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ABSTRACT

The CRAC2 computer code is a revision of the Calculation
of Reactor Accident Consequences computer code, CRAC, developed
for the Reactor Safety Study. The CRAC2 computer code incor-
porates significant modeling improvements in the areas of
weather sequence sampling and emergency response, and refine-
ments to the plume rise, atmospheric dispersion, and wet
deposition models. New output capabilities have also been
added. This guide is to facilitate the informed and
intelligent use of CRAC2. It includes descriptions of the
input data, the output results, the file structures, control

information, and five sample problems.
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I. FOREWORD

CRAC2 is a revised version of the CRAC (Calculation of
Reactor Accident Consequences) code developed in support of the
Reactor Safety Study, WASH-1400.* The need for more realistic
consequence estimation techniques to be used for such purposes
as site evaluation, emergency planning and response, and general
risk assessment has guided the development of CRAC2. Sandia
National Laboratories has corrected known errors and has made
additional changes to the CRAC code. These changes include mod-
ification of the atmospheric dispersion model and introduction
of a new meteorological sampling technique, a new evacuation
model, and new output capabilities.

The CRAC2 code has retained the organization, structure,
and analytical capabilities of CRAC, but the added capabilities
of the CRAC2 code dictated an updated set of documentation to
guide its application and use. This guide is one of two docu-
ments published to facilitate the informed and intelligent use
of CRAC2. This document is intended to serve as a detailed
guide to users of the CRAC2 program. It includes descriptions
of the input data, the output results, the file structures,
control information, and five sample problems. A detailed
description of CRAC2 and its models can be found in the CRAC2

model description.

*WASH-1400, (1975), Reactor Safety Study, Appendix VI:
Calculation of Reactor Accident Consequences,
NUREG 75/014, USNRC.



IT. 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) 1Isotope ~ 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.



to release, release duration, heat release
rate and isotope leakage group fractions.

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

2) Latent - 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. Input 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 Case title and identifying
information. The informa-
tion is read into the array
ID as (ID(I), I =1, 18).
80 ICD Al Print switch for input data.

Blank - print input data.
Non-blank - do not print
input data.

E. Subgroup Header Card

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

21-25 NUM I5 Number of logical sets of
data to be input for the
subgroup (the data count).

30-32 PARMOD A3 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 wvalue, 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
1. SPATIAL NSI 34 Specifies the radii of annular

spatial intervals around the
accident site.

*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

Dat

a Count

Name

Max Value

Description

2'

10.

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.

the reactor building dimen-
the special wake and rain
options.

Specifies
sions and
depletion

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. LATENT NLA 8 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.

12, CHRONIC NEXP 6 Specifies the data used in computing
radiation doses from chronic exposure
and the protective action measures
appropriate to the level of chronic
exposure.

13. SCALE NCT 40 Specifies the consequence magnitude
scaling values for tabulating the
complementary cumulative distribu-
tions of the final results.

14. RESULTS NRES 84 Specifies the final results for which
mean, variance and complementary
cumulative distributions are to be
computed and printed.

15. OPTIONS - - 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,
6o0. [P 70, 88, 190. 150, 200, ~)
20. z5. 30. 35, 40. 45, 50, ~
S, <. 7. €5 10. 12,5 1s.
1.0 1.5 2. 2.5 3.0 3.5 4. w |
3¢ WD ~

L NN R R R R R R R RN R R R RN R R RN NN N NN RN R NN NN NN REN]]
R T R I e T Y T R R T S
REPS 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 R R R R RN AR R R AR R AR R R RN

2222202222222 220222012022 20222222222222012122222021 2222220202080 ?
333 .33 .33333333302333333.3333033333333330333333333333333033020300203330030133310)
Q4444448444884 48844 _ 444448480140 4483 4044004004040 00404004400 0000000008000 044
§8 5555855565595 05555558958558_5559055555558659555555555555555555885855855555985589595 |

SEEEEEEEEECEEEEEEEEObC0CEEE6EG _6ECEOEEEEOEBECECEEECECERGEEEEEECOGE0EEE6E05666666 /
LI NINININIINMNMMIIMIINMINIIMMIINIIMIIMIINIINIIMIMINMIMIIITNTN V
QOISO BARROEREOBRUBINCORORNRBABRRBBEOSBRRBRCEOBIONTOIRNIBANANEBEBRIBEISOSONIREITNNINISBLIOININIIS /

+
099900888080 808900099009999999999990909980099999939999999898899909999509988999998¢
\Lu-)n~'lclunnuunuuuunnnnnnnnnﬁnuuuuunu-uuunnuuuunuuuuuununununnuunuuunnnnuunnnnnnl/
oo

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-l.

2-11



ACCIDENT SITE

SPATIAL
INTERVAL

Figure II-1l. 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.

2-12
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au—

A representative listing of the SPATIAL subgroup sample
‘.put data is shown below.
‘ SUBGROUP SPATIAL
j— —PARAMETER NSI SET YO __ 34 — e
‘ ® % & SPATIAL NESH DESCRIPTION © ¢ - - - -
5 - —_ - - - - - - R ——— e = e - e e~ - -
o___BEGION__QUTER RADIUS(M)  AVGe RADIUS(M)  AREA(N®$2) OUTER RADIUSIMI) AVG. RAOIUSINI) AREA (NI®*2)
’ 1 8.05€+02 4.02E+82 1.276+85 §.006-01 " ~ ~ — ~ 2.50E-01 " e 91E-02
6. @ .. 1eblEe03 _ 1.21E¢83 3.81E405 1.00€+08 _ TeSO0E=01  1.4TE-01
3 2.41€403 2.01E+03 6.36E+05 T 1.50E+00 1.25E+08 2.46E~01
o & _3.22E+03___ _2.82€4+03 8.90E405 2,00€¢00 1,.7SEeDE 3.46E-01
s 4. 02E+03 3.62E+03 1.14E406 2.50E¢00 2.25E008  we h2E-81
0 —-—6__ . kyB3E+03 i € 3E+03 100686  J.O0DE+Q0  2.T75E+08  S.LOE-91 i
14 S.63F+03 $.23€+03 1.65€406 3.50E+00 3.25E408  6.38E-01
B _____ _6.46E+83 o _6.04E+D3 _1.91E+06 _ 4e00E+00 _3.75E+08 7.37E-81
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2. 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:

2504 _ O\
NDPT WITH RYC MET I X O

R NN N R N R L RN N R N R R N N N RN RN RN NN RN RN R NN A
BRI R TR TN e I T e e I T Y YT T ST Y )
[REREREE R R AR R R R R R B AR R R R R R AR R R R R R R R R R R R R N R R R R R R AR ER R RN
T2222222222222222 2222022222222 222222 2222202022222 002222220202022022202222020 212

33.33333333333333333303 33333303333 0333333333330303333330313 1030311338330

QA4 44444 4400084644448 4040084 8884444000040 0000 00040400 000 10U G
559 _ 3555855558555 98535855 9595855959855 9958599555985555555585995955555585555555855555§
CEBCOOOEEEaEEOEOObCCOBOGOEOCEObEEOEGECOECCECEEObEO0RCOECEoCCEEbOOCEOGOBERbEEO0RI0S
IR 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 R R R R ERERE R R R RN

SOBROBBOTIO OO OBEBRBBRRBRRRRRRBEIIRIIRIRLRNRSORARREREESNNERRNBRBARABIRRANIRIIIS /

v
9 000099088 00890099980590888099099995989088999808990099999908893909999089859989913199
R R N N I O N L N I N N N N I T I TR

yre

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.



Column Mnemonic Format Description
1-30 ISITE 5A4,10X 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.

1 - 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.

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

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

4 - 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., 1f 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 1s 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

33-34

35-36

37-38

39-40

MO

IDA

IHR

IPO

I2

I2

I2

I2

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.

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.

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.

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.

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.

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



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 Format Description

ISTA(I) 1615 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.

VEL(I) 8E10.3 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).

IRAIN(I) 1615 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).
ZMAX (1) E10.3 Mixing heights** (meters) for unstable and
ZMAX (2) E10.3 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.

**0Only the unstable mixing height is utilized in the CRAC2 .
dispersion model.



Additional Card Input Required for Start Code 4:

Mnemonic Format Description
METEOR 1215 Hourly weather data for 5 consecutive days.
(J,K) Use 10 cards with 12 entries per card.

Each entry is a 5 digit integer: 1ijkkk
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 NBIN I5 Number of defined weather bins.
There are 29 bins defined in
CRAC2 and NBIN is always set to
29 by cthe CRAC2 code.

6-10 NCON I5 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.

2 1-60 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
11-15 NRA I5
2 1-30 ISTA1(I) 6I5
3 1-80 VEL1(I) 8E10.3
4 1-80 PMATRX 8E10.3
(I,J3,K)
Last 1-10 ZMAX (1) E10.3
11-20 ZMAX (2) E10.3

Description
If NRA = 2 rain is considered.*
If NRA = 1 rain is not occurring.

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

NVEL wind speeds (meters/sec).
The data are read into the
array VEL]1l as follows,
(VEL1(I), I=1, NVEL).

Cards 4 through 4+ ((NSTAB*
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.

Mixing heights** (meters) for
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 =

is considered.

2 and LIRAIN = 2,

incident rain is occurring when rain

See the DISPERSION subgroup description.

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

economic effects.

Sample input cards:

.

1. 5 9 0.081  — 6.220  476.0 __ 2133.0
$_ 9 0,123 _ 0,283 ___372.0 1366.0
5 79 0.2063 0.751 177.0 657.0 TN
A H. S 9 0.097 0. 444 1500 802.0 N\
NE ~ 5 9 0.077 0.182°  250.0 __ 85,0 — i
499.0 3349.0 0.2 31527.0 4344.0  135.0 685.0 N

MIC 54 NO w

QOO RBINIREIINIRINN N0 ReRanaR IR eInasastsnIsessnRosoaosROttIBIIIIUIININDY
1T VRt AN (BN USRI NAUNBENANNI DNABBLENGIQUHAGUIEN VUNBNEYANS PNUBRINNRII TRDX] ANN
(AR R R R R R R R A R N R R R R R R R R AR R R R RN R R ER R
nNmMmmInIMNMINNIINNNMINMMMINNNIINIINNNINIINNIINNIININNNIIRI 221222222
3.33333 333330033033 83330333303 3333333333 333333333833331231133330333330301330 1
QA4 d, 4408088008844 44, 4006800640668 8 8404844444444 830034444806C0004L0tLt00004
§8 5995555955559 55555 5559505555655 5_ 559555559550 85555555555885585555855555555
GE G GOEEEEOEOEOE0EOEEOEEGEECOCECOEROORO06G GOBBEOEOOEEORCOEOEOECEEEEREOR000bERORERATE

[ 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 DR R R RN

$99989 399993999990 9099899998999099909898893898009899399999999999988909993998599%¢
114 RSN KT ANNANNARNARBUNNHB NN ENEI QOUOEVTBBAINUUD U BNUL COWONE UO AT BRD L INNW
e

The NUM field, 54 in the sample header card above, specifies the

number of geographic regions, NST, for which economic data are

to b
data
this
must
from

regi

e input. The indices of the arrays containing this economic

correspond to the order of the state and regional data in

subgroup. The state codes used in the subgroup TOPOGRAPHY

coincide with these indices. 1If the topography is read

the site data file, economic data must be supplied for 54

ons (the 48 continental states plus Nova Scotia, Quebec,

Ontario, Baja California, Sonora, and Chihuahua), as given in

the

inpu

sample data. A maximum of 54 geographical regions may be

t.
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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(1I) E10.2 Annual average farm sales for
state ($/acre).

2~-23



PARANMETER SET T0 sy _ . R _ - — o
DCFLD  BECONTAM, COST OF FARM FIELDS (3/ACRE) * 4.990F 402 -t o
, OCRBP  DECONTAM. COSY OF RFSID.¢BUSI.PUB. AREA _ _ 3.349E+03 _ o
RATE  COMPENSATION RATE 2.0006-01
__VRBP ___VALUE OF RESIDENTJAL ¢BUSINESS,AND PUBLIC AREA 3.153F404_
CRELOC RELOCATION COST ($/PERSON) 4o 30LE403
,. CONWLK COST OF MILK CONSUMPTICN {$/PERSON) _ 1.350€402 o
CONCRP COST OF NON-DAIRY PRODUCTS CONSUMED ($/PERSOM) 6.850€482

Columns Mnemonic Format Description

51-60 VFARM(I) El10.2 Average £ 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

¢ % 5 AGRICULTURAL DATA & & &

85¢. 0000

472.0008

STATE SEEOING HARVESTING FARM LANO DAIRY PROD. ANNUAL SALES VALUE OF
- . MONTH MONTH ___ __FRACTION _  FRACTTON ___ FARM
———— $ ___  WMAINE L] 9 « 077 _ «182 250. 0000 «85.8000
2 oMo € 9 <897 olhl 150.0000 e02.0008
. . 3__vv s 9 «283 J791 177.0000 _ 657.0080
[ MASS s 9 0123 «283 372.0080 1366,0008 -
jeee e 5 Rale Y __e081 . __e220 ___ _ _ &76.0000 2133,0080
6 CONN L] 9 o140 «313 s00.0800 2158.0008
o — T NeYe . 5 9 «315 «5T79 188, 0000 662.0800
[ ] Ne de L1 9 «197 0162 376.0000 2222.0008
. 9 _PA H 9 2307 bl 3 239.0000 669.8000
10 OHIO L] 9 o618 «153 183.0000 1516. 0808
- U ¢ N . __ S 9 2 T20 «067 _ ___206.0000 16496.0000
12 e ] 9 «795 Py %) 213,0800 1766.0008
e 43 NMICH _ __ ___ 8 9 _22085 92238 _ 197.0000 955.0000
14 NS L] 9 «520 «538 194,0800 807.0008
5 15 MINN s 9 _2563 «188 160.0000
16 T0MA L 9 5 1Y «050 242.0000 1458.0008
Vy e -~ 17 o L 9 o TG _ « 79 e .__ 3330000 __ 674,.0000
18 Ne Do L} 9 0922 « 067 45,0000 386.0800
.- - -39 _ S.0. S 9 . 8922 ___ 074 S _ abe00880 257.8800
20 NEBR L} ] +967 °027 99, 6000 &70.00080
Vi — 24 ____KANS _s 9 2915 <034 92,0000 437.0000 o
22 ofL [ 10 obTg o B4 E 506.0800 1725.0000
low ——- . 23 mw ___ & _ 1 sbll 4227 _ ___  _ 2T3.0000 ___ _3799.0080
246 VA [} 19 371 o171 126.0000 86L.0808
4 - 25 Hova & 8 _e210 ______ . 3 __ _ Lho 0000
26 N.Co [] 18 368 «056 261.0000 819.0000
o 27 SeCe Y 10 2 327 2063 14800000 €35.0000
28 (] & 18 ohl? «058 164.0000 609.0000
. 29 _FLA _  _ M. _. B__ 4368 ______ J8TT _______ 233.0000___ _ 930.0000
30 Xy & 19 *557 «117 141.0000 792.0000
- —— 3t . TENN _ & ____18 507 _ _edeD ____338,0000__ _ 669.0000
32 ALA 3 10 +h00 o001 14bLe 0000 515,0000
— e 33 NISS & 10 Y £ ] __ o087 135,0000__  $20.0000
34 ARX & 10 o696 «039 158,0000 6€91,0008
[ —1 ] [ ¥ ) 0N A8 e3%2 - _ «007 137,0000 763.0800
36 OXLA & 10 <782 e051 68,0800 Li2,0000
- 37 TEXAS [ ) b | I —Y ) § § - - «953 - 54,0000 354,0000
30 NONTANA L 9 «658 «02€ 20,0080 186.0080
{tmee— -39 . IDANO 5 _ 9 296 2114 93,0000 “85,0000
(] ] MYOMING L] 9 «568 «024 15.0000 119.0000
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COLORADD
N.MEXICO
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WASH
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B8AJA CAL
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& 10 «318 .119 316.0000 936.0000
S . 9_ ______me000 ______ _ @.000 __ ___ B,0000 ____ 0.0000
s 9.000 0.800 0.0000 s.0000
_9 9 8.000 0.000 0,0000 s.0000
[ 9 8.000 g.000 0.0000 0.0000
% @ __________8.000 __ _ _ 8,000 __ ____ 8.0000 ____ 0.,0000
s 9 0.000 0.000 0.0008 8.0000



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:

S604. 278499, 0.
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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 radiocactive cloud may overlap sectors adjacent to



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(1l) = 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(1,4) 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) 8El10.3 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).

2-33



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.
68 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 0, o, ~

5,696E+07 5.273E-02 0. 0.

3. 126E+07 1.867E-01 0. 0. O
6.639E+05 3.919E+03 0. 0. )
4.495E+03 1.921E+03 1, 000E-02 1, 000E-00 ~

7.460E+05 7.130E+01 1.000E-02 1.000E-00 R
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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).
?his 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).
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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 VD(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)'ll 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.

b bt b e e e e
ONOUNBWNFOWOIAU D 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

r.

II_2 -

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

RLAM(I)

List of Valid Isotopes

RU-105 37 Cs-134
RU-106 38 Cs-136
RH-105 39 CsS-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
1-135 52 AM-241
XE-133 53 CM-242
XE-135 54 CM-244

2-38

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



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 .
1-10 CSACT E10.3 Multiplier for the NIS activity

values in the array SACT.

11-20 CVvD 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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SUBGROUP 1SOTOPE
“PRRARETER WIS SEY YO 3%

e s ¢ INPUT 1SOTOPES @ » o

ov-¢

nBER NANE GROUP  PARENT INITIAL(CURIES) HALF-LIFE(DAYS) DEPOSITION VELOCITY(R/SEC) RAIN OEPLETION

; co-sg ; :.::0!005 :.;3?!001 :ooo:-oz :00(!0%
€0-6 L4 .. 08; N + Q0OE+

3 R-85 b - . 3.7% . U.

4 KR-85% 1 3.126€+07 1.867€-01 . 0.

H xn-8? 1 s +Q7 7 0,

— Y 4 23 A 0. -
? "0-86 4 4. 815E+04 1.865€+01 1.000¢-02 1.000€+ 00
8 SR -89 [ 9,388€+07 Al 1. +00
v [ 5. 171+ + . 1. +00
10 SR-91 [ 1.238¢+08 3.950¢-01 1.000€-02 1. 000€+ 00
11 Y90 8 Sx90 + 7 1 1.%.09
Y2 YIY ] . * . 4 . Y. <00
:2 :.23 : :.a::om g.ssoeoo: :.ooo:-oz :mo%

R + 1,

- — ik e RS —-55 %
16 059 7 1.6556+08 2.751€+00 1.000€-02 1.000€+ 00
17? TC-99MN 7 "o -99 1,428€ 1 1 1, +
8 ®U-108 7 1.2“!‘8 ;.3%&81 1.%% Y. O
19 RU-105 14 8.2118+07 1.850€-01 1. 000¢ -02 1.000€+00
20 RU-106 14 892€+07 59 04 1 1 »

- . =B , alas ala’s
22 $8-127 b 7.720€+06 3.800¢+00 1.000¢ 02 1.000€+00
23 38-129 508¢-( 1 1 +

- . ° 0
25 TE-127n b 9.839€+05 1.090€+ 02 1.000¢-02 1.000€+00
26 TE-129 b $8-129 2.2675087 b.glizﬁ ‘l,wﬁ 1, 000€+ 00
27 TE-TON b — 8. + . + . Y. 000E+00
28 TE-131n b] 1.201€+07 1.250€+00 1.000¢-02 1.000€+ 00
29 TE-132 S 1,268€+ 08 1 1 .

= 5 -1 5L
31 1-132 3 TE-132 1.286€+08 92521602 1. 000€-02 1. 000€+ 00
32 1-133 3 1,8406+08 8,667¢-01 1 -02 1. 000€+ 00

- - + - - 3 )m
34 1-135 3 1.734€+08 2.744E-01 1. 000€-02 1.000€+ 00
35 XE-133 1 1-133 1.8416+08 5.290€+ 20 0. 0.

- - . +07 3. EZTE-O7 U. U.
37 €s-134 [ 1.261E+07 7.526E+02 1. 000€-02 1. 000€+ 00
38 €.=136 [ 3,910€ 1, 300€+01 1. 000€ -02 1, 000€+00

- - * - * - - (3
40 BA-140 6 1.6816+08 1.2796+01 1. 000€~02 1.000€+ 00
41 LA=-140 8 8A-140 1.717¢+08 1.676€+00 1. 000€ -02 1. 000€+ 00
& TE-TLY L] YT.3527+ 08 3. 3E+07 .ooR-02_________ voooeemor
43 CE-143 [ ] 1.485€+08 1.375€+00 1. 000€ -02 1.000€+ 00
44 CE-144 8 9.156E+07 2.B44E+02 1, 000€~02 1., 000€+ 00
[$1 PR-1X3 - . * T XSBE+OY Y. 000F-02 7. 0006+ 00
46 ND-147 8 6.529€+07 1.099€+01 1. 000¢-~02 1.000¢+ 00
[Y4 NP -239 8 1.850€+09 2.350€+ 00 1.000€-02 1. 000€+ 00

- - - + . + - - *
9 PU-239 8  wP-239 2.581E+04 8.912€+06 1.000€-02 1.000€+ 00
50 PU-240 8 CM-244 2.893E¢04 2. 469€+ 06 1. 000€-02 1. 000¢+ 00
37 PO-2XY 8 S. 82T D5 . . Y. DO0E+ DU
$2 An-241 8  PU-241 3.624€+03 1.581€+05 1.000¢-02 1.000€+ 00
$3 CM=-242 8 1.369E+ 06 1.630€+02 1. 000€ -02 1, 000€+ 00
5% TR-2%% 8 LR iU 8. 5TTE+DS T. -1 . .




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:

TOE01 _7.0E-03 7.0E-01 5,009 3.06-0f &.0E-02 2.0F-02 4. 0E-03\
2 5005366 2.5 _ 0.5 {.0 11.76E 06 10,

S OEZ0i € OE- 03 7.0E<01 ~ 4, 0E-01 4 OE-0f " 5,QE_02  4.0E-0f  E.BES03™
5~ 5. 00E-07 2.5 0.5 1.0 3.62E 07_25. O
9.0E-01 6.0E-03 _ 7.0E-01  4.06-01  4.0E-01 5.00-02 4, 00-01 _ 3.0f-
=16 40007 T 0.5 1.0 1.19€ 06 25.
AKAGE i5 MO ~
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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.



vv-¢

I —

SUBGROUP LEAKAGE
PARAMETER NPB2 SET TO

1 PHR = 1A PROB-P(J2)
4.000E-07

T3 PR =

[}

v

Ly

o

.

ed—

26

31

GROUP = LEAXAGE FRACTION

2 PHR = 18 PROB-P(J,2)
S.000€E-07
GROUP ~ LEAKAGE FRACTION

2 PROB-PIJs2)
3.000E-06
GROUP = LEAKAGE FRACTION
& PHR 2 3 PROB-P(Js2)
8¢ 000E-06
GROUP = LEAKAGE FRACTION
S PUR = & PROB-P(J,2)
5. 000E-07
SROUP = LEAKAGE FRACTION
6 PHR = S PROB=P(J,2)
7400007
" GROUP = LEAKAGE FRACTION
7T PHNR = 6 PROB-PIJ,2)
64000E-06

" GROUP < LEAKAGE FRACTION

8 PMR = 7 PROB-PlJe2)
4o 000E-03

GROUP « LEAKAGE FRACTION

9 PHR =
4o ODOE-0S

GROUP ~ LEAXAGE FRACTION
10 PUR = 9 PROB-P(J.2)
4o $00E-04

GROUP = LEAXAGE FRACTION

1 PPOB-P(J42)
1.000E-06
GROUP - LEAKAGE FRACTION

“11 BuR =

2 PPOB-P(Js2)
6.080E-06
GROUP « LEAKAGE FRACTION

12 BUR =

3 PROB-PLJ+2)
2. 000E-0S
GROUP « LEAKAGE FRACTION

13 BMR =

16 BHRE = & PROB-P(J2)
2.000E-86
GROUP « LEAKAGE FRACTION
15 BWR = S PROB-P(J,2)
1. 000E~-04
GROUP - LEAXKAGE FRACTION

8 PROB-P(J,2)

TINE TO RELEASE EXPANSION FACTOR WARWING TIME
10000E+83 34761E400 1. 0006408
1~6408E~03 2-2,00E-05 3-2.80E-05 &-1.00E-85

TINE TO RELEASE EXPANSION FACTOR WARNING TINE

'54000€-01
12.00E~03

1.585E¢00 €.
2-5.00E-86 3-1.00E-04 &-5.00E-04
TINE TO RELEASE EXPANSION FACTOR WARNING TIME
Se800E-01 1.505E ¢80

- 8. _
1-300E-06 2-7.00E-93 3-1.00E-07 4~6.006=07

TIME TO RELEASE EXPANSION FACTOR WARNING TINE
20000E400 1.505E+00 1.500E+00
1-1000E400 2-T $0E-03 3-4.00E-01 &-L,00E-IL

TINE TO RELEASE EXPANSION FACTOR MWARNING TIME
3.800€+02 2.783E+00 2.000E+30
1-1.00€+00 2-7.00€~-83 3-9.00€E-01 &-5,00€E-01

FIME TO RELEASE EXPANSION FACTOR WARNING VIME
3.000€+01 2.TB3E+80 - 2,000€+00
1-1400E400 2~7.00E-03 3-1.80E-01 &~1.006-01

TIME TO PELEASE EXPANSION FACTOR WARNING VIME
5.000E+00 2.515E+00 2,000€+30
1-€.00E~01 2<7.00E~86 3-8.00E~-04 4=-S.00E-03

TIME VO RELEASE EXPANSION FACTOR WARNING TIME
3.580E+08 3.162E 400

'.
1-5.00E-04 2-2,00€-09 3-6.00E-11 L=k 00E~-09

U —
— e R it S — _____-_.._nt
L]

s 3 & INPUT ISOTOPIC LEAKAGE FRACTIONS ® & &~ - — Y
TINE TO RELEASE EXPANSION FACTOR WARNIKG TIME  SENSIBLE WEAT (CAL/SEC) RELEASE WEIGHT - W
2.500F+00_ __ _  1.585€¢08 1,000E+00 1.190E+06 B 2.500E+01 R
1=9400E~01 2-6.00E-03 3-7.00E-01 &b 00E~81 S~4,00E~01 6-5,00E-02 P=4,.006-081 O8-3,00F-93 — ——— 77
TINE TO RELEASE EXPANSION FACTOR WARNING TINE  SENSIBLE HEAT (CAL/SEC) RELEASE WEIGHT v

2.500€+400 1.585E+ 00 1.000E+90 3.620€007 2.500€+01
1-9.00E~01 2-6,00E~83 3+-7.00£~01 &4-8.00E-01 5~4.00€-01 6-5.00€~02 7-6,00E-01 6-3.00E~-03 e
TIME TO RELEASE EXPANSION FACTOR WARNING TIME ~ SENSIBLE HEAT (CAL/SEC) RELEASE MEICHY — — -~ — s

2.508€+00 1.585E +00 1.000E+00 1.176Ee07 1.008F081
1-9,00E~01 2-7.00E-03 3I-7,00E=81 4~5.00E~01 5-3.00E-01 6-6.00E~82 7-2.00F~02 06-b.88E-03 Y
TINE YO RELEASE EXPANSION FACTOR WARMING YINE  SENSIBLE HEAT (CAL/SEC) RELEASE HEIGHT - -

_ 54.080E+08 _ 2.340E00 _ 2.800E400 8,2006¢085 1.000E+01
1-8.00E~01 2-6.00€-03 3~2.00E<01" &=2.00E-01 5-3.80E-01 6-2.00€-02 T=3.00E-02 B8-3.00F-9y  ~ ———U
TINE TO RELEASE EXPANSTON FACTOR WARNING TIME  SENSIBLE WEAT (CAL/SEC) RELEASE HETGHT ue

2.6800€408 2.783E4+00 2.800C+0¢ 7.008E+03 1.080€+018
1-6000E~01 2-2.00E=03 3-9.00E-02 8-b,00E=02 5-3,00E-02 6-5.00E=03 P=3.00E-03 B8-4.80E-04 - e
TINE TO RELEASE CXPANSION FACTOR ~MARNING VIME  SENSYBLE HEAT (CAL/SEC) RELEASE METGHY — ~— ~— = ———8&

2.,000€+00 2.991E+00 1.000€+30 2.100E04 1.000€401
1-3400E~01 2-2.00€-03 3-3.00E~82 #-3.006-83 5-5.00E-03 6-1.80E~83 7-6.88E-0b 0-7.00E-08 —u
TINE TO RELEASE EXPANSION FACTOR WARNING TINE  SENSIBLE WEAT (CAL/SEC) RELEASE MEIGHT - -®
1.200E+00  _  3.761E+80 _ 1.800E+28 0. 1.000E+01 - \
1-3.00E~01 2-2.00E-03 3-8.00€-04 &=-8.00E-0& 5-1.00E-0F 6~9,00E~85 7T-T.00E-05 B8-1.006~85 I

- ——n

SENSIBLE HEAT (CAL/SEC) RELEASE HEIGHT
[ 1.000E+018
S=2.80E~0%5 6-1.08E~86 T~-1.08E~-86 8-2.00E-07

SENSIBLE HEAT (CAL/SEC)

- - 4

e —

RELEASE MEIGHT
. 1.000E201
5-1.00€E-06 6-1.00E-08 7-0. 8-9.
RELEASE HEIGHT
1.080E288
8~-0.

SENSIBLE MEAT (CAL/SEC)
[}

. e bttt e — - —
5-1,00E-09 6-1.80E-11 7-0.

SENSIBLE HEAT (CAL/SEC)
B .LO0QE*NG
5-7.00€-01 6-5.00E-82 7-5,00E-01

RELENSE WEIGHT
2.580E°01
8-5.00E~-03

RELEASE HEIGHT
1.000E+01 ‘
7-3.00€-02 8-~4.80€E-43

SENSIBLE HEAT (CAL/SEC)
1.890E+86
5-3.00€-01 6-1,00E-01

SENSIBLE MEAT (CAL/SEC) RELEASE WEIGHT
1.400E+96 2.5006+01 ) -
5-3.00E-81 6-1.00E~02 7-2.00E~02 B8-4.89E~03

SENSIBLE HEAT (CAL/SEC) RELEASE WEIGHT

0o 2.500E+01 .
5-9.00E-03 6-6.00E-84 7-6.00E-06 B8-1.80E-04

RELEASE HEIGHT
L1 1.500€402
5-8,00E-12 6~8.00E-14 7-0. 8-0.

SENSIBLE HEAT (CAL/SEC)
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8. Subgroup DISPERSION -~ specifies the reactor building dimen-

sions and the special wake and rain depletion options.

Sample input cards:

80.0  25.0 0 34 0 ™\
SPERSTON ~

a & XY

S N N NN R N R R R R R N R R NN N I N RN RN RN RN RN AT
RN T R Ty E PR R I Ty Y I R e Y T R R YR L LA LT
[RER R R AR R RN R R R R R R R R R R R R R R R R R R R RN AR RN R R R R R R R R R RN AR AR R RN RN
22.222,222222222 2222222222222 00200000 22202222232222220222222222222222222232222
333333333 30333 3333333333333 3 2333333333 33333333333333332333333323332232333333338
A0 848440800 4440484440404000040040040401044004400040 411U
5585 5555 555555 85555555555555555555558555565558555555555095585595555555555555555§
EEEEEEEE _SEOoCEEREEEEREEEEBEECEEREEEEROBEEOOEREaRtEEEitEREtEREROEtEECERECEERCEEEER0EE
111,1117111117717711171)177171117111111))11171111111111)771117771!171771]1111111

-~ .
I R R R R R R R RN RN R RN R R R R R R R R R R R RN R R R R R RN R R RN R R R RN RN R RRRRRERRNRRRNERRRREN]

IO R R R R R R R KR R R RN RN NN R KRR N RN RN R RN RN XN ERERREEER RN REEREY 4

1234 "1 0t NS HURARNNUNBRENHNERNITNUNENNNBHADULECYERNNUDIMUNE WAL HRBBNBIRNI RN KIIENN
\\ e

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
poprulation 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 I5 Rain option switch.

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

1l - 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.

SUBGROUP DISPERSE

______PARAMETER  SET YO 8 __ il
’ *

D ® ® & INPUT BUILDING, WAKE, AND RAIN DATA ® ¢ ®

- ‘ T - 00BE«02

BUILDL REACTOR BUILDING LENGTH (M) 1.

BUILON. REACTOR BUILDING METGHY (W) . _ 2.500E+01
““"WMAKE £ OF INVERVALS FOR SPECIAL WAKE EFFECTS - s
._ IRDEPL = 34 TURNS ON RAIN FOR THE LAST INTERVAL L
T LIRAIN = 8, 14 OR 2 REQUESTS OBSERVED RAIN, ]

NO RAIN (RAINFALL IGNOREDY, OR

S0 T 7 777 IMCIDENT RAIN, RESPECTIVELY
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9. Subgroup EVACUATE - specifies the emergency action data,

including the choice of evacuation model and the con-

stants for sheltering, shielding, and evacuation. This
subgroup must be specified after subgroup SPATIAL.
Sample Input Cards:
/T804S, 50, 165 < PO
[/ 2.66E-4__2,66E-4 1.33E-4 _ 2.66E-4 ~
[/ .75 1, » 75 .33 .5 .05 233\
/ 0. S, 447 ___14.0 24i35.  14.0 2. R
/- 0, 0. 0. 0. 0. (R 2. ~
/ 0. 0. 0. 0. 0. 14.0 2.
/ 3 5, 4.47 4.0 24135, 14,0 2. N\
/" .4 3. 4.47 __ 14.0 24135, 14.0 - R
/ 3 1. 4.47  14.0 24135,  14.0 z. ~

/{VQCUQTE [ NO NO

MUUNBHBKIUMOIRANDNARUNRRERUNDENNNSOUNELEUSH NN NNUBRUINIBNLCURNVNBRILNIRAKIBNR

.l
|A' :
1 (R R R R R R R R R R R R R R R R RN R R R R R R R AR R R R AR ]

N N R R R R R N R Il
14 L] U ]
LU rH

Tres e
| [ ]
22221212211122212112111112211712112122211222122112‘11122!122212122212!212121:1112
333,38 3303303333333 333333333333030033333303333353033333223333333333333383001030)
G444 4444084084408 4444400001484 4444044880040004040000844400004000400 00000000108
LI585 SIS SIS SIS 5555555555 58555555588§¢§
GOCEEEBEEEOOBOOOEOEREEEEN 60600 SOCOROOEE GECOCEEGOEEEEEECEEGEEEEB0C0EE6000080806
IR 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 R R R R R S A R R R AR R SRR R R

$O99990893009090 899998908989 988890 9999999999989y 88090909999 988999999839 9099183%%)9
\I R R N N R R R N M T M T T T L Y ™M
oo

The NUM field, 6 in the sample header card above, specifies the

number of evacuation strategies,

than six strategies are allowed.

NEVAC, to be defined. No more

The weighted evacuation sce-

nario 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 consequences for the

weighted evacuation scenario is evaluated.

The impact of evacu-

ation on the latent effects and evacuation costs is based only

on the emergency action data defined in the

strategy.

last evacuation



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

is described below.

Column Mnemonic Format Description

1-10 EVCONIN(1,J) E10.3 Probability of evacuation with
strategy J in the weighted
evacuation scenario. The sum
of the evacuation probabilities
over the NEVAC evaluation stra-
tegies must be 1.0.

11-20 EVCONIN(2,J) E10.3 Time delay between officially
being warned and beginning
evacuation (hours).

21-30 EVCONIN(3,J) E10.3 Evacuation speed (meters/sec).

31-40 EDIST(J) E10.3 Maximum evacuation distance
for downwind sectors (intervals).
People living in the spatial
intervals within this distance,
including the interval specified,
will be evacuated according to
the evacuation scheme specified
in EVCONIN(7,J). People's
exposure to air and ground
contamination will depend on
the scheme selected. People
living in spatial intervals
beyond this distance will be
exposed to ground contamina-
tion for either 1, EXPD(J), or 7
days. The exposure model is
determined by the switch IEXPD
and the exposure duration EXPD(J).

41-50 EVCONIN(5,J) E10.3 End of evacuation distance for
evacuees (meters). Distance
from the accident site at which
evacuees complete their evacua-
tion.

51-60 SDIST(J) E10.3 Maximum sheltering distance for
downwind sectors (intervals).
People living in the spatial
intervals within this distance, ‘



Column Mnemonic Format Description

. including the interval specified,
will be sheltered if they do not
evacuate, The maximum sheltering
distance cannot be less than the
maximum evacuation distance. The
time at which sheltered individuals
are relocated is determined by
IEXPD and EXPD(J).

61-70 EVCONIN(7,J) E10.3 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.

71-80 EXPD(J) E10.3 Exposure duration (days following
deposition) in the non-evacuating
intervals for the case when the
switch IEXPD has the value 1.
(This value of exposure duration
applies only when IEXPD = 1.)

This evacuation card corresponds to evacuation scheme J.

The shielding data, breathing rate data, evacuation cost
data, and duration of exposure switch do not change between evacu-
ation 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 Description

1 1-10 SHFAC(1,1) E10.3 Cloud shielding for stationary
evacuees (effectiveness factor
between 0 and 1 where 1 means
no shielding).

11-20 SHFAC(2,1) E10.3 Cloud shielding for moving
evacuees (effectiveness factor
. between 0 and 1).



Card

Column

Mnemonic

Format

Description

21-30

31-40

41-50

51-60

61-70

71-80

21-30

31-40

SHFAC(3,1)

SHFAC(4,1)

SHFAC(1,2)

SHFAC(2,2)

SHFAC(3,2)

SHFAC(4,2)

BRATE (1)

BRATE(2)

BRATE(3)

BRATE (4)

EVCOST (1)

EVCOST(2)

EVCOST(3)

EVCOST(4)

E10.3

E10.3

E10.3

E10.3

E10.3

E10.3

E10.3

E10.3

E10.3

E10.3

E10.3

E10.3

E10.3

E10.3

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

Cloud shielding with no emer-
gency action (effectivness
factor between 0 and 1).

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

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

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

Ground shielding with no emer-
gency action (effectivness
factor between 0 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).

Width of evacuation arc for
downwind sectors (degrees).

Direct evacuation cost
(dollars per evacuee),

Maximum release duration
(hours) for which the keyvhole
shaped evacuation case model
is to be applied.



Card Column Mnemonic

Format

Description

41-45 IEXPD

I5

Duration of exposure switch:

-1 - People in the non-evacuating

intervals will be relocated

at 7 days following deposition.
But if the 7-day external

total bone marrow groundshine
dose approaches lethal levels
(200 rem), relocation occurs
at 24 hours.

People in the non-evacuating
intervals will be relocated
at 24 hours following deposi-
tion.

People in the non-evacuating
intervals will be relocated
at EXPD days following depo-
sition.

Reductions in inhalation doses due to sheltering or respiratory protec-

tive measures can be included by reducing the assumed breathing rate.

No parameter modification is allowed for this subgroup.

A representative listing of the EVACUATE subgroup sample input data

is shown below. gypcrour evacuare

PARAMETER

T s % 5 TNPUT EMERGENCY RESPONSE CATA FOR

TEVCONIN(1,1)

EVCONIN(2,41)
EVCONIN(3,1)
EVCONIN(4,1)
EVCONIN(S41)
_EVCONIN{E1)
EVCONINIT 1)
_EXPD(1)

EVCONIN(3,2) _

EVCONINIL2,2)
_ EVCONIN(3,2)

EVCONIN(4,2)

EVCONIN(6,42)
_ EVCONIN{Z42)
EXPO(2)

- SET YO 6

6 STRATEGYES & » &

PROBABILITY OF STRATEGY (8-1) 3.000€-91
TIME DELAY BEFORE EVACUATION (MRS) _  1.000E+00
EVACUAT ION SPEED (M/S) ho47OE+00
MAXINUM DISTANCE OF EVACUATION (M) _  2,609Ee0b
DISTANCE NOVED BY EVACUEES (M) 2. 414E+ 06
SHELTERING RABIUS (M) ___ 1.609E+04
EVACUATION SCHEWE (3 OR 2) 2.000E+00
EXPOSURE OURATION (DAYS) 8. .
PROBABILITY OF STRATEGY (0-1) _  &.800E-01
TIME DELAY BEFORE EVACUATION (HRS) 3. 8006400
_EVACUATION SPEED_(W/S) 4,47 0E400
MAXIMUM DISTANCE OF EVACUATION (WY 1.609E+8b
_EVCONIN(5,2) _DISTANCE MOVED @Y EVACUEES (M) 2.014E406
SHELTERING RATIUS (M) 1.689E¢ 00
EVACUATION SCHEME €1 OR_2) 2.000E400
EXPQSURE DURATION (DAYS) '
PROBABILITY OF STRATEGY (0-1) 3.000€-01

TEVCONIN(L, )

—EVCONINE2,3) _TINE DELAY BEFORE EVACUATION IHRS) = 5,000E+00

EVCONIN(3,3) EVACUATION SPEED (M/S) Se WTOE 00
—EVCONIN{4y3) _ MAXIMNUM DISTANCE OF EVACUATION (M) 1.609E+04 _
EVCONIN{S5,3) DISTANCE MOVED BY EVACUEES (M) 2o h1bECOL
‘ _EVCOMING6.3) SHELTERING RADIUS_(N) 1.609€+04
EVCONIN(T¢3) EVACUATION SCHEME (1 OR 2) 2,008E+80
-_EXPD(3) ___ __ EXPOSURE DURATION (DAYS) e
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EVCONIN(1,4) NO.DXL:" OF STRATEGY (0-1) 0.

VCOMIN(2.4)  TIME DELAY BEFORE EVACUATION (WRS) g.
EVCONINCA,4) MAXIMUM DISTANCE OF EVACUATION (M) 0.

VCOMIN(S.4) DISTANCE WOVED BY EVACUEES (M) N—

. ¥

EVCONIN(?,4) EVACUATION SCHEME (1 OR 2) 2.000€+00

EXPD(4) EXPOSURE DURATION (DAYS) 0.

EVCONINC1,5) PROSABILITY OF STRATEGY (0-1) 0.

VCONIN(2,2)  TIWE DELAY BEFORE :g;)cumou (HRS) g.

EVCONIN(4,5) MAXIMUM DISTANCE OF EVACUATION (M) 0.

EVCONIN(S.S) DISTANCE MOVED BY EVACUEES (M) g.

EVCONIN(?,5) EVACUATION SCHEWE (1 OR 2) 2.000€+ 00

€XPD(S) EXPOSURE_ OURATION (DAYS) 0.

EVCONINC1,6) PROBADILITY OF STRATEGY (0~1) 0.

EVCONIN(2.6) TIME DELAY BEFORE EVACUATION (WRS) s.oooagg

EVCONIN(4,6) RAXIMUM DISTANCE OF EVACUATION (M) 1.609€+ 04

EVCONIN(5.6) DISTANCE MOVED BY EVACUEES (M) 2.&{1};50&

T 3L

EVCONIN(7,6) EVACUATION SCHEME (1 OR 2) 2. 000€+ 00

EXPD(6) EXPOSURE DURATION (DAYS) 0.

SHFACC1,1) CLOUD SMIELDING ~ STATIONARY PEOPLE 7.500€-01
SHFAC(2,1) CLOUD SNIELOING ~ MOVING EVACUEES 1.000€ + 00
SHFAC(S;1) CLOUD SHIELDING ~ SHELTERING €-01
SRTACTR, YT CLOUS SHITLOING < WO EWENGENCY ACTION  — —7.300¢-

SHFAC(1,2) GROUND SHIELDING ~ STATIONARY PEOPLE 3.300¢-01
SHFAC(2,2) GROUND SHMIELDING - MOVING EVACUEES %.QOOE- 1
SHEAC(4,2) GROUND SHIELDING ~ WO EMERGENCY ACTION 3.300¢-01
BRATETY) ™ WREATRING WAYE SYATIONARY EVACUEES Z.880E-0% o
BRATE(2)  BREATNING RATE MOVING EVACUEES 2.6606-04

ORATE(3)  BREATMING RATE SHELTERING asexon ONE 1,2385—01- .
EVCOST(1)  RADIUS OF CIRCULAR AREA EVAC MEAR REACTOR 8,045€¢ -

. +

EVCOST(3) EVACUATION DIRECT COST ($/EVACUEE/DAY) 1.650€+ 02
EVCOST(4) WAX DURATION OF RELEASE FOR KEY SNAPED EVAC 3, 000€+ 00

1€XPD DURATION OF EXPOSURE SWITCH )




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:

19 f.E10 1.Ei0  L.Fi0_ 1.Eid 1.0 1.0 0.0\
ALL_ 1000, 1000.1 2500, 500, .05 1.0 0. N\
3000, 3000.1 6000, 6008, .05 1.0 0. R}
58, 130. 280. 370, .30 X 0. N
[ 000- 14800, 02400, 24000, .24 .73 1. N\
[T WALL_2006. ___ $000. %000, %000, 1, T, 1.
320. 400, 10, &5, .03 5 1.

Q
/ocun: 7 w
001 A0t ONBRRRNRORRORRORRRORRNORRRORORORRRTRRBRIENN0NNNTY
T2 A I I BHUEDNNBS NN BN NI NN AN H AN AN AR ARG HTUAS TSR UI UM NSNS HUNUARCNEN NI
(R AR AR AR N AR R RN R R AR R R R R R R R R R R R R R N AR R R R R R R R R R R R R R R R R R RN AN RN
MmN IINNIIININIININNNIIIAINNIINNNIININNNINININIININIMNGIY
1.3 ll!l!l!llllllllil)ll!llll!l!llllll!!llilli’llll!llll!l)ll!)l!!l!lllllll!lll!
QO 4040438848880 08400004 88400804804 00100 400444444404 004040000 3000040000041 10010
R IR R R R R R R R R R R R R R AR R R R R R R R RRRRRRRERRRRRRERRRERRRRRRRRRZRRRRRZINARRZRRRZARERE)
SUCEEEEEEEREEECEEOCTTEEUBO0bTEECEREObUCEeGOEEEEGEsCEOCEERCEEEEREGEsEBOEEEEEREESE //
MMM I (/
SUSUBRBDRRORRsERBORIRABARRRRIBRIRRBRIRIRNNIBRERAGEBEOCAENCIRRNRIROEBRARLSETRLEINTITS ,/
000000000000 NNNRNISRsEnsBRRRRIOsRRIRRRNUINNIINeITRIIREITIRINsNNTneINIINIIIIINIY]

\I I EYEEESEEE NI YA AP EEER RS AR ER RS RARR NN LR Y AN E NEREEEF LR DEDNENE DN DREERREREY SR LT /
e

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,I),
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(2,1I)
and DL(3,I) are intermediate val-
ues with corresponding probabili-
ties given by PL(1l,I) and PL(2,I)
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.



1.0 . R
&
® PL(2,I)
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i PL(1,I) 4+ o= = = . ' {
2 ' ) |
2 ; , .
a0 ! f |
DL(1,I) DL(2,I) DL(3,I) DL(4,I)
DOSE (REM)
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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96-¢

SUBGROUP ACUTE

-~ PARAMETER NERL SET To I 2. .- - — - . e L. . P
4 -
® % & INPUT ACUTE HEALTH EFFECTS bata v s . o
‘
ORGAN DOSE BREAK=-POINTS (RADS) RESPECTIVE PROB, LINITS MORTALITY FACTOR Y
6 - ——— - —— - - - - - —— P — - et e
T MARROM 3. 200€402 4, 000E+02 S.100E +82 6.150€+02 3. 000€-02 5.000€-81 1.800E400 - @€
, LLT WALL 2. 008E+03 S.000E+B3____ S,.000E+83 S.000E403 1.000E+00  1.000E+80 1.000€+00
LUNG 5,000E+03 1. 480E404 2.260E 84 2.400E 404 2.400€-01 T+300€-01 1.000€%00 "
g —.._ W BODY 5,5006401 _ 3.580E402 __ 2.800E002 __  3.700E+02 _3.800E-0% _ 8.000€-01 _ O.
LUNG 3,000€+03 3.000E+03 6.,000E+03 €.000E+03 5.080€E~02 1.060E+00 [ IS ) A 1
g LI WALL _ ___ 1.000E403 __ 1,0006403_  2.500E403 __  2.S00E403  5.800E-02__ 1.000£400 0 L
THYROID 1.000E+10 1.800E+ 180 1.000E+10 1.000€+10 1. 000E+ 09 1.000€+80 0 ) =
W~ - - - cem - e oo -—_— - - - - - - - — = - - R 12
" - - - — —- s e ——— e e - ~ - —_— —— = - - bt 44
4~ - - - - (F4
12—~ - - - - - - - —— = - _— - _ - === - — -0
1 doe o e - - - - - —— - - - ———— N amnm e r—— ——
- - ———— 1 |
o o 81
16 ——— s - e -— R a4 |
17— e e o - U UUUS S U DU —_— = - —— - —— - -- - - D 4
18 —_— 51
19 — —_ - ——— e ———— - ——— - ——— RO —— e — - _— - ——— r
- - - -—2 ~---- i
- i —— - —— - O — ————— e
‘o, - e e - e - = - - - - _— - - ——— - - - - - e— 1}l
§ . - — al
et e —— —_——— —— e ——— &
i —_— — — - - - - —_— e —— - ———— - - - ——d




l1. 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:

. 730£-06 2.500E-07 0.0 1.000E+03

g—n BREAST_— —3.172€-05" 3 wms 5‘172‘{"65'1 S31E-0%5 9. 3B0E-08 4. 601 '_\\
00E-06 2.200E-07 0,0 0.0

UNG — — LUNG 2,749E-05 2, 7i§€“b5‘§‘749z ﬂ§”T"§§?E‘55‘§'T§ﬁt"63‘§'§§ﬁfi06‘\

. 040E- 63‘T'7oﬁt 13 4.9005 07 0.0 f.0 - -

300, 2.5

/um:m : % Q

00 AE OB RO BRI ORI OR RN RRORNRRONOIR RO RBRRRORRaRRIRtRORORRRIINININNITS
11163 1 0MIUDNNTRNNENN NN R AR N BB U NN AU AN G AN U NS U NN BN EUNEINN N RNANT NN
[ R R R R R R R R R R R R R R R R AR AR 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 RERRE RN
222220222222222222222 2022022222000 2022220200202 22220 022222222222222222220¢82222

800 3333333333333 8333333303323033300303903030333333303083133933332233398181311)

CRAAA4444848 4464004840440 4000080600440044440444000040040400040040 0404400000011 11
R IR R R R R R R RN R R R R RN R RN R R RN R R R R R R R R R R R R RN R R R RN RN R RN R R R RN RRRERR R0 )J/
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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

6-7 CENT A2

16-25 THRESH(1) E10.3

26-35 FACT (1) E10.3

36-45 THRESH(2) E10.3

46-55 FACT(2) E10.3

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.

Latent effects model switch.

Blank - the linear hypothesis or
BEIR method will be used
for estimating latent
health effects.

CE - 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.

First threshold (rems) for Central
Estimate.

Dose effectiveness factor applied to
doses below THRESH(1l) for Central
Estimate.

Second threshold (rems) for Central
Estimate.

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)

11-18 LAEFF(I)

A8 Affected organ name. This name
must be one of the 13 organs
listed in Table II-3.

A8 Name of the latent effect, e.g.,
"CANCER," "LEUKEMIA," etc. This
field is used to identify the
latent effect. ‘



Card Columns Mnemonic Format Description

. 21-80 MRCON(I, 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:
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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

NN, nnInnITnImINIImIIIInnIInInIInnIIInIIInInnIMIIMINNIIIIInNInNn //

the groups represents a specific chronic exposure mechanism

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

2) 1Ingestion 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) 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 l:

Columns Mnemonic Format Description

1-5 NIE(I) I5 Number of isotopes to be con-
sidered for the exposure group.

6-10 NCRIT(I) I5 Organ index of the critical
organ for this exposure group
(see Table 1I-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(I) E10.3 Integration time in days for

computing the maximum allowable
dose RDLIM(I,1l).
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Columns Mnemonic

31-40 DAYS2(1I)
41-50 TAGE(I)
51-60 RDLIM(I,1)
61-70 RDLIM(I,2)

Format Description

E10.3 Integration time in days for
computing the maximum allowable
dose RDLIM(I,2).

E10.3 Weathering half-life in days for
isotopes in this exposure group.

E10 .3 Radiation dose exposure limit in
rem corresponding to DAYS1(I).*

E10 .3 Radiation dose exposure limit in

After card 1, enter NIE(I)

rem corresponding to DAYS2(I).*

sets of cards as described below.

The index I represents the exposure group index. The index J

represents the isotope

values 1 to NIE(I).

Card Type A:

Columns Mnemonic

index for exposure group I and takes the

Format

Description

1-8 NUCLID(I,J)

11-20 CF(1,J,1)

21-30 CF(1,J3,2)

A8

E10.3

E10.3

Isotope name (must be one of the
isotopes entered in the ISOTOPE
subgroup) .

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)) .** omit
for exposure group 6.

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)).** omit for
exposure group 6.

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

this concentration factor is used to calcu-

late the maximum permissible ground concentration for the group

**For exposure group 1,

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
years 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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SUBGROUP CHRONIC
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4e200E406 Lo700E406 4. 000E+06 0.
[ g. e [
T<600E+03 0,000E+03 8,000E+03 0,
T.600E+04 7.000E406 6.000E+046 0.
3.700E¢05 3.500E#05 4. 000E*05 Qo

«1826E~-06 «h4BO0E-06

0.

3.600€£+05
2.000€+00
3.200€¢ 04
3.500€+05
3.500€206
1.700€+07

0.

3.100E+05
1.800E+08
Le00BE 0L
3.300€+05
&+, 000E+06
1.600E+07

1.000€E¢07 0.
3.000€+05 0.
1.700E+08 O. —-
3.000E+04 C.
3. 000E+05 0.
2, 000€+06 0.
1. 500E+07 0.
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5 53 CM-242 .. «31181€-05 «5273€-05 +2920€-01 «3270€-01

‘ 1 1 6.780EeOT &, 0. 0. 0. 0.

2 2 6.100€403 1,200Fe03 1.2006+03 1.000F+03 5.000€+02 Q. It

_ - 3 3 3.,800E406 T.000E+05 7.000E¢05 6,000E+05 &.000E+05 C. o

s 8 6.400E+03 2,0006+02 1.000€402 1,000€E+02 1,000E¢02 0. - - - -t

. s 9 6.000€¢03 1.300E903 1.200E+03 1.000E+03 S, 800E+ 02 0,

6 10 1.700€E+05 2,000E+04 1.000E¢04 1,000E+06 1,000€404 O, o’
7 11 1.600€+406 $1,000€+05 1.0006+85 &. 1. 000€+05 0.
18 54 CH-244 0. «1854E~06 hT UL E~06 «5220E-01 *1620E+00 ut

o3 ___ 1 3,200€¢08 Q, 9. _0. O 0. . e __ . o

2 2 2.096E405 2.200E¢05 1.500E+08 1,000E+085 6.000€+04 0. &
3 3 1.197E+08 3,300€+08 §.000E+07 S.000€+07 &.000F+07 4. _
'Y 8 2.700E+06 2.300E+64 1.500E+04 9,.000E+03 6.000€+03 0. —9

g - % 9 2,09€E+05 2,200€+05 1.,5006¢05 1.080E<05 6.Q00€+04 Q. e _ ~

6 18 L.600E406 2.800E+86 1.6006¢06 9.000E+405 3, 000E+05 O, "' -

b o 7___ 11 3.TO0E¢OT 1.100€407 Q.800F+06_4.000E+06_3. 000E+06 C. _ o L v

" GROUP 2 3 ISOTOPES - CRIT.ORGAN ~i1 = PROFAC 1.000 - DAYS1,2 3€5. 365 AGING .160E+02 ROLIN(1,2) «208E+81 JIJeLeln -

"“ts0 T NANE -  TEFF - SDEE(1,2) - CF(1,2) ol

i—_4 37 CS-13s e 13TUESD2 _  LITGIE-0S 1237E~06_ _ .84a0E+02 «4220E004 _ e

1 1 6,LTDEeD 7,.310E¢04 0. 0. . 0. "* 1

1 2. 2 6.500E*04 T,340E¢064 0, 0, 0. _ 0e __ - e _ _ - ot

3 3 6.410E406 7,260E¢04 $. .. 0. 0.
" " B 8,280Fe86 9,330E+084 Qo __ 0. O 8. - _ e e e - _
s 9 6.490E+06 7.330E404 Q. 0. [N 0. ot
e B _30@ 60270E408 7,080€¢06 Qo 0, 0 __ O - .
7 11 6.320E+04 T.140E¢ 06 0. o 0. o #
o— 2 38 CS-136 oBTLIESDL _  _oTB60E-D%  o2594E-Q3  42000€E¢0) _  <1420Ee0} —— ——u
\ 1 1 8.820€+03 8.820E+03 0, 0. 0. 0.
7 .2 2 9,290E%03 9,290€E+83 €, __ _ Oe_____ _ 0s _ [ oo . — —a
3 3 9.180E+03 9.100€+03 0, 8. % 0.

b - ho_.B 1.350E+06 2,350E+04 A, fla De 8e_ - —— o I <t
L 9 9,230€E+03 9,230€+03 6. 0. 8. Oe

I 6 10 8.880E¢03 B.830E+03 Q. __ e __._ O 0. _ - - .
7 11 6.960E+03 8.960£+03 @, 0. 0. 8.

3 39 CS-1% «1398E+02 +5129E~-05 _21093E-14 «Bua0E +0Y «4220E+01 o
1 1 Lo.710E406 S.590F <04 0. 0. e. 0.

| ~2_ . 2 &.730E+0N 5.610E+08 B 8. [ 0. — o — - —a
3 3 4.680E+84 5.560E+04 0. 0. 0. ..

) 8 5,680E+06 6.640E406 0, t. fe . _fe - — o 0
L ] 9 &4.680E+04 S5,550F0 046 0. Oe Oe 0.

3 6 18 4.600EeDe S.450E¢84 8. _ Qe ___ D Oe — ot
b4 11 4,620E+06 S5.490E+04 O, O. [ 1 0.

1 - = e — — — - —_— - —_ - = —_ —_—f
GROUP 3 2 ISOTOPES - CRIT.ORGAN - 2 - PROFAC 1.000 - DAYS1,2 3€5. 365« AGING 140E+02 ROLIN(1,2) «2006401  330E+ 01 g
1S0 1 MAME -~  YEFF - SDEEt4,2) - CFi1,2) ,
1 8 SR-89 11036002 «1916E~03 e3121E-03 «3970€+08 o 4020E+ 08

1 t 2.910E+03 S.810£402 8. _ . 0. . __BR. _ . _ - - e e,
2 2 2.630€+06 5,260E+03 0. 0. .. 9.
3 3 5.950€+86 1.190E¢04 8. Q. [ 8 [ IS —_ 5
» 8 S.270E+05 8.530E+04 6, 0. 0. 0.
s 9 2,910E+03 5,810E+82 4. B. 0. 0. ’
6 10 2.910E+03 S.810£+02 0. 0. 0. 0.
—— 7 11 9,550E¢03 1,910€+403 . —~ D 0. . _ 0. _ ——— _ R
2 9 SR-90 «1398E+402 «3808E-05 +5396€-05 +S0S0E+00 +S880E+ 00

1 1 1.590E¢04 3,.180F+03 S.500E+02 1.0800E¢01 0, (B ¢
2 2 1.040€006 2.080F+05 5,250F+86% 1,290E+04 1.000E+04 3.108E€+03

3 3 3,080E406 6,150E+05 2.S70E+DS 9.810E+0% 1.090E+05 &4.IDQEDS -
L) 8 4.060€¢05 8.120€+04 S.008E+01 0. [ Y (19

s 9 1,590E+06 3, 280€40F 5,500€+01 1.800E01 0, %,

6 10 1.590E+84 3.1806+03 5,5006+01 1.300E¢01 Qo 0.

T 11 2.760E+05 5.520€¢04 2.030E¢04 7.600E+03 0,080E+03 3.130E+03
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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:

. 6S. €67, L3P | 7 S ~
. E41. €52, ES3. E5S. €S7. ST, TN TN
. £33. k35, E37. E3f. Ee2. E43. £45. 3
. £17. E11. E22. £23. E2S. £27. £a1, €3
2 E£02. £03. £0S. £07. E01. Eiz. E13. E1 N

/§tﬂ.E 36 NO

ORBOOONOUNOBRRRRRRERBRENRtORIRORORIERIRRIRRRRRNRRRNROSERRRCEIECEOOBONNICERAERSOOOOIIND
113050100 MNOBNDNUNNAN AN SN BARI YR URE N B NG N UUERTAANI N DU NS U AN RNU BB URNN L NRERI AN
AP R R R R R R R R R R R R R N R R R R R R SRR R R R R R R R R RN R R R R R R ERERE R

12222222222222202222222020022222222 2222222202220 0222220 22000 22222222222222522212
3.3.0333333333333333333 ,333233323333333333333333333333331213331312233333333100303333 )
G044 30480404000440444444004844048444844004040040404400000400 0000001
FS5 S SIS 8555555555558555555855559555555548535
CEOEERSEEEOEEEEOCEEOO0006 CGEOOO SEEEOOOCEOOREEEEE0O0TOGRAEIEERE0EEEEaEEObRE00E000EC
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 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 V/
SURSESRORIROINARRRIIOUIBURIRRARBRRsEsIRRBOBbBERBOORDRRIORIBRRORDRREOBONNBROIBISNY //

009999999099 59998999009988598950 88880035999 99909909858090999099999388998999998)
\\l'xt"llluuuuuuunununnnnnnnnnnnuuununnnuuuuuuuuu«nuuuaanuununuuuuuuuumnnuun.uuuu /
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. ‘



If parameter modification (PARMOD =

"YES") is specified,

‘ following card is required after the header card.

Column

Mnemonic

Format

Description

the

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.

SUBGROUP SCALE
_PARAMETER NCT SET 7O _ 36_

4= —— -

¢ & & INPUT SCALE FOR PLOTTING THE COMPLEMENTARY CUMULATIVE DISTRIBUTIONS OF THE CONSEQUENC

___ MUMBER __ _ MAGMITUDE _ _ _ o _
1 1.906408
. 2 2.806408 . _ .
3 3. 00E+98
& ______ S.B0Ee00 __ L
s 7.00E+00
. 6 1.00E¢01 o o )
7 2.806001
, & _  3.00Ee08 o L o R
9 S.08E+91
180 T.00Ee81 - o
11 1. 806482
NS t I 2.00€002 L A_
13 3.00£402
A 16 S.00E+02 _ O . . I .
1% 7.00E+82
e 36 _____ 1,00E¢83 _ el o
17 2.00E+03
o 38 . _ __ 3.00E+83 e R
t9 5.006+03
.. 20 T.00E+03 o o . _ .
21 1.00E¢06
22— 2400E¢D6 ___
23 3.00€406
v, 2% _ _____Se00EY0s  _ ___ — e __ S
2s 7.00E+04
. 26 __ _ 1,006e05  __ e _
27 2.086+05
—e .28 3.00E+45
29 S.00E+05
L _ 30 _.  T.00Ee05 ___ _ — —
3 1.00E+06
e .32 _ _ 2.00E486 _ _ _ e e oo
33 3.08E+86
“ 36 5.00E406
3 7.08E¢86
s 36 _ _____ 2480Ee8Y _ . e

Lo ——— o ——— . -




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:

ADIUSTNIS N

C DF FAT-INT14 T.06-06 N\
COF FAT-INTI0  —— — — 1.06-06 R

FAT-INT 4 1. 0€-0 ~
TFAT-INY 2 1. 0E-06 ~
/BMR DS»200 N
INJRIES ~

ALITIES N
\

SO0TTAT 0000000000000 0000000800000000000000R000C0000D000ROCR0OO000008RQ0R0000008
11T AN NSRRI N RSN SNSRI NN RN NRONGECSUNN N NNSEUUNOUNENBENEORNURARAT NS
[ R R R R RN R R R R R RN R R R R R R R R R R R R R N R RN RN A R R R R R R R R RN RN R R R R R R RN R R R RN RRRE ]
1112222002200 222 2R 002202200202 22221022 20202220220222021221222221211

LR R I R R R R R R R R R R R R R R R R R R R R R ERR R R R R R RRRRRRRRERERRRRRRRRRRRRRRRERRRRRREEEE)

QU400 0404448 00000000 0000040 0000000 0000000000448 0000040000000 0000001 8 r/
I R R R R R R R R R R R R R R R R R R R R R RN R R R R R R RRRRRRRRERRRERRRRRRRRRRARRZRARRRRRERRRN SR V
GEEOEERCOEEERCOOOOEECOEBBUEEE COOCCOEOOEOOCCOEUOEORTEEREEOBEEEtEERECOEREREOEEISGTS /
mmmnnmmmiInnInnnIInIInInIInMIIMIInInIINIIInInnNNInIINININIInIn /
GOBOBBQ0DBEREOBRBBERREE BERSACRARUNNINNIREIRRORERESROBOCRRRIRENOOIRENNINESREIRINY //
k‘ llllllllllllllllllllll||lll'!l'lll!ll"ll!lll!'llllilli'llll!ll!ll!l!ll!llll{iiJ//

1234 13 ABUURURBUSHBNRANNEHANBNTRNBRUNDAUHUONESHNSENTUNBEVINNUEDUUEUORRNDRDRANINDD

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.

2-74



Column Mnemonic Format

Description

‘ 1-5 NROPT 15 Final results option. For each

option,

distance is reported in

miles and area in square 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.

6-13 ORGNAM A8 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
strategy.

2

75

are for the last evacuation



Column Mnemonic Format Description

in Table 1II-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. If ORGNAM is specifically
defined, the succeeding values on

this card must also be specified.

16-20 IORGTM I5 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=1, the
default value is 1, for NROPT=5,
the default value is 11l.

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-
quence 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. In this case, NRES cards with the



following format must be input. The index of the final result

. names is represented by K.

Column Mnemonic Format Description
1-16 RESNAM(I,K), 2A8 One of the 84 allowable 16 char-
I=1,2 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.

21-30 RESFAC(K) E10.3 Factor by which the named final
result is to be multiplied. A
blank or zero value is set to
1.0.

31~-40 RSCALE( K) E10.3 Scaling multiplier for the
conseguence 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
PRRANETER st T T T -

) « & % TNPUY WARES OF FIRSU RESULTS YO BE PRINTED + » «

NURSER “WARE TACTOR — SCALE
- . <00 Y. U008+ 00
ACUTE INJURIES 1.000€+00 1.000€+00

POP W/BMR DS 200 1, 000£+00 1 +
= . 0 . =
RSK OF FAT-INT 4 1. 000€+ 00 }. D00E -06

RSK OF FAT-INTIO 1 * m

2
3
5
[]
- . o .
3 FATAL RADIUS(MI) 1.000€+00 1.000€+00
+
1
2
4

RSK OF INJ-INT 2 1 1 =

. + . =
RSK OF INJ-INTIB 1.000¢€+00 1.000€~-06
RSK OF INJ-INT20 1 +00 1

- . Y N -

INJUR RADIUS(MI) 1.000€+00 1.000€+00

15 ACU MR DS-INT 2 1 +00 1 -02
- *

17 ACU Be DS-INT14 1. 000+ 00 ::000(-02

18 ACU BMR DS-INTI8 1.%0% .w 85
- . * L]
. 20 ACU Bem DS-INT24 1.000€+00 1.000¢-02
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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 II-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.



Result Name

TOT LAT/INITIAL

TOT LAT/TOTAL

TOT WBODY MANREM

CANCER RSK-INT 2
-INT1l4
-INT18
-INT20
-INT24
~INT30

INITIAL (latent
effect)

TOTAL (latent
effect)

INTERD POP

INTERD COST

INTERD AREA

Table I1I-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.

Wwhole 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.



Table II-4 (Cont'd)

Result Name Result Description
INTERD DIST Maximum distance (miles) from the
reactor at which land is interdicted.
INTERD RSK-INT14 Risk of interdicting land at the mid-
-INT20 point of the interval specified.
—-INT24
DECON POP Number of people occupying land that
is decontaminated.
DECON COST Cost of of land decontamination
(dollars).
DECON AREA Total land area (square miles) that is
decontaminated.
DECON DIST Maximum distance (miles) from the
reactor at which land is decontaminated.
DECON RISK~-INT14 Risk of land decontamination at the
—-INT24 midpoint of the interval specified.
—INT30
INT CROP COST Cost of disposal of contaminated
crops (dollars).
INT CROP AREA Total land area (square miles) in
which only crops are interdicted.
INT CROP DIST Maximum distance (miles) from the
reactor at which crops are interdicted.
INT CRPRSK-~INT14 Risk of interdicting crops at the
-INT24 midpoint of the interval specified.
-INT30
~INT32
INT MILK COST Cost of disposal of contaminated

milk (dollars).

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

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



Result Name

INT MLKRSK-INT14
-INT24
-INT30
—-INT32

RELOCATION COST

EVACUATION COST

TOT COST W/O DEC

TOT COST W/DECON

Table II-4 (Cont'd)

Result Description

Risk of interdicting milk at the mid-
point of the interval specified.

Cost of relocating people occupying
the interdicted area (dollars).

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

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

Total cost with decontamination (dollars),
i.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:

[T ) X
/ovrmns - g ?

UIEMUNIE NTR AR BB R R R R RIF BB BUFR'E SR BIBBENCEEEY NIEFE YRR RN NN Y IRY S NN EEY RN N

"
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CAAA4080 4444040404048 4444040040400 00000400440440044 0000000100000t
§5555 85555 8555506555555555558 _ 9555555555555 5555555555558555555555585555555559555
666 _CEEOEEEE0CEE0EEEOECEENR00 _ COOEOEEREOEEEECEEEEO60006066606665CG66666G06666608666¢66
DO R ERRERR ERERE  RERE  E RRR ERE RE R RERR R  E N R R E E E RE E RER ER R R R R R R R R R R R R R R RRERRARE!
SORGDEIaNOENOREBEEsaIIaIUIRIaaIIIIatsaBsuasBuaunssRORUIREEEEBRIUIIRILAINRIIIREIIRLTSS
988 0000800900890 8908090098 8888800098909 9909090999999539388909989980943998999 /
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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, and

decontamination data

by spatial interval.

Print chronic dose

commitment by spatial

interval.

NPL

K%
(V)
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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 IS5 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.
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Column Mnemonic Format Description

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

26-30 NRE I5 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 interwval.

31-35 NORM I5 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.

NLC = 1 Skip the chronic exposure
calculation.

NLC = 2 Skip the chronic exposure

calculations. Latent
effects are calculated for
acute time period only.

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.



SUBGROUP OPTIONS

3 PARANETER __ _

*“mpL=0 OR 1

.~ WpDz0 CR 1 .

WPH=891+2,0R 3
,__WPP=0 OR § o
NPAZ0,1s OR 2
s NRExzB8y1y OR 2

NORMN=0,1
g M C=0s1y OR 2

SET Y0 s __ —

® & o INPUT PRINT OPTIONS ¢ & '

PRINT OPTION FOR INTERDICT. & DECON.

PRINT OPTION FOR DISPERSION

PRINT OPTION FOR MEALTM EFFECTS
PRINY OPTION FOR TRIAL RESULTS

PRINT OPTION FOR ACTIVITY & AIR CONC.
_ PRINT OPTION FOR ECONOMIC COSTS

INPUT PROB. NORMAL. OPTION IN EFFECY

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.






ITII. 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.
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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.

Interdiction severity level

ONONONONNONO

0 - no decontamination or inter-
diction required

1l - milk interdiction required

2 - crop interdiction required



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.

®G 60 6 @

1

2

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

Inhalation of resuspended radionuclides.

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

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

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

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

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).



16 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).

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).

@O @ ® & WEO

Sigma z, 0,, is the vertical dispersion
standard deviation at the midpo
the spatial interval (meters).

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).

® QRLE OO

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

® ® 000G

The following numbers apply to latent effects from chronic
exposure:

The name of the latent health effect.

The inhalation dose 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.

®© G ® 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=1l. 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.

OWEOVE WE © © ©

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.



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. 1In 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 II1-6 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

* TLand 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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TIME & 0. "315.83 ,680{-8; a, 8, a, ,%18[-03 0,

"l"t 1 3 U: .' - . - e . o . "03 U.

Timg 6 O, <196€-03 .271¢-02 0. 0. 0. <« 198¢-03 0.
EXPOSURE GROUP & ORGAN 1 ORGAN ok 4

Tiwge ¥V 0. U. . R .

': "‘ g g. 8. o. 0. o‘ o. o. 0.

T "E i3 [} £ 1 2 a8 [ W

Tine ¢ 0. 0. 8. 8. 8? 8. “8. %ff

TImE S 0. 0. 0. 0. 0. 0. 0. 0.

TINE 6 0. 0.
EXPOSURE GROUP RGAN G AN RE AN RE AN ORG AN RCAN &  ORGAN oncan §

Ting 1 .26;:-01 «103¢+00 .197¢+00 .0890¢-0N .S‘;!-Oi .53;!-01

. .;’t’o‘ 0.

TINg t . €t~
Ting & 0, «231¢-02
1IME S -
TINE 6 .
EXPOSURE saogr ¢ ORGAN 1
L

. €~ . - . ) €- o
.252¢-01 0. 0. 0. . 187¢-02 0.

- - - - . ) . . £~ 0
ORGAN 2 ORGAN 3 ORGAN &  ORGAN § ORGAN 6 ORGAN 7 ORGAN §
» » * + ¢ ¢ 0,

TImg . E- . €~ . [ 14 . E- . E- . €-U4 .941¢- Tc
TINE 3 .835¢-05 .598g-02 .435¢-01 0. 0356-05 .603€-05 .345€-02 0.
TINE ¢ — - - L____‘jlg_(:gl Q.
TIME 5 . o“‘!- - [ L . o o. .1‘ €~ 2 0.
Ting 6 O, < V44E-02 . 199¢-01 O. 0. 0. . 145€-02 0.

Figure III-1. Detailed Contamination Output Sample



¢T-¢

* # « DISPERSION DATA BY SPATIAL INTERVAL * = =

RING ENDPOINT GLAP§§0 sans WEATHER noses CLOUD LATIERAL 10T AREA LA bl
NUMN RADIV RAIN STB WNDSPD MHEIGHT SIGNAZ COVERAGE COVERAGE CHl/Q FRAC LEFTY AlR CONM. Gnuo CON.
|
T_n@w @%“&EO ® @ O) (T @ Q) 0 03
%4 X3 6 576£~02 0 ¢ 3.400 O. 2. 914E+01 1.842E¢02 1.482E+05 2.374E-05 9.363E-01 4.SO4E¢01 4.431€-01
1.609€+03 1.315€6-01 0 0 4 3.400 O. §5.233E¢01 3.469E¢02 2.792E+05 7.080£-06 9.028E-01 V1.277E+D1 1.265E-01
1 + 7 - n. | + - - * -
4 . € .630€E~01 [y 3.4 0. 8.430E+01 6.496E+02 S.227E«0S 2.350€-06 8.590E-01 4.003t+00 3.981£-02
S 4.023£+03 3. 207£~01 0 0 ¢ 3.400 O. 9. 725&001 7 9‘6!002 6. 396(005 1.667:-06 .6266-01 2. 7815000 2.768E~02
. 4.828 0 ) i
- () D & 1 196:002 l.66$£005 8 0.1605-01 1 606:-02
8 6.437€+03 5.259€-01 O O & 3.400 O. 1.295€+02 1.215E+03 9.776E+05 a.wze-or 8.029€-01 1,299E+00 1.295€-02
1 3 6.574E-~01 0 ¢ 1.4.77:002 1.486E+03 1.196E+06 S5.8726-07 7.820£-01 9.062€-01 9.0336-03
11 9.656E+03 7.889E-01 0 O 4 3.400 O. 1.6026+02 1.686€+03 2. nseooo 4.772€-07 7.636€-01 7.2326-01 7.189€-03
+ -~ | - - -
13 1.368E+04 1.098E+00 0 0 4 3.785 O. 1.9356¢02 2.271E+03 §S. 602(006 2.634E-07 7. 270(-01 3.809€-01 3.784E-03
14 1.609E+04 1.261E+00 0 0 4 4.100 O. 2.132E+02 2.652E+03 6.403E+06 1.890€-07 7.118E-01 2.668E-0% 2.653€-03
+ | L3 <+ - - - -
16 2.414E+04 1.806E+00 0 0 & 4.100 O. Q.645E+02 3.704E+03 1.514E+07 1.073¢-07 6.683€-01 1.&285-01 1.417€-03
17 2.816E+04 2.073E+00 T 2% & 4.182 0. 2.895!002 &.367€E+03 V1.7S7TE«07 B8.286E-08 3. 3666-03 1.0726-0% 4.019€-02
+| + | +. - - -
19 &4.023€+04 2.835€+00 1 75 4 £.400 O. 3. 450!002 S.835E+03 4.695E+07 4.940E-08 7. 259!-26 9.709€~-12 2.295E-12
20 4.828E+04 3.315E+00 1 32 ¢ 4.663 O. J.841E*Q02 6. 9025003 S.é!l(oor 3.503E-08 7.259E-26 Ag: n:
+ + 0. - -
22 O6.437E+06 4.232E+00 ) 5 ¢ £.954 0. 4.533E+02 9.221!003 ?. 620!007 2.116E-08 7.259E-26 O. 0.
23  7.242E+04 4 .670€E+00 1 1 4 $.100 O. 4.845E+02 1.032E+04 B.302€E+07 V1.719E-08 7.259E-26 O. 0.
s hd -~ 1.259f£~258_ 0 Q.
25 B.8S51E¢04 S.526E+00 0 0 & $s.300 O. S 420E+02 1.247E+04 1.004E¢08 1.223E-08 7.259€-26 O. 0.
26 9.656E+04 S .948E+00 0 0 & $.300 O. S.T2T€E+02 1.354E+0¢ 1.089€E+08 1.066€6~08 7.259E-26 O. g.
<+ + - - 4] .
28 1.127E+085 6.762E+00 0 0 & 5.500 O. O6.450E+02 1.564E¢04 1.258E+08 7.898E-09 7.259E-~26 O. 0.
29 1.368E+¢05 7.947E+00 0 0 4 $.660 O. 71738402 1.770E+04 4.274E+08 6.095E-09 7.259€-26 O. 0.
s * 0 A.2S7E+02 2.07654064 S.012E+0R S .252£-09 7.2596-264 0 0.
31 2.414E+05 1.614E+01 0 0 ¢ 3.282 O. 9.600E+02 2.719€+04 2.188E+09 S.106E-09 7.259€-26 O. 0.
32 3.219€E+05 2.232€+01 0 0 & 3.618 O. 9.600€E+02 3.686E+04 2.9606E+09 3.420E-09 7.259€~26 O. 0.
| + 24 0 Q_ 4+ + + - -
34 3.219E+06 2.008E+02 1 1 4 4.4 0. 9.600€E+02 2.008E+05 S.331E+11 S.027e~-10 7.259€-26 O. 0.

Figure III-2.

Detailed Dispersion Output Sample



€1-¢

®©

¢ ¢ o o o NEALTM EFFECTS DETVAILED OQUTIPUT = SPATIAL INTERVAL NUNBER 5= § » ¢ o o o

. . o IYTBY y 0 Y
o@ll '@. '0' s CLO.’ ROV (1] l'“ (1] (“'b“ll (“.@.JU.
T MARROM 1. 0006+ 00 6.'858¢02 1, 419¢+02 3,783¢+02 9.9066+01 4.000e+00 O.

LLI WALL 0. 7.558€002 9,3276+01 2.3616¢02 4,2648+02 1.000e+ 00 O.

¥ 80»Y 1.000€+00 5.131€+02 1.251€+02 3,275€202 6.049¢+01 1,000e+00 1,000¢¢ 00
LUNG 9.4376-01 5.8226+03 1,180€202 3.073€+02 5.397¢+03 1, 000€+00 1.000¢+ 00
THYROL ® 0. 1,203+ 04 1,162€002 3.072€+02 1,2408+06 1,000¢+00 1.000¢+ 00

LATENT EFFECTS FROM EARLY EXPOSURE

ORGAN IS T mA oov EFFECT 1S LEUKENIA CLOVD S * 1}'1‘%!002 GROUND »S$ = 3.79}2002
INNAL DS 3L 386E¢02 6.9626+01 1, 0376+01 4.467€+00 4,4308*00 1667!000 1667900 1.647€6+00 1,647E+00 1,647€+00 @

ORGAN IS LUNG EFFECT IS LUNG CLOUD DS = 1.180€+02  GROUND S = 3.0738002 )
INMAL DS 5. 3976403 1.492€003 1.215€400 1.5786-01 1.458£-01 2.432€-01 2.432¢-01 2.432€-01 _2.432€-01 2.432€-01 S
ORGAN 1S OTHER EFFECY IS BREAST CLOUD ps = 1, 526:*02 Glouno os s 3, 979:002

bS 2. 759!‘ 02 3.‘33!' 01 3.6 31!' 00 3,09 00 88¢€+00 8E+ 068

€~
ORGAN IS SKELETOI E"[CT lS lOlE CLOUD S = 1, 626!’02 GIOUID bs = 3.796!002
DS_ 4, 1736¢02 3,234£+02 2,522 2 2 1 2 2

(& €-
ORGAN [$ \.u MALL sntcv 18 61 nu c\.ouo bS = 9 327901 slouuo bS = 2 361!'02
pS 6.023¢+02 3.056 +01 12 1 as 1,271 14

CASES/P VE 0€ - E € 5€-04
ORG AN ls v BOOY err:cr IS ™ soov CLOUD7DS s 1, 251902 cnouno os * 3.275?02
) 61§+ 01 6E+ Q1 7

CASES/P E- €E- . t .

THYROLID - non-loout. lObllE NOT 131, 1-131 3.019:003 1 061906 2 575006

RG AN nY f ) | Y 3 72E¢

INHAL 0SS 4. 0V8€+ 04 0. . . . . . 0. 0. 0.

CASES/P  5.8226+00 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

Figure ITI-3. Detailed Health Effects Output Sample



OIGAl IS T WMARROW EFFECT IS LEURERLA INTERVAL 23 AND SECTOR 1

IIGES ’s N 1 352¢-01
INGES DS ¢ 3.340¢-01

1.217€+00 1.758€-01 &.3206-02 3.349€-02 1.038€-02
3. 0266+ 00 3.521¢-01 8.653€-02 6.707€-02 2.079€-02

2.595¢-03
5. 198¢-03

2.5956-03 2.595€-03 2.595€¢-03
5.198£-03 5.198€-03 $.198¢-03

. - - L] - > L] . L] L] L]

G:>casss 1.5006-01 1,656E-01 1,209¢-01 1.155¢-0" 3.0016-02 2.904£-02 2.870£-02 1.919€~-02 1.919§-02 1.919¢-02

SRGAN IS LUNS EFFECY IS LUNS —INYERVAL 23 AND SECTOR Y

INNAL 8 7.5736-01 6.016E+00 6,968E-03 1,368E-03 1.3416-03 2.9736-03 7.006€-02 7.0066-02 7.006€-02 7,006¢-02

INGES DS M 6, 639!-02 $.9756-01 1.842€-03 6.028€¢-05 O. 0. N 0. 0. .

TWGES o3 ¢ + £-03 1.207E-00 U. 0. 0. U. 0. 0.

GAND DS 1. osocooo S.4786+00 5.478E¢00 S5.4786+00 9.351£400 1.3516000 1.351€400 9.019¢-01 9.019¢-01 9. 01909

CASES 1.2046-00  2,169€-01 §,703¢-02 8,088£-02 2,1456-02 2,147§-02 2,254§-02 1,5416-02 1,561-02 1,541-02

ORGAN IS OTHER EFFECT IS DREASY INTERVAL 23  AND sscrou 1

INMAL BS 1, 495¢-02 2€-02 1

INGES . €
INGES 08 € 1.923¢-01
6RND OS 9

CASES

ORGAN IS
INHAL DS
INGES DS W 2 700(-01
['T- .
GRND BS
CASES 0.100t-02

PT-t

[ . €- €-
2.637!000 l 006£°01 3 205!’01 3.650€-01 1 4‘06-0:

L] t L]
s. 676(-02 6.237!-02 5.379!°02 2.1066‘02 1. 690(-02

1’za~e-oz

9. 117:-03 9. 117:-03 9'1175-03

ORGAM IS LLI WALL  EFFECT 1S €I TRK INTERVAL 23 AN SECTOR

INMAL OS 3.03&(-02

N
INGES S C .96 t-
GRND S S. 231(000

1
2.73;(-0: 2.939(-06 1.340€-04 1, 1386-04 0.995¢-05

5.4728-0%

5.4726-05 S5.472€-05 5.472€-05

a ~

« 669 LE- N
‘.110!000 t 11.(000 ‘.110(000 \ 0315000 1. 031¢+ 00

ORCAN [S OVNER EFFECT 1S OTHER IIIKCVAL 13 AND SICYOI 1

] ? -
INGES dpS m  6.452€-02
INGES 88 ¢ 1.923¢-00

[} 7 ge
CASES 1.772¢-01

INNAL S 4.770¢-02
INGES PSS 0 0.265!-02

GRNd S 20(0
CASES 7 062¢-01

5.807¢-0" 1..62(-06 4. 353(-05 0. 0.
1.730€+00 3.489¢-04 8.7206-05 0. 0.

*

+ * s C
1.634€-01  1.3415-01  1.3408-0% 3.2058-02 3. 200¢£-02
1

1. 031§+ 00

0.
0.

*
3. 271E-02

o. “.
6.879E-01 6.879€-01 6.879€-01

°' o. o'
0. 0. 0.

* *
2.185€-02 2.1056-02 2.185€-02

4,2936-01 8.777g-02 7.0046-02 ¢.081£~02 S5.547¢-02
7,4206-01 6.7986-02 2.491€-02 2,706€~02 1.048£-02

N MV 7¢ge 817¢e . € <4316
7.226!’01 $.507€-01 S5.409€-01 1,410€~01 1.374£-01

Figure IIL.-3.  (Continued)

1,006€-02
2.620!-03

.4 1!0
.\ 325€-01

1.8008-02 1.8068-02 1.806£-02
2.620(-03 2,620£-03 2.620£-03

0(- 1 9.550€¢-0% 9,.550€¢-01
l.'12l°02 8.912¢-02 §.912¢-02




FInAL 1uplviouaL .(’UL'S
4

. 350 0V
69§02

50¢0 01

216202 107

1
1
0.

@ 0 6.40¢-08
4
3

1. 0!(00
57 4.51¢+ 01

4
b1

B
3. 438000

6. 29€+ 0V
2.528-01

1 000¢- 00

18, 105000 §2 1.49¢+ 00
:10 62 0.
1

$4 3.90¢003
’5 0.

$S 1,06€° 03
:0 o. 65 0.

. .o B . . 85 3.33¢-0¢
87 1.39¢-05 08 1.908-0¢ .' 3. 14¢-07 00 ‘ 03§01 01 l S0« 0t 92 2 0VE-02 9 3 9,090 00
97 2.418-02 90 0. 0. 100 9.09€+02 101 7.00¢+ 01 102 2.616-02 103 l.\)l-Ol 10‘ 0. 108 O.
1.008¢02 100 2.618-02 ‘0’ 2. 138-02 910 1,995-02 111 0,

‘ . .
I8aL SOCIETAL AESULTS

19,2040 01
21 3.78¢0 09

31 4.06£200 32 5.%6€000 3) 1,20¢0!

22,0680 02
22 1.50¢0 01

? 15

0
2.690002 ¢ 0.

29 5.106000 26 2.89¢000 25 5.096+00 26 2,838 01
34 5448001

Figure III-4.

NUM ISOTOPE

) ) 1 1 1,000¢ 00
$ 0. ¢ 0. ? 7,060 8 1210002

27 §.646002 20 1. 1360 01

? 1,240 00
29 g0

10 4,836 03

30 4. 33¢ 01
35 9. 11602

Sample Contribution to Final Results
From Each Meteorological Trial

ACTIVITY AT TIME OF RELEASE (CURIES)

1 _€0-58 2.264E+04
¢ L0-60 1.35€6+02
3 KR-85 6.64E+0S
& KR=-85m 8E+07
T KR-87 5.305007
6 KR-88 6.01€E+07
? _R8-86 1,864€+06
8 Sh-89 2.87E+06
9 SR-90 1.55€+05
10 Sk-91 J,65€6+06
11 v=90 1.66E+04
12 Y-91 3.51€+0%
13 _1R-95 L. 47E+05
14 IR-97 4. 49E+05
15 ND-9S 4.22E+05
=99 4,91E+0¢6
17 7C-99nm 4.36E+06
18 RU-103 J.73E+06
- 4.
20 RU-106 8.68E+05
21 RN-105 1.68E+06
- +0é
23 $B-129 6.94£+06
24 TE=127 2.264E+06
¢S _TE-127M 2.95£+08
26 TE-129 7.56€+06
27 TE-129m 2.01E+06
- 4
29 TE-132 3.77e+07
30 1-131 2.61€+07
- £+02
32 1-133 S.54E+07
33 1-134 Q.T4E+07
- +0L7
35 xg-133 1.04£+08
36 x£-135 4. T2E+07
32 £5-134 AT
38 C3-136 1.176+06
39 Cs-137 1.96E+06
- +
41 LA-140 S.15€+05
42 CE-141 4.58E+0S
43 CE-143 +0$
44 CE-144 2.75E+05
45 PR-143 4.37€+05
- 1.95£+08
7 NP-239 S.48E+06
48 PU-238 3.50€+02
- £+01
50 PU-240 8.68E+01
$1 PU-241 1.63€+04
=241 1 .09E+01
$3 CR-242 4. 11€+03
S6 CH-264 2.526+02

Figure III-5 Sample Output of Activity Option Print
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2. @ + AIR CONCENTRATION AT EACH SPATIAL INTERVAL (CURIE~SEC/Mes3) & = o ‘
NUM _ISOTOPE 1=6,

. E .4 E . 1.116+00 8.39E-01 6.65€-01 S. 66!-01 4.56€-01

; Kl-:;ﬂ g.)?!’OZ 1..7!002 9.62€+01 6. 07£001 4. 27!*01 3.20E+401 2.51€+01 2.03€+01 1.69E+01
KR= + + +

6 KR-88 1.49¢ €+ E’ 2 9. 1l 1 6 94E+D1 S.41E+01 4.35E+01 3.59E+01

7 1.10€-02 9. 55(—03 7.89€6-03

RO-86 3.31!-01 9 39(-02 4. 73!-02 Z."E-OZ Z.Obt’OZ 32!-02

y v 36 . . 01 €- 3 01 1 ZGE 01 1.03€-01 8.50€-02
10 Sk-91 7.’1(001 2.23!001 1.12!001 6.’3!'00 6.79!000 3.55€+00 2. 75(000 2. Z1E000 1.826'00

8 .! 7. 17!- 1 4. ’l£° 1 3.71¢-01 l..’!°01 2. 33!'01 1.93!-01
13 IR-95 1.036+01 2. 91!000 1 66!000 9.11£-01 6. 33!-01 4. 71!-01 3.67€-01 2.96E-01 2.45E-01

15 9.69€+00 1.396+00 8.62€-01 8. ’9!'0’ 4. 655'01 3.47¢6-01 2.80E-01 2.31E-01
16 H0-99 1.136402 3.19€+01 1,616+01 1.00€+01 6.956+00 5.16E+00 4.02E+00 3.24E+00 2.68E+00
- (d
18 RU-103 8.56E+01 2.43€+01 1.228+01 Y.06%¢ 5.29€+00 3.936+00 3.06E+00 2.47E+00 2.04€+00
19 RU-105 4.82E+01 1.35€+01 6.74E+00 4.15€+00 2.85E+00 2.10E+00 1.62E+00 1.29E+00 1.06E+00
- 4 - - - -
21 RN-10S 3..75*01 1.106+01 S.53E+00 3.44E+00 2.39€+00 1.78E+00 1.39E+00 1.12E+00 9.24E-01
22 $0-127 S.28E+01 1,49E+01 7.53E+00 4.60E+00 3.25E+00 2.42€+00 1.88E+00 1 525000 1 255*00
26 TE-127 S.1SE*Q1 1.46E+01 7,.35€+00 4.58E+00 3.10€+00 2.376+00 1.84E+00 1.69(*00 ?.23(’00
25 TE-127m 6.7T0E+00 1.92E+00 9.68E-01 6.02E-01 4.18E-01 3.11€-01 2.43E-01 1.95E-01 1.62E-01
- 3 Ld 4
27 TE-129M 4.61E+01 1.316+01 6.59E+00 4.10E+00 2.85E+00 2.12E+00 1.656+00 1.33£+00 1.10€+00
28 TE-131m 8.62E+07 2.44E+01 1.23E+01 7.62E+00 S.290€+00 3.93E+00 3.06E+00 2.46E6+00 2.03€+00
- 4
30 1-13% 6.00E+02 1.70€+02 8.57E+01 S.33E+01 3,.70E+01 2.75E+01 2.15E+01 1.73E+01 1.43E+01
31 1-132 8.802E+02 2.50E+02 1.26E+02 7.83E+01 S.44E+01 4.04E+01 3.15E+01 2.54E+01 2.10E+01
- L4 ¢
33 1-134 6.14E+02 1.65€E+02 7.91E+01 4.67E+01 3.08E+01 2.18E+01 1.61E+01 1,23E+01 9.67E+00
34 1-135 1.07€8+03 3.028+02 1.51€+02 9.33E401 6.44E+01 4.T6E+01 3.68E+01 2.95E+01 2.42E+01
36 XE-135 1.126403 3.348¢02 1.74E6+02 1.11E402 7.87E+01 S.96E+01 4.72€+01 3.86E+01 3.24E+01
37 Cs-134 8.69E+01 2.46E+01 1,24E+01 7.72E+00 S.36E+00 3.99E+00 3.11€+00 2.51E+00 2.07€+00
39 Cs-137 4.50E+01 1.280E+01 6.43E+00 ‘.00!’00 2.70€+00 2.07€E+00 1.61E+00 1.30E+00 1.07€+00
40 BA-140 1.16E402 3.2TE+01 1,.65E+01 1.03E+01 7, 13!’00 S. 30!000 4. 13!'00 3. 335*00 2. 755000
42 CE-141 1.05¢+01 2.98E+00 1.506+00 9.34E-01 6-"!’01 4.83¢€- 01 76!‘01 3 03€- 01 2.51E- 01
43 CE-143 1.006+01 2.838+00 1.63!’00 8. .6!'01 6. 15!’01 4. 57!'01 3. 555‘01 ..6!-01 2. 365'01
45 PR-143 1.00E+01 2.84E+00 1 63!‘00 '.’1!'01 6.19!'01 4. 615'01 S9E°01 2 89E- 01 2.39( 01
46 'Df;;; 4.649C+00 1.27E¢00 6.41E-01 3.99E-01 2.77€-01 2.06E-01 1.60E-01 1.29¢-01 1.07€-01
- 1.2
48 PU-238 $.05€-03 2.28E-03 1.1SE~03 7.15€E-04 4.97€-04 3.70E-04 2.88E-04 2.32E~04 1.92E-04
49 PU-239 1.78€-03 S.04E-04 2.54E-04 1.58E-04 1.10E~04 B.17€-05 6.37E-05 5.13E-05 4.24E-05
$1 PU-241 J.74€-01 1.06E-01 S5.34€-02 3.32€-02 2 316-02 1.726-02 1.34€-02 1.08E-02 8.91E-03
52 Am-241 2 50!'06 ?. 0.5’05 3. S?E‘OS 22(-05 56!’05 1. 155'05 8. 96!’06 7. 215’06 S. 96!'06
54 CM-244 S 796-03 1.640E-03 8.276-00 5 156-04 3.58E-04 2.066-04 2.07€-06 1.676-06 1.38E-0¢
Figure II1-5 = Activity Option Print Continued

3-16



LT-€

$ 88 8 8 ECONONIC EFFECTS DETAILED OUTPUT - SPATIAL INTERVAL 4 $ 8 S8 8

TTO3Y = WK =_ 2.4 ¢ TOTINE = co@—dc ANGREN =_ §_462€-02
® ® @ @ @ B : T
CTR _STATE FRM FRA Py RN AREA M PS AN . '
""' DO «&U U ‘o 0 U P 14 U “‘ U o‘ . “ U o‘. !’3
:}icosrs 1. 303!006 0. 6.962(00: 9.587E+06 6.962E+07 9.587E+06
. PN Y N )
¢ 7 T.0000*00 T.TT0E+DY 6G.0S0E+CT1 1.3038+04 7F.544E+0 -4 ! ' ~116€+0 NY L
cosTsS 1.3038+04 O. 3.529!00: 4.857E+06 3.529€+07 4.057E+06
Y ¥ 1.0006+00 3.263¢+035 6.9308+01 1.303¢ TV NY1{] A16E NY {3
cosTS 1.3038+04 O. 1.030!00: 1.418E+07 1.030€+08 1.418E+07
4 ? 1. € . 6.930E+01 1.303C¢04 7.544E+03 S.4858+03 S5.116E¢05 5.485E+03
cosTS 1.3036+04 O. "“’(:gt 0. 6.449E404 O.
[ 1. € . 6.930E¢01 1.3036¢04 7.544E+03 S.485E+03 S5.116£+0% S.blS!!ss
cosTs 1.3038+04 O. 4.4&0!00: 0. 4.449E+04 O.
6 7 1.0006+00 O. 6.930E+07 1.3038+04 7.5448 S 405E°03 S5.116E40%5 $5.485E8+03
cosTs 0.303!006 0. 4. 669!006 0. 4.449E+04 O.
EXP POP
? ? 1.0006+00 2.007€+03 6.930E+01 1.303C+04 7.544E€+03 S. 605!003 $.1162+05 $5.485E8+03
cosTs 1.303¢6¢04 O. .332!:2: S.718E+06 6.332E+07 B8.718€+06
AP pOP __ 2.0076+03 ANOZEO0 3 SAME
[] ? 1.000€+00 O. 6.930C+01 1.303E404 7.544E+03 S.405E+03 S.116E8+0% S5.485£+03
cosvs 1.3038+04 O. 4.449E404 O, 4.449E+04 O.
ke pop 0. A00ZE00 S.SARESO1
[ 7 1.0006+00 O. 6.930E+01 1.303E+04 7.5448+03 S.485E%03 S.116E8+05 S5.48%5E+03
cosTS 1.3038+04 O. 6.669!00: 0. 6.449E+04 O.
EXP —
10 ? 1.000€+00 O. 6.930E+01 1.303E+04 T.544E+03 S.4056£¢03 S.1162+05 5.485E+03
cosTS 1.3038¢04 O. 4.449E+04 O. 4.449E+04 O.
EXP_EOP 1. A.Q0ZE+00 5 SAAE Q1
11 7 1.0006+00 1.610€+03 6.9306+01 1.303E¢04 7.544E+03 S.485E+03 S.116E6+05 S5.485E+03
cosTS 1.3038+04 O. 5.080E+07 6.994E+06 S.080E+07 6.994E+06
EXP_POP 14106403 A.DOTE+O0 3 SAREO1
12 7 1.000£+00 O. 6.930E+01 1.303C¢04 7.544E+03 S5.4835+03 S5.116E¢05 S5.4835E+03
cosTS 1.303€+04 0. 4.449E+04 O. 4.449E+04 O.
EXP_POP Q.. ADO7ELO0 S SAAE01
13 7 1.000€<00 O. 6.930E¢01 1.303E¢04 7.544E+03 S5.4858+03 S5.116E+03 $.485E+03
cosTS 1.3038+04 O. §.449E+04 O. 4.449E+04 O.
EXP_POP L. ADOZE+00 S SARE+D1
14 7 1.000€+00 O. 6.930E+01 1.303E+04 7.544E+03 S.‘lS('OS S.116E+05 S.485E+03
cosTs .303!006 0. 4.449E+04 O. 4.449E+04 O.
EXP POP A.D0ZE+00 .S SAAE$01
15 7 1.0006+00 O. 6.930€+01 1.303E+04 7.544€+03 5.605!003 5.116€+05 S.485E+03
cosTs 1.3036+04 0. 4.449€+04 O, 4.449E+04 O.
£xp pop 0, A.0076+00 5. SAAE+01
16 7 1.000€+00 O. 6.930E+01 1.303E404 7.544E+03 S.405E+03 S.116E+05 S5.4085€+03
COSTS 1.303€+04 O. 4.449E+04 0. 4.449E+04 O.
EXP POP 0. «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.
When 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 (see 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.

OO WOV

The site group for the maximum value trial.



(:) 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
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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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¢ o o ¢ FINAL RESULTS ¢ o o o

LHOP  UNIFORM POP  NYC WET  RET glIm
RCTTRENY SECUENTY OWNY " EVATVATIVE STWNINE SURRMIY
PAGE 1

(4)

. X [ ! ‘1 U R
1 ACVUTE FATALITIES 3. 38¢¢ 01 7,666 02 1. 00€+ 00 1, 218+ 02 1.03¢-03 1010101 15823 12
2 ACUTE TN URIES 9.01€+ 01 S.13¢+03 1. 00€+ 00 6.97¢€+02 4.28€-0) 1010101 951 §
4 RSK OF FAT-INT 2 .. 626-02 6. 70€-04 8.89¢-01 1.10¢-01 3.82¢-03 1010100 36507 o
S ASK OF FAT-~INT & 5.20€-03 1.80E-04 2.73¢-01 6.68€-02 3.40€-03 1010101 17724 16
= U. 0. U. 0. U. 4] U U
7 RSK OF FAT-InNTVS 0. 0. 0. 0. 0. 0 0 0
8 FATAL RADIVUSINE) 1. 50€+ 00 8, 40€-01 1. 00€+ 00 4. 008+ 00 6. 00€-02 1010101 34223 28
- . - Y - - ¢ . - . -
10 aSK OF InJy=~InT14 4, 006-05 5.05¢-08 6.46€-02 1. 24¢-03 2.29¢-02 1010101 6204 28
11 RSK OF InNJ-INYYS 2.82¢-05 1. 846-07 4,28€-03 6.58¢-03 4. 20€-03 1010101 29515 S
YZ RS OF INJ-THYZU U. U. U. U. U. ) O U
13 asK OF InJ-InT24 0. 0. 0. 0. 0. 0 0 0
14 ImJuUR RADIUS(NE) $.38¢+ 00 1.21¢+ 01 1, 00¢+ 00 2. 00¢+ 0V 4, 206-03 1010101 29518 S
- R 0 - . N * . * . -
16 ACU oMt 9S-INT10 7.45€+ 01 3.33¢¢ 03 1. 00¢* 00 2.53¢+ 02 1.77¢-02 1010101 24324 27
17 ACU gnR BS-INT14 2.50€+ 01 3.55¢6¢ 02 1. 00¢+ 00 §.608¢0 0V 2. 9¢-02 1010101 6204 28
A -IN . . . * . L4 . . . -
19 ACU gnr §S-~1nT20 6.42€+00 3.54E¢ 00 1. 00¢+ 00 3.97¢2 01 3.48¢-03 1010101 27322 7

20 ACU _OMR BS-1NT24 1.96E¢ 00 8,.37¢-01 1, 00¢+ 0Q 5,99¢+ 00 9,13¢-04 1010101 5318 9

. LUEe . OTEe . O0¢* N IV E-
22 ACU THY pS~-INT10 1.84€°03 3. 40€+ 06 1, 00¢+ 00 7,036+ 03 1.77¢-02 1010101 24324 27
23 ACU THY BS-InTi4 6, 25€+ 02 3,60ee 05 1, 00¢~ 00 2, 648003 - 101010% 6204 28
S ACU THY #3-InTTY Y. §7e+ 02 2. 00+ 0L Y. 00¢+ 00 €. e+ 07 s.igt-g% TOTOY0Y ST 9
25 ACU THY BS-INT20 9,288+ 01 7.208¢+03 1. 00¢+ 00 6.22¢+02 71.99¢-04 1010101 36421 11
26 ACYU THY DS-INT24 2,366+ 01 2, 26€+ 02 1, 00¢+ 9, 3¢+ 0V 9,136~ 1010101 53189
ACU THY »S-In « IVEe . DO . + . E&Ee o V€=

Figure III-8. Final Results Sample Output



vZ-¢t

* & o FREQUENCY DISTRIBUTIONS » #» «

INDP  UNIFORM POP NYC MET NET BIN
ACCIDEMT SEQUENCE BMR1

PAGE &
MAGNITUDE T-ACUTE FATALITIES 3-POP u/BMR 0S>200 S-RSK OF FAT-INT & 7-RSK OF FAT-INT14 9-RSK OF INJ-INT 2
KAG.X1.00€E+00 RmAG.X1.00E+00 MAG.X1.00E-06 MAG.X1.00E-06 NAG . X1.00€E-06
2-ACUTE INJURIES 4-RSK OF FAT-INT 2 6~ASK OF FAT-INTI10 8-FATAL RADIUS(WMI)  10-RSK OF INJ-1INT
MAG . X1 .00E+00 MAG.X1.00€-06 NAG.X1.00E-06 NAG.X1.00E+00 NAG.X1.00E-06
T.0E+00 1.00€+00 1.00€+00 1.00€+00 8.89€-01 2.73€-01 0. 0. 8.89€-01 1.00E+00 6.46€-02
2.0€E+00 1.00€+00 1.00€+00 1.00€+00 8.89¢-01 2.73€-01 0. 0. 2.73€-01 1.00E+00 6.46E-02
Al - Y -

S.0E+00 1. 1.00¢ 1.00e+00 8.89E-01 2.73€-01 0. 0. 0. 1.00€+00 6.46E-02
?.0€+00 1.00€+00 1.00€+00 1.00€+00 8.89E-01 2.73e-01 0. 0. 0. 1.00€+00 6.46€E-02
1.0€+01 1.00€+00 1.00&E+00 1.00€+00 8.89€-01 2.73€-01 0. 0. 0. 1.00€+00 6.466-02
2.0€+01 6.41E~-01 1.00€+00 1.00E+00 8.89€-01 2.73E~-01 0. 0. 0. 1.00€+00 6.46E-02
3.0€+01 3. - - & = - 4 -
S.0€+01 1.63E-01 8.71¢-01 8.84E-01 8.89E-01 2.73¢-01 0. 0. 0. 1.00€+00 6.46€E-02
7.0€+01 1.28€-01 3.71¢-01 4.50€~01 8.89¢-01 2.73€-01 0. 0. 0. 1.00€+00 6.46€-02
1.0E+02 S.20€-02 3.26E-01 3.21€E-01% 8.89€E-01 2.73¢~-01 0. 0. 0. 1.00€+00 6.46E-02
2.0€+02 0. 8.64E-02 1.14€-01 8.89€E-01 2.73€-01 0. 0. 0. 1.00€+00 4.17€-02
3.06+02 0. - - - - + -
5.0€+02 0. 4.28E-03 0. 8.84¢-01 2.73E-01 0. 0. 0. 1.00€e+00 4.17€-02
7.0€+02 0. 0. 0. 8.84E-01 2.42€-01 0. 0. 0. 1.00€+00 4.06E~-02
1.0€+03 0. 0. 0. 8.84E-01 2.22€-01 0. 0. 0. 1.00€+00 2.29€-02
2.0€E+03 0. 0. 0. 8.84E-01 1.30€-01 0. 0. 0. 1.00E+00 0.
3.0F+0% 0. 0. O A AGF-0Y  1.30f-01 Q. 0 0 1.D0E+00 O,
5.0€E+03 0. 0. 0. 8.84E~-01 1.30¢-01 0. 0. 0. 1.00€+00 0.
7.0€+03 0. 0. 0. 8.80€E~-01 1.30€-01 0. 0. 0. 1.00E+00 0.
1.0€+04 0. 0. 0. 8.77€E-01 1.30€e-01 0. 0. 0. 1.00€+00 0.
2.0E+04 0. 0. 0. 8.77€-01 1.29e-01 0. 0. 0. 1.00€+00 0.

3 0E+04 Q. Q. 0. A.61F-01 1.29¢-01 Q. 0. 0. 1.006+00 0.
S.0E+04 0. 0. 0. 4.50€-01 3.40E-03 0. 0. 0. 1.30€+00 0.
7.0E+04 0. 0. 0. 2.10€-01 0. 0. 0. 0. 7.69€-01 0.
1.0€+05 0. 0. 0. 3.82e-03 0. 0. 0. 0. 2.30€-02 0.
2.0€+05 0. 0. 0. 0. o. 0. 0. 0. 0. 0.
3.0£+05 0. 0. 0. 0. O 0. 0. O 0. 0
S.0E+0S 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
7.0€+05 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
1.0€+06 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
2.0€+06 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
3.0E+08 0. Q. Oa 0. 0. 0. 0. 0. Q. 0.
5S.0€E+06 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
7.0€+06 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
1.0€+07 0. 0. 0. 0. 0. ~ 0. 0. 0. 0. 0.

‘ 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.

2. 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.

3. File 10 (TAPEl10, 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.

4., 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.
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File format: Card images, 80 characters per logical record.

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

reference case subgroups.

File 12 (TAPEl12) 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 ((poprP1l(I,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 (TAPE21) 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 contains 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,J,K), J3=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 to 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 I
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 1 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:

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



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),

Ny W
|

K 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.

File 27 (TAPE27) Meteorological Data File

Permanent reference file used to store meteorological
data for one nuclear power plant site. The file is read by
the subroutine SITE or the subroutine BINMET.

File contents: Formatted sequential data file. The file has

8762 card image records corresponding to one site,

File format: Record 1 contains the reactor site identifica-

tion information with format 5A4.

Records 2 through 8761 contain the hourly directional
weather data for the site, one record per hour. Each record
consists of two words identifying the day and hour of the day

and two words of packed meteorological data for this hour. .
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The format of this record is (1X,I13,1X,12,1X,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 1l'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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10.

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.






V. CONTROL INFORMATION

A, Introduction

The CRAC2 code can be executed on virtually any compu-
ter system with a Fortran compiler and sufficient core memory
and auxiliary storage devices. Some care is required, however.
Use of the code on other computing systems may require some
modification and conversion. The CRAC2 code was written in
Fortran IV for use on large Control Data Corporation (CDC)
machines utilizing the SCOPE or NOS operating systems. The
program has been designed to use Large Core Memory (LCM) for
the storage of some data in addition to Small Core Memory (SCM).
The total memory requirement of the CRAC2 program on CDC machines
is 1600008 words of SCM and 151000g words of LCM.

The job steps required to run CRAC2 are given below:

1) Run the CRAC2 source code through the FORTRAN
compiler and generate an object or load and
go file (1 time only).

2) Store the Site Data File (File 20) on a disk
or tape storage device.

3) Store the Dose File (File 21) on a disk or tape
storage device,

4) Store the Meteorological Data File (File 27) on
a disk or tape storage device.

5) Execute the load and go file, using as input the

data described in the input section of this report.



B.

Job Control Language

The job control language required to execute CRAC2 at

the Sandia National Laboratories computer center is shown in

Figure vV-1.
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Figure V=-1. Job Control lLanguage at Sandia,



VI. 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 1II.
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 MRS

S1I1E

INODPT SITE NYC MEY 7 52416 0
16 NO

POSULATION
EVACUAT ) NO NO
. . 1 1. ; )
f’g 3. ) 5; 1% 075 24 3§i 0 < 2 3

1
—'2.:625;:. 1.6455} 1.13'55; m“;;;s }
o &g 3:?3 o.1 30 8—? o?bg 8%? 0. 003

ENp




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 BMR1 (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 BY DISTANCE
SITE

INDPT UNIFORN MYC NT 7 52416 1
’O:ULATXOI NO YES
100.0_ ) ™
EVACUATE 067 1.0

8045, 90. HY 3. 1
RESULTS
""‘a"‘ 11 % 2 o

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



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=l,
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.

lsggz UNIFORN POP CONSTANT WEATHER

]
[ 6 ¢ 6 [
é é é é

o0
00
o0y
00
o0
oo

6
é

0 10
EVACUAE 1000.0 1 NO N0
0 3, .47 14,0 20135 4.0 1
'uofs. ’ 30. * 55. ’ E3. 1
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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,

S1TE
INDPY IYS NET 2 PER BIN 5 1

EVACUAY 1 NO
§ ui 13;.:;0 21:302 20135, W0 &
w sots. %%, - 55. ) Es.

u._h

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 .



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,

INDP UNIFORN POP  NYC WET  STRATIFLED
IMOPY STRATIFIEO MYC MET & 1 8131
1)

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.



USNRC Distribution Contractor (CDSI)
7300 Pearl Street
Bethesda, Maryland 20014

100 Copies for AN

25 Copies for NTIS

USNRC S. Acharya (10)
USNRC R. Blond (25)
USNRC J. Martin

Joseph C. S. Liu

Yankee Atomic Electric Company
1671 Worcester Road
Framingham, MA 01701

Dennis Strenge

BPNL

Battelle Boulevard
Richland, WA 99352

Dave Simpson

W5C 178 C-K W10 C126C-K
Tennessee Valley Authority
400 Commerce Avenue
Knoxville, TN 37902

Charles Hoot
TO-E-289

General Atomic

P. O. Box 81608

San Diego, CA 92138

Dr. Fred Finlayson
Aerospace Corporation
P. O. Box 92957

Los Angeles, CA 90009

Harold A. Mitchell
Technology for Energy Inc.
10770 Dutchtown Road
Knoxville, TN 37922

Alex Kasprak

Stone and Webster Eng. Corp.
P. O. Box 2325

Boston, MA 02107

Chris Schamp

Babcock and Wilcox
P. O. Box 1260
Lynchburg, VA 24505
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Robert Haight

Radiclogical Programs
WPPSS

3000 George Washington Way
Richland, WA 99352

Paul Hsieh

Reliability Engineering
Bechtel Power Corporation
777 East Eisenhower Parkway
Ann Arbor, MI 48104

David Prezbindowski

WPPSS

3000 George Washington Way
Richland, WA 99352

Dr. Paul J. Wood

Wood, Leaver and Associates
P. O. Box 276

Monroeville, PA 15146

Johnny Collins

University Computing Company
1930 Hi Line Drive

Dallas, TX 75207

R. O. Gumprecht

Sargent and Lundy Engineers
55 East Monroe Street
Chicago, IL 60603

Tim Lee~Thorp

EDS Nuclear

220 Montgomery Street
San Francisco, CA 94104

Frank S. Dombeck

CYGNA Energy Services

225 Stevens Street, Suite 110
Solano Beach, CA 92075

Duane Stevenson

Science Applications, Inc.
5 Palo Alto Square

Suite 200

Palo Alto, CA 94304

Richard N. Swanson
Nuclear Engineering
Boston Edison Company
800 Boylston Street
Boston, MA 02199
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Michael C. Cheok
NUS Corporation
910 Clopper Road
Gaithersburg, MD 20878

Dr. William Nixon
UKAEA SRD

wigshaw Lane
Culcheth
wWarrington WA3 4NE
Cheshire

ENGLAND

David Yue

ORNL

P. O. Box Y
Building 9104-1

Oak Ridge, TN 37830

H. A. Careway

Nuc. Energy Bus. Op., M/C 769
General Electric

175 Curtner Avenue

San Jose, CA 95125

Dr. M. Moghari

Nuclear Associates International
6003 Executive Boulevard
Rockville, MD 20852

Scott Matthews, TSB
EG&G Idaho

P. O. Box 1625

Idaho Falls, ID 83415

Chuck Johnson

S. Levy Inc.

Suite 725

1999 South Bascom Avenue
Campbell, CA 95008

Keith Woodard

Pickard, Lowe and Garrick, Inc.
1200 18th Street NW

Washington, D.C. 20036

David G. Vreeland, L-140
University of California
P. O. Box 808

Livermore, CA 94550

Mr. Ulf Tveten

Institute for Energiteknikk
Postboks 40

N-2007 Kjeller

NORWAY

Dist-3



Mary Ann Capo

Offshore Power Systems
8000 Arlington Expressway
P. O. Box 8000
Jacksonville, FL 32211

William Sheehan

SAI

1701 Woodfield Road, Suite 819
Schaumburg, IL 60195

Dr. D. Bachner

Gesellschaft fur
Reaktorsicherheit (GRS) mbH

Glockengasse 2

5000 Kolnl

WEST GERMANY

Paris Karahalios

Radiation Protection, 245/9
Stone and Webster Eng. Corp.
245 Summer Street

Boston, MA 02108

T. V. Congedo

Westinghouse Electric Company
Monroeville Nuclear Center, Bay 421
P. O. Box 355

Pittsburgh, PA 15230

Robert K. Smith

Energy Incorporated
Suite 101

5345 Wyoming NE
Albuquerque, NM 87109

Glenn W. Schade

Black and Veatch Cons. Eng.
P. O. Box 8405

1500 Meadow Lake Parkway
Kansas City, MO 64114

Betty F. Maskewitz (AFR)
ORNL

P. O. Box X

Oak Ridge, TN 37830

M. En C. Rebeca M. De Nulman
Instituto Nacional de

Investigaciones Nucleares
50 Piso Benjamin Franklin 161
MEXICO, D. F. 06140
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James A, Stoddard
Division 015

Science Applications, Inc.
1200 Prospect Street

P. 0. Box 2351

La Jolla, CA 92038

Arthur Tingle, 130
BNL
Upton, NY 11973

Mr. Jorge Schulz

Bechtel Power Corporation
Fifty Beale Street

P. O. Box 3965

San Francisco, CA 94119

CFE-PNLV

Ingenieria Ambiental

At'n: FIS. Javier Alvarez-Gasca
Apartado Postal Num. 53

Cardel, Ver.

MEXICO

Ms. Julie M. Pietrzak

National Energy Software Center
Argonne National Laboratory
9700 South Cass Avenue

Argonne, IL 60439

Dennis R. Damon

Reactor Safety, Mail Code S-23
General Electric Company

310 Deguigne Drive

P. O. Box 508

Sunnyvale, CA 94086

Randall C. Foltz

Nuclear Systems Manager
United Computing Systems, Inc.
Suite 106

7700 Leesburg Pike

Falls Church, VA 22043

Mr. Fernando Legarda

El Profesor de las Escuela Tecnica
Superior de Ingenieros Indust.

Departamento de Fisica Nuclear

"L. JOSE DE TORRONTEGUI"

Bilbao

SPAIN

Soren Thykier-Nielsen
Health Physics Department

Riso National Laboratory
Postbox 49

DK-4000 Roskilde

DENMARK
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John Bartzis

Greek Atomic Energy Commission
Aghia Paraskevi Attikis

GREECE

T, Iijima

Division of Reactor Safety Eval.
Tokal Research Establishment
Japan Atomic Energy Res. Inst.
Tokai-mura

Ibaraki-ken 911-13

JAPAN

Vincent J. Cordo, Sr.
Envirosphere Company
160 Chubb Avenue

Lyndhurst, NJ 07071

William Groot
HMM Associates
255 Bear Hill Road
Waltham, MA 02154

Rod Buckles

NUS Corporation

Licensing Information Service
2536 Countryside Blvd.
Clearwater, FL 33515

Dr. E. Stern

Head, Risk Assessment Dept.
Atomic Energy Commission
Licensing Division

P. O. Box 7061

Tel-Aviv

ISRAEL

Roger Breeding

Energy Inc.

P. O. box 736

Idaho Falls, ID 83402

Steve Masciulli

PASNY

123 Main Street

white Plains, NY 10601

Dr. Mohan Thadani
Mail Stop P-802

USNRC

Washington, DC 20555

Peter Konichek
Boeing Computer Services

565 Andover Park West
Tukwila, WA 98188
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Steve Gibbon, N2-1
Philadelphia Electric
2301 Market Street
Philadelphia, PA 19101

S. M. Mondro

EG&G Idaho, Inc.

P. O. Box 1625

Idaho Falls, ID 83415

Jong Sook Hong

Korea Advanced Energy Research Inst.
Daeduk Engineering Center

P. 0. Box 7

Daeduk Sanji, Chung-nam

KOREA

Dr. F. J. Mogolesko

Boston Edison Company

25 Braintree Hill Office Park
Braintree, MA 02184

Sebastiano Serra

Direzione delle Costruzioni (DCO)

Ente Nazionale per L'energia Electrica
via G. B. Martini, 3

Casella Postale N.386

I-00100 Roma, ITALY

Ms. Carla Brofferio

DISP/ARA/SCA

Comitato Nazionale per L'energia Nucleare
125 Viale Regina Margherita

00198

Roma, ITALY

J. L. Elliot

Safety Review, Analysis, and Licensing Div.
Duke Power Company

P. O. Box 33189

Charlotte, NC 28242

Dr. Douglas G. Smith

Air Quality Studies Div,

Environmental Research and Technology, Inc.
696 Virginia Road

Concord, MA 01742

Bill Rhyne

H&R Technical Associates
P. O. Box 215

Oak Ridge, TN 37830
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9410
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Snyder
McCloskey
Benjamin
Ericson, Jr.
Aldrich
Alpert
Bennett
Griesmeyer
Leigh
Ostmeyer
Ritchie (25)
Sprung
Strip

Taig
Johnson (25)
Adams
Walker
Dahlgren
Pound
Erickson (5)
Garner (3)
E/TIC
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