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ABSTRACT

A version of the CRAC2 computer code applicable for use in
analyses of consequences and risks of reactor accidents in case work
for environmental statements has been implemented for use on the
Nuclear Regulatory Commission Data General MV/8000 computer system.
Input preparation is facilitated through the use of an interactive
computer program which operates on an IBM personal computer. The
resulting CRAC2 input deck is transmitted to the MV/8000 by using
an error-free file transfer mechanism. To facilitate the use of
CRAC2 at NRC, relevant background material on input requirements
and model descriptions has been extracted from four reports - "Calcu-
lations of Reactor Accident Consequences," Version 2, NUREG/CR-2326
(SAND81-1994) and "CRAC2 Model Descriptions," NUREG/CR-2552
(SAND82-0342), "CRAC Calculations for Accident Sections of Environmen-
tal Statements,”" NUREG/CR-2901 (SAND82-1693), and "Sensitivity and
Uncertainty Studies of the CRAC2 Computer Code," NUREG/CR-4038
(ORNL-6114). When this background information is combined with
instructions on the input processor, this report provides a
self-contained guide for preparing CRAC2 input data with a specific
orientation toward applications on the MV/8000.
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PREFACE

The CRAC2 computer program is a revised version of the CRAC
code developed for the Reactor Safety Study and reported in WASH-1400
(1975), Reactor Safety Study, Appendix VI: Calculation of Reactor

Accident Consequences, NUREG 75/014, USNRC. CRAC2 was developed at

Sandia National Laboratories in order to incorporate more realistic
consequence estimation techniques for site evaluation, emergency
planning and response, and risk assessment. The work is documented in
NUREG/CR-2326 (SAND 81-1994), Calculation of Reactor Accident Conse-

quences, Version 2, CRAC2, Computer Code User's Guide, by

L. T. Ritchie, J. D. Johnson, and R. M. Blond (1983), in NUREG/CR-2552
(SAND 82-0342), CRAC2 Model Descriptions, by L. T. Ritchie, J. Alpert,
R. P. Burke, J. D. Johnson, R. M. Ostmeyer, D. C. Aldrich, and
R. M. Blond (1984). Additional changes were made to CRAC2 at Sandia
National Laboratories to make it more applicable to analyses of
consequences and risks of reactor accidents in casework for environ-
mental statements and plant specific probabilistic risk assessment
reviews. These changes are described in NUREG/CR-2901 (SAND82-1693),
CRAC Calculations for Accident Sections of Environmental Statements,

by J. D. Johnson and L. T. Ritchie (1983). Finally, an independent
sensitivity analysis, described in NUREG/CR-4038 (ORNL-6114), Sensi-
tivity and Uncertainty Studies of the CRAC2 Computer Code, by

D. C. Kocher, R. C. Ward, G. G. Killough, D. E. Dunning, Jr.,
B. B. Hicks, R. P. Hooker, Jr., J.-Y. Ku, and K. S. Rao, led to
changes that were incorporated into the NRC staff version of CRAC2.

The Technical Data Management Center (TDMC), a part of the Engi-
neering Physics Information Centers (EPIC) at Oak Ridge National
Laboratory, has the task of updating, maintaining, documenting the NRC
staff version of CRAC2 and installing an operational version on the
NRC MV/8000 computer. The purpose of this document is to provide a
user's guide to the preparation of input for this version of CRAC2 and
to make available in one document all essential information needed for
its understanding and use. For that reason, relevant portions of
NUREG/CR-2326, NUREG/CR-2552, and NUREG/CR-2901 have been incorporated
essentially intact with the permission of the Technical Information
and Document Control Division (TIDC), Office of Administration, U.S.
Nuclear Regulatory Commission.

We acknowledge the direction of Larry W. Bell (NRR/NRC) and the
encouragement and advice of the contract monitor, Myrna Steele
(TIDC/ADM/NRC) during the course of this project. We acknowledge
with gratitude the support of Betty F. Maskewitz, the Director of
EPIC. We especially thank Andrea Sjoreen for guidance and numerous
discussions about the use of CRAC2. Ron D. Sharp provided the IBM
version from which we started and Richard Ward provided an update
which included a modified rain bin-sampling procedure. All three are
members of the Computing and Telecommunications Division working for
the Health and Safety Research Division, ORNL. Daniel Alpert of
Sandia contributed modifications to properly summarize consequences
from multiple population groups.

X/ x1i






I. CODE IMPROVEMENTS AND ENHANCEMENTS FOR LICENSING EVALUATIONS

A. Introduction

The CRAC2 computer code has been installed for use on the Nuclear
Regulatory Commission Data General MV/8000 super minicomputer. Based
on the CRAC (Calculation of Reactor Accident Consequences) computer
code developed in support of the Reactor Safety Study,1 CRAC2 was
developed at Sandia National Laboratories (SNL)2,3 to incorporate more
realistic consequence estimation techniques for site evaluation,
emergency planning and response, and risk assessment. The availabil-
ity of CRAC2 on the MV/8000 represents the first completed effort in
implementing a large scale nuclear code on the in-house minicomputer
for staff use. The purpose of this report is to compile in a single
volume all relevant information for the effective use of the CRAC2
computer code by NRC staff and to serve as a reference for the MV/8000
implementation which gives the regulatory staff access to a time
and cost-effective licensing tool.

Since its initial release, CRAC2 has been extended at SNL4 to
include casework analysis requirements for Draft/Final Environmental
Statements (DES/FES). During the course of making CRAC2 a more
efficient and effective licensing tool, several modifications in the
emergency response assumptions were made by SNL. Additionally, Oak
Ridge National Laboratory (ORNL) performed an independent sensitivity
study of selected models and input parameters used in the CRAC2 code.
Recommendations® of the ORNL study group were incorporated in the NRC
staff version in support of calculations required to evaluate the

impact of new source terms. The reduction of the washout coefficient
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in the wet-deposition model and the use of an improved meteorological
bin-sampling procedure were the two code improvements resulting from
the ORNL study. Because the information needed by the staff to
execute the code on the MV/8000 was scattered among several reports,
letters and memorandum, we were asked to prepare this comprehensive
report.

Section I.B, which is based primarily on the introductory
material from Ref. 4, describes the modifications that were made to
CRAC2 to enhance the code's capabilities for DES/FES casework analy-
sis. The important new feature is the refinement in the relocation
emergency response model. In addition, Section I.B summarizes all
other code modifications which document the NRC staff version of
CRAC2. Section I.C provides instructions for executing the staff
version of CRAC2 on the MV/8000. Cases can be submitted to the
MV/8000 with the output results optionally routed to the analyst
terminal screen. Section I.D describes how to prepare input data via
an interactive session on a PC. The resulting input deck is uploaded
to the MV/8000 or an IBM computer for batch execution. Sections II,
111, IV, and V are from Ref. 2 and provide Input, Output, Data File,
and Sample Problem descriptions. Appendix A from Ref. 3 provides an

overview of the CRAC2 computer code.

B. Description of CRAC2 Modifications for Licensing Evaluations

Several modifications4 were required in the CRAC2 computer code
for use in DES/FES casework analysis. The following four sections
describe these modifications. All other changes to the staff version

are summarized in Sections 5 through 8.
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1. Sheltering/Relocation Region Modification

The evacuation or emergency response model in the staff version
of the CRAC2 computer code includes a provision for a sheltering
region outside the maximum evacuation distance. Persons within the
sheltering region are assumed to be moved indoors where they will be
exposed to only a fraction of the external radiation that they would
receive if they remained outdoors. The sheltering region is defined
as the region between the maximum evacuation distance and the maximum
sheltering distance. The maximum sheltering distance must always be
equal to or greater than the maximum evacuation distance. If the
maximum sheltering distance is equal to the maximum evacuation
distance, no sheltering region exists.

The sheltering region now has an associated relocation time.
When the sheltering region exists, an exposure time specified for each
evacuation scheme is used for computing external ground exposure dose,
after which immediate relocation is assumed to take place. Beyond the
sheltering region, the normal relocation time is used for all

evacuation schemes.

2. Participating Population Fractions Modification

The participating population fractions modification is based on
assigning different emergency response parameters to different
population groups. The population as a whole has been divided into
three groups. The classification of the population into these three
groups is arbitrary. For example, the population can be divided into

three components called normal, transient, and special:
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Normal - persons remaining in the vicinity of their homes.
Transient - persons who are moving from location to location.

Special - hospitalized persons, penal institution inmates,
mental institution inmates, etc.

These three groups could have significantly different emergency
responses. Fractions are assigned to each of these groups dependent
upon direction from the reactor site. The sum of the fractions for
any given direction must equal unity. Emergency response is further
differentiated into that occurring during normal and that occurring
during adverse conditions. Each population group therefore has a
different emergency response depending on these two conditions,
bringing the total number of possible emergency responses to six.
Results for the three population groups and normal and adverse
conditions are combined into a summary, weighted by their respective

probabilities.

3. New EVACUATE Subgroup

The EVACUATE subgroup in the input data file for CRAC2 has been
modified to accomodate the sheltering region with the newly associated
relocation time and the participating population fractions
modification. The section describing the EVACUATE subgroup and its
input is found starting on page 2-47 with appropriate descriptions of

the two modifications.

4. New Output Results

Two results have been added to the list of possible results which

may be obtained using the CRAC2 computer code. These two results are
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defined as the number of persons receiving a whole body dose from
early exposure exceeding 25 rem and the number of persons receiving a
thyroid dose from early exposure exceeding 300 rem. Both results are
calculated for each evacuation scheme and have associated
complementary cumulative frequency distributions.

The consequence versus distance and direction tables have been
modified through both addition of new consequences and replacement of
some consequences. The consequence versus distance tables represent
mean conseguence values for which there are no associated complemen-
tary cumulative frequency distributions. One new consequence versus
distance and direction table has been added -- latent cancer fatality
risk. Three new consequences versus distance-only tables have also
been added -- early whole body dose (evacuation average), early
thyroid dose (evacuation average), and land decontamination factor.
Four of the original consequence versus distance and direction tables
have been replaced by new consequence tables. The consequences which
have been replaced are the interdiction cost tables -- land interdic-
tion cost, land decontamination cost, crop interdiction cost, and milk
interdiction cost. The new consequence tables contain the number of
persons receiving total bone marrow dose from early exposure exceeding
200 rem (evacuation average), the number of persons receiving whole
body dose from early exposure exceeding 25 rem (evacuation average),
the number of persons receiving thyroid dose from early exposure
exceeding 300 rem (evacuation average), and whole body person-rem due
to both early and chronic exposure (last evacuation). The table of
latent cancer deaths originally reflected cancers due to early
exposure only. This table has been modified to reflect cancers due to

both early and chronic exposures.

15



5. Modified Rain Bin-Sampling

The meteorological bin-sampling procedure in CRAC2 involves
sorting each of the 8760 hours of weather data in one year into one of
29 bins, 7 of which represent weather sequences with the first
occurrence of rain at specified distances within 30 miles (48 km) of
the release site. ORNL developed an alternative bin-sampling
procedure5 in which each of the 7 rain bins was divided into 4 bins
that depend on rainfall rate, thus increasing the total number of
weather bins to 50. The alternative procedure is potentially impor-
tant if the CRAC2 wet-deposition model is used, since the scavenging
rate depends on rainfall intensity. This bin-sampling procedure

was added to the staff version at the request of NRR/DSI/AEB.6

6. Reduction in the Washout Coefficient

The wet-deposition model in CRAC2 uses a scavenging rate, A, of
the form A = CR, where R is the precipitation rate in mm/h and the
washout coefficient, C, is 10™3 (mm-s/h)-1 for unstable and neutral
atmospheric conditions and 104 (mm-s/h)~1 for stable conditions. At
the request of NRR/DSI/AEB,7 the washout coefficient for unstable
atmospheric conditions was changed to 10™4 (mm-s/h)~1. This parameter

is fixed in variable RAINLA(1) in subroutine ACTIVE.

7. Correction to Properly Combine CCDFs of Accident Consequences for

Different Fractions of the Populations

The following corrections were contributed by SNL.8 The code has
been changed so that when PARMOD in subgroup EVAC equals "YS1," the

results for the three population segments are combined into a single



value representing the total "societal" consequences. Since two
emergency response conditions (referred to as "normal"” and "adverse"”
in NUREG/CR-2901) are considered in the "staff" version, the corrected
version of the code provides full sets of results (means and CCDFs)
for the two conditions plus the "summary" (i.e., average) condition.
The individual results for the six cases are no longer printed. These
individual results may still be obtained by performing a second
calculation with PARMOD equal to "NO," and scaling the results by the
appropriate population fraction.

A couple of points should be made about the "staff" version of

the code.

- When PARMOD equals "YS1," only the following early results are
valid: Acute Fatalities, Acute Injuries, Pop w/BMR DS > 200, Pop
w/BMR DS > 25, and Pop w/THY DS > 300. Both mean results and
CCDFs have been corrected for these results. However, risks of
early death, early injury and latent cancer death, fatal and
injury radii, and acute doses (BMR and THY) are not defined for
multiple population groups -- do not use these results. You
could obtain these results for individual segments of the
population by repeating the calculations with PARMOD equal to

"NO . "

- "Latent" results referred to as "RESULTS USING LAST EVACUATION
SCHEME" are all valid except cancer risk. However, TOT
LAT/INITIAL, and TOT WBODY MANREM are a function of emergency

response and thus, it is recommended that yvou make the last



evacuation scheme (i.e., the sixth) your scheme that is most
likely (see the enclosed EVAC subgroup input). This is usually a
minor point since total cancers and population dose are dominated
by the long-term exposure (except in the case of a release

containing only noble gases).

- The large tables (34 intervals by 16 sectors) containing early
fatalities, early injuries, risk of fatality, risk of injury, and

cancer risk were not corrected because of insufficient time.

- Multiple runs are not allowed when PARMOD equals "YS1." That is,

yvour input deck should contain a reference case followed by an

END card and one modification case ending with an END card.

8. Reduction in the Exposure Time for Ground Dose to Marrow

At the request of NRR/DSI/AEB,® the exposure time before reloca-
tion in subroutine EARLY (if IEXPD = -1) was changed from 24 hours to

12 hours.

C. Executing CRAC2 on the MV/8000

The user must have some experience on the NRC MV/8000 in order to
understand the instructions for executing CRAC2 on that computer. It
is assumed that the user has an account on the MV/8000 system and is
familiar with AOS directories and files, CILI commands and macros, and
has some experience with editing files and submitting programs for

batch execution.
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1. The CRAC2 Directory

A directory has been established which contains all files
necessary to allow the user to run CRAC2 for the River Bend sample
problem. The user should submit the River Bend sample run in order to
understand the steps that are involved. A description of the contents
of the CRAC2 directory are given in a file contained therein, called
CRAC2.INFO. This file also contains instructions on the steps to be
taken to prepare and execute CRAC2.

The CRAC2 directory contains program and macro files as listed in
Table I-1 and River Bend data files as listed in Table I-2. The
logical unit assignments for the data files as they are used in a

CRAC2 run are also indicated.

2. Running the River Bend Sample Problem

The following five steps should be taken to run the River Bend

sample problem.

a. Read the descriptive material in the CRAC2.INFO file.

b. Copy the RIV macro to your own directory.

C. Invoke the RIV macro.

This will copy the CRAC2 and CLEAN macros into your

directory along with the data files listed in Table I-2.

The data files will be renamed FT??, where ?? corresponds to

the logical unit assignments indicated in Table I-2.
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The RIV macro will print a message warning the user that
CRAC2 will use a series of temporary files which will be
created and then deleted. The user should take care that
there are no files in his area that happen to have the same
names. The names used for these files are shown in Table
I1-3. Table I-4 has a list of three output files generated

by a CRAC2 run.

More detailed descriptions of the various CRAC2 data files

are given in Section IV.

Invoke the CRAC2 macro (include argument for output file).

The command line (for example)

CRAC2 RIV.SAM.OUT

will submit CRAC2 to run in batch mode and write standard

output (logical unit 6) to the file RIV.SAM.OUT.

After CRAC2 execution is finished, invoke the CLEAN macro.

This step will delete the temporary files which were

generated and used during the CRAC2 run.
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Table I-1. Functional Files in the CRAC2 Directory

Filename Description
RIV.CLI Macro for copying files needed
to run the River Bend sample
problem.
CRAC2.CLI Macro for executing CRAC2.
CRAC2.PR CRAC2 executable program file.
CLEAN.CLI Macro for deleting temporary files

created by CRAC2.

Table 1-2. River Bend Data Files in the CRAC2 Directory
and Logical Unit Assignments in a CRAC2 Run

Filename in Filename in Logical
CRAC2 User Unit Description
Directory Directory
RIV.DATA FTO5 05 Input data for River Bend
sample problem
RIV.SITE FT20 20 Site date file for River
Bend.
RIV.DOSE FT21 21 Dose rate conversion factors.
RIV.MET FT27 27 Meteorological data for River
Bend.
FT51 FT51 51 Random number seed.

Table 1-3. Temporary Files Used by CRAC2

Filename Description

FT10 Chronic subgroup.

FT11 Reference case subgroups.
FT12 Concentration file.

FT31-FT49 Intermediate results for each
leakage category.

FT22-24 Additionai scratch units.

FT28-29 Additional scratch units.

1-11



Table I-4. Files Produced by CRAC2

Logical
Filename Unit Description
User Specified 06 Standard output file.
FT30 30 Final summary file.
FTS0 50 Summary results.

3. Procedure for Executing, a New Case

To run a new case the user must first prepare appropriate data
files in the user's directory. The input data file FTO5 must be
supplied as well as the FT21 dose rates conversion factors and the
FT51 random number seed. The FT20 site data file and the FT27
meteorological data files are required for certain selected input
options. Details of the input requirements are given in Section II.

When the appropriate files have been prepared and reside in the
user's directory, the CRAC2 macro can then be used to submit the case
for batch execution.

Input preparation can be facilitated through the use of a CRAC2
input processor which can be run on an IBM PC. The use of the input

processor is described in Section I-D.

D. Input Preparation for CRAC2

A program called CRACIN, written in BASICA for the IBM PC using
DOS 2.10, is available to assist in input preparation for CRAC2. A
prospective user should have some experience in using a personal
computer and should understand how to boot the DOS operating system
from a diskette. A user should, of course, be familiar with the input

requirements of CRAC2. The latter are given in detail in Section II.

1-12



1. General Description of CRACIN

The CRACIN program produces a file of data in the proper format
to be read as a valid input deck for CRAC2. This file corresponds to
the FT05 file discussed in Section I-C, which provides the site
specific parameters, the characteristics of the postulated accidents,
the emergency protective measures to be taken, the number and types of
consequences to be studied, and the options controlling the output to
be produced by the program.

The FTO5 file has reference data. This data consists of a title
card, the 15 subgroups with a standard set of data, and an "END" card
terminator. To run the reference case without modifications, a second
title card followed by an "END" card should be included. The user can
modify the reference case by inputting a new title card describing the
modification and specifying one or more of the subgroups. The modifi-
cation case is also terminated with an "END" card.

At the conclusion of a session, the user can select from one of
four types of cases to be considered in that particular run. The
choices are 500 mile full results, 500 mile minimal medical results,

50 mile full results, and "quick" run.

2. Hardware and Software Requirements Including Program and Data

Files

The CRACIN BASICA program can be run on an IBM PC (or compatible)
with a monochrome monitor, single disk drive, and 128K of RAM memory,
using DOS 2.10.

The user must have a double density program diskette containing

files as indicated in Tgbles I-5 and I-6.
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Table I-5.

Programs and Modules Used for CRAC2
Input Preparation

Name Function
ACUTE .BAS Prepares ACUTDATA.TXT (ACUTE Subgroup)
AUTOEXEC. BAT
BASICA.COM Advanced BASIC Interpreter
CHRONIC.BAS Prepares CHRODATA.TXT (CHRONIC Subgroup)
COMMAND . COM DOS 2.10

DISPERSI.ON
ECONOMIC.BAS
EVACUATE . BAS
ISOTOPE . BAS
LATENT .BAS
LEAKAGE . BAS
MAIN.BAS
MERGE . BAS

OPTIONS.BAS
POPULATI .ON
RESULTS . BAS
SCALE . BAS
SELECT .BAS
SITE.BAS
SPATIAL.BAS
TOPOGRAP . HY

Prepares DISPDATA.TXT (DISPERSION Subgroup)
Prepares ECONDATA.TXT (ECONOMIC Subgroup)
Prepares EVACDATA.TXT (EVACUATION Subgroup)
Prepares ISOTDATA.TXT (ISOTOPE Subgroup)
Prepares LATEDATA.TXT (LATENT Subgroup)
Prepares LEAKDATA.TXT (LEAKAGE Subgroup)
Driver Program for CRACIN

Combines reference data with CRACIN produced
files containing the .TXT extension
Prepares OPTIDATA.TXT (OPTIONS Subgroup)
Prepares POPUDATA.TXT (POPULATION Subgroup)
Prepares RESUDATA.TXT (RESULTS Subgroup)
Prepares SCALDATA.TXT (SCALE Subgroup)
Selects Type of Case to be Run

Prepares SITEDATA.TXT (SITE Subgroup)
Prepares SPATDATA.TXT (SPATIAL Subgroup)
Prepares TOPODATA.TXT (TOPOGRAPHY Subgroup)

Table I-6. Reference Case Data Files Used for CRAC2
Input Preparation
File Input Subgroup
ACUTDATA . TXT ACUTE
CHRODATA. TXT CHRONIC
DISPDATA. TXT DISPERSION
ECONDATA.TXT ECONOMIC
EVACDATA . TXT EVACUATION
ISOTDATA. TXT ISOTOPE
LATEDATA. TXT LATENT
LEAKDATA . TXT LEAKAGE
OPTIDATA.TXT OPTIONS
POPUDATA . TXT POPULATION
RESUDATA . TXT RESULTS
SCALDATA . TXT SCALE
SITEDATA.TXT SITE
SPATDATA. TXT SPATIAL
TOPODATA . TXT TOPOGRAPHY
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The CRACIN input processor consists of 17 modules whose execution
is controlled by the MAIN driver program. There is a module for each
of the 15 input subgroups required by CRAC2. The names of these
modules and the files they produce are listed in Table I-5. Detailed
descriptions of the 15 input subgroups are found in Section 1I. The
SELECT module allows the selection of a 500 mile full, 500 mile
minimal medical, 50 mile full, or "quick" run result.

The user controls which input subgroups are to be modified for a
run by a menu selection. When this is done, the corresponding module
will prepare, under user direction, the appropriate subgroup data
files (see Table I-5 for names). These are characterized by a
filename extension ".TXT." The ".TXT" subgroup file will be inserted
after the second title card and will thus override the corresponding
reference case subgroup.

3. Running CRACIN on an IBM PC

To begin running, insert the CRACIN program diskette into "Drive
A." Turn on the power switch or do a system restart. After a normal
delay for warm-up and self-testing, a CRAC2 SUBGROUP MENU screen

appears.

CRAC2 SUBGROUF MENU
SPATIAL @ ISOTOFE D LATENT D
SITE D LEAKAGE D CHRONIC [}
POFULATION D DISFERSION D SCALE [—]
TOFOGRAFHIC D EVACUATE D RESULTS D
ECONOMIC D ACUTE D FT TONS rjl

L.
FINISHED [J
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The cursor control keys (up and down arrow) allow movement around
the screen. When the cursor is positioned in the desired location,
that option is chosen by pressing the "enter" key.

From this SUBGROUP MENU, the user can select any input subgroup
he wishes to change. Pressing "enter" will call up appropriate
messages and prompts on the screen to guide the user in providing the
proper responses to build that particular input subgroup.

When all appropriate subgroups have been modified, the cursor
should be positioned at the "FINISHED" box, and the "enter" key
pressed. At this point a message from the SELECT module asks if other
than full 500 mile full results are desired. If the response is "Y"

(yes), the following screen will appear.

puo e e s o 1o coms aan 20 i cesmaestreos oo ot St 0 v o s snime

CONSEQUENCE DESCRIFTION

1y 50O MUE FULL RELULTS

=y OO0 MILE MINIMAL MEDICAL

Ty BO MILE FULL RESU TS

4)  OuUTChH RUN

UE ARROW FEYS TO SELECT

When the appropriate selection is made, the following messages

appear,

SUBDECHS ARE NOW SET UP FOR A S00 MILE FULL RESULT RUN

- STRIKE RETURN AND SELECT "FINISHED® ON THE NEXT MENU ->
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which, when followed, will return to the prompt from the SELECT
module. At this point, the response should be "N" (no).

A message from the MAIN program will ask if the user desires to
assemble all the subgroup input files (reference case plus any
modified subgroups) into a single file (this corresponds to the FTO05
data file described in Section I-A. If the response is yes, the user
will be prompted to provide a filename for the CRAC2 input deck he is
creating. Once the desired input deck is resident on the diskette,
the user should leave BASICA by striking the "enter" key. The file
specified by the user is now ready to be transferred to the MV/8000

for execution.

4. Illustration on the use of CRACIN to Prepare Input Data for Sample

Problem #1 in Section V.,

To assist the first-time user in an interactive CRACIN session,
we are providing a complete set of the terminal screens and responses
required to generate the input data for sample problem #1 on page
5-1. For convenience, a description of the problem is given below.
Note that the request to make a permanent change to the reference case
is ignored since practical staff applications of CRAC2 have been
limited to one site per computer run.

The problem consists of a single trial using start code 7.
Meteorological data for the trial is supplied from the meteorological
data file. The single trial begins at 1600 hours on May 24. The
population and topographic data are to be read from the site data
file. The POPULATION subgrcup contains a request for all 16 wind

directions to be processed. One evacuation strategy is to be applied

1-17



to the analysis. The LEAKAGE subgroup specifies one leakage category
with the name BMR1 (Benchmark Release 1). The data file created by

CRACIN should correspond to the following:

INOP SITE POP  NYC MET  5/24 1600 NRS
S11E

INOPT SITE NYC MET T 52616 0
roauunon 1% N0 '

CVACUA7§ 0

1 NO N
3. Y 1%,.0 24135 14,0 2 1
; 1. (1 25 38 1 0 LA
- !'“of" 7.4654 1.335-4 2. 66E-4
8045, 0. S, 3

1
w8 R R o

Exp

Input data for 4 subgroups (SITE, POPULATION, EVACUATE, and
LEAKAGE) will be prepared in this demonstration case. For each
subgroup, the terminal screens start with the CRAC2 SUBGROUP MENU
where the cursor is positioned in the box selecting the subgroup of
interest. After completing all parameter requirements for a given
subgroup, the program returns to the CRAC2 SUBGROUP MENU where the
user manipulates the cursor positioning arrows to select the box
corresponding to the next subgroup to be modified. (Note: If
pressing the cursor dontrol keys elicits no response from the com-
puter, depress and release the "NUM LOCK" key once and try again.)
CRACIN will automatically set the keyboard to upper case. The "enter"
key is used to terminate your selection of a parameter value. Once
you press the "enter" key, you cannot further edit your paranmeter
value.

The example begins by illustrating the CRAC2 SUBGROUP MENU after
the cursor has been moved to the SITE subgroup. The screen will look

as indicated below.

1-18



CRALD SURBROUF MENU

— I
SPAT IAL ISOTORE LATEEN
b -
SITE m L EAE AGE CHRUNTIL,
— ==
FOPULATTON DIGFERS LON SGUALE
TORFQGERARHIC [ EVACUATE [l- RESUL TS
- -
ECONOMLIL ACUTE [w OF 1 LONS
—
FANLISHE D F

Lo o ermsssssns st s s et s oers s s 8 3 b s st i s, s e s - . —

Press the ENTER key and the program displays:
SURGROUE S11E

ENIER THE TOTAL NUMBRER OF SITUS T BE PROCESSLD (L-8): |

It is suggested that users only supply a 1 here since practical
staff applications have been limited to one site per computer run.

Upon pressing the ENTER key, the screen will display a descrip-
tive guide for entering SITE data into appropriate boxes. After the
user has entered appropriate sample problem values the screen should

appear as follows.
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SITE T1TLE

STARD CUDE (O-9)
MONTH. AFFROFRIATE FOR ST

vay, APFROFRIATE

HUUR. AFFROFRIATE FOR

FOFULATION AND TOHOGRAFHI

INFUT DATa FOR

FOR START

STAR

Sl # 1

(iNDPf SLTE  NYD MET

AR CUuDE

CODE 4
CODE 16
C DRlAa OFTION ]

The above screen concludes parameter data for subgroup SITE.
Pressing ENTER returns the CRAC2 SUBGROUP MENU and moving the cursor
to the POPULATION box produces the next screen.
{ KATY SURGKOUR MENU
GFAT LAL [ ISOTUrE LATENI
51k { L A AGE CHRONIC
| I— e e ——
FORUILAT TON [H DI RS TUN BEALE
vl T —_
TOFUGRAFHLIC ‘ EVaCUATE RESLHL TS
SR~ L..... . F—
EZOOMNUM D [ ALUITE OFT IONG
p— - -
FIMI&SHLD [
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Pressing the ENTER key produces the following request which the

user responds to by entering the appropriate value (i.e., 16).

ENTER THE TOTAL NUMBER OF FOFU ATION SECTORS

TO BE RUN FOR EACH

After requesting 16 sectors, we arrive at the next screen.

1)  UBE A UNIFURM FUFULATTON

) INFUT FPOFULATION FOR EACH SECTOR FROM F EYBUARD.

FOFULATION OFTION

Q) POFULATION DATA IS TO BE

SELECT AN OFTIOM:

INDICATOR

READ FROM SITE

DENGT Y.

()

The 0 option concludes data for POPULATION.

S1TE

DATA FILE.

After striking ENTER and moving the cursor to the EVACUATE

subgroup, the screen looks as follows.

SFATIAL

SITE

FUORUL ATION

TOFOGRAFHIC

ECONOMIC

CRACH

ISOTOFE

LEAL AGE

DISFERSION

EVACLIATE

ACUTE

FINISHED

SURGROUF MENLU

L ATEN]

CHRONTC

5CALIE

RESULTS

OF T T0ONS

(1-14):

[ ——
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Striking ENTER produces the following request.

ERNTER MUMEBER TOF EVACUATIUN STRATERIES

{1--&): 1

After selecting 1 EVACUATION STRATEGY, pressing ENTER will

display the next four screens needed to describe the EVACUATION

parameters. (The screens are displayed in the image that exists

after the user has entered all appropriate values.

FURCUATION FARAMD TERS

FOR FYATUATION SOCHFME # 0 1

PROBARILITY OF EVALUASTTON

TirFE DFLAY BEY OREE Vel UATION  (HOURS)

EVATUHATION SFFEFD oMETFREZOFCUND

MAX EVAC DISTANCE DNWNWIND CINTERVAL &)

FINaL FYATUATION DTETANCE  (METERE)

MAX DOWNWIND SHFLTERIMG DISTANLE (ITNTERVALS)

FVACUATLON FIODEL. (1.0 OFR 20.0)

NON-EVAL EXFOSURE DURATIUN (DAYES)

T
— -
1.0
4.47
s es covmcmnarrten e comrsnsnss smssssrmsscmnms e oo
14,
S -
L
14,0
e e e oo e e o
1.
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EVACUATION FARAMETERS

STATIONARY EVACLEE CLOUD SHIELDING « 75
MOVING EVACUEE CLOUD SHIELDING 1.
CLOUD SHIELDING W/ SHELTERING ]
CLOUD SHIELDING W/0UT EMERGENCY ACTION - 75
STATIONARY EVACUEE GROUND SHIELDING a3
MOVING EVACUEE GROUNMND SHIELDING ]
GROUND SHIFLDING W/ SHELTERING .08
GROUND SHIFLDING W/0UT EMFRGBENCY ACTION .
EVACUATION FARAMETERG

STATIONARY EVACUEE BREATHING RATE (M 3/%) 2. b6F-4
MOVING EVACUEE BREATHING RATE (M T/ 2. bbE-4
EBREATHING RATE W/ SHELTERING (M L/8) 1.77E~4
BREATHING RATE W/NO EMERGENLY ACTION (M 7/8) e bbF -4
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Next to

illustrations

been entered.

EVALUATION FARAMETERS

FaAD LS DR FVALLATED AREA (METERS)

DOWNWIND FVALUATTON ARC WIDIH (DEGS
DIRECT BVATHATION CORT (s/EVACUEE)
FFYHOLE MODEL MAX RLLFASE DURATION

FXPOSURE DURATION SWIIOH (~-1.0,.1)

(Flr =)

Li corne sre concosoetunmaoose  ses besas  sesesabeicessiis bisaes  seeemn  beos  obubeis beareitiR meLses Sesket b bebioietisseemoebald diterses 60 Weifeebeeadioes 40 e WSSMemarne  Geesn e T Serini essasied Mmsamier shdstelsesis  swserss

be entered is the LEAKAGE subgroup.

8045,

0.

G

1
L e s s s eeed

o e o e 0]

The following

show the screen images after appropriate values have

SEaTTAL

STk

B0 e TON

TOFOGRAFH LC

FeOnomi e

CRACT SURGROLNE

1G0T 0FF

L.
LEAE AGE

—
DIGFERSTION
EVATLIATE
ALUTE

FINIGHED

ME ML
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ENTER

WOLILLD

FHE  NUMDEI:

YOU LLEE

NAME

FROBARIL 1Y

T 1MF

DURATION O

WARNTNG

SFNGIRLE HFAT

RE LLFASE

SLIBGROVE LEAE AGE

OF LEAFAGE (Rl EAORIE S T wE

T SPECIFY FARAMETEN MODIFICATLON

IMEUL DATH FUR RELEASE

OF ACUIDENTE Ok REDEABE (87T LURY

FHSDCTATED WITH 00 T DRENY
RETWEEN GHUTDOWN Uik MEL |
FELEASE  (HFO
FIkh
RATE (CAL ORIES/7GET)

PIL T05HET CME L EZRE)

EVALLIATED

AND RETLE ASE

TO EVACHATID REF ORF REDF ALHE

{(1-1%2 |

(YES/ZND)Y ™ NO

i

Bl

(HIe)

(HFey 0,
0.
| e e e s e s

S0,

U —

FOR ACCIDENT BMRL

MOTILE &
FRACTION OF EACH ISOTOFFE
LROVF RELEALED INTO
ATMOSFHERE

{1kl

TN

(.s-kbh

Tew ik
Ba £
R
I &

TODINEE. O

PO

’._._.« o ar e e

LOD TNE & [ TR

O, N

*

[ I
e s am e i s ]
0,05
O, 070

Uy, 000
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For this sample problem, no other subgroups need to be modified.

The user should select the FINISHED box from the CRAC2 SUBGROUP MENU

as indicated below,

CHALD SURBGROUF MENU
= gy —
SEAOTIAL (SOTNFE LATENT
S O S
SITE LEAE ARE CHRONIC
am— — ™
FOFLILAT TON DISFERSTUN SCALE
— ... -
. —— "
TORLOGERAFHIL EVACUATE RESILTS
- L. —
— - -—--] ) —
ECONOMTIC ACUTE OFPTIUNG
FINISHED E
nees st s masseirs S+ eomrni <0 st0 s s e e 30 e ibomrsrase 5+ e snbmeets st 20 mpanesrtLe st e nsrrea e Sseesrim . sosstr e tsnroma sose 4 st si | snse svtaiebn s sien sobsnsisssossn o

which leads to the following sequence of requests and responses.

WOULD YOU LIFE TO SED WP 1THE DECES FOK A DIFFERENMT TYFE OF RUN (e.qg. Minimal
Medical, o0 Mile, etc.) Y/N TN

WOULD YOur LTFE 10 AGOEMBLE THE DECHS INTO DNE AT THIS TIME (Y/M)™ Y

ENTER FILENAME FOR YOUIR CRACD INFUL DECE™ SAMFLEL.DAT

INPUT FILE SAMPLE1.DAT NOW RESIDENT ON DISK

STRIKE THE RETURN KEY TO EXIT FROM CRACIN
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At this point the user is in the DOS environment and the file
created is ready to be transferred to a computer where the staff
version of CRAC2 resides. For example, to execute CRAC2 on the

MV/8000, the user is referred to section I.C of this report.
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II. INPUT DATA DESCRIPTION

A. Introduction

The input data to the CRAC2 model consist of a title card,
15 data subgroups, and a terminator card. The subgroups describe
the site specific parameters, the characteristics of the postu-
lated accidents, the emergency protective measures to be taken,
the number and types of consequences to be studied, and the
options controlling the output to be produced by the program.

The model has a reference or base data case which is input
at the beginning of each execution. This reference case con-
sists of a title card, the 15 subgroups with a standard set of
data, and an "END" card terminator. To use the reference case
with no modifications, only a second title card followed by
an "END" card is required. The user can modify the reference
case by inputting a new title card describing the modification
and respecifying one or more of the subgroups. Each modifica-
tion case is also terminated with an "END" card, after which the
program evaluates the modified data and computes the specified
results. Upon completion of the computations, the program
automatically reinstates the current reference case and checks
for an additional title card with an associated set of modifica-
tions for the program to evaluate. The number of modification
cases a user may implement for a single program execution is
unlimited. Any or all subgroup modifications may be made perma-
nent for all subsequent modification cases during a single

execution.



The ability to change only a portion of the data without
having to respecify the entire reference case simplifies the
work of the user while allowing a considerable amount of flexi-
bility in performing parametric studies. The output from the

model provides a complete record of each study.

B. Input Data Organization

The input data to the consequence model consists of five
major data divisions:

Site Specification

Accident Description

Evacuation

Health Effects and Property Damage
Output Specification

All of the input data to the CRAC2 model are assigned to
distinct sets or subgroups of data which describe a specific

function and are a part of one of these five divisions.

1. Site Specification.* Five subgroups are used to describe
and characterize the site.
1) Spatial - This subgroup specifies the radial inter-
vals around the site. These annuli are
basic to the computational steps of CRAC2.

2) Site - This subgroup indicates the site identifi-

cation, the type of meteorological sampling
to be performed, and the number of meteor-

ological samples to be taken. In addition,

*See Chapters 5, 10, and 12 of Appendix VI, Reactor Safety Study.



the source of the population and land

usage data for the site is specified.
3) Economic ~ This subgroup specifies cost data for

computation of economic effects.

4) Population - This subgroup specifies the population

sectors to be run and, optionally, the
population distribution around the site.

5) Topography - This subgroup specifies the state loca-

tion and land-fraction data for the

spatial intervals within the 16 sectors

around the site.
With these five subgroups of data, the model has the required
information to perform a consequence calculation for a specific
location. The specification of the Spatial subgroup must
always precede the specification of the Site, Population, and

Topography subgroups.

2. Accident Description.* Three subgroups are used to describe
the potential reactor accidents.
1) Isotope - This subgroup specifies isotopes to be
released at the time of the accident,
the isotopic inventories, and the asso-
ciated isotopic parameters.
2) Leakage - This subgroup describes the accident in

terms of probability, time from shutdown

*See Chapters 2 and 3 of Appendix VI, Reactor Safety Study.



3) Dispersion -

to release, release duration, heat release
rate and isotope leakage group fractions.
This subgroup specifies the building wake
dimensions and the special wake and rain

depletion options.

The specification of the Isotope subgroup must always precede

the specification of the Leakage subgroup.

3. Evacuation.* The evacuation model parameters are input by

the subgroup Evacuate. Velocity and delay/shelter/movement

models are available. The specification of the Spatial

subgroup from the site specification division must always

precede the specification of the Evacuate subgroup.

4. Health Effects and Property Damage.** Three subgroups are

required for the processing of health effects and property

damage.
1) Acute -
2) Latent -

This subgroup specifies the organs that
are subject to acute effects from early
exposure to the released radioactive
material.

This subgroup specifies the latent
effects and the organs to be processed
for the cancer fatality calculations
from the early and chronic exposure to

the released radioactive material.

*See Chapter 11 of Appendix VI, Reactor Safety Study.
**See Chapters 8 and 9 of Appendix VI, Reactor Safety Study.
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3) Chronic - This subgroup specifies the chronic
exposure pathways data for computing
the chronic doses and for determining
the protective action measures appro-

priate to the level of chronic exposure.

The specification of both the Acute and Latent subgroups as
well as the Isotope subgroup from the accident description
division must always precede the specification of the Chronic

subgroup.

5. Output. Three subgroups are associated with printed results.

1) Results - This subgroup identifies the type and
names of the output results to be gener-
ated.

2) Scale - This subgroup specifies the scaling mag-
nitude values for tabulating the comple-
mentary cumulative distributions of the
output results.

3) Options - This subgroup specifies the print options

in effect for detailed analyses.

With all of these subgroups properly specified, CRAC2 will
generate the requested set of results and will present them in
a manner which can be utilized in the risk assessment process.

CRAC2 has been developed to give the analyst a relatively

easy method for performing parametric and sensitivity studies.



A reference data set containing all of the subgroups is$ speci-
fied at the beginning of every program execution. The analyst
determines which subgroups are to be modified and includes the
modified subgroups after the reference data set. If there are
multiple occurrences of the same subgroup in the reference case
data or in any modification case data, the last occurrence of
the subgroup takes precedence. The program allows for many
such modification cases while reinstating the reference data

set after the completion of each modification case.

C. 1Input Data Deck

The CRAC2 input data deck defines the reference case to be
used by the program. The accident to be analyzed by the model
must be described by the reference case and any subsequent data
modifications. To use the reference case without any altera-
tions, append a modification containing only a title card and
an "END" card. The input data deck is made up of title cards,
subgroup header cards, subgroup data cards, and "END" cards.
The format and use of these cards in the input data deck is
described in the following sections. All names under the head-
ing of mnemonics correspond to the FORTRAN variable names in

the CRAC2 computer code.

D. Title Card

The reference case title card must be the first card in
the reference case data and each modification case title card
must be the first card in its respective modification case

data. The title cards are alphanumeric. The reference and



modification case titles are punched in columns 1 through 72.

Column 80 functions as a switch for printing the input data

deck. When Column 80 is non-blank, the input data will not be

printed.

Column Mnemonic Format

Description

1-72 ID(I) 18A4

80 ICD Al

E. Subgroup Header Card

Case title and identifying

information. The informa-

tion is read into the array
ID as (ID(I), I =1, 18).

Print switch for input data.
Blank - print input data.
Non-blank - do not print

input data.

The 15 subgroups are each introduced by a header card.

The header card has the following format:

Column Mnemonic Format

Description

1-2 SUBGRP A2
21-25 NUM 15
26-27 IRG I2
30-32 PARMOD A3

Subgroup name (the first two
characters of the subgroup
name identify the subgroup).
Valid subgroup names are
listed in Table II-1l.

Number of logical sets of
data to be input for the
subgroup (the data count).

Flag to denote whether data items
correspond to 18 intervals.

If = 0, no effect. If # 0, data

items for 18 intervals provided.

Parameter modification
switch. When the switch
has the value "YES", para-
meters within the subgroup
are to be algebraically
modified. When the switch
has any other value, no
parameter modification is
requested.



Column Mnemonic Format Description

40-42 PERM* A3 Permanent change switch.
When the switch has the
value "YES", a permanent
change is requested, and
this subgroup becomes part
of the reference case. When
the switch has any other
value, a temporary change is
requested, and this subgroup
will not be used in any
subsequent modification cases.

If parameters are to be algebraically modified within the sub-
group, PARMOD = "YES", an additional card must follow the header
card. This card specifies the parameter multipliers (see individual
subgroups). The multiplier 1.0 must be supplied for parameters
which are not to be modified. Blank fields are read as zeros. The

reference case data should contain no permanent change requests,

i.e., PERM="NO" or blank in each subgroup header card.

F. Subgroup Data Cards

Table II-1 gives the valid names and a brief description of
the 15 subgroups including the subgroup data count.** Each subgroup

is described in detail in the sections that follow.

Table II-1. Input Subgroup Description

Data Count
Subgroup Name Name Max Value Description

l. SPATIAL NSI 34 Specifies the radii of annular
spatial intervals. around the
accident site.

*This variable is not activated in the CRACIN preprocessor.
**Associated with most subgroups is a number of logical sets of data.
The count of these sets is stored in the named variable. The data

count comes from the NUM field of the corresponding subgroup header
card.



Subgroup Name

Data Count

Name

Max Value

Description

2.

1o0.

SITE

ECONOMIC

POPULATION

TOPOGRAPHY

ISOTOPE

LEAKAGE

DISPERSION

EVACUATE

ACUTE

NST

NPB4

NIS

NPB2

NEVAC

NEARLY

54

16

54

15

Specifies the site identification
information, the parameters that
define the meteorological sampling
method, the source of the meteor-
ological data, and the number of
meteorological trials to be sam-
pled. The sources of the population
and topographical data for the site
are also defined.

Specifies cost data for computation
of economic effects.

Specifies population option switch
and the population sectors to be
processed. Optionally, the popu-
lation for each spatial interval
within the 16 sectors around the
site may be defined.

Specifies the state code and land
fraction data for each spatial
interval within the 16 sectors
around the site.

Specifies the inventory of isotopes
and associated parameters.

Specifies the release identification,
the associated release parameters,
and the fraction of the total core
inventory which is released for each
isotope leakage group.

Specifies the reactor building dimen-
sions and the special wake and rain
depletion options.

Specifies the emergency protective
action parameters.

Specifies the acute effects due to
early exposure to the radioactive
cloud that are to be studied and
the supporting dose-mortality and
injury data for each organ.



Data Count

Subgroup Name Name

Max Value

Description

11.

12.

13.

14.

15.

LATENT

CHRONIC

SCALE

RESULTS

OPTIONS

NLA

NEXP

NCT

NRES

8

40

84

Specifies the latent effects due to
early exposure to the radioactive
cloud and chronic exposure to the
ground contamination and the support-
ing manrem conversion factors and

the choice of latent effects model.

Specifies the data used in computing
radiation doses from chronic exposure
and the protective action measures
appropriate to the level of chronic
exposure.

Specifies the consequence magnitude
scaling values for tabulating the
complementary cumulative distribu-
tions of the final results.

Specifies the final results for which
mean, variance and complementary
cumulative distributions are to be
computed and printed.

Specifies the print options for
detailed output for each meteorolog-
ical trial and the switches that
control the latent and chronic calcu-
lations and leakage probability
normalization.



1. Subgroup SPATIAL - specifies the radii of the annular spa-

tial intervals around the accident site.

Sample input cards:

500. ~
60. [ 70. - 8%, 100. 150. 200,
20. 25, 30. 35, 40, 43, 50. N '
S. é. ’. 8.5 10. 12.5 15.
1.0 1.5 2. 2.5 3.0 3.5 4, \ i
34 N ™~N

TOOTOO 0RO N OO N RN RO RN ORB RN RO BREODROBRNOORRRNNRORRRRRRNNRNNNRNNIND
113138 108N NONRRISHANBIRERN ARSI NRIENIENRNQUUIUNASUIBNNDNNDEINNDGHONGEUNNANKLRRARINND
SR R B R A RN N R NN R RN RN R R RN NN R R RN A RN R RN R RN RN RN R R RN R RN R RN R RN R R RRAREANRRARRRARR]

MM NI I NI NI NI I NN I NI I 2 2 2 0 2 00 0 2

333,33 0330300333333 0333333333303330303 333001110 nnnnnnn

G440 408088408 800004084 38048000004 00808088480 000000040000 00000 000000000000kt
§55589558558955355595559555953_ 535555555555 553 955553599555 38555355355555353855855385
GCEEEEEEEEEEEECEEOBEEEEEEEEEEE _CEEEsECEECEEECCECEOEEEEECEEEEECOEEEEEUBEEERERERSEE
1S R R R N R R R R R R R R R R R R R R R R R R R R R R R R D R R R R R R R R R R R R R R R AR R R R R R R R R R R R R
QODDOORBRROOUUDRIEBOROOBOBORBRBIBIIERRREANNRNNNNRRRRIERERRNANEERNNNRISNNRAIINIINDY
ll!l'l!llIllli!l.’.l’lll’llllllll.llll'!lll!lll'llll!llll!lll!!!l!!llllll’l!illlJ)P

\ P38 10 0MHUNYUBNHANRNDRRANNRNPRUBUNBRNNAGIGRuARTRARNBNUNBHNNRNUBBURSNEORNINNARNRAN
Yo

N —— - -

The NUM field, 34 in the sample header card above, specifies
the number of spatial intervals, NSI, to be input. If the site
data file is requested by the subgroup SITE, NSI must be set
to 34 to correspond to the data on the site data file. If the
site data file is not requested, NSI may be any positive inte-
ger between 1 and 34.

The CRAC2 model assumes a spatial grid around each site

as shown in Figure II-1l.
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ACCIDENT SITE

SPATIAL
INTERVAL

Figure II-1. Representation of the CRAC2 Geometry

The spatial grid consists of the annular grid divided into 16
sectors. Each sector is 22-1/2 degrees wide and is centered
on a compass direction. Sector 1 is centered on due north
and its left hand boundary is directed 11-1/4 degrees west of
due north. The remaining sectors are numbered clockwise,

2 through 16. There are NSI*16 area elements, where NSI is
the number of spatial intervals specified by this subgroup.

The data card format for this subgroup is described below.

Column Mnemonic Format Description

1-80 R(I) 8E10.3 Outer radius in miles for each
spatial interval or ring. If the
site data file is going to be
referenced, the 34 radii are
required to have the following
values: 0.5' 1.0' 1.5' 2.0' 2.5,
3.0, 3.5, 4.0, 4.5, 5.0, 6.0,
7.0, 8.5, 10.0, 12.5, 15.0, 17.5,
20.0, 25.0, 30.0, 35.0, 40.0,
45.0, 50.0, 55.0, 60.0, 65.0,
70.0, 85.0, 100.0, 150.0, 200.0,
350.0, 500.0. The data are read
into the array R as follows,
(R(I), I =1, NSI), eight items
per card. Use as many cards as
required to define the NSI radii.

No parameter modification is permitted for this subgroup.
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A representative listing of the SPATIAL subgroup sample

input data is shown below.

SUBGROUP SPATIAL

3—— —PARAMETER NSI SET YO ___34_

o REGIQN  OUTER RADIUS(M) _ AVG. RADTUS(M)  AREAIN®®2)  OUTER RADTUSIMI) AVG. RADIUSENI) AREA INI®*2)
1 8.05€+02 4e02E002 1.ZPEO8S  S.00E-01 T T T 2.580€-90% T 4.91E-92
6o - 2 __  1e61Ee83 1.23€493 3.01E408 _ 1.00€+08 To506-01  1.67E-D3
3 2.41E+03 2.01€+03 6.36E405  1.5DEe00 1256400 2.06E-01
o & _3.22E408___ __2482E403 8.90E+05 2.006080  1.7SEe0S 3.00E-D1
N 8.02€+03 3.62€¢03 1.10E406 2.50E000 " 2.25E0080 7 N 826-01
o -6 4, 83E+03 . %e&3EeN3 $.08E¢06 3.006+080 2.75€408 __SehPE~N1
7 8.63F+53 $.23€+03 1.65E+06 3.50E+00 3.25€000 ~ 6.38E-01
e B ___G.bMEeBY _ _6.06E403 ___ 1,91Ee06 _4.00E+08 _ 3. 75€¢08 7.37€-01
9 T.26E403 6.8LE+03 2266606 K.50E+88 T 8.25E¢08°  8.35€-01
10 8.05E+83 T,64E¢03 2.402€086 $,80E+08 8.TSES00 9.33€-01
11 9. 66E+83 .o‘s".’ $.59E+0¢8 6G.080E¢00 ‘o;.[". 2. ‘6:’..-‘_.
s =32 . 1e83EeQ% __ ______ 1.05E+04 6o61E406 7.00E¢ 00 __6.50E¢00 2.55€¢00
13 1. 37€+08 1.25€+04 L.18E087 8.50F+ 00 T.TSE+00 . STE+08
i M _____3461Ee06 __ _ ___ 3.49€+04 1e01E007 1.00E+ 81 9.25E+ 08 SouSEO8
15 2.01E+04 1.01E006 2.86E007 1.25€¢81 1.13E001 21.10E+01
R 2,01E+04 2,21€+04 3,50£407 1.50E408 1.38E+01 1. 35E088
17 2.082€+06 2.620404 ® 136407 1.7SE¢ 81 1.63E401 1.60E08%
3226406 _____ - 3026404 &,TTEDTY 2.00E+03 ___ 1.08E¢01 2.06E¢81
19 8o 02E404 3.62E+04 1.10E+08 2.50E+012 2.25€001 8. 42E4018
e W _ . 8eB3EBN _ ___ b4eb3Eeeh 1,640E¢08 3.006e0% 2.75€¢401 5.L0E081
21 S.63Ee06 S.23F+04 1.65E00 3.50E¢018 3.25E+01 6.38E000
m_____zz_______s.uycoo«___________s.oszzlg_______x,axsola §.00E+0} 3.75E001 Ve 37Ee61__
To26E000 FRI S 2.16E+08 YITIX T §.25E¢ 08 6. 35E+087
"____.zb e B4 8SEeDNy _ _Te64E404 2402E+08 _5,00€e01 _SaTSESOL____ S.33Ee01
25 8.85E¢04 8.605E+04 2.67E+08 S.50Ee 81 T5.25E088° 1. 03Ee02
gy —26 . _ S.66ESRy __ o Se25E008_____ ___2.97E88 _____ 6.80EeL1 o S.TSEeRL __ __ 1.13Ee82
27 1. 95E+05 1.01E405 3.18E¢88 €.50E+81 6.25E001 1. 236002
e 28 1.13Ee05__ 1.09Ee85__ __ 3.43EeQ0 7.00E+ Qg 6,75E008 1.33E002
29 1.37E08% e25E+408 1.185¢09 8.50E+01 T.TSE¢01 4 STESN2™
2. -- 3B _____1.B1EeDS ______ ___ .1,49E¢DS 21.41E409 1.00E082 — 9.25Ee0% __ Seu5Ee02
3 2.01€+85 2.01E408 6.36E+09 2.50E+82 1.25E¢02 2. 66ES03
o --32 . 3.22E¢85 e - ReB2ESDS ___ __ _Ba90Ee09 _____ 2.00E¢82__ __ __ 1.VSEe02 __ 3,46E003
33 S.63¢+08 A.63E05 8.206410 3.50€¢02 2.75€002 1.62E¢08%
a3k B BSENS FW TV LT T ot oLl S.00E082 4025E¢02 2506000

P———

e ———— e - - -—

T e 8 & SPATIAL NESH DESCRIPTION & ® &
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Subgroup SITE - specifies the site identification informa-

tion, the parameters that define the meteorological sampling
method, the source of the meteorological data, and the num-
ber of meteorological trials to be sampled. The source of

the topographical data and the source of the population data
for the reactor site are also defined. Meteorological data
may be specified by this subgroup depending on the sampling
option selected. This subgroup must be specified after the

subgroup SPATIAL.

Sample input cards:

ey 04 . \
NT_UI'THFYC!ET__ 50001 . \j

R RN R R R R R N N R R NN RN RN RN RN NN NNTINRRNNE]
R R R L T T Y Y P R Y R R N T T T Y LI T T T Y P L)
IR R RN RN R R R R R R R RN R R R R RN N NN RN R R R R RN N R R R RN R R R R R R AR AR R AR RNRN
2221200222022 2002022220202 2020000022020 22222202222222222221222222120
T NN NINININININININININIININININININININININININININIINIINILS
QAAAA404 0448440400888 860400484844488 0400404000000 00000000004000 0000000000000 4040
IR R R R R R R R R R R R R R AR R R R R RN RN R R RRRRRRERRERRRRRRRRRERRRRRRRRRRRERRRREREEREEER]
CEOLEEECEEBREREEEOUbOOEURUCEOCOtUOUBOERBECOOEEUOERObOEOEEEOEGOERECEOEEOTTTETEEBbETETSTE
nmumnmIImMmMMIIMmInMIMmIInInInInIMIINnNnnuTIMIIIInInInIINNIITnINInnnIInNInNInNn
QOO UBUROINOCOTEIIRIRRaINasaIsuRaOIIRIOEIBEREIRLORBROREARBAIRIBOTIORNNRIIRRIIRIISNY /

v

[ R R RN R R R R R R R R R R R R R R R R R RN R R R R RN RE R RN R RN RRNRRERRERRINEE]

114 1 I NUN LSRN N UARRNENB I RUN AN NN RN GG AANN YN RN I RN UCUNGBUANRUHANE I AN
.

The NUM field is not used by the SITE subgroup. One site must

be specified in the subgroup.

One card with the following format is required to identify

the site, the site data, and the sampling option.
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Column Mnemonic Format Description
1-30 ISITE 5244,10X Site identification title.
31-32 ISTART I2 Start code - determines the

meteorological sampling method
and the number of meteorological
trials to be sampled.*

0 - User must input meteorological

data for each spatial interval.
The description of the addi-
tional input for start code 0
is shown below. Subgroups POPU
and TOPO are required to supply
the population and topographic
data for the site. A single
trial is processed.

Meteorological data for the site
is taken from the meteorological
data file on TAPE 27. Population
and topographical data may be
taken from the site data file

or from subgroups POPU and TOPO
depending on the value of IPO
(see cols. 39-40 below). N
stratified random day and night
trials are sampled, where N =
MO*100 + IDA (see cols. 33-34,
35-36 below). N should be a
multiple of 24 to get an equal
number of day and night trials
in each month.

Same as start code 1, except that
only day trials are sampled and N
should be a multiple of 12.

Same as start code 1, except that
only night trials are sampled and
N should be a multiple of 12.

User must input 5 days of meteoro-
logical data. The description of
additional input for start code 4
is shown below. Subgroups POPU
and TOPO must be used to supply
the population and topographical
data for the site. A single

trial is processed.

*In the discussion of the individual start codes, the subgroups
POPULATION and TOPOGRAPHY are referred to as POPU and TOPO,
respectively.
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Column

Mnemonic

Format

Description

5 -

Meteorological, topographical, and
population data are supplied as for
start code 1. Meteorological sam-
pling is performed using the mete-
orological bins. The sampling
strategy is given by the additional
input for start code 5. The descrip-
tion of this input is shown below.
The number of meteorological trials
processed is the sum of the samples
from each bin. If the wind rose
data from the meteorological bins
is to be used, IDA must be nonzero.

Same as start code 1, except that
N completely random trials are pro-
cessed, i.e., the start time of the
time of the accident is random.

Meteorological, topographical, and
population data are supplied as

for start code 1. User specifies

a particular start time using the
fields MO, IDA, and IHR as described
below. One trial is processed

using this start time.

Meteorological, topographical, and
population data are supplied as for
start code 1. User specifies sample
interval for month, day, and hour
using the fields MO, IDA, and IHR
(see cols. 33-34, 35-36, 37-38
below). Trials are sampled over a
one year period using the given
intervals, i.e., if MO=1, IDA=4,
and IHR=13, a trial will be sampled
every 4 days on 13 hour intervals
(1:00 pM, 2:00 AM, 3:00 PM, 4:00 AM
AM, etc.) until the end of the cur-
rent month. The month number is
then incremented by MO and the pro-
cess is repeated until the end of
the month. This is continued until
the month number exceeds 12.

One or more invariant meteoro-
logies must be supplied with
associated probabilities for each
combination of stability, wind-
speed, and rain condition.
Subgroups POPU and TOPO must be



Column Mnemonic Format - Description

used to supply the population and
topographical data for the site.

The number of trials depends on

the number of invariant meteorologies
and the associated probabilities.

The same meteorological conditions
are used for each spatial interval
for a given trial. See the des-
cription of additional input for
start code 9 below.

33-34 MO 12 For start codes 1, 2, 3 and 6,
the number of trials is given by
100*MO+IDA. For start code 7, MO
is the month in which the single
trial occurs. For start code 8,
MO is the sample interval for the
month. For start codes 0, 4, 5
and 9, MO is not used.

35-36 IDA 12 For start codes 1, 2, 3, and 6,
the number of trials is given by
100*MO+IDA. For start code 5, IDA
indicates the wind rose source.
If IDA is nonzero, the wind rose
data calculated from the meteoro-
logical bins is substituted for the
annual or seasonal wind rose. For
start code 7, IDA is the day on
which the single trial occurs. For
start code 8, IDA is the number of
days between trials. For start
codes 0, 4, and 9, IDA is not used.

37-~-38 IHR 12 For start code 7, IHR is the hour in
which the trial occurs. For start
code 8, IHR is the number of hours
between trials. For start codes 1-6
and 9, IHR is not used.

39-40 I1PO 12 Site population and topographical data
option. Valid only for start codes 1,
2' 3' 5' 6' 7, and 8.

0 - Individual site population and
topographical data are taken
from the site data file.

1 - Ssite population and topographic
data are supplied by the subgroups
POPU and TOPO, respectively. No
data is supplied from the site
data file.
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Column

Mnemonic

Format Description

2 - Topographical data is read from
the site data file and subgroup
POPU must supply the population
data.

When the ISTART code 0, 4, 5 or 9 is specified, the additional
data required for these cases must immediately follow this card.

Additional Card Input Required for Start Code Zero:

Mnemonic

ISTA(I)

VEL(I)

IRAIN(I)

ZMAX (1)
ZMAX (2)

Format

1615

8E10.3

1615

E10.3
E10.3

Description

Stability in each spatial interval (1=A,
2=B, 3=C, 4=D, 5=E, 6=F). NSI values

must be input, where NSI is the number of
spatial intervals specified in subgroup
SPATIAL. The data are read into the array
ISTA as follows, (ISTA(I), I=1, NSI).

Use as many cards as required, 16 values
per card.

Wind speed at each spatial interval in
meters per second. NSI values must be
input, starting on a new card and using as
many cards as required. The data are read
into the array VEL as follows, (VEL(I),
I=1, NSI).

Rain indicator* for each spatial interval.
NSI values must be input, starting on

a new card and using as many cards as
required. The data are read into the
array IRAIN as follows, (IRAIN(I),

I=1, NSI).

Mixing heights** (meters) for unstable and
stable weather conditions, respectively.
These heights must start on a new card.

*The rain indicator represents the rain rate in hundredths of
inches per hour when LIRAIN = 0. When LIRAIN = 2, a zero value
for the rain indicator represents no rain, a value of one
represents incident rain. See the DISPERSION subgroup descrip-

tion.

**Only the unstable mixing height is utilized in the CRAC2
dispersion model.



Additional Card Input Required for Start Code 4:

Mnemonic

METEOR
(J.K)

Format

1215

Description

Hourly weather data for 5 consecutive days.
Use 10 cards with 12 entries per card. .
Each entry is a 5 digit integer: ijkkk
where i is the rain indicator*, j is the
stability class (1=A, 2=B, ..., 6=F), kkk
is 10 times the windspeed (mi/hr). The
data are read into the array METEOR as
follows, ((METEOR(J,K), J=1,24), K=1,5).

Additional Card Input Required for Start Code 5:

Card

Columns

Mnemonic Format Description

1

1-5

6-10

1-60

NBIN

NCON

I5 Number of defined weather bins.
There are 29 bins defined in
CRAC2 and NBIN is always set to
29 by che CRAC2 code.

15 Number of trials to be selected
from each bin. If NCON=0 the
number of trials from each bin
must be individually specified
on the next set of cards.

IWGHT(I) 1215 Individual number of trials to

be selected from each bin. The
data are read into the array
IWGHT as follows, (IWGHT(I),
I=1, NBIN). Use as many cards
as required. No cards are
required when NCON > 0.

Additional Card Input Required for Start Code 9:

Card Column Mnemonic Format Description
1 1-5 NSTAB I5 Number of stability classes
(max=6).
6-10 NVEL I5 Number of wind speeds (max=8).

*The rain indicator represents the rain rate in hundredths of
inches per hour when LIRAIN = 0. When LIRAIN = 2, a zero value
for the rain indicator. represents no rain, a value of one
represents incident rain. See the DISPERSION subgroup description.
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Additional Card Input Required for Start Code 9: (Cont'd)

Card Column Mnemonic Format Description

11-15 NRA 15 If NRA = 2 rain is considered.*
If NRA = 1 rain is not occurring.

2 1-30 ISTA1(I) 615 NSTAB stability classes (1=A,
2=B, ..., 6=F). The data are
read into the array ISTAl as
follows, (ISTAl(I1), I=1,
NSTAB).

3 1-80 VEL1(I) 8E10.3 NVEL wind speeds (meters/sec).
The data are read into the
array VEL1 as follows,
(VEL1(I), I=1, NVEL).

4 1-80 PMATRX 8E10.3 Cards 4 through 4+ ((NSTAB*
(1,J3,K) NVEL*NRA)/8) contain the

probabilities for each com-
bination of stability, wind-
speed, and rain/no rain.
These values, some of which
may be zero, must add up to
one. They are read into
array PMATRX as follows:
( ((PMATRX(I,J,K), K=1, NRA),
J=1, NVEL), I=1, NSTAB). The
number of trials processed
will be equal to the number
of non-zero values in array
PMATRX. Use as many cards
as required.

Last 1-10 ZMAX (1) E10.3 Mixing heights** (meters) for
11-20 ZMAX (2) E10.3 unstable and stable weather
conditions, respectively.
No parameter modification is allowed for this subgroup.

A representative listing of the SITE subgroup sample input

data is shown below:

*For NRA = 2 and LIRAIN = 0, the rain rate in hundredths of
inches per hour is represented by NRA-1] when rain is considered.
For NRA = 2 and LIRAIN = 2, incident rain is occurring when rain
is considered. See the DISPERSION subgroup description.

**Only the unstable mixing height is utilized in the CRAC2
dispersion model.
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3. Subgroup ECONOMIC - specifies the cost data used in computing

econonmic effects.

Sample input cards:

9 0.081 _ 6,220 476.0 __ 2133.0
5_____ 9 0.123 0.283___ _'372.0 1366. 0
9 0.263 0.791 — " "177.0 657. 0 i
,«‘R“. . ""'_“5‘—9 0.09? 0.444 _ 150.0 802.90 O\
S__90.077 0.i82 _250.0 __ 485.0 . 'l
‘1r‘3349 0 ss:g_ 31527.0 " 4344.0 135.0 685.0 NI
o 83

1123836144 BUNTUABINARINHABKRYANBICDMBENENQUUAGUEBEHTIREI VNHBNVANE VOB LUSER I LOKAK KRN

(AR RN R R R R R R R RN R R A R R R R R R N R R N N R R R R R R R R R R N R RN R R R R R AN R R N1

l)l!l?ll!)!?21112}1)3)22}112}2232?2??22321211211IIIIIIIIIIIIII}II!??I)iIII??77??
3.33333, 3333003303300 033333830033 300300 030000333 8333333380333333331383233 1 11011

§5_ 599555535555 59395585_ 5355559955595 599_ 55555555855 95595555959555555555855955555
GO S _ SOACEEECCEOEEUROOOTBbOBOETEOEBUCEE0 CEOCEREECOCEOEREORBETEEEEREEREREREEERENS

QRAME, 44444848048 8044084, 4440004400008 088408400640 008648 0003400000000ttt l

(AR R R RN R R R R R R R R R R R R R A R R R R R R R R R RN AR R R R R R RN

9948909 99500080900 09090 09888883909 39909988999999¢99909999999999098939899¢809993883¢
\‘|'|¢-'la|-nuunuuunnnunnununun-nnnun-u-nnnuuunqu-nnuuuu-uunuu.unuuhruaannnununnnu
o .

The NUM field, 54 in the sample header card above, specifies the
number of geographic regions, NST, for which economic data are
to be input. The indices of the arrays containing this economic
data correspond to the order of the state and regional data in
this subgroup. The state codes used in the subgroup TOPOGRAPHY
must coincide with these indices. If the topography is read
from the site data file, economic data must be supplied for 54
;egions (the 48 continental states plus Nova Scotia, Quebec,
Ontario, Baja California, Sonora, and Chihuahua), as given in
the sample data. A maximum of 54 geographical regions may be

input.
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One card having the following format must be input after

the header card.

Columns Mnemonic Format Description

1-10 DCFLD E10.2 Decontamination cost for farm
areas ($/acre).

11-20 DCRBP E10.2 Decontamination cost for resid-
dential, business, and public
areas ($/person).

21-30 RATE E10.2 Compensation rate per year for
residential, business, and
public areas (fraction of value).

31-34 VRBP E10.2 Value of residential, business,
and public areas ($/person).

41-50 CRELOC E10.2 Relocation cost ($/person).

51-60 CONMLK E10.2 Cost of milk consumption ($/per-
son).

61-70 CONCRP E10.2 Cost of non-dairy products con-

sumed ($/person).

Following this card, one card must be input for each of
the NST regions. The format of each of the region cards is

described below.

Columns Mnemonic Format Description
1-8 STATE(I) A8 Name of state or region,
11-15 MONST(I) I5 Seeding month for state.
16-20 MONEND(I) IS5 Harvesting month for state.
21-30 FARML(I) E10.2 Fraction of land devoted to

farming for state.

31-40 DPF(I) E10.2 Fraction of farm sales resulting
from dairy production for state.

41-50 ASFP(I) E10.2 Annual average farm sales for
state ($/acre).



Columns Mnemonic Format Description

51-60 VFARM(I) E10.2 Average f .m land value for state
($/acre).
The index I corresponds to the order of the states and regions
in this subgroup. This index becomes the state code for the
TOPOGRAPHY subgroup.
No parameter modification is allowed for this subgroup.
A representative listing of the ECONOMIC subgroup sample

input data is shown below.

SUBGROUP ECONONMIC

eee .. PARARETER SEY YO . Sy _ .- e _
e . ] .
" DCFLD  DECONTAM. COST OF FARF FIELDS ($/ACRE) 44990€402
5 . DCRBP o:conv;:;lgzs:‘gz RESI0.¢BUSI. oPUB. AREA = :-:;:g::: SO
RATE  CONPEN .
_YRBP ___YALUE OF RESIDENTIAL yBUSINESS:A BLIC AREA Y. 153€04_
CRELOC RELOCATION COST ($/PERSON) TR T
;. CONMLK COST OF WILK COMSUMPTICK ($/PERSON)  1.350€402 o o
_COMCEP* COST OF WON-DAIRY PRODUCTS CONSUNED (S/PERSON) ~ 6.850E¢82
AR B % % ACRICULTURAL DATA & & & 777 i o T T
' .. STATE  ~ SEEDING  MARVESTING  FARN LAND  DAIRY vnoo.'““AnuuAL‘EALsS“"“"vn::i OF
T WONTH __ MONTH _ _____FRACTION _ _FRACTION R
«85.80
S T T g SRl 1 Ty
o s s 283 791 177.0000  e57.00%8
‘ — - T 123 «283 372.0000 1366.0009
s Pt 5 : -081 .220 ©76.0000 2133.0000
o3 - o - P TY) TT T emy T T 500.0080 2158.0000
- o s’ : :319 :579 168,0000 6L2.0800
i S MRt - 197 162 376.0000 2222.9000
: i : : o307 c13 239.0000 669.8000
“ - thto : 618 <153 183.0000  1516.0808
i o 4 : T728 L067 206.0000 1698.800¢
12 Y — o795 bt "213,0000 1766.0009
3 nee . M . 205 ,238 197,0800 955.0008
e T T H s T s 194.0000 T 807.0000
1 b+ H : :s:; wss 160.0000 05¢.0000
- i Tous ) 050 262,9000 1458.0800
ht- "ot : ’____ : 34 - . 13,0000 6T6.0008
tyoe - —- 37 no .. 1 4 9 _ | £ LY .0.7; ______ } 3 5. — Sec.sens
18 .0, s ° «922 o0 36,0000
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4. Subgroup POPULATION - specifies the population option and
the population sectors to be processed. Optionally, the
population distribution around the site may be defined.

This subgroup must be input after subgroup SPATIAL.

Sample input cards:
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The NUM field, 16 in the sample header card above, specifies the
total number of population sectors, NPB4, to be processed. Up to
16 sectors are allowed. The population values to be input are the
number of people in each area element of the 16 sectors. Note
that the population must be defined for all 16 sectors even if
less than 16 sectors are to be processed. This is necessary

because the radioactive cloud may overlap sectors adjacent to
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the ones being processed. Specifying a sector to be processed
is essentially the same as saying that the midpoint of the
cloud will travel in the direction defined by the radius bisect-
ing the specified sector.

After the header card, an options card with the following

format must be supplied.

Column Mnemonic Format Description

1-3 IPOPT I3 Population option indicator*.

IPOPT=0 specifies that the popula-
tion data for 34 rings and 16 sec-
tors are to be read in from the
site data file. No further cards
are required for this subgroup.

IPOPT=1 specifies that a uniform
population density is to be read
in on the next card. The descrip-
tion of the additional input fol-
lows. NPB4 is automatically set
to 1 for this option.

IPOPT=2 specifies that for each sec-
tor, the sector probability and the
population for each of the NSI rings
are read from the cards that follow.
The description of the additional
input is given below.

IPOPT=3 specifies that for each sec~
tor, the sector probability and the
population for each of the NSI rings
are read along with the seasonal
wind roses from the cards that fol-
low. See the description of the
additional input below.

*The value of IPOPT should be nonzero when variable IPO in subgroup
SITE is nonzero or no population data will be specified and all
results involving population will be unpredictable. When the value
of IPO is zero, the population data specified by the POPULATION
subgroup will be replaced by the population data from the site data
file.



Column Mnemonic Format Description

4-51 ISECNO(I) 1613 The sector numbers of the NPB4 sec-
tors to be processed. If for exam-
ple, NPB4=1 and ISECNO(1) = 8,
only the 8th sector will be proc-
essed. The data are read into the
array ISECNO as (ISECNO(I), I = 1,
NPB4). If ISECNO is not speci-
fied, i.e., columns 4 through 51
are blank, or if the value of
ISECNO(I) is not one of the sec-
tors 1 through 16, ISECNO(I) 1is
set to I for I = 1 to NPB4.

When IPOPT=1, the following additional card is required:

Column Mnemonic Format Description

1-10 POPDEN E10.3 Population density (people per
square mile).

11-15 IEXINT I5 Exclusion intervals; the number of
spatial intervals from which the
population is excluded, counting
from the accident site.

When IPOPT=2, additional cards are required consisting of

16 sets of population values, one for each of the 16 sectors.

A description of the data cards for each sector is presented

below. The order of input of the 16 sets determines the sector

number of the set. The first set, the set with index I = 1,

corresponds to sector 1, the north-centered sector. The last

set, the set with index I = 16, corresponds to sector 16.

Card Column Mnemonic Format Description

1 1-80 IDENT(J) 20A4 Identification of the population
data. It is stored in the array
IDENT as (IDENT(J), J =1, 20).



Card Column Mnemonic Format Description

2 1-10 P(I,4) E10.3 Probability associated with the
wind blowing toward population
sector I, i.e., the annual wind
rose probability. The program
automatically normalizes the
probabilities of the sectors to

be processed to one.
11-80 POP(I,K) 7E10.3 Population values for the first
seven of the NSI area elements

in this sector starting with the
element closest to the site.

3 1-80 POP{I,K) 8E10.3 The remaining population values
for this sector. There are eight
values per card. Use as many
cards as necessary to supply the
remaining population values.

The population data are stored

in the array POP as follows,

(POP(I,K), K= 1, NSI), where

I is the index of the sector.
Cards 2 and 3 are repeated for each of the 16 sectors, starting
with a new card for each sector.

When IPOPT=3, additional cards are required for the sector
population and seasonal wind rose data. The population data
corresponds identically to that required for the IPOPT=2 option
above. The wind rose data follow the population data and are
required for each of the four seasons. One data card, which
is described below, must be included for each seasonal wind
rose. The wind rose data must appear in the order winter (Dec.,

Jan., Feb.), spring (Mar., Apr., May), summer, (June, July,

Aug.), and fall (Sept., Oct., Nov.).



Column Mnemonic Format Description

1-80 ROSE(K,I) 16F5.4 Wind rose probabilities for each
sector for one season. Wind rose
probabilities represent the wind
blowing toward the sector. The
data are read into the array ROSE
as follows, (ROSE(K,I), K=1,16)
where K is the sector index and
I is the season index. One card
must be present for each season
in the order winter, spring,
summer, fall.

No parameter modification is allowed for this subgroup.
A printed listing of the sample data for subgroup POPULA-

TION is shown below.
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5. Subgroup TOPOGRAPHY - specifies the state code and land
fraction for each area element of the spatial grid. This
subgroup must be specified after subgroup SPATIAL. This
subgroup supplies the topographical data when no site
data file is referenced or when no topographical data is

requested from the site file.

Sample input cards:
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The NUM field must either be 16 or zero for this subgroup. If
it is 16, the state codes and land fractions are specified for
each area element of the spatial grid (see subgroup SPATIAL).
If it is zero, as in the example above, a single state code
and land fraction is applied to the complete spatial grid.

If NUM=0, the following card is required:

Column Mnemonic Format Description

1-3 LSTATE I3 Two digit state code (number
corresponding to order of states
in subgroup ECONOMIC).



Column Mnemonic Format Description

4-5 FRLAN F2.1 Land area decimal fraction multi-
plied by 10 (10 = 100% land,
09 = 90% land, etc.)

If NUM=16, one set of cards for each of the 16 sectors, must

be input according to the following format:

Column Mnemonic Format Description
1-3 ISTATE(I,K) I3 Two digit state code and land
4-5 FRLAND(I,K) F2.1 fraction for area elements in
sector I.
6-8 The data are read into the pair
9-10 of arrays ISTATE and FRLAND as
follows, (ISTATE(I,K), FRLAND
. . . (I,K), K=1, NSI), where NSI is
. . . the number of spatial intervals.
. . . Each card contains the data for
16 area elements. Use as many
76-78 cards as required to specify NSI
79-80 data pairs.

The above set of cards is repeated for each of the 16 sectors. Data
for a new sector begins with a new card.

No parameter modification is allowed for this subgroup.

A representative listing of the TOPOGRAPHY subgroup sample input

data is shown below.
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6. Subgroup ISOTOPE - specifies the inventory of isotopes and

associated isotopic parameters.

Sample input cards:

7.691E+07 1,167E-01 D, 0.
5.696E+07 5.278E-02 0. —o. \\W
3.126E+07 1.867E-01 0. 5
6. 6396405 3.9196+03 0. ~
4. 4950403 1.921E+03 1, 000E-02 7. D000 ™~
7.460E+05 7.130E+01 1. 000E—02 1, 000E-00 O\

54 NO

I N O L R R R NN R R N N N R )
[EENENENE] l-nunun-ulnlnnnuIlullnlltnlullnll.ulaul.u1-qununluhnll GuNBEURERNLENDRINNE
N RAR R AR AR AR RN RN R R RN R NN R R R R R R R R R R NN NN N R R R R RN R R RN RN RE
1 2220222122202 220222202 22222220222 2220210022221222 2220222222200 0220002202000 12
333.303303 333333353333 333339333333333333033333303333333133331391353333313132333333303

CEAE 0034008008 0800 0000640000884 00000001000

555555, 55555555555 55555 58585 5555555558355 55555595555595595959555555555555555335353

IRE R R R R R R R R R R AR A R R R R R R R R R R R R A R A R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R N R R R

;
)

1234 L0 IMNNUMBUNENINDINNERDHNARIRNMNERYBRAAQTE D6’ BN “l"”ﬂ‘lllll‘l\llﬂ‘l-.lIlnllﬂll"l'lu/
e

The NUM field, 54 in the sample header above, specifies the
total number of isotopes, NIS, in the inventory. A maximum of
54 isotopes can be specified.

NIS cards, one for each isotope, must be input following
the header card. One isotope and its associated parameters
are defined on each card. The format for each isotope card is

described below.

Columns Mnemonic Format Description
1-8 NAME(I) A8 Isotope name (left justified).

This name must be one of the 54
isotopes listed in Table II-2.

10 IGRP(I) Il Index of the isotope leakage group
for this isotope (see subgroup
LEAKAGE).



Columns Mnemonic Format Description

12-19 PARENT(I) A8 Name of parent (left justified).
The parent must be among the
NIS isotopes in the inventory.

21-30 SACT(I) E10.3 Isotope inventory in the core at
the time of the accident (curies).

31-40 HALF(I) E10.3 Half-life (days).

41-50 VvD(I) E10.3 Deposition velocity (m/sec).

51-60 RLAM(I) E10.3 Rain depletion switch. The value

of the rain coefficient C [sec~1
(mm/hr)-1] in the washout coeffi-
cient A = CR of the rain deple-
tion equation is determined by
the value of RLAM(I).*

The index I corresponds to the order of the isotopes in the

inventory list.

exactly as shown in Table II-2 below.

The isotope and parent names must be spelled

Only the 54 isotopes

given in this table may be used.

OO WN -

Table

CO-58
CO-60
KR-85
KR-85M
KR-87
KR-88
RB-86
SR-89
SR-90
SR-91
Y-90
Y-91
ZR-95
ZR-97
NB-95
MO-99
TC-99M
RU-103

*When the value of
wWhen the value of
1.,0E-4 for stable

weathe

Le

I1-2.

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

List of Vvalid Isotopes

RU-105 37 CS-134
RU-106 38 CsS-136
RH~-105 39 CS-137
SB-127 40 BA-140
SB-129 41 LA-140
TE-127 42 CE-141
TE-127M 43 CE-143
TE-129 44 CE-144
TE-129M 45 PR-143
TE-131M 46 ND-147
TE-132 47 NP-239
1-131 48 PU-238
1-132 49 PU-239
1-133 50 PU-240
I-134 51 PU-241
I-135 52 AM-241
XE-133 53 CM-242
XE-135 54 CM-244

RLAM(I) is zero, CRAC2 uses for C the value O.
RLAM(I) is nonzero, CRAC2 uses for C the value
weather and 1.0E-3 for neutral and unstable
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If parameter modification (PARMOD = "YES") is specified in
the header, the following card is required between the header and

isotope cards.

Columns Mnemonic  Format Description L

1-10 CSACT E10.3 Multiplier for the NIS activity
values in the array SACT.

11-20 CVD E10.3 Multiplier for the NIS deposition
velocity values in the array VD.

21-30 CRLAM E10.3 Multiplier for the NIS rain deple-
tion switch values in the array
RLAM.

A representative listing of the ISOTOPE subgroup input data

shown below.
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7. Subgroup LEAKAGE - specifies the release identification,
the associated release parameters, and the fraction of the
total core inventory which is released for each isotope
leakage group. This subgroup must be specified after sub-

group ISOTOPE.

Sample input cards:
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The NUM field, 15 in the sample header card above, indicates
the total number of leakage categories, NPB2, to be evaluated.
A maximum of 15 leakage categories can be specified.

The set of data cards for one leakage category is pre-
sented below. There are NPB2 sets of cards in the complete
subgroup.

Card 1 in the set identifies the release and specifies

the associated release parameters.
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Column

Mnemonic

Format

Description

1-8

11-20

21-30

31-40

41-50

51-60

61-70

LNAME(J)

P(J,2)

TL(J)

DR(J)

TLL(J)

FPR(J)

RH(J)

A8

E10.3

E10.3

E10.3

E10.3

E10.3

E10.3

Name of release category.

The probability associated with
this release. The program will
automatically normalize the sum
of the probabilities over all
release categories to one. This
normalization can be suppressed
by an option switch, NORM, in
subgroup OPTIONS.

Time between reactor shutdown
and release into the atmosphere
(hours). Used for isotope decay
calculations.

Duration of release (hours). This
parameter is used to compute the
cloud expansion factor, EF, where
EF(J) = (DR(J)/.05)9Q, and Q is
defined as .2 for DR(J) <1

.25 for DR(J) > 1.
DR(J) cannot exceed 10 hours.

Warning time (hours). The time
from officially being warned to
the beginning of the atmospheric
release. Used in evacuation
modeling.

Sensible heat rate (Calories, gm/sec)
due to thermal heat content of the
released gases. Used in plume rise
calculation.

Release height of plume (meters).
If the release height is less
than the building height, the
plume is assumed to be entrained
in the building wake and the
release height is set to ground
level.

The remaining cards in the set define the leakage fractions for

each of the accident leakage groups. NGRP is the number of

isotope leakage groups, where NGRP is the maximum value of IGRP

for the isotopes specified by the ISOTOPE subgroup.
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Column Mnemonic Format Description

1-80 FLEAK(J,I) 8E10.3 Fraction of each isotope group
to be released into atmosphere.*
No more than 10 isotope leakage
groups can be defined. The
leakage fraction data are read
into the array FLEAK as follows,
(FLEAK(J,I), I=1, NGRP). Use as
many cards as required to define
the NGRP isotope leakage groups.

The above set of cards must be repeated for each leakage category.
The index J corresponds to the order of the leakage categories
in this subgroup.

If parameter modification (PARMOD = "YES") is specified, the

following card is required after the header card:

Column Mnemonic Format Description
1-10 CTL E10.3 Multiplier for the NPB2 values in

the array TL.

11-20 CEF E10.3 Multiplier for the NPB2 values in
the array EF.

21-30 CTLL E10.3 Multiplier for the NPB2 values in
array TLL.

31-40 CFPR E10.3 Multiplier for the NPB2 values in
array FPR.

41-50 CRH E10.3 Multiplier for the NPB2 values in
array RH.

A representative listing of the LEAKAGE subgroup sample input

data is shown below.

*The sample input data shows eight isotope leakage groups as
described in Chapter 2 of Appendix VI of the Reactor Safety
Study. These groups are Xe-Kr, organic I, I, Cs—-Rb, Te-Sb,
Ba-Sr, Ru, and La. 1In the reference case data, all iodine
isotopes are assigned to the iodine group, i.e. leakage group 3.
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SUBGROUP LEAKAGE
). __PARAMETER NPB2 SET TO

1 PMR = 1A PROB=P(J,2)
L 4.000€-07
GROUP - LEAKAGE FRACTION
2 PMR = 18 PROB-P(Je2)
S, 008E-07

GROUP ~ LEAKAGE FRACTION
TS PR & 2 PROB-PIJ.2)
3.000F-¢6
GROUP « LEAKAGE FRACTION

[

4 PHR s 3 PROB-P(J D)
Ao 000E-06
GROUP « LEAKAGE FRACTION
S PHR = & PROB-P(J,2)
S.000E-07

CROUP « LEAKAGE FRACTION

ta

T 6 PMR m & PROB=PLU2)
7.008€-07
GROUP = LEAKAGE FRACTION
T PMR = 6 PROB-P(J,2)
6.000€~06
“GROUP < LEAKAGE FRACTION
8 PNR & 7 PROB+P(J,2)
4o 000E-0S
CROUP - LEAKAGE FRACTION

i

al= =

s PuUR =
4o 008E~0S

GROUP - LEAKAGE FRACTION
10 PUR 3 9 PROB-P(Js2)
No 000E-84

T GROUP - LEAKAGE FRACTION

11 BMR = 1 PPOB-P(J.2)
» 1.000E~06
GROUP = LEAKAGE FRACTION

12 BUR s 2 PPOB-P(J,2)
I 6.000€-06
GROUP < LEAKAGE FRACTIOM

13 BMR = 3 PROB-P(J,2)
[Nl 2.008€-08

GROUP - LEAKAGE FRACTION
Jt

16 BuR = & PROB~P(J2)
¢ 2.008€E-06

GROUP = LEAKAGE FRACTION

15 BNR = 5 PROB~PIJ2)

$000€-00
GROUP - LEAKAGE FRACTION

8 PROB-P(J2)

18

L]
® & o INPUT ISOTOPIC LEAXAGE FRACTIONS ¢ * & - N

-

T T e e e ————t

—&l

TINE TO RELEASE EXPANSION FACTOR WARNING TINE  SENSIBLE MEAT (CAL/SEC) RELEASE WEICHT - ou
. 2.500€400_ 1.585€ 08 _ 1.000E490 1.190E466 N 2.500€+01
1=9,006=~01 2<6.80E=03 3-T.08€=01 &—% 00E<81 S<4,006-81 6-35,006-02 P-4, 086-81 8-3.00€-03 — ——— *°
TINE TO RELEASE EXPANSION FACTOR MWARNING TINE .« SENSEIBLE HEAT (CAL/SECY RELEASE WEIGHT e
2.500£400 1.585E+ 00 1.000E+00 3.6206487 2.500€+018
1-9.00E-01 2-6.00E-83 3-7,.006~81 4#-0.00E=01 S~4.00E~01 6-5,006-02 7-4,00f-01 8-3.006-83 e
TIME TO RELEASE EXPANSION FACTOR WARMING TIME ~ SENSIBLE HEAT {CAU/SEC) RELEASE MEIGKY — ¥
2.500E+00 1.585E400 1.000E+00 1.17¢Ee07 1.000€001
1-9.00E~01 2-7.00E-03 3-7.00€-01 &~=5,00E=01 5-3.006-01 6-6.00E-02 7-2,.006-02 8-4.00E~03 il
TINE 10 RELEASE EXPANSION FACTOR WARMING TINE  SENSIBLE HEAT (CAL/SEC) RELEASE METGHT - B4
 S.000E+00 _ Z.360E+00 _ 2.000E+88 8, 200€¢05 1.000E001
1-0.00E-01 2-6.00E-03 3-2.00E=01" &=2.00E-01 S=~3.00E-01 6-2.00€-02 T=3,00€=02 8-3.80F-9F —~ —————1
TINE TO RELEASE EXPANSION FACTOR WARNING TIME  SENSISLE MEAT (CAL/SEC) RELEASE HEIGHT ue
2.800€408 2.783€+00 2.000€400 7.008E¢03 1.600€+01
1-6400€-01 2<2.00E-03 3-9,00€-02 &-6,00E~02 5-3.00€6-02 6-5,00E-43 P=3.80E-03 8-~4.00€-04 T4
TINE TO RELEASE EXPANSION FACTOR ~WARNING TINE  SENSIBLE HEAT (CAL/SEC) ~ RELEASE MEIGHT — ~— ~— - ————mn
2.000€+00 2.991E+60 1.000€+08 2.100€e84 1.000€01
1-3.08E-01 2-2.00€-03 3-3,00E~82 4~9,00E-03 S~-5.00E-03 6-1.00E~03 PF=6.00E-04 B8-7.00E~08  ~~ ~~ —
TINE 10 RELEASE EXPANSION FACTOR NARNING TIME  SENSIBLE MEAT (CAL/SEC? RELEASE WEIGHT . R
1.200€+01 3.761E¢ g0 . 1.000E088 .. 1.000€401
1-3.00E=01 2-2.00E-03 3-8.00E-04 &-8.00E-04 S5-1.00€-03 6-9,00E~95 7T-7.00€~-05 8-1.006~08 —— -~
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14000408 34761E400 $.000E+00 " 1.800E+01 L
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Se000€-01 .
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0.
1-3.00E-06 2-7.00E-09 S$~1.00€-87 &-6,00E-07
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1-€.00€-01 2-T7.00€E-06 3-8,00E-04 &=-S.00E-03
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8~0.
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0

- et D S— — - —
5-1.00E-09 6-1.00E~-11 7-0.
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1.089E01 .
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5-9.00€-03 6+-6.00E-08 T-6.00E-06 8-1.80E-04
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1.500€402
7-0. 8-0.

SENSIBLE MEAT (CAL/SEC)
[
$=8.00E-12 b5-8.00€~14



8. Subgroup DISPERSION -~ specifies the reactor building dimen-

sions and the special wake and rain depletion options.

Sample input cards:

00.0 25.0 0 34 0 N\
SPERSTON ~
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The NUM field for this subgroup is ignored.
One card with the format described below must be input

following the header card:

Column Mnemonic Format Description

1-10 BUILDL E10.3 Reactor building length (meters).
11-20 BUILDH E10.3 Reactor building height (meters).
21-25 MWAKE I5 Number of spatial intervals for

special effects of a wake domi-
nated plume. For a plume not
dominated by wake effects, set
MWAKE = 0.

26-30 IRDEPL I5 Rain depletion switch.
0 - unaltered depletion model.
34 - The radius of spatial inter-
val NSI is redefined to be
2000 miles. The average
population density for the
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Column Mnemonic Format . Description

U.S. of 78 people per square
mile is assumed for this area.
The activity left in the cloud
is depleted in this interval
by incident rain (0.5 mm/hr).

31-35 LIRAIN IS5 Rain option switch.

0 - observed rain, i.e., the hourly
rain data from the meteorologi-
cal information.

1 - rainfall ignored, i.e., all
rain information in the meteoro-
logical data is ignored.

2 - incident rain, i.e., a rainfall
rate of 0.5 mm/hr is substituted
for all occurrences of rainfall

in the meteorological informa-
tion.

No parameter modification is allowed for this subgroup.

A representative listing of the DISPERSION subgroup sample input

data is shown below.

SUAGROUP DISPERSE
__PARAKETER _  SET VO .

e & s INPUT BUILDING, WAKE, AND RAIN DATA © ¢ &

T suILOL REACTOR BUILDING LENGTH (W 1.000E402

... BUSLOW ___ REACTOR SUILOING MEICHY (W) _ o __2.500€401

77 miake $ OF INTERVALS FOR SPECIAL WAKE EFFECTS "

_ IRQEPL = 34 TURNS ON RATN FOR THE LAST INTERVAL 34
LIRAIN = 0, 14 OR 2 REQUESTS OBSERVED RATN, '

e, _ . ... WO RAIN (RAINFALL IGNORED), OR

INCIOENT RAIN, RESPECTIVELY
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9. Subgroup EVACUATE - specifies the emergency action data, including the
choice of evacuation model and the constants for sheltering,
shielding, and evacuation. The NUM field in the header card specifies
the number of evacuation strategies, NEVAC, to be defined. No more
than six strategies are allowed. The weighted evacuation scenario is
the weighted sum of the strategies. The impact of each evacuation
strategy on early effects consequences is evaluated. In addition, the
impact on early effects for the weighted (summary) evacuation scenario
is evaluated. The impact of evacuation on the latent effects and
evacuation costs is based only on the emergency action data defined in
the last evacuation strategy.

Following the header card, one card corresponding to each
evacuation strategy is required. The format of each strategy card is

described below.

Column Mnemonic Format ________ Description
1-10 EVCONIN E10.3 Probability of evacuation with
(1,3) strategy J in the weighted evacua-
tion scenario.
11-20 EVCONIN E10.3 Time delay between officially being
(2,J) warned and beginning evacuation
(hours) .
21-30 EVCONIN E10.3 Evacuation speed (meters/sec)
(3,7)
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Description

Column Mnemonic Format
31-40 EDIST(J) E10.3
41-50 EVCONIN E10.3
(5,3)
51-60 SDIST(J) E10.3
61-70 EVCONIN E10.3
(7,3)
71-75 EXPD(J) F5.0

Maximum evacuation distance for
downwind sectors (intervals). Spa-
tial intervals lying within this
distance will be evacuated accord-
ing to the evacuation scheme spe-
cified in EVCONIN (7,J). Exposure
to air and ground contamination will
depend on the scheme selected.
Individuals living in spatial
intervals beyond this distance will

be exposed to ground contamination
for either 1, EXPD(J), or 7 days.
The exposure model is determined by
the switch IEXPD and the exposure
duration EXPD(J).

End of evacuation distance for evac-
uees (meters). Distance from the
reactor site at which evacuees
complete their evacuation.

Maximum sheltering distance for
downwind sectors (intervals). Indi-~
viduals living in sectors lying
within this distance will be
sheltered if they do not evacuate.
The maximum sheltering distance
cannot be less than the maximum
evacuation distance. This region
also has an associated relocation
time RELOCT(J).

Evacuation model option:

1.0 - constant velocity evac-
uation model (WASH-1400
model) .

2.0 - detailed tracking of
evacuees, allowing for
delay, shelter, and
movement of the evacuee.

Exposure duration (days) for external
groundshine in the non-evacuating
intervals outside of maximum
sheltering distance for the case when
IEXPD has the value 1.



Column

Mnemonic Format

Description

76-80

RELOCT(J) F5.0

Exposure duration (days) for external
groundshine in the sheltering/
relocation zone located between the
maximum evacuation distance and the
maximum sheltering distance.

This evacuation card corresponds to evacuation scheme J.

The shielding data,

breathing rate data, evacuation cost data,

and duration of exposure switch (outside maximum sheltering distance)

do not change between evacuation strategies. These data are read from

the three cards which follow the evacuation strategy cards. The

format of these cards is described below.

Card Column Mnemonic Format
1 1-10 SHFAC(1,1) E10.3
11-20 SHFAC(2,1) El10.3
21-30 SHFAC(3,1) E10.3
31-40 SHFAC(4,1) E10.3
41-50 SHFAC(1,2) E10.3
51-60 SHFAC(2,2) E10.3
61-70 SHFAC(3, 2) E10.3

_Description

Cloud shielding for stationary
evacuees (effectiveness factor
between 0 and 1 where 1 means
no shielding).

Cloud shielding for moving
evacuees (effectiveness factor
between 0 and 1).

Cloud shielding with shelter-
ing (effectiveness factor
between 0 and 1).

Cloud shielding with no emer-
gency action (effectivenss
factor between O and 1).

Ground shielding for station-
ary evacuees (effectiveness
factor between 0 and 1).

Ground shielding for moving
evacuees (effectiveness factor
between 0 and 1).

Ground shielding with shelter-
ing (effectiveness factor
between 0 and 1).



Card Column Mnemonic Format
71-80 SHFAC(4,2) E10.3
2 1-10 BRATE(1l) E10.3
11-20 BRATE(2) E10.3
21-30 BRATE(3) E10.3
31-40 BRATE(4) E10.3
3 1-10 EVCOST(1) E10.3
11-20 EVCOST(2) El10.3
21-30 EVCOST(3) E10.3
31-40 EVCOST(4) E10.3
41-45 IEXPD I5

Description

———- . —t - - ——

Ground shielding with no emer-
gency action (effectiveness
factor between O and 1).

Breathing rate for stationary
evacuees (cubic meters/sec).

Breathing rate for moving
evacuees (cubic meters/sec).

Breathing rate with sheltering
(cubic meters/sec).

Breathing rate with no emer-
gency action (cubic meters/sec).

Radius of circular evacuated
area near the reactor (meters).
Used for WASH~1400 evacuation
cost model.

Width of evacuation arc for
downwind sectors (degrees).
WASH-1400 evacuation cost model.

Direct evacuation cost (dollars
per evacuee). WASH-1400
evacuation cost model.

Maximum release duration
(hours) for which the WASH-1400
keyhole~-shaped evacuation model
is to be applied.

Duration of exposure switch:

-1 - People in the non-evacuating

intervals outside of the
maximum sheltering distance
will be relocated after 7
days. But if the 7-day total
bone marrow external ground-
shine dose approaches lethal
levels (200 rem), relocation
occurs at 12 hours.



Card Column Mnemonic Format ____Description

0 - People in the non-evacuating
intervals outside of the
maximum sheltering distance
will be relocated after
24 hours.

1l - People in the non-evacuating
intervals outside of the

maximum sheltering distance
will be relocated after

EXPD days.

Reductions in inhalation doses due to sheltering or respiratory
protective measures can be included by reducing the assumed breathing
rate.

If PARMOD equals "YS1" (columns 30-32 of EVACUATE subgroup header
card), six evacuation strategies must be specified. Evacuation
strategies 1 through 3 represent normal evacuation conditions and
evacuation strategies 4 through 6 represent adverse evacuation
conditions. Population fractions are read from the next three cards
(following card 3 above) corresponding to the three different
population groups. Each card contains population fractions for 16
sectors or directions. The first card contains the population
fractions for the first population group in each of the 16 sectors.
The second and third cards contain the population fractions for the
second and third population groups, respectively. The format of these

cards ;s described in the following table.

2-51



Card Column Mnemonic Format Description L

4 1-80 PFRAC(1,K) 16F5.0 Population fractions for group
1 for each of 16 directions.

5 1-80 PFRAC(2,K) 16F5.0 Population fractions for group
2 for each of 16 directions.

6 1-80 PFRAC(3,K) 16F5.0 Population fractions for group
3 for each of 16 directions.

The 3 population fractions for any given direction should sum to one.
The population fractions for group 1 are applied to evacuation
strategies 1 and 4. The population fractions for group 2 are applied
to evacuation strategies 2 and 5. The population fractions for group
3 are applied to evacuation strategies 3 and 6. Probabilities
assigned to these two conditions are used for each of the 3 respective
evacuation strategies. For example, assigning a 0.90 probability to
normal evacuation conditions and a 0.10 probability to adverse
evacuation conditions will result in assigning a 0.90 probability to
each of the strategies 1 through 3 and 0.10 probability to each of the
strategies 4 through 6. Evacuation strategies 1 through 3 are
essentially treated as a single evacuation strategy for normal
evacuation conditions and evacuation strategies 4 through 6 are
essentially treated as a single evacuation strategy for adverse

evacuation conditions.



10. Subgroup ACUTE - specifies the acute effects due to early
exposure to the radioactive cloud that are to be studied
and the supporting dose-mortality and injury data for each

organ.

Sample input cards:

1.ET0 B0 L.EiD 1.E10 1.0 1.0 0.0\
o00.1 2500, 2500, .05 1.0 b, N\
3000.1 8000, 6000. .05 1.0 0. N\
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The NUM field, 7 in the example header above, specifies the
total number of acute health effects, NEARLY, to be studied.
Up to 8 acute effects are permitted.

After the header card, one card with the following format

must be input for each acute effect.

Columns Mnemonic  Format Description

1-8 ERLORG(I) A8 Affected organ name. This name
must be one of the 13 organs
listed in Table II-3.
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Columns Mnemonic Format Description

11-50 DL(J,I) 4E10.3 Four dose threshold values (rems).
The dose values for effect I are
read into the array DL as (DL(J,I1),
J =1,4). DL(1,I) is the threshold
below which the probability of the
effect is zero. DL(4,I) is the
dose value above which the proba-
bility of the effect is 1. DL(2,I)
and DL(3,I) are intermediate val-
ues with corresponding probabili-
ties given by PL(1,I) and PL(2,1)
respectively. Arrays DL and PL
together specify the probability
of the given effect over the
entire dose range. The early
exposure model assumes that the
points described by DL and PL
are connected by straight lines.
The model linearly interpolates
in the table to determine the
probability of the effect. See
the Figure II-2.

51-70 PL(J,I) 2E10.3 Two probabilities corresponding
to the intermediate dose limits
in array DL. See the description
of DL above. The data for effect
I are read into the array PL as
(PL(J,I), J=1,2).

71-80 FATFAC(I) E10.3 Mortality factor: 0.0 means no
fatalities, i.e., the health
effect is a non—-fatal illness
or injury; 1.0 means everyone
with this health effect dies;
intermediate values mean that
the given fraction of the people
with this acute effect die and
the rest survive.

No parameter modification is permitted for subgroup ACUTE.
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Figure II-2. Dose Effectiveness Model
Table II-3
List of Organ Names
Index Organ Name Definition
1. LUNG Lungs
2. T MARROW Total bone marrow
3. SKELETON Skeletal bone
4. TECL Total endosteal cells
(interior bone surface)
5. ST WALL Stomach wall
6. SI+CONT Small intestine and contents
7. SUL WALL Upper large intestine wall
8. LLI WALL Lower large intestine wall
9. THYROID Thyroid
10. OTHER Tissues other than lungs,
bone marrow, walls of
G.I. tract, and thyroid
11. W BODY Whole body
12, TESTES Testes
13. OVARIES Ovaries

A representative listing of the ACUTE subgroup sample input

data is shown below.
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SUBGROUP ACUTE
PARANETER NERL
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11.

Subgroup LATENT - specifies the latent effects due to both
early and chronic exposures, the supporting manrem conver-

sion factors, and the choice of latent effects model.

Sample input cards:

L 730E-06 2. 500E-07 0 0 1.000€£+09
F}}Eﬁ BREAST 72605 3 172E—65 3_1725 05 1.831E-059.380E-08 4.€00E \
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0E-06 1.700E-06 4.900E'07 0.0
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The NUM field, 8 in the sample header card above, specifies

the number of latent effects from radiation exposure, NLA,

to be studied. Up to 8 latent effects are permitted.
Following the header card, an options card is required

with the format described below. The last four items of data

on the card are required only when the Central Estimate option

has been requested.



Column Mnemonic Format

Description

1-5 INTIME I5 Number of time periods to be used for
computing latent effects from radia-
tion exposure, normally 10. If the
latent/chronic calculation option
switch in subgroup OPTIONS is set to
2, latent effects are computed for the
acute time period only.

6-7 CENT A2 Latent effects model switch.
Blank - the linear hypothesis or

CE

BEIR method will be used
for estimating latent
health effects.

the "Central Estimate" method
will be used for estimating
latent health effects. The
remaining data fields on this
card apply only to the CE
option.

16-25 THRESH(1) E10.3 First threshold (rems) for Central

Estimate.

26-35 FACT(1) E10.3 Dose effectiveness factor applied to
doses below THRESH(1l) for Central
Estimate.

36~-45 THRESH(2) E10.3 Second threshold (rems) for Central
Estimate.

46-55 FACT(2) E10.3 Dose effectivness factor applied to

doses between THRESH(1l) and THRESH(2)
for Central Estimate.

Following the latent effects option card, two cards with the

format described below must be input for each latent effect.

Card Columns Mnemonic Format

Description

1 1-8 LAORG(I) A8

11-18 LAEFF(I) A8

2-58

Affected organ name. This name

must be one of the 13 organs
listed in Table II-3.

Name of the latent effect, e.qg.,
“CANCER," "LEUKEMIA," etc. This
field is used to identify the
latent effect.



Card Columns Mnemonic Format Description

21-80 MRCON(1I, K) 6E10 .3 Manrem conversion factors
for time periods 1 through
6. The manrem data from
this card are read into
the array MRCON as (MRCON
(I,K), K=1,6).

2 1-40 MRCON(I, K) 4E10.3 The manrem conversion fac-
tors for time periods 7
through 10. The manrem
data from this card are
read into the array MRCON
as (MRCON(I,K), K=7,10).

The 10 time periods are
<1, 1-10, 10-20, 20-30,
30-40, 40-50, 50-60,
60-70, 70-80, and > 80
years. The program mul-
tiplies the number of
manrem for organ I and
time period K by MRCON
(I,K) to get the number
of latent effects for
that organ and time
period .*

For time period K fol-
lowing the exposure,

these conversion factors
account for changes, with
time, of the exposed popu-
lation age distribution
only.

41-50 ORGFAC(I) E10.3 Central Estimate organ
compensation factor.
Dose effectiveness fac-
tors are applied to the
organ dose only if the
organ compensation fac-
tor times the organ dose
is less than the respec-
tive Central Estimate
thresholds.

*The manrem conversion factors for cancers other than leukemia
have been updated in CRAC2 to reflect a lifetime rather than a
30-year risk plateau. Except for leukemia, there is no evidence
that the increased risk of cancer eventually declines after the
30-year risk plateau as was assumed for the WASH-1400 conversion
factors that were used in CRAC.
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No parameter modification is permitted for subgroup LATENT.
A representative listing of the LATENT subgroup sample input

data is shown below.
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12. Subgroup CHRONIC - specifies the data used in computing
radiation doses from chronic exposure and the protective
action measures appropriate to the level of chronic
exposure. This subgroup must be specified after the

ISOTOPE, ACUTE, and LATENT subgroups.

Sample input cards:

L
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The NUM field, 6 in the sample header card above, specifies
the number of exposure groups, NEXP, to be considered when
determining chronic dose levels.

Exactly six exposure groups must be defined. Each of
the groups represents a specific chronic exposure mechanism

These groups must appear in the order corresponding to:
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1) 1Inhalation of resuspended radionuclides.

2) 1Ingestion of cesium via crops and milk
contaminated by direct deposition on plants.

3) 1Ingestion of strontium via crops and milk
contaminated by direct deposition on plants.

4) 1Ingestion of radioactive iodine via crops
and milk contaminated by direct deposition
on plants.

5) 1Ingestion of cesium and strontium via crops
and milk contaminated by root uptake.

6) Exposure to groundshine from contaminated
ground.
Following the header card, six sets of cards are required, one
set for each group. 1In general, the data for the six exposure
groups should be used as they appear in the reference case.
The number of isotopes in each set and the values of the vari-
ables may be changed, but the general format including the

number of sets and set ordering must not be altered. The format

of the six sets is described below.

Card I for exposure group 1l:

Columns Mnemonic Format Description

1-5 NIE(I) 15 Number of isotopes to be con-
sidered for the exposure group.

6-10 NCRIT(I) 15 Organ index of the critical
organ for this exposure group
(see Table II-3).

11-20 PROFAC(I) E10.3 Protection factor in the expo-
sure mechanism, e.g., for
external gamma radiation -
shielding factor between 0.0
and 1.0 (1.0 means no shielding).

21-30 DAYS1(1) E10.3 Integration time in days for
computing the maximum allowable
dose RDLIM(I,l).
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Columns Mnemonic Format Description

31-40 DAYS2(1I) E10.3 Integration time in days for
computing the maximum allowable
dose RDLIM(I,2).

41-50 TAGE(TI) E10.3 Weathering half-life in days for
isotopes in this exposure group.

51-60 RDLIM(I,1) E10 .3 Radiation dose exposure limit in
rem corresponding to DAYS1(I).*

61-70 RDLIM(I,2) E10 .3 Radiation dose exposure limit in
rem corresponding to DAYS2(I).*

After card 1, enter NIE(I) sets of cards as described below.
The index I represents the exposure group index. The index J
represents the isotope index for exposure group I and takes the

values 1 to NIE(1).

Card Type A:

Columns Mnemonic Format Description

1-8 NUCLID(I,J) A8 Isotope name (must be one of the
isotopes entered in the ISOTOPE

subgroup) .

11-20 CcFr(1,J,1) E10.3 Concentration factor for the time
period from 0 to DAYS1(I) relat-
ing ground contamination level to
total human intake of the isotope
from crops (Ci/(Ci/m2)).** oOmit
for exposure group 6.

21-30 CF(1,J3,2) E10 .3 Concentration factor for the time
period from 0 to DAYS2(I) relating
ground contamination level to
total human intake of the isotope
from milk (Ci/(Ci/m2)).** oOmit for
exposure group 6.

*For groups 2 through 5, RDLIM(I,1l) is the radiation exposure limit
for ingestion of contaminated crops and RDLIM(I,2) is the radiation
exposure limit for ingestion of contaminated milk.

**For exposure group l, this concentration factor is used to calcu-
late the maximum permissible ground concentration for the group
radionuclides.
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For exposure groups 2-5 only, follow each card A with 13

cards, one for each organ in Table II-3 (the 13 cards must be in

the order of the organs in Table II-3). Each card must have the

following format:

Card Type B:

Columns Mnemonic Format Description

1-8 -- A8 Organ name

11-70 CSING 6E10.3 Ingestion dose conversion factors
(group 2) for six time periods for the named
or organ and current isotope (rem/Ci).
SRING (group 3) For exposure groups 2, 3, and 4,
or the first dose factor is used to
RIING (group 4) determine the maximum acceptable
or ground contamination level. The

RTING (group 5)

remaining five dose factors corre-
spond to the time periods of 0-10,
10-20, 20-30, 30-40, and 40-50 years
following exposure. For exposure
group 5, the six dose factors corre-
spond to the time periods of 0-10,
10-20, 20-30, 30-40, 40-50, and >50
vyears and the dose factor for the
time period 0-10 years is used to
determine the maximum acceptable
ground contamination level. The
factors are stored in the arrays
CSING, SRING, RIING, and RTING
corresponding to cesium ingestion,
strontium ingestion, radioactive
iodine ingestion, and ingestion of
radionuclides through root uptake.
The data are read, for example, as
(CSING (J,N,L), L=1,6) for cesium
ingestion, where J is the isotope
index, N is the organ index, and L
is the time period index.

Repeat the set of cards consisting of one A card and thir-

teen B cards (omit the B cards for groups 1 and 6) for each

isotope considered under the exposure group.
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No parameter modification is permitted for subgroup CHRONIC.
A representative listing of the CHRONIC subgroup sample data is

shown below.
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13. Subgroup SCALE - specifies the consequence magnitude value
scale for tabulating the complementary cumulative distribu-

tions of the output results.

Sample input cards:

: Tes. _ te7. T3 2 A ~
3 E41. €s2. ES3. 'ESS. €57, £ST. ez, E6\
. £33, €35, €37, E3f. E42, TER £45. £4\
TE17. EMl. T Ee2. E23, __ £es. a7, tel, €3
. £02. E03. £0S. £07. £01. €13, 1. BN\
SCALE 36 N0 \

QONSEOOOIRQINREOOORuatRRRcOERRRIROORIIRRIRQIEIROIRRERNRORRRRRRORORURRRIRN0 00000
1110301 NN UM ERANNANARN AN RN RN RSN E VG N CUUGBU AN N LM NN NEOUUUB U IR RN NN NN
AP R A RN R R R R R RN R R R N R N R A SR R R R RN R R R R R AN R A R AR RN R NN
MmMnmInInIMMIIMINIIIIININNININNININN I INNIININNIIIIIIIIIIIIN N2 Y
3.3 3023330333333333333 33303003309 333330333383303033333133333133331323133223320333)
QA4 444440440048 40446484444080404000838008 4018004400400 04004000000 UL
$898 5859588380008 95855855 85598588895 85559595850559555895999555995555355395848%
CEOEEEOCECEOCECEEBEEOREE COCEO SEo0C0COEBbCREECOBOBEORONEOEERENBUEEEEEREOREE0CCEE ’
nmiinunmnmnImnmIIMmuInInIMnMInnInIIMIInIINIInInInInnnnIInInInnNnnn //
QUOSEBIRRBREIUBRRRNBRABEBRBIsaBORBUIOBRRORABORRINOAOABANRARLOERRCRRUONNREOORML00NS //

0958000900990 0008008899 980888 088000 s0aI INRIsuNYIIueIuIoIINIOINIeIeIINNIsENIeESIsIesssss
\ (RN NN N YR PR TR RS R RN RS SR N P Y Y SR RS R P Y Y Y R N D SN Y T ] )
e - -

The NUM field, 36 in the sample header above, specifies the num-
ber of output result magnitudes, NCT, to be used. Up to 40
values are allowed. The values are input according to the

following format:

Column Mnemonic Format Description

1-80 AMAG(I) 8E10.3 Consequence magnitude values. The
values are stored in the array AMAG
as (AMAG(I), I=1, NCT). Each card
contains eight values. Use as many
cards as required.

The consequence magnitude values can be scaled, if desired, in the

RESULTS subgroup.
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If parameter modification (PARMOD = "YES") is specified, the

following card is required after the header card.

Column Mnemonic Format Description

1-10 CAMAG E10.3 Multiplier for the NCT consequence
magnitude values in the array AMAG.
A representative listing of the SCALE subgroup sample input data

is shown below.

T " SUBGROUP SCALE
___ _PARAMETER NCT SET YO ___ 36__

® 5 ® INPUT SCALE FOR PLOTTING THE COMPLEWENTARY CUMULATIVE DISTRIBUTIONS OF THE CONSEQUENC

__.WUMBER _ _ MAGWITUDE _ _

1 1.00¢008
o 2 2.00E408 L - )
3 3.00E08
& _____ S,50Ee80 . o
s 7.00E+80
® _ 1.00E+81 o Ll . B
4 2.00E¢01
. 8 . _ . 3.00€em: el . e _
Y S.00E01
o ._30 TeB0ENL L e
: 11 1.90€+02
e 3% . _2.00€e82 oL e
13 3. 00E082
e 36 S,00Ee82 _ i _ _ [
18 T7.80E+02
38 B 00Ee83 [ e~
17 2.80€+03
. 38 ___ ___3.0GEe®S _ . R
19 5.006+03
i7-- 20 _ ___ TeUREeE3 - e — —_ . .. . ) — e m e —
21 1.00E+84
(g8 o 2400Fe86 __
23 3. 00E006
e e B8 _SeROEess e e e e
23 T.08E*84
s . 26 __ _ 3,80Ee0s . e e R . .
: 27 2.00£+05
e 20 3,00€405 _
29 S. 00685
.— 38 .. T.SEeS _ ____ _ o e e —
31 1.00E+06
i 32 ReBRESRS | e e
33 3.08€+06
L4 30 S.00E+80
s T.00E+86
e BB ReBOENRY | o -
40— ——— e ——— . . - . e e ——— e e e — ————— e e e e e = [ENPSURP
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14. Subgroup RESULTS -~ specifies the output results for which
the mean, variance, non-zero probability, peak value (maxi-
mum value of the trial results), peak value probability,
peak value identification information, and complementary

cumulative distributions are to be computed and printed.

Sample input cards:

1. 06-06 O

106206 ‘;;}

00T A 0000000000 000000000008000000000000000800002080000¢000000080000000000000000000
11003810 10NuENUSRUSNENERARERS NN ERNNEERBNGAECaCEUeUNUENNRENNNEEVENRGUEERANRNRANSNE
(RN R RN RN R R R RN R R R R RN AR R R R A R R R N RN R R R R R R RN AR RN AR R AR AR RN A RRERRRN
22NN AINLNNL22222222222222
LR R R R R R R R R R R R R R R R R R R R R R R R R R R RERERRRERRRERRRRRRRRRERRRRRRRERRRRRERRRERRRRERREE)
QU701 11001TATTE 4040004 800040004040040000000000060010004000 0100100 /‘
(R R R R R R R RN RN RN R R R R R RN R R RRRNRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRSRERRREEL] /
CEEOEEREOUBEEEBEOUNERENOEBUTEC SCOCOUCEUOBEECEOObROEOBEOCEEOTCEEEEEEBEICETERRGTS f
mummunnnnunnnInmunmImIIInInnImnIInInInInInIIInTIInInnnNNIn /
QOOOBRUDBIRUNBRBOBOONE BRSNS 00BE000CCIR 0000000000 00000080 0 00 0 0 /

\.!.!!!!!!!!;}!2!!!!!!.‘.!!!.‘.!!!!!!!.‘.!!2!.’.!.‘..‘.!!!2!!!.‘..’.!!2!!!3!!!!2!!!22!!!!!!!!!5!&/

The NUM field, 84 in the sample header above, ordinarily indi-
cates the number of final results or consequences, NRES, to
be included in the output when NROPT has the value 0. A maxi-
mum of 84 final results are allowed with this option. The NUM
field is ignored for all other options defined by NROPT.

One options card having the following format must be input

after the header card.
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Column Mnemonic

Format

Description

1-5 NROPT

6-13 ORGNAM

I5

A8

Final results option. For each
option, distance is reported in
and area in square miles.

miles

0

The number of final results
to be computed and printed
is given by NRES. The
names of the final results
must be supplied on subse-
quent cards as described
below.

Print acute fatalities vs.
distance from the reactor
and number of people vs.
dose to the organ named

in ORGNAM.* No additional
cards are required.

Print latent effects vs.
distance from the reactor.*
No additional cards are
necessary.

Print radioactive cloud
area vs. distance from
the reactor. No addi-
tional cards are neces-
sary.

Print decontamination
factor vs. distance from
the reactor and the size
of the four interdiction
areas. No additional
cards are necessary.

Print dose vs. distance
from the reactor to the
organ named in ORGNAM.*
No additional cards are
necessary.

Organ name for people vs. dose
and dose vs, distance options.
Used only when NROPT=1 or 5. The
allowable organ names are listed

*The results for Options 1, 2, and 5 are for the last evacuation

strategy.
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Column Mnemonic Format Description

in Table II-3. The name must be
left justified and spelled exactly
as in the table. For NROPT=1,

the default value is W BODY; for
NROPT=5, the default value is

T MARROW. TIf ORGNAM is specifically
defined, the succeeding values on
this card must also be specified.

16-20 IORGTM 15 Index of the latest time period
over which the dose to the organ
named in ORGNAM is to be summed;
where l=acute time period, 2=1 yr,
3=1-10 yrs, 4=10-20 yrs, 5=20-30
yrs, 6=30-40 yrs, 7=40-50 yrs,
8=50-60 yrs, 9=60-70 yrs, 10=70-80
yrs, 11=>80 yrs. Used only when
NROPT=1 or 5. For NROPT=1l, the
default value is 1, for NROPT=5,
the default value is 11.

21-25 NSCALE I5 Number of dose values in DSCALE
(<9). Used only when NROPT=1.
Default value = 8.

26-75 DSCALE 10F5.0 Up to 9 dose values in increasing
order. When NROPT=1, the number
of people receiving a dose to the
organ named in ORGNAM in the ranges
defined by the values in array
DSCALE are reported in the final
results. Default values are 0, 1,
10, 25, 100, 320, 400, and 615 rem.

76-80 - SCALE F5 .0 Scaling multiplier for the conse-
guence magnitude values (see sub-
group SCALE). A blank or zero
value is set to 1.0.

The additional data required for the case when NROPT = 0

must immediately follow this card.

Additional Card Input Required for NROPT = 0

When NROPT = 0, NRES defines the number of final results

to be computed and printed. 1In this case, NRES cards with the



following format must be input.

names is represented by K.

The index of the final result

Description

Column Mnemonic Format
1=1,2

21-30 RESFAC(K) El10.3

31-40 RSCALE(K) E10 .3

One of the 84 allowable 16 char-
acter final result names listed
in Table II-4. Result names of
the form "TOTAL latent effect"
and "INITIAL latent effect" are
valid only if the latent effect
name is one of those input in
subgroup LATENT. The names
must be spelled exactly as in
the subgroup.

Factor by which the named final
result is to be multiplied. A
blank or zero value is set to
1.0.

Scaling multiplier for the

consequence magnitude values
(see subgroup SCALE) for the
named final result. A blank
or zero value is set to 1.0.

No parameter modification is permitted for this subgroup.

A representative listing of the RESULTS subgroup sample

input data is shown below.

SUBGROUP RESULTS
FRRARETER

I

- e o JNPUY WARES OF FINSL RESULYS YO BE PRINTED o » »

WOWSER WAME . FACYOR STALE T~

ACUTE INJURIES
POP_W/BMR 09200

2

3

5 RSK OF FAT-INT &
[ RSK OF PAT-INVY
[d

FATAL RADIUS(M])
9 RSK OF INJ-INT 2

" RSK OF INJ=INTIB
12 RSK _OF INJ-INT20

13 INJUR RADIUS(MI)
35 ACU B D3-INT

17 ACU DR DS-INTI4
18 ACU SR DS-INTI8

20 ACU BMR DS-INT24

. +00 Y. DO+ 0
$.000€+00 1,000¢+00
1 * 1 *

. L4 . -
1.000€+00 1.000¢~06
) +00 1 -

. * L] -
1.000¢+00 1, 000¢+00
1 d 1 -

. 44 - -
1. 000€+ 00 1. D00 ~Dé
1 +00 9 -

. . - -l
1.000€+00 1.000€+00
) *00 1 -

. 4 L] -
1.000¢+00 1.000¢~-02
3 +00 1 -

. * .
1.000€+00 1.000¢-02
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21 ACU THY DS-INT 2

23 ACU THY DS-INT14
24 ACU THY DS-INTIB

26 ACU THY DS~INT24
27 ACU THY DS-INT3

29 TOT LAT/TOTAL
30 TOT WOO0OY RAMREN

32 CANCER RSK-INTY4
33 CAMCER RSK~-INTIS

35 CAnCER st-llﬂs'&
3¢ C.NCER RIX-INTY

38 INITIAL LUNG
39 INITIAL GREAST

[} INITIAL 61 TRK
42 INITIAL THYROID

44 INITIAL & ®O0Y
43 JOTAL  CLEUKENIA

(34 TOTAL  OREAST
48 YOTAL  OONE

S0 TOTAL  TWYROID

S3  INTERD POP
54 INTERD COST
85 INTERD MREA

k34 INTERD RSK-INTI4
S8 INTERD RSK-1NT20
60 DECON POP
61 OECON COST

63 BECON DIST
(1] DECON RISK-INTIS

66 OECON RISK-1NT30
67 INT CROP_ COST

69 INT CROP DIST
70 INT CAPRSK-INTI4

r2 INT CRPRSX-INT3O
73 NT CRPREK-INT.

75 INT MILK AREA
76 INY MILK DISY

78 INT MLKRSK=-INT24
79 INT MLKRSK-INTIO

[ 3] RELOCATION COST
82 EVACUATION COST

84 TOY COST W/DECON

*
)

Ty
8

*

*
.

D . e
> e > e
8§88
T
. .

*
.

s
biadadis

8

+

-
*)

88
i
8

®]
.

8
2
8

*
-
*

28
§‘
8

* & ojo o

EAEE R SR ch R R

LK)
910 & 4]0 & 0|0 ¢ [0 6 4]0 ¢ 4]0 6 M4 6 o]0 0 o4 o

.0
<+l e
ole

1
1
1
1
1
1
1
1
1
1
1
1.
1
1
1
1
1
1
1
1
1
1




Result Name

ACUTE FATALITIES

ACUTE INJURIES

POP W/BMR DS>200

RSK OF FAT-INT 2
-INT 4
-INT10
~INT14

FATAL RADIUS(MI)

RSK OF INJ-INT 2
~-INT14
-INT18
-INT20
~-INT24

INJUR RADIUS(MI)

ACU BMR DS-INT 2
—-INT10
-INT14
-INT18
-INT20
-INT24

ACU THY DS-INT 2
-INT10
~INT14
-INT18
~INT20
~INT24
-INT30

Table I1I-4

List of Result Names

Result Description

Number of acute fatalities occurring
within one year due to initial exposure
to the radioactive cloud, i.e., mortali-
ties occurring due to damage to the
organs input in subgroup ACUTE.

Number of acute injuries or illnesses
occurring within one year due to initial
exposure to the radioactive cloud, i.e.,
morbidities occurring due to damage to
the organs input in subgroup ACUTE.

Number of people with an acute bone
marrow dose greater than 200 rems.
Includes people counted as acute
fatalities.

Risk of incurring a fatality within
one year due to initial exposure to
the radioactive cloud at the mid-
point of the interval specified.

Greatest distance (miles) from the
reactor at which acute fatalities
occur.

Risk of incurring an injury or illness
within one year due to initial exposure
to the radioactive cloud at the mid-
point of the interval specified.

Greatest distance (miles) from the
reactor at which acute injuries occur.

Acute bone marrow dose (rems) due to
initial exposure to the radioactive
cloud at the midpoint of the interval
specified.

Acute thyroid dose (rems) due to ini-
tial exposure to the radioactive cloud
at the midpoint of the interval speci-
fied.
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Result Name

TOT LAT/INITIAL

TOT LAT/TOTAL

TOT WBODY MANREM

CANCER RSK-INT 2
-INT14
—-INT18
-INT20
-INT24
~INT30

INITIAL (latent
effect)

TOTAL (latent
effect)

INTERD POP

INTERD COST

INTERD AREA

Table II-4 (Cont'd)

Result Description

Total latent effects occurring due to
initial exposure to the radioactive
cloud, i.e., sum of the effects from
all organs input in subgroup LATENT
except for thyroid and whole body.

Total latent effects occurring due to
both initial and chronic¢ exposure, i.e.,
sum of the effects from all organs input
in subgroup LATENT except for thyroid
and whole body.

whole body population dose, i.e., sum

of (number of people exposed) times
(whole body dose received) at each dose
level. The number of people exposed
does not include people counted as acute
fatalities,

Risk of incurring cancer due to initial
exposure to the radioactive cloud at
the midpoint of the interval specified,
i.e., sum of the risks from all organs
input in subgroup LATENT except for

whole body and thyroid.

Number of specified "latent effects"
incurred due to initial exposure to the
radioactive cloud. The latent effect
must be specified in subgroup LATENT.

Number of specified "latent effects"
incurred due to both initial and chronic
exposure., The latent effect must be
specified in subgroup LATENT.

Number of people occupying the area
which is interdicted.

Cost (dollars) of land interdiction,

i.e., sum of both the land interdiction
cost with decontamination and the reloca-
tion cost with decontamination,

Total land area (square miles) from
which people are interdicted.




Result Name

INTERD DIST

INTERD RSK-INT14
~INT20
-INT24

DECON POP

DECON COST

DECON AREA

DECON DIST

DECON RISK-INT14
-INT24
-INT30

INT CROP COST

INT CROP AREA

INT CROP DIST

INT CRPRSK-INT14
-INT24
-INT30
-INT32

INT MILK COST

INT MILK AREA

INT MILK DIST

Table II-4 (Cont'd)

Result Description

Maximum distance (miles) from the
reactor at which land is interdicted.

Risk of interdicting land at the mid-
point of the interval specified.
Number of people occupying land that

is decontaminated.

Cost of of land decontamination
(dollars).

Total land area (square miles) that is
decontaminated.

Maximum distance (miles) from the
reactor at which land is decontaminated.

Risk of land decontamination at the
midpoint of the interval specified.
Cost of disposal of contaminated

crops (dollars).

Total land area (square miles) in
which only crops are interdicted.

Maximum distance (miles) from the
reactor at which crops are interdicted.

Risk of interdicting crops at the
midpoint of the interval specified.

Cost of disposal of contaminated
milk (dollars).

Total land area (square miles) for
the interdiction of milk only.

Maximum distance (miles) from the
reactor at which milk is interdicted.



Table II-4 (Cont'd)

Result Name Result Description
INT MLKRSK-INT14 Risk of interdicting milk at the mid-
-INT24 point of the interval specified.
-INT30
-INT32
RELOCATION COST Cost of relocating people occupying

the interdicted area (dollars).

EVACUATION COST Cost of evacuating people according to
the last evacuation scheme specified in
subgroup EVACUATE (dollars).

TOT COST W/0 DEC Total cost without decontamination
(dollars), i.e., sum of evacuation,
agricultural, interdiction, and relo-
cation costs assuming no decontamination
procedures take place.

TOT COST W/DECON Total cost with decontamination (dollars),
t.e., sum of evacuation, agricultural,
decontamination, interdiction, and
relocation costs assuming that decon-
tamination procedures take place.



15. Subgroup OPTIONS - specifies the print options for detailed

output of each meteorological trial and options to bypass

normalization of probabilities and to skip the latent and

chronic calculations.

Sample input cards:

¥ 0 0 0 0 0 0
e, ] ~

IR M I L T N O I O N N Yy
L1 I 0NN NUNA I NAR T N ANAB I RAB NN RE I NN N I UH RV SENI RN UN SN NNNUUNB RN RN LN HUBAN RS
(AR R R R R AR R R R R R R R R R R RN N AR R R R R AR RN RN R R RN RN N AR RN RN R R RN
122222 2221220222 00220222222 2202222000000 2200000 20222220222222222022122
23 33333333333033333333333933035333333333330990032239322333392331332239333292323211
lll‘lll‘l‘lld‘ll‘l‘lll‘l“dl‘llll‘ldllllll44ll‘ll‘llllll‘l‘lldll‘ll“lllldllllll
8558 SIS0 008a5558 H0555555555555555555955585555555555555559555553535
G66_CEOEBBEEEEOEREOEOEEE0EEE0 CEECCCEEEEOCCECEOECEEECEE0CCCCEEE00CC0CGEE6E6C50666
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lll'lllll!lll!!!ll’llllll!i’l!l’!!!lllll!!!!!l!’!lll!l!!!il!illl’lilll.lllll!!llJ)

\ [(BEERASERE BELLEY LLEY R FIR IR T RE 'S FREIEY ¥ Ry gy e v e O T I R R L L]

y-

The NUM field is not used by this subgroup.

One card having the

format described below must be input after the header card.
Column Mnemonic Format Description
1-5 NPL I5 Output option switch to control

the detailed printing of inter-
diction, decontamination, chronic
dose commitment, and evacuation
data.

NPL < 0 No detailed print.
NPL > 1 Print detailed evacua-
- tion, interdiction,
decontamination data
by spatial interval.
Print chronic dose
commitment by spatial
interval.

NPL

v
(V)

2-83



Column Mnemonic Format Description
6-10 NPD I5 Output option to control the
detailed printing of dispersion
data by spatial interval.

NPD < O No detailed print.

1 < NPD < 2 Print trial identi-
fication and dis-
persion data.

NPD > 3 Print trial iden-
tification and the
sum of the released
inventory.

11-15 NPH I5 Output option to control the
detailed printing of organ dose
and health effects data by spatial
interval.

NPH < 0 No detailed print.

NPH > 0 Print acute effects

from early exposure.

NPH > 1 Print latent effects

from early exposure.

NPH > 2 Print latent effects

from chronic exposure.

16-20 NPP I5 Output option to control the
printing of the contribution to
the final result values from each
trial and to delete the printing
of the frequency distributions of
the final results.

NPP < 0 Delete printing of the
frequency distributions
of the final results.

NPP = 0 Frequency distributions
of the final results are
printed.

NPP > 0 Print the contribution
to the individual and
societal results for
each meteorological
trial.

21-25 NPA I5 Output option to control the

detailed printing of isotope activ-
ity at the time of release and iso-
tope air concentration in each
spatial interval.
NPA < 0 No detailed print.
NPA > 0 Print the activity at
the time of release for
each isotope.



Column Mnemonic Format Description

NPA > 1 Print the air concen-
trations for each iso-
tope within each spatial
interval.

26~-30 NRE 15 Output option to control the print-
ing of the data from the site data
file and the cost and economic
effects data by spatial interval.

NRE = 0 No detailed print.

NRE # 0 Print the population
and topographical data
requested from the site
data file.

NRE > 2 Print the cost and

- economic effects data
for each spatial interval.

31-35 NORM IS Switch to normalize the release cate-~
gory probabilities.
NORM = (0 Normalize probabilities.
NORM # 0 Do not normalize proba-
bilities.

36-40 NLC I5 Switch to bypass the latent and

chronic calculations.

NLC = 0 Perform latent and
chronic exposure calcu-
lations.

Skip the chronic exposure

calculation.

NLC = 2 Skip the chronic exposure
calculations. Latent
effects are calculated for
acute time period only.

NLC

]
—

A complete account of the options for the detailed output
together with examples of the output is included in the output
description of Section III.

No parameter modification is allowed for this subgroup.

A representative listing of the OPTIONS subgroup sample input

data is shown below.
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.

SUGCROUP OPTIONS
SET T0 . __ —_—

3—  PARAMETER _ _

*“upLeo on t

.~ WPD=0 CR L . __

NPHZE 102,00 3
,__WPPs OR §
NPA=G,1, OR 2
o NRE=8e1y OR 2 _

NORN=0,8
o ML.Ce0els OR D

® & ® INPUT PRINT OPTIONS ©® ¢ ¢ *~

PRINY
PRINT
PRIM
PRINTY
PRINY
PRINY
INPUT

OPTION FOR INTERDICT. & DECON.
QPTION FOR OISPERSION

OPTION FOR MEALTH EFFECTS
OPTION FOR TRIAL RESULTS .
OPTION FOR ACTIVITY & AIR CONCe
OPTION FOR ECONOMIC COSTS

PROB. NORMAL. OPTION IN EFFECT

OPTION_TO SKIP LAT/CHRON CALCULATIONS




G. End Card
The end card is used to terminate the reference case and
each subsequent modification case in the input data. The card

is alphanumeric and contains the word "END"” punched in columns

1 through 3.

Columns Contents

1-3 END

An end card must appear as the last card of the reference case

and each modification case.



III. OUTPUT DESCRIPTION

This section describes the printed output produced by the CRAC2

code.

A.

Input Data Print

A printed representation of the subgroup data is generated
for the input subgroups in the reference case and each modifi-
cation case unless the listing is specifically suppressed by
the applicable title card. Samples of these subgroup prints
are included with the input data description in Section II of

this user's guide.

Detailed Print Options

The OPTIONS subgroup controls the detailed printing from
the CRAC2 program. The detailed printing is divided into six
general areas. Within each of the six areas, alternative
print options are available. Selection and use of the alterna-
tive print options from these six areas are described in the
discussion of the OPTIONS subgroup in Section II. A brief
description of the detailed print options that are provided in
these six areas follows. The descriptions include samples of
the detailed prints from each area together with explanations
of the printed material. The user must understand that these
detailed print options will generate the selected prints for
each meteorological trial and that large quantities of printed

output can be generated.



Interdiction, Decontamination, Chronic Dose Commitment,
and Evacuation Data - NPL. This detailed print option
provides for the printing of the interdiction and decon-
tamination data, the chronic dose commitment data, and
evacuation data by spatial interval. The value of the
variable NPL determines the alternative print option
selected. Figure III-1 is an example of this print

option with NPL=2. The interdiction, decontamination,

and chronic dose commitment data are shown for one spatial

interval. The circled numbers in the figure reference

the following legend:

(:) The spatial interval number where the
people were residing at the start of
the accident.

The spatial interval where the people
were caught by the radioactive cloud.

The number of sectors (22-1/2 degrees)
that have been contaminated at the
spatial interval where the radioactive
cloud has caught the people.

The fraction of the sector covered by
the cloud.

The time required to decay dose to
acceptable levels with decontamination,

The time required to decay dose to
acceptable levels without decontamination.

QW OO

Interdiction severity level

0 - no decontamination or inter-
diction required

1 - milk interdiction required

2 - crop interdiction required



©0 OG0 G @ ©

3 -~ milk and crop interdiction
required

4 - people must be relocated for
less than ten years

5 -~ land must be totally inter-
dicted and people permanently
relocated

The decontamination factor is defined as the
ratio of current radioactivity levels to
acceptable radioactivity levels,

The total number of people affected by the
decontamination for this spatial interval.

The crop decontamination factor at the time
of the accident.

The crop decontamination factor after 60 days.

The milk decontamination factor at the time
of the accident.

The milk decontamination factor after 90 days.
Chronic dose exposure group
1 - Inhalation of resuspended radionuclides.

2 - Ingestion of cesium via crops and milk
contaminated by direct deposition on
plants.

3 - Ingestion of strontium via crops and
milk contaminated by direct deposition
on plants.

4 - Ingestion of radiocactive iodine via
crops and milk contaminated by direct
deposition on plants.

5 - Ingestion of cesium and strontium via
crops and milk contaminated by root uptake.

6 - Exposure to groundshine from contaminated
ground.

Within each exposure group the rows represent the
six integration time periods for chronic dose (0-10,
10-20, 20-30, 30-40, 40-50, and 50-80 years).



The columns represent the doses to the selected

latent organs. The column order is the same as

the order of the organs in the latent subgroup.
Dispersion Data - NPD. This detailed print option provides
for the printing of the dispersion data by spatial interval
and the sum of the released inventory. The value of the
variable NPD determines the alternative print option selected.
Figure III-2 is an example of this print option with NPD=1.
The dispersion data and meteorological parameters by spatial

interval are shown for one meteorological trial. The circled

numbers in the figure reference the following legend:

Spatial interval number.
Spatial interval outer radius (meters).

Elapsed time for cloud to reach midpoint
of interval (hours).

® WO

The total number of hours during which
rain occurs while the cloud is crossing
the interval.

The rainfall rate in hundredths of inches/
hour.

The Pasquill-Gifford stability category
for the interval (1-6 corresponds to A-F).

The windspeed for the interval (meters/sec).
The cloud height (meters).
Sigma z, 0,, is the vertical dispersion

standard deviation at the midpo
the spatial interval (meters).

@R @ @

Lateral coverage is defined as total hori-
zontal spread at the midpoint of interval
not including the expansion factor (meters).

® ©

Area coverage is the total cloud coverage
for the spatial interval_not including the
expansion factor (meters®).

®

CHI/Q is the concentration per unit source
term for the interval.
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The numbers @— are specific to the isotope Cs-137.

(:) The fraction left in the cloud once it has
passed the interval.
(:) Integrated air concentration (Ci—sec/m3).

Ground concentration (Ci/mz).

Health Effects - NPH. This detailed print option provides
for the printing of doses and health effects by spatial
interval. The value of the variable NPH determines the
alternative print option selected. Figure III-3 is an
example of this print option with NPH=3. The acute effects
from early exposure, the latent effects from early exposure,
and the latent effects from chronic exposure are shown for
one spatial interval. The circled numbers in the figure
reference the following legend:

The following numbers apply to early effects from early
exposure:

The spatial interval number.

The name of the organ.

The probability that the total dose to

the organ will result in an early effect

(fatality or injury).

Total dose to the organ (rem).

The external cloud gamma ray shine dose (rem).

The integrated ground exposure dose (rem).

The inhalation dose from exposure to the
cloud (rem).

The cumulative probability that there is
an early fatality due to a critical dose
to this organ and the previous organs.

® OOOE OO
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The cumulative probability that there is
an early injury due to a critical dose to this
organ and the previous organs.
The following numbers apply to latent effects from early
exposure:
The organ name and latent effect.
The external cloud gamma ray shine dose (rem).
The integrated ground exposure dose (rem).
The inhalation dose for the ten time intervals
of 0-1, 1-10, 10-20, 20-30, 30-40, 40-50, 50-60,
60-70, 70-80, and 80-infinity years.

The number of effects in cases per person for
the same ten time periods above.

The total number of effects in cases per person.

® O GOOE®

The following numbers apply to latent effects from chronic
exposure:

The name of the latent health effect.

The inhalation do for the ten time
periods given in @

The ingestion dose for the same ten
time periods.

The ground dose for the same ten time
periods.

The total number of effects in cases for the
same ten time periods.

® ® ® 0®

Final Result Values - NPP. This detailed print option
provides for the printing of the contribution to the
final results from each meteorological trial. In addi-
tion, the option provides the user the choice of deleting

the frequency distribution tables from the final results.



The value of the variable NPP determines the alternative
print option selected. Figure I1I-4 is an example of
this print option with NPP=1. The contribution to the
set of final results are shown for one meteorological
trial. The circled numbers in the figure reference the
following legend:

Month indicator for the accident start
time.

Day indicator for the accident start
time.

Hour indicator for the accident start
time.

Core inventory group number (always 1).

Accident description leakage category
number.

Meteorological site number (always 1).
Population sector number.

Number of the meteorological trial.
Probability of this set of consequences.
The consequences for the meteorological
trial. The consequences are divided
between societal (direction-dependent)
and individual (direction-independent)

results and are in the order of the
final results array, FRES.

PLERVE WO © © O



Isotope Activity - NPA. This detailed print option pro-
vides for the printing of the activity of each isotope
at the time of release and the air concentration for
each isotope within each spatial interval. The value

of the variable NPA determines the alternative print
option selected. Figure III-5 is an example of this
print option with NPA=2. The activity of each isotope
at the time of release as well as the air concentration
of each isotope are shown by spatial interval. The
circled numbers in the figure reference the following

legend:

<:> Spatial interval.

(:) Midpoint of the spatial interval (meters).

Site Data File and Economic Effects - NRE. This

detailed print option provides for the printing of the
economic effects data by spatial interval. In addition,
where a site data file has been used, the option provides
for the printing of the population and topographic data
from the site data file. The value of the variable NPP
determines the alternative print option selected.

Figure III-6 is an example of this print option with
NRE=2. The cost and economic effects data are shown

by spatial interval. The circled numbers in the figure

reference the following legend:

(:) Contamination Severity Index.

0 - No decontamination or interdiction
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1 - Milk interdiction (disposal)

2 - Crop interdiction (disposal)

3 - Milk and crop interdiction

4 - Immediate decontamination only

5 - Interdiction followed by decontamination
if it is possible to decontaminate

Waiting period before decontamination.

Time for dose to reach acceptable level with-
out decontamination.

Fraction of area covered by the cloud.

The sector number of the grid element being
processed.

The state code for this grid element.

Land fraction in this grid element.
Population within this grid element.

Farm area within this grid element (acres).
Annual production of farm products ($/year).
Annual production of milk products ($/year).

Annual production of nondairy product

($/year).
Potential cost of milk disposal.
Potential cost of crop disposal.

This row gives the costs for the six cost
categories:

* Agricultural cost (disposal
of harvest)

* Decontamination cost

* Land interdiction cost with
decontamination

* Relocation cost with decon-
+tamination



* TLand interdiction cost without
decontamination

* Relocation cost without decon-
tamination

This row specifies the exposed population
for each of the chronic effects groups.

* Population exposed to the plume

* Population exposed through non-
dairy product consumption

* Population exposed through dairy
product consumption
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Figure III-1. Detailed Contamination Output Sample
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4.663 0. 3.8416402 6.982€+03 5.618€+07 3.503€-08 7.259€-26 O. 0.
0. 4.2 . .
4.954 0. 336002 9 2216403 74206407 2 1166-08 7259626 0" 0.
5.100 0. 4.845E+02 1.032E+04 8.302€+07 1.719€-08 7.259€-26 O. 0.
=08 2.259F-28 0. 0.
$.300 0. S.420E902 1.247E+04 1.004€+08 1.2236-08 7.259€-26 O. 0.
5.300 0. S.727€+02 1.354E+04¢ 1.089€+08 1.0666-08 7.259€-26 O. 0.
- =26 0. 0.
5.500 0. 6.450E+02 1.564E+04 1.258€+08 7.898E-09 ?7.259E-26 O. 0.
5.660 0. 7.1736+02 1.770€+04 4.274E+08 6.0956-09 7.259€-26 O. 0.
1.0 A2526+02 2 0246406 SQI2E¢08 S 2526-09 2,259£-24 0, Q.
3.282 0. 9.6006+02 2.719€+04 2.1886+09 5.106€-09 7.259€-26 O. 0.
3.618 O. 9.600E+02 3.688E+04 2.966E+09 3.420€-09 7.259E-26 O. 0.
L4 L4 > = o Q. Q.
4,416 0. 9.600€+02 2.008E¢0S S.331€+11 S.0276-10 7.259€-26 O. 0.

Figure III-2.

Detailed Dispersion Output Sample



€1-¢

®

¢ ¢ o o o NEALTN EFFECTS DEVAILED OUTPUT - SPATIAL INTERVAL QUNBER & 5 o ¢ o o o

OQAI PIC?D TOTAL o3 tLODi ROV

1

8  cun FaTAL wu@nm

T mARROW 1.,0006°00 6.9058°02 1,4918¢02 3.783¢8+02 9,9068¢ 0% 1,000¢+00 O.
LLD WALL 0. 7,558€+02 9,327¢+01 2,361€¢02 4,264¢°02 1,000¢000 O.
¥ 800Y 1.000€¢00 5,131¢202 1,251€+02 3,275€+02 4,049€+01 1,000¢+00 1.000¢ 00
Lung 9.437€-01 S5,022€+03 1,180€202 3.073g+02 $5,397€+03 1, 000€+ 00 1.000¢+ 00
TNTROLD 0. 1, 20360046 Y, 1028002 3.0728002 1,2408¢04 1, 000800 1, 0008 00

LATENT EFFECTS FRON EARLY EXPOSURE

ORGAN IS 7 u(@ EFFECT IS LEUKEWIA CLOUD BS = 1.91”1!002 GROUND 98 = 3,783¢+02
InnAL 0SS 1!“!002 0.9625001 1. U’!*Oi 4, “7!0 00 &.430€6200 1,6478¢00 1,647€+00 1,647¢+00 1,647€+00 1,647¢+00 @

ORGAN IS LUNG EFFECT 1S LUNG CLOUD DS = 1,180E+02  GROUND 8§ = 3, 0738 02
InuaL 05 $.397€+03 1.4926003 12156400 1.578¢-01 1.458€-01 2.4326-01 "2.4326-01 2,432¢-01 2.4326-01 2. 432€-01

ORGAN 1S OTHER EFFECT IS BREAST  €LOUD DS = 1. szuooz GROUND DS * 3.979€+02 ) ) )
83 27596202 3.4336101 3.6316000 3,09 oo 0 B 8 2. 068 ¢+ 00

ORGAN IS SKELETON  EFFECT IS BOME CLOUD DS = 1, 4266402 GROUND DS = 3.796E 02
36402 2,522 21,5046 02 1, 504e 02

- " L] ‘- L] !- . i-
oRgaAN IS LLX WALL tntcr 1S Gl nx CLouo bS = 9.327(001 GROUND os ] 2.361(002
2 56§ 1 85 b] 1, ¢ 71

( ve »
THYROLD - uou-loout, loout nor 131, 1-131 3.019(003 1 061!006 "2, 57590‘

RGAN HY f 1 d ps = 3,.072f+02
INRAL bS %1%!'66 0. 5. % % % 0. V. 0. 0.

CASES/P s.ozzzooo 0. 0. 0. 0. 0. 0. 0

Figure III-3. Detailed Health Effects Output Sample


file:///m--U

$1-¢

Tumrmm@ru‘rrvmm\m
@ouu 1S T NARROW EFFECT 1S LEUKERIA INTERVAL 23 AN :luoc 1

[] . . . . - . - . . .
INGES oS M 1,3526-0% 1V, 217¢+00 1.758¢€-01 4. 320€-02 3. 3‘9(’02 1.038€-02 2.595€-03 2.595€-03 2.5956-03 2,595¢-03
ImGES B3 ¢ 3.360€-01 3,0246400 3.521€-01 0.653€~02 6.707€-02 2.079€-02 5.198€-03 5.198€-03 3. 190¢-03 §,198¢-03

(9 tases 1.500€-01 1.656€-01 1.200€-01 1.155€<01 3.001€-02 2.904£-02 2.870£-02 1.919€-02 1.919£-02 1.919¢<02

SRCAN 1Y LU TFFELY IS LUNS TNYERVAL 23 i SECTOR 1

InNAL B3 7.5736=-01 6.016£+00 6.968€-03 1,3686~03 1.341¢-03 2 973¢-03 7. 006!'02 7.006€-02 7.006£-02 7,006¢-02

INGES DS W 6,639€-02 S5.975€-01 1,.8428-03 6,028€-05 0. 0. 0. 0. 0. 0.

ety o8 ¢ V.9I9E-07 T, 78VER0U S.38VE-0Y VY. 20780 U. U. 0. v. U, U.

CRND B 7.0506200 S5.470€°00 S.4786+00 5.4786+00 1.351€¢00 4.351€+00 1.351€200 9.019€-01 9,019¢-01 9,019¢-01

CASES 1,20466-01 2,1696-01 8,703§-02 8,688£-02 2L16$!°02 2, 00402 2, 254£-02 1,541£~02 1,541§-02 1, 549-02

ORGCAN 1S OTHER EFFECT 1S “Els‘ ll‘(IVlL 23 AN SECTOR 1

INMAL BS 2,7366-02 2 2¢-01 495 OZ $2¢-02 1,1 -

I1n6E » n [ 3 . [ € .

INGES S € 1.923E-01 1.730€¢ 00 3.609:-06 o.no:-os 0. 0. 0. 0. 0. 0.

GRND BS 9,367+ 00 7, 204§+ 00 1.? 1

CASES

ORG AN 1

INnAL BS [ £ [T €= €~ . [ ) €~ . €~ . €~

INGES BS M 2. 70‘(-0: 2 637!0 0o l 006!‘01 3. 205!-0: 3.65?!'01 1.‘605’01 3.60(1)(‘02 3.600(°02 3.600!-02 3.000(°02
- () -

(19 1] .3 . ‘ . € E

CASES 0.100(002 s. 676!-02 6. 237(°02 5 379!002 2.10‘('02 1. 69'£°02 1 284€-02 ’ 117!'03 9 112¢-03 9 117(-03
ORGAN 1S LLT WALL EFFECT I8 61 TAK INTERVAL 23 AND SECTOR 1

llnAL 1 1] 3.036(°02 I ;3;(-0: 2.939E°06 1.340€-04 1. 138E~04 8.995¢-05 3.67“-05 ISl.LnZ('OS 3167“'05 3.672('05

mts Y33 t- 089 ¢ u- R X 0. 0. 0. 0.
CRND B S 231900 4, 11!(000 &.11!!000 6 11woo 1.0316+00 1,03%8¢00 1.0316400 ¢.879¢6-01 6.879£-01 6,879¢-0n

ORCAN 1§ Ollti’ CEFFECTY I3 OTnER IRTERVAL 13 AND S(t'ot 1
» - - - - - - - -
INGES oS M 4,.4528-02 S5.0078-01 1.842¢-04 &, !SS(-OS 0. 0. 0. 0. 0. 0.
INGES 03 ¢ 1,923€-07 1V, 7308+00 3.689¢-04 4,.720¢-05 O. 0. 0. 0. . 0.
7ge * * G * O ¢ * 0
CASES 1.7728-01 1. 634E-0% 1.3436-01 4,3406-01 3.2056-02 3.2006-02 3.2796-02 2.185¢-02 2.185¢-02 2.185¢-02

QRGAN 15 M 80PY  EEPECT IS M AOBY __ INTEAVAL 23 ANM SECTOR )
InaL s 4.770€-02 4.293¢-01 0.777¢-02 7.0046-02 6.081€-02 S5.547¢-02 1,006€-02 1.8066-02 1.8064€-02 1.006¢-02
ll“l (I3 I B 265(-02 7.46208-00 6.798§-02 2.4916-02 2.706E-02 1.048£-02 2.6206-03 1.620(003 2.620!-0) 2.6206-03

Gllu " N ) . € N N g «4031Ee <4316 0(-1 9. 50(-01 9,.550¢-0Y
CASES ?. 002(-01 1.224:-01 $.5076-01 S.409€~01 1,410€=01 1.324¢-01 .1.325€-0" O.HR-OI 0.912(-02 $.912¢-02

Figure II1. -3.  (Continued)



fFimay IIDIVIIUAL
7

lllut'l

[ 4 o V7ge N 18. $3 4.95¢°04 34 3.908003 SS Y. 0680
$7 4514001 S8 3.4350 00 so 2 $2¢-01 0 O, 61 0, o2 0 63 0. o4 0. 5 0. eos
¢? 0, 68 O, 9, 70 O, 7V 0O, 12 0 3 0, 74 O 75 0.
7 0. W 0. ‘" 0. 0 Q. Y 0. §¢ 0. [3) 0. M o 85 3.33¢-0¢
07 %,.394-035 00 1.904-08 " 3. %6807 00 4.032+0% 99 2.304°0% 92 2.6%:-02 ) 9% 9,698 00
- 7 2.6%-02 98 0. 0. 100 1.09¢+02 10 7,006+ 0% 302 2.0V2-02 10} l."l-bl !M 0. 108 0.
1060 3.2%8°02 107 1,008°02 100 2.61¢8-02 '00 2. 13602 310 1,991-02 14y 0.
FINAL SOCIETAL RESULYS A1) ] 3 1 1, 0004 80
2 2.068°02 ] 2.0"003 [] 0. 3 0. 7 7.040000 0 ,300002 9 V,240006 Y0 4,830 0)
22 3,901009 23 3.100°00 24 2.000°00 23 S5.09€°00 26 2.036000 27 $.64£°02 28 V. 1360007 29 4.206000 30 4,334 00
37 6.000°00 32 $.90¢°00 33 1.208°00 34 S, 448000 33 9.910002

Figure III-4.

Sample Contribution to Final Results
From Each Meteorological Trial

NUM ISOTOPE ACTIVITY AT TIME OF RELEASE (CURIES)
1 _€0-58 e.24E204
¢ C0-60 1.55€+02
3 Kr-85 6.64E+05
& KR-85M §.685007

KR~ .SUE+D7

7 KR-88 6.01E+07
R8-86 1,46€+04

T Sh-89 2.87€+06
9 SKR-90 1.55€+08
1 R-91 S.45€+0¢
Y=9%0 1.66E+04

12 v=-9 3.51€+08
-95 £,47€+0%

14 2R-9? L.49E*D5
15 ND-9S 4.22E+05

=99 $.921£+06

17 TC-99n 4.36E+06
18 AU-103 3.73€+06

- +

20 RU-106 8.68E+05

21 RN-10S 1.68E+06

- +

23 $0-129 6.94E+06

24 VE-127 2.24€+06

S k=122 L2.98£+08

26 TE~-129 7.56E+06

27 TE-129M 2.01E+06

- +

29 TE-132 3.776+07

30 I-131 2.61€+07
U L-1%2 3.A4E407
32 1-133 S.34E+07
33 1-134 Q. 74E0?

- LT

35 xg-133 1.04E+08

36 xE-135 &4.72E+07
- &

38 C3-136 1.17€+06

39 Cs-137 1.96E+06
- |

41 LA-140 $.156+05

42 CE=141 4.58E+05
- N8

44 CE-144 2.75€+05

43 PR-143 4.37€+0%

=147 1.9SE+08

47 WP-239 S.48E+006

48 PU-238 3.50€+02

- 01

SO0 PU-240 0.68E+01

St PU-241 1.636+04

-241 1.09F+01

$3 CM-242 4. 116403

$6 CA-244 2.526+02

Figure II1I-5 Sample Output of Activity Option Print

3-15



NUN 1SOTOPE

O)

2. ¢ ¢ AIR CONCENTRATION AT EACH SPATIAL INTERVAL (CURIE-SEC/Mev3) » o

1-;.@02 251,26+ 3e2,06¢3 o2, 8€¢3 Se3 4¢3 Geg 4EeY Pu5 26¢3 B=6 O3 96 BEeY

15 wd-95
16 nO-99

3
19 RU-105
21 RN-105
22 $8-127

24 YE-127

25 VE-127m
27 TE-129M
28 TE-131m

30 3-131
31 1-132
33 1-134
34 1-135
‘36 XE-135
37 ¢cs-13%4

39 Cs-137
40 8A-140
42 CE-14Y
43 CE-143
&b CE-344

S.:(E-01 1.46€-01 7.3‘(‘02 4.57€-02 3.17€-02 2.36E~02 1.84€-02 1.48E-02 1.23€E-02

€ .36¢ 1.116+00 8.39E-01 6.65€-01 S.44E-01 4.56€-01
é. 32!’02 1..7!002 9. 62!001 6 07!001 4. Z?E’Oi 3.20€+01 2.51€+01 2.03E+01 1.69E+01
+

+ *

«41E (34 !0 2 9. 1 6.94€+01 S.41E+01 4.35€+01 3.59€+01
3.31€-01 9 39(-02 6 73€-02 2.'6!-02 2.06!—02 1.52€6~02 1.18€-02 9.55€-03 7.89€-03

36 . 1 «¢0E-01 1,.64E-01 1.28E-01 1.03€-01 8.50€-02
7. '1!001 2. 23!001 1 12!001 6. ’3!000 4. 7’!*00 3. SS!*OO 2. 75!000 2.21E+00 1.82€+00

. 3 7. 17!- 1 4. ’l!° 1 3.71!~ 1 2..9!-01 2.33¢-01 1.93¢€-01
.03!001 2. ’1(000 ) 66!*00 9. 11(-01 6. 33!-01 4. 71!-01 3.67¢-01 2. ’6£~01 2. 65!-01

9.69E+00 .75(0 0 1.39€+00 0.625-01 S. ’9(-01 4. 65!-01 3.47€-01 2.80€- 01 2. 316-01
1.136402 3.196¢01 1.61€+01 1.00€+01 6.956+00 S.16€+00 4.02£+00 3.24€+00 2.68E+00
+

7.61€6+00 5.29€+00 3.93E+00 3.06(000 2.47€+00 2.04€+00
4. 026001 1.35€+01 6.74€+00 4.156+00 2.85€+00 2. 10E*00 .62!'00 1. 29(000 1.06(000

3. I?E*O! 1.90E+01 5.53E+00 3.44E8+00 2.39£+00 1. 7.!*00 1.39(000 1. ?ZEOOO 9. ZbE-O1
S.28E+01 1.49E+01 7.53E400 4.68E+00 3.25€+00 2.42€+00 1.88€+00 1 $2E000 1. 25!000

S.ISE+0Y 1.46E401 7.3SE+00 4.S8E+00 3.18£000°2.374:00°71.84£ 00 1. ePE+00 1 23E+00

6.78E+00 1.92€+00 9.68€-01 6.026-01 4.18€-01 3.11E-01 2.43E-01 1.9SE-01 1.62€-0!
L4 4 +*

6616401 1,316+01 6.59E+00 ¢.10E+00 2.85E+00 2.12E+00 1.65E+00 1.336+00 1.10€+00

8.626401 2.44E+01 1.23E+01 7.62€+00 5.29€+00 3.93€+00 3.06E+00 2.46E+00 2.03€+00
4 +

6.00€+02 1.70€+02 8.57€+01 5.336+01 3.70E+01 2.75E+01 2.1SE¢01 1.73E+01 1.43€+01

8.826+02 2.50€¢02 1.26€+02 7.83E+01 S.64E+01 4.04E¢01 3.1SE¢01 2.54E+01 2.10E+0?

+ +; ¢
6. 146002 1.656+02 7.916401 4.676+01 3.08E+01 2.18E+01 1.61E+01 1.23€+01 9.67€+00
1.07€+03 3.026+02 1.51€402 9.336401 6.44E¢01 4.76E+01 3.686+01 2.95E+01 2.42€ 0"

1126403 3.34€6402 1,.74E€+02 1. 11€+02 7.87E+01 5.96E+01 4.72E+01 3.86E+01 3.24E+01
8.69E+01 2.468+01 1.24E+01 7.72€+00 S.36€E+00 3.99E+00 3. 11(000 2. Sl(’OO 2. 075000

4.50€E+01 1.288¢01 6.43E+00 4.006+00 2.78€+00 2.07E+00 l.61!000 1.30(*00 1 07(000
1.166+02 3.27€+01 1.65€+01 1.03E+07 7. 13(000 S. 30(000 4. 13(’00 3. SSE*OO 2. 75(*00

1 +05€+01 2.98¢+00 1.50E+00 9.34E-01 6. 69!-01 4. IBE-O1 3. 76(-01 3. 03(-01 2.51€~ 01
1.00€+01 2.83€+00 1 636*00 8. 065-01 6.15!-01 4. S?E-Ol 3. S$£-01 ..6(-01 2. SGE-O’

45 PR-143
46 NO-147

48 PuU-238
49 PU-239

$1 PU-241
$2 Am-241

54 CM-244

1.00E+01 2.84€+00 1.63(000 l.'1!-01 6.19!-01 4. 61!-01 3 $9£'01 2 89E- 01 2. 39!-01
4. 49E+00 1,27E+00 6.41E-01 3.99E-01 2.77€-01 2.06E-01 1.60E-01 1.29€-01 1.07E-01

l.OSE'O! 2.208-03 1.15E-03 7.1S€-04 4.97€-04 3.70E~04 2.88E-04 2.32€-04 1.92€-04

.T0E-03 5. O‘l'Ob 2. 3‘5-06 1. SOE-O& 1. 10!-06 0.17£-05 6. 37!-05 5. 13!-05 4. 26!-05
3.74€-01 1.06(-01 sS. 3&(‘02 328~ 02 2. 31(-02 1. 72!-02 1. SLE-OZ 1 005-02 8. 91£°05
2. SO!-06 7. O.(-OS 3. S?E‘OS 2.22E-05 1.54€-05 3. 15!-05 0.96£-06 7. 21€-06 5.96€- 06

S. 79!'03 1.66!-03 0.27(-0‘ S.15€6-04 3.58E-04 2.66E- 06 2. 07!-06 1. 67(-0‘ 1.38¢€- 0‘

Figure III-s, Activity Option Print Continued
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$ 888 8 ECONONIC EFFECTS DETAILED OUTPUT = SPATIAL INTERVAL 4 838 S S

0
®uos - ({30 6 TTFT_C'QTM mun-!@"‘b‘!.uz-
000 DU « &y é. Ty U U U “‘ U b 6€+( c‘. [
cosr: 1.303005 0. 6.9626+07 9.587E406 6.962E+07 9.587€+06
A0 PO ' N )]
T 7 T1.0000+00 TV.1706+0F ¢.0%00+07 1.303¢¢0 8440 o4 ' -1 16€+( L4685 E+{
© CosTS 1. wscm 0. 3.529€407 4.857E406 3.529€¢07 4.857€+06
% F T.000(00 Y.245¢+0% 6.9306+07 °. VY] .o € of rY1{]
cosTs 1.3038¢04 0. 1.oso¢oo: 1.418€+07 1.030E+08 1.418E+07
e 1.000¢ 0. 6.9308%07 1.303¢ 7.544£403 s.usc 3 sm»uos s.usz 3
cosTs 1.303¢ 0. 6.449€+04 0. 4.449€+04 O.
5 1.000¢ 0. ¢.930€+07 1. 1.303!004"""7.'3%«“003' 'z_s.uns—uos (X "1«' +0S s.usc‘eﬁm
cosvs 1.3038+04 0. 4.449€404 0. 6.449E+06 O.
6 7 1.0006+00 O. 6.930€+01 1.3 1.303!000'_—7.34."73'4( '—s.ulhsuos_ s.'t'ltuools" 5.48 s'¢‘.‘8;"
cosTS 1.3032+04 O. 6.“9(3’ 0. 4.449€+06 O.
—bAl POp 0. _ _ __ A002E+00 3. SAAES
7 7 1.0006¢00 2.007€+03 6.930€+07 1.303€%04 7.564€+03 5.485C+03 5.1168405 $5.485€+03
cosTs 1.3036+04 O. 0.332!;3; $.718E+06 6.3326+07 8.718€+06
8§ 7 1.000€+00 O. 6.930€+01 1.303E+04 7.544E+03 S.485E+03 S.116€+05 35.485€+03
cosTS 1.3038+04 . 6.669(00: 0. 4.449€+04 O.
9 7 1.0006+00 O. 6.930E401 1.303E+04 7.544E+03 S.485E+03 S.116E+05 $5.4858+03
Cosvs 1.303€+04 . 6.669!00: 0. §.4049€E+04 O.
mm n. ..m,ﬁw -
10 7 1.000€+00 O. 6.930€+01 1.303E+04 7.544E+03 S.485€+03 S5.116E+05 5.4856+03
cosTs 1.3038+04 O. 6.“9!00: 0. 6.449€+04 O.
Exp pop 0. __ AN0ZE+00 3 SAREO
17 7 1.000€+00 1.610€+03 6.930€+¢071 1.303E+04 7.5448+03 S.485E+03 S5.1166405 S5.485€+03
CosTS 1.303¢+04 O. s.ococ:gr 6.9946406 $.080E+07 6.994E€+06
£Xp POP _ 1.410£003 A.0078+00 S .SARE$Q1
12 7 1.0006+00 O. 6.930E+01 1.303E+04 7.544E+03 S5.485£+03 S.116E+05 5.485€+03
cosTS 1.3038+04 O. 6.649E406 O. 4.649€+06 O.
[T 2 AO0ZE+00 S SAAE+O1
13 7 1.000€+00 O. 6.930E+07 1.303E¢04 7.544E+03 S.485E+03 5.1168+05 5.485€+03
g:ts 1.3036+04 O. 6.449E+04 O. 4.449€+04 O.
¢ 7 1.000€+00 O. 6.930€+01 1.3038+06 7.544E+03 S.485E¢03 5.116€+05 5.4856+03
3:13 1.303£+04 O. 4.449E+04 0. $.449€906 O.
2op O ADOZE+O0 S SAAF¢0)
15 7 1.000€+00 O. 6.930E+01 1.303E404 7.544E+03 S.48SE+03 5.116E+05 S.48SE03
:g;" 1.3038+04 . 6.‘69!;36 0. 4.4649E+0¢ O.
POP 1 l.mz‘gm S.3AAE ¢01)
16 7 1.000€+00 O. 6.930E+01 1.303E404 7.544E+03 5.48SE+03 S5.116E+05 S.485E+03
COSTS 1.303¢€+04 O. 4.449E+04 O. 4 .449€+04 O.
£xp pOP 0 ——A.00ZE+00 S SAAE 01

Figure III-6.

Sample Print of Economic Cost Output



Meteorological Data Summary

A summary of the meteorological data is always produced
when the meteorological data file is referenced. The summary
gives an accounting of the full year of meteorological data.
Wwhen meteorological bin sampling has been selected, the summary
includes two tables of the meteorological bin statistics derived
form the data. A sample of the meteorological data summary 1is
shown in Figure III-7 for the case where meteorological bin

sampling has been selected.

Final Results

The final results prints are generated for all executions
of the CRAC2 program. Six different final results options are
available (seg subgroup RESULTS). Figure III-8 is a sample
print of the final results table for option NROPT=0. The

circled numbers in the figure reference the following legend:

Description of each final result.
Mean value of each result processed.
Variance for each result processed,
Probability of nonzero results.

The maximum result value from the set of meteor-
ological trials.

Probability of the maximum result.

The date for the maximum value trial.

The bin number of the maximum value trial.

The population sector for the maximum value trial.

The site group for the maximum value trial,

PPEOG OO



(:) The accident leakage group for the value trial.
(:) The core inventory group for the maximum value
trial.

It is important to recall that for the option NROPT=0, the
printing of final results is influenced by the number of evacuation
strategies requested in the EVACUATION subgroup. Corresponding to
each evacuation strategy, results are printed of the early effects
consequences that result from that emergency action. When more
than one evacuation strategy has been requested, summary effects
are printed reflecting the weighted sum of the requested strategies.
Finally, results are printed of the latent effects and accident costs
based solely on the last evacuation strategy. When all of the 84
allowable final result names are requested in the RESULTS subgroup
and six evacuation strategies have been requested in the EVACUATE
subgroup, a total of 246 final results will be printed for each
leakage category. These results consist of 27 results for each of
the evacuation strategies, 27 results for the evacuation summary,
and 57 results showing latent effects and accident costs based
solely on the last evacuation strategy.

Figure III-9 shows an example of the frequency distribution of
the final results for each consequence. The final results have been
grouped within the magnitude bins represented in the far left column.
The frequency distribution is a complementary cumulative distribution
function (CCDF). These distributions can be used directly to produced
CCDF curves. A value in the frequency distribution table is interpre-
ted as being the probability that the given consequence will exceed

the given magnitude value shown at the left. The magnitude column



takes on the appropriate units for the specific consequences. The
value immediately below the column headings is a scaling factor for
the consequence magnitudes. The RESULTS subgroup describes the
different optional outputs which are available in CRAC2. The inter-

pretation of the statistics is the same for all of the result options.
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Figure III-7. Meteorological Data Summary
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Figure III-7. Meteorological Data Summary Continued
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Figure III-9. Frequency Distribution Table Sample Output



IV. FILE DESCRIPTION

The following data files are used in the CRAC2 code.

1.

File 5 (TAPE5, program variable NIT) Standard Input File

Standard input file supplied by the user, normally
containing the input data deck. The input data deck
consists of the input subgroups necessary to define the
reference case and to specify one or more modification cases.

File format: Card images, 80 characters per logical record.

File contents: See previous sections for detailed descrip-

tion of the input data deck.

File 6 (TAPE6, program variable NOT) Standard Output File

Standard output file, normally the printer.

File format: 133 character logical records

File contents: All output produced by the model except error

messages which are written using the FORTRAN "PRINT” statement.

File 10 (TAPE10, program variable NITSV) Chronic Subgroup
Reference File

Temporary file used to store a copy of the most current
chronic subgroup from the input data deck on File 5. It is
used to initialize the chronic subgroup and health data.

File format: Card images, 80 characters per logical record

File contents: Copy of the card images of the most recently

read chronic subgroup.

File 11 (TAPEll, program variable NAT) Reference Subgroup

Change File

Temporary file used to store reference case subgroups, so

that they may be reinstituted in subsequent modification cases.

4-1



File format: Card images, 80 characters per logical record.

File contents: Copies of the card images of user-specified

reference case subgroups.

File 12 (TAPEl2) Concentration File

Temporary file used to save the isotope air and ground
concentrations, effective cloud height, and plume rise data
for each leakage category when the number of leakage catego-
ries (NLEAK) is greater than 1. The file is written in
subroutine ACTIVE and read in subroutine DAMAGE.

File format: Unformatted sequential temporary data file.

The number of records written on this file for each modification
case is NLEAK, where NLEAK is the number of leakage categories.
If NLEAK=1l, no records are written.

File contents: Records containing the following data:

Variable Name Type Description

AC(54, 34) Real Integrated air concentra-
tion for each isotope at
each spatial interval.

GC(54, 34) Real Ground concentration
for each isotope at
each spatial interval.

EFHGHT(34) Real Effective height of
the cloud at each
spatial interval.

HITE(34) Real Plume interline height at

each spatial interval.

File 20 (TAPE 20) Site Data File

Permanent reference file containing the site identifica-

tion, seasonal windroses, population, and land data for one



nuclear power plant site. The file is read by subroutine SITE.

File contents: Formatted sequential data file. The file has

135 card image records corresponding to one plant site.

File format: The file consists of the following data:

Data Array
and Dimension Data Format Data Description

IDENT(20) 20A4 Site identification
information. The
data are read as
(IDENT(I), I=1,20).

ROSE(16, 4) 16F5.3 Windrose probability
in each of 16 direc-
tions for each of 4
seasons. The data are
read as ((ROSE(I,J),
I=1,16), J=1,4).

POP1(16,34) 4(8F10.0,/), Individual site popu-
2F10.0 lation for each of 16
sectors and 34 pre-
defined spatial
intervals. The data
are read as ((pPOPl(I1,J),
J=1,34), I=1,16).

FRLAN1(16,34) 16F5.2 Land fraction for each of
16 sectors and 34 spatial
intervals. The data are
read as ((FRLAN1(I,J),
I=1,16), J=1,34).

INSTAT1(16,34) 3412 State code for each of
16 sectors and 34 spatial
intervals. The data are
read as ({(ISTAT1(I,J),
J=1,34), I=1,16).

File 21 (TAPE2l) Dose Conversion File

Permanent reference file used to store ground, cloud, and
inhalation dose conversion factors for 13 organs and 54 isotopes.
This data is used in the computation of the health effects.

File 21 is read by subroutine CHRON.



File contents: Formatted sequential data file. The file

has 1423 card image records.

File format: Records 1 through 6 contain the names of the

54 isotopes for which data is stored on the file. The
order of the names corresponds to the order of the data in
subsequent records. These six records have the format 10AS8.

Records 7 through 1423 contain the organ names and dose
conversion factors. There are 109 records for each of the
13 organs. Records 7 through 115 pertain to organ 1, records
116 through 224 to organ 2 and so forth. The set of records
pertaining to organ I has the format described below:

The first record of the set comtains the name of

the organ in A8 format.

The second through 109th records of the set contain

the dose conversions for organ I in the order ((INCON

(r,3,K), J=1,7), (GRCON(I,J,K), J=1,3), CLCON(I,K),

K=1,54). The format of these records is (7E10.4/4E10.3).

A description of the data follows:

Variable Name Type Description

GRCON(I,J,K) Real Array containing the
dose conversion factors
for exposure to contami-
nated ground in rem/Ci/m2,
where

I is the organ number
(between 1 and 13),

J is the time index
(1 ft.o 3):

K is the isotope index
(1 to 54).




CLCON(I, K)

INCON(I,J,K)

Real

Real

GRCON(I,1,K) contains the dose
conversion factor, which,

when multiplied by the

initial ground concentra-

tion of isotope K, gives

the 8-hour integrated dose

to organ I from isotope K.
GRCON(I,2,K) contains the dose
conversion factor, which,

when multiplied by the

ground concentration of
isotope K, gives the 7 day
integrated dose to organ 1
from isotope K. GRCON(I,3,K)
contains the dose conversion
factor, which when multiplied
by the initial ground concen-
tration of isotope K, gives
the dose rate in rem-cm“/Ci-yr
to organ I from isotope K.

Array containing the dose con-
version factors for exposure
to contaminated air in rem-m°/
Ci-sec, where

I is the organ number
(between 1 and 13),

K is the isotope index
(1 to 54).

CLCON(I,K) contains the dose
conversion factor, which when
multiplied by the exposure
(Ci-sec/m”) gives the dose to
organ I from isotope K.

Array containing the dose con-
version factors for inhaled
radionuclides (rem/Ci inhaled),
where

I is the organ number
(between 1 and 13),

J is the time period
index, 1 to 7, repre-
senting the periods:

1 - time period for
acute exposure
(1 year for 1lung;



File 27 (TAPE27) Meteorological Data File

NoOuTeWwN

7 days for marrow,
skeletal bone,
endosteal cells,
stomach wall, small
intestine, upper
large intestine,
and lower large
intestine; 2 days
for thyroid, whole
body, testes, ova-
ries, and other
tissues),

0-1 year,

1-10 years,

10-20 years,

20-30 years,

30-40 years,

40-50 years),

is the isotope index
(1 to 54).

INCON(I,J,K) contains the
dose conversion factor, which
when multiplied by the number
of curies of isotope K inhaled,
gives the dose to organ I
during time period J, from
isotope K.

data for one nuclear power plant site.

Permanent reference file used to store meteorological

The file is read by

the subroutine SITE or the subroutine BINMET.

File

contents:

8762

File

tion

weather data for the site, one record per hour.

consists of two words identifying the day and hour of the day

information with format 5A4.

Formatted sequential data file.

card image records corresponding to one site.

Record 1 contains the reactor site identifica-

Records 2 through 8761 contain the hourly directional

Each record

and two words of packed meteorological data for this hour.

The file has



The format of this record is (1X,I13,1X,I2,1X,16,13). The day
and hour of the day are used as indices to store the meteor-
ological data. The two words of meteorological data can be
represented as DDWWWS and RRR, where two characters contain
the wind direction (indicated by DD), three characters
contain the wind velocity (indicated by WWW), one character
contains the stability class (indicated by S), and three
chracters contain the rain intensity (indicated by RRR).
When the meteorological data are read, the first word of
packed meteorological data is multiplied by 10 and the
meteorological data are stored as follows:

Data Array Name
and Dimension Data Type Data Description

IDTA(24,365) Integer Hourly directional
weather data. The
data is packed with
wind direction stored
in the 1000000's and
100000's digits, the
windspeed in the
10000's, 1000's and
100's digits, the
stability category in
the 10's digit, and
a 0 in the 1's digit.
The data are stored
as ((IDTA(I,J),
I=1,24), J=1,365).

RAIN(24,365) Integer Hourly rain data.
The data are packed
with the hourly rain-
fall in the 100's,
10's and 1's digits.
The data are stored
as ((RAIN(I,J), I=1,
24), J=1,365).

The direction data is in sector numbers, 1 to 16. The wind

speed is in tenths of meters per second. The stability data
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is coded with the stability categories A, B, C, D, E, and F
represented as 1, 2, 3, 4, 5, and 6, respectively. The
rain intensity is recorded in hundredths of inches of rain
per hour.

Record 8762 contains eight mixing heights representing the
seasonal Holzworth mixing heights in hundreds of meters for
stable (morning) and unstable (afternoon) conditions. The
four stable heights appear first in the order winter, spring,
summer, and fall; the four unstable heights follow in the same
seasonal order. The format of the record is 8F10.2. Only the
unstable mixing heights are utilized in the CRAC2 dispersion
model.

File 30 (TAPE30, program variable NT30) Final Summary File

The unformatted file on which the final result summaries
are stored. This file contains the site title, number of
leakage groups including the summary, total number of results,
number of scale magnitude values used in the distributions,
number of sectors, number of spatial intervals, final result
names, scaling factors, distribution scale magnitudes, and
the distributions of the final results from each leakage.

Files 31, 32, ..., 45 Temporary Work Files

Temporary unformatted files used to store the intermediate
results of each leakage group. File 31 corresponds to leakage
group 1, File 32 corresponds to leakage group 2, ..., and File 45

corresponds to leakage group 15.




11.

File 50 (TAPE50, program variable NET) Summary Results

Copy of the standard output file showing the summary
results summed over all leakage categories but with no frequency
distributions.

File Format: 133 character logical records.

File Contents: All output produced by the model of the summary

results over all leakage categories.




Y. Sample Problems

This section briefly describes five sample problems that have
been chosen to illustrate the use of CRAC2. These five problems
were designed as modification cases to the reference case defined
by the sample input decks in the subgroup descriptions of Section II.
A complete listing of the reference case together with the five
modification cases that define these problems can be found on the
microfiche included with this user's guide. The output from the
CRAC2 code for each of the sample problems is also included on the
microfiche.

The sample problems are intended to serve as a guide and primer
for users of the CRAC2 code. These problems should provide meaningful
examples that illustrate the preparation of input data, the selection

of user options, and the output produced by the code.

A. Sample Problem 1.

Sample problem 1 is defined by the reference case and the

modification case listed here.

INOP  SITE POP  NYC MET  5/24 1600 urS

S11%

INDPT SIVE NYC MEY 7 52416 0
1 L ‘

PQBULlYIOﬂ
EVACUAY 1 N0 NO
o A7 [ 41 16, 2 1
f,g 3 6.4 6.0 24135, 0 2 i

1 L1
—1.36&;? 7.668610 T.SS;; 1.“:-:

3 1
W B 0 S B A B m
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The problem consists of a single trial using start code 7.
Meteorological data for the trial is supplied from the
meteorological data file. The single trial begins at 1600
hours on May 24. The population and topographic data are

to be read from the site data file. The POPULATION subgroup
contains a request for all 16 wind directions to be processed.
One evacuation strategy is to be applied to the analysis.

The LEAKAGE subgroup specifies one leakage category with the
name BMR1l (Benchmark Release 1) and requests that the subgroup

be made a permanent change to the reference case.

Sample Problem 2

Sample problem 2 is defined by the reference case with
the permanent modification from problem 1 and the modification

case listed here.

INDP UNIFORM POP  NYC MET  5/24 1600 MRS ACUTE FATALITIES OY DISTANCE
SITE

INOPT UMIFORM MYC N 2 52416 1
PO:UL‘TIO' N0 YES
100.0.  — W
EVACUATE o4 1.0 24135

8045, 90, ’s. . 1
RESULTS

PT

OIS Yy v v 2 0

The problem consists of a single trial using start code 7.
Meteorological data for the trial is supplied from- the meteor-

ological data file. The single trial begins at 1600 hours on
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May 24. The population and topographic data are to be supplied
by the POPULATION and TOPOGRAPHY subgroups. The POPULATION sub-
group requests a uniform population of 100 people per square
mile and requests that the subgroup be made a permanent change

to the reference case. One evacuation strategy is to be applied
to the analysis. The RESULTS subgroup requests the acute fatali-
ties versus distance option. The special print options, NPL=1,
NPD=1, NPH=1, NPP=1, NPA=2, and NRE=0, are requested in the

OPTIONS subgroup.

Sample Problem 3

Sample problem 3 is defined by the reference case with the
permanent modifications from problems 1 and 2 and the modification

case listed here.

INOP  UNIFORM POP CONSTANT WEATHER
SITE 1 0

5.0 ‘H o
‘B ]B ‘B 1 ) | 18 18 18 ‘8 lB IB l8 lB '8 IB
0 10 0
EVACUATS o 3. e 10™ s 1.0 1
s 1 1 " 28 e s f! 3%
T ToEr TN et
8045, 0. 5. 3.
0PTIONS
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The problem consists of a single trial using start code 0.

The meteorological data for each sector is supplied with the
SITE subgroup. The population and topographic data are to be
suppl ied by the POPULATION and TOPOGRAPHY subgroups in the
modified reference case. The meteorological data in the SITE
subgroup defines a constant weather with F stability, 5.0 m/s
winds, 0.1 in/hr rain, and 1000 meter mixing heights. One
evacuation strategy is to be applied to the analysis. The
OPTIONS subgroup requests that the frequency distribution table

not be printed.

Sample Problem 4

Sample problem 4 is defined by the reference case with the
permanent modifications from problems 1 and 2 and the modification

case listed here.

TNDET WYC MET 2 s 1

xvo% 7 § meT 2 pen ox:

EVACUA flg 3. o’ 10" zms! 14.0 ﬁ! 1!
soes. <%, 35. ) Es. 1

| 11

The problem consists of an analysis using start code 5, meteor-
ological bin sampling. Meteorological trials will be sampled
over a one-year period from the meteorological data file. Two

meteorological trials will be selected from each meteorological
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bin. The population and topographic data will be specified by
the POPULATION and TOPOGRAPHY subgroups in the modified reference

case. One evacuation strategy will be applied to the analysis.

Sample Problem 5

Sample problem 5 is defined by the reference case with the
permanent modifications from problems 1 and 2 and the modification

case listed here.

lJ:: UNIFORN POP  NYC MET  STRATIFIED

INOPT STRATIFLIED MYC MET 4 12131
Enp

The problem requests an analysis using start code 8, stratified
sampling. Meteorological trials will be sampled over a one-year
period from the meteorological data file. The trials will occur
every 8 days, offset by 13 hours. The population and topograhic
data will be specified by the POPULATION and TOPOGRAPHY subgroups
in the modified reference case. The six evacuation strategies

of the reference case will be applied to the analysis.

Sample Problem Output

A microfiche listing of the CRAC2 output for each of these
five sample problems has been included with this user's guide.
The microfiche consists of four parts:

1) A listing of the reference case input data deck
and the five modification cases that define the
sample problems.

2) A listing of the CRAC2 code compiled on the CDC
computing system at Sandia National Laboratories.

3) A listing of the results for each of the five
sample problems.
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4) A listing of the operating system day/file pro-
duced during the compilation and execution of
the CRAC2 code as the five sample problems were
processed.
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APPENDIX A

The CRAC2 Computer Code

The purpose of this appendix is to describe the CRAC2
computer code that implements the models described in Section 3
of this report. Every attempt has been made to ensure an
accurate rendition of these models with the goal of providing a
consistent and reliable computer code.

The description of the computer code consists of two parts,
an overview of the concept of operation of the code, and a
description of the design and flow of the code elements.

This Appendix has been extracted in its entirety from NUREG/CR-2552
(SAND-0342), "CRAC2 Model Descriptions," by L. T. Ritchie, D. J. Aipert, R. P.
Burke, J. D. Johnson, R. M. Ostmeyer, D. C. Aldrich, and R. M. Blond.

Because of its general usefulness, we have decided to leave this
appendix essentially intact. Where necessary, portions of the text
are flagged and footnotes are provided to help clarify differences
between the original program and the modified staff version. The
"flagging" consists of a vertical line with a footnote letter in the

margin.



A.l1 Concept of Operation

CRAC2 incorporates a progression of mathematical and
statistical models which represent the radioactive material
immediately after release from containment; the movement of the
material as it disperses into the area around the power plant;
the deposition of the material by wet and dry deposition
processes and the effects of the material on man and his
environment. The code approaches the calculation by dividing
the area around a power plant into radial annuli which are
called spatial intervals. The spatial interval is basic to
these computational processes. Figure A-1 depicts a power
plant and this spatial interval concept. The code allows for a
maximum of 34 such spatial intervals.* The program computes
the average concentration and total coverage of the radioactive
cloud for each spatial interval. All other mathematical and
statistical models are processed in terms of these spatial

intervals.

Power Plant

Figure A-1 Spatial Interval Representation

* See Table IV 4-1 in Appendix VI of the Reactor Safety Study.




The operation of the CRAC2 code functions can be outlined
in terms of six logical steps. These steps divide the computa-
tional model into code segments that represent distinct models

Oor recurrent processes.

Problem definition_is the first step in the process. This
step occurs once for each problem case specified by the

user.

1. Problem Definition. The computational process is
initialized by defining the problem to be solved. The
INPUT control routine and fifteen input subroutines

" process the input data subgroups that define the user's

problem.

The next two steps must be repeated for each new weather
sequence, but are independent of the accident sequence.

2. Meteorological Conditions.* The second step in the
computational process assigns the specific meteorolo-
gical conditions to each spatial interval. This is
done either in input subroutine SITE when user supplied
meteorology is to be incorporated, or in subroutine
SPADAT when time dependent meteorological data have
been specified. A thermal stability, wind speed, and
precipitation rate are assigned to each interval. This
allows for changes to occur in the dispersion pattern
of the cloud of radioactive material. A meteorological
file containing representative hourly weather data can
be automatically sampled and hourly meteorological data
assigned if requested by the user.

3. Dispersion.** The next step incorporates the meteoro-
logical data into the Pasquill-Gifford model of
Gaussian dispersion. This step involves the calcula-
tion of standard deviations of the horizontal and
vertical dispersion values, oy and o,, and isotope
dependent decay constants at {he midpoint of each
spatial interval. This computational step is performed
in subroutine DISP.

For each weather sequence, the final three steps must be
repeated for each accident sequence: up to this point the
steps have been independent of the accident sequence.

* See Chapter 5 of Appendix VI of the Reactor Safety Study
** See Chapter 4 of Appendix VI of the Reactor Safety Study



4. Activity.*> This step computaes the air and ground
concentrations of each radionuclide for each spatial
interval. The accident parameters are utilized to
compute plume rise and any initial isotope decay. The
cloud is also depleted by wet and dry deposition
mechanisms. All calculations are done at the midpoint
of the spatial intervals. Air and ground concentra-
tions are uniform over the entire interval area which
has been contaminated by the cloud of radioactive
material. Subroutine ACTIVE is responsible for this

step.

5. Damage.** The damage step assesses the impact of the
contamination upon man and his environment. The
damage model determines how far the peotple in a
specific spatial interval will evacuate before the
cloud overtakes them. The dose to the organs of these
people is computed from the immediate or early
exposure. Fatalities and injuries are the resultant
consequences. The latent dose is computed for the
survivors and an assessment is made of the latent
cancer fatalities. Chronic exposure doses are computed
and a determination is made of the protective action
for the contaminated land. Costs associated with this
action are then computed. The population groups are
factored into the results so that consequences repre-
sent each population sector. Subroutines DAMAGE,
EARLY, CHRONX and PRPDAM are responsible for the damage
calculations.

6. Results. Each set of consequences is stored and final
statistics are computed for all desired results.
Subroutines STORE and STOROPT provide these functions.

A.2~ Program Flow

The CRAC2 code consists of a main program, a control
routine for input processing and fifteen input subroutines,
eleven meteorology and dispersion subroutines and nine damage
and results subroutines. A description of each subroutine is
given below. The code itself contains extensive comments to
supply the user with sufficient information to read and work

with the program.

* See Chapter 4 of Appendix VI of the Reactor Safety Study.
** See Chapters 8, 9, 11, and 12 of Appendix VI of the Reactor

Safety Study.
aThe relocation emergency response has a special case in the

staff version. The evacuation/emergency response model includes a
provision for a sheltering region outside the maximum evacuation

distance.



A.2.1 Program MAIN, the CRAC2 Code Controller

The MAIN routine controls the execution of the CRAC2 code
based upon the directions of the user. This routine calls
subroutine INPUT to process the set of data that defines the
problem to be solved. MAIN determines how many sets of results
and/or meteorological sequences have been specified for this
study and calls subroutine SITE to locad the desired meteorolo-
gical and site data. The control routine calls a sequence of
routines for the computation of each meteorological sequence.

1. Subroutine SPADAT - Calculates the meteorological
conditions for each spatial interval.

2. Subroutine DISP - Calculates the dispersion parameters
at the midpoint of each spatial interval.

3. Subroutine ACTIVE - Calculates the air and ground
concentration of the radionuclides at the midpoint of

each spatial interval.

4. Subroutine DAMAGE - Calculates the health effects and
property damage for all spatial intervals and popula-
tion sectors.

When all of the meteorological sequences for a specific problem
have been processed, the entry point FSUM in subroutine STORE
or FSUMOPT in subroutine STOROPT is called to compute the final
summaries. MAIN controls the entire sequence of computations
until all problems defined by the user have been completed.

The flow of the CRAC2 control program is given in Figure A-2.

A.2.2 Subroutine INPUT, the Input Controller

Subroutine INPUT controls the input processing for CRAC2.
The routine reads and prints the title card and processes the
subgroup header card. For each subgroup header card read, it
then calls the appropriate subroutine to process the corres-
ponding subgroup of data*. Table A-1 gives a brief description
of the fifteen input subroutines that can be called by INPUT.
INPUT also controls the files which maintain and reinitialize
the reference data after each problem case. When a group of
data is modified, the reference data being changed is stored on
file NAT. With the completion of a problem case, the reference.
data on file NAT is reinitialized and another problem case can
be performed. Subroutine INPUT functions in one of three
modes: read in the reference case (IREST = -1); store the
reference data and read in the modified data (IREST = 0); or
restore the reference case data (IREST = 1). INPUT also

i* See Chapter 2 of the CRAC2Z Computer Code User's Guide,
NUREG/GR-2326. ’



terminates the execution of the program when all of the problem
cases for this execution of CRACZ2 are complete. All of the
input subroutines shown in Table A-1 follow essentially the
following processing scheme. When the reference case is to be
input, IREST = -1, and the routines read in the appropriate
data. When a data subgroup is to be modified, IREST = O, and
the routines write out whatever data is found in the data arrays
to the NAT file and then read in the modification data over the
existing arrays. When the reference case is being reinitial-
ized, IREST = 1, and the routines read whatever data as been

written to the NAT file.

A.2.3 Subroutine SITE. the Accident Site Data Processor

Subroutine SITE is responsible for reading the site char-
acteristic weather data from the meteorological data file and
the population and topographical data from the site data file.
These data sources are read only as they are requested by the
user in the input data from the input subgroups. If the user
has requested the importance sampling technique (ISTART = 5 in
the SITE subgroup data) to select the meteorological trials,
subroutine SITE calls the BINMET subroutine which sorts the
meteorological data into the 29 weather categories provided by

the CRAC2 model.

A.2.4 Subroutine BINMET, the Meteorological Data Sorter

Subroutine BINMET sorts the full year of meteorological
data representing the site into 29 weather categories (also
called bins) selected for the CRAC2 model. Each weather
sequence is examined to determine (1) the first occurrence of
rain within 30 miles of the site, (2) the first occurrence of a
wind speed slow down within 30 miles of the site, or (3) the
stability and wind speed at the start of the sequence. The
first of these conditions that is satisfied by the sequence
determines the weather category to which it is assigned. Tables
are constructed of the weather category frequencies and the bin
assignment of each weather sequence. This information is used
by the importance sampling algorithm. A summary of the meteor-
ological data, including two tables of the meteorological bin
statistics derived from the data, are printed by BINMET.

brhe importance sampling scheme (ISTART=5) has been revised for
the staff version. The number of weather bins specified is now 50.

CChanged to incorporate four rainfall intensity bins for each of
the rain bins in the meteorological bin sampling procedure (start code

5).



Subtoutine Neme

1. SPAT

2. siIt

3. ECONOM

4. POPU

$. TOPO

¢. 1sorop

7. LEARAG

3. DisorT

fnput Data
ou

SPATIAL

SITE

EZCONOMIC

POPULATION

TOPOGRAPHY

1SOTOPE

LEAKAGE

DISPERSION

Tadble A-1,

———Subtoutjne Punction

Specifies the radii of annulaer
spatial intervals around the accident
site,

specities the site identitication
information, the parameters that
define the meteorological sampling
method, the source of the
meteorological data, and the number
ot meteorological trials to be
samnpled. The sources of the
population and topographical data for
the site are also defined.

Specifies cost data for computation
ot economic effects.

Specities population option switch
and the population sectors to be
ptocessed. Optionally, the
population for each spatial interval
within the 16 sectors around the site
nay be defined.

Specities the state code and land
traction data for each spatisl
interval within the 16 sectors atound
the site.

Specifies the inventory ot isotopes
and assoclated pacameters.

specifies the release {dentitication,
the associsted release patsmeters.
and the traction of the total core
inventory which is relessed for each
isotope leakage group.

Specifies the reactof building
dimensions and the special wake 2nd
tain depletion options.

10.

11.

12.

13.

14.

18,

DESCRIPTION OF INPUT SUBROUTINES

out ame

EVACU

ACUTE

LATE

CHRON

SCALE

RESIN

OPT

tnput Data
Subgroup

EVACUATE

ACUTE

LATENT

CHRONIC

SCALE

RESULTS

OPTIONS

Sudbrovtine Fynction

Specitfies the emergency
ptotective action parameters.

Specities the acute effects due
to early exposure to the
tadioactive cloud that are to be
studied and the supporting
dose-mortality and injury data
for sach organ.

Specifies the latent effects due
to early and chronic exposure
that are to be studied and the
supporting man-gem conversion
factors and the choice of latent
effects model.

Speciflies the data used in
computing radiation doses f{tom
chronic exposute and the
protective action measures
appropriate to the level of
chrtonic exposure.

Specifies the consequence
magnitude scaling values tor
tabulating the complementaty
cumulative distributions of the
tinal tesults.

Specifies the final results tor
which mean, variance and
complementary cumulative
distridutions are to be computed
and printed.

gSpecifies the print options for
detatled output for each
seteorological trial and the
suitches that control the latent
ané chronic calculations and
leakage probadility normalization.



A.2.5 Subroutine RANBIN, the Latin Hypercube Initializer

The RANBIN subroutine selects the initial weather sequence
sampled from each of the 29 weather categories. The selection
is made using the Latin hypercube selection criteria. Latin
hypercube sampling is used to assure random samples selected
from evenly spaced sets within each bin.

A.2.6 Subroutine SPADAT, the Routine to Set Spatial Meteorology

Subroutine SPADAT takes the start time (month, day. and
hour) of a g1ven weather sequence and prepares the stability,
wind speed and precipitation data based upon the initial and
subsequent hourly meteorological conditions. The routine
determines the season for this start time. It then stores the
proper directional probabilities and the stable and unstable
mixing heights for each season. SPADAT assigns a sequence of
hourly meteorological data to the spatial intervals by calcu-
lating hourly travel distances based upon wind speed. The
stability, wind speed and precipitation indicator are assigned
to all of those intervals which are covered by thé cloud for
this hour. If the wind speed for this hour is not sufficient
to fully traverse an interval, SPADAT determines the number of
hours required for the wind speeds to cover the interval and
averages the stability, wind speed and time of precipitation for
all of the hours. It then assigns these averaged values to the
interval. Months, days, and hours are incremented when neces-

sary by subroutine INCTIM.

A.2.7 Subroutine TIMES, the Generator of Stratified Random
Times

This subroutine calculates (24)-N stratified random start
times. The stratification scheme selects N random day times and

N random night times from each month.
A.2.8 Subroutine RANDU, the Random Number Generator

RANDU chooses a random number between 0 and 1 for use in
computing random start times.

A.2.9 Subroutine TIMES2., the Generator of Random Times

This subroutine chooses a random start time for the year
by selecting a random month, a random day, and a random hour.

A.2.10 Subroutine EXTRCT. the Meteorological Data Extractor

This subroutine extracts the rain, stability and windspeed
data for one hour from the meteorological data supplied for the
start code, ISTART = 4. It then computes the distance traveled

by_the cloud for the hour.

dOnly used for start code 5 which now has 50 weather categories.
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A.2.11 Subroutine INCTIM, the Time Incrementing Routine

This routine increments the hour, day and month counters
whenever required.

A.2.12 Subroutine DISP, the CRAC2 Dispersion Model

The purpose of subroutine DISP is to compute the atmos-
pheric dispersion of the released cloud of radioactive material
using the Pasquill-Gifford parameterization of the Gaussian
transport model. The routine is leakage independent and there-
fore is exercised only once for each set of meteorological
conditions processed. DISP is called by the control program one
time for each meteorological sequence. Figure A-3 shows the
flow of the routine.

When it is desired to completely deposit the remnant of the
radioactive cloud in the last interval, the option LIRAIN = 34
is used. The last spatial interval is then enlarged to cover
an area out to 2000 miles and rain is forced to fall at the rate
of .5 mm/hr over the entire interval.

Each spatial interval has a stability, wind speed and rain
rate assigned to it in subroutine SPADAT. The stability and
wind speed determine the meteorological forces that will act to
disperse the cloud. The lateral diffusion is determined by
computing a oy spread based upon the Martin and Tikvart
power law relations of the Pasquill-Gifford curves. The verti-
cal dispersion calculation of o, is based on a treatment by

Turner.

An option is available to reset the values of oy and
o, if the building wake is to dominate the plume. Once the
values of oy and o, at the midpoint of an interval are
known, an initial value of 1/x is calculated. Since the cloud
timing to the interval midpoint is available, the exponential
isotopic decay constant in the interval for each radionuclide
is also computed.

A.2.13 Subroutine ACTIVE, the CRAC2 Activity Model

The principal functions of the subroutine ACTIVE are to
compute the air concentration (Ci-sec/m3) and ground concen-
tration (Ci/m?) for each radionuclide at every spatial
interval. The control program calls ACTIVE one time for each
meteorological sequence. Subroutine ACTIVE incorporates the
accident dependent leakage parameters into the calculation for
each of the leakage categories defined in the data input.
Fiqure A-4 shows the flow of the routine.

Heat released at the time of the accident lifts the plume
of radioactive material off the ground. This plume rise term



is incorporated into the model by computing a new centerline
release height. Brigg's plume rise formulations are incorpo-
rated for this purpose. In addition, ACTIVE computes the
initial radionuclide decay including daughter buildup from core

shutdown to release to the environment. -

The calculations performed by ACTIVE are done for each
spatial interval. The centerline height, h, is computed at the
midpoint of each spatial interval as a function of the release
height and the plume rise. The exponential term in the Gaussian
expression for ground level concentration, EXPON, is computed,
as well as the'effective cloud height, EFHGHT.

The value of x over Q, CHIQ, is computed as the quotient
of EXPON and the concentration value generated in the subroutine
DISP, modified to reflect the expansion factor associated with

the release duration.

The computation from CHIQ of the air and ground concentra-
tions of each radionuclide in the interval considers the amount
of radioactive material released into the atmosphere in the
accident, the decay and daughter buildup of the radionuclides,
and the depletion resulting from dry and wet deposition. These
air and ground concentrations are computed at the midpoint of
the spatial interval and apply uniformly to the entire area
which was covered by the radioactive cloud in the spatial

interval.

A.2.14 Health Effects and Property Damage Routines

The DAMAGE subroutine controls and performs the health
effects and property damage calculations. The DAMAGE routine
is called by the main program one time for each meteorological
sequence. Figure A-5 shows the flow within the DAMAGE

subroutine.

DAMAGE first assigns the dollar costs of evacuation for
each of three evacuation cost models. In the first model no
evacuation takes place. In the second model, all people in a
circular area surrounding the site are evacuated. The radius
of the circle corresponds to the maximum evacuation distance.

In the third model, a circular area around the site is evacuated
together with an arc that is centered on the prevailing wind
direction that extends beyond the circular area. The user must
specify the radius of the circle and of the arc as well as the
arc width. Costs are calculated based on the number of people

evacuated by the respective model.

The accident leakage categories are each processed in the
order in which they are defined by the leakage subgroup data.
The applicable evacuation cost for the leakage category is
assigned as determined by the parameters of the leakage



category that is being processed. When the warning time is 0,
the first model is used, when the duration of release is greater
than EVCOST(4)., the second cost model is used: for all other
situations the keyhole evacuation cost model is utilized.

The spatial intervals are used as the basis for the health
effects and property damage calculation. Subroutines DISP and
ACTIVE have previously computed the air concentrations (Ci-sec/m3)
and ground concentrations (Ci/m?) of radioactive material, the
area covered by the material, and the cloud duration at each
interval. To evaluate the consequences of an accident, DAMAGE
processes each spatial interval through (1) an evacuation model;
(2) an acute., latent and chronic dose'and dose effects model:
and (3) a property damage model. A complete set of consequences
is computed for each spatial distance from the reactor.

Two options are provided to treat the evacuation of people
to mitigate the early exposure of individuals to the radioactive
materials released by the reactor accident. The first evacua-
tion option was utilized in the Reactor Safety Study and is
based on a constant effective evacuation velocity. For those
intervals being evacuated; e.g., those intervals within the
maximum evacuation distance, the routine calculates the distance
required for the cloud to catch the people. The second evacua-
tion option is also based on a constant evacuation velocity.
Option two, however, incorporates a delay time before public
movement, followed by evacuation radially away from the reactor
at constant speed. 1In addition to the maximum evacuation
distance, both the assumed delay time and evacuation speed are
required as input to the model. Different shielding factors and
breathing rates are used while persons are stationary (before
evacuation) or in transit (during evacuation). All persons
within the designated evacuation area move as a group with the
same delay time and evacuation speed.

Both evacuation options provide for sheltering outside of
the designated evacuation area. No emergency action occurs
outside the sheltering radius. However, shielding factors and
breathing rates are defined separately for people who are in the
sheltering and no emergency action areas. The sheltering radius
must be specified with the input date for the evacuation model.

For both of the evacuation options, the people within the
non-evacuating intervals are assumed to remain at their respec-
tive locations for either 24 hours, 24(EXPD) hours or for seven
days. In the seven day relocation option, if the seven day dose
approaches lethal levels, i.e., a dose to the bone marrow
exceeding 200 rem, it is assumed that immediate detection will
be made and the people will be relocated after a 24-hour expo-
sure. In the 24 hour or 24(EXPD) hour relocation options, the
people will always be relocated after the specified 24 hour or
24 (EXPD) hour exposure. An exponential interpolation between

€ror the staff version, the 24-hour exposure was reduced to 12

hours.
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the 8 hour dose and the 7-day dose is performed - to calculate
this 24 hour or 24(EXPD) hour dose.

The cloud gamma ray shine factor calculations are performed
in routines -SHINCF and POL2. This cloud gamma ray shine factor
is calculated by a two variable interpolation of the cloud
centerline height and vertical standard deviation, o;.

The dose and health effects from the early exposure to the
cloud are computed next. Early exposure is defined as the
exposure from the passing radioactive cloud and from the imme-
diate ground contamination. The passing cloud exposure mani-
fests itself as the dose from the inhalation of the radioactive
material and from the cloud gamma ray shine. The immediate
ground exposure is based upon an integrated exposure time either
during the emergency evacuation or during the relocation phase

of the damage calculation.

Subroutine EARLY is utilized to compute these early doses.
Figure A-6 shows the flow within this routine. 1In addition,
this subroutine calculates both the acute and latent effects
from this early dose. Calculations are performed on the basis

of individual spatial intervals.

Subroutine EARLY first calculates the acute effects from
the early exposure. For every organ considered, the routine
accumulates the dose from each radionuclide. The three exposure
paths, cloud shine, inhalation, and ground exposure, are calcu-
lated separately and are summed together for the total dose to
the organ. Figure A-7 shows a graphic presentation of the
modeling of dose with distance from the accident. The dose is
represented by a uniform trapezoidal volume for each spatial

interval.

Acute dose effects are calculated utilizing a three segment
linear interpolation of the dose response curves. Acute effects
are the fatalities and injuries which manifest themselves in
less than one year after exposure. The calculation of acute
effects is performed on an individual organ basis so that the
specific cause of the early effects can be determined. The
routine generates a probability of acute effect which in turn
is accumulated over all organs for this spatial interval. The
accumulation process assumes that those people not fatally
injured by a previous organ are available to be fatally injured
by the next organ. Therefore, a person can only be a fatality
one time, by one organ. Synergistic effects between organs are

ignored.

The EARLY subroutine also evaluates the latent (long-term)
effects from the early exposure when the LAT2 entry point is
called. The calculation is again performed on an organ by organ
basis. Organs subject to latent effects are not necessarily
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