-90 o.o o.o o.o o.o o.o OoO o.o o.o 
J-129 3o60£ 07 2o11E 00 2o16E 04 2o81E 00 To57E 02 a. ate 00 2•81E OCt a. ate 00 

PB-21 0 T.Z7E 06 3o1DE 04 1· 16e 04 4o70E 03 lo53E 02 4·70E 03 4-.Teto:: 03 4o70E 03 



ti!HiAN ,. .L.VNGS 
.JF-=1 JF»2 .JF"'3 .JF-=4 

MODE"' I MOOE=>Z MODE"' I MODE=2 lo!OOE=l MODE"'2 MUOE"'l MOOE=Z 
SR-90 o.o 9o71E OJ o.o o.o o.o o.o o.o o.o 
J-129 4.55E 07 4o45E 02. .:z.su:: 04 o.o lo02.E I)J o.o o.o 1).0 

PS-2.10 ll.02.E 00 6o40E 05 1. 44E 04 o.o lo90E n o.o o.o o.o 

ORGAN '"' MARI'lOW 
.IF"' I JF=Z JF"'J JF"'4 

MOOE:l M00E"'2. MODE= I MODE"'Z MODE= I M00E"'2 MOOE.:I IIIODE=2 
SR-90 o.o :l:o67E 04 o. ll a .. 43E OJ o .. o s .. 43E 03 l>o4JE OJ a.4JE OJ 
1-129 loS6E Ot> 2o46E ao 9.38E 04 J.27E 00 3o29E OJ 3o27E 00 Jo2"fa 00 3o27E 00 

PEI-210 2oflSE 07 3o30E OS 4o 2:=E 04 SoOOE 04 So59E 02 s.ooe: 04 S.O::lE 04 S.OOE 04 

Ul 
0.0 ORGAN • 60hE 

.JF=l JF=2 JF=3 JF=4 
MOOE"I MOoE=2 MODE"' I MODE=2 IHlQE;,J MODE"2. HOOE"'l f<IODE=2 

SR-90 o.o 2o67E 04 o.o So4JE 03 a.o a. 43e: 0::1 8o43E 03 So4JE OJ 
1-129 lo45E DE 2o4aE DO a. 72E 04 Jo2.7E 00 3o06E 03 Jo27E DO Jo2.7E 00 3.27E DO 

pa-210 2o45E 07 J .. 3oe: OS 3o90E 04 s.oue: 04 SolSE 02. So DOE 1)4 s.ooe: 04 s.ooe: 04 

ORGAN = THYROID 
JF.,l JF.:2 JF=J .JF=4 

MODE"' I MODE=2. MOOE"'l MODE=2 MODE= I MODE=2 MODE= I MOOE=2 
Sil-90 o.o .o.o o.o o.o o.o o.o o .. o o.o 
1-129 1.01<0 06 So SSE OJ 6. O"'E 04 5ol7E 03 2..12E 03 s.t7e: OJ So17E OJ s.t7E 03 

P6-210 lo2.0E 07 o.o 1.91E 04 DoD 2.5JE 02 o.o o.o a .. o 



APPENDIX F 2. Output (b) 

FIAOIONVCLIOE; 1-129 (K .. 2.1 

-··----------------------------
RELEASE FRACTIONS BY EACH CUTSET o REL.OUT 

THolE JF INITIAL REL.EASE FRI\CTIONS 
40~ 1 s.ooe.-t4 lo 60&:•12 I o4'1-E-IJ 
40o 2 o.o B.OOE-14 6.07E-12 
40o 3 o.o s.ooe.-u 6 o07E-1Z 
4Do 4 9 o97E-IZ 
50. 1 s.ooe.-t4 loBOE-12 lo44E-l3 
so. 2 o.o S.OOE-14 6 o07E-12 
so. 3 o. 0 fioOOE-14 6 o07E-IZ 
EOo 4 9o97E-12 
60. s.ooe.-14 1. BOE-12 1 o44E-J3 
60o 2 o.o SoOOE-14 6 o07E-IZ 
oo. 3 o.o s.OOE•14 6o07E•12 
oo. 4 9o97E-12 
10· 1 SoOOE-14 loBOE-12 lo44E-l3 
70. 2 o.o 5.00E•14 6o07E-12 
70. 3 o.o s.OOE-14 6 o07E-12 
70. 4 9o97E•I2 
eo. So OOE-14 loBOE-ll! lo44E-J3 
eo. 2 o.o SoOOE-14 6 o()7E-12 
ao. 3 o.o S.OOE-14 6o07E-12 
eo. 4 9o97E-l2 
~o. I s.oOE·l4 t.BOE-12 l o44E-l3 
90o 2 o.o s.OOE·l4 6 o07E-12 
90. 3 o.o s.ooe-14 6 o 07E-12 
90. 4 9o'07E-12 

100o I s.ooe.-111. 1.60E·12 1 o44E-13 
100· 2 o.o 5oOOE•I4 6. 07E-12 
1 oo. 3 o.o !SoOOE-14 6 o07E-12 
100. 4 9.'07E-12 
200. 1 SoOOE-tJ J.BOE-11 lo44E-12 
zoo. 2 o.o s.OOE-13 6.07E-Il 
zoo. J o.o SoOOE-13 0 o07f.-11 
200. 4 9oOOE-10 
lCOo l 5oOOE-lJ lo 80E-ll 1o44E-12 
300o 2 o.o S.OOE-1.3 6 .07E-11 
JOO. 3 o.o s.ooe.-1.3 6 o07E-ll 
3oo. 4 9.00£-10 
400. I 5o00f.-13 loSOE-11 1 .44E-12 
400. 2 o.o S.OOE-13 6o07!S-11 
400o 3 o.o s.ooe.-t3 tio07E-11 
400. 4 9oOOE-IO 
soo. 1 s.ooe-13 1 .l'!OE-11 1 o44E-12 
r-oo. 2 o.o s.OOE-1:3 6 .o7E-tt 
soo. 3 o.o !5. OOE-13 6 o07E-11 
50th 4 9oOOE-10 
600. I 5o OOE-13 1 .. aoe.-u I o44E-1 2 
600· 2 o.o s.ooe.-13 6 • 07E-Il 
600. 3 o.o s.ooe.-13 6.07 E-ll 
600. 4 ~.ooe.-10 

700· I s.ooE-13 loBOE-11 lo44E-12 
700. 2 o.o !j oO<lE-13 6o07E-11 
700. 3 o.o 5oOOE-13 6 o07E-ll 
700o 4 9oOOE-10 
eoo. I s.OOE-13 lo eoe.-11 I o44E-12 
eoo. 2 o.o 5o001':-13 6 • 07E-ll 
eoo. 3 o.o 5.00E-1J 0 •07E-11 
eoo. 4 9 o ODE-I 0 

This table continues through 1,000,000 years. 

60 



APPENDIX F 2. Output (b) continued 

RADlDNUCL IDE: 1-129 tK,. :U 

---------------------------~-RELEASE INCRE~ENT$ TO PRELIMINARY ENVIRONMENT INPUT 
RECEPTORS• IUJo FROM ALL RELEASE EVENTSo 1M CURIES 

.lf'"l JF=2 JF.,J JF>'4 
TIIlC: AIR GROUND SURF ACE COROUNO 

SURFACE };ATER WATER 
Oo ll-0 o.o OoO OoO 
s. o.o o.o o.o o.o 

ta- c.o o.o o.o OoO 
15o o.o a.o o.o OoO 
20o DoG o.o GoO o.o 
25o OoO 0 .o o.o o.o 
30o GoO GoO o.o GoO 
40 .. lo90E-11 l!'o83E-ll !So83E-ll 9o491.!-11 
so. 1o90E-11 6o83E-11 15o83E-11 9o49E-Jl 
60. 1.901!:-U 5o83E-l t 15.63£-U 'il. 49!'; -11 
70o lo90S:-11 5o63E-ll So63E-11 9.4-,;a-u 
eo. I.90E-ll l5o8JE-1J So83E-11 9o49E-11 
90. lo90E-ll !5o83E-11 So83E-Il 9o49E-ll 

100o lo90E-U s.OJE-11 SoBJE-11 9o4<;lE-11 
zoo. loiiOS-10 So83E-10 15.83£-10 6o56E-Q9 
300. lo90E-10 5o83E-l0 !lo83E-IO e.see:-<t9 
400o lo90E-l0 5o8JE-l0 fio83E-10 Bo56E-09 
soo. lo90£-10 5o83E-10 s.e:se-to a.5t£-09 
600o lo90E-l0 5oB3E-10 So83E-10 a.S6E-09 
1'00o 1·90E-10 5o83E-10 5o83E-10 a .. SI!E•09 
a co. lo90E-10 s.a3E-lO :;. e:u::-1 o 6o St.E-09 
900o lo90E-10 6o83E-l0 So83E-10 BoSI!E-09 

lOOOo lo90E-l0 s.a3£-to s.e:sE-to a. St.E-09 
zooo. 1o90E•09 5o83E-09 l5o83E-09 8o3fE-07 
3000. lo90E-09 So83E·09 fio83E-09 8o36E-o7 
4000o loSOE-09 5o63E-OP 5o8JE•09 e .. Jt.e-o7 
esooo. lo90E-09 fio83E:-09 5.8310-09 8o3f>E-07 
6000. lo90E-09 5o83E-09 fio63E-09 6o36E-07 
7000. t.9CE-09 5o83E-09 '5•83E-OS e. 36£-07 
eooo. lo90E-09 15.83E-09 So83E-09 8o36E-07 
9000· lo90E-09 s .. aJe-o9 s.a3E-09 a.3tE-07 

toooo. 1o90E-09 6o8JE-09 So83E-09 Bo36E-ol' 
20000o lo90E-08 6o83E-OS So83E·08 Bo33E-05 
30000. lo89E•08 s.a2e:-oa S .. B2E-Oe BoJ2E-05 
40000 .. lo89E-OB So82E-OB 5oB2E-08 a.32E·OS 
$0000o l•B'iiE-00 5o82E-08 6o82E-08 6o32E-0$ 
60000. lo89E-OS !S.B2E-08 5o82E-08 6o32.E-O$ 
70000. lo89E-08 So82E:-08 1$ o82E-o e 8o31£-oS 
eoooo. loBS'E-08 s.au;;-oa e.en:-oa e .. :sta-os 
90000. lo89E-08 s.ete:-oa S .. &lE-08 8o3IE-05 

100000. lo89E-oe fl.oSIE-08 a.aaE-oa 9 .:sut-os 
200000o lo89€-07 Zo&OE-07 s.eoe-07 Bo29E-03 
300000o l.aee-o7 6o78E-07 So7SE~07 e. aae:~oJ 
40oOOI)o lo&'JE-07 lllo75E-07 & .. 75E-07 a. 21e:-o3 
e:ooooo .. lo86E-07 So72E-07 5o72E-07 a.ue-oJ 
aooooo. 1.8$E-01' lh70E-07 l!io?OE-07 9 o 14E-Ol 
700000. 1 o8:5E-o1' 5o67E-07 5 .. 67£-07 BotlE-03 
eooooo. lo84E-07 5o6'!!E-Ol' 5o66E-o7 BoOtl!i:-03 
900000 .. l o83E-o7 5.63!!-07 ll.63E-07 &oO!IE-03 

ttooooo. loG.SE-01' s .. elE-07 ll.t.IE-07 9.oae:-o3 

61 



APPENDIX F 2. Output (b) continued 

R 11.0 10NUCL.10 E! 1-129 {II= 21 

-----------------------------CONCENTRATIONS AT ENVlRONI>IENT INPUT RECEPTORo R2TOT UNlTS! .JF=1 MICRCCURIE$YEII.R5/CUE11C C!'l 
.JF=2 I>IICROCURIES/SOUARE CM• .JF=3 AND 4 MICROCUR1ES/CU8IC CM 

ZONEz 1 ZON.E= 2 

.JF=l .JF=2 .JF"3 JF=4 .JF"l .JF"'2 .Jf':3 .JF=4 
TI14E AIR GPO\JNO SVfiFACE GRDUNO Tl !'IE AIR GROUND SURF ... CE GROUND 

SURFACE l:IATER WATER SURFACE IIATER WATER 
o. c.o c.o o.o o.o Oo o.o o.o o.o o.o 
!So o.o o~o o.o o. 0 !5o o.o DoD DoD D•D 

10. o.o o.o o.o o.o to. OoD o.o o.o o.o 
1!5. DoO GoO 0 .o o.o !So o.o o.o o.o o.o 
20· o.o o.o O.D o.o 2Do DoD o.o o.o o.o 
2!5o c.o o.o OoD o.o 25. o.o DoO o .• o DoO 
30. o.o o.o o .. o o.o 30o o.o o.o OoO o .. o 
40· 4oUE-25 lo72E-17 o.o o.o 40o 3o92E-27 2o9lE-19 2o8TE-21 o.o 
so. !'io83E-25 3o44E-1T OoO o.o 50. 6o83E-2T s.eze-to;; SoT.JE-21 DoD 
60 .. 7o55E-2'5 5o16E-17 o.o o.o 6Q. 9o74E-27 a.73E-19 So6GE-21 GoO 
70. 9o26E-2S e.eTE-17 o.o o.o TOo t.27E-26 t.tc,E-18 t.tSE- 20 o.o 
ao .. I•IOE-24 8o59E-17 o.o o.o so. 1o56E-26 t.46E-18 lo43E-20 0•0 
90o loZTE-24 loQ3E-l6 o.o o .. o 90 .. lo 85E-26 loTSE-1 8 lo72E-20 o.o 

too. lo44E-24 lo20E-l6 o .. o o.o 100. 2oi4E-26 2.04E-16 2.0 IE-20 o.o 
zoo. 3oi6E-23 2o92E-16 o.o o.o 200. !So 05E-25 4o95E-UI 4o87E-20 o.o 
300o 4o87E-2J 4o63E-16 o.o o.o 300o To\ISE-25 7.sse:-aa 7o73E-20 o.o 
400. 6•56E-2J 6.3'1-E-16 o.o o.o 400o lo08E-24 lo07E-17 lo06E-19 O'oO 
SOOo So28E-23 6o04E-l6 o.o o.o soo. lo 37£-24 lo36E-17 lo34E-lll OoO 

0\ 
600. llo98E-23 9 .. 75£-16 o .. o o.o 600. 1o66E-24 lo65E-17 lo63E-19 o.o 

tv 7oo. loiTE-22 hl4E-15 o.o o.o 700. l.IISE-24 1o9,E-17 lolllE-19 OoO 
eoo. I•34E-22 lo31E-15 o.o o.o eoo. 2.24€-24 2.23£-17 z .. t9E-t9 OoO 
900 .. loSIE-22 lo46E-l5 o.o o.o 900 .. 2o52E-24 2o51E-17 2o<lo7'E-lll DoC 

1000. lo6TE-22 lo65E-15 o.o OoO tooo. 2o BIE-24 2oBOE-17 2o75E-19 o.o 
2000· 3o37E-21 3o35E•IS o.o o.o zooo. So66E-23 S.67E-17 :io59E-19 OoO 
3000. 5o02E-21 4o99E-15 0 oO o.o 3000. 8.47£-23 8,46£-17 a.33E-19 lo67E-35 
400Do 6o62E-2l 6.6DE-15 o.o o.o 4000 .. t. 12E-22 t.tzE-16 l•lOE-1111 3oOOE-2!5 
6000 .. eot9E-2l Bo17E-15 o.o o.o sooo. lo38E-22 lo3SE-16 t.:37E-18 3o70E-2Q 
6000. 9o72E-21 9•70E-15 o.G o.o 6000o 1o64E-22 1.6.£-16 2o74E-18 9 .. 97€-18 
7000. loi2E-20 lo12E-14 o.o o.o 7000. 1.9DE-22 l.IIGE-16 , •• 6£-17 l•OSE-16 
aooo. lo27E-20 lo27E-l4 o .. o OoO sooo .. 2oi5E-22 2 .. 1sE-!6 9ol6E-17 6 o90E-16 
9000. lo4lE-20 1o41E-14 o.o o.o 9000. 2.39£-22 2.39€-16 3o51E-16 2o34E-15 

1 DO DOo lo55E•20 lo55E-l4 o.o DoD toooo. 2.63E-a2 2o62E-16 7 .. 7o~.E-16 3.ase-ts 
20000. 3oOI!E-19 3 .. 08E-14 o.o OoO zoooo. 5. 22E-21 s.zze-16 lo03E-1S 3o08E-l6 
30D00o 4ol6E-l9 4o16E-14 o .. o o.o 300GOo ToOSE-21 ToOSE-16 $ol4E-15 3o87E-15 
40000 .. s,.QJE-19 5.o2E·14 o.o o.o 40000. 8.5tE-21 S.5tE-16 So40E-15 3o86E-15 
50000 .. 5o71E-19 !5 .. 71E-14 o.o o,o SOODOo 9o67E-21 9 .. 67£-16 lolOE-14 JoBtiE-15 
60000. tio25E-19 tio25E-14 o.o OoO 60000. l,O&E-20 1 ~06E-1S lo31E-l4 .:s.st>E.-15 
70000. 6.68E-19 «oo68E-14 o.o o. 0 70000. 1ol3E-20 1oi3E-H5 lo47E-14 3oMiE-1S 
eoooo. 7o02E-19 T .. otE-14 o.o OoO BOO 00 • loi9E-20 1ol9E-1 '6 lo60E-14 3oS6E-15 
90000o 7o29E-19 To29E-14 o.o OoO 90D Do. lo23E-20 lo23E-15 •• 70E-14 J.Ot;E-15 

aooooo. 7o50E-19 7 .. 50£-14 o.o o.o 1000 DO. lo27E-20 1.27€-15 t.TaE-14 3o86E-IS 
zooooo .. 1o92E-17 lo92E-13 o.o o.o 200000· 3. 2&E-19 3o26E-15 s .. szE-15 4o20E-17 
300000 .. l.,69E-17 lo89E-lJ o.o o. 0 300000. 3.21£-19 3o21E-15 •• 74E-14 4o19E-15 
400000. lo81!E-17 t-86E-13 o.o o.o 400000. 3.19€-19 3oi9E-15 5 ol3E-14 4oi7E-15 
scoooo .. loSTE-17 1• B7E-l 3 OoO o.o $00000. 3olSE-l9 3.16E-15 s.tSE-14 4.tSE-lS 
600000. loi!?E-17 lo87E-I 3 o.o o. 0 600000. 3.16€-19 3ol6E-15 5ol3E-U 4o13E-15 
700000 .. I o86E-17 lo!I6E-l3 o.o o.o 700000. 3.15£-19 3.15£-15 s.ttE-14 4ol2E-l5 
BOOOOOo 1o85E-17 lo85E-13 o.o o.o eooo oo. 3ol4E-l9 3,14E-15 5o09E-14 4•\0E-15 
900000, lo!ISE-17 lo65E-13 o .. o o.o 900000. 3ol3E-19 3.13£-15 5o07E-14 4o08E-15 

1 oooooo. lo64E-1T lo64E-13 DoG O.G 1 oooooo. 3oliE-19 3ollE-15 5oD5E-14 4o07E-l5 



APPENDIX F 2. Output (c) 

•• AVERAGE ANNUAl,. L.OCAL. OO.SE TO lt-10 I V l OUAI.. o IIIANll .. o lN Mli..L.IRE~S/YEAR 

ZOI'II!• •111!1•• NUCI..lOE• 1-129 P:= 2 

TliE toT 800Y Gl TRACT liONAOS L.IVER I..UI'IGS MARROiil BONE THYROID 
o. OoO OoO OoO OoO OoO OoO OoO OoO 
'So o.o OoO o.o OoO OoO OoO OoO OoO 

lOo OoO Do.D DoD o.o OoO OoD OoO o.o 
15• CoO OoO Ooll OoO OoO Doll OoO o.o 
20· OoO OoO o.o OoO DoD OoO GoO o.o 
2~.:io 11.0 o.o o.o o.o DoO o.o o.o o.o 
::IOo c::.o o.o o.o OoO OoO o.o o.o GoO 
40 .. ::lo95E-1::1 Bo34E-14 '5o43E-l3 l•49E-13 3o34E-13 6o46E-l3 6o00E-13 z.oee-1z 
50. 7o90E-l3 le66E-13 lo09E-12 Zo'iee-13 5oB9E-13 loZ9E-12 l-20E-12 3ol9E-12 
60o l.IBE-12 2o48E-13 lo63E-12 4 o4l'E-13 8o45E-lJ lo94E-12 loBOE-12 4o3DE-l2 
TOo loSBE-12 3o31E-l3 2.17E-12 5o9'5E-l3 l.!OE-12 2o5BE-l2 2o40E-12 S .. 41E-12 
eo .. lo97E-l2 •hi3E-13 Zo71E-12 7o44E-13 lo36E-12 3. 2.3E-l2. 3.ooE-12 6.52E-12 
90. 2.3l'E-12 4o96E-13 3o2SE-12 6o93E-13 lo61E-12 Jo 67E-12 3.60E-12 7o64E-l2 

lOOo 2o76E-l2 So 78E-1 3 3.,79E-12 lo04E-J2 lo67E-12 4o'5le-12 4o20E-12 EJo75E-12 
zoo. 6.,70E-12 t.4oE-l2 9o21E-12 2o'5JE-12 4o4ZE-12 l.IOE-11 lo02E-11 1 o99E-11 
300. l.06E-ll 2·22E-t2 l o46E-lt 4e01E-J2 6o'517E-12 lo74.E-lt lo62E-11 3.09e-11 
400o 1.46E-J 1 3e04E-12 2.00E-11 '5.4\JE-12 9o52E-12 2e36E-U 2o21E-11 4o2.CIE-11 
soo .. lo6!5E-11 3. 66£-12 2•154E-lt 6 e96E-12 le21E-11 3.02£-11 a.ete:-u Se30E-11 
600 .. 2o24E-ll 4.66E-12 3.07E-11 So.ti4E-l2 t.46E-11 3.661:":-n 3e40E-ll &.40£-11 

0'1 700o 2.63E-Il s .. 49E-12 3.61!1:•11 9o90e-l2 t.7te-u 4 .. 3oE-U Jo99E-ll 1 osoe-u 
w eoo. 3.ou:-u 6 .. 30£-12 4ol4E•11 lol4E-U 1.'116E-ll 4o93E-U 4e58E-ll a.S~E-11 

900· :a. 40E-II TellE-12 4 .. 6eE:-1l lo2'lE:-ll 2-21£-11 5.!56E-U 5ol7E-11 9o65E-ll 
lOOOo ;a.,79E-II 7o92E-12 5o2:JE-11 le43E-11 2o47e-11 6o20E-11 So76E-U t.oee-10 
2000 .. 7.69E-11 J.,6lE-U lo06E-JO 2.o90E-lt 4.99E-U 1o26E-10 l•l7E-t 0 2.16E-IO 
30oo .. lolSE-10 2o40E-ll lo57E-JO ot..32E-ll 7o44E-11 lo B7E-10 t-74E-10 :ol.24E-IO 
4000o lo !51E-l 0 3oi7E-11 2.oae-1o !5o71E-l1 9e63E-ll 2o4SE-10 2o30E-10 4o26E-10 
!5000 0 lo57E-IO 3o92E-JI 2o55E•l0 7o07E-11 lo22E-10 3o07E-10 a..ase-to 5o2:9E-10 
6000· 2o23E-IO 4o65E-U 3,.06E-10 6 o40E-U lo44i;-10 Jo64E-1D Jo39E-1D .;.2ae-to 
7000o 2.57€-10 6o37E-ll 3.53€-10 9 .69E-ll lo67E-10 4.20E-ID 3 .. 9tE-10 7o25E-10 
aoooo 2o91E.,l0 6.0BE-11 3o99e-to l•li:JE-10 lo69E-to 4o75E-10 4o4.2E-10 B.20E-10 
9000. ::lo23E-1 0 6o76E-11 4o4.5E-10 lo22E-10 2o!OE-1U '5o29E-10 4o92E-10 9ol2E-IO 

!0000 0 3o56E-l0 l'o43E-U 4.1'19E-1 0 1•34E-10 2o3lE-lo SoBZE-10 5o41E-IO loOOE-09 
2000Do l'o OTE-10 1.4ae-10 9o72E-10 2o67E-10 4e59E-l0 lol6E-09 l.OBE-09 lo99E-09 
30000 .. lloSSE-10 2oOOE-10 1.31€-09 3o60E-10 6o20e-to lo56E-09 lo45E-09 2o&9E-09 
40000· lo!SE-09 2o 4lE-l0 lo 56E-09 4 .35E-1 0 7o46E-10 t.a9E-09 lo75E-09 3o25E-OIJ 
!50000• lo31E-09 2.74E~to loSOE-09 4o94.E-10 BoSOE-10 2.14E-09 1•99E-09 3.69E:-09 
60000· 1.43E-09 :s,.ooe-to 1.97E-09 5.41 E-10 9o31E-10 Zo35E-09 2olt1E-09 4.04E-09 
70000· lo!!i3E-09 3o20E-IO 2oi1E-09 'Sol'EJE-10 9o94E-10 2.o51E-09 2o33E-09 4.JZE:-09 
eoooo .. 1.61E-09 Jo37E-10 2.21E-09 6o07E-10 lo04E-09 2oti3E-09 2o4:!5E-09 4e54E-09 
90000o ! .. 67E-09 3 .. SoE-10 2.,.30E-09 6 oll e~10 ~.oaE-09 Zo 73E-09 2.o54E-09 4o71E-09 

100000• l.72E-09 3o60E-10 2.31'€-09 6 o49E-10 loll!:e-09 ·ZoBZE-09 2..62E-09 4.6SE-09 
200000o 4 .. 41E-09 9o22E-10 6.06E-09 le66E-69 .2oB6E-09 7o2lE-09 6o71E•09 lo24E-08 
300000o 4o3!5E-09 9e09E-10 :5o9BE:-09 1 o64e-09 ZoB2E-D9 ToUE-09 6e61E-09 loZJE-08 
400000. 4 .. 32E-09 9o ME-10 s.94E-09 lo63E-09 2oBOE-09 1. Ol'E-09 6o57E-09 lo22e-oa 
600000· 4o30E-09 9oOOE-10 5o9IE-09 1 .. 62E-D9 2.79E-09 7 • 04E-09 6o54E-09 1o21E-OB 
600000 .. 4.2BE-09 S.96E-10 5o69E-09 1 o62E-OIJ 2o76E-09 T.l'llE-09 6o51E-09 1 .. 2tE-OB 
700000. 11.26E-09 Bo92E-10 So86E-09 1 o61 E-D9 2o77e-09 B.9BE-09 6o46E-D9 t.aoe-oa 
800000. 4e25E- 09 6oB9E-10 So64E-09 1 otii)E-09 2e76E-1)'51 tio'>SE-09 6o46E-1)9 1.20e-oa 
900000· 4o23E-09 B.BSE-10 5o62E-O<;r lo60E-09 2o75E-O!il 6.<;3E-09 6o44E-09 lol9E-OB 

lOOOOOOo 4o22e-09 8·62E-10 s.aoe-o9 1 .69E-o9 2.741<-09 6o'iOE-09 6o42E-09 lo19E-08 



APPENDIX F 2. output (d) 

01<$ ~\IERAGE AMIUAL NONSPECIFIC DOSE To POPU\.. ATlONo 1-\.0.NlNo IN lot.O.NREMS/YEAA 

NONSPECIFIC uo NUCl.lDE"' 1-129 K= 2 

TIJIIE TOT BODY Gl TRACT GONADS l.l VER LUNGS MARRO II BONE THYROID 
o. o.o o·.o o.o o.o OoO o.o o.o o.o 
s .. o.o o.o o.o o.o (l.O o.o o.o o.o 

lOo o.o o.o o.o o.o o.o o.o o.o o.o 
lB., o.o o.o o.o o.o o.o o.o o.o o.o 
zo. o.o o.o o.o o.o GoD o.o o.o o.o 
:as .. o.o o.o o.o o.o OoO o.o o.o o •. o 
30o o.o o.o o.o o.o o.o o.o o.o o.o 
40. 1415E-U t.SSE-11 lolSE-11 4o49E-12 o.o s.zze-12 Bo22E-tz. 8o2SE-O'il 
50. lo Z9E-11 loT4E-ll loZ!iiE-11 5oo4E-12 o.o 5,86E-12 5.86E-12 9o27E-09 
60. 1o43E-lt t.92E-ll 1.43E-1l 5 .56E-t2 o.o 6o47E-12 6o47E-12 loOZE-08 
TO, 1.56E-11 2o09E-U lo56E-11 6o06E-12 o.o 7.05E•l2 7o0'5E-1Z loll E•08 
80. lo6BE-1l Zo21!.E-l1 lo68E-ll 6.55E-12 o.o 7o62E•l2 7.62E-l2 s.z1e:-oa 
90 .. loBlE•ll 2. 43E·I1 lo81E·11 7o01).E•12 o.o 8ol9E-12 e,I9E-1z 1.29E-08 

100. t.93E•ll Zo6DE-ll lo93E•11 7 o'52E•12 DoD e.7se:-tz llo75E•12 lo3BE•OB 
zoo. 3oSOE-ll 4o70E•ll 3o50E•ll 1o36E•l1 o.o loSBE-11 t.SBE-11 z.5oe:-oe 
3oo. 4o90E-ll 6o58E-ll lfl..90E-11 1 o1H E-ll o.o 2oZZE•ll 2o22E-11 3oSIE-08 
400. 6oiHE·ll Bo34E-11 6oZlE-11 Zo42E-11 o.o Z.SIE-11 z.ate:-u 4.45E-08 
500. 7.46E-ll I.OIE-10 7o46E•ll Zo9IE-U o.o 3o39E•U 3o39E-ll SoJ6E-OI!I 

0'1 600. e.TJE-11 lo17£-10 1).73E•Il 3o40E•11 OoO Jo95E-11 3o95E-ll 6.25E-06 

""" TOO. 9.97E-U lo34E-10 9o'i17E•11 3o88E-11 o.o 4o51E-U ~.51 E-ll 7o14E-OS 
BODo lolZE•lO loSOE-10 1o12E-IO 4o36E-11 o.o s.OTE-11 5o07E-1 1 l!loOlE-OB 
900o laZ4E•10 h67E-IO lo24E-10 4o8JE•11 o.o So62E-11 5.62£-11 8.89£-06 

1000. lo36E•l0 1.B3E-IO 1·36£-10 s.:ne.-u OoO 6.17E-U 6ol7E-11 9o76E-OB 
2000· Zo91E-10 Jo91E-10 Zo91E-10 lo13E-10 o.o 1o:J2E-l0 t.32E-10 Zo09E-07 
3000. 4.26£-10 8o72E-10 4o26E-10 1 o66E•10 OoO lo93E-10 lo93E-10 3o05E-07 
4000. ~- 49E-10 7o3i'IE-l0 5oll9E-10 z.HE-10 o.o 2o49E-10 2o49E•l0 J.93E-o7 
sooo. e.6TE-10 8o96E•l0 6o67E-10 2 o60E-10 o.o 3. 02E-10 JoOZE-10 6.77£-07 
6000. 8o40E-10 l.tJE-09 8.40E-10 3 o27E-10 o.o 3o81E-10 3.81£-10 6o02E-07 
7ooo. 1. SBE-09 ZolZE-09 I·SBE-09 6 olSE-10 o.o 7o16E-10 7ol6E-10 1.13E-06 
eooo. So83E-09 7o83E-09 5.eJe:-o9 2o27E-09 o.o 2oft4E•09 2.64£-09 4o17£-06 
9000. lo97E•08 2o65E•08 1o97E- 1)8 To68E-09 g.o llo93E-O'i Bo93E-09 lo41E-OS 

10000. 4ol6E-08 So59E-Dtl 4.t6E-oa lo62E-08 o.o t. aee-oe lo88E-08 2o98E-05 
zoooo. 2o28E-07 ::lo06E-07 z.zBE-'07 a.ese-oa OoO lo03E-07 l.OJE-G7 1,63E-04 
30000. .!!.57£- C7 7e46E-07 S.STE-07 2o17E-07 o.o z.szE-07 2.52E-07 3o99E-04 
4()000. 3oSIOE-06 5o25E•06 3,90E-06 t.Si!E-116 o.o t.77E-Q6 lo77E-06 z.eoe:-o3 
soooo. (1,54E-06 e.79E-06 6o54E-06 z.sse.-o& o.o 2o ';6E-06 2o96€.-06 4o69E-03 
60000. 7,64E•06 t.OJE-05 7o64E-06 2o97E-OI!o o.o 3.46E•06 3.46E-06 5.47€-GJ 
70000. e.tlE-06 lo09E-OS e.u E-o6 3oi6E-CI6 o.o 3.67E-06 Jo67E-G6 !SoBIE•OJ 
80000. 8o32E•06 lalZE-05 Bo32E-o6 3o24E-06 o.o 3.77E-06 '3o 77E-06 5.96€-03 
~oooo. Bo44E-06 lol3E-OS 6o44E-06 3 ·29E-Olo o.o 3o82E•06 J.BZE-06 6.04€.-03 

100000,. e.StE-06 lol4E-o5 8o51E-06 3.3JE-06 0•0 3.85E-06 J,SSE-06 e..09E-o3 
200000, 2o54E-06 :lo41E-06 2.54E-06 llo89E-07 o.o 1.15E-06 lol5E-Q6 lo82E-G3 
300000. ;;lo81E-o5 s.tze-os 3o61E-OS t o48E-OS o.o lo73E•05 lo73E-05 2o73E-02 
400000 .. 4ol6E-05 s.!5aE-05 4o16E-05 lo62E-05 o.o 1 .. 8BE-05 1ofi8E-05 2.\ISE-02 
.!!ooooo. 4ol6E-o5 So59E-05 4,16E-05 lo62E-05 OoO 1 .. aee:-os 1.eae-os 2o9BE-02 
600000e 4oi4E-05 '!5o5P:!IE- 05 4 .. 1<1E-Q5 lotilE-05 o.o loBTE-05 l.67E•II5 2o96E-02 
7ooooo. <1.12E-05 5. 54€.-05 4olZE-05 lo61E;•05 o.o lo87!0-0S l.B7E-OS Z.95E-02 
800'000. 4.11 E•05 5, 52E-05 4.11E-05 I o6UE-05 o.o t.B6E-05 1.8'!>E-05 2o94E-02 
900000. 4,09E·05 s.soe:-os 4o09E-05 lo5\IE·05 OoO lo BSE-05 lo85E-05 2,93E-02 

lMOOOO. 'II,OSE-05 So4SE-05 4, OSE-05 lo59E-05 o.o loOSE-05 lo85E-()S 2.92E•02 



APPENDIX F 2. Output (e) 

00 AVERAGE ANNUAL LOCAL DOSE TO INOIVIOUALo NAN2LF FOR JF=l TO 4o NANZL FOR TOTALo IN NILLIMENS,VEAR 

TOTAL FOR ~L NUCLIDES 

zottE.. 1 

TIME 

a
s. 

10 .. 
te. 
20 .. 
2!!1. 
30. 
40o 
so .. 
EiQ .. 

70o 
eo. 
90 .. 

lOG. 
zoo. 
300 .. 
400 .. 
500o 
600 .. 
700. 
eoo .. 
900 .. 

IOOOo 
2000. 
3000. 
4000o 
sooo. 
6D00o 
i'OOOo 
aooo .. 
9000o 

10000 .. 
2oaoo .. 
30QOOo 
40000. 
soooo. 
60000 .. 
70G00o 
aoooo .. 
.. oooo. 

l'OOOOa 
2C0000o 
3 (0000· 
4 coooo .. 
5~0000 .. 
6 00000. 
700000 .. 
0 coooo. 
9 ~OOOOo 

I OOOOOOo 

o.o 
o.o 
o.o 
o.o 
a .. o 
o.o 
o .. o 
4o46£•04 
4o98E•04 
!5..11E·04 
4o96E•04 
4oUE•04 
4o17£•04 
3o67E•04 
3o79E•04 
4oSSE·OS 
So42E•06 
6o91E•D7 
So30E•09 
So'i2E•09 
9oelE-lO 
2o38E•l0 
2o38E-10 
1.:?2£-09 
4 .. 79€-09 
lolOE•OS 
2o03E·06 
3o25£-08 
4. '1&::-00 
6 .. 6te-oe 
a .. 7:;e-oa 
lo!l£•07 
:t .. '!OJ£-07 
0 .. 32E·07 
lo5SE·06 
Zo16E·06 
2· 73£-06 
3o25E•06 
3 .. 72E·06 
4o!3E•D6 
4o48E·06 
lo28E•05 
! ~.31E-05 
1ol3E-OS 
9ol4!::-0fl 
7.16E·06 
5.!14E-Ofl 
4.26£-06 
3o26E-Ofl 
2 .54E-06 

Jf'=2 
GROUND 
SIJRFACE 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o .. o 
3o95E-l3 
7o'iOE-13 
loi9E•12 
l-58£-12 
!.98E·l2 
2o38E-12 
Z.78E-12 
6o67E-12. 
!.ISE·U 
lo74E-U 
2o52E•ll 
3o59E-11 
5o02E-11 
6~87E•!l 

.... 22.£-11 
1 .. 21 E-1 0 
SoSSE•lO 
J o86E-09 
4o!6E-09 
7 .. see-o9 
loZIE-08 
a. 77e-oe 
2..44E-Ofl 
3o22E-OS 
4olOE•08 
lo44E•07 
3o42E-07 
So66e-o? 
7o89E-07 
1 .. 00E•06 
1.19£-06 
t...:lfiE-06 
J. 51 E-06 
1.64E-06 
4 .. 70E·06 
4~eoe-o6 
4o !6E-06 
3o35E-06 
2.62E-06 
2o03E·06 
l,Sf>E-06 
1.21E-06 
9 .. 32E-07 

.JF"'3 
SURFACE 
lilA TEA 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
OoO 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0 •9 
o .. o 
o.o 
o.o 
o.o 
o.o 
o .. o 
o.o 
o .. o 
o.o 
OoO 
o.o 
o .. o 
o.o 
o.o 
o .. o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

JFoo4 
GIUlUiiO 
lilA TEA 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0•0 
o.o 
o.o 
o .. o 
o.o 
o.o 
o .. o 
o.o 
o.o 
DoD 
o.o 
o .. o 
OoO 
o.o 
OoO 
o.o 
o.o 
o.o 
o.o· 
o.o 
o.o 
o.o 
o.o 
OoO 
0•0 
DoD 
.o.o 
OoO 
o.o 
OoO 
o.o 
o.o 
OoO 
o.o 
o.o 
o.o 
o.o 
o.o 
CoO 
o.o 
o.o 
CoO 
o.o 
o.o 

TOTAL 

o.o 
o.o 
o.o 
OoQ 
o. 0 
o.o 
o.o 
4o <i16E-04 
4. 96E•Q4 
So 11E·04 
4o <;e.E-04 
4o62E•04 
e.17E·04 
3o67E-Il4 
3o 79£•04 
4o SSE-OS 
So42E-o6 
6olllE-07 
a .. 3oe-oa 
a. fi7E-09 
lo 03E-09 
3, JOE•IO 
3oS9E-IO 
1 o S?E•OII' 
6o6SE•O'J 
lo2E•08 
2 o79E•08 
4o46E•08 
6~ME-oe 

9o05E-08 
lo19E-07 
Jo52E-07 
5.37E·07 
I Q27E•06 
2ol1E•06 
2o9<!-E-06 
3o 73E•06 
4o<:!4E-06 
s.oae-o6 
So64E-O~ 

6. 12£•06 
10 75£-05 
lo 79E·05 
1. 55E-05 
I o 25E-OS 
9. 78E-06 
7o57E-06 
5 • B2E-06 
•h4 .. E·06 
3 o 47E-06 

TOT BODY 

TINE 

o. 
s., 

10• 
!So 
zo. 
25. 
30· 
40. 
so. 
60· 
70 .. 
eo .. 
90. 

100. 
200· 
300• 
400· 
soo. 
600. 
700· 
aoo. 
';iOO. 

1000. 
2000· 
3000o 
4000• 
5000o 
6000· 
7000o 
aooo. 
9000. 

10ooo. 
20000. 
30000o 
40000· 
soooo. 
60000· 
70000· 
aoooo. 
';10000-

1 00000. 
zooooo. 
300000. 
400000. 
sooooo. 
600000. 
700000. 
800000. 
900000. 

1000000. 

ZONE= 2 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
4o25E-06 
5 .. 1!3!;-06 
6,60E•06 
6o77E•06 
6o5SE-06 
6 .. 07e-oo 
So45E-06 
6o ME-06 
7.43E·07 
ao93E-08 
lolSE·CS 
1 .. 38E-09 
lo49E-10 
10 61£-11 
3o9SE•l2 
3. 981:;:-12 
.Z.o 22E-11 
a .. oae:-11 
lo87E-10 
3o43E•10 
So !!IOE-10 
a .. oae-10 
t.12E:-09 
l.o40E-09 
lo 88E-09 
6.65E-09 
1o58E•08 
.2..62£-08 
3o65E-oa 
4o63E-08 
s.~ne:-oa 
6o30E-08 
6o99E•08 
7o59E•Oa 
2ol8E-07 
2o22E•07 
! .. 92E-07 
t.SSE-07 
1- ZJE-07 
9o 39E-08 
7o22E-08 
s.sse-oa 
4. JOE-011 

.JF=Z 
GROUND 
SIJRFACE 

o.o 
o.o 
o .. o' 
o.o 
o.o 
o.o 
Oo\l 
6o69E•JS 
lo34E•l4 
2.0 lE-14 
2o68E•l4 
.:lo36E-14 
4.03E-14 
4•71E-14 
lol6E•13 
lo9SE•13 
2o94E·IJ 
4o27E•l3 
6oOBE•l3 
o.soE-13 
lo16E-12 
J.,56E•l2 
2.05E•l2 
9o4JE•12 
:JolSE-11 
7o07E•ll 
lo28E-10 
Z•OSE-10 
3oODE•10 
4o14E-10 
So45E•10 
6o9SE•!O 
z..45E-09 
So79E;•09 
g.59E-09 
J.34E-09 
lo69E-Oa 
2o02E-08 
2o3JE-08 
2o56E-Oa 
2o70E-Oa 
7o97E•08 
8 .. 14E-o e 
7o04E-09 
5 .. 67£-08 
4o44E-08 
3o44E-oa 
2o 6SE-(18 
z.. 04E-08 
1. seE- 08 

JF=3 
SURFACE 
VATER 

o.o 
o.o 
o.o 
o.o 
OoO 
Q,Q 

o.o 
lo62e-04 
2.55€-04 
lo03E-04 
3.19E·04 
3o14E•04 
2 .. 94£-04 
2 .. 66E-04 
3.04E·04 
3o76E-05 
4o53E•06 
s.a2E-07 
7.(13E-08 
7o61E·Oi1 
a, 72E-Hl 
z .. a4E-10 
3.,1 .. E-!0 
1oaoe-o11 
6.S4E-Q9 
lo51E•CI8 
2477E-Oa 
4o45E-08 
6oS"E-08 
'>lo07E•Oa 
lo2.0E•07 
lo 55E·D7 
5o4IE-07 
la29E-06 
2.ol4E•OG 
2•98E-Oti 
3o7SE•il6 
4oSOE-06 
5ol4E-06 
So70E-06 
l.!i.19E•06 
1.76E-0:5 
1. 81 E·OS 
lo 57E•O.S 
lo27E·QS 
9.96E•06 
7o ?4E•06 
5o99E-06 
4o6SE-06 
3o62E-06 

JF"'4 
GROU"'O 
WATER 

o.o 
o. 0 
o.o 
o.o 
o. 0 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o .. o 
o.o 
o.o 
o. 0 
o.o 
s.aoE-::H 
~ o04E-20 
lo28E-15 
3o46E-13 
3o62E-l2 
2o39E-ll 
SollE-11 
1-33E-10 
lo07E-ll 
lo34E•l0 
1-34£-10 
1•34E·10 
lo34E-IO 
lo34E-10 
lo34E•IO 
lo 34E•l0 
lo34E-10 
1. 46E-12 
1-45E·l 0 
1o45E-10 
1. 4o(IE-l0 
l.4JE•l0 
lo43E•10 
l• 42E-IO 
l-41E-10 
1.41E-10 

TOTAL 

o .. o 
o. 0 
o. 0 
o.o 
o.o 
DoD 
o.o 
1.66E-04 
2 .. 60E-04-
3o!OE-04 
3oZ6E-04 
3o20E-04 
3o00E-D4 
2o7lE·04 
J.lOE-04 
3o8JE-05 
4.o62E-06 
s. 94.£-07 
7o17E-08 
7o76E-09 
a .. ;JOE•IO 
2oa9E-l0 
J.ZSE-10 
lo83E-D9 
6o65E-09 
t. SJE-08 
2o82E•Oa 
4.,52E-06 
6 .. 6SE·Oa 
9.22E·08 
lo23E•07 
1.57£-07 
s.soe:-o7 
! .. 31E-06 
2ol8E-06 
3 • 0.3E -<:16 
3o84E-06 
4o58E-06 
S.Z.JE-06 
s .. aoE-!16 
6o29E-06 
lo 79E-OS 
1 .. 84E-OS 
lo6CIE-DS 
lo29E-05 
lo OlE-OS 
7oa7E-06 
6.08E·06 
4. 72E-06 
3.68E•06 



APPENDIX F 2. output (f) 

AVc~AGE AN~~~L LOCAL DOSE T~ INDlVIDUA~o ~AN!Lo IN ZONE 1• IN ~ILLIREMS/YEAR 

K NUCL.IOE 

I 0 00. YEARS• 

TOT tloOV G I ~hAC T GONAL>S Ll VER 

6.~6E•I2 lo2TE-13 6o36E-12 0.0 
3.7<}f"•ll 7.\lZC:•IZ 5o.21E•11 lo4JE•)1 

LUI'iGS 

3 .47E-II 
2o47E•ll 

14ARI<DW 

9o54L-II 
u.:>OE-11 

9.S4E-ll 
So76E-t I 

T HYROl 0 

I) .o 
I oO<lC-1 0 

lo57E•IO lo5JE-l0 lo06E•lO 

J PB-:>10 3o!SE•IO 3·41~-11 3o02E-10 ZolSE-09 4.~bf-06 2o2bC-OR 2o26E-Oa 7o01E-Il 

SU3 TOTAL JoiSE•IC 3o41L•ll Jo02E•l0 2o15E-09 4oJ6E•08 2o26E-03 2o26E•06 7oOIE-Il 

TOTAl. 

~TIME SINCE START OF REPOSITORY OPE~ATIONS. 

AVERAG~ AN~UAL NONSPECIFIC DOSE TO POPULATION. MAN\No I~ MANRE~S/YEAR 

IOOOo YE ... RS.III 

~-------------------------------------------------------~-------------------------------------
I( NUCLIDE TOT 60DY Gl TRACT GONADS LIVER LUNGS OONE THYROID 

-------------------------------------------------------------------------------------------~-SR-~0 5o74E-11 l.oSC-1\ 5•74t-11 DoD o.o 2o87E-09 2.07£-09 DoD 
2 1-12<;1 loJ<>f-10 J.BJE-10 t.J6E-10 S.J1E-Il OoO 6.17£.-ll 6.17£-11 <l.76E-OB 

----------------------------------------------------------------------------------------------SuB TOTAL !.~4E-10 2.00~-!0 \o~4E-JO SoJIE-11 OoO 2.9Jr-09 Z.?JE-09 ~.76E-06 

-----------------------------~----------------------------------------------------------------3 P!l-21 0 e,.~8E-D'l lol?.lf-1 0 b o4!:!E-09 S o98C-OB 0.0 6.JbE-07 b..36E•07 D .o 
--------------------------------------------------------------~-------------------------------

su~ TOTA~ bo4BE-~9 1.~J~-10 6.40E-09 5.90[.-08 O.P o • .le,t-07 6o36E-07 OoO 

------;;;~~----::~;~;;·-~:;~~=~~--~:~;;:~~--;:;;~=~~--~:~-------;,:;~~~;--~:;;;:~;-~:;~~=~-
-------------------------------------------------------------------------------------~--------

.IIITIMt SIN~E STAnT OF R~PJS!TORY OP[HAlluNSo 



APPENDIX G 

PROGRAMMER'S NOTES 

Variables 

The variables used and their definitions are presented in the list 

of nomenclature in the front pages of this volume. 

"Index" File Structure 

"Index" is an nnformatted temporary file allocated to logical unit !. 

Index holds a maximum of 260 records, each 400 bytes in length. Index 

is calculated for each nuclide and zone. 

Subprogram Usage 

SUBROUTINE FAULT - determines release probability transfer coefficient. 
Also, by use of time dependent component factors, 
the subroutine can modify the nuclide inventory 
at risk. 

FUNCTION RLEACH - calculates amount of nuclide leached into the 
ground water preliminary environmental input 
receptor. The function is called by SUBROUTINE 
FAULT when a leach incident is involved. 

SUBROUTINE TRINP - determines transport-to-environment transfer coeffi
cient, accounting for decay and other processes 
such as delay in ground water transport. 

FUNCTION CRATIO - determines concentration ratio in ground water at 
discharge paint compared to release point. This 
ground water transport function is called by SUB
ROUTINE TRINP. 

SUBROUTINE TRMAN - determines environment-ta-man transfer coefficient 
for dose to man via all pathways from environ
mental concentrations. 

Dimensioning 

Some exchanges of dimensioning can be used for special cases with

out increasing storage requirements. For example, 9 Release Model 

events, each with 9 component factors represent 81 storage combinations 
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(= 9 x 9) . If release is described by an involved function represent

ing dynamic repository simulation, AMRAW can be dimensioned by other 

combinations such as one release event with up to 81 component factors 

if needed. The number of geographic zones, presently dimensioned at 8 

is limited to 9 because of programming for the variable ''NPRINT" which 

controls output options. 

Multiple Cases 

AMRAW-A has provisions for running more than one case, per submis

sion. This can be: 1) more than one set of conditions for a waste 

management phase such as terminal storage, or 2) more than one phase, 

such as repository operations and terminal storage. A full set of 

input data is read in for each case. 

Modification for Running on CDC System 

AMRAW ,. written in FORTRAN IV, was developed with implementation 

on an IBM 360 system. Some changes are necessary for operation on a 

CDC system. The following programming features in AMRAW-A, used success-

fully on the IBM system, produce problems on a CDC 6400: 

1. Three quadruply dimensioned arrays are used: DOSFAC, MAN2LF, 

and VOLINT. ANSI Fortran permits up to 3 subscripts. 

2. DO loop control indices are passed through common, e.g., IZ in 

/BTRINP/, JF and IH in /BTRMAN/, etc. 

3. "Computed GOTO" drops to the next statement when out of range 

in FORTRAN G on the IBM, but causes a fatal error on the CDC. 

4. Integers are declared as INTEGERS*2 and INTEGER*4 variables, not 

necessary on the CDC. The use of INTEGER*4 in AMRAW is for 

storing B characters per variable; the CDC will store 10 charac

ters when declared as INTEGER. 

5. "Direct access" read and write, used in AMRAW do not exist 

directly on the CDC. 

EPA personnel at the Las Vegas, Neveda facility identified the above 

problems, incorporated changes to respond to the problems, and have run 

the modified version on a CDC 6400 computer. The changes, listed in 
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correspondence with the problems, are as follows: 

1. Change the 3 quadruply dimensioned arrays into triply dimensioned 

arrays through the addition of new variables. 

2. Change the way the control indices are passed through common. 

3. Introduce an extra IF test before the computed GOTO to achieve 

the same effect as in FORTRAN G. 

4. Change INTERGER*2 and INTEGER*4 to INTEGER. 

5. Replace the IBM direct access file writes and reads by calls to 

subroutines which manage ACTUAL KEY files. 

Also, to reduce the large memory requirements, put the arrays result

ing from MAN2LF into blank common. The way blank common is allocated on 

the available CDC 6400 system allows the LOADER to use the region which 

will become blank common during the loading process. 
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APPENDIX H 

AMRAW-A LISTING 

1 . Main Program 

MAIN 

2. Sub-programs 

FAULT - Release Model 

RLEACH - Leach rate calculations 

TRINP - Transport-to-Environment part of Environmental Model 

CRATIO - Ground water transport calculations 

TRMAN - Environment-ta-Man part of Environmental Model 

Discussion of changes needed for running on a CDC 6400 computer 

instead of IBM is presented in Appendix G (Programmer's Notes). 
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APPENDIX H Main Program 

'~8~TRAN 1 V G LEVEL 21 MAIN DATE "' 78096 22/35/04 

0001 
0002. 

0003 
,0004 
00015 
0006 
0007 
0008 
0009 
001 0 
0011 
0012 
0013 
0014 
001!5 
0016 
0017 
0018 

0019 
0020 
002.1 
0022 
0023 
0024 
0025 

0026 
002.1' 
0028 
0029 
0030 
00:31 
0032 
0033 

00:34 
003!5 
0036 
0037 

0038 
0039 

C AMR All!: ASS. ES SMENT ME THOO f" OR RA 0 I OAC T IV E ~AS TE • 
C A CODE DEVELOPED BY UNIVERSITY OF NE~ MEXICO UNDER EPA CONTRACT S68-0l-3256 
C THIS LISTING IS AMRA~-Ao CALCULATION THROUGH DOSE RATE. 
C PRINCIPLE INVESTIGATOR: SoE4LOGANo OECEM8ERol977. 

IMPLICIT tNTEGER$2 CI-N) 
DOUBLE PRECISION NUCNAM(2!5) 0 0RGNAN(BloT1TLE(10o3)o 

$HEAD(4o61oHEA0114loAIZ 
REAL AA1(4,9J~A0~1(4,4oB)oADJ2C4o4o8)oBIOFAC(25o4o6)oCPC4o9o4) 
REAL OCloPXSPN{4o8JoORCoOOSFAC(25o4o2oBJoEDC(25o4o8) 
REAL MAN2LF(50.6o8o4}oMAN2L(50o8oSloHAN2NF(50o8o4JoMAN2Nt50o8) 
REAL ELEM(l5)oMANlL(50o81oMANIN(5Qo8loPROBS(4o9o4)oR1J(4o50) 
REAL R214o50~8},R2TOT(4o50o8loREMOV(4o8)oRKOl2.5) 
REAL SPACT~TI~(50loTP(4o9o4}oVOLlNT(4o2o6o8loXoXX(l5} 
REAL ZONAL0(4oBloRELOUT19loXLI6)oYWI8)oYY(8) 
REAL Z0NDEPI8loGNDEPt50o8loAREA~(81 
1NTEGER~2 IFLAGI4o9o4lo1FLAGEC4o2o6l 
INTEGER~2 ~J(4o9loN~t4)oN~~(4o9loNSPI6lolZONEI10l 

INTEGER$4 NPR1NToCHECK(19loJN(9loVAR(5JolNoiPolE 
DATA VARI' 0 (FlO' o • .,o ol' o 0 5 o1P• 0 t 9El', 1 2e2) 'I' 
DATA HEAOl/ 0 NONE•o• ~F= 2'•' ~F= 3°o 0 JF: 2&:3'1' 
0 AT A A 1 Zl' 0 I Z= 0 1' 

DATA JNI' 1 1E 1° o 1 2El• o 0 3E1° o 1 4E1 ° o 0 5El 0 o 0 6El 0 , •7E1° o • BEl' o 0 9El 0 / 

DATA HEAD/• I, 0 DATA • o'lNPUT 1 , • •, 

2° REL'o'EASE TO "•'ENVIRONM•o•ENT '• 
:3° LOCA'•'L DOSE T 0 o•O INOIVI'o'DUAL •o 
4° NONSPEC'o"IFlC OOS•o•E TO POP'o'ULATlON 'o 
5' TOTAuo'L DOSE ao,oy RECEPT"o'ORS '• 
6 ° DO' o 'SE SUMMA' , 0 RY TABLE 0 • 0 5 'I' 

COMMONI'BFAULTI' PA08BoAA1oTPoCPo!f"LAG 
COMMONI'BLEACHI' 0Cl(25JoORC(25JoXl2So501oFSoVSoSPACT(25)oCINV 

·coMMONI'FDLEAI' CFAioXRoOELTlMoll 
CCMMON/BTRINPI' Y2oY3oiZ~IFOlVW 
COMMONI'CTRINP/ CRMINoDFMIN 
CONMON/BTRMANI' BIOFACoVOLINToDOSFACoNSPoiFLAGEo~FoiHoDELTE 

COMMONI'8CRATOI' RKOoCONCltTIMEoV~oPOREoALoAToHToBULKDoYWoiTRoMT, 
llTEoKoGNDOISoYY 

CONMONI'FCRATOI'DEL TL 
DEFINE FILE ll260o400oUolNOEXJ 
IN=S 
1E=6 
Jps4 
REAOtlNoBOI)NCASE 
00 9999 KASE=loNCASE 
~RITE(lPoB02JKASE 

C0$$$$0$$$$$$$.$$$00*0$$$00$00000$$$ READ IN DATA AND INITIALIZE CASE $$ 
C$0$$0$$$0$~$$$4$$$$0$$$ THE TIT~E MUST HAVE THREE LINES $$$$0$0$$$00000 

READtiNo803)TITLE 
JF(lPoNEoiE)WRlTECIEo836)TlTLEoNCASEo(HEAO(Iol)ol=t.4J 
REAO(INo801JNOoNKoMToJWoiTRS,ITREoNZoNlHToNPRINTolFOIVW 
JF{lWoE043gANDolTREoGEoMT)GO TO 9995 

C$$$$$$$$$$$$$$$0$$$$$$$ SET ORGAN~ ZONE, ANP NPRlNT VALUES $$$0$$$$$$ 
lORGSElABS{MOOtNPRlNTolO)) 
IORGEalORGS-1 
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APPENDIX H Main Program continued 

FORTRAN 1~ G ~EVEL 21 MAIN DATE ,. 76096 22/35/04 

0040 
0041 
0042 
004.3 
0044 
0045 
0046 
0047 
0048 
0049 
0050 

0051 
0052 
J05.3 
0054 
00153 
0056 
0057 
00!56 
00~9 
ooeo 
0061 
0062 
006:3 
0064 
0065 
0066 

0067 
0068 
0069 
0070 
0071 
0072 
007.3 
0074 
0075 
0076 
0077 
0078 
0079 
0080 
0061 
0062 
0063 
0064 
ooes 
0066 
0087 
0086 
0069 
0090 

IFtiDRGS.EQ.OitDRGE•NlHT 
IFilORGSoEO~OIIDRGS~l 
JFilORGSoGT.NIHT)GO TO 9997 
NPRINT=NPRINT/10 
JSTART=lABSIMOD!NPRlNTnlOII 
lSTOP=lSTART-1 
JF(ISTART.EOoOllSTDP=MZ 
IF(lSTARToEOoO)ISTART=l 
JFtlSTART.GToMZIGO TO 9996 
HPRl NT,.,NPR I NT /10 
IFI~ASEoGT.1JGO TO 5 

ceo00$$$$$$*4$$$$$$$$$$$ READ IN CUTOFF VALUES $$$$.$$$$$0$0$$$$$$$$$$ 

READIINo606JR1JMINoA2MlNo~Z.MINoRKOMAXoCR~lNoOFMIN 
READ(IN&606)ITI~E(I)ol•l•MT) 
REAO(INoSOTJ(E~EM(!Ol~IOmloNDl 

REAOilNo8061TFUEL 
REAOIINoS06~lXXliDlolO•SoNO) 
00 20 K:JoNK 
REAO(lNo80ajNUCNAMIK~o(X(Ko1TlolT~lo7J 
IF(MT.GE~6JREA0(1No809)1X(KollloiT•6oMTJ 

20 CONTINUE 
REAO(lNo6~5oERR=9996•ENOm9998JCHECK.lCHCK 
lFClCHCKoNEol)GO TO 9998 
•RITEIIEo8481CHECKolCHCK 
REA0(1N•806JlSPACT(KloK=loNKJ 
R£AD(lNo606JIOC11KioK=loNK) 
REAOIINo606J(ORC(KloK=loNKI 
REAO(INo806)(((A0Jl(JFoJFA.JZJoAOJ2(JFoJFAolZioJFA=1o~)oJF=l•~), 

>IIIZ=lo!IIZJ 
READ(lN 0 806J((OlSPN(JFo!ZiolZ=l•MZloJF•lo4J 
REAO(JNo8061[1ZONALO(JFolZ)oJZsJoMZ)oJF=lo4l 
READ(lNo806J(ZONOEPIIZI.IZ=IoNZJ 
REA0(1No806liAREA~(IZ)olZ2loMZJ 
READ(lNo806)(RKO(K}o~=loNK) 

REAO(lNo6~SoERR=9998oEN0=9998JCkECK•ICHCK 
lF(lCHCK.NE.21GO TO 9998 
WRlTE(lEoB48)CHECKolCHCK 
REAO(JNoBOlJ(NSPIJF).JF=1o4) 
00 30 lZ"'loMZ 
00 30 JF=1•4 
NSzNSPIJFI 

.30 REAOllNo606lliVOLlNT(JFo~OOEoioiZloi=leNSloMDDE=1o2J 
00 40 K=loNK 
DO 40 NS=l o 6 

40 BlOFAClkoloNSJ=lo 
DO 60 l(.,l,NK 
00 50 .JFS2 0 4 
NSENSP(JFJ 

50 REAOI1NoB06)(6!0FACIKoJFoJJol:JoNS) 
REAO(lNoB45oERR=9998oEND-9998JCHEC~,ICHCK 

1FtiCHCK.NE~3)GO TO 999B 
~RITE(IEo846.CHECKoJCHCK 

REAO(lNo603J(ORGNAMII}ol=1oNIHTI 



APPENDIX H Hain Program continued 

¥0RTRAN tV G LEVEL 21 MAIN DATE • 78096 22/35/04 

0091 

0092 
0093 
0094 
Cl095 

0096 
0097 
0098 
0099 
0100 
0101 
0102 
olo3 
0104 
OlOS 
0106 
0107 
OlOS 
0109 
0110 

0111 

0112 
0113 
0114 
0115 
0116 
0117 
oue 

0119 
ouo 
0121 

0122 
01.23 
ot24 
0125 
0126 
0127 
0128 
01.29 
0130 
0131 
0132 
0133 
01.34 

READIINoS06)((((00SFAC(KoJ¥oNODeolH)oJH•loNIHTioNOOE=1~2JoJF=lo4)o 
>~<K=loNKJ 

5 CONTINUE 
REA0(1NoS45oERR=9998oEN~9996)CHECKo1CHCK 

lFI!CHCK.NE~4JGO TO 9998 
~RlTEIIEo8481CHECKoiCHCK 

C****""**lll$$11!1$$$ JJI JF o J) SPeCIFIES A PARTICULAR RELEASE EVENT CUT SET., 11110 
C$ .... 1!1:$$$$$$$$$$$$$$11!1$ NJIJFl :~OF RE~EASE CUTSETS ASSOCIATED WITH JF., ~· 
C$$$$$$$11!1$ NJJIJFol) =~OF PROBA8IL1TIES ASSOCIATED ~!TH EACH CUTSET.,$$ 

1000 lSECT:t 
WRITEC1Po836)TITLEoiSECT~(HEADCiolSECTJol=lo4J 
\!!RITE( IPoSO!!H 
DO 1030 JF"'lt4 
REAO(INoS011NJ(JF) 
NJF=NJ( JFJ 
IFCNJFoEOoO)GO TO 1030 
DO 10.20 t=l•NJF 
REAO(lNo80l)JJ(JFol)oNJJ(JFolJ 
Jo:JJ(JFol) 
NJJ.J,..NJJfJFoll 
READC1No806)AA1(JFoJ} 
DO 1020 K=loNJJJ 
READ(INo810)PROBBIJFoJoKloiFLAGCJFo.JoKJoTPtJFo.JoK}oCP(JFoJoKJ 
lF(KoEOo1JWRITE(lPo81liJFoNJFoJoNJJ.JoAA11JFoJ)oPRUBB(JFtJol)o 

OIFLAG(JFoJolloTP(JFo.JolloCP(JFoJoll 
lF(K.GTal)WRITEtiPoe12JPR088CJFo.JoKlolFLAGCJFoJoK)tTP(JFoJoK) 0 

*CPI.JFo.JoK} 
1020 CONTINUE 
1030 CONTINUE 

IF(KASE,GTol)GO TO 6 
00 1060 JF=lo4 
.J=NSP(JFJ 

~060 REAO(INo80l)((IFLAGE(JFoMOOEo1Jol=1oJ)o~OOE=lo2) 

REAO(INo8061VXoPOREoALoAToHTo8ULKDoFSoVSo(XLII)ol~t.MZ)o 

l(Y~{l)oJ=loKZ)o(YY(I)ol=lo~Zlo 

2CINVoCFAl 
REAOC1No845oERR=9998oENQ39998JCHECKolCHCK 
IF(ICHCKaNEo5) GO TO 9996 
WRITE(IEt848JCHECKolCHCK 

C*$$$$$·~ READ EOC FLAG t~OEFAULTo2=JF REAOo3=JF REAOo4mREAO JF=2£3 eo•• 
READ (I No SO I J I SECT 
I= I SECT 
00 1130 K=ltNK 
00 1130 IZ=t.H.Z 
EOC(Ko1olZ)z50oO 
EDC(Ko4oJZ)"'D•D 
GO T0(1110el120o1110ol1301ol 

1110 EDCIKo2olZl=2·30$10o0~${-5J 
GO TO(l120oll30•1l30ol130J~I 

1120 EOC(Ko3.I2J•2.30111110e0$$(-5) 
1130 CONTINUE 

GO T0(1210o1160o1160ol140iol 
1140 00 1150 1•2•3 
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APPENDIX H }~in Program continued 

FORTRAN IV G LEVEL 21 ItA IN DATE -.. 78096 22/35 ... 04 

0135 
013E 
0137 
0138 
0!39 
0140 

01U 
0142 

0143 

0144 
0145 
0146 
0147 
Cl48 
014'51 

0150 
0151 
0152 
015:::1 
0154 
0155 
0156 
0157 
01!58 
0159 
ou;o 
0161 
0162 
0163 
0164 
0165 
0166 
0167 
0168 
0169 
0170 
0171 
0172 
0173 
'1174 
0175 
0176 
0177 
0178 
0179 
0180 
0181 
0182 

1150 READI1Noi106} ( IEDCIKolo tz• olZ"'1 ~ Ml.} oK=lo NK l 
GO TO 1210 

1160 REAOIINo806)((EOC(KoloiZ)oiZ=loMZloK~1oNK) 
1210 READI!N&8459ERR~9998oEN0=9998lCHECK•lCHCK 

IF(iCHCKGNE•6) GO TO 9996 
~RITEIIEo848)CHECKoiCHCK 

C*$0$0$$$$$$~$$0$$$$$0$~$0 READ SECTION.6 INPUT TO STNT 1310 $$$0$$0$$ 
C$$$$$$¢$$$$$$$$$.$$$$$0$$$$$$$$$$$$$$$ IZONM : 0 Of TABLES WANTED 0$ 

REAOIJNo801llZONM 
IF(IZQNM.EOoOlGO TO 1310 

C$$$$$$$ !ZONE= ZONES TO DOo IZONE = 10 MEANS NONSPECIFIC$$$$$$$ 
REAO(lN~801)(1ZONEilloJalolZON~l 

CO$$ ITSU"Y=INITIAL TIME, ITSUMJ#TlME CHANGEo KSUBsK FOR SUBTOTAL 00 
REAO(lN•801liTSUMYolTSUMJoKSUe 

1310 LPRINT=NK/10+1 
IF(NKoEGeNK/!OOIOlLPRINT=LPRINT-1 

6 CDNTIHUE 
lf{NPRJNToEO.O~OR.NPRINToEOoSlGO TO 1500 
GO TD 2.000 

C0$$000$$$$0$$0$$0$0$$00$$$$$$$$$000$$$$$$ OUTPUT SELECTED INPUT DATA ~$ 

1500 WRITE{IPt813lTFUEL 
~RITE(lPo8l4l(ELE~(lDl•XXIIDlol0=1oND) 

/1111=! 
1410=10 
tijRlTEUPo815J 
DO 1550 I=loLPRINT 
tFCM!OoGT.NKJMIO=NK 
~RITE(IPo816J(NUCNAM(K)oK=MloM10) 

DO 1540 IT=IoMT 
1540 WRITE(IPo817JTIMEIITJoiXIKoiTloK~Ml.MlOJ 

WRITECIPo818)1SPACTCKltKaM1oM10l 
MI,.M10+1 
M10.01410+10 

1650 CONTINUE 
liiRITECIPo819J 
DO 1580 K=loNK 

1580 \ljRJTE(1PoB20!NUCNAM(KioDC!tK)oDRC(KJoRKOIK) 
WRtTEIJPo859J vx.POREo8ULKOoALoAToHTolA1Zoloi=1•NZl 
WRJTE(lP•S70) tXLtiJ.tzloNZJ 
·~RITE(1Po87ll (Y~ti)oJ=IoMZ) 

WRlTEtiPo8T2) (YY(l~oi•lo~ZJ 
WRITE(1Pt673) FSoVSoClNVoCFAl 
WRlTE(IPo821JHEAD1(1SECTJ 
DO 1620 IZ•loMZo2 
IZP!•lZ+I 
IF (lZoEOo5lWRlTE(lPo844) 
WRITEt1Po822JlZo!ZPl 
DO 1620 K=loNK 

1620 WRlTE(IPo823JNUCNAN(KJo(IEOClKoJFo1JoJFmlo4lol3lZolZP1J 
I!IAITE( I Po 82:4) 
00 1660 IZ•l•MZo2 
lZPl,.IZ+l 

1660 WRJTEtiPo82211Zo!ZPio((0ISPNlJFo1l•Jfmlo4Jol~lZolZP1) 
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APPENDIX H Main Program.continued 

FORTRAN lV G LEVEL 21 14A lN DATE "' 78096 22/3!5/04 

0183 
018~ 

OU15 
0181!: 
()187 

0188 
0189 
0190 
0191 
Olf~2 

0193 
0194 
OH15 
0196 
0197 
0198 
0199 
0200 
0201 
0202 
0203 
0204 
0205 
0206 
0207 
0208 
0209 
0210 
0211 
0212 
0213 
0214 
0215 
0216 
02:17 

0218 
0219 
0220 

0221 
0222 
0223 
0224 
0226 
022E 
0227 
0228 
0229 
0230 
023! 
0232 

I!IR1TEC1Po849l 
DO 1700 rz~t.NZo2-
IZP!=IZ·H 

1700 ~RITEIIPo822JIZolZPioCCZONALO(JFolloJF•1o4Jol~lZoiZP1J 
~RITE(lP~650) 1AlZolol2loNZJ 
~RlTE(lP~880) (ZONDEPIJJol=loMZ) 
~RlT~(lPo8SlJ CA!ZololmloMZ! 
WRJTECIPo880) ~AREA~(!Jol~loMZJ 
trRlTE(!Po825J 
DO 1740 IZ=loMZ 
\!IRHE ( lPo826 J J Z 
DO 1740 .JF•lo4 
tii:UTE( lf"o827JJFo CAOJIC JFo JFAo I Z J oADJ2(JFo JF•hlZJ oJFA=lo4J 

1 ?4 0 CONTINUE 
I!IRITEIIP,.821!1J 
DO 1780 Il=l.~Z 
1F((!Z/5J~S.E041ZlWRJTEt1Po844) 

IIIRI TE C! Po829 lIZ 
DO 1780 .JF=lo4 
NS:ztNSPIJF) 
00 1780 ~ODE=l~2 

!780 ~RITEI1Po830)JFoMOOEoNSotV~!NTCJF•MODEololZJolR1•NS) 
I:IRITEI!Po831J 
DO 18-JO KzloNK 
WRlTE(lPo832JNUCNAN(KJ 
DO 1820 .JF=lo4 
NS .. NSP(.JF) 

1820 I:IRJTEIIPo843JJFoNSoCBIOFACCKoJFollol=loNSJ 
IFI(K/9)~9oEOoK)~RITE(JPo844) 

1830 CONTINUE 
!IIRlTE (I Po 833! 
DO 1870 lH=lORGSoiORGE 
!IIRITEIIP•834JORGNAM(IH) 
00 1860 K=loNK 

1860 I!IR!TEC1Po8351NUCNAM(KJoCCOOSFAC(KoJFoMODEolHJoMODE=lo2Jo 
1JF=1o4J 
1F([JH/2)$2•EQoiHJ~R!TEt1Po844» 

U70 CCNTINUE 
IFCNPRINT.EO.Q)GO TO 99~9 

C~$e0$$3$$0~·$~$$$$$$0000TO STNT 2999 CONSIDER EACH BRANCH SEPARATELY $$ 

2000 ISECT=2 
WRITEIIPo836)TITLEoJSECTofHEAD(IoiSECTJo1=1o4J 
lF(I~oEQe3JOTl~E=TlMECITRE+lJ-TIME(lTAEJ 

00 2020 !T=loMT 
DO 2020 lH=loNJHT 
MAN2NCIToiH):Oo0 
00 2020 .JF"'Io4 
~AN2MF(IToiHo~F)mOQO 

00 2020 IZ=!STARToJSTOP 
~AN2LFIITulHoiZo~Fl=OeO 

2020 NAN2L[ITo!HuiZ,=OoO 
GNDDIS"'loO 

C$$$$0$ 0¢t:GI$$:11$$$et f!Ul•I!IT Q SHIT 2999 CONS IDEA EAC li RA 0 I 0 NUCL I DE $._>l<C $ ~e , 
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APPENDIX H Main Program continued 

FORTRAN IV G LEVEL 21 MAIN DATE a 76096 22.135/04-

0233 
0234 
023!5 
0236 
0237 
0236 
0239 
0240 
02~1 

0242 
0243 
0211-4 
0245 

0246 
0247 
0246 
0249 
0250 
0251 
0252 
0253 
0254 
0255 
0256 
0257 
02!56 
02!59 

0260 
0261 
0262 
0263 
0264 
026!5 
0266 
0267 
0266 
0269 

0270 
0271 
0272 
0273 
0274 
0275 

0276 
0277 
0271!1 

00 2999 K=loNK 
IF(lWeEOe3JDFAC=Clo0-(~1KslTRE•ll/XIK•lTREJJ)/DTIME 

CTRl=O .. 
LINEP.:.4 
DO 2050 tT=l,MT 
DO 2040 lH=loNIHT 

2040 MANlNCITolH)~o~o 
00 2050 JF=lo4 
Rl.JIJFolT)=Oo 
DO 2050 tz:tSTART~ISTOP 
R21 JF •l T •l Z )::::0., 
R2TOTIJFolT~lZI=O• 

2050 GNDEPI!TolZl~OoO 
C$$$*0$$$~$~*$ TO STMT 2500 CALCULATE ENVIRONMENTAL CONCENTRATIONS $$ 

C$$$OeOO$$$ CALCULATE RELEASE OUR!NG EACH T!NE INTERVAL $~$$$$$0*$$~$0$$ 
C$$$$~*¢$~$$$~ TO PRELIMINARY ENVlRON~ENT INPUT RECEPTORS TO STMT 2140 $$ 

lF(NPRINTaEOo5l~RlTEIIPs847)NUCNAN(K)eK 

DO 2500 ITR=ITRSoiTRE 
DELTL=TJMEIITRJ-TIMEIITR-1) 
:KR=:KIK• lTRl 
ZAVG=li:KR~X(KoiTR-1))$5PACT(K))/ZoO 
OD 2120 1=lo9 

2120 RELOUTill=OoO 
00 2160 .JF=lo-' 
NJf=NJC JFI 
lf(N.JF.EQ~O)GO TO 2160 
00 2140 l=loNJF 
./'".JJ(JFolJ 
NJJ.I=N.JJtJFoll 
lF(CTRloGEolaiGO TO 2140 

C~0$$$$$$$$$$$0$$$$$~ OETER~INE RE~EASE FAULT PROB AND TRANSFER COEFF ** 
CALL FAULT(TINEoPROBoAloJFo.JoN.JJJolTRoKoCONCl) 
PRBDEL=PROBODELTL 
JFfPRBOELoGTo!oO) PABOEL~J.O 
RELztPRBDEL$ Al 
REL=ABSIREL) 
CTAI=CTRl+REL 
!FIRELaGTolo}REL=l• 
RELOUT(Il=REL 
RJ.JCJFoiTRI=RlJ(JFoiTRJ+ZAVG$REL 

2140 CONTINUE 
C0$$$$$$$$$$$$$$0$$ TO STMT 2160 OUTPUT RELEASE FRACTIONS BY CUTSET $$$ 

VARt4J=JN(NJF) 
LlNEP= L INEP+l 
JFILJNEPoGTobOoANOoNPAINToEOo51~RlTE(lP9652) 

IF(LINEPoGTo60lLINEP:J 
IF(NPAINToEQo5)~RITECiP~VAR}Tl"EIITR}o.JFoiRELOUT(I)ot=ltNJF) 

2160 CONTINUE 
C0$$0$0TO STMT 2499 FOLLO~ EACH RELEASE lNCRE~ENT THROUGH ENVIRONNENT $$ 

C0$0$$$$$$0$0~$$000$00$0$000$$$$$QO DURING SUBSEQUENT TIME INTERVALS ~· 
DO 2499 1TE3 lTRoMT 
OELT2=TIMEliTE-1)-TIME{lTRJ 
OELT3=Tl~ECITEJ-Tl~E(ITR} 
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APPENDIX H Main Program continued 

FORTRAN IV G ~EVEL 21 ~A IN DATE "" 78096 221'35/04. 

0279 
0280 
0261 

0262 
0283 
0264 
02815 

02805 
0287 
0288 
0289 
0290 
0291 
0292 

0293 
0294 
029!5 
029E 
0297 
0298 
0299 
0.300 
0.301 
0.302 
0303 
0304 
0.30'5 
0.306 
0307 
0308 
0.30'9 
o:n o 
0311 

0312 
031.3 
0314 
0.315 
0316 
0317 
0318 
0319 
0320 
0321 

0.322 
0323 
0324 
03215 

DO 2210 IZ~!START~lSTOP 
00 2210 .JFclo4 

2210 REMOV(JFoiZI=O• 
C$0$$$$$$$$ TO STMT 2220 DETERMINE TRANSFER COEFF TO ENVIRONMENT INPUT $$ 

XEioll::X(KtlTE-1) 
XE=X(K~lTE) 

00 2390 IZ=ISTART~JSTOP 
DO 228D JFaJ. o4 

C$$$$$0$0$$0$$$$$$$$$$$0$~$$ SET TEMPORARY VALUES FOR DELT4 ANO XEM2. •*· 
oaT4"'0• 
XE142=XEM! 
TRL,.EOC(Ko.JFoiZ) 
JF(.JF.E0.4.0R•ITE.EQ.JTRIGO TO 2220 
XEN2=XIK~ITE-2) 

OELT4•lTINEllTEl-TIMEClTE-2J)I'2. 
2220 CALL TRlNP(OELT2.DELT3oDELT4oXRoXEoXENloXEM2oTRLoDECF~CtA2t 

$X~«IZ)oX(K~JTREl~OFACo 

$I TE, !TRE oiW o JF oRKOoRKO JIIA)( o k) 

IFtRl.J{JFo!TAJoLE.RIJNINJ~l.J,.JFolTRJ=OoO 

IFtA2oLEoA2MIN)A2=0•0 
!F(JFoEOo4lGO TO 2260 
lFtlTEoNEoiTRJGO TO 2270 
GO TO {2230o2240o22SOloJF 

2230 R2(JFolTEolZl=R1JtJFolTRJeA20ZONALO«JFoiZJ 
OEP=RIJ{JFoiTRl0A2$ZONDEPIIZ) 
AREAG=DlSPNt2olZJ 
OEPGND=OEP$AREAG 
DEPWTR=OEP$AREAWtlZ) 
GO TO 2280 

2240 R2(JFoiTEoiZ)zRtJ(.JF9lTRJ$A2$ZONALO(JFoiZJ+QEPGNO 
GO TO 2280 

2250 R2l.JFolTEoiZJ=R1JIJFolTR)OA20ZONALOIJFolZI+DEPWTR 
GO TO 2280 

2260 R21.JFoJTEolZ)zR1.JC.JFoiTR)OA20ZONALO{JFoiZJ 
GO TO 2280 

2270 R21JFoiTEoiZJ=R2(JFoiTE-loiZJ$A2 
2280 lF(R2lJF.lTEolZloLEoR2NlNJRZ(JFoiTEoiZJ~OoO 

COO$$ TO STNT 2499 ADJUST ENVIRON RECEPTOAi TRANSFER FROM OTHER RECEPTORS •• 
00 2330 JF=lo4 
DO 2:330 JFA=lo4 
IF{.JFA.EOoJFoORoAO.Jl(JFoJFAelZl•EQoOo)GO TO 2330 
DELTE•TINE(!TEJ-T!NECITE-JJ 
AMDzADJ2CJFoJFAoJZJ$0o5$0ELTE 
IFCAMOoGT.lSoJGO TO 2300 
AD.J=AOJ1CJFo.JFAoiZI$(Je-E)(P(-AMO}J 
GO TO 2310 

2300 AOJ•AD.Jl(JFoJFAolZJ 
lF(JF.NEel!GO TO 2310 

COOO*OOO ~OLLOWING STATEMENT IS INTEGRATED CONCENTRATION FOR RESUSPENStON $$ 

AOJR2:AOJOA2fJFAolTEolZJ$IDELTEI'DISPN(.JFAoiZIJ 
GO TO 2320 

2310 AOJR2=AD.J*R2(JFAoiTEolZl 
2320 R2lJFo!TEo!ZJ=R2CJFoiTEoiZJ~AOJR2 
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APPENDIX H Main Program continued 

FORTRAN JV G LEVEL 21 MAiN DATE ,. 78096 22/35/04 

0326 
0327 
0328 
032 o; 
0.3:30 
03:31 
0332 
0333 
0334 
033!5 
0336 
0337 
0:3:0.13 
0339 
03~0 

0341 
0342 
0343 
0344 
034!5 
0346 
0347 
0348 
0349 
0350 

03!51 
03!52 
0333 
0354 
0355 
0356 
0357 
0358 

0359 
0360 
0361 
0362 
0363 
0364 
0365 

0366 
0;;>67 
0368 
0369 
0370 
0371 
0372 
0373 
0374 
0375 

JF(JFoEOollGO TO 2330 
RE~OV(4FA•1Zl=REMOVIJFA,JZ)+AOJR2 

2:330 CONTINUE 
DO 2390 JF""lo 4 
lFIO!SPNC4F.IZ~oEO.OoiGG TO 2390 
GO TO 12340o2350o2360o2370)oJF 

2340 R2CON=lOo0$6$R2CJFolTEolZI 
GO TO 2380 

2350 R2CON=10.~$6$R21JFo!TEoiZJ/OlSPN(~FoiZJ 
IF!ITE~NE.ITR)GO TO 2380 
GNPEPCITEolZJ=R2CON 
GO TO 2380 

2360 R2CDN=10o$$6~R21JFolTEoiZI/OlSPNIJF•IZJ 
GO TO 2380 

2370 DISPN(~F~IZ)=GNDDIS 
JFCGNDDISoEO.OeiA2CON=O• 
lF(GNDOlSoEOoOoJGO TO 2380 
R2CON=R2(JFolTEolZl/OlSPN(JFolZ) 

2380 R2TOTIJFeiTEolZl=R2TOT(JFolTEolZJ+R2CON 
2390 CONT!NVE 

DO 2499 JF=1o4 
00 2499 JZ:lSTARToiSTOP 
R2(JFoiTEoiZ):R2(JFoJTEolZI-REMOV(JFolZJ 

2499 1F(R2(JFo!TEoiZloLToOoJR2CJFolTEolZJ=Q• 
2500 CONTINUE 

C$$$$$$$$$$0$$.$$$~$$ TO STMT 2730 CALCULATE EACH CATAGORY OF MAN DOSE $$ 
DO 2780 IZ=ISTARTolSTOP 
DO 2700 IH=loNIHT 
DO 2700 I TE=l o MT 

2700 MANlLClTEolHJ=OoO 
DO 2730 ITE=lTRSoMT 
OELTE=TIMEIJTEJ-TIME(ITE-11 
DO 2720 IH=lORGSo!ORGE 
DO 2720 ~F=1o4 

C$0$$$$$$$$$$$$$$$$$$$$$$$ TRMANo DETERMINE TRANSFER COEFF TO MAN DOSE $$ 

NSS=1 
CALL TRMANC~olTEolZoNSSoCJ 
MANlL(lTEoiH}=MANILClTEolHJ+COR2TOTCJFolTEoiZJ 
MAN2LF(ITEolHolZoJFizc:MAN2LF(iTEoiHolZoJF)+C4R2TOT(JFolTEoJZI' 
MAN2L(l7EolHoiZ)=MAN2LtiTEoiHolZI+CvR2TOT(JFolTEoiZJ 
NSS:o:2 
CALL TA~ANCKolTE.tz~NS5JCI 

C$$$$0APPLY1NG o001 FACTOR TO STMTS 2720: CONVERTS M!LLIM~NAE~ TO MANREM$$0$~$~t 
IFIJFoNE.2)GO TO 2710 
MAN2NF(ITEolHoJFI=MAN2NFCITEoiHoJFI+COGNDEP(ITEoiZ)$0~D01 

MAN2NflTEoJH)=NAN2NIITEolH)+C$GNOEPtlTEolZJ$0o001 
MAN1N(ITEoiHl~MAN1N(ITEoiHJ•C$GNDEPI1TEolZJ$0.001 

GO TO 2720 
2710 MAN2NFClTEoiHoJF)=MAN2NFCITEoiHoJFI•C$R2TOT(JFoiTEolZ)$0o001 

MAN2N(ITEoJHJ=MAN2NCITEolH)+C$R2TOTIJFoiTEoiZJOOo001 
MANINflTEolHI=MANlN(ITEo!HI+COR2TOTIJFolTEoiZI$0o001 

2720 CONTINUE 
2730 CONTINUE 
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APPENDIX H Main Program continued 

FORTRAN IV G LEVEL 21 MAIN DATE = 78096 22/35104 

0376 
0377 
oyra 
0379 

0380 
0.381 
0382 
0383 
0364 
0385 
0386 
0.387 
0.388 
038'il 
OJ90 

0391 
0392. 
0393 
0.394 
0395 
0396 

0.397 
0398 
0399 
0400 
0401 
0402 
040.3 
0404 
0405 
0406 
0407 
0408 
0409 
0410 
0411 
0412 
0413 
0414 
0416 
0416 
0417 
0418 
0419 
0420 
0421 
0422 

INDEX:tQ$(K-tl•tz 
2.780 WRITE(t•INDEXlltMANlLtlTE.lHJ.lTE~toMTJolHcJORGSolORGEJ 

1NOEX=l0$(K-1J+10 
"aR1TEU 'INDEX I ( (MAN IN( ITE o IHI•I TE:oloMT} tlH"" IORGS, lORGE) 

C$$$$$******~**9$ TO STMT 2870 OUTPUT ENVIRON~ENT INPUT CONCENTRATIONS •• 
lr(NPRINT.EQ.6JGO TO 2999 
tF(NPRINT.EQ.2)G0 TO 2840 
WRlTE(lPo839JNUCNAMtKioK 
DO 2820 IT"'loMT 

282.0 WRITE(lPo838)TIMEtiT)o(RlJ(JFoiT)eJF•I•41 
2840 IFtNPRINToEOwl•DR.NPRINToGT.SJGO TO 2.999 

00 2870 lZ=lSTARTo1STOPo2 
lF(lSTOP.LE.I$~ART)GO TO 28$0 
lZPl=IZ+l 
WRtTEtlPo8371NUCNAMtKI•KolZoiZP1 
WRITEIIPo838J(T1ME(ITiotR2TOTI~F,lToiZJ•~F~lt4loTl~EtiTJo 
l(R2TOT(JFolTolZPllo~F~to4JolT~loMT) 

GO TO 2870 
2850 WRlTE(IPo862INUCNANIKioK•lZ 

00 2860 lT"'loMT 
2860 WRITE(IPo838ITJMEtiT)o(R2TOTt~FolTolZI.JF~lo41 
?870 CONTINUE 
2:999 CONTI'NUE 

C$$$$$$$$$$f$$$$$$$$$0*$$$$0$$0$$$#$$**$$$$$ OUTPUT DOSE RATE RESULTS •• 
C$$$$$$$$$$$$$$$$$$0$$$$$$$$$ FOR LOCAL DOSE STMTS 3000 TO 3100 $$$$ 
C0$$$$$$$$$$$$$$$$$$$$0$ FOR NONSPECIFIC DOSE STMTS 4000 TO 4100 *** 
C$$$$$$$$$$$$0$$$$$$$$ FOR TOTAL ALL NUCLlOES STMTS 5000 TO 5400 $$$ 

IFtNPRINTGLT.4)GO TO 9999 
3000 JSECT=3 

WRITE(lPo836}TITLEolSECTttHEAOtioiSECTJol:t•41 
DO .3100 IZ=ISTARToiSTOP 
DO 3100 K=loNK 
WRITEtiPo84011ZoNUCNAMCKioK 
lNDE~=lOOIK-lJ+lZ 

READ(l 0 JNDEKICIMAN1Lt!TEoJHiolTE=1~MTlolH•lORGSolORGE) 

WRlTE(lPo8l6l(ORGNAM(Nl~N=l0RGSol0RGEI 

DO 3100 IT=loloiT 
3100 WRITEI1Pt817)Tl~E(lTl•(I4AN1LtlTolHJelH=lQRGSolORGE) 
4000 1SECT=4 

WRlTEtlPoB361TITLE•ISECToCHEADtlolSECTloi=lo4) 
DO 4100 K"'loNK 
WRITEtlPo8411NUCNAM{K)oK 
INOEX=lO~(K-11•10 

READCl'JNQEKl((MAN[NIITolHio!T=loMTlolH=IORGSoiCRGEl 
"aRlTE(IPo6l61{0RGNAN(NioNaiORGSolORGEI 
00 4100 lT=IoMT 

4100 WRlTE(lPo817)T1MECJT),(MAN1N(lTo1HiolH=IORGSolORGEI 
5000 lSECT=5 

~RITEC1Po836JTITLEoiSECToCHEAO(IolSECT)ot~lo4l 

DO 5200 IH•lORGSoiORGE 
DO 5200 IZ•ISTARToiSTOPo2 
lF(lSTDPwLE~ISTART) GO TO SllO 
IZPl=oJZ+l 
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APPENDIX H Main Program continued 

FORTRAN IV G LEVEL 21 )lAIN DATE "" 76096 22/35,1'0 

0423 
0424 
0425 

0426 
b.to27 
0428 
0429 
0430 

0431 
.l432 
0433 
0434 
0435 
0436 
0437 
o43e 

0439 
0440 
0441 

0442 
04.$3 

0444 
04415 
0446 
0447 

0448 
0449 

0450 
0451 
0452 
0453 
0454 

0455 
0456 
0457 

0458 
0459 
0460 
0461 
0462 

0463 

~RlTE(lP.900lORGNAM(1HiolZolZP1 

DO 5100 IT=<!oMT 
IIIRITE(1Po901 JTl MEl !Tl o HtAN2LF( ITo IHoiZo JF I. JF::~~lo41o 

lMAN2L(lTolHo!ZJo 
2TlMEClTlot~AN2LF(llolHolZPloJF)oJF=1o4)oMAN2LilToiHolZPlJ 

5100 CONTiNUE 
GO TO 5200 

5110 IIIRiTEIIPo902) DRGNAMllH)oll 
DO 5120 IT~:~:loMT 

l!l'RITE I IPQ901 IT 1 ME { lT J • ( MAN2LF( ITo IHo !Z o JF h JF::~~l o4lo 
U4AN2L (ITo !Ho lZI 

5120 CONTINUE 
5200 CONTINUE 

00 5400 lH=!ORGSolORGE 
WR!TE(lPo950)0RGNAM(!HJ 
DO 5300 1 T"'lo MT 
WRlTE(lPo951)Tl~EIITloiMAN2NF(1TolHoJF).JF=lo4lo~N2N(lT 9 1H} 

6300 CONTINUE 
5400 C::CNTI NUE 

C0$$$$$$0$0$ TO STMT 6500 OUTPUT DOSE SUMMARY TABLES $$0$$$$$$$$$$$. 
6000 ISECT=6 

JF(fZONMoEOoO)GO TO 9999 
WRlTE(lPo5361TITLEoiSECTo(HEAD(lolSEC::Tlol=io4l 

C0$0$0*$$@$$$$$$$0$$0$$$$$6$$$$$~ SET ZONE FOR TABLE $$$$0$$$$$$0 
DO 6~00 lZPl=loiZONM 
IZ=IZONEttZPl) 

C$$$$$$$$$$$$$$$$$$0$$$$ IZ~t.O NEANS NONSPE~lFlC DOSE RATES $$$$$$ 

C$0$$$$$$$$$$$0$$$#$$$$$0$$$0$$$$$$0$$$ SET TIME FOR TABLE 0$$$0$$$ 
00 6SOO lTR=lTSUMYoMlolTSU~J 
IFCIZoNEolOJWRlTE(IPo6S3llZ 
1FClZoE0.10JWRlTEtlPo6~4l 

\ili:U TE't I Po 555 I Tl ME (I TR I o IORGNAM( Nl • ~lORGS o 1 ORGE I 
C$$$$$$0$00$0$$$$$$0$0$*$$$$0 lNITlA~lZE SUBTOTAL SETTING $$$$000 

141"'1 
MlO=ICSUB 

C$0$$$$$$$$$$$$$$0$$$$$$$$0$$ ZERO REMOV=SUBTOTAL $$$.0$$$$$$$$$ 
6100 00 6200 l~lORGSolORGE 
6200 RENOVIloll:O~O 

DO 6300 K=MloMlO 
INOEX=lOO{K-ll+lZ 
REAO(l•lNOEXJCiMAN!LtlTEolH)olTE=loMTlolH=IORGSolORGE) 

C$G00$0$00$0$$0$0$$00$$$$$$$$$$$$0$$0 ~All~ TA8~E $$$$$00$$$$0$0 

~RITEl1Po856)KoNUCNAM{Klo{MAN1LilTRoJH)olHciORGSolORGEJ 
DO 6300 J:clORGSoJORGE ' 

6300 REMOV(1 0 1J=REMOV{loiJ+MAN1LCJTAoll 
C$$$$**$$C~O$$$$$$$$$$$$$$$$$$$$$$.WR1TE SUBTOTAL$$$$$$$$$$~$$$ 

~RlTE(IPo857J (REMOVIlolJ•l=lORGSelORGEl 
IFCMlO.EQ.NIC)GO TO 6400 
Ml-..KSUB+l 
11110=NK 
GO TO 6100 

C$$$$$$$$$$ ~RITE TOTAL IF IZ= 10 MAN2N OR ELSE MAN2L $~$$$$$$$$ 

6400 lr(IZ~NEo!O)WR!TE(1Po858)(NAN2LtlTRo%o!ZJolmiORGSolORGE) 

80 



APPENDIX H Main Program continued 

FORTRAN IV G LEVEL 21 NAIN DATE "' 78096 22/35/04 

0464 
0465 
0466 
0467 
0466 
0469 
0470 
0471 
0472 
047:3 
()474 
0475 
(1476 
0477 

0478 
0479 
0480 
0481 
0482 
0483 
04-84 
0485 

0486 
0487 

0488 
0489 
0490 
0491 
0492 
0493 

0494 
0495 
0496 
0497 

0498 
01199 

6500 

99915 

9996 

9997 

9998 
9999 

801 
802 
803 
805 

JFtiZoEOo10)WRlTE(lP~858)(MAN2N(lTR.l)•l:lORGSolORGE) 

GO TO 9999 
WRITEOE.861) 
GO TO 9999 
WRITE(IE~842llSTARToMZ 

GO TO 9999 
WRITE(IEoB60)lORGS•NlHT 
GO TO 9999 
WRlTE(lEo846JlCHCKoCHECK 
CONTINUE 
FORI<IAT( HillS I 
FORMATC'lCASE NUMBER 'o!3) 
FOR/IIATC lOABl 
FORMATt•l*$ DEFINITION OF ENVIRONMENTAL INPUTS 1 oT60o'** DEFINITION 

l OF PROBABILITY INPUT5°//8Xo 1 JF DEFINITION'ol63o 0 IFLAG OEFINI 
2TION°/8Xo 0-- ----------•,163,•----- ---------- 0 /9Xo'l AIR' 
3•T65o 0 0 PROBABILITY (PRQBJ CONSTANT 1 /9Xo'2 GROUND SURFACE'• 
<Hj!>S • 0 1 STEP FUNCTION AT T I ME T I" CHANGES PIHl 8 BY AMOUNT CP • ~ 
$/o9Xo 0 .3 SURFACE WATER• oT65o 
1'2 RAMP FUNCTION AT TP CHANGES PROS BY SLOPE CP'/9Xo 
2°4 GROUND ~ATER'oT65o 0 3 EXPONENTIAL FUNCTION AT TP CHANGES 
3PRDS BY T!ME CONSTANT CP''oT65o 04 DELTA FUNCT!ONo•o 
4• AT TIME TP RELEASE TO ENVIRONMENT IS AAl 1 ///o 

*' $$ PROBABIL!IY AND RELATED OATA•/3Xo 0 JF NJF J •, 
1 'NJJ . AA1°o10Xo'PRDB•ol1Xo 0 lFLAG 1 o11Xo'TP'o16Xo°CP 0 /3Xo•--• 
2o6Xo•--- -•,7Xo•-~-•.7x.•---•.tox,•----•.ttx.•-----•.ttx,•~-•, 

3t6x.•--•/) 
806 FORNATl8El0e2) 
807 FORNAl ( 20 A4 J 
808 FORMATlABo2Xo7E10,2) 
809 FORNATllOXo7E10o2) 
810 FORI<lAl(ElOo2oi10o2E1~.21 
811 FORMAT(3Xol2o5Xol3o4Xol2oSXoJ3o2(5XolPE9o2lo9Xol3o218XolPE12*S)I 
812 FDRMAT(46Xo1PE9o2o9Xoi3o2l8XolPEl2a5)J 
813 FORMAT('!** SELECTED RESIDUAL ELEMENTS IN WASTE 0/l8o 0 GRAMS AT STAR 

lT OF TERMINAL STORAGE'/' FOR TOTAL FUEL= 'oF10oOo 0 METRtC TONS'/1 
814 FCRMATC3XoA4o5XolPE10o2) 
8!5 FORNATC 0 1$0 SELECTED RAOIONUCLJOES lN WASTE'/l5Xo 0 GRAMS IN WASTE 

1 VERSUS TIME IN YEAR$'1 
816 FCRMAT(/6XG 0 liNE"~3XolOCASo2XI/J 

817 FORMATlFiloOolP10El0.2) 
818 FORMAT(/' SPECIFIC ACTJVITY 0 /7Xo•CI/G 0 olP10El~o2/ 0 1°) 

819 FORMAT('JRADIONUCL1DE 0 o9Xo 0 DCI OATA'o7Xo 0 DRC DATA'o7Xo 0 RKO OATA'/1 
620 FOR~ATI3XoA8o8Xo3(1PEI0.2o5X)J 
821 FORMAT( 0 1$$ EOC(KoJFoiZ) DATAo (JF=!o2o~o41•, 

l 0 o DEFAULT VALUES USEDo EXCEPT!NG 0 oA8o'REAO IN'o/J 
822 FORMATl// 0 IZ='ol2 0 45Xo 0 1Zu•oi2/2Xo2(iP4E10d2o4XJJ 
823 FCRMAT(2XoA8o2tlP4El2~2o~X)J 
824 FORMATI///"l*$ OISPNCJFolZJ DATAo (JFzlo2o3o41'/l 
825 FCRNAT(/// 0 $$ AOJ1(JFoJFAolZJoAOJ21JF&JFAoiZI OATAo IJFA:1,2.3 0 41 

1'/) 
826 FCRNAT(2Xo'IZ=•oi2J 
827 FORNAT(3Xo 0 JF= 0 oi2o7Xo4ilPE10~2o2XolPElOo2o4XIJ 
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APPENDIX H Main Program continued 

FORTRAN IV G LEVEL 21 MAIN OATE ., 78096 22/35,1'{)4 

0500 
0501 
0502 
0503 
01504 
0505 
0506 

0507 

0508 

0509 

0510 
0511 

0512 

0513 

0515 
0516 
0517 
0518 

0519 

0520 
0521 
0522 
0!323 
(1!!524 
01525 
0526 

0527 

01528 

82a FORNATC 0 10$ VDLtNT(JFoMOOEoNSP) OATA'/! 
829 FORMAT(' IZ= 0 ol2,1'SXo•JF MOOE NSP=l THRU'olOXo"VDLINT'J 
830 FORMAT(SXII2o6Xol2o12XoJ2,6(3XolPE10o2)) 
831 FORNAT('I•* SIOFAC(KoJFoN5P) DATA',I'J 
832 FORMAT(' RAOlONUCLlDE=•oAS/SXo 1 JF NSPal THRU'o10Xo'810FAC') 
833 FOAMATC 0 l$$ OOSFACOC,JFoNOOEoHU OATA 0 /) 

834 FDRMATI/ 0 ORGAN • 0 oA6/T2So 0 JF~l•oT51o 0 JF~2°oT77r'JF•3'o 
1Tl03o 1 JF:4•/16Xo4( 0 MOOE=!•o?Xo'MOOE=2'•7X)) 

835 F0AMATC3XoASo8C3XolPEl0a2)J 
C$0$ TO HAVE N LINES IN TITLE MUST CHANGE 3(T27olDA8/J IN 1 BELOW $0* 
C$$$$$$$$*$$ TO NCT27o!DA8/) AND REMOVE CORRESPONDING B OF / ****•*** 

036 FDRHATC/o 0 1'/9(1Xo!321 1 D 0 J,I'Jol0(/loT37o 0 A~RA~: ASSESSMENT METHOD'• 
1' FQR RADIOACTIVE WASTE MANAGEMENT 0 o4(/}o3(T27o!OA8/Jo///oT61o 
2'SECTl0N'ol3/o5(/JoT51o4A8o151/Jo9(1Xol32('R'l/JJ 

8::17 FORMATI'lRAO!ONUCLIOE: •,Ae,• (K:c:•oJ2o 0 ) 0 /lXo29( 1 - 1 )/' CONCENTRATI 
!ONS AT ENVIRONMENT INPUT RECEPTORo R2TOT UNITS: JF•l MICROCURI 
2E$YEARS/CUBIC CN'/ 0 JFu2 MICROCURIES/SQUARE CNo JF=3 ANO 4 MICROCU 
3RIES/CU61C CN 1 /,I' 0 ZONE~ 0 oJ2oT71o 0 ZONE~'ol2o// 

IIIH l4X o 'JF=l JF•2 JF=3 JF =4 1 o 18X) / 
82(6X.•TIME AIR GROUND SURFACE GROUN0°ol7XJ/ 
62(23Xo 0 SURFACE WATER UATER'o18X)J 

838 FORNATIOPFIO~OolP4El0•2ol8XoOPF8o0o1P4El0•2J 
839 FDRfltAT ( 'lRAD!ONUCL !OE! 1 o A8o 0 ( K= 1 o 12 o • ) • /1 Xo 29 ( 0-' )/ 0 RELEASE INC 

lRE~ENTS TO PRELIMINARY ENVIRONMENT INPUT'/' RECEPTORS• R1~o FROM A 
2LL RELEASE EVENTS, IN CUR1ES 0 //14Xo•JF=I JF=2 JFz3 
3JF=4•,1'$Xo•TIME AIR GROUND SURFACE GROUN0•/23X.•SURFA 
4CE b'ATER WATER' J 

840 FORNATC 0 10$ AVERAGE ANNUAL LOCAL DOSE TO INDlVIOUALo MANlLo IN MIL 
ILIREMS/YEAR 0// 0 ZONE"'' ol2 t '•• • NJCLJOEz 0 t ABo t K"'' 1 13/) 

841 FORNATC 0 1$* AVERAGE ANNUAL NONSPECIFIC DOSE TO POPULATIONo MANlNo 
21N ~ANRENS/YEAR'// 4 NONSPECIFIC Q•• NUCLJOE='•A8o° K= 0 0 l3/) 

842 FORMATIIXo!321°$ 0 J/ 1 ERROR: VALUE OF ZONE'ol5,1' 0 OUTSIDE OF RANGE 
J OF MAXIMUM ZONE { 0 ol2~ 0 ) 0 /lXol32( 0 $ 0 J//) 

843 FDRNAT(5Xol2o12XoJ2o6(3XolPE10•2)} 
844 FORMAT( 0 l 1 ) 

846 FORNAT(J9A4ol2) 
846 FORNATC9CIX•132( 0 $ 0 ),1')//TS4~•ERROR NEAR CHECK POINT •o 

012//1Xoi9A4//911Xo132( 0 0°)/)J 
847 FORJ4ATI 1 1RADIONUCLIDE; 0 oA8o° CK s 0 o12o•J 0 /lXo31(•-•}//" RELEASE 

· $FRACTIONS BY EACH CUTSET, REI.,OUT 0 .1/ 0 TltE 0 oT14o 1 JF• 0 T20• 
e•tNITIAL RELEASE FRACTIONS'! 

848 FORMATI1Xo19A4ol2) 
849 FORNAT(///,I'/ 0 $$ Z0NALDI~Fo1ZJ OATAo CJF~1o2o3o4)'/) 

880 FDRMAT(////,1' 0 $$ ZONOEPClZJ OATA 1 ////o4Xo9CA3ol2t5XJ) 
851 FORNAT( 0 J$0 AREA'IiiiZJ 0ATA 0 ////o4Xo9(A3ol2oSXJ) 
880 FOAMAT(2Xo9{1PEIOQ2}J 
852 FORMAT(•1TIME'~Tl4o 0 JF'~T2Do33HINITIAL RELEASE FRACTlONSo CONT'OJ 
863 FORMAT( 0 J 0 oT1So 1 AVERAGE ANNUAL LOCAL OOSE TO tNOIVlDU'• 

J 0 AL o MANlL o l N ZONE 0 • 1 2o • o !N M ll.L lfUi.MS/Y EAR• o / /~ 
854 FORMAT('1 1 oT1So• AVERAGE ANNUAL NONSPECIFIC OOSE TO PO'• 

l'PULATlONo MANlNo IN MAhAEMS/VEAR 0 o//) 

855 FORMAT{T38o0PF9.o,• YEARS8°o/olXo94( 0 - 0 )o/o' K NUCLlDE'olXo 
1Gt2XoA8}o/eJXo94( 0 - 0 )) 
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APPENDIX H Main Program concluded 

FORTRAN IV G LEVEL 21 14AIN DATE "' 78096 221'3!:VQ4 

0529 
0530 
0531 

05:32 

0.533 
0534 
0!53.5 
01536 

0~7 

0538 

0539 

0540 

0541 
OS42 

0543 

0644 
0545 
0546 

856 FORMAT(2X•12o2X•Afo8(1PE!Oo2)) 
857 FORMAT(1Xe94( 0 - 0 lo/o5Xo'SUB TOTAL 0 o8(lPElOo2Jo/o1Xo94('-'lJ 
858 FORMAT(7Xo 1 TOTAL•o2XoB(lPEIOo2lol'olXo94C 1 -•)o 

ll'o' HTINE SINCE START GF REPOSITOHY OPERATIONS.•) 
859 FORNAT(I'///I'o 0 >1<111 GROUND WATER PARAMETERS'ol'/l'o3Xo 

1 1 GROUNO ~ATER SEEPAGE VELOCITY, VXo IN METERSI'DAY ='•1PElOo2ol'o 
23Xo 0 POROSITY OF SOLID NEOIUMo PORE = 1 olPEl0o2o/o~Xo 

3'8ULK SOLID OENSIT'fo BULKDo IN GRAMSI'CUBIC CM "''olPElOo2ol'o3X 1 

4°DJSPEASlV1TY COEFFlCIEhTSo lN METERS: AXlALo AL =•olPElOo2o 
$2K, 0 TRANSVERSEo AT *'olPE!U~2ol'/o3Xo 
5° AQUIFER VALUES o IN METE~S: HE! GHT o HT= • o 1PE1 Q • 2o 
$1'o3Xo 0 DISTANCE FROM SOURCE TO ~MERGENCEo XL(IZJ'o 
$ 0 EFFECTIVE ~IOTHo Y~IIZJ 0 ol'o3Xo 

*'CONCENTRATiON AT YY ~ AVERAGE CONCENTRATION IN YW•ol'/o 
$4Xo 0 ZONE 0 o5Xo9IA3ol2o5X)J 

870 FORMAT(3Xv 0 XLI1ZJ 0 o2Xo9(1PE10.2JI 
871 FORMAT(3Xo 0 YWI1ZJ 0 o2Xo911PE10•2JJ 
872 FORM4TI3Xo 0 YV(IZ) 1 o2Xo9(1PElOo21} 
673 FOR14AT(I'o3Xo 

6°EXPOSED AREA OF SOLIDIFIED WASTE SPECIMENo FSo IN SQUARE CM ='• 
$1PE10oo2ol'o3Xo 
7°VOLUME OF SOLIDIFIED ~ASTE SPECIMENo VSo IN CUSIC CM =•olPE10.2o/ 
8o ~X o • TOTAL CANISTER I NVENTORV o CI NV =• o !PEl 0 • 2 ol'o3X o 
y 1 ASSUMED NUMBER OF CANISTER FAlLURESo CFAl = 0 olPE10o2) 

860 FORMATf1Xo132(•$ 0 )/ 1 ERROR: INVALID ORGAN hUMBER : 0 ol5o5Xo 
I'MAXIMUM NUMBER OF ORGANS =0 ol2ol'o1Xol32( 0 $'1J 

861 FORNAT(IXol32( 0 $ 0 )/ 1 ERROR; ATTENPTED REPOSITORY 'oPERATION •, 
1°WITHOUT SU6SEQUENT ENVIRONMENT TIME INCREMENT 1 ./o1Xol32{'$')1 

862 FORMAT ( •!RAOIONUCLIOE: • o A8 o' ( K: 0 , !2 o o 1'1'1 Xo 29 f o- o Jl' ° CONCENTRATI 
10NS AT ENVIRONMENT INPUT RECEPTOR~ R2TOT UNITS: ~F=l MICROCURI 
2E*YEARSI'CUBIC CM 0 / 0 .JF=2 MICROCURlESI'SQUARE C.Mo JF:3 AND 4 14ICROCU 
3RIESI'CUBlC Cl4°1'1' 0 ZONEa 0 oi2ol'l' 
41 ( l4X·o' JF=I ~F::c2 JF:3 JF =4 t oiSX) I' 
51{5Xo 1 TJME AIR GROUND SURFACE GROUND•ol7X)I' 
6lt23Xo 0 SURFACE WATER ~ATER0 o16XJ! 

900 FORMATC•1$$ AVERAGE ANNUAL LOCAL DOSE TO lNOJVlOUALo MAN2LF FOR JF 
t=t TO 4o 14AN2L FOR TOTAL, IN 141LLIREMSI'YEAR 1 o/l'o~Xo 

2'TDTAL FOR ALL NUCLIDES'oT63oASol'l'o 
3° ZONE='ol2oT7lo 0 ZONE= 1 ol2o~/o2Cl3Xo 0 JF=l JF=2 JF=3 
4 ~F~4°ol3X)ol'o2(4Xo 0 Tl~E AIR GROUND SURFACE GROUND 
5 TOTAL 0 0 3XItl'o2122X~•SURFACE ~ATER ~ATER 0 ol3XJI 

901 FORMAT(F9&0olP5El0.2olKo0PlF940olP5E10o2) 
902 FORI4AT{ 0 1¥v AVERAGE ANNUAL LOCAL DOSE TO INOlVIOUALo MAN2LF FOR JF 

1=1 TO 4o 14AN2L FOR TOTALo IN 141LLIREMS/.YEAR'ol'l'o4Xo 
2°TOTAL FOR ALL NUCLIOES 0 oT63oA6ol'l'o 
3° ZONE= 0 ol2ol'l'o1(13Xo•.JF=1 JF=2 ..lf'"=3 JF=4•, 
4 l3XIol'o1C4Xo'TII4E AlR GROUND SURFACE GROUND •• 
15 ° TOTAL 0 o3X I ol' ol ( 22X, • SURFACE WATER WATER• o 13X I l' 

950 FORhATt 0 1$$ AVERAGE ANNUAL NONSPEClFIC DOSE TO POPULATION, MAN2NF 
! FOR JF= I TO 4 o -MA N2N F CR TOTAL o J N NANREMSI'YEAR • ol' I' o4X o 

2"T0TAL FOR ALL NUCLIDES•oT63oASol'l'ol6Xo 0Jrzl JF=2 
3' ~F~4•1'o7XoOTJME AIR GROUND SURFACE 
4° TOTAL•o1'~23Xo•SURFACE ~ATER ~ATER 0 J 

951 FORMATCF12e0o!P3E10~21 
STOP 
cND 
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APPENDIX H Subprograms 

FORTRAN IV G LEVEL 11 FAULT DATE ::z 78096 221'351'04 

0001 
0002 
0003 
0004 
0006 
0006 

, 0007 
0008 

0009 
0010 
0011 
0012 
00:&.:5 
0014 

0016 
0016 
0017 
OOlB 

0019 
0020 

0021 
0022 

0023 

0024 
0025 
ooze 
Q027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
oo;,7 

SUSROUTINE FAULT(TIMEoPROBoAl~JF~JoNJJJoiTRoKoCONClJ 
IMPLICIT lNTEGER$2 11-N) 
COMMONI'BFAULTI' PROBBoAAloTPoCPiiFLAG 
CO"MONI'FOLEAI' CFAloXRoDELT1Mo11 
COMMONI'FCRATOI'OELTL 
DIMENSION PR06SC4o9o~J~AA1C4o9JoTlNE(50loTP(4o9o4loCP(4o9o4) 
1NTEGE~2 IFLAGI4o9o$) 
PROB""1• 

C$$~0~$$$$$.$$$$$$$$$$$$* NJJ~Q OF PAOB ASSOCIATED WITH EACH CUTSETo $~ 

00 100 1=1 o NJJJ 
CPROB=PROBB(JFoJoiJ 
IFITIMECITRJ.LT.TP(JFoJoll)GO TO 50 
DELTIN:TlMEtlTR)-TP(JFoJoll 
ll=IFLAGCJFoJoiJ•I 
GO T0(50o40o30o20lol1 

C$¢$$**0$$$$$$$$$$$$$~$$$$$$$~~$$$$$0 PROS !S DELTA FUNCTION $$ 
IF(DELTtM~EQoO~}GO TO 10 
Gtl TO 50 

10 CPRQB;Ioi'OELTL 
GO TO 50 

C0$~$$$$$$$$$$$$$$$$$$$$$$$$$$$$$¥*0$$$$$$ PROS CHANGES EXPONENTIALLY $~ 
20 CPROB=CPROB•EXP(CPfJFoJ•llODELTJMJ 

GO TO 50 
C0$$$$$$$$04$*$$$$$$$$$~$0$$$$$$$$$~0$ PROB CHANGES BY RA~ FUNCTlONo $$ 

30 CPROB~CPROB + CPtJF•J•l)ODELTIM 
GO TO 50 

C$0$000**$$$$$$$$$$$$$$$$$$$$$$$0$0$00 PROS CHhNGES BY STEP FUNCTION. 00 
40 CPROB:CPROB+CP(JFoJoll 

C$$$$$$$$$$0$000$$$00$$0$0$$$$0$0$0$0*00000$ PROS IS CONSTANT ******* 
50 PROS:PROBOCPROB 

100 CONTINUE 
A1=AA1{JF.J) 
JF{PROa.eo.O.O)GO TO 155 
1FCJFoEOo4lGO TO 156 
RETURN 

155 CONCl•OoO 
RETURN 

186 A1•RLEACH(KoiTRoCONCloX2)*CFAl$X2*36So 
IF(KR.eo.o~oJAt=o.o 

JF(XR.EQ.OoO)RETURN 
Al=AII'XR. 
RETURN 
END 

84 



APPENDIX H Sub-programs 

FORTRAN IV G LEVEL 21 RLEACH DATE .. 78096 22/.35/04 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
oooe 
0009 
ooao 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
ooze 
0029 
0030 
0031 
00.32 
003.3 
00.34 

FUNCTION RLEACHCKolTRoCONCI.XZl 
l~PLICIT INTEGER$2 (J-N) 
COMMON/BLEACH/ DC1(25)o0RC(25Jo~(25oSO)oFSoVSoSPACTC25JoCINV 
COMMON/FDLEA/ CFAloXRoDELTIMoll 
CCMNON/FCRATO/OELTL 
.IM=S 
OT I ME=DEL Tl.. 
1FilloEOo2J OTIME~DELTiM 
lFIDTIMEoGE.lOOol .iM:JO 
AJM=.JM 
DELTLD=OTIME$365./AJN 
CONCl:O. 
cONCZ=Oo 
STER~SORTIDCl(K)/3.1416) 

CCJ~(z.,$FS$X(KoiTRJ$CFAI)/(VS0ClNV) 

TERM:STER~SORTIOELTLOJ 

DO 85 l:loJM 
lF(OTIME~GEoiOo)GO TO 65 
CC2=lo+•5•0RCIK)ODELTLO 
CONC2=CONC2+CC1$CC2$TERM 
CONCI=CONCI+CC10Cc2$TER~SPACTCKJ 
GO TO 75 

65 co==ccl/z., 
CC42SQRT(0Cl(K)OORC(KI) 
CC5;DELTLD+~5/DRC{K) 

CONC2=CONC2•CC3$CC4$CC5 
CONCJ3CONCl+CCJOCC40CC5$SPACT(K) 

75 RLEACH=CONCZ 
JF(RLEACH .GT. 3~2E+07JRLEACH=3o2E+07 

8!.'i CONTINUE 
RLEACH=RLEACH/(CFAJ$F5$CTJME0365.J 
X2=FSIIIOELTL 
RETURN 
ENO 
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APPENDIX H Sub-programs continued 

FORTRAN IV G LEVEL 21 TRJNP DATE ., 78096 

0001 

0002 
0003 
000~ 

0005 
0006 
0001 
0008 
0009 
0010 
0011 
0012 
001:3 
0014 
0015 
0016 
0017 
0019 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
003!5 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0046 
0049 
0050 
00151 
0052 
0053 
0054 
0055 

1 

5 

SUBROUTINE TRINP(OELT2oDELT3oDELT4oXRoXEoXEM1oXEM2oTRLo 
1DECFACoA2oXLoXE3oOFACoJTEolTREol~oJFoRKOoRKOMAXoK} 

JMPL!CIT !NTEGER$2 (1-N} 
OlMENSION RK0(25} 
CONNON/BTRJNP/ Y2oY3olZolF01V~ 
COMMON/CTRINP/ CRMINoOFMIN 
DECFAC=l .. 
GO TO!lololo30)oJF 
lFIOELT4gEo.O.,GO TO 5 
V=lo 
GO TO 62 
A2=1• 
GO TO 70 

~0 !F(XLoLT~!~OJ GO TO 68 
lF(RKO(K}oGToRKOMAXJ GO TO 68 
DELTIN=DELT2*365o 
OELTA~OELT3-0ELT2 
J I N,.2 
IFtlFOIVW~EOoOJGO TO 50 
IF(OELTA~GEo5000~oAN0oRKOtKioLTolo}llN=ll 

IF(OELTAeGEoSOOOOeiiiN=E 
JrtDELTAoGEoSOOOOooANO.RKO(K).LloloJIJN~101 

50 RlN=llN 
OELINC=DELTA$365o/(RlN-lo) 
XJNC=tXE-XEMl}/tR!N-lol 

DO 400 l=loi!N 
v=cRATIOIOELT!M.XL.DELTAoDELINC•IZJ 
IFIYoLEoleJ GO TO 100 
Y•l• 

100 1FtXRoLEoloOE-40}GO TO 300 
lFIJWoE0.3J GO TO 200 
DECFAC=XE14l/XR 
GO TO 250 

200 IFtlTEoLEoiTRE} DECFACaloO 
lFClTEoGTolTRE) DECFAC=XEM1/XE3 

250 JFIYoLToCR~IN.OR.OECFAC.EQgOe) GO TO 300 
JFtDECFACoLT.OFNINJ DECFAC=DFMIN 
A2=A2+V:(I;OECFAC 

300 DELTIM=OELTIM+OELINC 
XEMl=XEI-41-o-XINC 

400 CONTINUE 
A2=A2/RIN 
GO TO 70 

62 JF((XEMI+XEM2}oLEolOoE-40eOReA6S(TRL$0ELT4)oGEa50oJGO TO 6S 
JFI1W.EOo3eANOoiTEoLEoiTAEJGO TO 64 
DECFAC=(XE+XE~lJ/IXEMl+XEN2J 

GO TO 66 
64 OECFAC=!o0-((0ELT3-DELT2J$QFACJ 
66 TRRt:TRLhDELT4 

IFITRRI•GT.t50o) GO TO 66 
A2=0ECFAC0Y$EXPI-TRR1) 
GO TO 70 

68 A2"E0o 
70 RETURN 

END 
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APPENDIX H Sub-programs continued 

FORTRAN IV ~ LEVEL 21 CRATlO DATE "' 79096 22:/35/04 

0001 
0002 
0003 
0004 

0005 
0006 
0007 
oooa 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
00.20 
0021 
0022 
0023 
0024 
0025 
002.6 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
003!5 
0036 
0037 
0038 
0039 
0040 
0041 
0042 

FUNCTION CRATIO(OELTIMoXLoDELTAoDELlNCoiZJ 
l~PLICIT INTEGER$2 li-N} 
Dl~ENSION RK0(25JoTIMEI50loVY(8JoY~(8} 

COMMON/BCRATD/ RKDoCONCioTI~EoVXoPOREoALoAloHToBULKOoY~oiTRoMTo 
liTE oKoGNDDl So YY 

CCMMON/FCRATO/OELTL 
IFICONClaEOaOaaDRaCONCioLEaloE-fOJCRATlO:Oa 
IFtCONClaEQaOaa0RaCONCla4EalaE-60)RETURN 
VPORE=VX 
0 XX=A L$ VPORE 
0 YY""-A T'l< VPO RE 
lFICONCJqLE.!.E-70JCONCI~O. 

SSAN::CONC 1 /HT 
OR1:BULKD*RKD(K)/PORE 
RD=lo -+ DR1 
E>l=DXX/RD 
EY""-DYV/RD 
EE=I EXII<EYJ $$0,.5 
U=VPORE/RD 
lFIDELTIMQLEaOaJCRATID=O. 
lFIDELTIMaLEaOalRETURN 

6 TEE=EE$DEL T 1M 
TEX=4.11<3al4159$TEE 
lF(SSAMoGTa1oE-+30aOR.TEXaLTalaE-45)TER=la/(HTII<TEXJ 
lFCSSAMaGTalaE-+30aORaTEXaLTa1aE-45JGO TO 31 
lER=SSAIVTEX 

31 TT1=A8SCXL-U$0ELTIMJ**2/C4.$EXOOELT!MJ 
TT3=(TY(lZJ•$2J/{4QOEY$0ELTIMl 
TT4=ABSCTTI•TT3J 
lF(TT4aGEa90~}GO TO 10 
TT4=EXPI-TT4l 
GO TO 34 

10 TT4=0• 
34 lF(SSAMaGT.1aE•30a0RaTEXoLT.l.E-45JGO TO 33 

TER=>TER/CONCl 
33 CONC=TER$TT4 

GNDDtS:yW(JZJ*HT$VPORE$POREODELTA036So 
GNDINC='tWCIZJ$HT*VPOREOPOREODEL!NC 
CONC=CONC$GNDINC 
CRAT!O=CONC 
lF(CRATIOoGTeloJCRATIO=l~ 

RETURN 
END 
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APPENDIX H Sub-programs concluded 

FORTRAN IV G LEVEL 21 TRMAN OATE ,. 76096 22/35/04 

0001 
0002 
000~ 

0004 
0005 
0006 
0007 
0008 
0009 
0010 

l"oOll 
0012 
0013 
0014 
OOlS 
0016 
0017 
0016 
0019 
0020 

0021 
002.2 
0023 
0024 

S~BRDUTJNE TRMANIKe!TEo!ZoNSS~CJ 
I MPLIC 1 T I NTEGER"2 U-N) 
DIMENSION BJOFACI26o4o6)oVOLlNT(~o2o6oSJo005FAC(25o4o2o8) 
CCMMON/8TRMANI' BIOFACoVOLJNToDOSFACoNSPoiFLAGEoJFoiHoDELTE 
INTEGER$2 NSP16lo1FLAGE14o2o6} 
N~•NSPIJF) 

cso .. 
00 20 MODE"' 1 o 2 
CSUM"'D" 
lFIDOSFACCKoJFoMOOEoiHJ.EOoOo)GO TO 20 

COOC$$$$$$00$0*$$*$$$$$$$0C*$$$$$ SU~ ALL SU8PATH-AYS TO DOSE TO MAN. 0$ 
00 10 !=toNS 
lFilFLAGEIJFo~ODEolloNEoNSS)GO TO 10 
FACT=DIOFAC(KoJFoll 
lFIMOOE.EColJFACT=lo 
GO T014o2o6o61oJF 

2 lF(MODE.EOol)GO TO 6 
4 CSUN=CSUM+FACT*VOL!NTtJFoMOOEol~IZ)IDELTE 

GO TO 10 
6 CSUM~CSUM~FACT$VOL1NTCJFoMODEoloiZ) 

l 0 C.ONTl NUE 
C$$$$W$$$$$$$$$$$$$$$ DETERMINE TRANSFER COEFFICIENT FOR OOSE TO MAN ••• 

C=CvCSU~OOSFACCKoJFoMOOEoiH) 

ZO CONTINUE 
RETURN 
END 
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APPENDIX I 

FLOWCHART 

Figure I-1 shows a simplified flowchart for AMRAW-A. The chart 

represents flow through the code for a specified waste management phase, 

such as repository operations or terminal storage. The reader is 

referred to Vol. I, Generic Description of AMRAW-A, for detailed des

cription of each step through the model. 
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I Read 

f Input Data 

Output S~lected 

J Each Input Data 

Nuclide, K 

I Inventory of Each Nuclide 
Versus Time 

r Activity Transfer Coefficient I SPACi 

I Activity of Each Nuclide 
Versus Time 

Each 
J Subroutine f Release RELEASE MODEL I FAULT Time, ITR Calculate Releases 

for Each T!me Increment 1 
l Function J RLEACH 

Each 
Environ. I TRANSPORT TO ENVIRONMENT j Subroutine J 

in Each Zone l TRINP 
Time, lTE -I 

~ l 
Calculate Environmental Concentrations I Function 

J for Each Time Increment CRATIO 

Subsequent to Releases 

I ENVIRONMENT-TO-MAN I Subroutine ., 
I PATHWAYS, Each Organ I TRMAN 
I 

Each 
Time ITE 

-1 Ca I cu late Dose to Man I 
Each Zone, 

IZ 

I Output Environmental 

I Concentrations 

Output Oose Rates I 
{Local and Nonspecific) 

Figure I-1. AMRAW-A simplified flowchart. 
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APPENDIX J 

AUXILIARY PROGRAMS 

Auxiliary programs for use with AMRAW are described in this appendix. 

l) COMPRESS - a program for preparing an AMRAW-B input file from 

AMRAW-A output. 

2) POLYEPA - a program for preparing inventory data matrix by 

curve fitting source data to prescribed time specified in AMRAW 

input. 

3) SENDY - a program for comparing results in tables from AMRAW run 

with corresponding tables from another run. 

1. COMPRESS. All of the AMRAW-A output tables in Section 3 (Local 

Dose to Individual) and Section 4 (Nonspecific Dose to Population) com

prise the major input to AMRAW-B (Economic Model). COMPRESS is an 

auxiliary program, written in PL-1 and Fortran IV language, which finds 

these tables in the full output stored on tape, strips off the headings 

and left hand column of time, and outputs a continuous "compressed" file 

in a form ready to be read by AMRAW-B. The program may be used separately 

to produce AMRAW-B input files from AMRAW-A output, or it may be joined 

to AMRAW-B to process data directly. Appendix Tin Part 2·describes and 

presents a listing of COMPRESS, including JCL, as run on the IBM 360/67 

computer at UNM. 

2. POLYEPA. The repository inventory matrix input to AMRAW consists 

of quantities of each radionuclide at each time specified for calculation, 

over the total time range considered. However, source data are generally 

available listed for time which do not match the intended calculation 

times and also are usually not subdivided into sufficiently short time 

increments. POLYEPA is a program written in CALL-OS FORTRAN which 

uses a cubic spline curve-fitting technique for interpolation to adjust 

quantities to the required times and furnish the required intermediate 

values. POLYEPA reads in the name of NK isotopes K together with 

inventories X{I, K) at various time points I. For each isotope, there 

are a total of MT input time points for use in interpolating MTADJ output 
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data points. The output results can be written either on the terminal 

or stored in a data file "POLYDD" in the user's CALL-OS user library, 

for subsequent use as a portion of the AMRAW input data file. Before 

running POLYEPA, its input is assembled in a data file named "POLYDATA," 

stored in the user's CALL-OS user library. 

Description of card Input. One card of each type is required except 

asnoted for card types 4 and 5. 

Card 

~ 

1 

2 

3 

4 

5 

Format and Item 

Free format 
MT 
MS 

MTADJ 

NK 
MC 

Free format 
TIME (I) 

Free format 
TIMEAD (I) 

Description 

Number of input data time 
Number of time intervals corresponding 
to the repository operations phase. 
Number of interpolated output time 
points. 
Number of radioisotopes. 
Number of columns in output tables. 

Time in years at each of MT input time 
points. 

Time in years at each of MTADJ output 
time points. 

NK sets of card types 4 and 5 are required: 

FORMAT {AS) 
NUCNAM {K) 

Free format 
X (I I K) 

Name of radioisotope (e.g., Sr~90, NB-93m, 
or PU-239) . 

MT values of masses of isotope K at 
time points I. 

Listing. Table J-1 is a listing of POLYEPA. 
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Table J-1. 

R [A L *II T H~ E I 1 7 I r Tl M LG I 1 7 I r TI ME A 0 I 55 I , X S I 50 l r U, S EV AL , t 
X ll 7 r 25 I , XLG ll 7 rl5l , B 11"1, 251 ,C I lTr 25 I , D I l 7 ol5 I r NUCN AM I Z 51 
INTEGER MTS.6.VI2bl,MTA,MK,ISAVrMT,!>\l,M7,Ml0 1 MTADJ 
WRITEI6 1 500l 
CALL OPENil,'DATAPOLV•, 'INPUT'! 
CALL OPENt9, 1 DOPDLV 1 o 1 0UTPUT'l 
REAO!lo*IHT,MS,MTAOJ,MK,MC 
READ I 1 , *I IT I ME II I r I= l, MT I 
READil,~liTlMEAOillrl=loMTADJI 
MSMl,HS-1 
MP=MTADJ+MSMl 

DO 10 I=MS,MT 
IMM,I-MSMl 

lO T IMLG I I MMl=OLOGtO IT IMEII J l 
DO 50 K=loMK 
READI1,9101NUCNAMIKI 
READilr*liXIloKI,I=lrMTJ 

DO ZO !=MS,MT 
IMM=I-MSMl 
lFIXIlrKI.GT.040DOIGO TO 20 
I SAV"' 1-1-HSM 1 
GO TO 40 

20 XLGIIMMoKl=DLOGlOIXII,Kll 
I SAV:oMT-MSM 1 

40 MTSAVIKI=ISAV 
50 CONTlNUE 

DO 60 K"'lrMK 
'HA=HTSAVIKI 

60 CALL SPLINEIMTArMKrK,TIHLG,XLG,S,C,Dl 
1 WRITEib,50ll 

READ 15 •* IIANS 
IFilANS.EQ.llGD TO 3 
IFt tANS.GT.3JGO TO 1 
PAUSE •RuLL PAPER TO BEGINNING OF CLEAN SHEET AND HIT RETURN' 

3 GO TOI2oZo41,1ANS 
2 DO 9 0 ll = lr MK 

DO bl l=l,MS:-11 
bl XS!ll=XIlolll 

MTA=HTSAVIlll 
L"t 
Ml=l 
M7,.7 
DO 80 T=l,MTADJ,7 

DO 70 K=lr7 
1Ftl•K-l.GT.MTADJ)GUT070 
ll=DLOGIOITIMEADII+K-111 
XSIJ+K+5l=SEVALIM1A,MK,IltUoT1MLGtXLG,e,C,OI 
XSII+K+5l=lO.ODO**XSII+K+5J 

70 CONTINUE 
60 CONTINUE 

DO 61 I"'ltMP,7 
IFI IANS.EQ.ll W~l HI 'ilo'HOl NUCNAMIJl),L,IXSIK I oi<=Ml,M 11 
IF I tANS .EQ.21PIRlTEI br 'il 30 IN\JCNM Ill) ,L, I XSI 10 ,K .. 1'1 ,:>~71 
l=Ltl 
IFIM7.~E.MPIGO TO 90 
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Table J-1. (continued) 

M 1:1'17+1 
M7,.1H+7 
lf(M7.GT.MPIH7=MP 

81 CONTINUE 
90 CONTINUE 

GO TO 1 
o\ WRITE(6,900l 

Hl=l 
IHO,.HC 

51 WR! TE I !> 1 9251 I NUCNAMI Kl , K,.!oH ,HlOI 
00 53 Ial,MT 

53 WRITEib,9401TlMEIIloiXIIoKJ,K:Ml,MlOJ 
JFfMlO.GE.MKlGO TO 55 
.IH,.MlO+l 
1410 = Ml 0+ MC 
I~IMlO.GT.MKlMlO=MK 

GO TO 51 
55 WRITE16,9201 

Ml=l 
foUO"'MC 

65 WRITE(6,925JINUCNAMIKloK~Ml,M10J 
00 67 i:l,MSMl 

67 WRITE(6,9401TIMEII),IXIIoKI,K=Ml,MlOJ 
DO 82 I=loMTAOJ 
U=DLOGlOITIMEAOtlll 

00 71 K=MloHlO 
MTA=MTSAVI Kl 
XSIKJsSEVALIMTA,MK,K,U,TlHLG,XLG,B,CoDl 

71 XSIKJ=lO.ODO**XSIKJ 
IFIXSIKJ.LT.l.OE-25JXSIKJ=O.OO 

82 WRITE(6,940JTIMEADIIJ,IXSIKJ,K=Hl,Ml0J 
IF(MlD.GE.MKIGD TO 999 
MlcMl.O+l 
tHO:tUO+MC 
IFIMlO.GT.MKJMlO=MK 
GO TO 65 
GO TO l 

999 STOP 
500 FORHATI' l=WRITE TO DATA FILE'/'; 

• z~wRJTE DATA FILE FORMATTED OUTPUT ON TERMINAL 1 /i 
1 3=WRlTE fORMATTED FOR EPA REPORT'! 

501 FORMAT!' ENTER REQUEST'! 
900 FORMAT{///' ** INPUT DATA 1 //4X. 'PROPERTIES OF ~CCUMuLATED 10 YEARt 

OLD WASTE AS A FUNCTION OF AGE.' I /T5l, 'CONCENTRATION, Gl AMS 1 /I 
910 FORHATIA81 
920 FURMATI/// 1 ••• OUTPUT RESUlTS 1 //T51,~ 

•CONCENTRATIONS, GRAMS') 
~2S FORMATt'DTlMEIYRSJ 1 .1012KoABll 
930 FORMATIA8,l2,711PE1D.21) 
940 FOR~ATIFl0~0 1 l0tlPElD.211 

END 
SUBROUTINE SPLfNEIN.MK,K,XoY,B,C,Dl 
INTEGER N,MK,K 
RE AL*B X I 17 I. Y 117 .z 5 I , B 117, 25), C I 17, 2 Sl • 0 I l 7, 2 5 h T 

INTEGE:R NMl ,16,1 

94 



Table J-1. 

NMl "' N-1 
I r I N • LT. 3 l GO TO 50 
OlloKl "'XIZI- Xlll 
Ci2oKl ~ IY12rKI - YI!,Kli/DiloKI 
DO 10 I = z, NIH 

Dfi,KI = XII+al -XIII 

(concluded) 

BllrKI = Z.*IOII-l,Kl ... OII,Kil 
Cll ... l,KI = IYII+l,KI - Y{I,Kil/DIIoKI 
C.IIrKl = Cl hl,Kl- C{I,KJ 

10 CONTINUE 
BllrKI = -O{l,KJ 
BINoKl = -OIN-l,Kl 
Cll,Kl = o. 
CIN,Kl "' O. 
IF I N .EQ. 3 l GO TO 15 
C!l,Kl = C.!3,Kl/IXf41-XfZJI- CI2,Kl/IX!31-XIlll 
C(N,Kl = CIN-l,KI/IXINI-XIN-211- ClN-2rKl/(XIN-li-XIN-3ll 
C(l,KJ = ClloKl*Oil,Kl**211XI4l-XIlll 
CINrKI = -CIN,KI*OIN-lrKl**Z/IXINJ-XIN-311 

15 DO 20 I = 2, N 
T = DII-l,Kl/SII-l,KI 
BIJ,KJ = IHI,Kl - T*DII-loKI 
C I I rKI "' Cli,Kl - T*CII-lrKI 

20 CONTINUE 
CIN,KJ = CIN,KI/BIN,KI 
DO 30 IB = !, NMl 

I = N-IB 
CII,Kl = IClloKI- DIIrKI*CII-t-ltKII/BIIoKI 

30 CONTINUE 
BIN,KI = IYIN,KI - YINMloKI J/OINMloKI + DINIH,Kl*IC INMl,Kl -t- Z.*CIN,KII 
00 40 I = 1, NMl 

SII,Kl IYII+l,K)- YII,KJJ/DiloKI- O{l,KJ>t(CI Hl,Kl + Z.*CII,Kll 
DIIoKl = ICII+l,Kl - CII,KJI/Dii,KJ 
tllrKI = 3.>1cCII,Kl 

40 C[JNTINUE 
CINoKI = 3.*CIN,KI 
DIN,Kl = DIN-loKI 
RETURN 

50 IF I N .LT. 2 l RETURN 
Bll,KI "' IYIZ,Kl-Y!l,Kl l/IX.I2l-XIll J 
CllrKI "' 0. 
011 ,KJ = O. 
RETURf1 
ENtl 
REAL FUNCTION SEVAL*8 IN,MK,KK,u,x,y,a,c,DJ 
INTEGER N oMK, KK 
REAL*B U,Xil7J,Y ll7r25),8117,251 ,Cil7,251 rDI 17,251, DX 
INTEGER Is J, K . 
DATA I /1/. 
IF I I.GE.N l I : l 
If I U .LT. XIII I GO TO 10 
If I U .LE .. XI I-t-lJ I GO TO 30 

10 I = l 
"J = N + 1 

20 K "' II+JI/2 

IF U .LT. XIKI l J: K 
IF U.~E.XIKI11=K 
IF J.GT .. I+llGOTOZO 

30 OX "' U - X I I l 
SEVAL,. YllrKKl + DX~~<IBIIrKKI + DX6"(1:{l,KKI + DX*OII,KKIII 
RETURN 
END 
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3. SENDY. This is an auxiliary program developed to help compare 

results from different computer runs of Al~RAW-A. It handles two cases 

at a time. AMRAW-A stores output results on magnetic tape; SENDY reads 

corresponding matrices of two different cases from the tape. It can 

compare results from two cases by finding the ratio of elements of the 

two matrices, or calculate the normalized values in each matrix {e.g., 

metric tons of initial waste stored) . There are provisions in SENDY 

for users to modify the program to perform other mathematical manipu

lations on the two matrices. 

SENDY indentifies the particular matrix by the unique headings of 

the matrix. It compares the matrix heading it reads on the tape with 

that of the input heading read from a card. Once the matrix heading 

on the tape matches that on the card, it reads and stores the entire 

matrix in the core. Input to SENDY consists of identification of magne

tic tape volumes which store the two cases to be compared, headings 

identifying the matrix in each of the cases to be compared, and commands 

the comparison or normalizing operation to be performed. 

AMRAW-A points out 9 variables in its output: 3 in section 2, one 

in sections 3 and 4, and 4 in section 5. In order to simplify the 

modification of SENDY to suit different users, the program is partitioned 

into 7 parts; namely, JCLSENDY, SENDYGEN, SENDY3A, SENDY4A, SENDY5A, 

SENDYSB and DDSENDY. A complete SENDY run consists of these 7 parts, 

plus input cards with commands and headings (see Figures~~l and J-2). 

SENDY first reads in commands {compare case n1 with c.ase n
2

) and 

headings. Then it searches through the tape and locates the matrix 

whose headings match the one desired. After reading from tape, storing 

and printing out the matrix from each of the two cases, the arithmetical 

calculation on the two matrices is performed. After these calculations, 

the whole loop is repeated if requested {see Figure J-1). 

DDSENDY is an integral part of SENDY consisting of the data set 

definition statements and the statements STOP/END. The data set refer

ence number in the DD statement is made to be identical with the case 

number which was stored on the tape volume as addressed in the DD state-

ment. 
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READ commands and matrix 

heading from card 

READ from magnetic tape 

table headings 

Yes 

Print out the matrix 

No 

and perform arithmetical 
manipulation of the two matrices 

Print out results 

Figure J-1. SENDY simplified flowchart. 
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Heading 

Command 
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Command 
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Command (e.g., compare case n with n2) 7 

DDSENDY (JCL) 

SENDY5B 

SENDY5A 

SENDY4A 

SENDY3A 

SENDYGEN 

JCLSENDY 

Sensitivity Stu~ 

Figure J-2. SENDY operating deck setup. 
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card 

~ 

1 

2 

3 

Description of Card Input. One card of each type is required. 

Format and Item Description 

FORMAT (10A4, 12, 2A4, A3, I2, T79, !2) Commands 
EXPLAN(I) Compare case n1 with n2. 

IPl In column 41; first case number to 
compare (n

1
) . 

IP2 In column 54; second case number to 
compare (n

2
) . 

I MATH 

FORMAT (17A4, A2, T77, 
TITLE(!) 

ISECT(3) 
ISECT3 

CODE 

FORMAT (T6 I IZ) 
IZ 

column 80, flags that control calcula
tions options: 

!MATH Operation: 

1 Normalized for case n1 . 
2 Normalized for case n 2 • 
3 Normalized for case n1 and n

2
. 

4 Dummy (for modification). 
5 Dummy (for modification) . 
6 Dummy (for modification) . 
7 Ratio: first case, n

1
, divided by 

second case, n
2

• 

A2, Il, Al) Heading 
Store the heading of the desired matrix 
from card; column 1 to column 70. 
Section of output; column 77, 78. 
A code to aid in locating the matrix 
on tape: column 79, for ISECT3 
(integer 3, 4, or 5 for AMRAW-A output 
section) • 
Flag A or B in column 80. 
ISECT(3), ISECT3, and CODE appear on 
card as follows: 

Section AMRAW-A Item 

3 Local Dose, MANlL b33A 
4 Nonspecific Dose, MANlN b44A 
5 Local Dose, MAN2L bSSA 
5 Nonspecific Dose, MAN2NF bSSB 

Zone heading 
Additional table identifier where needed. 
Zone number as appeared on the left 
hand side of output pages: l, 3, 5, or 
7. Card required only for MAN2L from 
AMRAW-A with present output format. 
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Modification of SENDY. Calculation options may be added. Replace 

a CONTINUE statement by the mathematical routine desired. The matrix 

of the first case read in is stored in the variable that begins with an 

X in front of the original variable name. The second case is stored as 

the original variable name. The original variable with a Y in front can 

~e used to store intermediate results. For example, SENDY4A deals with 

the variable MANlN. The matrix from the first case is stored in XMANlN, 

and from the second case as MANlN. Variable YMANlN is used to store 

intermediate results. 

Statement numbers in each section of SENDY containing dummy "CON

TINUE" statements and the corresponding !MATH flag are as follows: 

!MATH 

4 

5 

6 

3A 

2431 

2441 

2451 

SENDY SECTION 

4A 

2535 

2545 

2555 

SA 

2632 

2642 

2652 

SB 

2732 

2742 

2752 

Listing. Table J- 2 presents the SENDY listing. 

Sample Input. Sample input for a simple application of SENDY for 

comparison of nonspecific dose rates {AMRAW-A Section 3) from C-14. 

is presented. The comparison requested is to divide each value in the 

table from Case 55 by the corresponding value in the table from Case 48 

(!MATH= 7) and output the resulting table of quotients. The input 

required is as follows: 

*~ SENSITIVITY ANALYSIS : 
NONSPECIFIC ooo NUCLIDE= 

ColumnlBO 

CCMPARE CASE 55 WITH CASE 48 0 l1 7 
C-14 K= l (( 44A 
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1000 
1010 
!020 
1030 
1'040 
I 050 
1060 
!070 
1060 
1090 
!tOol 
1110 
1120 
1130 
1 uo 
1150 
11 bO 
1170 
1180 
1190 
1200 
1210 
1212 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
IJ20 
13.30 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1425 
1 "30 
1440 
1450 
1460 
1470 
14GO 

1490 
1500 
151 0 
1520 
15.30 
1532 
1534 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
17.30 
1740 
1 7!::10 
17t>O 
1770 
1780 
1790 
1800 
1810 

Table J-2 (a) . File SENDYGEN 

~EAL X1Jo4o50loXR1J(4oSOioXR2TOTI4o5Co8l 
~EAL Yl3 0 4o501~YRIJ(4o50)oYR2TOT(4o5UoeJ 
hEAL hl3o4o5JJoRlJI4oSOloR2TDTI4o50 0 6) 
REAL XMAN!L(SOo8loYMANlLI50o8JoMAN1LI50o81 
r'l:oAL TlMEISO) 
REAL XMANINI50o81oXAN2LF(50o8o41oXMAN2L(S0 1 8),xANZN 

CXMAN2NISOI F(SOo41o 
hEAL YMAN1Nt50o8loYANZLF150oao4)oYMAN2L{50 0 8JoYAN~N· CYMAN2NISJ) "'F(SOo4), 
~BAL MAWlN(50oO)oMAN2LF{SOo8o4)oMAN2Lt50o8)o~A~ZN 
EQU!VALENCE (XI 1 I ,Xfd J( 1 I oXf<2TOT( 1) oXMM'1L 111 XMAr

1
1 50o4 ), MAN2N t 50 J 

CAAN2NF( 1) J. { XMAN2LI 1) oXMAN2NI 1 l) 1 · N ( 1) o XAN2LF ( 1) 
0 

C~~~~r.:~r~~; t ~~l ~~Lr~~ ~~~!Ni~n~·r< 1
) • 'r'MAN lL I I lo VMAt-'1 N t I I, YAN2LF ( 1 1, 

E;J U IV Al.. EN CE I ;I.( 1 I oR l J ( 1 ) o Fl2T 0 Tt 1 I o MAN 1 L t 1 ) 
0 

MAN 1 N 1 l I 
CNFI 11 lot ~AN2L I 1), MAN2N( Ill • M<IN2LF( 1 l o MAN2 
INTFGE~*4 JN(9)oVARI5JoTITLE(171oCHECK(33)

0
SECT(

3
J 

CoPloiP2oiP1FoMT•lPolNoNJf41 oEXPLAN(151olVo 
DATA VI>.R/ •o;F10' o' oOol 'o 'SolP• o '91:1' o 1 2o2' ./ 
0 A TA J N/ 1 1 E 1 1 o ' 2E 1 1 o ' JE' I 0 o 0 4 E 1 ' o 0 5 E 1 ' o 1 o E 1 I 

0 
o 7 E l 0 0 DATA NJ/3o3o3o1/ - 0 8E1°o 1 9El•;' 

DATA AoBoC/ 0 A'o 1 B'o 'C'/ 
DATA SECT(lloSECTI2)/•SECT 1 o 0 10N './ 
tN=S 
t P=6 
MT=S') 
MJF"'4 
\\IH"S 
1WASTE=l8700~o00 

C UN"' C QMI'U TF_ R SY ST U!.l ASSIGN OAT A SET hE FERENCE NUHiB 
C 5 FOFl CAFi.O RE~O ER o 6 F OF< PRJ NTEI'< o E~ : 
Cll<*'">l<*;;t EAO 1 NPU T C•.lMM AN 0 : OETERM 1 NE CASES TC CDMPAR E' 

1 ~EAD(lNollOO,ERR:~990oEND=9~90)tEXPLANIIloi=1olO:I:~· ~~***************** 
C:tl 1 131o1f>2oiMAHi 0 lo(EXPLAN{J),J 

IPlF:=lPl 
•l<lTECIPo1101 ){EXPLANI!lol*lolO)olPI• IEXPL/IN{l 1 1-

11 ~y,.O 0 - ol31•IPZ 
J'::e:AI)t trio 1 102 I IT lTLE ( l J ol= 1ol8 J • SECTI.3J, I SECT J, COOE 

2 IY.,IY+I 
!F(lYoEOo21 1P1=IP2 
GO T~ 120o20o30o40o50)ol5ECT3 

20 F·EAD(1Ploll03) 
eo oo 11 J:t,900 

RE~~I1Plo1104JICH~CK(llol"'16ol8) 
'li'R1H:IIPoll04J(CH€CK{IItl=16olilJ 
~ F (CHECK( 16 I o EO oSEC 1 llloAND,CHECK ( 17 l oEO o SEC1 ( 21 ANO 

CSECTI~Il GO TO 2050 " oCHECK{lBloEUo 
11 CONT!NUE . 

W<l:lTE 11Po 11 OS l ( Tl T:.. E( llo I =lo 18) 
IFtlSECT3oEOo2•ANOoCDOEoEOoCI ~EAD(INo1lOO) DUM 
I F ( 1 SECT~ o !Z Q a 5o AN Do CO DEo E Oo A I REA 0 t H• 0 1 I 0 0 ) OU., My .,ll,y 

GO TO l 
.30 REAOtiP1ollOo) 

GO TO 80 
40 REAO(IP1o1107) 

~o To ao 
SO REAO(IP1o11131 

GO T:1 80 
2050 ~EA0(1Ploll08) 

IFClSECT3eCOe2oAHDoCOoE.EOoA) GO TO 2100 
IFtiSECT3oc0e2oA~D.CODEoEOoS) G~ TO ~200 
IFClSECTJoFao2oANDoCODEoECQC) GO TO 2300 
JFClSECT3oEOe3oANDeC~OEeEOoAI GO TO 2400 
lF,lSECT3oEOo4eANOoCOOEoEOoA) GO TO 2500 
!F,lSECTJoF.OoSeANOoCOOEoEOeAI GO TO 2600 
lF£15ECT3.EOo5oANOoCDDEoEOoS) GO T~ 2700 

1100 FOR .. ATt 10A4ol2o2A4oA.Jol2oT79.!2) 
UO I FOFl."'ATI11Ho1CIA4ol2o2A4oA3ol2) 
1102 FORMAT(l7A4oA2oT77oA2ol1oA1) 
1103 FOFlMAT(4(2SS(/) lo27l/)l 
1104 FORMATtiXoTclo2A4oA2l 
1105 FnH .. AT(1Hio'** ~UTPUT MAThlX OF :• 1 t8A4,o CAN~O 

CCK STATEMENT NUM~EP 10o20 CR 30 0 '/1 T ee FCU~~•'//' CHE 
110~ FOR .. AT(51(255(/I)o~4(/)) 
1107 ri:FMATI95 1255 U I I ,951/ II 
ltje FORMATI29(/)) 
110~ FORMAT(lHlo'RATlO OF T~~ OUTPUT MAlRJXEs•o/' CA~ 

C CASE: 0 ol41'1Xo '<'<loiN THIS MATRIX, THE ELEMENTS .... E•oi4o• ~lVtOEO UY 
C•SPONDlNG ELEMENTS IN THF PRECEEDING T~O ~ATR~=~S~ATta OF C~RhE• 
CPOR lEf<~ DIV!OEO ev ZE~Oo -X STANDS fl~ x DIVlD~~'' 1 •loOO STAND~ 
C/2HOlol7~4oA2olHII ".,y lEf.ln•~ 

1110 FORMATI1Ko33A41 
1111 FOR .. AT(33A41 
1112 FDR~AT(tHio'lNlTIAL TOTAL INVENTOhY CP ~AST 

C/JXot7A~oA2o4Ko°CASE'•I4~./' NORMALiZED DOSEE::/~;2-1 G2o• METFllC TON' 
1113 FORMAH1011255(/)J.201/Il 
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Table J-2 (b). File SENDY3A 

1000 C************************************3A************************************* 
1010 C READ MATRIX HEADINGS FROM TAPE, 
1020 2400 
1030 
1040 2406 
1050 2410 
1060 
1070 
1080 2420 
1090 
1100 
1110 
1120 2407 
1130 
1140 c 
1150 
1160 2450 
1170 
1180 
1190 

DO 2406 K=1•2 
READ<IP1•1111l(CHECK<I>•I~1,33) 
WRITE<IP•l11llCCHECK<I>,I=1r33) 
READCIP1r1110l(CHECK<I>•I=1r7) 
DO 2420 1=1•7 . 
IFCCHECK(J),NE.TITLECI)) GO TO 2430 
CONTINUE 
WRITE<IPr1241l(TITLECilri=1r7lriP1 
DO 2407 K=1•3 
READ<IPlo1110lCCHECK<Ilri=1•33) 
WRITE<IP•1110l(CHECK<I>rl=1r33) 
IFCIY.EQ,2) GO TO 2440 
OUTPUT THE MATRIX FROM FIRST CASE FOR COMPARISON. 
DO 2450 IT=lrMT 
READCIP1ol242) TIMECITloCXMANlLCIToiHlriH=l•MIHl 
REWIND IP1 
DO 2460 IT= 1, MT 
WRITEC1P•1242lTIMECJT),(XMAN1LCIT,JH),IH=1•MIHl 

1200 GO TO 2 
1210 OUTPUT MATRIX FROM SECOND CASE FOR COMPARISON. 
1220 DO 2470 IT•1oMT 
1230 READCIP1o1242lTIME<IT>•<MAN1LCITriH>•IH=1,MIH> 
1240 WRITE<IPo1242)TIME<IT)r(MAN1L(ITriH),IH=i•MIH) 
1250 REWIND IP1 
1260 GO TO <2411•2421o2411•2431o2441,2451o2461),JMATH 
1270 IF<IHATH.NE.1.AND.IMATH,NE.3l GO TO 2421 
1280 WRITECIPr1112l TWASTEr(TITLE<I>ri•1•17lriP1F 
1290 DO 2412 IT=lrMT 
1300 DO 2413 IH=lrMIH 
1310 YHAN1LCITriH>~XMAN1LCITriHJ/TWASTE 

1320 WRITECIPrl242l TIME<ITlr(YMAN1L(IT•lH)r!H=1•MIH> 
1330 !F(IMATH.NE.2.AND,JMATH.NE,3) GO TO 2431 
1340 WRITECIPr1112l TWASTE,(TITLE(l)ri=1•17l•IP2 
1350 DO 2422 IT=1rMT 
1360 DO 2423 IH=loMIH 
1370 YMAN1LCITriHl=MAN1L(IT•IH)/TWASTE 
1380 2422 WRITE<IPr1242> TIMECITlr<YHAN1L(JT,IHlriH=1rMIHJ 
1390 2431 CONTINUE 
1400 2441 CONTINUE 
1410 2451 CONTINUE 
1420 C . CALCULATE THE RATIO OF TWO MATRIXES, 
1430 2461 DO 2480 IT=lrMT 
1440 · DO 2490 IH=l r MIH 
1450 IF<MAN1L<ITriHl.NE.O,O) GO TO 2490 
1460 IFCXMANlLCITriHl,NE.O,Ol XMAN1LCITriHl=J,o 
:L470 
1480 2490 
1490 2480 
1500 c 
1510 
1520 
1530 2491 
1540 
1550 2430 
1560 
1570 1241 
1580 1242 
1590 1243 

MANiL(IToiHl=-1.0 
MAN1LCIToiHJ=XMAN1L(JTriH>IMAN1LCITriH> 
CONTINUE 
PRINT THE RATIO MATRIX. 
WRITE<IPr1109l IP1FriP2,CTITLEC!)rl=1•17) 
DO 2491 IT=1rMT 
WRITECIP•1242l TIME<IT>•<MAN1L(IT•IH>oiH=1•MIHl 
GO TO 1 
READ< IP1.1243 > 
GO TO 2410 
FORMATC1X•7A4rT62r'CASE'ri4) 
FORMAT<OPF11,0r1P10E10,2l 
FORMAT<54(/l) 
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Table J-2 (c). File SENDY4A 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1 \10 
1120 
1130 

C****************************************4A************************************ 
C ~EAD MATRIX HCAOINGS FROM TAPEo 

2500 DO 2506 K~1o2 
R E' A:J ( I P 1 o 1 1 1 1 J I G-l EC K I 1) o I = lo 3 3 l 

25v6 W!'.l TF I !Po1111 I I Oii:CK( ll ol =1 o33) 
2530 REAO(IP1o lli'lltCHECKtlJoi=Io33) 

on 2510 !=1.10 
IFICHECK{l).NEeTITLEfll) GO TO 2~20 

.2510 CONTINUE 
C PRINT OUT Hr:AolNGS 

W R 1 T E ( l P • 12 50 I I CHECK I l I ol = 1 o 1 0 h 1 i' 1 
DO 2521 J"'lo3 
~EAui1Ptoll10IICHECKtJio1=1o33) 

2521 '11RlTCIIPoll10)(CH:;:CKII lol=<lo33) 
1Fil¥oEOo21 ~~ TO 2540 
OUT?UT THE MATRIX FROM FIRST CASE FOR CDMPARISO~o 
DO 2550 I T=lo MT 

2550 READ( lP lo 1251 l Tl ME( lT l o I XMAN IN( 1 To IHI o I H:t, Ml Hl 
R~W~NO lP1 
ll!l 2551 1 T=1o MT 

2551 ~RITE ( lP ol251 I TI MF. I lT Itt XMAN1 Nt 1 To lHlolH=lo Ml HI 
GO Tll 2 

C OUTPUT THE MATRIX FROM SECOND CASE F~R CCMPARl$0N~ 

1 t 40 
1150 c 
1160 
1170 
1180 
1190 
1200 
1210 
12.20 
1230 
1240 
1250 
1260 
1270 
1280 
12"'0 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1300 
1390 
140.:1 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 

1510 
1520 
1530 
1540 
l 550 
1560 
1570 
1580 
1590 
1600 

2540 DO 256~ lT~1oMT . 
READ( lP lo 1251) T! ME( 1 T) o (MAN IN II To lH) olH=loMlH) 

2560 ~RITE( IP, 12511 Tl ME {1 T J t ( MAN1NI IT olHlolH-=loMlHJ 
FE'WlNO h''l 
GG T, 12515o2525o2SlSo2535o2~45o2555o2S65lolMA1H 

2515 LF(!MATH.NF.o1oAND,IMATHoNEe31 vn TD 2525 

2517 
2516 
2525 

25?.7 
2526 
2.535 
2545 
2555 

WR1Tf': I lPo 1112 J TIOASTEo ( TI TLEt:;: l ,;; =1ol 8 I ol PlF 
on 2516 IT=lo"'T 
On 2Si7 !H=loMlH 
¥MANINIIToiHI=XMAN1NilToiHJ/TWASTE 
'fiR 1 TEo I 1 Po 12 51 ) Tl ME (! T I o I ¥MAN IN ( 1 To 1 H lo 1 H= l o M1 HI 
iFI1MATHoNEo2•ANDo!MATHoNEo3l GO TO 2535 
.,.RlTEilPo 1112 J T'II'ASTEoiTI TLEI I I ol=lo18lo! P2 
Oil 2526 lT=loMT 
DO 2S27 ! H=lo Ml H 
¥~AN1NIITolHJ~MAN1N(llolHI/TWASTE 
WR1TE::.I1Po12511 TIMEilTio(YMANlN(1To1HioiH=loM1Hl 
CONTltWE 
CONTINUE 
CQI~TI NUE 

c 
2565 

CALCUL~TE THE RAT1Q OF TWO MATRlXESo 
•>'l 2571) lT=lo~IT 

c 

DO 2580 lH=loMlH 
lfiMANl!H1TolH)eNEoOo0) GO TO 2580 
IF { X~AN 1 'HIT o 1 HI o EQ ,O o 0 l XMAlHN 11 To I H)"' 1 e 0 
MANlNilToll\):::-1~0 

2580 MAN1~11ToiH)~XMAN1NI1~olHl/MAN1NllTolHI 
2570 CO"'THIUE 

'2590 

2520 

1250 
1251 
1252 

PRINT THE FAT1UO MATRIXo 
WRlTFtli'oll09l JP1FolP2otTITL~(llol~1o18l. 
DO 25>90 1 T= lo MT 
WFITEI 1Po1251) Tl ME(!Tio ( MANlNI IT olHhlH::hMIHI 
GO TO 1 
I:EAv( lPlo 1252) 
GO TO 253 0 
fORMATI1Xo10A4oT62o°CASE 1 ol4} 
fORMAT IFI loa. lP tOE! 0.21 
FORMA H 541 /) J 
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Table J-2 (d) • File SENDYSA 

I 000 
1030 
1032 
10.14 
1036 
1040 
1050 

C***AR****~*~*************~*********5A****************************************** 

j 060 
1070 
1080 
1100 
Ill 0 
1120 
1130 
1140 
11 so c 
1160 

2 6 0 0 l F ( IV o EO o 1 ) F, EA 0 ( I No I 2 b I l 1 ZA o I Zt; 

262~ 
2630 
2610 

1)1"] 262~ J =1 12 
READ ( I PI o I I 11 l I C!l EC K ( I ) o I = 1 o 3 3 l 
WF.:ITF.I lPolJ Ill !CHEer.;( llol =1o33l 
READ( JP lo Ill~ l I C11ECKC l'lol =lo33l 
00 2620 1=1ol7 
iF(CHECKtlloNroeTITLEIIll GO TO 2640 

2620 CONTINUE 
~RITEil~~i26311CHECKtlloi=IolBlolP1 
READllPlolllOIICHECKtllol=io33) 
WRITE t I Po 1110 l t CHEC,(( I lol='lo.i3l 

2631 ~fAD{lP111262l llollPl 
'F(ll~NEellA) G8 TO 2650 
WRlTEIIPol264) ILollPl 
PRINT HEAI.HN.:>So 
DO 266:) J=il4 
1:: E AD I I P 1 , 11 1 D l I CH EC I( ( ! l o I = 1 o 3 3 l 

2660 WRITE11Po1110l(CHECK{I)ol=lol3) 
IFliYoEUo2l GU 1':1 26>10 
OUT"UT THE I~ A Tl': I X FR\1M Fl RST CASE FOF. C 0 'iPAF; ISOJ' • 
11 0 26 70 i T= I o MT , 

2670 F.EAD( IP lo 126!;1 TIME( I Tlo C XAN2LFI 1 To IZ.JF loJF=trMJFlo X!o!A"'2L( ITo IZJ o 
CT I MEl IT I o I XA112LFI ITo I ZPlo JF l, JF=l o MJF lo XMAN2L( ITo lZP I) 

REWIND IPl 
CICJ 2(..80 tT=1oMT 

2680 WRITE(IPol265) TlM~t1TloiXAN2LFtlTolZoJFloJF=IoMJFloXMAN2LtlTilZlo 
CTt:·IE{ IT It (XA'!2LFC IT oi LPlo JF) o JF'='1oMJf )oXMAN2L( I TolZPl) 

GO T("l 2 
C C.UTPUT THr:: -'lA Tl'< 1 X FROM SE CONIJ CASE Ft.•P CCMPARI SON o 

1 I 70 
1180 
'II 90 
1200 c 
121 0 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 

1 510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
lb10 
1620 
1630 
1640 
H·SO 
1660 
1670 
-1680 
I t>90 
1700 
1710 
1720 
1730 
1740 
I 7::.0 
1760 
1770 
1780 
1790 
1800 
I 810 
1820 
1fl30 
1840 
IC50 
186() 
1fl70 
I 8!:10 
1890 
l'iOO 
1!<20 
1930 
1940 
1950 
1960 
1970 
~ ~H~Q 

2690 DO 2691 ~T=lo~IT 
2691 hEAD{ IPl, 1265) TIMEUTlo (!o!Ai"2LF{ lT 1 Iz,JF I o JF=loMJF loMAN2L( !To lZlo 

C T! ·~E ( 1 T lo ( .\1Ml2L F ( l T ol ZP! o JF} 1 JF ::o1 t MJF ) o MAN2L (: T 1 ! ZP I ) 
W~llt(IPI126~liT!NEI!TloiMAN2LF(JTolZoJFloJf•loMJFlo~AN2L(IT.IZ), 

CT 1 Mi':l 1 T l1 (MA~ 1 2LF{ !TollPlo JFlo JF=<loMJF loMANt'L(l Tot ZPJ) olT"'loMT) 
REWIND [Pl 
GO·TD !2b12o2G2212612o2632 0 Z64212652,2662lol~ATH 

2612 lF(IMATH 0 NE.loANI)olMATHoNf:.o3l GO TO 2622 
WRlT= I I Po 1112) TWAS TEo (TITLE( l) ol =lol OJ o! PlF 
on 2613 !T-=IoMT 
1)0 21>14 JF=IoMJF 
YAN2~F(IToiZoJFl=XAN2LFtlTI1ZoJFJ/T~ASTE 

2614 YAN2LFIIT.lZ~l,JFl=XAN2LFliToiZPioJFJ/TWASTE 
YMAN2L(lTolZl=XMAN2~11TolZl/TWASTE 
Y\IA1<2L I; 1ol ZP I l •XMAN2L{ Ilo I tP 1 l /T~ASlE 

2613 WR1TE(l' 0 126!>) Tl~E(ITloiYAN2LFilTolZoJFloJF:1oMJFloYMAN2L(!ToiZlo 
CTlHEl!llolYAN2LFliToiZPloJF)oJF=1tMJrloYMA~2Ll1TolZP1) 

2622 IFI IMATH,tJEe2•AID.IMATJ-.NE.3} Gl1 TP 2632 
wRlT~{IPol112) T~A5TEo{TlTLE(llol=lo18lolP2 
viJ 2623 !T=loMT 
I)'J 21024 JF=I,MJF 

YA'l?.LF( 1 T 1 I Zo JF )o::MAN2LF( 1 T1l Z 1 JF) /TWI\5TE 
2624 YAN?LF(lTolZPtoJF)~MAN2LFilToiLPloJFl/TWASTE 

YMA~2LtlTolZl=~AN2Ltllo£Z)/TwASlE 
Y~AN2LI1ToJZOl)=MAN2L(ITolZP1l/TWASTE 

21>23 I'IRITF. llPol265) TI MEl 1 T l o I YAN2LF( ITo ILo JF I o JF=I o r-1JF lo YMAN2L tlTo I Zl 1 
CT I ME ( l T lo I Y A"'2L Fl ITt I ZP 1 o JF l o JF = 1 o MJ~ ) o Y MAN2L ( 11 1 I ZP l ) 

2632 CON11NUE 
2642 C011TlNUS 
2652 CD!Hli'IUE 

C CALCULATE THC RATIO OF T~O MATRIXES. 
2662 OU 26\5 IT=loMT 

l)tl 21>97 JF=1oMJF 
!F(MAN2LF(lToiZoJF)oN£oOoOI GO TO 26S 
1FtXAN2LFIJTolloJFioEOoOo0} XAN2LF{llolZIJF)~t.o 
~AN2LF(IlolZ,JF)=-leO 

26~ MAN2LF(lToiZoJFl=XAN2LF(IToJZoJFI/MAt2LF{!TolloJr) 
l F P~AN2LF( Ilo ~ ZPI oJFloNE,OoO l Gl' T 1 2696 
JF(XI.I•'2LFIIT, IZPt,JFloEOoOoOI XAtJ2LF( ITo I.Z"'loJF l=l•O 
MA~2LFt1TolZ~IoJFI=-IoO 

2696 I~A"l2L F 11Tol ZPJ o Jf' I=XAN2LF( IT 1 J ZP I o Jf )/MAN2LF( llo 1 ZPl, JF l 
26<;7 CIJ 1JTI r-!UE 

;_F('~IH12LilTo:zl~NEo.:le0) GO TO 270 
~J-(X~AN2-IITollloEOo0e0) XMA~2L(ITI1Zl=lo0 
~AN2~llTilZl=-1oJ 

270 I~MI2L (ITo tz );oXMAN2L ll To I.ll/MAN2L (I To I Z1 
1F(MA~1 2LI ITo!lP1) ol~E.OoOl G\J Tu 271 
IFIMAN2LtlTo!.lP1)~EiloOo0l XMAN2L(ITolZPl )=leO 

271 
26'>5 

c 

~AN2L(1TollPll=-leO 
.~AN2Ll1 TollPl I=X"1A~l2Ll ITo IZPII/MAI'J2L( JT, lLPl1 
CONTINUF 
"RI~l T~~ RAil~ ~AlRlX 
WF<. I Tf ( I Po 1 1 0 'J l I"' 1 F o I P 2 d T IT i.. E I 1 I o I:. 1 o 1 8 I 
lH1 2G~ 8 l T=111otT 

26 9e wRIT C ( 1 P, 12 6C. I T ll~E I I Tl o ( MAI~.<:!LF I IT, 1ll -1F l , JF = 1 o "'J~ l o MAN2L II l, 1 Z l, 
CT I MF ( IT ) o ( MAN2L F( 1 To I ZP lo JF lo JF: 1 o MJ F 1o MAN2L ( 1 T 1 I ZP I ) 

GO T8 1 
2640 RFAOI rct,12u6) 

GO TO 2t.Jil 
2to50 FEAlH JPlo 12671 

GIJ TO 2631 
FCR~AT(T6oL2tT7~ol2l 
FORMATITeo12oT76ol2l 
Fr'J"~ATilXoltiA4tT7uo 1 CASE 1 t141 

1261 
1262 
1263 
1264 
1265 
126f. 
1267 

F'JR"AT ( 2X o 0 zr: NE:o::' ol 2o T7t o 'ZQNE= 0 ol2 l 
F1Hl/.1AT ( OPJ-9 o::J 1 l PS El 0 e2o1X oOPF~oOo IPSliOe 2) 
FQI'·MA TI2J 4 ( /1 ) 
Fr'JRMATI571/)) 
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Table J-2 {e). File SENDYSB 

1000 
1010 
102il 
1022 
10.24 
1026 
1030 
104-0 
1050 
1060 
1070 

C***********~***************************~o************************************** 
C SKIP 1887 RECnRDS A~O READ HEA01NG5 tF ~A7RIX FFOM TAPE. 

2700 ~EADIIPt,l270) 
!JO 272<;; J=lo2 
P EAU { l P 1 o 11 II I ( Cii ECK I I l, i"' lo 33 I 

27 2 'i I;R IT E (I P, 11 11 I { Cti EC K I 11 , I.: 1 o 331 
2730 REAO(IP1o1110)(CHECKII1ol=1o33) 

O'l 2710 f =1 t I 7 
IF {CHECKill•NEoTITLEllll ~0 TO 2720 

2.71 0 C ONTl NUE 
C PR I "'T HEA DH'GS • 

WRITEllPol27liiCHECKllloi~lo181oiPI 
::>tJ 27 1 I K:: 1 I 4 

I 080 
1090 
1100 
1110 
1120 
lt.JOC 
1140 
1150 
1160 
1170 
1160 
1190 
1200 
1210 
1220 
1230 
12'+0 
1250 
1260 
1270 
1.280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 

1480 
1490 
1500 
151 0 
I 520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1t>30 
1640 
1650 

READ( IPlo 1110) l CHECKI1 I ,I =1~33) 
.2711 WRITEI1Pol11Dl1CHECK(!Jol=lo331 

lFIIYof.:Oo2J GO Tl1 2740 
OUTPUT THE MATRIX FROM FIRST CASE FOF COMPARISON. 
'10 2750 ~T=IoMT 

2.750 R EAO( !Pio 1272 l TIME (I Tl o ( XMl2NF I IT, JF l o JF= !1 MJF I 1 XMAN2N( l T) 
REwiND IPl 
or. 276J I T= lo MT 

2760 ~RlTE(IPol272l TIMEIITloiXAN2NFllT,JFloJF=loMJF),XMAN2N(JTl 
GO TO 2 

C C U TPU T THE nAT R IX FROM SECOND CA.SE rC'R COMPAPI SUN • 
2.7.0 DQ 2770 IT~J,MT 

~EADI1Plol272l TlMEIITioiWAN2NFIIToJFloJF:1,~JFloMAN2~1!T) 
2770 ~;ql TEl I Po 1272) TIME I l TJ o I MAN2~'FI l T ,JF l. JF=:J, MJFI ,MAN2."'( IT l 

f'EwlND !Pl 
~~ Tv 12712o2722o2712o2732o27'+2o27S2o2762loiMATH 

2712 lFIIMATHoNCol•ANDoiMATHoNEo31 Gr TU 2722 
~R1TEIIPolll2l TWASTEoiT!TLEilloi=lolelolPlF 
OU 2713 ! T=loMT 
0~ 27Jq JF=IoMJF 

2714 YAN2NF(lToJFI=XAN2NF(lToJFI/T~ASTE 
YMAN2N(lTI=XMAN2NIITI/TWASTE 

271 3 ti F;. I TE I I o o 12 7 21 TIME: ( 1 T l, ( YAN2NF lITo JF l, J F =I, MJF I, YMAI'-' 2N (IT l 
2722. JF(lMATHoNCa:?aAN!lol•-..ATHaNEo3l Gu Hl 273?. 

10' R I T E I I Po 1 I 12 I T WAST c o ( T 1 T LE ( 1 l o I= I o I b l ol P 2 
DO 2723 ll=I."'T 
no 272 4 JF= lo MJF 

2724 YAN2~FtlloJFI=MAM2NFtlToJf)/TWASTE 
Y~AN2NI!T)=MAN2NilTI/TWASTE 

2723 WR!TEI I Po 1272) Tl ~E(J Tlo tYAN2NFtl ToJf I oJF=loMJFl 1 YMAN2NCi T) 
2732 CONTH'UE 
2742. CONTINUE 
2752 CONT!NUE 

C CALCULATE TH~ RAllO OF TWO MATF;.IXE.So 
276.2 DO 2780 IT~loMT 

.2790 

27'2 
.2760 

c 

2791 

2720 

1270 
1271 
1272 
1273 

un 2790 JF=IoMJF 
IF(MAN?.~FIIToJFJ.NE.OoOI GO TO 2790 
l~(XAN2NFI1ToJF)a~QoOoOI XAN2NFtlToJFJ=IoO 

MAN2NF(lToJFI=-IaO 
MAN2NF( IT oJFl=XAN2NF( iToJF)/MAN21JFt IT,JF )-
1F('IAN2N(1Th14Eo:J.Ol GO TO 279 
lFIX~AN2NIJTioEaoOo0) XMAN2NilTl=loO 
MAN2'H IT ):-J,O 
MAN2NilTI=XMAN2NilTl/MAN2NIITI 
CUNTl~UE 
P~1NT OUT THE RATIO MATRlXa 
WRITEIIPo 11 O<; I 1PlFolP2o tTlTLE{l I ol=l ol8) 
011 <!791 lT=l1MT 
W~lTEllPo12721 TtMEilTl•IMAN2NF(lToJfloJF=I•MJFioMAN2htiTl 
GO TO 1 
PEAOI lPio 1273 I 
,;o r:> 2730 
FORMATC 71•255( /1 lol02t /I I 
FORMAT (I X o1 8A4o T76o •CASE' o Ill. I 
FORMAT(~12o0o1P5El0o21 
FORMAT( 55 (/I I 
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1000 
1010 
1020 
1030 
1040 
lOBO 
1090 
1100 
1110 

Table J- 2 (f), File DDSENDY (i.e., JCL) 

<;.9<;0 STOP 
<NO 

//GOoFT46FOOI DO UN!T=TAPc9oOSN=EPAJUB.VOL=SER=PE17~7o 
// LAUEL=lloSLJoOC8~tRECF~=FBhoLRECL=l3J,BLKSIZE=1330Jo 
// niSP=IOLOoPASSI 
/ /Grl .rT 55F o-o 1 D D Uli I T.:.T APE9 o DSN:oEPAJ(H'lo Vl1L=5ER =PE17 3 7 o 
// LAOfL=I3oSLJoOC~:(~ECFM=FBAoLRECL=l33oBLKSlZE=13301o 
// Ol5P=(~LD,PASSI 
//G(1.,$YStN DLI >11 
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CHAPTER 6 

SUMMARY 

A. PROGRAM SUMMARY 

Title: AMRAW-B; Assessment Method for Radioactive Waste (Second Part). 

Abstract: AMRAW-B performs a sequence of calculations for an inventory 

of radioactive wastes, evaluating health effects and economic 

costs resulting from dose to man calculated by AMRAW-A. 

Effective Date: May, 1978. 

Programmer: The University of New Mexico staff. 

Computer: IBM 360/67. 

Language: Fortran IV. 

Core Memory Requirement: 124 k bytes. 

Execution Time (CP sec): 270. 

Auxiliary Hardware Requirements: Disk, Tape, Line Printer. 
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B. PURPOSE 

AMRAW-B, the second part of the Radioactive Waste Management Systems 

Model, picks up the population dose rates calculated in AMRAW-A and cal

culates corresponding estimates of health effects and economic costs of 

these health effects (see Fig. 1-2). These calculations consider the 

populations in each geographic zone, incidence rates of health effects 

per unit of radiation dose to a given body organ, and costs based upon 

the value of small changes in risk. 
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C. METHOD 

The AMRAW Code is written in Fortran IV language. The two parts of 

the code are: 1) AMRAW-A which contains the Source Term, the Release 

Model, and the Environmental Model, and 2) AMRAW-B which contains the 

Economics Model. They are being run separately but may be joined if 

desired. There is an advantage to running the first part independently 

to determine sensitivity of environmental concentrations and dose rates 

to variations in input. Similarly, there is an advantage to running the 

economic model independently to study the response to varied economic 

parameters. 

The flow of AMRAW-B calculations is best described first using the 

sequence indicated by Fig. 1-2: 1) determine rate of occurrence of health 

effects, and 2) perform corresponding damage calculations in economic 

units. An altered sequence of the actual calculations within AMRAW-B 

is then described. The matrix of local dose rates from AMRAW-A, to 

individuals in each zone from each radionuclide to each body site (organ) 

during each time increment, multiplied by the population of each zone and 

then multiplied by the set of health effect incidence rates for each 

body site, obtains the health effect incidence rates in each zone. 

Similarly, nonspecific dose rates from AMRAW-A (dose to a nonspecific 

population) multiplied by health effect incidence rates obtains health 

effect incidence rates corresponding to nonspecific dose .. As actually 

calculated within AMRAW-B, the input incidence rates of health effects, 
6 deaths/10 man-rem, are first converted to $/man-rem by multiplying by 

$260,000/106 (the value $260,000 is the present input for cost of in

creased level of risk, VOL). Damage rates, $/y, in each zone (and the 

nonspecific category), are calculated by multiplying together: dose 

rates, populations, and $/man-rem. The damage rates, $/y, are accumu

lated over nuclides and organs in each zone (and nonspecific) versus 

time. Total damage rates are also accumulated over zones, organs, and 

times for each nuclide. Damages during each time increment, $, are then 

obtained by multiplying rates by the length of each time increment and 

accumulated over the total time range. Finally, the number of deaths 

(health effects) during each time increment are obtained by dividing 

the damages in dollars by $260,000. Results are obtained for both high 
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and low population projections. 

The present dimensioning of AMRAW-B is as follows: 

1) Radionuclides: 25. 

2) Geographic Zones: 8 (the nonspecific category is treated as a 

ninth zone in calculations). 

3) auman Organs: 8; typically, one of these is total body. 

4) Time Increments: 50. 

AMRAW-B runs with 124 k bytes of core storage, 125 tracks (900 k 

bytes) of disk storage for input data, 10 cylinders (200 tracks or 1440 

bytes) of disk storage for intermediate storage, and requires 270 seconds 

of CPU time in the UNM IBM 360/67 computer. Input data from the major 

data matrices can be furnished from tape instead of from disk if preferred. 
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CHAPTER 7 

INPUT/OUTPUT DESCRIPTION 

Input for M~RAW-B is by an 80 column card data deck. There are 15 

card types. As implemented at UNM, the input deck is read from 3 files 

in disk and/or tape storage. No additional inputs are required. The 3 

input data files are as follows: 

1) AMB. This file provides economic model control and conversion 

data, including discount rate (zero presently used), cost 

assigned to a death, the numbers of times, zones, radionuclides, 

and organs involved, incidence rates of health effects by body 

site or organ, high and low population projections by zone, and 

designation of nuclide decay group. 

2) AMlE. This file provides values of time at the end of each time 

increment, names of each radionuclide, and the mass of each 

radionuclide (in grams) in the repository inventory at each time. 

3) ECONxx (xx is case number). This is the large output matrix, 

MANl, of dose rates from AMRAW-A, restructured for AMRAW-B 

input. 

Radionuclide mass versus time is used within AMRAW-B at this time only 

for calculation of marginal damages ($/gram) by decay group, based upon 

the accumulated inventory at the time repository.operations cease. The 

full nuclide matrix provides for possible additions to AMRAW-B for allo

cation of damages to elements in the waste. The dose rate matrix, MANl, 

from AMRAW-A is arranged as shown in Table 7~1. With the present dimen

sioning used, the dose rates are presented in 225 separate tables (9 zones 

x 25 nuclides). For input to AMRAW-B, this is processed through an aux

iliary program, COMPRESS, to strip away headings and the time column, 

producing a data file with 11,250 lines (from 225 tables x 50 lines 

each). Each line has dose rate values for 8 organs resulting in 90,000 

data items. 

Card input is described in the following section. output is des

cribed in Section 7.B. 
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Table 7-l. Arrangement of AMRAW-A Dose Rate Output: 

Zone la 

Nuclide 1 

Local Dose Rate by Zone and Nonspecific 
Dose Rate 

b Time Increment 1: organ 1, organ 2, ••. Organ B. 

Nuclide 2 

2: Organ 1, Organ 2, ... Organ 8. 
(repeat for other time increments) 

50: Organ!, Orqan 2, ••• Organ 8. 

(repeat for other nuclides) 

Nuclide 25 

Zone 2 

(repeat for other zones) 

zone 8 

c Nonspecific (handled as Zone 9) • 

a Local dose rates are mrem/y. 

b Organ refers to each body site for which dose rate is calculated. 

cNonspecific dose rates are rnan-rern/y. 
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A. CARD INPUT SPECIFICATIONS 

1. Data Deck Setup. Descriptions and number required of each card 

type are given in section 2 which follows. The sequence of the data deck, 

beginning with the first or front card is listed below: 

File Card Type Items 

AMB 1 TITLE 

2 RATE 

3 VOL 

4 NT 

5 MZ 

6 NK 

7 NIHT 

8 SITE, DPY 

9 REG, POPH, POPL 

10 NG 

11 K, IKK 

AMlE 12 TIME 

13 NUCNAM, X 

14 X 

ECONxx 15 MAN! 

2. Description of Card Input. Input data is grouped into 3 

sequentially read data files: AMB, AMlE, and ECONxx (where xx denotes 

the case number from which this file is extracted). 

The largest matrix of data is for MAN! (card type 12). This is the 

dose rate output from AMRAW-A as selected and restructured by auxiliary 

program COMPRESS for use as AMRAW-B input. As presently dimensioned, 

this file can consist of as many as 11,250 cards. Because of its size, 

this file is handled via tape and/or disk storage. 

A list of each card type in input sequence, the necessary card for

mat in each instance, the number of each card type required (one card 

unless stated otherwise), the data items and their descriptions, plus 
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other explanatory notes are presented below. 

Card 

~ Format and Items Description 

The following card types 1 through 11 comprise data file AMB, economic 

model control and conversion data. 

l. FORMAT (lOA4) 
TITLE 

2. FORMAT (lSX, FlO.O) 
RATE 

3. FORMAT (lSX, FlO.O) 
VOL 

4. FORHAT {20X, IS) 
NT 

5. FORMAT {20X, IS) 
MZ 

6. FOR!:1AT (20X, IS) 
NK 

7. FORMAT {20X, IS) 
NIHT 

8. FORMAT (5A4, FS.O) 
SITE 

DPY 

9. FORMAT (A4, lX, 2F10.0) 
REG 
POPH 
POPL 

10. FORMAT (3X, 25!3) 
NG 

11. FORMAT (3X, 25!3} 
K 
IKK(J) 

Title of case, up to 40 characters. 

Discount rate, expressed as decimal. 

Cost of increased level of risk. 

Number of times. 

Number of geographic zones. 

Number of nuclides. 

Number of organs (body sites). 

1 card for each of NIHT organs. 
Name of organ (body site), up to 
20 characters. 
Health effect incidence rate, cases 
per 106 man-rem. 

l card for each of.MZ zones. 
Name of zone up to 4 characters 
High population projection. 
Low population projection. 

Number of nuclide decay groups. 

1 card for each of NG groups. 
Number of nuclides in group. 
Subscript identity of each of K 
nuclides in group. 

The following card types 12 through 14 comprise data file AMlE which 

furnishes values of time to be calculated and the nuclide inventory 

versus time. 
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card 

~ 

12. 

Format and Items 

FORMAT (1P8El0.2) 
TIME (I} 

Description 

1 card for each 8 times of NT total. 
Time in years for each subscripted 
value of TIME. 

One set of the following card types 10 and 11 is required for nuclide K 

of NK total (e.g., for 25 nuclides and 50 time, 25 x 8 c 200 cards, are 

required). 

13. 

14. 

FORMAT (A8, 2X 1 7El0.2) 
NUCNAM (K) 

X(K, IT) 

FORMAT (lOX, 7El0.2) 

X (K, IT) 

1 card in each nuclide set. 
Abbreviated name of nuclide (e.g., 
SR 90 or AM 241M) • 
Inventory quantities for first 7 
times IT. 

1 card for each 7 times, 8 through 
NT, in each nuclide group. 
Inventory quantities for times 8 
through NT. This card bypasses 
rereading NUCNAM, which may be 
placed on each card along with card 
sequence number in the lOX field. 

The following card type 15 comprises data file ECONXX (xx represents 

the case number from which the file is extracted). This file is the 

large matrix which is a portion of AMRAW-A output, providing calculated 

dose rates. 

15. FORMAT (1P8El0. 2) 

MANl (IT, IH) 

One set of cards fo.r each Zone IZ 
of MZ + 1 total (the last "zone" 
is reserved for "nonspecific dose") 
(maximum MZ + 1 is 9) within each 
set is a sUbset of cards for each 
nuclide K of NK total (25 maximum), 
one card for each time 1 of NT total 
(SO maximum), (e.g., for 9 zones, 
including the nonspecific category, 
25 nuclides, and 50 times, 9 x 25 
x 50~ 11,250 cards, are required). 
Dose rate to each organ IH of NIHT 
total (8 maximum) , at time IT (in 
Zone IZ via nuclide K). 

A sample coding form illustrating the first card of each type is 

given in Appendix M. More complete sample input is given in Appendix P. 
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B. OUTPUT DESCRIPTION 

AMRAW-B requires two output mediums: disk and line printer. 

1. Disk. Intermediate temporary storage of calculated values for 

each nuclide is on disk. output can be to disk and/or line printer. 

2. Line Printer. The line printer must be capable of 132 charac

,ters per line. 

3. Output Tables. Output from AMRAW-B is the series of tables 

listed in the directory in Table 7-2. Table 1 as numbered by AMRAW-B 

provides average damage rates in each zone, for nonspecific, and the 

total, versus time. Subtables are for high and low population projec

tions, respectively. Table 2 is a series of tables, one for each time 

increment giving average damage rates: total for zones, nonspecific, 

and total by nuclide, for high and low population. Table 3 presents the 

total discounted present value of damages over the entire time range for 

each nuclide, subtotals for each decay group and the overall total, for 

high and low populations. This table also includes marginal damages, 

by decay group and total, based upon masses in repository inventory at 

the beginning of the terminal storage phase. Table 4 presents total 

expected deaths per time interval in each zone, for nonspecific, and 

the total, versus time. Similarly, Table 5 presents total damages in 

dollars per time interval. Subtables of Tables 4 and 5 are for high 

and low populations. Sample output is given in Appendix P. 
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Table 7-2. Directory of AMRAW-B output Tables 

Units C(lq><)ne n t s Population 

$/t.t" $/106 y 
ouths/ Each TOU.l Non-

Table 110. ~ltle or Description NUClides S/y t.t" Zone Of ZO""II specific ',I'Otal High l;.QI 

Output listing of s~lected 1\li,RI\»-ll input 

1-1 Z<>n&l and TOtal OU>ages for Hiqh Population TO till X X X X X X 
P n>j ect ion, $/y. 

1-l z...,..i and T'Ota 1 DP>IIqea for Lew Population TotAl X X X X X X 
Projection, S/y. 

2 ~<I tehle tor <!=&Ch ti.ma in~rval calculatMI: 2S X X X X li X 
~~ea by nuclide, $/y1 (1 t.ilih 

for "'ach 
illle in-
erval-43) 

3 ~iseounted Present Values, $, and S/g. 25 X X l{ X 

4-1 High Populstion Scenario: Ncoaher of oaaths TOtll.l X X l( X X X 
Per Tl""' Interva 1. 

4-2 Low Population Scenario: Numb& of Deathn TOtal X X X X X X 
Per Tiloe IntervaL 

s-t Total Und hcoun ted Dal>.llg e s for Each Zonn for Total X X X X X X 
~acb Ti~ Interval-High Population, $. 

$-2 J'Qtal tJndbcounted DOmogcs for £ach _ZonOI for Toto.l X X X X X X 
Each Ti.o:::ol Interval-Law Population, $. 

".6t r<~ii>I'<IIIO!nte the l01"9th of u .. ., interval caleulat<>d, 
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CHAPTER 8 

PROGRAM OPTIONS 

The major class of options is concerned with design of the appli

cation. The number of nuclides, geographic zones, times, release sce

narios, and environmental pathways may be varied in AMRAW-A within the 

range of dimensioning and carry over into the AMRAW-B calculations. 

There are no options built into AMRAW-B for alternate calculation 

sequences. There is an option to print or suppress printing of output 

Table 2. This table consists of 1 page for each time calculated (see 

Table 2-2 for description). Setting ITB3 = 1 requests printing of out

put Table 2; setting ITB3 = 0 suppresses printing. Write statements are 

provided (before and after Format statement 3806) for outputting the 

large MANl input matrix from file ECONxx. The write statements are 

suppressed by labeling as comment statements. Removal of the "C" from 

the two lines results in output. 

The input/output mediums are specified in statements in the main 

program which assign values for the variables IN, IP, and IS appropriate 

to the system being used: 

IN specifies an input medium, normally the card reader (at UNM, 
this is 5). 

IP specifies the output medium for the code; this is normally the 
line printer but it may be set to disk ·or tape file if preferred, 
along with appropriate JCL (at UNM, line printer is 6). 

IS specifies an input medium with large storage, used for file 
ECONxx. This can be disk or tape files; the value of IS can be 
any allowable and free integer as supported by appropriate JCL 
(at UNM, this may be 1, 3, or 4; 2 is used in AMRAW-B for sys
tem disk storage of intermediate calculations) . 

121 



122 

mallaire
BlankStamp



CHAPTER 9 

ERROR MESSAGES 

AMRAW-B in the present version does not generate error messages. 

No such addition is planned at this point in time. If the computer code 

fails in a run, it is suggested that the input data formats be checked. 

Extensive comment statements have been placed in the program for assist

ing the user to isolate any problems. 
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APPENDIX K 

BACKGROUND MATERIAL 

The basic structure of the AMRAW model and computer code was 

developed at UNM between 1972 and 1974 as part of the s. Logan Ph.D. 

dissertation: "A Technology Assessment Methodology Applied to High

Level Radioactive Waste Management," The University of New Mexico, 1974. 

Additional development proceeded with support from the Sandia Labora

tories university Research Program and from the Energy Resources Board 

of the State of New Mexico. completion of the model and code was done 

under EPA Contract No. 68-01-3256 beginning in August, 1975. 
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APPENDIX L 

SAMPLE RUN REQUEST 

AMRAW-B RUN REQUEST 

Requested By: 

Phone: Date: _________________ _ 

Number of Seconds: No. of Ouput Lines: 

Number of Copies Requested: 

Special Fonn? If so, form no. 

Input Data On: Disk ---------- Disk Name: ---------
DSN: 

card -------- Tape Tape Name: -'----------
Label: -------

DSN: ______________ __ 

0 F F I C E U S E 0 N L Y 

Date Received: 

Date Submit ted: 

Date Rt=!turned: 

Initials: 
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APPENDIX M 

SAMPLE CODING FORM 

Table M-1 presents a sample coding form for AMRAW-B input data 

illustrating proper formats for each of the 15 card types. The data shown 

is from the base case for terminal storage, reported elsewhere. Only 

the first card of each card type is illustrated. Card types 1 through 

11 comprise data file A!1B, card types 12 through 14 comprise data file 

AMlE and card type 15 represents the large dose rate output file from 

AMRAW-A: ECDNxx. For 9 zones, including one "zone" allocated to non

specific dose rates, 25 nuclides, and 50 times, 11,250 cards of card type 

15 are required. Because of the large size of the last file, it is 

obtained from AMRAW-A and placed on tape or disk by machine processing. 

File AMlE is obtained from an AMRAW-A input data file via machine pro

cessing. Normally, only file AMB requires key punching or typing on a 

terminal. 
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f-1 
w 
0 

Table M-1. sample Coding Form with First cards of 
Each Type Illustrateda 

~('d. ! ~; [Colu.:;:n an ;z,o FORTRAIJJEATEMENT So M ~ ,~~~~~~~~"'" 'ik'; 
Tlpe L 1 ~ ~ ~ ~ 1 '-' L~ ~~ I'} .~ ~~ 10 1 .... - -~ -· .'3 _.4 ;~ :!":. ;~ -i'B N .hJ Jl ]1 )] :;!:~ J5 Jo J~ ~ h ..:.~' ~· 4:l .:t.J "~ 4S ~.~,. 47 ..~fl ~";I ').:.· ~~ ~1 :Sl ~~ 5~ ~o ~~ ~.!1 s"? tN 61 ~1 b~ t.i o5 M b' oa H ?(; )1 .,.~ n '~ ,~ ~.$. 7~ ~.a ="" ~-. 

1 ~CON~!B - ~b PE~It ()DS - NEVJ so·oy .c;o'E.FIF.; 1 : : : ' : I • : : 1 1 • 
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APPENDIX N 

JOB PROCESSING INSTRUCTIONS 

1. Prepare jobcard for computer run using run request as follows: 

Job name - 8 alphanumeric characters. 

Time parameter - number of seconds estimated, 
I 

Lines parameter - number of lines (in thousands) estimated. 

Forms parameter - form number from request. 

copies parameter - number of copies requested. 

2. Input medium: 

card - keypunch as necessary and place in appropriate section of deck. 

Disk - modify the data definition statement GO.FTOlFOOl DD card to 

reflect parameters required by the system. 

Tape - modify the data definition statement GO.FT02F001 DD card to 

reflect parameters required by the system. 

3. Submit job and note date submitted. 

4. Return job to requester and note date returned. 
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APPENDIX 0 

OPERATING DECK SETUP 

JOB CONTROL LANGUAGE CARDS 

~ 

Jf~ 

, 
INPUT DATA 

11~1 
v.:: 

JOB CONTROL LANGUAGE CARDS 

1 
"// 

AMRAW PROGRAM 
1-' 

~ 
JOB CONTROL LANGUAGE CARDS 

v u 

JOB CARD 

r-' 
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APPENDIX P 

SAMPLE INPUT AND OUTPUT 

AMRAW-B Sample Input 

Sample input data for the base case for terminal storage phase, 

Case No. 48, are presented. 

1. Table P-1. 

2. Table P-2. 

a 
Data file AMB. 

a 
Data file AMlE. 

The full file for 50 times and 25 nuclides is 207 lines longi 

the beginning and end of the file is shown here. 

3. Table P -3. Data file ECON48. 

This is the file with designation of form ECONxx for Case No. 

48. The full file for 50 times, 25 nuclides, and 8 zones is 

11,250 lines long; the beginning and end of the file is shown 

here, as obtained by processing AMRAW-A output through the 

auxiliary program, COMPRESS. 

4. Tables P -4 and P-5. Sample of AMRAW-A output. 

These tables are a sample of AMRAW-A output prior to processing 

by COMPRESS to obtain the AMRAW-B input file ill.ustrated in 

Table P -3. 

Table P-4. Average Annual Local Dose to Individual in Zone 1, 

from Ra-226, in Millirems/Year. 

Table P-5. Average Annual Nonspecific Dose to Population from 

Ra-226, in Man-rems/Year. 

aThe left hand line number column in these tables is computer-furnished 
for these listings and is not part of the data files. 
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Table P-1. Data File AMB 

12345678901234567Q9012345678901234567890 

ECON48 
RATE 
VOL 
NT 
MZ 
NK 
NIHT 

- 50 PERIODS - NEW BODY COEFF. 
o.o 

260000.0 
50 

8 

8 

3980 
3990 
4000 
4010 
4020 
4030 
4040 
4050 
4060 
4070 
4080 
4090 
4100 
4110 
4120 
4130 
4140 

TOTAL BODY CREMAIN4) 
GI TRACT 
GONAD(GENETIC) 

85 
34 

200 
0 

44 
LIVER 
LUNG 
MARROW<LUKEMIA) 
BONE 
THYROID 
REPO 
EDDY 

4150 REDB 
4160 MIDO 
4170 WTEX 
4180 LEA 
4190 CHAV 
4200 REGS 
4210 NG 11 

101 
17200 

213000 
784000 
211000 
245000 
253000 
155000 

4220 001 2 19 25 

32 
7 
0 

101 
6100 

53600 
224000 

57900 
74000 
67800 
54900 

4230 002 5 11 13 15 20 21 
4240 003 6 10 12 14 17 22 24 
4250 G04 3 16 18 23 
4260 805 1 1 
4270 006 2 2 3 
4280 G07 2 4 5 
4290 GOB 1 6 
4300 009 1 7 
4310 010 1 8 
4320 011 1 9 
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Table P-2. Data File AM!E 

1050 o,OOE-~00 s.ooE+oo 1.00£+01 1. 50£-101 2.00E+01 2,50E+01 .3.00E+01 4.00E+O.t 
1060 5.00£-1-01 6.00E-I-01 ?.OOE-f-01 S,OOE+01 ?,OOE-1-01 1, OOE-1-02 2.00£+02 ~~. 00£·102 
1.070 4oOOE+02 S.OOE·I-02 6.00E+02 7.00E+02 O.OOE+02 9, OOE+O~! lo00EI0;3 2.00E·I·0:5 
1.080 3.00£+03 4.00£+03 S.OOE+03 6,00£·1-03 ?.OOE-1-03 O.OOE-1-03 9,00EI03 1.00£+04 
l.090 2oOOE+04 3oOOE+04 4 ,OOE·I·04 5,00£+04 6.00E·I·04 7.00E+04 G,OOE-1-04 9, OOE 1·04 
HOO 1.00E+05 2.00E+05 3.00E-I-05 4,00£+05 5, 00Ei·05 6.00E+05 7.00E+05 8.00[-/-05 
1.11 () 9oOOE+05 1.00£+06 
.1170 C-14 1 o.o 6 .140·1·01 1.20D+03 4. 07[1·1·03 ?.??D-1-03 2.l.70+04 4, 04D·I·04 
l.lflO C-14 2 4.040-l-04 4, 040·1·04 4,030-f-04 4.0:HH04 4, 02fH04 4.0HH·04 4.01D+04 
1190 C-14 3 3.96[1-1-04 3o91D-J-04 3.87[1-f-04 3. 82[1-1·04 3. 77D+04 3,73D+04 3.68D+04 
1200 C-14 4 3.64D-I-04 3,59D+04 3.190+04 2,82D+04 2.500+04 2.21[1-f-()4 1,951H04 
:t210 C-14 5 1.73[1-1-04 lo54Ir+04 1,36[1+04 1 .2HJ+04 3.75[1-f-03 1 , o7n+o:~ 3, 031H-02 
1220 C-1<1 6 8.62Dt01 2.49D+01 7o38D+Oo 2.24Dl-OO 7,02D-01 2.26[1-01 2. 28[!--06 
1230 C-14 7 7.03Ir-12 1 .50D-17 3,72D-23 o.o o.o o.o o.o 
1240 c~·14 a o,o 
1250 SR-90 1 5.30D+05 3.89Ir+06 1,06D-I-07 2.24[1-1-07 4.22[1-1-07 7.11D+07 6.28[1-f-07 
126() SR-90 2 4.91Ir-l-07 3o90Ir+07 3,09D+07 2o43Ir+07 1.91Ir+07 .1,48D-!-07 1.151)-f-07 
1270 SR-90 3 8.87Ir+05 7.72D+04 7 ,82[1-1·03 7.85[1+()2 7.21D+O.t 6,10D·f·OO 4. 03D··O 1 
.1280 SR-90 4 3.65D-02 2. 68Ir--03 1o62D-14 8.95D-25 o.o o.o o.o 
:L290 SR-90 5 o.o o.o o.o o.o o.o o.o o.o 
.1.300 SR-90 6 o.o o.o o.o o.o o.o o.o o.o 
:L310 SR-90 7 o.o o.o o.o o.o o.o o.o o.o 
1320 SR·-90 a o.o 
1330 Y-90 1 1.30Ir+02 1,01D+03 2,75D+03 5.82D+03 1, 10D-!-04 1,85D+04 1.63Dt04 
1340 Y-90 2 1.28Ir+04 1.02[1104 8.06Ir+03 6. 34[!-1-()3 4.95Ir+03 3. 86[1·1·0:3 2,<J<;>Df03 
:!350 Y-90 3 2.30D+02 2.00D-I-01 2.0311+00 2. 04[1-·01 1.8711-02 1. 58D-0:5 t.25D-04 
:L360 Y·-90 4 9.48D-06 6,960-07 4.20[1-18 o.o o.o o.o Q,() 
1370 Y-90 5 o.o o.o o.o o.o o.o o,o 0.() 
1380 Y-90 6 o.o o.o o.o o.o o.o o.o o.o 
1390 Y-90 7 o.o o.o o.o o.o o.o o.o o.o 
1400 Y-90 8 o.o 
1410 ZR-93 1 8.44Ir+05 6.3BD+06 1,82D-t07 4.00D+07 7.72Di-()7 1 ,33D 1·08 t.33Ir+oo 
1420 ZR-93 2 1. 33[1!08 1.33IrtOB 1,33D-tOB 1.330!-08 1.33[1108 1.33Ir+oo 1.31Irl-08 
1430 ZR-93 3 1. 33[1t08 1.33Ir+08 1.33[1-1-08 1.33[1-1-08 1,33D+08 1 '33fJ-108 1' 33[1-1 08 
1440 ZR-93 4 1 .33Ir·l-08 1.33Ir+oa 1.33[1-J-08 1.33D+08 1.3::m!·08 1.33[11-08 1.32DI08 
1450 ZR-93 5 1.32D+08 1. 32[11-08 1.32[1+08 1.32DI-08 l..31D+08 1.3.tD·I·OO 1.30DIOB 
1.460 ZR-93 6 lo30[1!-08 1.29D+OB 1,29D+OG 1. 2GD·f·()0 1.28Itl-08 1, 27fi+OO 1, 22It I 08 

.... - ·-~· - 5. 95IH-05 5.69D+05 5.43D+05 5, 19D-I·05 4. 95Iri·05 4,7JDt05 4.52[1105 
.d/70 AM-242M 3 2.90Dt05 1.83Dt-05 lo14[1-l-05 7d0(ti·04 4.44D+04 2.80[11-04 l .• 78lH04 
:mao AM-242M 4 1.140-1-04 7.40D+03 9.66[1-1-01 a. 24 n~-o 1 6, OBD·-03. 4,71D-05 4 .t4D-07 
2890 AM-242M 5 4.22[1-09 5.02[1-11 6,92[1-13 1.100-14 o.o o.o o.o 
::!900 AM-242M 6 o.o o.o o.o o.o o.o o.o o.o 
2910 AM-242M 7 o,o o.o o,o o.o o.o o.o o.o 
2920 AM-242M a o.o 
2930 AM-243 1 1.08[1+05 lo17Ir+06 9.45D+06 2o55JH·07 · 4.98IIt07 7.25Irt07 7.250+07 
2940 AM-243 2 7.24D+07 7.23Df07 7.23[1-1-07 7.22[1-f-07 7.21Dt-07 7.21II+07 7,20D+07 
2950 AM-243 3 7.14D+07 7.07Ir-f-07 7.0011+07 6,94D·J-07 6.87[1-f-()7 6.8101·07 6, 7~1D+07 
2960 AM-243 4 6.69[1+07 6.64Dt-07 6.10D-I-07 5.540-107 5. 0 lD-1-07 4,54IH07 4, 13Ir-l-()7 
:~970 AM-243 5 3.77D+07 3.45D+07 3,18Dl07 2.94Ir+07 lo29D+07 4 '80[11·06 1.66[1106 
298() AM-243 6 5.92rHos 2.25D+05 9. 1.1 Ir·l-04 3.93Ir+04 1. 79IH-04 8.56[11-0:3 4.07[1·101 
29?0 AM-243 7 3.75D+OO 1.08Dt00 6.45[1--01 5.9811-01 7.39[1-01 1,11III·OO 1,'JlDIOO 
3000 AM-243 9 3,64[1+00 
;3010 CM-242 1 3, 05II+OO 3.09Dt01 2o16Ir+02 5.61D+02 1,071H·03 1. 58Ir·l·03 1,50D+03 
:-1020 CM-242 2 1.43Ir-l-03 1,37Dt03 1,31II+03 1.25Ir+03 1.19D-103 1, 14It!-03 1.09[1103 
~1030 CM-242 3 6,98D+02 4.40D+02 2' 74[1·1·()2 1, 71[H02 1.07D-!02 6. 73[1-1 01 4.28IH01 
:~040 CM-242 4 2o75D+01 1, 78Ir~·O 1 2,33D-01 1,99D-03 1.47D-05 1.14[1-07 1,00fJ-09 
3050 CM-242 5 1.02D-H 1.210-13 1. 670·-15 2.66[1-·17 1.16[1-32 0,0 o.o 
:1060 CM-242 6 o,o o.o o.o o.o o.o o.o o.o 
3070 CM-242 7 o.o o.o o,o o.o o.o o.o o.o 
:JOSO CM-242 8 o.o 
3090 CM-244 1 2 .66IH04 3.760+05 3.92[1+06 1.03DJ-07 1. 91rl-/-07 2.47D+07 2.04D-I-07 
3100 CH-244 2 1.39Ir+07 9.73Ir-l-06 6.79Ir+06 4.69D+06 3.2HH06 2.18[11·06 1.47[1106 
:H10 CM-244 3 2.750-l-04 6.19fi+02 1.76Ir+01 4.97D-Ol 1. :::!2[1·-02 2.63ll-04 5. 14D·-O~' 
3120 CH-244 4 9,33[1-08 1,62D-09 o.o o.o o.o o.o 0,0 
J130 CM-244 5 o.o o.o o.o o.o o.o o.o o.o 
:3140 CH-244 6 o.o o.o o.o o.o o.o o.o o.o 
:H50 C/1-244 7 o.o o,o o.o o.o o.o O.() 0,0 
;3160 CM-244 a o.o 
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Table P-3. Data File ECON48 
o.o o.o o. 0 o.o thO o.o o.o o.o 
o .. o o.o o.o o.o o.o 0 .o o.o 0 .o 
o.o o .. o o.o o.o o.o 0 .o o.o o.o 
o.o o.o o.o o.o o.o 0 .o o.o o .. o 
0 .o o.o o.o o.o o.o 0 .o o.c o.o 
o.o o.o o.o o.o o.o 0 .o o.o o.o 
o .. o o.o o.o o.o o.o 0 .o o.o OoO 
2 .. 40E-12 :::!oOJE-11 BoOSE-1:::5 o.o 3o:l7E-l0 1 o2BE-ll lo2BE-ll 0 .o 
3o41E-12. 4o29f-ll lol4E-12 OoO 4. 7 7E-1 0 1 oBZE-11 lo820::-1l 0 .o 
4o41E-l2 5o551:-ll lo48E-12 o.o 6ol7::!.-10 2e35E-11 2o35~-11 0 .o 
5.40E-12 6oBOE-ll lo81E-12 0 .o 7o56E-10 2 .aee.-tt 2.. saE-lt 0 .. o 
6.39E-12 a.os!!-11 2o 14E-12 o.o 8o95E-10 Jo40E-11 3o40E-11 0 .o 
7.3BE-12. 9o29E-11 2oi\7E-12 0 .o lo 03";-09 3o9JE-ll 3o93E-!1 0 .o 
a.JtlE-12 1 .OSE-1 0 2oBOE-12 o.o lo 17:0-09 4o46E-11 4o46E-11 0 .o 
lo82E-11 2o29E-10 (; .. 101:-12 o.o 2'11155=:-09 9o71E-ll 9o71!::-l1 0 .o 
2 "77E-ll Jo49E-10 9o29E-12 o .a 3 0 89€-010 lo48Eo-10 1 o48E-10 0 .o 
3~7oE-ll <I ~C>6E-l 0 lo24E-11 o.o 5o IS?:-09 t~97E-10 lo97<::-to o.o 
4.6JE-11 s.aoc-to I o54~-11 OoO {>. 4 e:::::-09 2o46E-10 2o46:!-10 0 .0 
5 o48E-ll 6o90E-'t 0 !.84E-11 CoO 7o68E-o9 2.92€-10 2o92E-10 o.o 
6 o34E-1l 7o98E-10 2~ 12E-Il o.o a. ae:::-09 J.38E:-10 3.38?:-10 o.o 
7ol7E-Il SoOJf:0-10 z .. 4oE-tt 0 .o t.OOE-0~ 3.82E-10 3.82E-!O c 60 
7~98E-ll loOOE-09 2oc7E-11 o.o 1. 12::-08 4.25E-10 4.25E-IC 0 .a 
8o76E-11 1 ol OE-09 2o93E-1l o.o lo23':-08 4.67E-t0 4.o7E-!C 0 .o 
t.65E-IO 2 .. 0BE-09 5o54E-11 o .. o 2.32E-o8 8o82E-10 Bo82E-l0 0 oO 
2o18E-IO 2o75E-09 7o30E-ll o.o 3 .. ce:::-os 1ol6E-09 1 .tt.:=:-o'i o.o 
2 o55E-10 Jo2lE-09 8o53E-11 o .. o Jo57E-08 lo36E-09 lo36E-09 o.o 
2o79E-10 3o51E-09 9o35E-11 o.o 3o91E-08 1.49E-09 1 o4'iE-o9 CoO 
2o93E-10 3o69E-09 9o SOE-11 OoO 4. 10':-08 l.56E-09 lo56!::-09 0 .o 
2o99E-Jo 3 • 76E-09 t.OOE-10 o ~a 4ol'9::-oa 1.59!':-09 I .S<;E-09 o.o 
3o00E-10 3o78E-0'9 lo01E-10 o.o 4o2C:i.-08 I oi>OE-09 1.60:0-09 0 .o 
2o96E-IO 3o73E-09 9o92E-ll o.o 4o15E-08 1o58t:;-O'Ol 1.se::-o9 050 
2o88E-10 .3o6.3E-Q<,J 9o66E-11 o ~o 4o04E-08 lo54E-09 lo54E-C<; 0 .o 
3o54E-10 4o46E-09 lol9E-10 o .. o 4o9e:::-os 1o89E-09 J.ac;::-o9 0 .a 
t .. 45E-to la83!:::-09 4.87E-11 0 50 2o042-08 7.7sE-1o 7o75:0-1C 0 .o 
SoOOE-11 f:o30E-l0 lo67E-ll o.o 7 o OlE-09 2 o67E-10 2o67E-JO 0 .o 
lo61E-l! 2o03E-10 5o39E-12 o.o 2 .2t::::-og BoSSE-11 8.58E-ll 0 .a 
5o03E-12 6o34E-ll lob9E-12 0 .o 7.os:-1o 2 o68E-ll 2.68E-t1 0 .o 
lo56E-12 t .. 97E-11 5o24E-1J o.o 2ol<;-=;-to 8 o3.3 f:-12 8.33":-12 0 .o 
4o90E-13 6 ol 7E-12 1of>4E-13 0 .o 6o!lo!:=-!t 2o61E-l2 2o6l~-12 0 .o 
lo56:::-13 1 o96E-12 5 .. 21E-14 o.o .._2. 1 SE-ll 6o30[:-l.J 8o30E-13 CoO 
5o06E-14 6o37E-13 lo69E-14 o.o 7oOe=:-t2 2.69:0-13 2o69E-13 o.o 
3o16E-14 3.98E-13 lo06E-14 o .a 4o42:i.-J2 l .. bSE-13 1of>8:::'-13 o .a 
3 olf.E-19 ;J .. 97E-18 t.ot.:E-19 o.o 4 o4::E-l 7 1of>8E-11> 1o6EE-te o.o 
9o72E-25 lo22E-23 .;,.,25E-25 o.o 1. Jc=:-22 SolSE-24 5ol8E-24 o.:J 
2o08E-3l 2.62!:-30 6o96E-32 c.o 2-91.::-29 1 .11 E-30 1 o liE- 30 0 .o 
5o 16E-38 6o50E-37 lo7JE-J8 CoO 7o23"0-36 2o75E-..37 2 .75!::-37 o.o 
a .a o.o o .. o o.o o.o o .a o.o 0 oO 
o.o o.o o .. o o.o o.o 0 oO o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o 
~0 o.o o.o CoO o.o 0 .o o .. o o.o ----ro.o c.c. o.o o.o o.o 0 .o o.o Oo:l l 

o.o c .. o o.o o.o CoO 0 .o o.o o.o 
o.o c.o o.o o.o OoO o.o ·0. 0 o.o 
o.o CoO o.o OoO o.o 0 oO o.o 0 oO 
0 .o c.o o.o o.o o.o 0 .o o.o o.o 
OoO o.o o.o o .. o o.o 0 .o o.o o.o 
o.o o .. o o.o o.o o.o o .a 0 .o o.o 
2o15E-02. 4.!,2E-03 lo75F-o2 3o35::-ot o.o 7o27E-Ol 7.27":-0l o.o 
le49E-02 3.13E:-03 1o21E-02 2o32E-Ol 0. 0 s.o.3=:-ot s.OJE-01 o.o 
lo04E-02 2.19E-O~ 8.4BE-03 loo3E-01 o~o 3.!:i:IE-Ol 3o5:'!E-Cl o.o 
7 .2~E-03 1 oSJE-0~ 5o9Ho-03 lol4E-Ol 0 0 0 2o4o£-Ol 26'oe,:::-ot 0 .a 
s.O~E-03 J .OoE-03 4.08!:-03 7o84E-02 o.o lo70S-Jl 1 o70::-.01 0 .o 
3o45E-o3 7 o24E-04 O'o80E-03 s.37E-o2 OoO 1o16E-01 lol6"'-01 o.o 
2o.34E-03 11 .. 92£-04 1 o 9 OE- 03 3o65E-02 o.o 7o91E-02 7o91::-02 0 .o 
~.'i8E-O't 2oiOE:-04 e.tot:-04 1 o56E-02 o.o 3,J7E-02 3o37E-02 o.o 
lo94£-05 4 o0!.'€-06 lo!:iB::-os 3. 0.3::0-04 0 0 0 6o5cE-J4 6.56'.:::-04 0 .o 
4o55E-07 9o55E"-06 .3.69£-07 7.09;:'-06 o.o lo54£-05 lo54'."-0~ o.o 
l .34£-06 2o81E-09 loOSE-08 2oOI:!E-07 0. 0 4o51E-C7 4o51E-07 o.o 
3o88E-J 0 BoiSE-11 3 ol ::E- 10 6.,CSE-09 o.o lo.JIE-08 1.31<:-oe o.o 
9.79(:-12 2.06!::-12 7oY4E-12 lo532-!0 o.o 3.:HE-t0 3.JlC-10 0 oil 
2,J7E-13 4.5t>E-14 lo7f>E-13 3o.38E-12 o.o 7 • ..02!'::-12 7.3~£-12 0 .;} 
4o36E-15 9 .tsE-16 3.51\E-15 6o79E-14 0. 0 lo47E-l...i lo47E-13 o.o 
8ol2E-17 1o71 E-1 7 .;..59€-17 lo27E-15 CoO 2 o74E.-1!..; 2.o74E-15 0. 'j 

lo78E-18 3.742"-19 lo45E-18 2o71lE-17 CoO 6oOIE-17 boOl:':-11 o.o 
o.o c.o o.o o.o o.o 0 .o o.o JoO 
CoO 0 .o o.o o.o o.o 0 .o o.o o.o 
o.o o.o o.o o.o o.o 0 .o 0 .o o.o 
o.o o.o o.o o.o .o.o 0 .o o.o CoO 
o.o o.o o.o o.o o.o a .a o.o o.o 
o.a o.o o.o o.o o.o o.o o.o o.o 
OoO 0 .a c.o o.o o.o 0 .o o.o a.o 
o.o o.o o.o o.o o.o OoO CoO o.o 
o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o OoO o.o o.o OoJ 
o.o 0 .o o.o OoO o.o o.o o.o o.o 
OoO c.o CoO o.o o.o 0 .o o.o 0 .o 
o.o o.o c.o o.o CloO o.o o.o 0 .o 
o .. o o.o o.o o.o OoO 0 .a o.o 0.) 
o .. o Cot' o.o o .. o CoO 0 .o 0 oO 0 .o 
CoO o.o OoO CoO o.o o.o o.o o.o 
o.o o.o o .. o o.o o.o o.o o.o o .a 
0 .o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o OoO a. a CoO o.a 0 .a o .. o 
o.o o.o o.o o.o o .. o 0 .o 0 .o o.o 
o.o o.o o .. o CoO o.o o.o o.o 0 .o 
o.o o.o o.o o.o o.o o.o o.o a .. o 
o.o 0 .o o.o o.o o.o 0 .a o.c o.o 
CoO o.o o.o o.o o.o 0 .u o.o 0 .o 
o.o o.o o.o o.o o.o 0 .o o.o o.o 
0 .o o.o o.o CoO o.o o.a o .. o o.o 
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Table P-4. Sample of AMRAW-A Output 

00 AVERAGE ANNUAL LOCAL DOSE TC INOIVIDUALo MAN1Lo IN MILLIREMS/YEAR 

ZO,..E= I • o ~ NtJCL (DE"' RA-226 1(::: 12 

TIME 
o. 
Sa 

10. 
15a 
20o 
25a 
30. 
40. 
50. 
60 .. 
7Ch 
80 0 

90 * 
100. 
200 .. 
300. 
400. 
500. 
600. 
700o 
800. 
900o 

1000. 
2000. 
3000. 
4000. 
5000. 
6000. 
7000. 
aooo. 
9000. 

iOOOOo 
20000 .. 
30000o 
4GOOO. 
soooo .. 
60000 .. 
70000 .. 
aoooo .. 
90000 0 

100000 .. 
200000. 
.JO(!OOOo 

400000 .. 
sooooo. 
600000a 
7G0000o 
aocooo. 
900000., 

I COOOOO a 

TOT BODY 
o.o 
o.o 
c:.o 
o .. o 
o.o 
o.o 
c.o 
1·42E-13 
2o 43E-13 
3o82E-l3 
s. 6 aE-1.3 
8ol2E-13 
lol2E-12 
1o52€-l2 
9o I SE- ~ 2 
'iloiOE-11 
la20E-l0 
2o69E-10 
5.14E-IO 
e.76E-to 
I a38E-09 
2• 03E-09 
2a87E-09 
lo61E-08 
!'o88E-08 
J.,37E-07 
2o52E-07 
{I• 04E-07 
5o94E-07 
8o19E-07 
lo 08E-06 
lo38E-06 
4o85E-06 
I.:>ISE-0 5 
1o 91 E-(15 
2o66E-05 
3o36E-05 
4oOIE-05 
4<o59E-05 
5o09E-05 
s .. 53E-05 
lo59E-04 
lo62E-04 
I. 40E-04 
loi3E-04 
e.aoE-o5 
6a80E-05 
So2 5E-05 

..Q, OSE-05 

3ol3E-OS 

GI TRACT 
o.o 
CoO 
o.o 
o.o 
o.o 
o.o 
o.o 
6.24E-16 
t~42E-15 

2. 53E-15 
4,.04E-15 
c:~o4E-15 

8o63E-15 
lo 19£-14 
7o89E-14 
3o63E-13 
loO?E-12 
2o 43E-12 
..Q.65E-12 
7o97£-12 
!.25£-11 
lo 86E-11 
2o63E-11 
lo46E-10 
5o42E-10 
lo26E-09 
2 .. 32£-09 
3o 74E-09 
So49E-09 
7. 57£-09 
9o 98E-09 
lo27E-08 
4o49E-08 
lo06E-07 
lo77E-07 
Zo 46E-07 
3.11€-07 
3.7JE-07 
4o25E-07 
4o71E-07 
5.,tzE-07 
1o 47E-06 
lo SOE-06 
lo 29E-06 
lall4E-06 
8olSE-D7 
6 .. 210£-07 
4.86£-07 
3. 75E- 07 
2o89E-07 

GONADS 
o.o 
0•0 
o.o 
o .. o 
o.o 
o.o 
o.o 
lo42E-13 
2o44E-13 
3o83E-13 
5o69E-13 
8ol4E-13 
lol3E-12 
lo52E-12 
9ol8E-12 
4ol2E-11 
loZOE-10 
2o70E-10 
5•1SE-10 
8o79E-10 

lo38E-09 
2o04E-09 
2ol:l8E-09 
lo62E-08 
So90E-08 
lo 37E-07 
2.52E-07 
4.06E-07 
s.96E-o7 
8o2lE-07 
1 .. oae-o6 
lo38E-06 
4o87E-06 
loJSE-05 
1o92E-05 
2o 67E-05 
3o37E-05 
4o 03E-05 
4o60E-05 
SoU E-05 
5o 55£- 0S 
loSSIE-04 
lo62E-O<il 
lo40E-04 
lol3E-04 
8o83E-05 
6o82E-05 
5o27E-OS 

4o06E-OS 
3• JoiiE-05 

LIVER 
o.o 
o.o 
o.o 
o.o 
o .. o 
o .. o 
OaO 
5 • 72E-16 
! .. 37E-15 
2o49E-15 
4o02E-1S 
6eCSE-15 
6.67£-15 
1 o20E-14 
e.OJE-14 
3o70E-13 

loiOE-12 
2 o48E-l2 
4o76E-l2 
e.t5E-tz 
t,.2aE-11 
I o90E-11 
2 ot.I9E-Il 
1o52E-10 
5 .5sE-I a 
I o 29E-09 
2o3EIE-09 
.3 .63€-09 
5~62E-09 

7. 75E-09 
1 o02E-OB 
I • .JOE-08 
4 .,60E-Oa 
I~09E-07 

1 oBI E-07 
2e52E-07 
3o19E-07 
s .. soe-o7 
4o35E-07 
4 &83E-07 
So24E-D7 
I.SOE-06 
lo~53E-06 

1~33E-06 

1 .. on:-o6 
8o34E-07 
6.,4SE-07 
4 o 98 E-07 

.3o84E-07 
2 e97E-07 
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LUNGS 
o.o 
o. 0 
o.o 
o .. o 
o. 0 
o .. o 
o.o 
4 .. 13E-13 
7o05E-13 
h IIE-12 
Ja6SE-12 
2o35E-12 
3o2SE-12 
4o39E-12 
2o6SE-11 
lol9E-10 
3o46E-10 
7o78E-IO 
loot9E-09 
2o53E-09 

3o96E-09 
s.eae-og 
8o31E-09 
4o66E-08 
lo70E-07 
3o95E-07 
7o27E-07 
lo17E-06 
lo72E-06 
2o37E-06 
3oi2E-06 
3o98E-06 
1o40E-05 
3o32E-DS 
SoSZE-05 
7o69E-05 
9o72E-05 
h 16E-04 
lo J.3E-O 4 
lo47E-04 

lo60E-04 
4o5al::-04 
4o68E-04 
4o04E-04 
3o26E-04 
2o54E-04 
1o97E-04 
lo 52E-04 

!o1 7E-04 
9o04E-05 

MARRO \!I 
o .. o 
o.o 
c .. o 
o .. o 
o.o 
o.o 
o .. o 
1o68E-l2 
2o87E-12 
4o51E-12 
6a69E-12 
9o56E-12 
1" 32E-Il 
lo78E-11 
1oi'!SE-10 
4. 82E-10 
1o41E-09 
3ol6E-09 
6ofl4E-09 
lo03E-08 

lo62E-08 
2.,39E-08 
.3o 38E- 08 
lo89E-07 
6o91E-07 
t.60E-06 
2o96E-06 
4o75E-06 
6. 98E-06 
9o62E-06 
1. 27E-05 
1. 62E-Q5 

5. 70E-.05 
Ia 3SE-04 

2o24E-~4 

3.,13E-(14 
.J.<Jse-04 
4o71E-04 
So 39E-04 
5. 96E-04 
6o50E-04 
I • 86E-03 
lo90E-03 

l • 64E-03 
1. 32E-03 
1o03E-03 
7o99E-04 
6.17E-04 

4o75E-04 
3. 67E-04 

E!DNE 
o.o 
o.o 
o.a 
o.o 
o.o 
o.o 
o.o 
lo68E-12 
2o87E-12 
4o51E-12 
6o69E-12 
9o56E-12 
lo32E-Il 
lo78E-11 
loOSE-10 
4•82E-10 
lo41E-09 
3ol6E-09 
6o04E-09 
1.03E-08 
lo62E-08 
2o39E-08 
3o38E-08 
lo89E-07 
6o91E-07 
Jo60E-06 
2.o96E-06 
4a75E-06 
6 .. 98€-06 
9o62E-06 
lo27E-05 
la62E-05 
So70E-05 
lo35E-04 
2o24E-04 
3ol3E-04 
3o9SE-04 
4 .. 71E-04 
So39E-04 
5o961';-04 

6o50E-04 
t .. 86E-03 
lo90E-o3 
lo6 4E-0.3 
l•l2E-03 
1o03F.:-03 
7~99E-a~ 

6oi7E-04 

4o75E-~4 

3• 6 7E-04 

THYHOIO 
o .. o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
7o25E-16 
lo75E-15 
3o17E-l5 
S,.I2E-15 
7o71E-15 
J .llE-14 
1 .. 53E-14 
1 .. 03E-l3 
4a73E-13 
t.4~E-12 

3 oi7E-12 
6.08E-12 
t.04E-l1 
1o64E-11 
2o43E-11 
3a43E-11 
lo94E-10 
7o09E-10 
1 .65E-09 
3o04E-o9 
4a89E-09 
7.taE-o9 
9 0 90E-09 
lo31E-08 
lo67E-06 
5.e7e-oa 
l.39E-07 
2o31E-07 
Jo22E-07 
4 .. ~7E-07 
4o86E-07 
So56E-01 
6 .. J 7E-07 
6o70E-07 
I .92E-06 
lo96E-06 
t.69E-06 
J.J6E-06 
lo07E-06 
Bo24E-07 
6o36c-o7 

4o9flE-07 
3o79E-07 



Table P -5. Sample of Al1RAW-A output 

·~ AVE~AGE A~NUAL NONSP~ClFlC DO~E TO POPULATION, MA~lNo 1~ ~A~REMS/VEA~ 

NONSPECIFIC eoe ~UCLlOE= ~A-2£6 K~ 12 

Tl~E TCT OODY Gl TRACT GONADS 
Oe OoO OoO o.,o 
s .. 

to .. 
., 15<> 

20. 
2So 
30., 
40. 
SOe 

60o 
70a 
&Do 
90 ~ 

too .. 
200., 
.300 .. 
400., 
soo. 
600., 

700o 
1:!.00. 
900e 

1 coo. 

c .. o 
CoO 
c .. 0 
o.o 
c .. 0 
CoO 
co4t1E-10 
h OOE-O'i' 
1o47E-09 
2<> 09E-09 
:<.oi39E-09 
~o89E-09 

~ol4E-09 

:!o 03E-08 
lo32E-07 
::Oo 77E-07 
t'o35E-07 
lo 57E-06 
;;., 66E-06 
4o15E-06 
f.o1 OE-06 
e., SdE-06 

2000o •Eo02E-OS 
3 ooo., J. 8 2E-04 
4000o <I.,ISE-04 
sooo., 7., 63E-04 
6000., lo22E-03 
7000. 
sooo .. 
9000o 

toooo .. 
20CCOe 
:?OCOO., 

40000o 
socco .. 
6COOO. 
7COOOo 
80000o 
900COo 

!OOOOCe 
200000. 
:300000e 
40000Co 

500000 0 

f!OOOOOe 
700000o 
acoooo., 
9001.\CCe 

ICOCOOO .. 

lo78E-03 
2o 44E-03 
~ .. 20E-03 
4, C7.E-03 
leSlE-02 
2o57E-02 
<;Oo 89E-02 
8o16E-02 
lo 03E-01 
l.o22E-01 
h39E-oi 
h54E-Ol 
t.67E-01 
Eo14E-01 
s.,27E-o1 
o~~., S!iE- 01 
3. 67E-01 
2o 87E-O! 
:<., 22E-Ol 
lo 71 E-01 
lo :32E-01 
lo02E-01 

Oo 0 
OoO 
o .. o 
o~o 

CoO 
o. 0 
lo~SE-12 

2o08E-12 
:::10 O?E-12 
4e35E-12 
6oOH.-12 
thC9E-12 
1a07E-11 
t..,JOE-11 
2o75E-10 
7o8SE-10 
1o 74E- 09 
3o27E-09 
Sa ~4E-09 

8.63E-09 
1<>27!:;-08 
le 76E-08 
1e 04E-C7 
"::!c 79E-07 
Eo b!OE-07 
1.. 59E-06 
2o 53E- 06 
3o69E-06 
So 07E-06 
6o 66E-06 
8a•HE-06 
3e 14E-OS 
7ot13E•05 
lo23E-04 
le 7CE-04 
.:2ol4E-04 
2o 54E-04 
2o 891!:-04 
2.,21E-04 
~ .. 48E-04 
lo07E•03 
le!OE-03 
9o 47E-Ot1 
7o64E-04 
5o9bE-04 
4e61E-04 
2!10 Se.E- C4 
2• 74E-04 
2ol2E-04 

o. 0 
CoO 
Oo 0 
o.o 
CIOO 
o. 0 
6o48E-10 
J.,OOE-C9 

1o 47E-09 
2o09E-09 
2o a<;.;::-09 
3.69E-09 
s.14E-C9 
3o03E-06 
h 32 E-C7 
3e 77E-07 
8o35E-07 
1o 57E-06 
2., 66E-06 
4 ol SE- 06 
6o10E-06 

a .. ss:-c6 
5o 02E-o5 
loS:!E-04 
4o18E-04 
7o63E-C4 
1o22E-C3 
1o7BE-0:3 
2e44E-03 
3e 20E-03 
4o07E-03 
!osiE-02 
3o 57E- 02 
5o89E-02 
Bol6E-02 
lo03E-Ol 
lo 22E-01 
h ~9.':-01 

h 54E-Ol 

1'"67:-ot 
5ol4E-C1 
5o27E-Ol 
4m ESE-01 
3o67E-01 
2o 87E-Ol 
2o 22:::-ot 
lo7JE-01 
i.o32E-Ol 
1oC2E-01 

Ll VER 
OoO 
o. 0 
o .. c 
CoO 
o.o 
o.o 
o .. c 
la20E-1J 
1 o 85E-1 J: 
2 e 73E-l3 
3o87E-13 
5o34-E-13 
7ol9E-13 
9.,51E-13 
s .. 6oE-12 
2c44E-11 
bo96E-l1 
1 o E4E-l 0 
2o<;tE-10 
4,92£-10 
7.c7E-to 
lol3E-09 
l .. :S9E-O~ 
9a28E-09 
.3o27E-Od 
7 o 73E-OS 
1 o41 E-07 
2o25E-07 
3ol"dE-07 
4<>:SlE-07 
s .. 92E-o7 
7.,53f-07 
Zo79E-06 
6o60!;'.:-06 
lo09E-C5 

le 51 e-cs 
1 • 90E-OS 
2a26E-05 
2o57E-05 
2o85E-05 
3o09E-05 
9. sce--os 
9e~15E-05 

do42E-CS 
6.,7,.,€-05 
5o3'>E-o5 
4ol~E-OS 

3o16E-05 
2o4oi!E-05 
1.ea.:-os 

140 

LUNGS 
c.,o 
Q. 0 

CoO 
OeO 
Co 0 
OoO 
o.o 
DoO 
Co 0 
o.o 
OeC 
CleO 
o.o 
o.,o 
o.,o 
0100 
o .. o 
c. 0 
CoO 
OoO 

a.o 
Do 0 
OoO 
Qg 0 
Oo 0 

o.o 
CoO 

Oo 0 
OoO 
OoO 
o.o 
o.,o 
OoO 

o.o 
o.o 
OoO 
o.o 
OoO 
CoO 
OoO 

OoO 
o.c 
a~ o 
OoO 
OoO 
CeO 
o.o 
Oo 0 
o.o 
o.o 

MARPCb 
OoO 
o.o 
o .. c 

·Oo 0 
o.o 
o .. c 
OoO 
7o 71£-09 
lo 19E-C8 
lo75E-08 
2o 49E-C8 

~" 4JE- cs 
4o63E-08 
o., 12E-08 
3o60E-07 
h 57E-Cc 
4o 49E- Co 
9o~3E-C6 

lo87E-05 
::!e17E-C5 
4o <;;4E-o5 
7~ 26E-C5 
loO::'E-Ctl 
So <;;7E-04-
l"o17E-03 
4o97E-03 
9<> CBE- C3 
h 45E-C2 
2., 11 l::-02 
'? .. -.oe- c2 
3o81E-02 
4oe4E-C2 
t,. BOE-01 
4o.25E-01 
7o01E-Ol 
9.,7lE-01 
lo 22E 00 
~a45E 00 
lo65E 00 
h t!3E CO 
Io 99E CO 
6ol2E CO 
6o27E CC 
s., 42E 00 
... 37!:: 00 
3o<HE CO 
2o 64E 00 
.2, CJE CO 
h.E7E 00 
lo21:::: 00 

BONE 
a. o 
o.o 
c .. 0 
Oo 0 
o.o 
o.,o 
OoO 
7o71E-09 
t..19E-rl8 
1· 751:-08 
2e4'iS-OS 
3.,43!::-08 
4o6 3:=-os 
6., 1 2E-fiB 
3.,60E- J7 
h57':::-06 
4a 49!::-06 
9o93E-06 
h B7E-05 

3~ 1 n:-::~s 
4o94"0-05 
7~ 26"'"-():5 
1o02E-.l4 
5o97E-04 
2o170::-03 

4o97=-o3 
So 08'!-03 
1c4SE-02 
2ol1E-02 
"!o ?OE-02 
:;.stE-C2 
4.,84E-02 
!e 'lOE-01 
<\,25!::-Ql 
7= OtE-01 
9 .. 71<;:-0l 
lc~2E 00 
"!;.,45::: oo 
1 .. 6SE ~0 
lo03E 00 
1.,99E Qn 

6 .. l2E 00 
6o271:: O'l 
Sa-l-2~ Oil 
4., 37E 00 
~ .. 41:: 00 
2o64'::: 00 

2-; 03E 00 
b 57!:: 00 
1 o21 E 00 

THYROlO 
OoO 
OoO 
Oo 0 
o .. o 
OoO 
'loO 
·)o 0 
Oe 0 
OoO 

0 oO 
OoO 
OoO 
o.,o 
'lo 0 
o.o 
Oo.() 
.)., 0 
0 .o 
Oo 0 
.).,;) 

Oo 0 
o .. o 
c • ., 

· Oo 0 
o.,o 
o.o 
Oo 0 
OoO 
o,o 
o., 0 

.loO 
OoO 
OoO 
0 .o 
Oo :> 
o .. o 
\)g () 

o.,o 
o • .:. 
o .. o 
o. 0 
o.o 
Q.,r) 

Oo 0 
Oo 0 
ve~rl 

OoO 
o.,o 
OoO 
OeO 



AMRAW-B Sample Output 

This section of AppendixP contains output for the full run base case 

for terminal storage phase, Case No. 48, and is based on the total of 

cancers and genetic effects. 

1. Output Summary of Selected Input: Table P-6. 

2. Annual Damage Rates, by Zone, Nonspecific and Total 

a. Table P-7 (Output Table 1-1). Zonal and Total Damages for 

High Population Projection ($/y}. 

b. Table P-8 (Output Table 1-2}. Zonal and Total Damages for 

Low Population Projection ($/y}. 

3. Annual Damage Rates, by Nuclide, Total All Zones, and Nonspecific 

Table P-9. (Output Tables 2-9 (50 y), 2-14 (100 y) ). 

The full output of this type is a table for all times calculated 

after 30 y. 

4. Discounted Present Values of Damage Costs by Nuclide, and Total, 
6 Integrated Over 10 Years 

Table P-10 {Output Table F-10). Discounted Present Values ($), 

Discount Rate = 0.00%. 

5. Number of Deaths per Time Interval 

a. Table P-11 (Output Table 4-1). High Population Scenario: 

Number of Deaths per Time Interval {#/~y}. 

b. Table p-12 (Output Table 4-2) . Low Population Scenario: 

Number of Deaths per Time Interval (#/6y) . 

6. Total Undiscounted Damages per Time Interval, by Zone 

a. Table P-13 (Output Table 5-l). Total Undiscounted Damag~s 

for Each Zone for Each Time Interval- High Population ($/6y). 

b. Table P-14 (Output Table S-2). Total Undiscounted Damages 

for Each Zone for Each Time Interval- Low Population ($/6y). 
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Appendix fl 

Table P -6. output Summary of Selected Input 

EC0~43 - 50 PERIODS - NEW BODY COEFFo 

DISCOUNT RATE = 0.00 % 
COST OF INCREASED LEVEL OF RISK OF DEATH = $ 260000. 

COST OF EXCESS RISK OF DEATH 
SIT:: OR TYPE DEATH /MIL. MA!\J-REM $/MAN-REr-1 

TOTAL BODY (REMAIN.) 
G l TR .\C T 
GDNAOIGENETICl 
LIVER 
LcJNG 
"'1AR.ROWILUKEMIA.l 
BONE 
T HV ROl 0 

POPULATION PROJECTIONS 
Z.ONE HIGH LOW 

1 REPO 101 .. 101 .. 
2 EDDY 17200 .. 6100 .. 
3 REDS 213000 .. 53&00 .. 
4 1.1IDJ 784000. 224000 .. 
5 WTFX 217000. 57900 .. 
6 LEA 245000 .. 74000 .. 
1 CHAV 253000. 67800 .. 
8 REG9 155000 .. 54900. 

85.0 
34 .. 0 

200 .. 0 
o .. o 

44 .. 0 
32 .. 0 

7 .. 0 
o .. o 

22.1 
8.9 

52 .. 0 
O .. 'J 

11 .. 4 
8 .. 3 
1 .a 
o.o 



Appendix :!,? 

Table P -7. AMRAW-B output Table 1-l 

TABLE - 1 ZONAL ANO TOTAL DAMAGES FOR HIGH POP. PROJ:!C Tt 0'11 ( S/YR J 

TINE l<f!PO EDDY REoa 1<1100 WT<::X L"'A CHAV R:=.:~!! TOTo LJIH NON-!iPEC TTOTAL o. OoO o. 0 OoO o.o OoO o.o o.o OoO o.o OoO o.o 
s .. o. 0 o.o o.o o.o o. 0 o.o o.o o.o o.o a.o o.o 

Ia .. a. o o.o o.o CoO o. c o.o o.o o.o OoO OoO OoC 
I :5 • CoO OoO o.o o.o CoO o.o o. 0 o.o o.o o.o CoO 
2a .. o.o CoO Ooa o.o o.o OoO o.o o.o o.o OoO c.o 
25. o.a a.o Ooa OoO OoO CoO a. o o.o CoO o.o CoO 
30. a. o o. 0 o.o CoO OoO OoO o.o OoO CoO OoO o. 0 
40 .. 1o61E-OI 2.~2e: 00 lo58'!: 00 s.oo=:•OI 2. 34E• 0 l l 0 9.3::: 00 2.28:: 00 3.97): 00 loJI';: 01 6oOOE 01 7.30C 01 
so. lo 70E-Ol 3o 70E 00 2o3<!E 00 6o6<!E-01 .Jo03!:-0l 2oll7!:': 00 3o411': 00 4.82" 00 I o 79::0 01 50 02': 01 6o80!:: at 
60 0 lo69E-OI 4o33E 00 2o65!:: 00 7 .. 25E-OI 3o31E-OI 2 .. 68<: 00 3o910:: oo 4 o7E.C 00 lo9b'! 0 I 4.22:: 01 6ol7!:: 01 
70. lo62!:'-C1 4.52!:' 00 2o71E 00 7 o.J4::;-0 I 3.34E-01 2o70E 00 4oaOE 00 4.37!:: 00 lo 95::;: 01 3o51E 01 s~li&E 01 
eo. 1oSZE-OI 4.43~ 00 2o60E 00 7.15~-0t .J. 2se:-o 1 2~6JS 00 3o8.JC 00 3o91!:: oo 1 .. 6613: 01 2 .. 91::; 01 4o 77': at 
90 0 lo4JE-OI 4., IBE 00 Zo40E 00 6.86!:-0i 3. 12>:• 0 I 2oSI:: 00 3.53: 00 3o47?: 00 lo 72'! 01 2-40"': 01 4o12"- 01 

I 00. lo 35E-o I .Jo84E 00 2.17E 00 6o59!;:-0I 2o99E-OI 2o 421'.: 00 3o 1 7E 00 JoiCE 00 lo sar. 01 I o 961.: al 3o54E 01 
200. !.9&-01 <lo89E 00 2o4JE 00 1 • 04E 00 4o71E-Ol .. h7a::; 00 3o4l~ 00 6 .. 11E 00 2 .. 23'!: OJ I" 45": al 3. 68'! 01 
.lOOo lo74E•OI lo95! oo t .. zee: 00 9o46'<-a1 4o28!:;•01 3.43~ O(l lo6 I:;: 00 3 • .,7::: 00 J.,3SE Ol Zo40E O(l lo59E 01 
400. lo89E-Ol I o 84E 00 1 .. 36'E; 00 1 o Ot,E 00 4.7Jt:-OI 3o ra::: 00 }o 70~ 00 .J.st::: 00 t .. 42!;:: 01 1 .. 11!': 00 lo 53':: 01 
sao .. 2 .. 041E"-OI 2o02E 00 loS IE OQ 1.!4E 00 So 14E-O I 4. 12<:: 00 1.8 9" 00 4.07;;: 00 J.SS:! 0 I 9.oJ:::-o1 loe4:;': at 
600 .. z,t9E•Ol 2ol6E 00 lo63:;;: 00 I o22E 00 So52E-OI 4o43E 00 2o05C:: 00 4o29':: 00 1" 661:: 01 BoZS!::"-01 1 .. 74!:: 01 
7oo .. 2o31E-ol 2oJIE 00 J • 7 .JE 00 I o z·~E 00 5·84!:-01 4o68f. 00 2ol6!: 00 4o460:: 00 lo74E 01 7.64:-o1 1o 62C: 01 
eoo., 2o40:;::-ot 2.,JBE 00 lo79E 00 I o 34E 00 6·07E•Ot 4o87E. 00 2o 23, 00 4~59::: 00 t.e1;::: 01 7. 06~- 01 lo86": 01 
900 .. 2o46E•OI 2o42E 00 1~82E 00 I o38E ao 6~25E-ot SoOt;:: 00 2o27E 00 4.667: 00 lo84t':·OI 6 o 54!::-0 I lo91: 01 

1-' l 000 .. 2~ SlE-D I 2o 44E 00 J-84E 00 I o4l E 00 6~::sae-ot 5o\2E 00 2.29::: 00 4. 71 =: 00 1 .. 67:::: 01 6oa7r::-ol lo 931: 01 

""' 2000 .. 3o95E-OI 3o67E 00 2o60E 00 2.24E 00 lo OlE 00 a. o9::: 00 Jo44-::; 00 a.zs::: 00 2 .. 99E Ol s .. ae;E~ot ::>.os: 01 
w 3000~ l'lo22E-OI J.60E oa 2~eoE 00 2.40F. 00 l•OBE 00 6.6(;':: 00 3o.17": 00 lio53'" 00 3oii6!'0 01 4 .. 89E-Ol J .. tJ:: 01 

4000 .. '1.9tE-ot 4oOSE 00 3oi8E 00 2 .. 78E 00 lo26E 00 t.atE Ol 3.80"! 00 9a68!: 00 3oSJ-: 01 5. 39;;- 01 3.59= 01 
!5000. S.54E- 0 I 4~StE oo 3.55E 00 3 0 151:: 00 lo42E 00 I o 1 4':: 01 4o Z"J<;: 00 lo07E 01 t~g~.g~ f>o2:3E-a1 4.02:0 at 
e.oco .. 6. 07E-o 1 4 o 66E 00 .J.ei!>E 00 3.45E 00 lo56E: 00 t .. 2S'Z 01 4o57E oo lol&E 01 7o65f.-Ol 4o.J7E 01 
7000" 6 .. soe-o 1 5 • 17E 00 4ol o<:: QC 3o69:! 00 lo f. 7E 00 loJ4"; 01 4. 8 s:: 00 lo2l!:: 01 4 .. sa:: 01 I o 25':: 00 4.70'; 01 
eooo. 6oi!ISE-Ol s.4oE 00 4o29E 00 3o89E oo lo76!:: 00 I o 41 <;: 01 So OSE 00 lo26:: 01 4.80:0: 01 3. 78C 00 Sol BE Ol 
9000. 7o13E-OI So62E 00 4.43E 00 4 • OSE 00 l•B.JE uo I o 4o 7:0 01 5oi9F. 00 lollE 01 4.96:0 Ol I .t a: 01 6. t6E 0\ 

10000 .. 7o .J6C:- 0 I !5 .. 64!; 00 <~.ss::: 00 4 o ISC: 00 1o 69.;;: 00 loS2: 01 5.31'2 oo lo.J6:0 0 I s.tJE Ol 2o44E 01 7.S7E 01 
20000. lo ll E 00 e."' E 00 6.621:: 00 6.27\': 00 2.83:::: 00 2 • 27F. Ql 7o67E 00 2o22:: 01 7.78!: 01 3 .. 61:::: 01 I, I 4E 02 
.30000 .. eos<~e:-ol 6 .. 68E oo 4 0 71:;: 00 4. 84~ au 2ol9E ao 1·75"" 01 5o29<;: 00 lo69::: 01 5. 90: 01 l 0 54: 02 2ol3:=; 02 
40000o 6oSIIE-Ol s~4~F. 00 3o32E 00 3. 71 E 00 lob7E oo lo l4E 01 J.S8E 00 le85-:=: 01 So OJ:: Cl J~oJ::: 02 Jo 54E 0.2 
soooo. So34E-O I s.o2e 00 2o6J!: 00 J.OJE Ool loJ7E 00 loiOE 01 2.60::' 00 2-<12~ 01 4 .. 6o:::: 01 4 0 13': 02 l">o60!:: 02 
100 coo. 4o!SOE•OI 4o9fiE 00 2.29':: 00 2 ~SSE 00 I o I s:: 00 g. 25~ 00 2.47':: 00 2oot:: 01 •h32::: 01 4 ~ 74:; 02 5o 1 BE 02 
roooo .. 3o76E-Ol 5o04E 00 2o oaE 00 2olSE 00 9o7J1:;-0I 7o 79E 00 2. 3 Jr::; 00 lo9J;: 01 .3o9'i'O: 01 '5 • ICC 02 So SO!:: 02 
eaooo 0 3. tee- o t So IDE 00 lo94E 00 I. 1:10::;: 00 !loi4C-O I 6o5.3F. ao 2o26f. 00 1 .eo: Ot .].67~ 01 5. JOC a2 s.o7: 02 
90000 .. 2o66E-01 s.14E 00 1 .. 63~ 00 loSIE 00 6oB4:::-ot So4B'O 00 2-22!: 00 lo69'! 01 3o40E 01 So410:::: 02 So'l'SC 02 

100000o 2o 27E-O I Sol BE 00 lo76E 00 I • 2'~E 00 5o63E-Ol 4 .. 67€ 00 2·21E 00 t.S9F. 01 Jol'i<!:: 01 So 47E 02 5.78': 02 
200000. 4o47E-OI t.. 84E 00 4.32':: 00 2. 54E 00 lo ISE 00 9.zo::: 00 So73: 00 lo50:0 01 4o52:: 01 2.Ja::: 02 2.63::: 02 
:sooaoo .. J.6oe:-o 1 lo2JE 01 4oi8E 00 2· 16!::': oa 9o78E-OI 7o62'1: 00 So70F. 00 4o33E 01 7o66" 01 I • 32:0 03 h39:: OJ 
400000 .. 4oi4E-ot loOSE 01 4o OlE 00 2·o JoE 00 lo 06E 00 a. 5.JE 00 5o34E 00 3o63!:: 01 6oB6:: 01 I o04C OJ. lo I IE OJ 
sooaoo. 4.JOEvOI B• SSE 00 3o69:! 00 2o45C: 00 lo I .OE 00 a. e7: ao 4o77E oo 2o8B! 01 5oa6: 01 7 0 57':; 02 8o16E 02 
600000. 4o34E-a1 eo 93E 00 .3o3$E 00 2.45E 00 l.tiE oa 8o920:: 00 4o21':.: 00 2.JIZ 01 5tjll05~ 01 5. 43!:: 02 S.9JE 02 
700000" 4o29E-OI 5o72E Oil ,J .. OJE 00 2.•UC 00 lolOE oo 8o84E oo ).72:::: 00 lo69!:: 01 4o42':: 01 3G 92'::: 02 4o37: 02 
aoooao. 4o zoE-a I lo06E 01 2o76E 00 2 • J9E 00 t.oe;;; 00 e.6JE 00 3o32E 00 lo59! 01 .... soc:: 01 2o87: 02 J • .32E 02: 
900000o 4o07E-OI J.94E 02 2o5JIZ 00 2:.3\E 00 loOSE 00 8o38E 00 2· 97>': 00 t • .JS! 01 4o2S: 02 2o38= 0~ 6.64:;: 02 

1 oooooo .. 3. 92E-o I So9SE OJ 2 .. JJE 00 2o2JE co lo OlE oa Bo09!:: oo 2~ 7 o:: 00 loiS! 01 5.96";: OJ 5 .. 66"! 02 6o5S:: 03 



Appendix~. Table P-a:. AMRAW-B Output Table 1-2 

TABLE - 2: ; ZONAL ANO TOTAl.. DAMAGES FOR LOll PoPe PR O.J EC Tl O"d ( S/VR) 

Tl~E F<S:PO EOD'I' 1'::!:08 Jo!IOO 'ofTE X LEA CHAV REG9 TOT.ZONE NON-SPEC TTOTAL 
o .. o. 0 o.o o .. o o~o o.o o.o o. 0 o .. o o .. 0 o .. o OeO 
So o. 0 o .. o Oo 0 o .. o Oo 0 OoO o.o o .. o o .. o o .. o o .. o 

to. o.o o .. o OoO OoO o.o OoO OoO o .. o o .. o OoO o.o 
IS .. o.o o.o o .. o OoO o. 0 o.o o .. o o.o Ooll o .. o DoD 
20. o .. o OoO o.o OoO Oo 0 o.o o.o OoO o.o OoO o .. o 
25 .. OoO o .. o o.o o .. o OoO o.o OeO o.o Oo 0 o.o OoD 
30. Oo 0 Oell o.o o .. o o .. o o.o o .. o o.o o.o o.o o.o 
40 .. h6tE~ot 6o59E~Ot 3 .. 97!!-0I 1•44'!-01 6.2se~o2 5 .. t'l4t:- 01 6.10!'::-01 lo4lE 00 4o23'!: Oil 6 .. DDE 01 6o42:E 01 
so. t.. 70E-O I lo 31 E 00 So84'E-01 1 .an:-tn Bo09E-02 7 .. 47E-OI 9o!4'::-0l lo7l: 00 So 71 ':: OQ 5o02E 01 5o 59:! 01 
60o h69E-Ol 1o 54E 00 6o68E·Ol 2o07E-01 Bo82C-o2 a.t1e:-o1 lo 05:': 00 1.69:: oo 6 .. 21:! 00 4o22':: 01 4o84':: Ol 
70o 1.62E-Ot 1 .. 6 DE 00 6oBI'E-OI 2o10E-OI a. s 1 e:-o2 8ol6!::-ot lo 07E 00 I ,552 00 6ol8~ OCI 3, 51!:: Ol 4ol3E 01 
so .. lo 52E-o I h57'E 00 6o ~~E- 01 2 o 04E-OI Bo66f:.-02 7.9.3C:-Ol 1.03':: 00 1 .. 38':: 00 s.ar: 00 2 .. 91!! 01 3oSOE 01 
90. t .. 4JE•O I lo48E 00 6o04'::-0l I<>S6E-Ol a.32E•02 7o 6o;::-o1 •;~. 4 s;::- o t lo23:: 00 So44:: OIJ 2o40= 01 2o94!: 01 

IOOo 1 .. 3SE-ot 1o 36E 00 5o46E-01 1 o63E-OJ 7o\18E•o2 7o30E-OI a. soc- o t I ol OZ 00 4.99':: 00 t .. 96": 01 2o 4 6<:: 01 
200 0 1 .. 98E•OI I• 74E 00 l>•IIE-01 2oS7E-Ol 1o26E•OI lo14E 00 9ol3'Z•Ol 2c i6E 00 r.t9=:: 00 la 45': 01 Zo IT- 01 
300. 1o74E•OI 6o91'E-OI 3 .. 22'::•01 2·70[;:-IJI 1- 14E-IJ t lo 04E 00 4o31E-Ol lo 10e: 00 4e34E 00 2 o40E 00 6 .. 74:! 00 
400 .. loB'iiE-01 .::.sJE-ol 3.43'::-01 2.9a:-o1 loZ62-0l lo14':: 00 4oSSO:::·OI I o 35'! 00 4oS6E 00 1. 11"' 00 5 .. 66:; 00 
soo. 2• 04'E-O I 7ol6E·OI 3o BDF.- 0 I 3o25E-OI 1.37L•OI I o 25:::! 00 5o06:!~ot lo44!:; 00 4o96': 00 9 .. 030::: .. 01 5 .. 86i:;; 00 
600 .. 2 .. 1'~E-Ot 7 .. 75£-01 4o I 12-01 )o49E·ol 1. 47E-O I lo34E 00 S.49E-Ol 1 .. 52:::: oo 5o31':; 00 8o25'Z•Ol 6ol3E 00 
7oo. 2 .. 3tE-OI 6ol8l:-OI "· 34.!::- 01 3o69C•01 lo56E-OI lo 41 'Z 00 s.ao'l-ol lo58E 00 s .. saE 00 7 .. 64!!- 01 6.35E 00 
600. 2.40E•OI 6o44E•OI 4o50E•OI 3"84E•D1 lo62:-ol ... ~r=: 00 5.99~·01 1.52=: 00 5 .. 77'::: 00 7c06E-Dl 6ofi.BE 00 
900. 2. 46E-O I 8o5BE-OI •• SBE-01 3 .. 9s'E-ot lo67E•OI I • 51 E oo 6 .. 09'.:::-0t 1.65:: 00 5.9010: 00 6 .. 54':- 0 l 6oS5E 00 

1--' I 000., 2. 51 E- 01 S&6<~E-ol 4o6JE•Ol 4oU4C-ot le70C-OI 1 .. 551': 00 6 .. 13':':-;)1 lo67::; 00 So98~ 00 6.o7:-oa 6.59~ 00 
,b, 2000. 3o'i15E-01 lo30:;: oo 7oo5S•OI 6. 39!!-0 1 2• 70E-ol ;z,.44E 00 '1.23!"-o 1 2o97.!: co 9o60S 00 5oB6E-Ol 1 .. 021:: ot .b. 3 ooo. 4o22E-ol lo281:: 00 7 .. ose-ot 6oB4E-ol ;z.aa€-ol .2ofl1': 00 <;!o02::!•01 3.02!0 00 9.91'! 00 4o 89:::-ot lo 040:: Ol 

4000 .. 4o91E-Ol t.44E 00 EloOlE-01 7.94E•Ol lo36E~Ol 3. 04: 00 l-02:'::. 00 3.43!:: oo loll<;. 01 5.39'0•01 l.t9:=:: 01 
SOOOo 5o54'E•01 lo 60E 00 B.94E-Ol 9.ooe-ot 3.79E-OI 3o44!:: 00 lol3<: 00 :s.aoe 00 lo27t::: 01 6 0 230:-01 J,.).J'F. Ol 
6000 0 foo 07E-ot h72E 00 9. 70E- 01 9.a~'E-ot 4.15E-01 3.77'!':. 00 h2.JF. oo 4.to::: 00 t.laE 01 7 o65'::- 01 lo460:: Ol 
l'OOOo f: .. SOE•OI !.IDE 00 lo 03E 00 t .. ose 00 4.45~•01 4 .. 04.i: 00 lo J 0:; 00 4o34= 00 ie47E 01 lo25.!:: 00 I" 59<:: 01 
aooo .. e.ase-oa ! • 'ii2E 00 t. OSE 00 I otiE 00 4o69E-o I 4 .. 251! 00 le.J5<;: 00 4.,54:' oo lo 54': 01 3 .. ra= 00 lo92E 01 
9000., 7oi3E-ol le99'E 00 I • II E 00 lel6E 00 4oBBE•Ol 4o4JE 00 loJ9'.: 00 4o69E oo t.6o":: 0 l I elB~ 01 2o76:;! 01 

!OOOOo 7o36E•OI 2o07E 00 lol4'! 00 t. 20t;; 00 s.o.:.e:-ot <\o58!'; 00 lo 4 2'.::: 00 4o8lE 00 1.65!'.: 01 2o44!;: 0! 4oOQE 01 
.20000. lo liE 00 2o98E 00 le67E 00 I a 7QE 00 7. 54£:-01 6o85~ 00 2o06"::: 00 1.ga: 00 2o51E Ol Jo6l" 01 6 .. 12::: Ol 
30000. a .. st~e-ot 2.J7E 00 lo19!: 00 t • 361! 00 s.aJ~·ot So29= 00 loii2Z 00 6 .. 00E 00 lo9l':: 0 I 1 .54:! 02 '· 73: 02. 
<$0000o 6o54E-OI lo9JE 00 BoJSE-01 I • 06E 00 4o46E-Ol 4o05E 00 9·59!:-0l 6.54:: 00 lo65E Ol 3. 03'0 02 3o20~ 02 
soooo .. ~.34'E-O I lo 78E 00 6o62E-OI a.66E-o1 3o65C-o I 3o 32i: 00 7o49E-O I 7oi6E 00 I. 54S: 01 " .. 13":: 02 4o 26!: 02 
60000 0 4o50E-OI lo 77E 00 5.15!'.:•01 7o30E•OI 3.ou::-ot 2o79':: 00 6o630::-0I r .. 11E 00 lo44':: 01 4 • 74:! 02 •h89:; 02 
70000 .. 3o7BE-OI 1 .. 79E 00 So24!:-0I 6 .. !41!-0l 2.s,.:-oa 2o35= 00 6o2SIO:-OI 6o78'E oo lo 33E 01 SolOE 02 5o23~ 02. 
aoooo .. ::lol SE- 0 I t. 81 E 00 .e.a7E•ol 5.ts£-o1 2oi7E•Ol I o 97!: 00 6 .. 05':::-01 6 .. J7F. 00 lo 23!:: 01 5 .. 30::0 02 So4J;: 02 
90000 .. 2 .. 66E-OI 1o82C: oo 4,.60E-OI 4o33E-ot loB.JE-01 1. 65E 00 So95E-OI So97E 00 lo 1 4E 01 5o41E 02 5o 52!'; 02 

100000. 2.27E-O I lo8o!IE 00 4. 42E- 01 .J.69'E-OI lo55E-OI lo41~ 00 So93:0-Cil 5.6SE 00 lo 07':: Ol 5,.47:! 02 s.s1::: 02 
200000 .. 4.471':-01 2. 4.:U: 00 1 .. Q9C: 00 7.27E•OI 3o06E•OI z. 78'::: 00 1 .. 54"': 00 5 .. 31':: 00 1.45':: 01 .z • .Ja-: 02 2.53;: 02 
300000 .. 3o&OE-O I 4o3SE oo loOSE 00 6o18E-Ol 2 .. 61€- 0 l 2o36<:: 00 1o '53!; 00 loSJ!: 01 2o59:! 01 lo32E OJ lo34£ 03 
400000. 4ol4E-Ol 3. 74E 00 I o 01 E 00 6. 74E•OI 2o84E-OI 2o50: 00 • .. 43!: oo t.29E 01 .2.30!: 01 1 • Dol!! 03 1. 072 03 
sooooo .. 4.30<::•01 3o03E 00 9o29C-OI 6o99C:-01 2.95!;:;•01 2o68;; 00 lo26";.: 00 !oOZE Ol lo95'! Ol 7.57:! 02 7 .. 77'E 02 
600000. 4o34E-OI Zo46E 00 B .. 42E-Ol 7.0JE-OI 2o 97f::- 0 I 2o69i:: 00 lollS 00 a. 1 9!: 00 t~6r: 01 5 ~ 43:! 02 5.6os 02 
700000. 4o29E-OI 2o 03E 00 7o6'1C:-OI 6o9!l!::•Ol 2o'I4E-Ol 2o 67E 00 9 .. 9a!:~O I 6.71 E 00 1.45~ 01 3o'ii2E 02 4o07!:: 02 
600000. 4o20E-OI 3o74E 00 6o96E-OI 6o63E-01 2o68E-Ol 2o6lE 00 e. 9o::-o 1 So62E 00 lo49':: 01 2.ar: 02 3o02':: 02 
900000 .. 4.,07E-01 lo40E 02 6.37!::-01 6o61F.-Ol i2o79E-OI .2oSlE 00 7o97F.-Ol 4.791! O:l 1 ... 50:'! 02- 2 .. 36": 02 3.aa: 02 

1000 000 .. 3o92E•01 2oliE 03 5o87E!•Ol 6o33E•OI 2o69E-O! 2 .. 44!~ 00 7 .. 2:;=:-o 1 4.17::: 00 2ol2'=: 03 5 .. 66:: 02 2.69':: 03 



NUCLIDE 
C-14 

SR-90 
Y•90 

ZR-93 
N8•9314 
TC•99 
1•129 

cs-a Js 
CS-137 
PB-210 
RA•22!5 
RA-226 
TH-229 
TH-230 
NP-237 
NP-239 
PU-238 
Po-239 
PI.J-240 
Pu-241 
Alol•241 

A,...2<12/ll 
AN-243 
CH-242 
C/11-244 

NUCLIOE 
c-u 

SJ1•90 
'f-90 

ZR-93 
NB-93/11 
TC-99 
I-129 

CS-135 
cs- 137 
PB-21 0 
RA-225 
RA-220 
TH-229 
TH-2.3 0 
NP-2J7 
/IOP-239 
PU-236 
PJJ-239 
PIJ-240 
PIJ-241 
A-241 

A-242lol 
A*" 243 
Cl+-242 
Clol•244 

Table P-9. 

Appendix P 

output Tables 2-9 and 2-14: AMRAW-B 
Annual Damage Rates by Nuclide 

TABLE 2 - 9 : T!M~ PeRlOO• 

HIGH POP 
3.,BBE•07 
9 .. 09E oa 
7 .. 761!•02 
1•59E-07 
2ai.JI!•07 
::lo921!•06 
lh19E-IO 
7o71E-07 
6.,92E-OJ 
6.,.l2E-IO 
3,.70E•OB 
lai3E•OB 
..,., 73E-o? 
g.,soe-oa 
6a89E-04 
3o26E-03 
6.,591!!:-0I 
3., 76E•03 
s .. 92~-o2 
4.59E-03 
B .. 27E-OI 
6o34E•02 
lo75E-OI 
3o3.JE-03 
6 .. 20E 00 

LOii' POP 
I•22E-07 
2. 86E 00 
2. 43!!•02 
Se 06E-OB 
6 .. 74E-oa 
1<>24£-06 
2.00E-JO 
2. 4 !E-07 
2o H~E-01 
2oOOF.•IO 
loJ6E.,OB 
3. 54 e:-o g 
.lo 201!•07 
3.13!-oe 
2e24E•04 
a.ooe:-o3 
2oi7E-o1 
1o24E-03 
1 .. 9se .. o2 
!oSJE•03 
2o68E•01 
z.osrz-o2 
So67E•02 
lo 09E·O.l 
2o02E: 00 

NON-SPEC 
3 o40E-06 
3o6IE 01 
g .. o2e:-o2 
lo38E·O~ 
9o2SE-06 
2o30E-04 
loi7E-09 
e .. ssE-o6 
6 ~64E Oo 
2 ~ 04E- OS 
,J~ 76!o 07 
lo95E-07 
t .. aoE-07 
9 .. 85~-09 
a.osi!-04 
t.,6SE•05 
3~43E-02 
.2o05E-04 
3~23!-03 
3.35E-04 
t~.58E-OI 
8 .. 09!! .. 02 
2o04E-OI 
lo33E•03 
6o09E 00 

TABLE 2 - 14 : TJ~E PERIOOu I DO a 

HIGH POP 
lei4E•Q(j 
7.zae: oo 
~.aoe:- o2 
4o77E•07 
7oSBE-07 
1.16E-05 
2·12E-09 
2• 2 7E-06 
6 .. 61E-OI 
6eOOE-09 
2o65E-07 
So 38E-OS 
7o39E-06 
7., 07E-07 
2oi6E-03 
loi4E•02 
lo 4Jf: , 00 
lo24l!•02 
:h42E-OI 
lo25E-Ol 
2o41E 00 
loSSE•OI 
5ol6E•OI 
e.zaE-o.J 
2o96E 00 

LOI!t POP 
.3o 48£:• 0 7 
2o26E 00 z., OBE-02 
le49E-07 
Zo35E-o7 
3o SBE-06 
6o86E-10 
6o91E-07 
2o O.lE-o I 
lol!l6E-09 
S• o'ilE-OB 
2o56E-08 
2o41E-06 
z. 31E-07 
6o'il2l::•04 
3 ol'IE•03 
4o67E-OI 
4o03E•03 
7o'ilOE•02 
4o07'E•04 
7co72E-OI 
4 .. 941!-02 
1 .. 72E•OI 
2o69E-03 
9 .. St£-O! 

NON-SPEC 
I•IIE-05 
J o 27i:. 0 I 
Sa99!!:-o2 
2o52F-o6 
2.9SE-o5 
7~3~E-o4 
I a 75!• 09 
lo8IE:~os 
.e.64E oo 
7~42:t-o9 
2.o52E-o6 
I o OOE- Oe 
<~.~44E-o7 

2 • .J ae:- 08 
Sa35:t-04 
2oiOE-05 
2.,37f-02 
Z.ISE-04 
4o21E-o3 
Zo90E"'05 
9 .. -te.E-01 
lih sst- oz 
a.or! .. OI 
I ~osE-OJ 
9o57E-OI 
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TOT-HIGH 
lo220::-o5 
2 .. 0 0~ 01 
lo28E•01 
2o0!0E-Ot. 
.h03E-os 
7o4!>f!-04 
J .. a7:::-o9 
z. o4::-os 
!5.3 OE GO 
lo.J4E-08 
2.1a~-ou 
1 .. o~::-oe. 
7. 84E-06 
7 .. 3o=:-o7 
3. o o:::- OJ 
I G I ~E-02 
lo45: 00 
lo2tE-02 
2o46E•Ot 
lo27!•0.3 
J!o.l4E 00 
z.2oe-oa 
l'o64.:;•ol 
9.37E·O.) 
.1lo92Z 00 

TOT-LO~ 
::II.,SBE-06 
3oB9!Z 01 
I • 14F.- 0! 
!.4J:::-oe 
9o3SE-06 
2o31E-o4 
I • .3 7E-09 
a. 79::-o6 
6o86E 00 
.2o24!t-o<; 
.-,.sa"E-o7 
J .. 98'::-07 
5oOOE-07 
4,.1 IE-oa 
lo03E-o3 
! .. oe!E-o3 
.2o52E-OI 
I o45E-O:::I 
.2o28E•02 
1 .ssE-o3 
!o2JE 00 
a.oJE::-oJ 
2o6lE-O I 
2. ~ 3!::- 03 
SoiOE 00 

70T-LO~ 
1.142:-05 
I.SOE 01 
e.o7E-02 
2.e.e.:o:-o5 
2 .. se=:-os 
7 .. .37<'.:-04 
2.43<:-09 
a.ae:-os 
4 .. as:: oo 
9. 2 80:::-09 
:l'o60E-06 
lo03~•06 
z.as:::-oe 
2o54~·07 
I o 53';- O.) 
3 .. 13.::-oJ 
4 o90~-o! 
4.,?5E-o.J 
a. 3z=- 02 
4 .. 36'::-04 
1. 7oe: oo 
lolS'C-01 
3. 79?:• OJ 
.3 .. 77F.-03 
•~sJF. oo 



Appendix P 

Table P-10. AMRAW-B Output Table 3 

TABLE 3 : O!SCOUNTED PRESENT VALUES 4 $ ) 
OlSCOUNT RATE = OeOO X 

HIGH POPULATION LCW POPULATION 
NUCLIDE 

PLJ-240 
' CM-244 
·sL'B TOT 

RA-225 
TH-229 
NP-237 
PLJ-241 
AM-24! 

SUB TOT 
PB-210 
FlA-226 
TH-230 
PLJ-238 

AM-242M 
CM-242 

St:B TOT 
NP-239 
Pu-239 
AM-243 

SUB TOT 
C-14 

SUB TOT 
SR-90 

Y-90 
SUB TOT 

ZR-93 
hB-93M 

SUB TOT 
TC-99 

SUB TOT 
I-129 

SUB TOT 
CS-135 

SUB TOT 
CS-137 

SUB TOT 
TOTAL 

DISCOUNTED PV G/GM 

Oe37E 06 
o .. 96E o3 
3 .. 72E 05 
Oe 72E 07 
OoJBE 08 
Oo68E 09 
Oe58E 03 
Oo90E 05 
7o06E oa 
o .. 99E 06 
Oo63E OS 
o.., llE 07 
Oo88E 03 
Oo22E 03 
0 .. 1 IE 02 
6o52E 07 
Q., lSC 05 
o .. zsE 07 
OolOE 07 
3 .. S!E 06 
Oo32E 02 
3ol6E 01 
0 .. 42!=: 04 
Oo28E 02 
4 .. 21E 03 
o.,zse: 04 
Oo32E 05 
3o46E 04 
Oe48E 09 
4., aze: oa 
Oo46E 04 
4o58E 03 
o .. 26E' 05 
2o56E 04 
Oo12E 04 
lol7E 03 
J.,26E 09 

S<~~SlE-03 

6o82E 00 

!oOOE Ol 

4 .. 4!E- o 2 

7o83E-04 

6 .. 701:-05 

2 .. 6oE-.o4 

3e13E 00 

7o85E-02 

3.,. 76E ... 04 

7o69E-06 
1 .. 57E oo 
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DISCOUNTED PV S/GM 

o ... nze 06 
0 o52E 03 
!o21E 05 
Oo 66: 07 
Oo57E 07 
0 a27E 09 
Ool9E 03 
Oe30E 05 
2e82E 08 
Oa45E 06 
0 o5BE OB 
Oo 37E 06 
Oo 29E 03 
0 o84E 02 
Oo36E 01 
5o89E 07 
o .. SlE 04 
Oo80E 06 
Oo34E 06 
! .. tSE 06 
o • 30E 0.2 
2 .. 98E 01 
Oo31E 04 
Ool7E 02 
3ol6E 03 
Oo21E 01:\ 
Oo31E 05 
3 .. 35E 04 
0 .. 47E 09 
4o73E OS 
o .. 36E o4 
.3o58E 03 
o .. .23E as 
2o30E 04 
CollE 04 
a .. o7c o3 
e .. ts::: oa 

2o 77E-03 

2o72E 00 

9. 06E 00 

lo 44E-02 

7 .. 37E-04 

So 03E-OS 

3o07E 00 

6. l3E-02 

3 .. 3a::::...o4 

7 .. 01E-o6 
loOlE 00 



T11<1E F;EPO 

o. 
s .. 

IOo 
15· 
zo .. 
25 .. 
30o 
1!.0., 
so. 
60 .. 
1'0 .. 
eo., 
90 .. 

100 .. 
2:00., 
300 .. 
<1100 .. 
soo .. 
e.oo .. 
700 .. 
eoo .. 
900o 

lOOOo 
2:000 .. 
3000. 
oooo. 
sooo. 
6000 .. 
7000. 
a coo. 
9000 .. 

10000. 
zoooo. 
30000 .. 
40000 .. 
~oooo .. 
60000 .. 
70000· 
eoooo. 
90000 .. 

lOOOOOo 
200000 .. 
300000 .. 
'I ooooo 0 

!.00 000 .. 
600000. 
700000. 
aooooo .. 
900000. 

I 000000 .. 
TOTAL 

OoO 
o.o 
o .. o 
o.o 
o .. o 
o.o 
OoO 
e..t9E-o6 
6 .. 55E-06 
f>oSIE-06 
6.,2:JE-o6 
s.ase-ot> 
S.49E-06 
~.I 7E-06 
7o6.l€•05 
6.67E•05 
1 .z se-as 
7,. 86.E-05 
8o41E-o5 
e.a7e-os 
<;l,.22E-05 
9o46E·OS 
c;. es.e-os 
lo52E•Ol 
1 .. 62€-03 
! .. 89E-Ol 
Z .. IJI!;-03 
C!o.J'IE-03 
z.soe-o3 
2:o6JE-o3 
2. 74E-o3 
z.e3E-o3 
<~~o25E-02 
3.2'ilE-02 
Zo52E-OZ 
z. o6E-o2 
lo73E'-02 
lo46E-OZ 
t. 2ZE-oz 
I.OZE!.•02 
e. 7ZE-D.l 
1. 721:':-0 I 
lo~6E•OI 
I. 59E-O 1 
lo66E-OI 
1 .. 67E-o I 
lo6SE-O 1 
l.c2E-OI 
h 56E•OI 
1. s 1 e-o 1 
I o6SE DO 

EDDY 

o.o 
o.o 
o.o 
o.o 
o.o 
OoO 
o.o 
9.J2E•os 
l.42E·04 
1o67E•04 
1. 74e• o4 
l•70E•04 
lo6IE-04 
1o48E-04 
loBSE-03 
7o491:;•04 
7. oaE-o<> 
7. 76E· 04 
a.4oe-o• 
a. 67E-o4 
9. UiE-04 
9.3JE-04 
9o38E-04 
t.41E•02 
I• JBE-02 
J.SoE-02 
1 .. 73E: .... 02 
Jo87E•02 
1-99€-02 
z.oaE-o2 
.2oll>E-02 
2·25E•02 
3.2JE·OI 
2.57E-Ol 
2o09E-OI 
lo9JE-OI 
1.91E·OI 
lo94E-Ol 
lo 96E-O I 
lo98E•OI 
1~99E-Ot 
2.t>JE 00 
4q7JE oo 
4.06E 00 
.J.29E 00 
2o67E 00 
.2. 2 OE 00 
4o06E 00 
lo52E 02 
2 .. 29E 03 
2o47E 03 

Appendix P 

Table P-11 AMRAW-B Output Table 4-1 

TAGLE 4 - 1 ! HIGH POPULATION SCE~ARIO 
NUMBER OF DEATHS P~R TlME lNT~RVALol$26000041 

Rt.BO 

o.o 
QqQ 
o.o 
o.o 
o.o 
o.o 
o.o 
6~ C6E• 05 
8o93E-05 
lo02E-C4 
1~04E•04 
1 o OOE-01:> 
9o24E-OS 
e.JSE-05 
9. 34E- 04 
4o92E-04 
So24E-04. 
s.aoE-04 
6.29E-04 
6o64E•04 
6.87E-04 
7oOllE·04 
7o07E•04 
1. oa~-02 
loOBE-02 
1.22E-02 
1.31:;:-oz 
lo48E•02 
I.SBE-02 
1.65!::-02: 
I. 70E-02 
lo75E•02 
z.sse-ot 
I.BIE-<11 
lo28E-Ol 
I oDIE-01 
e. 791!• 02 
BoOIE-02 
7o45E-02 
7o03:::-oz 
6.76E-02 
I .661:: 00 
).6\E 00 
lo54E 00 
1.42:;: oo 
lo29E 00 
1. 171: 00 
I ~06!:: 00 
9.7410:-0t 
a. 96::- o 1 
lo2BE 01 

NlOil 

o.o 
o.o 
o .. o 
o.o 
o.o 
CoO 
o.o 
1 o94'.:.-0S 
2o55E-OS 
2o79E-os 
2oB2E-05 
2o7S.E-OS 
2 oe4E-05 
2o!04E-o5 
4 • OOE-04 
3 o64i::-04 
4 .ot e-o4 
4o37C-04 
4 .. 70E-04 
4 o97E-04 
5 .1r~-o4 
So32E·04 
5 .4JE-Oolo 
e.6o;;-o.l 
9o2IE-o3 
t.o7E-OZ 
I .2\E-02 
lo3JE-02 
lo42:'::-02 
1. ::o::-o2 
l o56E•Q<! 
lo61E-02 
2o4l~-OI 
I .e6E-Ol 
I o4.1E-ot 
I .17E-Ol 
9o82'Z-o2 
Bo27E·02 
6o9.!E-o2 
s.6.JE-o2 
4 .c;{>E-02 
9o 79E·O I 
8.31E-OI 
9o07E-OI 
9 .. 41:0-0l 
9o47E·Ol 
9o39E·OI 
9. !9e-OI 
8.90E-Ol 
a.59E•OI 
9.3BE 00 

liTC 

o.o 
o.o 
0•0 
o.o 
o.o 
o. 0 
OeO 
'i>oOI~-06 
!oi7E-05 
lo.27E-05 
lo .28:0.- OS 
!oZSE::-05 
h.20E'"05 
t~l 5E-05 
lo81E-04 
lo64E• 04 
lo6 IE-04 
lo98E-04 
.2.!2E-04 
2o24E-04 
.2o34~·04 
2o40E•04 
2· 45E- 0<11 
.Jo 69i:;- 03 
<loiSE-03 
4o84J::i-03 
So 46E-03 s. go;o;;:-0) 
6.41E•03 
6.76E-03 
7o04E-O.l 
7.27E-03 
lo09E-Ol 
8o411::;-02 
6.43E-02 
5o27C:•02 
4o44E-0.2 
3o 74E-02: 
.Joi3E•Q2 
2· 6 JZ.- 02 
2·24E-o2 
4.41E-Ol 
.3o76E-Ot 
4o09E-01 
4o25:=:-ot 
4o28E-OI 
4 .. 241::-ot 
4oi5C:•Ol 
4.0:<1:-01 
.).aac.-ol 
4o23E 00 

LEA 

o.o 
o.o 
OoO 
o.o 
o.o 
o.o 
o.o 
7o44"':-05 
9.51:0-05 
1 ~ 03:::-o4 
I q 04!::-04 
1 .. 01 ::::-o• 
9.67:;:-os 
9.29'2:-0S 
1o<\SE-03 
lo 320:::-03 
t. <15:0- 03 
lo59S-03 
1. 70E-03 
l, BOE-03 
•• 87!::-03 
lo93C•03 
lo97E-03 
3.11'::-02 
3.33E-02 
3.a70::-02 
4 • .360::-02 
4.60'<-02 
s. 15":-02 
5,42E-02 
So64E-02 
s.aJ::-oz 
e. 12<::-o1 
6. 73;;:-o1 
5 • 16E-OI 
4.22E-O! 
3.561!-01 
3oOO!::•OI 
2.5JC::-OI 
2olt::-ol 
lo80F.•Ol 
:lo54E 00 
3. 01 E 00 
3o 2BE 00 
3 .. 41::: 00 
3. 43~ 00 
3o40\0 00 
lo32E 00 
3.22': 00 
3.11:: 00 
3o 39;: 01 

CHAV 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
a. 76'::- OS 
loJlF.-0<11 
loSOC-04 
lo54E-04 
lo471:';•04 
lo36""-04 
lo 2 2Z•04 
1 .. 3 t :::-oJ 
6.162:•04 
6.sz::-o4 
7 .. 2U:-o 4 
7o89E•04 
a.3y:-o4 
8.59~-04 
Bo74E-04 
a.ao:-oo~~ 
1 .. JzF.-o 2 
loJ0'::-02 
1o46'C-02 
lo€>3'::•02 
1o76f-o2 
1-86'!•02 
lo94'::-02 
2:o00':•02 
2. 04'.:-02 
2o95F-O I 
2 .. 03.:::-oa 
lo:JB'::-01 
I• 06".:-0 I 
9.512·0~ 
8.9r;.S-02 
a.69.:::-oz 
a. 54'0- 02 
a.stc-oz 
2o2l"' 00 
2.19!:: 0() 
2.()5!: 00 
loB4:r 00 
lo62": 00 
1.43: 00 
t.z:a:: oo 
1.14"' 00 
1.04! 00 
!.61'0: Ol 

R!:::GB 

o.o 
o.o 
o.o 
o.o 
o.o 
o .. o 
o.o 
t.Sl::•04 
I ~850:-04 
lo83S:-04 
lofi9E-04 
t.so=:-ollo 
lo33:-a4 
1.19!:-04 
2o35f:-OJ 
1.41!-03 
lo47E-03 
1.57':;•03 
lo6SE-Ol 
1.72:':-03 
I • ?6Z-OJ 
lo 79!:•03 
loaiE-0.3 
.J.I?E-02 
3.2a::-oz 
3-72:;':-02: 
4o12E-02 
4o46~-02 
4o72E-02 
4,93:;-o2 
SoiOF.-02 
5·23E-02 
8oS6!:-0l 
6.suo-o1 
7oiOE-OI 
7o7?E-01 
7.72E-Ol 
7.37:.:-ot 
6.92'0-01 
!. .. 4SE·Ot 
6.131:-01 
5.77:0 00 
1.66E 01 
1·40E !II 
I ol l '=' 0 I 
a.e9<:: 00 
7o28:;: 00 
6oiO: 00 
s.2o:;: oo 
4o5J:;: 00 
8o63E 01 

TOT • .Z 0.~<:: "4 0 N-SPE C TTO T A.L 

o.o 
o.o 
OoO 
o.o 
o.o 
o.o 
a.o 
s.o3::-oo~~ 
foo B7C::• 04 
7 .. 53"'-o' 
7 .. stE-o4 
7~t:.-,:-o4 
6o63:::•04 
5.07';;-04 
6 .. 59!'::- OJ 
So!9"':-03 
So46E-o3 
5 .. 95:!-03 
6o.J8E-03 
6o71E•03 
6o94':-03 
7.09€::-03 
7 .. 19'::-0.l 
lo!SE-01 
t..a9::-ol 
lo36E,-Ol 
!. 52!::-01 
lo6S.:::-ot 
lo76::-ot 
I.BSC::-01 
1.9\f.•OI 
t.97!!-o1 
2o99:;:: 00 
2.27: oo 
t.?3E 00 
lo79E': 00 
I ,66'=: oo 
1o 53E oo 
lo4l!':: 00 
t • .JIO:: 00 
l.2J"! co 
!.74"': 01 
2o9SS: Ol 
2o64': 01 
2 .. 2,;; ot 
J.94r.: 01 
1-70": 01 
lo73.: at 
lo.l4'0 02 
2o30! 03 
2.63:0 03 

o.o 
o.o 
o .. o 
CoO 
o.o 
o.o 
o .. o 
2-31'0:-03 
1 o S3':- OJ 
1o62:•03 
lo3SE-o3 
lol2':-03 
9 .. 22::-o• 
7 oSS!::-04 
5. sa=:-oJ 
9o2JE-04 
4 .. 26!::-04 
3.47".:•04 
3ol7~-04 
2. 94"0-04 
2o72:•04 
2. 52':- 04 
2. 34':- 0'1-
2.252-03 
1.ae::::-o3 
2. or:- OJ 
2o40C::-03 
2o94:0-0.J 
4 .. 61-::-03 
1 .45C:-02 
4.56":-02 
9.3a::-oz 
I o J9!':: 00 
5 o91": 00 
1 ol7E 01 
t .. 59:; 0 I 
1 • 82."; 0 I 
I o96: 01 
2o04'0 01 
2 .. o!l:;: 01 
2oiU5; 01 
9.16": 01 
So07E 02 
4oOIFC 02 
2·91=. 02 
Zo 09C: 02 
lo510:: 02 
JoiCE 02 
9. 1 6'::: 01 
2ol3:0 02 
2 .. 21: o3 

o.o 
o .. o 
o.o 
o.o 
o.o 
o.o 
o.o 
2o!HE-Ol 
2o62E-Ol 
2:. 37!::- 03 
2.tot:-o3 
I o 83:::- C:IJ 
t.sa:::·o3 
1.36E•03 
1 .. ~2E-02 
6otiE-03 
5.690::-03 
cs.3o: .. oJ 
6o70E-oJ. 
7o 00!':•03 
7 .. zt:::: .. o3 
7o34E-03 
7o42.::-o3 
1•17E·Ol 
1.211'::-01 
1o38!:-0I 
lo54':•0l 
t.6B!:-OI 
t .. BI:-ot 
l.99E-ol 
2 .. 37:.-0I 
2.91:-ot 
4.Ja.:: oo 
a.te: oo 
lo36E 01-
lo 77!:: 01 
lo99:0 01 
2.121: 01 
2o I a:: 01 
2o21E 01 
2:o22E oll 
lo09'.:: 02 
So37!:: 02 
4o27E 02 
3o14;:: 02 
2. 2 a=: 02 
l. 68: 02 
lo28E 02 
2.55<: 02 
2.52:: 03 
4,64~ 03 



Appendix p 

Table P-12. AMRAW-B output Table 4-2 

TABLE 4 - 2 : LOW POPULAT,ON SCENARIO 
NUMBER OF DEATHS PER TlME &NT-RVALo(5260000~) 

Tlt4E i;£PQ EDDY REBO MIDO wre LEA CHAV REGS TDT~ZOIIIE !liON-SPEC TTOTAL 

o .. o~o o .. o o.o o~o o. 0 o. () o~o o .. o OoO o.o OoO s .. OoO o .. o o.o o .. o o.o o.o o. 0 o .. o Oo,J o .. o o.o ao. o.o o.o o.o o.o Do 0 o.o o .. o o .. o OoO OoO o .. o 
\So a. o o.o a. a Doll o.o o.o o .. o o.o o.o o .. o o .. o 
20o OoO o .. o OoO o.o o .. o OoO OoO OoO o .. o o .. o o.o 
2So o .. o OoO DoO o.o o.o o.o o .. o o .. a o .. o o.o o .. o 
30. o.o o.o o.o o.o o.o o .. o DoD o.o o.o o.o o .. o 
40 .. flol9E..,06 3• .10E• OS 1 .. 535:- OS s .s6E-o6 2o4lE-06 2.2se-os 2.351;:-0S Soiii.IE-05 1. 63E:• 0~ 2 .. 31:!• 03 2 .. 07!::•03 
so .. 6 .. SSE-06 s .. ose-os 2.2sc:-os 7 .. 2n::-o& 3. t I E-06 2o67E-os 3o51E-OS th57E-05 2ol9E-o• I o9J!:-03 2 .. 1se-o3 
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Appendix P. 

Table P-13. AMRAW-B Output Table 5-l 
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Table P-14~ AMRAW-B Output Table 5-2 
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APPENDIX Q 

PROGRAMMER'S NOTES 

Variables 

The variables used and their definitions are presented in the list 

of nomenclature in the front pages of this volume. 

"Index" File Structure 

"Index" is an unformatted temporary file allocated to logical unit 

2. Index holds a maximum of 260 records, each 400 bytes in length. 

Index is calculated for each nuclide and zone. 

Number of Zones 

The number of geographic zones, designated by the variable MZ, in 

the ini~ial demonstration is 8. Nonspecific doses and corresponding 

damages are treated in the calculations as though they are for an addi

tional zone (MZPl = MZ + 1, or 9 for the demonstration). While input 

provides for a number of zones other than 8, and the ranges of calcu

lation loops correspond, there are some program changes required for 

MZ 1 8, to provide consistent table formats. For example, in FORMATS 

850, 918, and 957, the multiplier of the repeated group {A4, 6X) must be 

changed from 8 to a new and different value of MZ. Follow-on work can 

make modifications to automatically accommodate ~ range of MZ values, 

but the user is cautioned that these improvements have not yet been 

made. 

output of Table 2 

Table 2 is output (providing the flag ITB3 is set to 1) for all 

values of time after an initial sequence of times which are bypassed. 

"IF" statements in lines 1820 and 1900 {numbered on the right side in 

Appendix R listing) bypass calculations and output for time subscripts 

through 7 {i.e., through 30 y or subscript 6 in the demonstration). If 

a different bypass control is desired, the 2 "IF" statements must be 

modified. It may be desirable in the future to use an input variable 
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for this purpose. This could be the variable NRO suggested in the next 

paragraph. 

Basis for Table 3 

Table 3 includes columns of marginal present value costs for decay 

groups. The values are obtained by dividing the sum of present values . 
of damage for each nuclide in a decay group, $, by the total mass of 

nuclides, g, comprising the decay group at a specified time. Presently, 

the specified time for which mass values, X, are obtained (see input 

datn file AMlE) in the beginning of the terminal storage phase, or a 

reference time of 30 y {time sUbscript 7). In a new application, the 

"7" in lines 2630 and 2670 should be replaced by the integer corresponding 

to the appropriate time subscript. Line 2290 also uses this time, desig-

nated NYRO {number of years of repository operations) ; this is set equal 

to 30 in line 402. It may be desirable in the future to use an input 

variable (e.g., NRO) for the time subscript representing the end of 

repository operations. This subscript variable could then be used instead 

of 7 in lines 2630 and 2670, and line 402 could be changed to NYRO = 

TIME(NRO). 

Discount Rate 

The discount rate, RATE, is read in as a decimal number in F format. 

When a zero discount value, 0.0, is read in, it is c~anged to RATE = 
.00001 (line 729) for use as a routing flag which bypasses discoUnting 

calculation~. For output as a percentage, PRATE = RATE x 100 (line 722) 

is used. When a write statement outputs PRATE, F5.2 format is used which 

ignores the 1 for the converted zero discount and writes it as 0.00. If 

a non-zero discount value is used, RATE remains as read in (as low as 

0.01%, or RATE= .0001), the discounting calculations are executed, and 

the proper percentage rate is output as PRATE. 

Dose Rate Multiplier 

Calculations within AMRAW-B are done in terms of man-rem of dose. 

AMRAW-A output is in units of milli-rem for local dose and man-rem 

for nonspecific dose. A multiplier, THO, is used as a conversion factor 

and is assigned values of .001 and 1.0 for local dose and nonspecific 

dose, respectively {see lines 1000 and 1020). 
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Population 

Population projections (high and low) are used for local dose cal

culations in each zone. Nonspecific dose is based upon a total agricul

tural production implying a nonspecific popu~ation. Calculation of 

damage for nonspecific dose in line 1980 provides for adjustment by includ

ing POPH(9) and POPL(9), high and low "populations" for the nonspecific 

category as designated by subscript 9. These are set equal to 1.0 (see 

lines 730 and 740) at present. 

Input File Containing MAN! 

MANlL and MANlN from AMRAW-A are processed to MAN! in file ECONxx 

for input to AMRAW-B. This can be via disk or tape file. The user is 

cautioned that JCL for use of COMPRESS must specify disk or tape to be 

consistent with the input device specification provided for by the user 

in AMRAW-B. 

Modification for Running on Other Systems 

AMRAW, written in FORTRAN IV, was developed with implementation on 

an IBM 360 system. Some changes may be necessary for operation of AMRAW-B 

on a CDC or other system. However, some of the conditions which require 

changes in Ar'.IRAW-A such as quadruply dimensioned arrays (see Appendix G 

in Part l) do not exist in AMRAW-B, which should simplify conversion. 
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APPENDIX R 

AMRAW-B LISTING 

The AMRAW-B code consists of a main program only; there are no sub

programs. The code has 394 lines including comment statements. 
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Appendix R. AMRAW-B Program Listing 

C$$$ 
C*** A~RAW: ASS~SS~~NT METHCcr FOR RADIOACTIVE WASTE. 
C$ ** A CODE DEY Et..DPE D BV UN 1 Ve:RSITV OF NE\!1 MEX IC 0 
C$$$ UNDER EPA CONTRACT •68-01-3256 
C*** THIS LISTING IS AMRAW-Bo THE ECONOMIC MODELoMAY 1978d 

I~PLlClT lNTEGER*2 11-NI 
OCUBLE PRECISION NUCNA~(25IoHEAO 
DOUBLE PRECISION NUC2(251 
CATA HEAD/ 0 PV$/GMo'/ 
REAL MAN1(50o81~DDPI81oOPY!81oTIME{50loLAMSOAt81 
REAL POPL(91oPOPHI9loOAM,GEI50J•PVN(7o2SioTDTKH(25) 
REAL TDTKL(25loXt25o501oDTZ{9!oSPVt71oTTOillloTH0(50o111 
REAL DTHt50o251oDTL(50o251oOVRL(50ollloOYRHt50o11)oOLD(l11 
DIMENSION IK(25IolGI11loPV2(7o251o5S(7o111oTUOH(llloTUDLtlll 
DIMENSION IFLAGHIBioTITLE(10loSlTE(8o51,REG(ei,1KK~2S) 
D~TA LAM80A/B*O•/ 
CATA IFLAGH/lo2o3o4o5•6o7o8/ 
INTEGER&4 tNOEXoPOSI21~t~olPoiS 
DATA POS/ 1 HIGH!o• LOW'/ 
DEFINE FILE 2(260o400oUoi~OEXI 
CALL f'SPlE 
11\=S 
1P=6 
I S=l 
N'I'RO=JO 

c••• 
c••• 
C&C>$ 

c••• c••• 

READ Q OF TIME PERtODSoOlSCOUNT AATEo RISK OF DEATH($}, *** 
DOSE BY 800'1' SITEo ~O~lLATlON PROJECTlON(LO.&HlGH) FROM AMB 
PRINT INPUT DATA 

~EAOIINo651)TlTLE 

651 FCJI'IMAT( 1 OA4 I 
REAOI1Nol806)RATE 
READIIN~18061VO~ 

REAO(INo856JNToMZoNKoNlHT 
DC 1640 l•I,NIHT 

1640 READIINo1651)1SlTEC!oJIIJBio51oOPY(I) 
DO 1650 l=loMZ 

1650 REAOC1No16521AEGllloPOPH(l)oPDPLitJ 
1651 FORMATI5A4oF5.01 
1652 FCRMATIA4oiXo2FIOoOI 
652 FCJRMATt///SXo10A4) 

WI'ITEC 1Po652JTI TLE 
LL""O 
REAO (1 ~h 6!5 3 ) NG 
DC 660 l~~'loNG 

REAOIINo653lKoClKKtJ)oJ=l•KI 
IGitlszK 
DO 665 Jl=loK 
L"'LL+J 

~65 lK(LJ=IKK(JJ 
660 LL•L 
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00000160 
00000170 
00000180 
00000190 
:ooo00200 
00000210 
00000220 
00000230 
00000240 
00000250 
00000260 
00000270 
00000260 
00000290 
00000300 
00000310 
00000320 
00000330 
00000340 
00000350 
00000360 
00000370 
00000380 
00000390 
00000400 
00000402 
00000410 
00000420 
00000430 
00000440 
00000450 
00000460 
00000470 
00000480 
00000490 
00000500 
00!>00510 
00000520 
00000530 
00000540 
00000550 
00000560 
00000570 
00000560 
00000590 
000001':.00 
00000610 
00000620 
00000630 
00000640 
00000650 
00000660 
00000670 



Appendix R. Table R-1 continued 

653 FCPMATC3Xt2513} 
VZPI=MZfol 
CO 2807 1•1 oNIHT 

2807 OCP(II~DPYCll*•26 
lFCRATEoEQoOo)RATE=OoOOOOl 
PRATE=RATE(>-100. 
~OPHC91=1• 
POPL( 91 =t. 
WPITE(IPo2806)PRATEoVOL 

2806 FORMATC~SXo'OISCOUNT RATE :•oF5o2o' ••~5Xo°C05T OF INCREASED • 
$,•LEVEL OF RISK OF DEATH ,. S 0 oF8o0/~33Xo 

*'C~ST OF EXCESS RlSK OF DEATH'~7Xo'SlTE OR TYPE 0 o8Xo 
* •DEATH ~MILo MAN-REM 0 o4Xo 0 $/MAN-REM 1 /) 

00 2601 l=loNIHT 
2601 hR1TE(lPo2607)(S!TECioJioJ:lo5)oDPY(l)oDOP(IJ 
2607 FORMAT(5X,5A4t1Xo2Fl6oll 

\IIRIT!:( 1Po260B) 
2608 FCRMAT(//7Xo'POPULATION PROJECT10NS 1 /5Xo 1 ZONE 1 o5Xo 

*"HIGH 0 o6Xo 0 L0111°/J 
DC 2602 I=loMZ 

2602 ~RITE(lPo26091IoREGCIIoFOPH(1)oPOPL(IJ 
2609 FORMAT(5XoJlolXoA4o2Fl0DO) 

Cuuu READ TIME INTERVALS AND NUCLIDE INVENTORY FROM AMIE 

C*** 
R~~0{5o806){TIME(Ilol~loNTI 
DC 650 K=loNK 
REA0(5o808lNUCNAM(K)o(X(Ko1TlolT=lo7b 

650 REAOC5o809)(X(Ko1TioiT~SoNTJ 
CuU• 
Cll<$11< 

c••• c••• 
READ MANl CAMRAW-A OUT~UTI FROM ECONXX *** 
CALCULATE DAMAGES AND STORE ON DISK *** 

TtfC=oOOl 
DC 900 I Z= 1o MZP 1 
IFCIZ.EOo9ITHO=l60 
DO 900 K=loNK 

C WFlTEC1Po380611ZoK 
3806 FCRMAT( 0 1 1 o'IZ= 0 ollt° K=•ol2//) 

DO 901 IT=loNT 
O~MAGE( IT )>::OoO 
REAOilS o 6061 I MANl I ITo ItOo IH=lo N lHT I 

C WRITEIIPoS061(MANl{ITolHiolH=loNlHT} 
901 CCNTINUE 

00 902 I T<= I o NT 
00 902 IH:loNIHT 
I .. T=IH 

CHECK iF TOTAL BOOT DOSE RATE IS TO BE USED $$$ 

IF(lFLAGH(IHJeNEDlHIIHT=l 
902 DAMAGE(ITI=DAMAGE(IT)~MAN1CIToiHTI*OOPCIHiu, 

1EXP(-LAMBDA(JHTiuTJMEIIT))$THO 
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00000680 
00000690 
00000700 
00000710 
00000720 
00000722 
00000730 
00000740 
00000750 
00000760 
00000770 
00000780 
00000790 
00000800 
00000810 

-00000820 
00000830 
00000840 
00000850 
00000860 
00000870 
00000880 
00000890 
00000900 
00000910 
000 00920 
00000930 
000009~0 

00000950 
00000960 
00000970 
00000960 
000 00990 
00001000 
00001010 
00001020 
00001030 
00001040 
00001 oso 
00001060 
00001070 
00001060 
00001090 
00001100 
00001110 
00001120 
00001130 
00001140 
00001150 
00001160 
00001170 
00001180 
00001190 



Appendix R. Table R-1 continued 

INDEX:tQ•(K-ll•tZ 
900 ~~ITE(2°lNOE~ItDAMAGE(IllolTsloNTl 

c••• c••• c:••• c:••• 
C**"' 

CALCULATE AND PRINT TABLES ON ZONAL AND ~CTAL DAMAGES 
IHlGH ~LOW POPULATICN PROJeCTION-- $/YEAR ) 
TABLE - t 

Wl'lllE( tP,S60) 
NTABLE<=l 
~~~T~(IPo850)NTABLEoPOSillo(REGtJ)oJ=1o~Z) 

DC 921 IT=loNT 
OC! 921 I R= 1 o 11 
OYRL( IT olR l=O 

921 DYRHIITolRI~o 
OC 906 NTABLE=lo2 
00 903 tT=loNT 
or=o.o 
O"T9=0G0 
Ot 905 IZ=l oMZPl 

905 OlZtiZl=o .. o 
DC 904 lZ"'loMZPl 
lfllT6LEo7lGO TO 903 
OC 904 K=l•NK 
INOEX=10$(K-l)+JZ 
~EAOI2'lNOE~)(OAMAGE(ITEiolTE=1oNT) 

IFINTABLEoEOoliPOP=POPHilZl 
lftNTABLEoEQo2)POPDPOPLIIZI 
OTZIJZJ:OTZ(IZI+OAMAGE{IT)oPOP 

.... 
*** 

904 CtNHNUE 
Ol•DTztti+OTZ(21+DTZt3I+OTZI41+DTZt51+0TZt6l+OTZ(7)+DTZIBI 
Dl'i=OT+DTZI9) 
lF(NTABLEoEOo2)G0 TO 917 
DC 1501 lZ=I•MZ 
DYPHCtT.IZJ•DTZC1ZJ 

1501 CI:NTlNUE 
OYRH ( 1T e9) =DT 
DYRH{IT•IOI=DTZI91 
OYP Ht 1T e II } .,DT9 

917 CCNTINUE 
IF(NTABLE~EOol)GO TO 903 
DO 1502 lZ"'loMZ 
OYRL(lTolZJmOTZIIZJ 

1!502 CCNTINUE 
OYRL( 1To9I=DT · 
OYRL(tT§l0l=OTZ(9) 
O'I'RLCJT,IIJsDT9 

903 WFITEIJP,B511TIMEIITJoCOTZ(IZJo1Z=loMZI,OToOTZ(9JeOT9 
lFINTA8LEaLT•21WRITE(1~oB60) 

NT2=NTABLE+1 
IF(NTABLEaLTo2J~RJTEC1PoB50INT2oPOStZio(REG(JioJ=l•MZl 

906 CCNTINllE 

9 DAMAGES SV NUCLIDE AND BY TIME PERIOD .... 
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00001200 
00001210 
00001220 
00001230 

:oooo124o 
00001250 
00001.260 
00001270 
000012:80 
00001290 
00001300 
00001310 
00001320 
00001330 
00001340 
00001350 
00001360 
00001370 
00001380 
00001390 
D0001400 
00001410 
00001420 
00001430 
00001440 
00001450 
oooo 1460 
00001470 
00001480 
00001490 
00001500 
00001510 
00001520 
00001530 
00001540 
00001550 
00001560 
00001570 
00001580 
00001590 
00001600 
00001610 
0000162.0 
00001630 
00001640 
00001650 
00001660 
00001670 
00001680 
00001690 
00001700 
00001710 
00001720 



Appendix R. Table R-1 continued 

C$0.$ SET IT83 TO 1 TO PRift.ToTO 0 TO SUPPRESS PRlNT .. 91!1$ 
Ctov$ TABLE - 2 
C*** 

ITB.3=0 
OC 920 lT=loNT 
00 920 l(=loNK 
OTLC IT~IO=O 

92:0 011-IIIT~KI::O 

OC 907 lT"'loNT 
IFC1TcLEo7)GO TO 916 
IFCtTB3oEOoliWRITEIIP~86QI 

1FilT63.EOollWRITECIPo861llToTIMeilTI 
1F(!T83.Ea~tlWRlTECIPoB53J 

916 CCNTtNUE 
00 915 K=loNK 
00 908 I=to9 

9os o1Zc 1 l=a .. o 
JF{IToLEe7IGO TO 907 
00 909 IZ=l oMZ 
INDEX=IO~{K-I)+IZ 

REA0{2 1 INDEXIIOAMAGEIITEiolTE~1oNTl 

D1'Z(II=DTZ(1)+0AMAGE(IT)*POPH«IZI 
909 DTZ(2J=OTZI2J+OAMAGE(1Tl~POPLIIZ} 

INDEX=lO>I<(K-11+9 
READC2•INOEX)(OAMAGEIITEiolTE:toNTI 
DTZI3J~OTZ(3)+0AMAGE{lll*IPOPLC9)+POPH(9))/2-

DTZC4l=OTZI1)+0TZ(3) 
OTZC51=DTZC2l+OTZC31 
DlH ( llo K I=OTZ(4 I 
OlL( IToKI=OTZISl 
lFIITB3~EO.J)WRJTEIIPo854lNUCNA~(KioiOTZ(Ilol:to51 

915 CCI"TJNUE 
907 CCNTINUE 

00001730 
00001740 
00001750 
00001760 
00001770 
00001780 
00001790 
00001800 
00001810 
00001820 
00001830 
00001840 
0?001850 
00001860 
00001870 
00001880 

-ooo ots9o 
00001900 
00001910 
00001920 
00001930 
00001940 
00001950 
00001960 
00001970 
OQOOl980 
000 01990 
00002000 
00002010 
00002020 
00002.030 
00002040 
00002050 
00002060 c••• c••• c ..... 

Ctt:•* 

C!SCOVNTEO PRES;NT VALUE FOR HIGH & LO~ POPULATION BY NUCLIDE * 00002070 
TABLE - 3 00002080 

00002 090 
aRITEIIPo22221PRATE 

2222 FC~MATI 0 l'o5Xo'TABLE 3 :DISCOUNTED PRESENT VALUES ( $ )'/ 

• 16Xo 0 0ISCOUNT RATE =0 oFSq2o 0 X 0// 

*l4Xo•HtGH POPULATION°o9Xo 0 LDW POPULATION•/ 
$JXo 0 NUCLIOE 'o213Xo•OiSCOUNTED'o4Xo 0 PV S/GM 1 l/1 

Ml=2 
00 912 l!=t o2 
DC 911 K=l o NK 

911 P\INUoiO=O .,o 
00 913 K=lo NK 
DC 913 IT=2oNT 
lF(lloEOellTO=OTHIIToKI 
IF(IloEOo2JTD:OTLCIToKI 
Zl=T lME( IT-11 
zz..,TIMECITl 
IFCRATE.Eo.O.OOOOIIGD TO 914 
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00002100 
00002110 
00002120 
00002130 
00002140 
00002150 
00002150 
00002170 
00002130 
00002190 
00002200 
00002210 
00002220 
00002230 
000 02 240 
00002250 



Appendix R. Table R-1 continued 

IF(RATE$Zl~GTol5oJGO TO 913 
IFlRATEYZZoGTol5&)~0 Tn 913 
PVNlloKJ=PVNiltK1TT0$((t/RATE)$(EXP(RATE 

$*NYRO)J$(lEXPt-qATE*Zl))-(EXP(-RATE*Z2)J)) 
IFIRATEoNE.OeOOOOllGO TC 913 

914 P~NlloK}~PVNCltKI~TO$(Z2.-Zl) 
913 CCNTINUE 

DO 10 !<:=toNK 
ID=IKI 10 
NUC2(KJ=NUCNAM(IO) 

10 FV2.(1oK):PVN(1o(D) 
LZ=O 
DO 20 J=loNG 
IO=IG{JJ 
Ll.,L2+1 
L2=L2+10 
SS(1oJ):O 
OC 20 K=l..loLZ 

20 ESlloJJ=SS(loJI+PV2lloKI 
L2""0 
DC! 1001 J=loNG 
IO=IG(J) 
Ll=L2+1 
L2=L2+10 
on 1002. K=<L l oL2. 

1002 F~2.(MloKI=PV2.(1oKI 
1001 SSOiloJI=SSU oJI 

SPVItJ:O 
DO 935 K=loNK 

935 S!"VI I I=SPV I 1) i-PVNI lott) 
SPVIMl I=SPV 11) 

Ml=Ml+l 
c•*• 
C*** Dl5COUNT ED PFIESENT VAL•JE PEF:I GRAM OF lN lT lAt.. WASTE MIX 
C*** FOR HIGH & LOW POPULATION 
c••• 

DO 910 K=loNK 
910 PVNtloKI=PVNI1oKI/X(K,71 

00 :3 0 K= 1 • NK 
IO=lK(KI 
NUC2(K):NUCNAMIIOJ 
PV N(2~ K):X I ~0, 7) 

~0 FV2(1oKI=FVNt1olOi 
L2=D 
DO 40 J:loNG 
IO='IG( J) 

LI=L2.+1 
L2=1..2+[0 
SStt.JJ:r:O 
OC 40 K=L 1 oU~ 

40 SStt.JJs$StloJI+PVNt2oKI 
lo\ll=M 1-1 
L2=0 

160 

00002.260 
00002270 
00002260 
00002290 

:00002300 
00002310 
00002.320 
OIJ002330 
00002.340 
00002.350 
00002360 
00002370 
00002380 
00002390 
00002400 
00002410 
00002420 
00002430 
00002440 
00002450 
00002460 
00002470 
00002480 
00002490 
00002500 
00002510 
00002520 
00002530 
00002540 
00002.550 
00002560 
00002570 
000025SO 
00002590 
00002600 
00002610 
00002620 
00002630 
00002.640 
00002650 
00002660 
00002670 
00002660 
00002690 
00002.700 
00002710 
00002720 
00002730 
00002740 
00002750 
00002760 
00002770 
00002760 



Appendix R. Table R-1 continued 

OC 1003 J"' 1 •NG 
IO,.IG(JJ 

L I=L:Hl 
L2,.L2+tD 
00 1004 K<=LI~Lz 

1004 PV2(MloKl=PV2lloKJ 
1003 SS(MloJl:SStMll~J)/SS(l~JJ 

Sf!>V( 1 J>=O 
DC 2935 K=loNK 

2935 SPVIll=SPVCtJ•PVN(ZoK) 
SPV(Mli=SPV(Mlli/SPVtlJ 

14J:Mt•l 
912 CCNTINUE 

L2=0 
DO 1014 J=loNG 
lC=IGfJl 
Ll=L2+1 
L2=L2+10 
00 1013 K=LloL2 

1013 ~~ITEIIPo2855)NUC2fK)~PV2(2oKl~PV2(4oKI 
2855 FORMATCC1XoASolXolPE12•2oi2XolPEl2•2JI 
1014 ~~ITEIIPo1967)1SSILoJJoL"'2o5l 
1015 WRITE(IPo967JtSPV(Lio~=2o51 

C*** c••• c••• c••• 
~ OF DEATHS PER TIME INTERVAL FOR HIGH & LO~ POPULATION 
TABLE - 4 

OC 933 I=lo2 
PL=O 
lF(t.EQol}WRITE(IPo919)l,POS(IJ 
IFiloEOo21WRITEClPo919JJoPDS(2J 
WPITECIPo918lvDL,tREG(JioJ=loMZ) 
DO 969 JR:toll 
OLD( 1Ft) =0 

969 TTO(HU=O 
DC 970 tTct~NT 
DC 970 IFt=ltll 

970 THOIIT.IR1:0 
DC 932 IT'"'leNT 
OCl 931 IR:l oil 
IF{I~EQ.JJDY=OYRHCIToJRI 

lFti~EQ.2)DV=DYRL(lTolRJ 

tF(lToEO~l·IGO TO 989 
Fl:TIMECITJ-TIMECIT-11 

989 CCNTINUE 
OlDCI~J~(OV/VOLIO(PLI 

931 T~DCIToiRJmOLD(lR) 
932 ~RlTE(IP•851)TIME(JTJo(OLDIIRiolR=lolll 

00 955 IR=lo!l 
TTOtlRI"'O 
DO 955 lT=l ~NT 

955 TTO(IRI=TTDCIRI+THO(ITolR) 
934 ~RlTEIIP•9681CTTOCIRio1RalollJ 
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00002790 
00002800 
00002810 
00002820 
00002830 
00002840 
00002650 
00002860 
00002870 
00002890 
00002890 
00002900 
00002910 
00002920 

-oo002930 
00002940 
00002950 
00002960 
00002970 
00002980 
00002990 
00003000 
00003010 
00003020 

$$$ OOOD3030 
00003040 
00003050 
00003060 
00003070 
OOOOJ3080 
00003090 
00003100 
00003110 
00003120 
00003130 
00003140 
00003150 
00003160 
00003170 
00003180 
00003190 
00003200 
00003210 
00003220 
00003230 
00003240 
00003250 
00003260 
00003270 
00003280 
00003290 
00003300 
00003310 



Appendix R. Table R-1 continued 

933 CCNTINUI! 
C$0oC< 

C$0'4' 

C¥00. 
TOTA~ UNOISCOUNTED DAMAGES FOR EACH ZONE & FOR EACH TIME 
INTERVAL FOR HIGH & LOW POPULATION 

c••• 
Ca<*O 

TABLE - 5 

PL=O 
DC 1600 IR"'loll 
TI,.OH(IRI=O., 
TUOL( HI 1=0• 
DC 1600 IT=2oNT 
PL~TtME(lTI-TlMEIIT-11 

OYRHCITeiRJ=OYPH(IToiRIOPL 
TlOH(lRI=TUDHIIR)+DVRH(lTolR) 
OVRL(ITolRI=OYRLI!ToiRivPL 

1600 TI.DLtlRI=IUDLIIR)+DVRL(lTolR) 
Kt=t 
K2:2 
~RlTECIPo957JKloPOS(llo{REGCJioJ=loMZI 
DO 1601 JTochNT 

160 t WP lTE( I Po 8!51 )Tl ME ( ITI • (OYRH{ IT.olR} e 1R=1 oll I 
~PITEilPo968)(TUDHIJRiolq=lolll 

WPITEIIPo9571K2oPOS(21~{qEG(JI•J=loMZ) 

DO 1602 IT=l.NT 
1602 WRITE(lPo85l)TIME(!TloiOYRL(IT.1RlolR.,1olll 

llif<I TE ( 1 Po 9681 I TUOL I IRI olR=l oll ) 
STOP 

806 FCPMATI1P8E10o2) 
1806 FC~MAT{15X~Fl0oOJ 
1807 FC~MAT(8FSo0} 

eoe FCPMATtABo2X,7ElOo2) 
809 FCRMATt10Xo7El0o21 
850 FCRMATCT6o20Xo'TABLE l - 1 ollo 0 : '• 

*'ZCNAL AND TOTAL DAMAGES FOR 1 tA4•' POP. PROJECTION (S/YR)• 
$//o6Xo' TJME'o2XoB(A4,6XIo'TDToZONE 1 ,2Xo 0 NON-SPEC•o 
*2Xo •TTOTAL 0 ) 

851 FO~MAT(Fl!~Oo1P11E1Do21 
853 FCRMAT(2Xo•NUCLIDE 1 o5Xo 0 HlGH POP 1 o4Xo 0 LOW POP 1 o5Xo'NON-SPEC 1 

.,4Xo 0 TOT-HlGH'o4Xo•TOT-LaW 0 ) 

854 FCRMAT(1XoA8o1XolP5El2o2l 
857 FCRMATI'l'oABo' POPULATION SCENARIO- DISCOUNTED PRESENT '• 

o•~ALUE ($) 0 // 1 NUCLIDE INTEREST RATES- 0 oF6.3/) 
855 FCRMATttlX~ABo1XolP7El2o21) 
856 FCPMAT(20Xol51 
860 FORMATI'l') 
861 FCFMATUOX.o'TABLE 2- 'ol2o 0 : '•'TIME PERID0= 0 oFlloO//) 
918 FCF!MATt33Xo 'NUMBER OF CEATHS PER TIME JNTERVALot!J•oF7oOo"l' 

$//o6Xo 1 TIME'o2Xo8tA4o6XJo 0 TOToZONE 1 o2Xo 0 NON-SPEC 1 t 

*2X o 1 TTOTAL 1 / I 
950 FORMAT( 18Xo'0!:: 1 o10Xo'l"'•l0Xo 1 2:111 1 olOXo 0 3$ 0 olOXo '~11: 0 oiOX, 

.. 0 5ll. •lOX, I eilP/) 

919 FCRMATt'l'oT37o 1 TABLE 4- 0 ellt' : 1 tA4o' POPULATION SCENAR10°J 
967 FD~MAT{lXo'TOTAL 0 o1Xo1P7E12c2} 

1967 FC'f;MATC llto I sua TOT' ol>lo1P7El2o2) 
968 FCPMATI1Xo 0 TOTAL'o5XolP11E10~21 

95 7 FCPMAT ( • 1 o 0 6X o1 TABLE 5 - ' oll o ' ; 1 o • TOTAL UNO I SCOUNTED OAMAG~S • 
$ 0 o FOR EACH ZONE' ol Xo • FCR EACH T 1141!: INTERVAL - 0 

.OolXoA~o1Xo•POPULATION•/ro6Xo 1 TIME 1 o2Xo 

.08(A4o6X),•TOToZONE 0 o2Xo"NON-SPEC 0 o 
G2X t 0 TTOTAL 0 /) 

El\0 
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00003320 
00003330. 
000033-\0 
00003350 
:oooo3::s6o 
00003370 
00003380 
00003390 
00003400 
00003410 
0000::3420 
00003430 
00003440 
00003450 
00003460 
00003470 
00003480 
00003490 
00003500 
00003510 
00003520 
00003530 
000035~0 

00003550 
00003560 
00003570 
00003580 
00003590 
00003600 
00003610 
0000362:0 
00003630 
00003640 
00003650 
00003660 
00003670 
00003680 
00003690 
00003700 
00003710 
00003720 
00003730 
0000.3740 
00003750 
00003760 
00003770 
00003760 
00003790 
00003800 
00003610 
00003620 
00003830 
00003840 

00003850 
00003660 
00003870 
00003880 
00003890 
00003900 
00003910 
00003920 



APPENDIX S 

FLOWCHART 

Figure S-1 shows a simplified flowchart for AMRAW-B. The chart 

represents flow through the code for a specified waste management phase, 

such as repository operations or terminal storage. The reader is referred 

to Volume III, which describes AMRA~~-B, for detailed descriptions of 

each step. 
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I 
t 
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Flle AMlE, ECONxx 
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j 
t 

Calculate Damage, $/y, Each Zone 
at Each Time 

j 
f 

Calculate Damage, $/y, High and 
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l 
t 

Calculate Discounted Present Value, $, 
High and Low Population, Each Nuclide, 
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! 
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I 
t 

Calculate Total Undiscounted Damages 
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Each Time 

I 

Output Selected 
Input Data 
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Store 
DAMAGE 
on Disk 

Output 
Table I 

H 1TB3 = I, 
Output 

Table 2 

Output 
Table 3 

Output 
Table 4 

Output 
Table 5 

8 The term 11Each Zone11 a 1 so i nd 1 cates the sums of a 11 zones, nonspecific, 
and total of zones and nonspecific. 

bMarginal damages are based upon inventory of each decay chain at 
beginning of e.g. terminal storage. 

Figure S-1. AMRAW-B simplified flowchart. 
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APPENDIX T 

AUXILIARY PROGRAM 

An auxiliary program COMPRESS, is used to process dose rate output 

from AMRAW-A for use as input to AMRAW-B via the file ECONxx. All of the 

AMRAW-A output tables in Section 3 (Local Dose to Individual) and Section 

4 (Nonspecific Dose to Population) comprise the major input to AMRAW-B 

(Economic Model). COMPRESS, written in PL-1 and Fortran IV language, 

finds these tables in the full output stored on tape, strips off the 

headings and left hand column of time, and outputs a continuous "compressed" 

file in a form ready to be read by AMRAW-B. Appendix P includes samples 

of AMRAW-A output and the COMPRESS output file. 

The COMPRESS output file consists of the calculated value of dose 

rates (each line is for sequence of organs calculated for a specific time), 

for each nuclide in the first geographic zone, followed by the same se

quence in each of the other zones in turn and finally, by the nonspecific 

category. The program may be used separately to produce AMRAW-B input 

files ECONxx from AMRAW-A output (xx identifies the case number), or·it 

may be joined to M1RAW-B to process data directly. Table T-1 is a list

ing of COMPRESS, including JCL, as run on the IBM360/67 computer at UNM. 

The first execution step employs PL-1 and the second step employs Fortran 

IV. It is necessary to specify, in the JCL cards, the name of the tape 

and label number storing the AMRAW-A output (see.line 390), and the name 

and label for the output file tape or the DSN for the output disk if used 

instead of tape (see lines 125 and 690). 
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Table T-1. Listing of COMPRESS 

100 //A JOB CBAB41lrlGK,500r20)r'HENRY NG' 
110 // REGION=256K 
120 !*SETUP 9NLHN1619rBD5 2314 
121 //DELETE EXEC PGM~IEHPROGH 
122 //SYSPRINT DD SYSOUT=A 
123 //SCT DD UNIT=2314rVOL=SER=BD5.DISP=GHR 
124 //SYSIN DD * 
125 SCRATCH DSNAHE=ECON35,VOL•2314=BD5 

0 

126 '* 130 //SQUEEZ EXEC LPL1FCG,CPARM='STrNEST,NOL'•P2=DUMMY 
140 //PLl,SYSIN DD * 
150 I* FIND EXTRANEOUS MATERIAL AND DELETE IT *I 
160 EXCESS; PROC OPTIONSCMAIN); 
170 DCL CRUNCH FILE RECORD OUTPUT~ 
180 DCL EXTRA FILE RECORD INPUTI 
190 DCL DATA CHARC13J) VARYING1 
200 DCL SUBSTR BUILTIN~ 
210 ON ENDFILE CEXTRAJ GO TO FINISHi 
220 OPEN FILE<CRUNCH>I 
230 OPEN FILECEXTRA)i 
240 I* FIND 'SECTION 3' IN OUTPUT *I 
250 AGAIN: READ FILECEXTRAJ INTO <DATA>; 
260 IF SUBSTRCDATA,61>10Jl•'BECTION 3' THEN GO TO AGAIN; 
270 PUT SKIP LISTCDATAJ; 
280 I* FIND 'TIME' IN OUTPUT *I 
290 TIMERl READ FILECEXTRAJ INTO CDATAJI 
300 IF SUBSTRCDATA•7•41J~'TIME' THEN GO TO TIMER; 
310 DO IN~1 TO 50; 
320 READ FILECEXTRAJ INTO CDATA)~ 

330 WRITE FILE<CRUNCHJ FROM (DATAJ; 
340 END; 
350 GO TO TIMER; 
360 FINISH: CLOSE FILECCRUNCH); 
370 CLOSE FILECEXTRA); 
380 END EXCESS; 
390 //GO.EXTRA DD UNIT~TAP£9,VOL=SER=HN1619,DSN=EPAJOBrlABEL=(5,SLlr 
400 II DlSP=IOLDoPASSl 
410 //GO.CRUNCH DD UNIT=SYSWrDSN=t&BQUEEZE,DISP=<NEW•PASSlr 
420 // DCB=CRECFM=FB,LRECL=133,BLKSIZE=6650)>8PACE=CCYL,(1,1)•RLSEl 
430 //REVAMP EXEC LFORTGCG•LPARM='S!ZE=225K' 
440 //FORT,SYSIN DD * 
450 DIMENSION RDATAC50o8> 
460 DO 10 IZ=1•9 
470 DO 10 NUC=l•25 
480 DO 10 IT=1•50 
490 REAli{ 1,100 l ( RDATA CIT • IORGN> • IORGN==l • 8 > 
495 WRITEC2,200)CRDATACIT,IORGN),JQRGN=1•8) 
497 10 CONTINUE 
500 100 FORMATC11X>1PBE10.2J 
510 200 FORMAT\1P8E10.2) 
650 ENDFILE 2 
651 REWIND 2 
660 STOP 
670 END 
680 //GO,FT01F001 DD UNIT=SYSWoDSN=&&SQUEEZErDISP=<OLD,DELETEJ 
690 //GO,FT02F001 DD UNIT=2314oVOL=SER=BD5oDSN=£CON35,DISF'=CNEW•KEEP), 
700 II DCB=CRECFM=FB>LRECL=BQ,BLKSIZE=7200)oSPACE=CCYL•<5•2lrRLBEl 
710 II 
720 '* 
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