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This report presents a new method to support selection of off-site

g protective action in nuclear reactor accidents, and provides a user's

: manual of a computer code system, PRASMA, developed using the method.

The PRASMA code system gives several candidatesaf protective action zomnes
of evacuation, sheltering and no action based on the multiobjective
optimization method, which requires objective functions and decision
variables. We have assigned population risks of fatality, injury and cost

as the objective functions, and distances from a nuclear power plant

characterizing the above three protective action zones as the decision

variables.
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1. Introduction

Twe major reactor accidents in commercial nuclear power plants,
i.e. Three Mile Island 2 {(TMI-2)} and Chernobyl 4, have raised our
attention for importance to not only the nuclear safety problem
relating to severe accidents research, accident management and
operator actions, but also issues relating to emergency preparedness
and response such ag the most appropriate protective action to be
taken, its timing, emergency level, a reasgonable emergency planning
zone and SO on.

Weerakkody and Witzig (12,(2) (hereafter called WW) proposed the
nodel to select an appropriate off-site protective sction of the
choices of evacuation, sheltering, and no action in a nuclear reactor
accident emergency. The model is based on the statistical decisien
theory, where the minimax principle and the Bayes action principle
are taken alternatively using a concept of entiropy for selection
between these principles., Although the model proposed by WW takes
account of three kinds of consequences (individual fatality, injury
and cost) associated with reactor accidents, the consequences are
eventually reduced to one-dimensicnal measure, i.,e. individual
fatality, using conversion factors between the fatality and the other
consequences (injury and cost}). Since fatality, injury and cost have
different units of consequences, it is questionable to reduce these
consequences to one-dimensional measurs of consequence. This would
bring uncertainty in the reduced one-dimensional consequence due to
uncertainty involved in conversion factors.

In order to overcome ithe above problem, we have developed a hew
method to select an appropriate off-site protective action during
reactor accidents., The method i1s based upon the multiobjective
optimization method, where different kinds of consequences are treated
as they are without introducing one-dimensional reduced measure of
consequence., We introduce population risks of fatality, injury and
cost, because population effects would be important in emergency
preparedness from a point of view of overall risks around the site of
concern., In this report, the population risk is defined as integrated
individual risk over the population arcund the affected nuclear power

plant, and individual risk is defined as the product of individual
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consequence and occurrence probability of the event corresponding to
the consequence. The fatality and injury considered are (a) early and
continuing effects and late somatic effects due to radiation exposure,
and (b) travel consequence and non-radiological consequence of
sheltering. The cost considered is cost of evacuation and sheltering.
The population risks are calculated based on the individual risks
provided by the S0PA (Selects 0ff-site Protective Action) model
developed by WW, taking account of population density around the
nuclear power plant. Given calculated population risks, the new method
provides some candidates of protective action =zones of evacuation,
sheltering and no action. To make numerical calculations with the
method possible, we have developed a computer code system PRASMA
(Protective Action Selection based on Multiobjective Optimization
Approach) as the first version which will be revised when more
sophisticated individual model included in PRASMA be developed and
more reliabtle data be prepared in future.

Chapter 2 describes the methodology for selecting off-site
protective action based on multiobjective optimization approach.
Chapter 3 outlines the composition and functions of the PRASMA code
system, Chapter 4 gives an explanation of input and output variables,

A sample run with PRASMA is given in chapter 5.
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2, Muitiobjective Cptimization Approach

The off-site protective action selection is clogsely related to
several conseguences caused by reactor accidents, such as fatality,
injury and cost. In order to treat these consequences as they are, we
have developed a model, PRASMA, by applying the multiobjective
optimization method to the problem of the off-site protective action
selection.

Since the PRASMA model uses the data of consequences and rigks
given by the WW's SOP4 model, we first recapitulate the WiW's model
hased on the statistical decisicn theory ir section 2.1. The PRASHA
medel based on the multiobjective cptimization method are developed
and described in the following sections, where the multicbjective

variables and decision variables are introduced.
2.1 Recapitulation of Statistical Decision Theory

For the convenience of the discussions developed in the following
sections, we will now recapitulate the statistical decision theory for
application to selecting off-site protective action proposed by
ww.(1)!(2) The loss function, the uncertainty states, and Bayes
action principle will be briefly described which are essential to
model the off-site protective action selection problem. A detailed

description of the model developed by WW is provided in Ref. 1.
2.1,1 The Loss Function and the Radioactivity Release State

The loss functions, a set of consequences associated with a
nuclear reactor accident, selected by WW are radiation fatalities,
radiation injuries, evacuation fatalities, evacuation injuries, cost
of evacuation, consequences at shelters of relocation and consequences
of sheltering. The CRACZ model(B) was used as the major guide for
radiation dose calculations. It should be noted that these seven
components are measured in different units (fatalities per person,
injuries per person, and dollars per person) and that to solve the
statistical decision problem WW have reduced these seven components to

the one-dimensional loss function, fatalities per person, using
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appropriate conversion factors.

As the radioactivity release states, a set of parameters that
contains uncertainty and that influences the loss functions is
selected., The parameters are release duration, warning time, noble gas
release, particulate release, height of release, and energy of

releass.
2.1.2 The Spectrum of Potential Release State

Although the release state space consists of an infinite menbers,
they are practically divided into a nanageably finite number of
members of release states, Sj, where "j" denotes the ji-th member. To
identify the finite number of members of potential release states, the
model developed uses the functional event tree of safety systenms
associated with the initiating event and containment even®t tree. The
complete description of the spectrum of release states requires not

only identification of each member but also the occurrence probability

g(8,

J) of each member.

2.1.3 The Bayes Action Principle
The Bayes action prineciple suggests that the appropriate action

ap would minimize the individual risk at distance x from the plant,

Z(ak,x), defined as

Z(ak,x) = ; g(Sj) L(ak,Sj,x). (2.1)

d
L(ak,Sj,x) is & loss function value at distance x if action a, is
taken when release state is 84. Here, Z{ay,x) is nothing more than

the linear or actuarial conditional risk.
2.2 Multiobjective Optimization Method
2.2.1 General Theory(A)'(S)

Multiobjective programming deals with optimization problems with

two or more objective functions. The multiobjective optimization
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provlem is written generally as

minimize Z(X) = [Z1(X), Zz(X), cees Zp(X)] (R.2)
subject tc XE€F

in which Z(X) is a p-dimensional vector composed of the objective

functions, F is the feasible region in a decision space and X called

decision variable denotes a set of variables in the decision space..
A solution X is noninferior if there exists no feasible X' such

that
Zi(x') < Zi(X), 1 =7, 2y seey P (2.3)

where the strict ineguality holds at least one i. Here, Z(X)
corresponding to a noninferior sclution X is called the noninferior
function. In other words, the ncninferior Z(X) is a vector that is
not dominated by other Z{(X') in all of its objective functions,
Solving inequality (2.3) is to find all such noninferior solutions.

Figure 2.1 represents for the two-dimensional case a mapping of
the feasible decision space F to the outcome R.(A) The noninferior
solutions are shown crosshatched along the "southwest" boundary in the
outcone space. 1t should be noted that the multiobjective optimization
method generally gives several solutions instead of one definite
solution.

(5)

There exist several solution techniques for multiobjective
optimization problems including weighting method,(A) constraint
method(A) and direct method.(é) These techniques would be applicable
to a specific or a simple problem where relationship between objective
function and decision variables is expressed in a analytic form. The
direct usage of these methods does not seem to practical to the
present problem, we, therefore, have developed a technique to

numerically solve the inequality (2.3) (see section 3.2.2).
2,2.2 Population Risks, Objective Functions and Decision Variables

The WW model for the off-site protective action selection is

based on the individual losgs function or risk and does not consider
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the effect of the population around the nuclear power plant., We
introduce here a concept of population risk, which is closely related
to decision variables and multiobjective functions required in the
nultiobjective optimization approach.

In order to determine decision variables, we divide off-site area
of concern into three zones of evacuation, sheltering and no action.
Then, as decision variables, we assign distances from the affected
plant which characterize these three zones. As objective functions, we
assign three kinds of population risks relating to fatality, injury
and cost. A more detailed description is provided below.

We start with the objective function, that is population risk,

given by

z, =ﬂ £(r) 2y (E,r)dr +“ £(r)z, (S,r)dr +ﬂ £(r)a; (N, r)dr. (2.4)
A A

E ) Ag N

Here Z; is the i-th objective function relating to population
fatality, injury or cost as denoted by subseript i. The variables
zi(E,r), z; (S,r) and z; (N,r) are individual i-th risk at the location
specified by r under protective actions of evacuation, sheltering and

no action, respectively, defined as

h

zi(ak,r) ? g(Sj)Li(ak,Sj,r), (2.5)

d
a = E, 5 or N.

Here, Li(ak,Sj,r) is a loss function value of i-th consegquence. The
protective action zones of evacuation, sheltering and no sction are
denoted by Ap, Ag and Ay, respectively, and f(r) means a population
density function. The individual risk z;(8y,r) is calculated using the
S0PA model. In the SOPA model, the loss function caused by radiation
dose 1s essentlally based upon the CRACR2 model, where the directicn of
radiation plume 1is assumed to be unchanged and the gpread of plume
perpendicular to wind direction is considered in a term of the top hat
function. In order to make calculation of the population risks in Eq.

(2.4) easy and practical, we limit the area of concern to an area
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shown in Figure 2.2. The lateral dispersion parameter, Oy(x),

distance x from the plant to the downwind location is given by
¢ (x) = a-xP (2.6)

with two parameters a and b, which depend upon atmosphere conditions
and their values are given in Table 2.1.

Since Eg. (2.4) takes a general form with respect to integral
region of protectlve action zone, scome insight would be needed to make
the integral caleulation in Eq. (2.4) practically possible. It is
generally probable that for a large amount of radiocactive release to
the environment the protective action will be varied from evacuation
to sheltering, and sheltering to no action as the distance from the
plant is larger. We therefore consider three protective actions of
evacuation, sheltering and no action, and assume that these zones are
characterized by two parameters, Xy and Xgs presenting distances from
the plant. In other words, Xz and Xg denote the boundary between the
zones of evacuation and sheltering, and the Dboundary between the
zoneg of sheltering and no action, respectively, as illustrated in
Figure 2.2. Assuming thalt an inequality g £ Xg is satisfied and that
the population density in the area concerned depends on only the
distance from the plant to the downwind location, the objective

function Z; in Eg. (R.4) is rewritten as

2 = 3| Gx gy (x)£(x)2y (B,x)
min

+ 3] G0 (x)2(x)24(5,%)

Jxg
+ J gX(j (x)f x)z (N,x), (2.7)
S
with
0 < Xp < Xg < Xy (2.8)

ax
the maximum distance considered where radiation effects to the public

Here X ;. is the boundary between on-site and off-site, and X is
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are expected to be negligibly small. WNow the objective function
includes two parameters, Xg and XS, relating to protective action
zone. In applying the multiobjective optimization method to off-site
protective action selection, we take the variable set X = (XE, XS) as
decision variables. In other words, the objective functions Zy are
optimized by solving the inequality relation (2.3) so as to determine

values of the variable X,
2.3 Summary of Methed

In order to select an appropriate off-site protective action in a
nuclear reactor accident, the multiobjective optimization method has
been introduced. We have assigned population risks of fatality,
injury and cost as objective functions, and distances from a plant as
decision variables. The population risks are caleulated based on the
individual risk given by the SOPA model with taking account of
population statistics. The procedure to select the off-site
protective action in the multiobjective optimization method 1is

sunmarized as follows:

(1) Determine the set of potential release states Sj and the

occurrence probability, g(Sj), of each state.

(2) For each potential release state, calculate individusl
consequences (or loss functions), Li(ak,Sj,x), of fatality, injury
and cost at distance x from the plant under actions a, of

evacuation, sheltering and no action.

(3) Calculate individual risk z;(ay,x) of fatality, injury and cost at

digtance x as given by

25 (ay,%) = ? g(Sj) Li(ak,Sj,x). (2.9)
' J

(4) Calculate population risk Zi as a function of the set of variables
x=(XE,XS) (XE: distance denoting boundary between zones of

evacuation and sheltering, Xg: distance denoting boundary between
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zones of sheltering and no action) using a population density

arcund the plant.
(5) Solve the inequality relations in the nultiobjective optimization

method by assigning Z; and X as objective functions and a set of

decision variables, respectively.

Table 2.1 Dispersion parameter values.

Stability

class Description a b
A extremely unstable 0.3658 0.9031
B moderately unstable 0.2751 0.9031
C slightly unstable 0.2089 0.9031
D neutral 0.1471 0.9031
E slightly stable 0.1046 0.9031
F very stable 0.0722 0.9031
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Xz J}‘ Cecision Space z; Outcome Space

No

Y

Fig. 2.1 Mapping of decision space into outcome space;

crosshatched subspace N

4)

a and N are noninferior
o]

solutions

oy (x)

Fig. 2.2 Conceptual diagram illustrating area considered in

the PRASMA model for off-site protective actiomn.
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3. Description of the PRASMA code systen

This chapter describes composition and functions of the PRASMA

code system.
3.1 Compogition

The PRASMA code system is composed of three computer codes, IND,
POP and GRAPH, and two interface files, IRISK and PRISK, as is shown
in Figure 3.1. The IND code calculates individual risks of fatality,
injury, and cost at a distance from a reference nuclear power plant
under protective actions of evacuation, sheltering, and no action.
The models embedded in IND are essentially the same as those in SOPA,
although a slight modification of SOPA has been made to incorporate
SO0PA into the PRASMA code system. The POP code caleulates population
risks using individual risk values of the IND output through the
interface file IRISK and taking account of population density, and
then provides several candidates of appropriate off-site protective
action zones based on the multiobjective optimization method. The
GRAPH code graphically draws the output of IND and POP with the data
being delivered through ths interface files, IRISK and PRISK.

3.2 Functions

This section describes the functions of three member codes, IND,
POP, and GRAPH of the PRASMA code systen.

3.2.1 1IND

The IND code for calculating individual risks of fatality,
injury, and cost consists of several subroutines. Figure 3.2
illustrates the flow diagram of the IND code. Funetion of each
subroutine in IND and modified parts from SOPA are outlined below. A
more detailed description of these subroutines(1) is  provided in

Appendix A.
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(1) Subroutine SPECT

The purpose of this subroutine is to find potential release
states for the accident and to estimate their occurrence praobabilities
using a functional event tree of safety systems and a containment
event tree. The model embedded in this subroutine is currently limited

to pressurized water reactors.
(2) Subroutine RAD

This subroutine calculates the loss function values associated
with health effect to an average pergon and a pregnant woman from
radiation exposure. The exposure pathways considered are ¢loudshine,
groundshine, and inhalation under evacuation, sheltering, and no
action. The subroutine RAD is composed of five lower subroutines,
XANDG, DOSE, RISK, SHEL, and EVAG. The brief description of these

subroutines is as follows:
1) Subroutine XANDG

This subroutine calculates the value of Oy, 0, and X/Q. Here
Oy and O, are the lateral dispersion parameter and the vertical
dispersion parameter associated with the standard Gaussian-plume
formation model, respectively. X/Q is time integrated conceniration of
the airborne nuclide per amount of radioactivity released to the

atmosphers.
2) Subroutine DOSE

This subroutine calculates the dose received from three early
exposure pathways, cloudshine, short-term groundshine, and

inhalation.
3) Subroutine RISK
This subroutine calculates two kinds of health effects, early and

continuing effects and late somatic effects, due to radiation exposure
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based on the nmodels presented in NUREG/GR—4214.(7) Barly and
continuing effects considered are mortality and morbidity due to the
incidence of any of the hematopoietie syndronme, pulmonary syndrome,
gastrointestinal syndrome, and pre- and neo-natal death. Late somatic
effects considered are mortality and morbidity due to +the inecidence

of thirteen kinds of cancers.
4) Subroutine SHEL

This subroutine calculates the dose reduction factor for
sheltering, which 1s a ratio of dose received while sheltering to dose

received while not taking any action.
5) Subroutine EVAC

This subroutine calculates the dose reduction factor for
evacuation, which is a ratio of dose received while evacuation to dose

received while not taking any action,
(3) Subroutine NONRAD

This subroutine calculates those components of the loss function
whose cause is not radiation, including the travel consequences of

fatality and injury associated with evacuation, cost of evacuation,

and non-radlological consequences of sheltering.
(4) Subroutine BAYES

This subroutine calculates individual risks of fatality, injury,
and cost under evacuation, sheltering, and no action at a distance
from an affected nuclear power plant.
(5} Modification from SOPA

The models embedded in the IND code are identical to those 1n

the S0PA code. However some modification of SOPA has been made in

incorporating it into the PRASMA code system. Modified festures from
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SOPA to IND are as follows:

1) The IND code has a capability of calculating individual risks at
sequential distances from an affected nuclear power plant with
one computer run. This function is very useful to calculate
population risks in Eg.(2.7), where a numerical integration of

individual risks over distance x is required.

2) In order to make an application of PRASMA to the off-site
protective action problem more general, some parameters in the
SO0PA source program relating to plant and/or site are extracted
and reduced to IND input variables. The extracted parameters are

shown in Table 3.7.

3) Since the minimax principle and selection between the minimax and
the Bayes action principles are irrelevant to PRASMA, a part of

program relating to them has been omitted in IND.

4) Since the PRASMA model does not require conversion factors between
fatality and injury or cost, the conversion factors have been
omitted in IND.

3.2.2 PQP

The POP code calculates population risks of fatality, injury and
cost, and provides several candidates of appropriate off-site
protective action zones based on the multiobjective optimization
method. The current POP code has an option to seleect two or three
objective functions. Two objective functions included in POP are
population risks of fatality and injury (ecalled two-dimensional model
hereafter), and three objective functions are population risks of
fatality, injury, and cost (called three-dimensional model hereafter).

Figure 3.3 illustrates the flow diagram of POP. Functions of
subroutines NC81, SO0L2, and SOL3 included in POP are as follows:
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(1) Subroutine NC81

This subroutine calculates the pepulation risks Zi of fatality,

injury, and cost given by the Eq.(2.7):

=3
]

Xy
5 =3 dxij(x)f(x)zi(E,x)

Xmin

+

X
3 f gxcjy(x)f(x)zi(E,x}
g

+

X
3.[ giﬁry(x)f(x)zi(E,x)
g

where, z,(E,x}, z; (8,%), and z; (N,x) obtained from the IND output are
the individual risks under evacuation, sheltering, and no action,
respectively. The off-site population density distribution function
f(x) is given by a user as input. The distribution functions currently

embedded in this subroutine are :

f(x} = s (3.1}
£{x) = g + cgexp {-(x=Xx)? /(22 )} /(/270),  (3.2)
f(x) = histogranm, (3.3)

where €gs Cq» Cpy; C, and XC are parameters characterizing the
distribution and given by input. Data for histogram are given by a
user with three input variables of RDXA (equal distance width), RXMAXA
(maximum distance considered from the plant), and RDATAA {frequency of
each class).

For the numerical integral calculation, the Simpson's formula is

used in this subroutine.
(2) Subroutine SOL2

The purpose of this subroutine is to find appropriate off-site

protective action zones by solving the inequality relation (2.3) in
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the multiobjective optimization method for the two-dimensional model.
To solve the inequality (2.3), we have developed a method which
solves the inequality directly in a numerical way. A set of decision
variable (Xg, Xg) is discretized under the assumption of inequality
relation, Xy < Xq. Figure 3.4 shows an example of calculational points

of (Xg, Xg) as denoted by *. The population risks, 2., calculated at

1
each point are applied to the inequality relation (2.3). A part of
program list of this subroutine presenting a logic to solve inequality

(2.3) is shown in Figure 3.5.
(3) Subroutine SOL3

The purpose of this subroutine is to find off-site protective
action zones by solving inequality relation (2.3) in the multi-
objective optimization method for the three-dimensional model. The
solution technique developed for the two-dimensional model has been

extended to the three-dimensional model.
3.2.3 GRAPH

The function of the GRAPH code is to print out the output from
IND and POP to NLP (Nihongo Line Printer) in a graphic form using a

8) The GRAPH code makes automatic axis

graphic package, DISSPLA, (
scaling with linear X- and Y-axes.
The GRAPH code consists of two subroutines, GRAPH1 and GRAPH2,

functions of which are described below:
(1) Subroutine GRAPH1

This subroutine graphically prints out the following quantities

given as the IND output through the interface file IRISK:
(a) Individual risks of fatality, injury, and cost at the

distance from a nuclear power plant under evacuation, sheltering,

and no action.
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(2) Subroutine GRAPHZ

This subroutine consists of three lower subroutines, PLOT1, PLOT2
and PLOT3, and graphically prints out the following quantities given
as the POP output through the interface file PRISK:

(a} Population risks of fatality and injury at the caleulational
points of decision variable (XE, XS) in the two-dimensional model
(subroutine PLOT1).

(b) Two-dimensional presentation of a pair of population rigks of

fatality and injury, in the two-dimensional model {subroutine

PLOT2).

(¢) Population risks of fatality, injury, and cost at the
calculational points of decision variable (Xg, Xg) in the three-

dimensional model (subroutine PLOT3).
3.3 Limitation

Limitation of the current PRASMA code system 1s summarized as

follows:

(1) PRASMA deals with only a PWR plant, although it could be
extended to accommodate a BWR plant by incorporating the BWR

source term spectrum and appropriate event trees.

(2) In the two-dimensional model, the multiobjective functions are

limited to population risks of fatality and injury.

(3) Protective action zones are limited to the downwind direction and
hence the distribution function for the off-site population
density is given as a function of one-dimensional parameter, x,

representing distance from the plant to the downwind location.

Other miscellaneous limitations associated with each member code

will be described in section 4.1.
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Table 3.1 Parameters extracted from the SOPA source program

~as the IND input variables.

Occurrence probabilities of steam explosion, inadequate iseclation,
and hydrogen combustion.

Volume of containment.

Constant of proportionality relating to design leakage
Heat released.

Release height.

Release duration.

Period between the instant of recognizing potential emergency
and the instant of radionuclide release start.

Fraction of core inventory releassd to the environment.
Breathing rate.

Grass length indicating surface roughness.

Time step width for dose reduction factor calculations.

Non-radicactive consequences of fatality and injury.
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IND

IRISK

A
=
=

2=

GRAPH

-

Fig. 3.1 Composition of the PRASMA code system.
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{  MAIN )

READ INPUT DATA

CALL SPECT TO FIND
POTENTIAL ACCIDENT
SPECTRUM

e

CALL RAD TO CALCULATE
RADIATION HEALTH EFFECT
OF ALL THE SCENARIOS

CALL NONRAD TO CALCULATE
NON~RADIOLOGICAL LOSS FUNCTION
VALUES OF ALL THE SCENARIOS

CALL BAYES TO CALCULATE
INDIVIDUAL RISKS OF ALL
THE SCENARIOS

AVE ALL CALCULATIONAL

POINTS BEEN PROCESSED

Fig. 3.2 The flow diagram of IND.

NO
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[ MAIN '

READ INPUT DATA

S

2-DIMENSIONAL MODEL

\/

CALL NCB1 TO CALCULATE
POPULATION RISK USING
POPULATION DENSITY
AROUND A PLANT

CALL SOL2 TO DETERMINE
OFF-SITE PROTECTIVE
ACTION ZONE USING
MULTI- OBJECTIVE
OPTIMIZATION METHOD

3- DIMENSIONAL MODEL

CALL NC81 TO CALCULATE
POPULATION RISK USING
POPULATION DENSITY
AROUND A PLANT

CALL SOL3 TO DETERMINE
OFF-SITE PROTECTIVE
ACTION ZONE USING
MULTI-OBJECTIVE
OPTIMIZATION METHOD

END

Fig. 3.3 The flow diagram of pop.
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Xg X % %
* X%
%
0 Xg

Fig. 3.4 An example of discretization

of decision variable (X XS).

E’
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CC370 DG 520 I=1,NDATA

00380 DG 530 J=1,NDATA

003%0 IF(J .EQ. I> GOTO 530

00400 _ IFCCZWFLICIY LT. ZWFLIC(I2) LAND.
CC410 1 (ZWI1¢Jdy JLE. ZWITC(ID)D) THEN
00420 ELSE

CO430 IDECIC(IAJD=1

00440 ENDIF

00450 530 CONTINUE

00460 520 CONTINUE

00470 DO 540 I=1-NDATA

00480 DO 550 J=1,NDATA

00490 IFC(J .EQ. I) GOTO 350

00500 IFCCZWFRTICSY) JLE. ZWF1IC(ID) LAND,.
00510 1 CZWITCS) JLT. ZWILTCIX2Y> THEN
Q0520 ELSE

00530 IDEC2(1,J)=1

00540 ENDIF

00550 550 CONTINUE

00560 540 CONTINUE

00570 DO 580 I=1-NDATA

00580 DO 590 J=1,NDATA

00590 IDECIC(IAJ)=IDECLC(I,J)*IDECRCI,J2
00600 590 CONTINUE

00610 580 CONTINUE

00620 K=0

00630 DO 600 I=1,.NDATA

00640 DF=1.0

00650 DO 610 J=1,NDATA

00660 IFC) .EQ. I) GOTO 610

00670 DF=DF*IDECICI,J)

00480 610 CONTINUE

00690 IF(DF .EQ. 1.0 THEN

cov7Q0 K=K+1

00710 ISOLT1C(KY=1

Q0720 ENDIF

00730 600 CONTINUE

Fig. 3.5 A program list presenting a logic for solving inequality

relation (2.3) in the two-demensional model.
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4. Input/Output Variables
4.1 Input Varizsbles

Table 4.1 shows input variables to the IND code. Those
parameters extracted from the SOPA source program asg the IND input
variables and those newly added as the IND input variables are marked
with * and +, respectively. All the input variables other than NAME,
PARENT, QIN, HALF, DEPV, DCCS, GCCS, and BCCS are free format. Table
4+3 shows the input variables to the POP code, where all the input
variables are free format. Input variables to the GRAPH code are shown
in Table 4.4.

4.2 Qutput Varisbles
4e2.1 Interface File

The PRASMA.code system includes two interface files, IRISK and
PRISK, as has been shown in Figure 3.1. The interface file IRISK
stores the individual risks of fatality, injury, and cost under off-
site protective actions of evacuation, sheltering, and no action which
are calculated from the IND code. The interface file PRISK stores the
population risks of fatality, injury, and cost which are calculated
from the POP code. Table 4.5 summarizes the individual radiological
and non-radiological risks under each protective action caleulated by
IND. _

The interface file IRISK whose logical record length is 48 byte
with fixed block plays a role of delivering the IND output data to the
input data of POP and GRAPH. The interface file PRISK whose logical
record length is 96 byte with fixed block plays a role of delivering
the POP output data to the GRAPH input data. The contents of the
interface files, IRISK and PRISK, are shown in Tables 4.6 and 4.7,

respectively.
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Le2.2 Output items

Table 4.8 shows the output items of each member code in the

PRASMA cods system. An example of output list of each code will be
given in chapter 5,
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Table 4.1 TInput variables to IND (1/10).
Card No. Variable Description
1 INIT initiating event
1 ¢+ large break loss of ccolant accidents
2 : small break loss of coclant accidents
3 : loss cf off-site power
4 ¢t loss of feed water
2 ICPRES availability of containment pressure
(option for presenting design leakage)
0 : unavailable
1 : available
ICFRN avallability of containment noble gas
concentration
(option for presenting design leakage)
0 ¢ unavailable
1 : available
ICFRI availability of containment iodine

fraction

(option for presenting design leakage)

0 : unavailable

1 ¢+ available
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Table 4.1 TInput variables to IND (2/10).

Card No. Variable Desgcription

3 DFRN(I) fraction of core inventory in
containment atmosphere for I-th

nuclide group

I=1 : noble gas

=2 31 iodine

4 DELP pressure difference of inside and outside

of containment [psil
DELT expected leak duration [min]

5 IDEM(I) flag presenting demand for I-th safety system

in an accident sequence (1 < I < 15)

0 : undemaded

1 : demanded

for the accident sequence initiated by a
LOFW, for instance (see Figure A.1 and
Table A.71 in Appendix A)

I=1 : reactor trip
2 : auxiliary feed water and secondary
heat removal
3 : pilot-operated relief valve
demanded ?
t pilot-operated relief valve closed ?
: high pressure injection

: long term core cooling

NG T IRV I

! containment spray injection system
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- Table 4.1 Input variables to IND (3/10}).

Card No. Variable Description

8 : containment heat removal system
9 : containment spray recirculation

system

6 IFUN(I) flag presenting I-th safety system function

in an accident sequence (1 < I < 15)

0 : unfunctional

1 : funetional

7 FAV(I) failure probability of I-th safety system

function in an accident sequence (1 < I < 15)
8 INPRI(I) print out option for input data (1 < I < 4)

0 : no print

1 ¢ print

9 I0UT(I) print out opticn for output data
(1 <I<10)

0 : no print

1 1 print
10 WIND wind speed [m/s]
FMIX nixing height of the atmosphere [m]
ISTA atmosphere stability category
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Table 4.1 Input variables to IND (4/10).

Card No.

Variable Description

11

H]

extremely unstable (A)
= moderately unstable (B)
= slightly unstable {C)
neutral (D)
= slightly stable (E)
= very stable (F)

[OA AN . T .G
I

MINt minimum distance considered from a
nuclear power plant in calculation

of individual risks [m]

pIsTMt maximum distance considered from a
nuclear power plant in calculation

of individual risks [a]

distance width for caleculation of
individual risks [m] (DX < DISTM)

DX

ZLOC vertical height of the loecation of

concern [m]

NAME(I) isotope name of I-th nuclide (A8),
(1 < I<54) (see Table 4.2)

PARENT(I) fertile nuclide of I-th nuclide (A8),
(1< I £ 54)

QIN(I} core inventory of I-th nuclide [Cil],
(E10.3), (1 < I < 54)
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Table 4.1 Tnput variables to IND (5/10).

Card No. Variable Description

HALF(I) half life of I-th nuclide [day],
(E10.3), (1 < I < 54)

DEPV(I) deposition velocity to the ground of I-th
nuclide [w/s], (E10.3), (1 < I K 54)

12 DCCS(I,T) cloudshine dose commitment factor for
I-th nuciide and J-th organ [rem/(Ci s/m3)],
(E10.3), (1 < I < 54)

J =1 : whole body
= 2 t total bone marrow
=3 : lung
= 4 ! testes
13 G8CCS(I,T) groundshine dose commitment factor for

I-th nuelide and J-th organ [rem/(Ci/mz)J,
(E10.2), (1 < I < 54)

J =1 : whole body
= 2 : tetal bone marrow
=3 : lung
= 4 : testes
14 'BCCS(I,J) dose factor for inhaled I-th nuclide and
J-th organ [rem/Ci], (E10.?),
(1 < I KL 54)
d =71 : thyroid

2 1 skeleton

3 ¢+ lower large intestinal wall
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Table 4.1 Input variables to IND (6/10).

Card No. Variablie Desc¢ription

=4 lung

= 5 1 total bone marrow

15 FNUM(I) air ventilation rate of shelter [1/min]
I =1 : noble gas

= 2 : iodine

IBTYPE building type

1T ¢ wood

2 1 basement wood house

3 : brick

4t basement of brick

5 i large office building

16 SPEEDS speed of evacuation [m/min]
IDAYS time of accident
= day time

2 = night time

TPS time spent on preparation to

evacuate [min]

TDMS time spent on recommending off-site
protective strategy after realizing

the emergency [min]
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Table 4.1 TInput variables to IND (7/10Q).

Card No. Variable Description
17 EVDIST evacuation distance [km]
EVCOST evacuation cost [$/person]
RSHEL non-radioactive consequence of sheltering
[$/perscn]
18 PALD" occurrence probability of steam
explosion
PBETA" occurrence probability of inadequate
isolation
CPGAM” occurrence probability of hydrogen
combustion
# , 3
19 VCON velume of containment [m~]
CCON™ constant of proportionality relating

to design leakage

20 QH({I) heat released in I-th accident
scenario [cal/s], (1 < I < 10)

I=1 : large LOCA

2 ¢ Small LOCA

3 : loss of feed water

4t loss of off-gsite power
0

: not uged
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Table 4.1 Input variables to IND (8/10),

Card No. Variable Description

*

21 QH(I) heat released in I-th accident
scenario [cal/s], (11 < I < 20)

22 BEIG(I)" release height in I-th accident
scenario [a], (1 < I < 10)

23 HEIG(I)™ release height in I-th accident
scenario [m], (11 < I < 20)

24 RD(I) release duration in I-th accident

scenario {min] (1 < I< 11)

25 ™W(I)" period between the instant of
recognizing potential emergency and the
instant of radionuclide release start

in I-th accident scenario [min],
(1 <1< 11)

26 FRN(I,J)* fraction of core inventory released
to the environment for I-th nuclide
group and J-th accident scenario
(1<T<7), 1£T<9)

27 FRN(I,11)* fraction of core inventory released
to the environment for I-th nuclide
group and the 11-th accident scenario
(1<I1<7)
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Table 4.1 Input variables to IND (9/10).
Card No. Variable Description

28 BRA(T)™ breathing rate [m/s]

I=1":day %ime
= 2 ¢ night tinme

29 LENG grass length indicating surface
roughness [cm]

30 DELTIG" time step width in integral calculation
for reduction factor [min]

31 FIMLF" non-radioactive consequence of fatality
resulting from collision of evacuation
vehicle [fatality/{person mile)]

F2MLF" non-radicactive consequence of fatality
resulting from evacuating in the
direction of the radicactive plume
[fatality/(person mile)]

FBMLF* non-radioactive consequence of fatality
caused by a shelter of relocation
(fatality/(person mile)]

F1MLJ* non~radioactive consequence of injury

resulting from collision of evacuation

vehicle [injury/(person mile)]
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Table 4.1 TInput variables to IND (10/10).

Card No. Variable Description

FaMLI" non-radicactive consequence of injury
resulting from evacuating in the
direction of the radioactive plune

(injury/(person mile)]

FBMLJ* non-radioactive consequence of injury
caused by a shelter of relccation

(injury/{person mile)]
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Table 4.2 1Isotope name of I-th nuclide.

I Isotope I Isotope I Isotope I Isotope
1 Kr-85 16 Te-127 3 Te=99m 46 Nd-147
2 Kr-85n 17  Te-127m 32  Ru-103 47 Np-239
3 Kr-87 18 Te-129 33 Ru-105 48 Pu-238
4 Kr-88 i9 Te-12%m 24 Ru-106 49  Pu-239
5 Xe-133 20 Te-131m 35 Rh-105 50 Pu-240
6 Xe-135 21 Te-132 36 ¥-90 51 Pu-241
7 _1—131 22 S5b-127 37 1-91 52 Am-241
3 I-132 23 Sb-129 38 Zr-95% 53 Cu-242
9 I-133 24 Ba-140 39 Zr-97 54 Cu-244
10 I-134 25 Sr-89 A0 Nb-95

11 I-135 26 Sr-90 41 La-140
12 Cs-134 27 Sr-91 42 Ce-141
13 Cs-136 28 Co--58 43 Ce-143

14 Cs-137 29 Co=60 44 Ce-144

15 Rb-86 30 Mo-99 45 Pr-143
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Tabie 4.3 TInput variables to POP (1/4).

Card No. Variable Description
1 TITLE title (A70)
2 IDIM option for model selection

2 1 two-dimensional model

3 : three-dimensional model

ISTA atmosphere stability category
(see Card No. 10 in Table 4.1)

3 XMN minimum distance considered from a
nuclear power plant in calculation of

population risks [km]

DELX distance width in integral calculation
of population risks [km], (DELX < XLIM)

XLIM maximum distance considered from a
nuclear power plant in calculation of

pepulation risks [km]

4 IOPT option for selecting population
density distribution functions for
average person and preghant woman (see
Figure 4.1 and Eqs. (3.1) through (3.3))

-5
]

uniform distribution function

Gaussian type distribution function

histogranm
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Table 4.3 Input variables to POP (2/4).
Card No. Variable Description

5-4A ROHOA parameter co for average person in case
of I0PT=1 [person/kmz]

ROHOP parameter co for pregnant woman in case
of ICPT=1 [person/kmz]

5-B ROHCA parameter ¢4 in the Gaussian
distribution function for average
person in case of IOPT=2 [person/km<]

RCH1A parameter Cp in the Gaussian
distribution function for average
person in case of IOPT=2 [person/km]

SIGA parameter ¢ Iin the Gaussian
distribution function for average
person in case of IOPT=2 [km]

Xca parameter X, in the Gaussian
distribution function for average
person in case of ICPT=2 [km]

ROHCP parameter ¢4 in the Gaussian
‘distribution function for pregnant
woman in case of IQOPT=2 [person/kmz]

ROH1P parameter ¢, in the Gaussian

distribution function for pregnant

woman in case of IOPT=2 [person/ka]
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Input variables to POP (3/4).

Card No.

Variable

Description

5-C

SIGP

XCP

RDXA

REMAXA

RDXP

RXMAXP

RDATAA(I)

parameter ¢ in the Gaussian
distribution function for pregnant

woman in cage of IOPT=2 [km]

parameter Xs~ in the Gaussian
distribution function for pregnant

woman in case of IOPT=2 [km]

equal distance width of population
distribution histogram for average

person in case of IOPT=3 [km]

maximum distance of population
distribution histogram for average

person in case of IOPT=3 [km]

equal distance width of population
distribution histogram for pregnant

woman in case of I0OPT=3 [km]

maximum distance of population
distribution histogram for pregnant

woman in case of ICPT=3 [km]

frequency of I-th class of population
digtribution histogram for average
pergon in case of IOPT=3 [person/kmz],
(1 <IX5)
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Table 4.3 1Input variables to POP (4/4).

Card No.

Variable

Description

10

11

RDATAA(I)

RDATAA(T)

RDATAP(I)

RDATAP(I)

RDATAP(I)

frequency of I-th clasg of population
distribution histogram for average
berson in case of IOPT=3 [person/kmz],
(6 < I <10)

frequency of I-th class of population
distribution histogram for average
person in case of IOPT=3 [person/kmz],
(11 < I<15)

frequency of I-th class of population
distribution histogram for pregnant
woman in case of IOQPT=3 [person/kaJ,
(1<I<5)

frequency of I-th class of ropulation
distribution histogram for pregnant
woman in case of IOPT=3 [person/kmz],
(6 <I<10)

frequency of I-th class of population
distribution histogram for bregnant
woman in case of IOPT=3 [person/km2],
(11 < I<15)

—40 —
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Table 4.4 1Input variables to GRAPH (1/2).

Card No.

Variable

Description

KDIM

LHI1AF

LH1PF

LHTAI

LH1PI

LHTAC

LH1PC

output option for two- or three-

dimensional model (see Figure 4.2)

2: two-dimensional model

3: three-dimensional model

title for GRAPH1 output relating to
average person fatality (to be ended
with the mark ¥, A460)

title for GRAPHT output relating to
pregnant woman fatality (to be ended
with the mark ¥, A60)

title for GRAPH1 output relating to
average person injury (to be ended
with the mark ¥, A60)

title for GRAPH1 output relating to
pregnant woman injury (to be ended
with the mark ¥, A60)

title for GRAPH1 output relating to
average person cost (to be ended

with the mark ¥, A60)

title for GRAPH1 output relating to
pregnant woman cost (to be ended

with the mark ¥, A60)
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Input variables to GRAPH (2/2).

Card No.

Variable

Description

10

11

12

13

LHP1A

LHP1P

LHP2A

LHP2P

LHP3A

LHP3P

title for PLOT1 output relating to average
person fatality and injury (to be ended
with the mark ¥, A60)

title for PLOT1 output relating to
pregnant woman fatality and injury
(to be ended with the mark ¥, A60)

title for PLOTR output relating to average
person fatality and injury (to be ended
with the mark ¥, A460)

title for PLOT2 output relating to
pregnant woman fatality and injury
(to be ended with the mark ¥, A60)

title for PLOT3 output relating to average
person fatality, injury and cost
(to be ended with the mark ¥, A60)

title for PLOT3 output relating to
pregnant woman fatality, injury and
cost (to be ended with the mark ¥, A60)
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Table 4.5 1IND output.

Individual risk

Action Fatallty Injury
R N R XN

- Evacuation o o o ©

Sheltering o - e R

No aetion 0 - o -

0 : IND output

~ ¢ not applicable

R : radiological risk

N : non-radiological risk
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Table 4.6 The structure of the interface file TRISK (1/3).

Record No. Variable Descripticn
1 NPOINT total number of calculational points
(I4)
IX distance width for sequential

NPOINT+2

BAYSF1(I,1)

BAYSF1(I,2)

BAYSF1(I,3)

BAYSF2(I,1)

BAYSF2(I,2)

BAYSF2(I,3)

calculations [km] (F5.2)

individual risk value of fatality under
no action for average person at I-th
caleculational point (E16.8)

individual risk value of fatality under
sheltering for average person at I-th
calculational point (E16.8)

individusl risk value of fatality under
evacuation for average person at I-th
calculational point (E16.8)

individual risk value of fatality under
no action for pregnant woman at I-th
calculational point (E16.8)

individual risk value of fatality under
sheltering for pregnant woman at I-th
calculational point (E16,8)

individual risk value of fatality under
evacuation for pregnant woman at I-th

calculational point (E16.8)
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Table 4.6 The structure of the interface file IRISK (2/3).

Record No.

Variable

Desecription

2xNPOINT+2

3xNPOINT+2

4XNPOINT+2

BAYSI1(I,1)

BAYSI1(I,2)

BAYSI1(I,3)

BAYSI2(I,1)

BAYSI2(I,2)

BAYSI2(I,3)

BAYSC1(I,1)

individual risk value of injury under
no action for average person at I-th

calculational point (E16.8)

individual risk value of injury under
sheltering for average person at I-th

calculational point (E16.8)

individual risk value of injury under
evacuation for average person at I-th
calculational point (E16.8)

individual risk value of injury under
no action for pregnant woman at I-th
calculational point (E16.8)

individual risk value of injury under
sheltering for pregnant woman at I~th
calculational point (E16.8)

individual risk value of injury under
evacuation for pregnant woman at I-th
calculational point (E16.8)

individual risk value of cost under
no action for average person at I-th
calculational point (E16.8)
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Table 4.6 The structure of the interface file IRISK (3/3).

Record No.

Variable

Deseription

5xNPOINT+2

BAYSG1(I,2)

BAYSG1(I,3)

BAYSC2(I,1)

BAYSC2(I,2)

BAYSC2(I,3)

individual risk value of cost under
sheltering for average person at I-th
calculational point (E16.8)

individual risk value of cost under
evacuation for average person at I-th

calculational point (E16.8)

individual risk value of cost under
no action for pregnant woman at I-th
calculational point (E16.8)

individual risk value of cost undér.
sheltering for pregnant woman at I-th
caleulational point (E16.8)

individual risk value of cost under
evacuation for pregnant woman at I-th

calculational point (E16.8)
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Table 4.7 The structure of the interface file PRISK (1/2).

Record No. Variable Description

1 IDIM option for model selection (I2)

2 : two-dimensional model

3 1+ three—-dimensicnal model
NDATA total number of calculational points (I5)

2 ZWF1(I) population risk of fatality for average
person at I-th calculaticnal point
(E16.8), (1 < I < NDATA)

ZWI1(I) population risk of injury for average
person at I-th calculational point
(E16.8), (1 < I < NDATA)

ZWe1{I) population risk of cost for average
person at I-th calculational point
(E16.8), (1 < I < NDATA),

(used for only three-dimensional model)

ZWF2(1) population risk of fatality for pregnant
woman at I-th calculational point

(E16.8), (1 < I < NDATA)

ZWI2(1) population risk of injury for pregnant
woman at I-th calculational poinf
(E16.8), (1 < I < NDATA)
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Table 4.7 The structure of the interface file PRISK (2/2).

Record No. Variable Descriptien

ZWC2(I) population risk of cost for pregnant
woman at I-th calculational point
(E16.8), (1 < I < NDATA)

(used for only three-dimensional model)

NDATA+1 ICNT total number of golutions of
inequality relation for average

person (I5)

ICKNTR total number of solutions of
inequality relation for pregnant

woman (I5)

NDATA+2 KAI1(I) address of solutions of inequality
relation for average person (I5),
(1 < I < ICNT1)

NDATA+ICNT1+3 KAI2(I) address of solution of inequality
relation for pregnant woman (I5),
(1 < I < ICNT2)




JAERI-M 89-112

Table 4.8 Output items of the PRASMA code system.

Code

Output Item

IND

Individual risks of fatality, injury, and cost under
off-site protective actions of evacuation, sheltering,
and no action at calculational points.

The occurrence probabilities of accident spectra
and loss function values under off-gite protective
actions of evacuation, sheltering, and no action.

POP

Population risks of fatality, injury, and cost at
calculational points.

Off-site protective action zones.

GRAPH

Graphical representation of individual risks of
fatality, injury, and cost at the distance from
a nuclear power plant under off-site protective
actions of evacuation, sheltering, and no action.

Graphical representation of population risks of
fatality and injury at calculational points of
decision wvariable (XE, XS) in the two-
dimensional model.

Two-dimensional graphical representation of a pair
of population risks of fatality and injury.

Graphical representation of population risks of
fatality, injury and cost at calculational points
of decision variable (X, Xg) in the three-
dimensional model,
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5. Sample Run

This chapter provides a sample run of the PRASMA code system by
applying it to the TMI-2 accident scenario. Input data to IND
characterizing the accident scenario were taken from those to SOPA given in
Ref. 1. The modeling of plant status is limited to the response of the

following functionsg:

RT~ reactor trip

AFW- auxiliary feed water and secondary heat removal
PORV- demand for the pilot operated relief valve
PORG- closure of PORV subsequent to a demand

HPI- high pregssure injection

HPR- high pressure recirculation

CSI- containment spray injection

CHR- containment heat removal

CSR- containment spray recirculation

Some of these systems were at different status during different periods of
the accident. Table 5.1 summarizes the sample inputs of the plant status at
3 hours 23 min after the initiation of the acecident. A population density
around the TMI-2 site was assumed to be the unifornm distribution. The
sample input data list to PRASMA is shown in Tables 5.2(a) through 5.2(c).

Tables 5.3(a) and 5.3(b) show sample output data list of PRASMA
including individual risks and population risks of fatality, injury and
cost of average person for protective actions of no action, sheltering and
evacuation, and solutions that minimize the population risks using the
multiobjective optimization method in the three—dimensional modsl. Here
decision variables (XE = distance denoting the boundary between zones of
evacuation and sheltering, XS = distance denoting the boundary between
zones of sheltering and no action) were varied from 1 km to 29 km, the
boundary between on-site and off-site was assumed to be ] km, and the
maximum distance considered in the present sample run was assumed to be 30
km.

Solutions for the inequality in the multiobjective optimization method
reveal that the choice of evacuation is not desirable, but that of

sheltering is favorable. Figure 5.1 illustrates the results of population
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risks for three protective actions which have shown in Table 5.3(b). Here
the calculational points on X-axls correspond to the set of decilsion
variables (XE, XS) as denoted "NO." in the first column of Table 5.3(b).
Solutions are indicated by the mark "w" in Figure 5.1. Of many solutions,
it is revealed that the solution corresponding to the fifteenth
calculational point with decision variable values of Xg = 1 km and XS = 29
km may be the most favorable, since the population risks of fatality and
injury are the smallest of all while corresponding cost is not so larger
than that for the other solutions.

Table 5.1 Description of plant status(l).

Function Status

RT ' Successful
AFW Failed(®)
PORV Demanded

PORC Succegsful
HPT Failed(P)

HPR Not Demanded
cSI1 Not Demanded
GSR Not Demanded
CHR Not Demanded

Potential for Hydrogen Explosion Probability = 0,05

Actual Release Yes

(a) While the system was available at this instant, it
had been locked out during testing and not put back
to service.

(b) While the HPI was operable, it had been bypassed by
the operators.
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Table 5.2{(a) Input data list of IND (1/5).

3
111
-46,0.0,0.0,0.0,0.0,0.0.,0.0
1¢ 1440
11111000 G0 00O0OQ0
10110000 00 000CO
.0000386 .00112 .1 .013  .0t2  .00C% .0003
-000% 00001 .00001 .0C001 .00001 .00001 .00001
©,0-0,0
0-0,0-0,0,0,0,0,0,0,0
2,1000,1,1000,30000,2000.,1.
KR~-85 6.639E+05 3 .999E+03 0.00
KR-85M 3.126E+07 1.867E-01 0.00
KR-87 5.696E+07 5.278E-02 C.00
KR-88 7.691E+07 1.167E-C1 0.00
XE~133 1I-133 1.841E+08 5.290E+00 0.00
XE-135 1I-135 3.800E+07 3.821E-01 ¢.00
I-131 TE-131M B8.737E+07 B.040E+00 1.00E-0C4
I-132 TE-132 1.286E+08 9.521E-02 1.00E-C4
I-133 1.840E+08 8.667E-01 1.00E-04
I-134 2.017E+08 3.653E-02 1.00E-04
I-135 1.734E+08 2.744E-01 1.00E-04
CS-134 0.075E+08 7.500E+02 1.00E-04
CS-136 C.030E+08 1.30CE+01 1.00E-04
€5-137 0.C47E+08 1.100E+04 1.00E-04
RB-86 0.260E+05 1.870E+01 1.00E-04
TE-127 SB-127 0.059E+C8 0.391E+0C 1.00E-04
TE127M 0.011E+08 1.090E+02 1.00E-04
TE-12% 35B-129 0.310E+0B 0.48B0E-01 1.CQ0E-04
TEI129M 0.053E+08 0.340E+00 1.00E-04
TE-131M 0.130E+08 1.250E-00 1.00E-C4
TE-132 1.200E+08 3.250E-00 1.00E-04
SB-127 0.061E+08 3.880E-00 1.00E-04
SB-12% O0.330E+08 B.05CFE-00 1.00E-04
BA-140C 1.600E+08 1.280E+01 1.00E-04
SR-8¢9 0.940E+08 5.210E+01 1.00E-04
SR-90" 0.037E+08 1.103E+04 1.00E-04
SR-91 1.100E+08 0.403E-00 1.00E-04
CD-%8 0.780E+06 7.100E+01 1.00E-D4
Co-60 0.290E+06 1.92CE+03 1.00E-C4
Mo-99 1.600E+08 2.800E-00 1.00E-0C4
TC-2%M 1.400E+08 0.250E-00 " 1.00E-04
RU-103 1.1CCE+08 3.950E+C1 1.00E-04
RU-105 0.720E+C8 0.185E-00 1.00E-04
RU-106 0.250E+08 32.660E-00 1.00E-04
RH-105  RU-105 0.490E+08 1.5C0E-00 1.00E-04
Y-90 SR-90 C.029E+08 2.67CE-00 1.00E-04
¥-91 SR-%1 1.2C0E+08 5.900E+01 1.00E-04
IR-95 1.500E+08 &6.520E+01 1.00E-04
ZR-97 1.500E+08 0.710E+00 1.00E-04
NB-95 IR-95 1.500E+08 3.5C00E+01 1.00E-C4
LA-140 BA-140 1.6008+08 1.670E-00 1.00E-0C4
CE-141 1.5C0E+08 3.230E+01 1.00E-04
CE~-143 1.300E+08 1.380E+00 1.00E-04
CE-144 0.850E+08 2.840E+02 1.00E-04
PR-143 CE-143 1.300E+08 1.370E+01 1.00E-04
ND=-147 0.600E+08 1.110E+01 1.00E-04
NP-239 1.640E+09 2.350E-00 1.00E-04

.¢0o09



Table 5.2(a)

PU-238
PU-239
PU-240
PU-241
AM-241
Cu-242
CU-244
KR-85
KR-85M
KR-87
KR-88
XE-133
XE-135%
I-131
I-132
I-133
I-134
1-135
C5-134
€C5-13¢
£5-137
RB-86
TE-127
TE127M
TE-12%
TE129M
TE-131M
TE-132
$B-127
$8-129
BA-140
SR-8%
SR-90
SR-91
c0-58
C0-60
MO-99
TC-99M
RU-103
RU-105%
RU-106
RH-105
Y-90
Y-91
IR-95
ZR-97
NB-95
LA-140
CE-141
CE~-143
CE-144
PR~143
ND-147
NP-23%9
PU-238
PU-239
PU-240
PU-241
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Input data list of IND (2/5).

1.00E-04
1.00E-04
1.00E-04
1.00E~-04
1.00E-04
1.00E-04
1.00E-04

CM-242 0.570E+05 3.250E+04
NP-23% 0.210E+05 8.90CE+06
CM-244 C.215E+05 Z2.400E+06
Q0.034E+08 5.35CE+03
PU-241 0.170E+04 1.500Q0E+05S
C.005E+08 1.630E+02
0.230E+05 6.630E+03
L.75E-04 5.7BE-04 4. 4T7E-04
3.64E-C2 5.350E~-02 3.22E-02
1.81E-01 1.02E-01 1.72E-01
4.07E-01 4.B3E-01 4.47E-01
¢.06E-03 1.59E-02 8_.97E-03
5.07E-02 8.47E-02 5.06E-02
8.72E-02 1.08E-01 B8.22E-02
5.11E-01 5.89E-01 4.83E-01
1.54E-01 1.83E-01 1.46E~01
5.33E~01 5.80E-01 5.00E-0C1
4.19E-01 4.42E-01 4.00E-0Q1
3.50E-01 4.03£-01 3.28E-01
4.7BE-C1 5.42E-01 4.44E-01
1.22E-01 1.49E-01 1.15E-01
2.07E-02 2.27E-02 1.94E-02
9.36E-04 1.16E-03 B.78E-04
1.10E~-03 1.79E-03 G5.61E-04
1.47E-02 1.81E-02 1.35€-02
7.83E-03 9.92E-03 6.97E-03
3.14E-01 3.56E-01 2.94E-01
4,.75E-0Q02 7.31E-02 4.19E-02
1.51E-01 1.84E-01 1.43E-01
2.68E-01 2.97E-01 2.53E-01
L. L4E-02 5.61E-02 4.14E-02
0.0 0.0 0.0
0.0 0.0 0.0
1.69E-01 1.93E-01 1.60E-01
2.16E~01 2.40E-01 2.01E-01
6.00E-01 6.31E~-01 5.67E-01
3.64E-02 L. 4LLE-02 3.42E-02
3.06E-02 5.42E-02 2.54E-02
1.11E-01 1.36E-01 1.05E-01
1.79E-01 2.21E-01 1.67E-01
4.31E-02 5.22E-02 4.06E-0Q2
1.82E-02 2.74E-D02 1.61E-02
0.0 .0 0.0
6.25E-04 &.3FE-0& 5.94E-C4
1.62E-01 1.87E-01 1.52E-01
4.22E-02 4.72E-Q2 4.00E-0Q2
1.66E-01 1.83E-01 1.56E-01
5.67E-01 6.068E-C1 5.3%E-01
1.83E-02 3.22E-02 1.50E-02
6.81E-02 9.36E-02 6.08E-02
4,.31E-03 7.61E-03 3.44E-03
0.0 0.0 0.0
3.14E-02 4.3%E-02 2.7BE-02
3.08E-02 4.07E-02 2.65E-02
5.25E-05 &4.25E-05 9.38E-06
2.30E-05 2.17E-0S5 S5.42E-06
4.64E-05 3.89E-C5 9P.17E-06
4.17E-10 8.53E-1C 2.94E-10

5.8BE-04
4L ,78E-02
1.32E-01
2.03E-01
9.28E~-03
7.36E-02
9.75E-02
5.03E-01
1.62E-01
4.83E-~-01
3.39E-01
3.50E-01
4.44E-01
1.35E-01
1.97E-02
1.05E-03
1.50E-03
1.61E-02
E.86E-03
2.35E-01
6.14E-02
1.63E-01
2.47E-01
5.06E-02

0.0

0.0
1.64E-01
2.01E-01
4.89E-01
3.92E-02
2.84E-02
1.24E-01
1.97e-01
4.69E-02
2.36E-02

0.0
L.67E-04
1.61E-01
3.8B6E-02
1.52E-01
4.58E-01
1.74E-02
7.89E-02
4.17E-03

0.0
3.42E~072
3.58E-02
4,19E-05
1.94E-05
3.70E-05
3.65E-10



AM-241
CUu-242
CU-244
KR-85
KR-85M
KR-87
KR-88
XE-133
XE-135
I-131
I-132
I1-133
I-134
I-135
€S5-134
C5-1346
C5-137
RB-86
TE-127
TELZ27M
TE-129
TE129M
TE-131M
TE~-132
SB-127
SB-129
BA~140
SR-89
SR-90
SR-91
C0-58
€0-60
MO-99
TC-99M
RU-103
RU-105
RU-106
RH-105
Y~-90
Y-91
IR-95
IR-97
NB-95
LA-140

- CE-141

CE-143
CE-144
PR-143
ND-147
NP-239
PU-238
PU-239
PU-240C
PU-241
AM~241
Cu-242
CU-244
KR-85

Table 5.2(a)

4.56E-03
5.00E-05
1.42E-03

0.0

-

[N eNeNe
oSO Oo o

0.
7.0BE+02
1.07E+Q2
3.11E+02
4_14E+012
2.85E+02
3.60E+03
4L .10E+03
1.31£+03
1.85E+02
8.13E-01
5.84E+01
1.98E+00
2.46E+02
9.60E+02
3_08E+03
?.20E+02
1.04E+02
3.65E+403

0.0

0.0
2.05E+02
2.24LE+03
S.BBE+03
3.25E+02
1.62E+01
1.16E+403
7.94E+01
4.56E+072
5.67E+01

0.0
5S.21E+00
1.77E+03
5.38E+02
1.64E+03
1.80E+03
1.82E+02
2.24E+02
1.20E+02

0.0
3.05E+02
2.02E+02
6.20E+00
2.63E+00
S.47E+Q0Q
2.21E-03
1.43E+02
S.4L6E+Q0
3.46E+01

1.8E-01
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Input data list of

?.33E-03
3.89E-05
2.81E-03

0.0

[N e Nole]
OO 00

Q.
8_.73E+02
1.23E40C2
3.75E+02
4.56E+01
3.1IBE+02
L.26E+03
4L .68E+03
1.6%E+03
2.02E+02
1.01E+00
?.20E+01
2.44E+Q0
3.07E+02
1.10E+02
3.63E+03
1.11E+03
1.16E+02
3.98E+02

0.0

0.0
2.3%E+02
2.50E+03
6.22E+03
4.65E+02
2.88E+01
1.42E+03
?.9BE+01
S.54E+02
8.55E+01

0.0

6.06E+0Q0

2.04E+03
&6.52E+072
1.80E+03
1.92E+403
3.24E+02
3.08E+02
1.67E+02
0.0

L. 26E+C2
3.26E+02
5.02E4+00
Z2.40E+00
4.57E4C0O
4.52E-03
2.05E+02
4, 25E400
6§.81E+01
1.5E-01

3.22E-03
8.31E-06
1.07E-03

0.0

OO Co
SO O 00

0.
6.63E+02
1.01E+02
2.01E+02
3.BBE+01
2.8%E+02
3.47E403
3.32E+03
1.24E+03
1.73E+02
7.67E-01
3.37E+01
1.83E+00
2.22E+02
B.90E+Q2
2.88E+03
B.65E+02
9.78E+01
3.46E+03

0.0

0.0
1.93E+02
2.,10E+03
5.38E+03
2.91E+02
1.35E+4+01

1.09E+03

7.37E+01
4.30E+02
5S.01E+01
0.0
S.66E+00
1.67E+03
5.10E+02
1.54E403
1.71E+Q3
1.50E+02
2.00E+402
1.07E+02
0.0
2.70E+02
1.74E+02
1.14E+400
6.22E-01
1.08E+00
1.54E-03
1.02E+402
2.05E+-01
2.61E+01
1.8E-C1

IND (3/5).

3.08BE-03
3.09E-05
1.27E-03

0.0

e NeoNeNe
e ReNoNe]

0.
7_.85E+0Q2
1.05E+02
3.22E+02
3.76E+01
2.52E+02
3.67E+03
3.82E+03
1.46E+03
1.66E+02
Q@.14E-01
7.77E+01
2.17E+00
2.74LE+D2
B.B6E+D?2
3.08E+03
F.95E+02
9.57E+01
3.11E+03

0.0

0.0¢
2.07E+02
2.09E+03
4L _.BOE+03
3.32E+02
1.51E+01
1.30E£+03
B.91E+01
L. 97E+02
7.37E+01

0.0
4.LLEH0Q

1.76E403

5.B9E+0?2
1.49E+03
1.46E+03
1.73E+02
2.959E+02
1.03E+02
0.0
3.34LE+02
2.35E+02
4 .97E+00
2.23E+00
4 .3BE+00
1.94E~03
1.26E+02
4 .35E+00
3.08E+01
1.8E-01

6.1E-01
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Table 3.2(a) Input data list of IND (4/5).

KR-85M 2.0E-C1 1.9€-01 2.2E-01 2.1E-01 3.9E-01
KR-87 ?.7E-01 8.3E-01 1.0E+00 F.6E-01 1.3E+0C
KR-88 2.0E+CQ 1.8E+00C 2.3E+00 2.0E+00 3.1E+00
XE-133 4.0E-C1 3.6E-01 4.2E-01 4L.1E-01 1.6E+0C
XE-135 $.1E-01 7.2E-01 2.%E-01 $.4E-01 2.1E+00

I-131 1.1E+C6 2.1E+02 3.6E+02 2.4E+03 1.9E+02

I-132 6.6E+C3 4&.7E+01 &.0E+01 1.0E+03 5.0E+01

I-133 1.8E+05S ?.2E+01 3.3E+02 3.1E+03 9.4E+01

1-134 1.1E+03 1.9E+01 2.0E+01 5.6E+D2 2.0E+01

1-135 4L.4LE+Q4 8.7E+01 2.2E+02 2.5E+03 g.1E+01
€CS-134 1.4E+04 4.7E+04 1.8E+04 5.1E+04 4.BE+04
CsS-136 5.9E+03 5.9E+03 7.5E+03 8.2E+03 &.0E+0C3
Cs-137 9.5E+03 3.6E+D4 1.1£+04 4.0E+04 3.7E+0¢&
RE-86 65.1E+C3 6.5E+03 7.1E+03 1.4E+04 6.5E+03
TE-127 3.0E+0Q0 5.2E+0C0 7.8E+02 1.6E+03 3.9E+00
TE1Z27M 1.9E+02 2.0E+03 2.1E+04 1.2E+05 8.0E+02
TE-129 8.1E-01 1.2E+00 5.7E+00 5.6E+D2 1.1E+00
TEY?29M 3.7E+02 1.4E-03 3.7E+04 1.5E+05 8.4E+02
TE-131M 9.5E+04 2.5E+02 8.5E+03 1.1E+C4 3.1E+02
TE-132 F.7E+04 §.12+02 6.1E+03 3.0E+04 1.0E+C3
$B-127 2.2E+02 2.6E+02 2.6E+04 2.5E+C4 3.3E+02
5B-129 3.B8E+01 3.9E+01 8.1E+02 3.2E+403 4LL.6E401
BA-140 1.2E+03 5.2E+03 1.6E+04 6.3E+03 3.4E+03
SR-8%9 1.2E+03 3.0E+0Q4 1.4E+04 7.BE+03 1.3E+04
SR-90 2.8E+03 2.4E+06 1.6E+04 1.BE+04 6.9E+05
SR-91 1.7E+02 3.4E402 2.6E+03 4.3E+03 3.2E+02
C0-538 1.6E+03 2.6E+03 7.2E+03 6.1E+04 3.1E+03
c0-60 4L LE+O3 5.0E+C4 1.9E+04 1.3E+06 5.8E+08
MO-%9? 1.5E+02 1.1E+02 2.1E+04 1.4E+04 1.3E+02
TC-99M 4L.6E+01 1.0E+01 1.1E+01 B.9E+01 1.1E+01
RU-103 6.6E+02 8.8BE+02 1.1E+04 5.4E+04 1.1E+03
RU-105 1.5E+01 1.7E+01 1.2E+03 2.2E+03 2.4E+01
RU-106 1.0E+03 S5.PE+03 1.3E+05 I.9E+06 6.2E+03
RH-105 ¢.9E+00 1.65+01 5.1E+03 3.6E+03 2.38+01
Y-20 2.1E+01 1.0E+03 4.0E+04 3.3E+04 5.1E+02
Y-91 1.88+402 1.9E+04 5.0E+04 2.0E+05 $.3E+03
IR-95 1.5E+03 3.4E+03 1.5E+04 1.3E+05 3.6E+03
IR-97 B.6E+01 1.4E+02 1.9E+04 1.5E+04 1.0E+02
NB-95 @.5E+02 1.2E+03 7.1E+03 3.1E+04 1.4E+403
LA-140 2.3E+02 7.0E+02 2.1E+04 1.6E+04 6.8E+02
CE-141 &.CE+01 3.2E+02 1.5E+04 6.2E+04 2.7E+02
CE-143 2.5E+01 1.1E+0C2 1.6E+04 1.3E+04 1.1E+02
CE-144 B.4E+0Q1 1.9E+04 1.2E+05 2.9E+06 9.2E+03
PR-143 9.9E-01 8.6E+01 2.5E+04 4 .9E+04 3.4E+01
ND—-147 6.8BE+0C1 Z.4E4+02 2.2E+04 3.BE+04 2.0E+02
NP=-239 1.5E+01 1.6E+02 1.3E+04 9 .3E+03 6.4E401
PU-238 6.0E+02 4.9E+08 5.2E+404 3.1E+08 8.7E+05
PU-239 5.6E+02 5.2E+08 4.8E+04 2.9E+08 $.2E+05
PU-240 5.6E+02 5.2E+08 4.9E+0C4 2.9E+08 $.2E+05
PU-241 1.4E-01 8.3E+06 4.B8E+C2 S.7E+05 1.5E+04
AM-241 6.9E+02 5.5E+08 S.5E+C4 3.1E+08 9.9E+05
tu-242 &.5E+02 4L .8E+06 S.7E+0Q4 8.7E+0O7 8.5E+03
Cu-244 7.0E+02 3.3E+08 5.5E+04 3.1E+08 5.8E+05

.001,.0001,4
1000,2,10C.0,20.
200. 250.0 1.3E-5
0.0001 0.0013 0.05
S6634.0 ©.02588
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Table 5.2(a) 1Input data list of IND (5/5).

0.3658 0.2751 0.2089 0.1471 0.1046 0.0722

0.00C3 0.070 0.144 1.60 8.55 22.92

2.094 1.098 0.911 0.5146 0.395 0.18

-12.2 2.54 0.0 -16.5 -43.2 -61.7

0.000037

6.020 0.018 0.011 0.007 C¢.005 0.004

0.074 0.060 0.036 0.020 0.01% 0.011

0.150 0.120 0.065 0.035 0.024 0.016

0.220 0.17C 0.088 0.046 0.029 0.017

0.350 C€.250 C.130 0.0S54 0.028 0.013

0.560 0.380 0.150 0.045 0.016 0.004

0.760 0.511 0.150 0.024 0.004 0.001

0.899 0.600 0.140 0.014 0.001 Q.001

0.951 €¢.600 0.130 0.011 0.001 0.C01

1.CE+6 1.0E+6 1.CE+6 1.0E+6 1.0E+6 1.0E+6 1.0E+& 1.0E+6 1.0E+6& 1.0E+6
1.0E+6 1.0E+6 1.0E+6 1.0E+6 1.0E+6 1.0E+6 1.0E+6 1.0E+6& 1.CE+6 1.0E+6
20. 20. 20. 20. 20. 20. 20. 20. 20. 2Z0O.

20. 20. 20. 20. 20. 20. 20. 20. 20. 20,

3C. 30. 90. 180. 240. 60C. 600. 30. 20. 1440. 1440.

60. 60. 120. 120. 60. &60. 60. 6C00. 6000. 0. O.

0.9 C.9 0.8 0.6 0.3 0.3 0.006 0.002 0.003

0.7 ¢.7 0.2 0.09 0.03 C.0008 0.00005 0.0001 0.0000C07

0.4 0.5 0.2 C0.04 0.00%9 €.0008 0.000C1 0.0005 C.0000006

G.4 0.3 0.3 0.03 0.005 0.001 0.00002 0.000001 ©.000000009
0.05 0.06 0.02 0.005 0.001 ©.00009 0.000001 0.000000001 1.CE-11
0.4 0.02 0.03 0.003 0.0006 0.00007 1.0E-6 0.0 0.0

0.003 0.004 0.003 C©.0004 0.00007 0.00001 0.0000002 0.0 0.0
0.0 3.0&E-8 0.0 0.0 0.0 C.0 0.0

0.000218 0.000113 0.000325

10

5.0 .

0.0 2.5E-7 3.9E-6 1.5E-7 1.0E-7 2.84E-4
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Table 5.2(b) TInput data list of POP.

avaa INPUT DATA LIST OF POP 23@a
BASE CASE IN 3-DIMENSIONAL MODEL

31

1.0006000C00 2.00000000 30.0000000

1

400.000000 400.000000

Table 5.2(c) Input data list of GRAPH.

d2d%ad INPUT DATA LIST OF GRAPH 23323

3
INDIVIDUAL
INDIVIDUAL
INDIVIDUAL
INDIVIDUAL
INDIVIDUAL
INDIVIDUAL

RISK
RISK
RISK
RISK
RISK
RISK

OF
OF
OF
OF
CF
OF

FATALITY (AVERAGE PERSON>¥
FATALITY (PREGNANT WOMANDYX
INJURY C(AVERAGE PERSON)¥
INJURY (PREGNANT WOMAND¥
CCST (AVERAGE PERSOMN)¥
COST C(PREGNANT WOMANDY¥

POP RISK OF FATALITY, INJURY AND COST (AVERAGE PERSONYY¥
POP RISK OF FATALITY, INJURY AND COST (PREGNANT WOMAN)¥
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Table 5.3(a) Output data list of IND (2/5).

& 0.0

5 0.12984413E-02

-] 0.25626%00E-06

7 0.85397414E-03

B g.0

9 g.0

Faxrxrexx2xRADIATION RISK-SHELTERINGRt:xxt s xk kXt kh
DUOSE REDUCTION FACTOR-NG =0.05%
DOSE REDUCTION FACTOR 1.8& P. =0.00¢6
RESIDENCE TIME FOR REDUCTION FACTOR = B6.56
DOSE REDUCTION FACTOR CLOUDSHINE =0.400
DO0SE REQUCTION FACTOR GROUNDSHINE =0.050

NIGHT TIME EVACUATION

SPEED OF EVACUATION {(M/MINY 1000.0

RELEASE DURATION({MIND 3¢.0

TIME FOR PREPARATION 10G.0

TIME FOR DECISION MAKING 20.¢C

WARNING TIME 60,0

DOSE REDUCTION FACTOR -NG=1.76
DOSE REDUCTION FACTOR ~-I. INH.=5.41%
DOSE REDUCTION FACTOR -I. CLO.=1.87
DOSE REDUCTION FACTOR ~1. GRO.=1.87
TIMELY EVACUTION POSSIBLE IF

EVACUATION STARTS WITHIN 43. MINUTES

2rxxexxxx+RADTATION RISK-SHELTERING:xskxtxwaxxsnsss
DOSE REDUCTION FACTOR-NG =0.055
DOSE REDUCTION FACTOR I.& P, =0.9006
RESIDENCE TIME FOR REQUCTION FACTOR = B6.56
DOSE REDUCTION FACTCR CLOUDSHINE =0.400
DOSE REDUCTION FACTOR GROUNDSHINE =0Q.050

NIGHT TIME EVACUATION

SPEED OF EVACUATION (M/MIN) 1000.0

RELEASE DURATION(MIN? 30.0

TIME FOR PREPARATION 100.0

TIME FOR DECISION MAKING 20.0

WARNING TIME 60.C

DOSE REDUCTION FACTOR -NG=1.7&
DOSE REQUCTION FACTOR -I. INH,=5.41
DOSE REQDUCTION FACTOR ~I. CLO.=1.B7
DOSE REDUCTION FACTOR -I. GRO.=1.87
TIMELY EVACUTION POSSIBLE IF

EVACUATION STARTS WITHIN 43. MINUTES

#3xxxexxxxRADIATION RISK-SHELTERIMGxzxtxxakxxxxprxx
DOSE REDUCTION FACTOR-NG =0.11¢
DOSE REDUCTION FACTOR I.8& P, =0.015
"RESIDENCE TIME FOR REDUCTION FACTOR = 211.28
DOSE REDYCTION FACTOR CLOUDSHINE =0.400
DOSE REDUCTION FACTOR GROUNDSHINE =0.050

NIGHT TIME EVACUATION

SPEED OF EVACUATION {(M/MINY 1000.0

RELEASE DURATION(MINY 90.0

TIME FOR PREPARATION 100.0

TIME FOR DECISION MAKING 20.0

WARNING TIME 120.°0

DDSE REDUCTION FACTOR -NG=0.0
DOSE REDUCTION FACTOR -I. INH.=0.0
DOSE REDUCTION FACTOR ~-I. CLO.=0.0C
DOSE REDUCTICON FACTOR -I. GRO.=0.0
TIMELY EVACUTION POSSIBLE IF
EVACUATION STARTS WITHIN i01, MINUTES
xxxxrxex2sRADIATION RISK-SHELTERING#=txezxesnrtagnnse
DOSE REDUCTION FACTOR-NG =0.185

__51._
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Table 5.3(a) Output data list of IND (3/5).

DOSE REDUCTION FACTOR 1.8 P, =0.026
RESIDENCE TIME FOR REDUCTION FACTOR = 394,04
DOSE REDUCTION FACTOR CLOUDSHINE =0.400
DOSE REDUCTION FALTOR GROUNDSHINE =0.050

NIGHT TIME EVACUATION

SPEED GF EVACUATION (M/MIND 1000.0

RELEASE DURATIONC(MIN) 180.0

TIME FOR PREPARATION 100.0

TIME FOR DECISION MAKING 20.0

WARNING TIME 120.0

DOSE REDUCTION FACTOR -NG=0.0
DOSE REDUCTION FACTOR -I. INH.=0.0
DUSE REDUCTION FACTOR -I. CLG.=0.0
DOSE REDUCTION FACTOR -1. GRD.=0.0
TIMELY EVACUTION POSSIBLE IF
EVACUATION STARTS WITHIN 100. MINYTES
kxtxxaxrtxAADTATION RISK-SHIELTERING#+atxtaxaxtarnnt

DOSE REDUCTION FACTQR-NG =0.,224
DOSE REDUCTION FACTOR I.& P. =0.034
RESIDENCE TIME FOR REDULTION FACTOR = 515.34
DOSE REDUCTION FACTOR CLOUDSHINE =0.400
DOSE REDUCTION FACTOR GROUNDSHINE =0.050

NMIGHT TIME EVACUATION

SPEED OF EVACUATION (M/MIN) 1000.0

RELEASE DURATION(MIN) 240.0

TIME FOR PREPARATION 100.0

TIME FOR DECISION MAKING 20.0

WARNING TIME 60.0

DOSE REDUCTION FACTOR -NG=0,1%
DOSE REDUCTION FACTOR ~I. INH,=0.641
DOSE REDUCTION FACTOR -I. CLO.=0.21%
DOSE REDUCTION FACTOR -I. GRO.=0.21
TIMELY EVACUTION POSSIBLE IF

EVACUATION STARTS WITHIN 39. MINUTES

*xrxxxxxx*RADIATION RISK-SHELTERING*:tt bt atkxxtmiksnx
DOSE REDUCTION FACTOR-NG =0.,3%0
DOSE REDUCTION FACTOR 1.8 P. =0.070
RESIDENCE TIME FOR REDUCTION FACTOR =12490,15
DOSE REDUCTION FACTOR CLOUDSHINE =0.400C
DOSE REDUCTION FACTOR GROUNDSHINE =0.050

NIGHT TIME EVACUATION

SPEED QOF EVACUATION (M/MIN) 1000.,0

RELEASE DURATIONCMIND &00.0

TIME FOR PREPARATION 1¢0.0

TIME FOR DECISION MAKING 20.0

WARNING TIME 60,0

DOSE REDUCTION FACTOR ~NG=0.10
DOSE REDUCTION FACTOR ~I. INH.=0.15
DOSE REDUCTION FACTOR -I. CLO.=0.10
DOSE REDUCTION FACTOR -1. GRO.=0.10
TIMELY EVACUTION POSSIBLE IF

EVACUATION STARTS WITHIN 37. MINUTES
#xxkxxxkxxRADIATION RISK-SHELTERING*#xktttxrrrxmxss
DOSE REDUCTION FACTOR-NG =0.390
DOSE REDULTION FACTOR I.8 P. =0.070
RESIDENCE TIME FOR REDUCTION FACTOR =1240.15
DOSE REDUCTION FACTOR CLOUDSHINE =0.400
DOSE REDUCTION FACTOR GROUNDSHINE =0.050
NIGHT TIME EVACUATION
SPEED QOF EVACUATION (M/MIN) 1000.,0
RELEASE DURATIQON(MIN} 600,0
TIME FOR PREPARATION 100,90

AL62__
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Table 5.3(a) Output data list of IND (&4/5).

TIME FOR DECISION MAKING 20.0
WARNING TIME 60.0
DOSE REDUCTION FACTOR -NG=0.10
DOSE REDUCTION FACTOR -I. INH.=0.15
DOSE REDUCTION FACTOR ~I. CLO.=0.10
DOSE REDUCTION FACTOR -1. GRO.=0.10

TIMELY EVACUTION POSSIBLE IF

EVACUATION STARTS WITHIN 37. MINUTES

*axxxxax**xRADIATION RISK-SHELTERING® ek x stz xtxtkx
DOSE REDUCTION FACTOR-NG =0.056
DOSE REDUCTION FACTOR 1.8 P. =0.006
RESIDENCE TIME FOR REDUCYION FACTOR = 86.56
DUSE REDUCTICON FACTOR CLOUDSHINE =0.400
DOSE REDUCTION FACTOR GROUNDSHINE =0.050

NIGHT TIME EVACUATION

SPEED OF EVACUATION (M/MIN) 100¢C.0

RELEASE DURATION(MIN) 30.0

TIME FOR PREPARATION 100.0

TIME FOR DECISION MAKING 20.0

WARNING TIME 6000.0

DOSE REDUCTION FACTOR -NG=D.0
DOSE REDUCTION FACTOR -1. INH.=
COSE REDUCTION FACTOR -1. Ci0.=
DGSE REDUCTION FACTOR -1. GRO.=0.0

TIMELY EVACUTION POSSIBLE IF

EVACUATION STARTS WITHIN S9B3. MINUTES
2 exx sk xxk«RADIATION RISK-SHELTERING*®®xtxxackxktnnn

0.0
Q.0

DOSE REQUCTION FACTOR-NG =0.056
DOSE REDUCTION FACTOR 1.8 P. =0.006
RESIDENCE TIME FOR REDULTION FACTOR = B6.5¢
DOSE REDUCTION FACTOR CLOUDSHINE =0.400Q
DOSE REDUCTION FACTOR GROUNDSHINE =0.05¢

NIGHT TIME EVACUATION

SPEED OF EVACUATION (M/MIN) 1000.0

RELEASE DURATIONCMING 0.0

TIME FOR PREPARATION 100.0

TIME FOR DECISION MAKING 20.0

WARNING TIME &000.0

DOSE REDUCTION FACTOR -NG=0.0
DOSE REDUCTION FACTOR -I. INH.=0.0
DCSE REDUCTION FACTOR -I. CLO.=0.0
DOSE REDUCTIOGN FACTOR -1. GRO.=0.0
TIMELY EVACUTICN POSSIBLE IF
EVACUATION STARTS WITHIN 5983. MINUTES
*xxxrkaxrxkxRADIATION RISK-SHELTERINGtxzxrxsxxsrxkxrex

DOSE REDUCTION FACTOR-NG =0.605 |
DOSE REDUCTION FACTOR I.8 P. =0.126
RESIDENCE TIME FOR REDUCTION FACTOR =2920.15
DOSE REDUCTION FACTOR CLOUDSHINE =0.400
DOSE REDUCTION FACTOR GROUNDSHINE =0.050

NIGHT TIME EVACUATION

SPEED OF EVACUATION (M/MIN) 1000.0

RELEASE DURATION{MIN) 1440.0Q

TIME FOR PREPARATION 100.0

TIME FOR DECISION MAKING 20.0C

WARNING TIME 0.0

DOSE REDUCTION FACTOR -WNG=0.08
DOSE REDULTION FACTOR -1. INH.=0.08
DOSE REDUCTION FALTOR -1. CLO,.=0,07
DOSE REQUCTION FACTCOR -1. GRO.=0.07
TIMELY EVACUTION POSSIBLE IF
EVACUATION STARTS WITHIN -23. MINUTES

— 63—
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Table 5.3(a) Output data list of IND (5/5).

*x$sxkxxxxxHADIATION RISK-SHE\_TER]NGta.tzxx:xxstxnnsl

DOSE REDUCTIGN FACTOR-NG =0.505
DOSE REDUCTION FACTOR I.& P. =0.126
RESIDENCE TIME FOR REDUCTION FACTOR =2920.15
DOSE REDUCTION FACTOR CLOUDSHINE =Q0.400
00SE REDUCTION FACTOR GROUNDSHINE =0.050

NIGHT TIME EVACUATION -

SPEED QF EVACUATION (M/MIN) 1000.0

RELEASE DURATION(MIND 1440.0

TIME FOR PREPARATION 10¢.0

TIME FOR DECISION MAKING ‘z0.0

WARNING TIME 0.0

DOSE REDUCTION FACTOR -NG=0.08
DOSE REDUCTION FACTOR -I. INH.=0.08
DOSE REQUCTIOGN FACTOR -I. CLO.=0.07
GOSE REDUCTION FACTOR -1. GR0.=0.07
TIMELY EVACUTION POSSIBLE IF
EVACUATION STARTS WITHIN -23. MINUTES
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6. Concluding Remarks

The first version of the PRASMA code systen has been developed which
supports selection of off-site protective action in nuclear reactor
accidents., The methodology adopted for decision making 1s the
nultiobjective optimization method, where we have assigned population risks
of fatality, injury and cost as obfective functions, and distances from an
affected nuclear power planit as deelsion variables determining the
protective action zones of evacuation, sheltering and no action.

Major difference between the SOPA and the PRASMA models exists in
treatment of loss or objective functions: In the SOPA model several loss
functions with different units are reduced to one loss function using the
conversion factors. Although such treatment gives definite choice of
protective action dependent upen the distance from the affected nuclear
power plant, the results include uncertainty caused by uncertainties in the
conversion factors. On the other hand, the PRASMA model treats several
objective functions as they are, and provides several candidates of choice
of protective action. The PRASMA model, therefor, has function of gereening
for selecting reasonable protective action. Among the selected candidateg,
a decision maker might select the mest favorable one based on his
subjective judgment by comparing objective funetion values in the
candidates.,

The present PRASMA model owes individual risk estimation to the SOPA
model that uses simplified models for evaluating several slements such as
identification of potential accident sequences, their occurrence
probability, source terms, environmental radiological consequences, non-
radiological consequences due to sheltering and evacuation, and so on.
Sinece the SOPA model was developed at radiological acecident in the United
States, it is necessary to modify and revise the SOPA model to be available
in Japan. Hence, in order to make the PRASMA model more efficient and
applicable as a supporting tool for decigion making at radiological
accidents in Japan, future work will be devoted to {a) developing a more
sophisgticated model for each element, (b) collecting extensive data
including plant information, probabilistie risk assessment results for
Japanese nuclear power plants, natural/social environmental data around
nuclear power plants, and (e) making feasibility study with those revised

models and collected data.
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In addition, although the present PRASMA model uses the population
risks as objective functions, a multiobjective optimization approach using
individual risks as objective functions will be developed in the next step.
Then a comparative situdy on the method based on the individual and
population risks would give us deeper insight on selection of off-site

protective action during radiclogical accidents.
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Appendix A Description of the IND model

This appendix provides a more detailed description of models(1)
used in the IND code. The IND code for calculating individual risks
inecludes major subroutines of SPECT, RAD and NCNRAD, which will be

deseribed below.
A.1 Subroutine SPECT

The purpose of this subroutine ig to find potential release
states for the accident using the information related %o plant status
defined by safety systens demanded, response of the safety systems
demanded, and status of the containment. When actual releases exist,
they will be added to the potential release states with an associated
likelihood of unity.

Subroutine SPECT can handle aceident sequences initiated by large
break loss of coolant accident (large break LOCA}, small break LOCA,
transients initiated by loss of off-site power (LOOP), and transient
initiated by loss of feed water (LOFW). Figure A.1 shows an event tree
illustrating potential sequences initiated by a LOFW for pressurized
water reactor (PWR). In addition to the event tree shown in Figure
A.1, SPECT considers combinations of containment safety function
response shown in Table A.,1. Hence, potential gsequences leading to
core-melt are specified by two-dimensional array (J, K), the J-th
sequence on Figure A.71 and the K-th case on Table A.1.

The potential containment failure modes considered in SPECT are
a-gteam explosions, B-inadequate isolation, y-hydrogen burning, g§-over
pressure failure, and € -base-mat melt-through. These containment
failure modes and their dependence upon each other are illustrated in
Figure A.2, where it is assumed that there may exist situations where
a core-melt takes place without necessarily containment failure.

In selecting the release state category of a given asccident
sequence, WASH-1400 was used as the major guide. All potential
accident sequences are classified into 9 classes and allocated source

term characteristies.
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A.2 Subroutine RAD

This subroutine calculates the consequences to the general public
from radiation exposure (ecloudshine, groundshine, inhalation) under a)
no action, b) evacuation, and ¢) sheltering, Radiation effects are
calculated for an average person and a pregnant woman. This
subroutine RAD calls subroutines XANDG, DOSE, RISK, SHEL, and EVAC.
For the most part the subroutines XANDG, DOSE, and RISK uses models
adopted in the CRAC2 code as a guidance.

A.2.1 XAND

Subroutine XANDG calculates the 1atera1_diapersion parameter Oy
(m], the vertical dispersion parameter o, [m], and the value of X/Q
[s/22] ( X : time integrated concentration of the airborne nuclide, Q
¢ amount of radicactivity released to the atmosphere). The parameter
0, using the empirical best~fit functions for the Pasquill-Gifford

¥
curves is given by the equation:

Oy = 8x
for duration time less than or equal to three min. Here, a is 1
constant that depends on the stability of the atmosphere, b is 0.9031,
and x is distance from the nuclear Power plant to downwind. To account
for the meander of the plume for releases of large durations, o_ is

¥
adjusted as follows:

0y (1) = 9,(3 nin)(1/3)4,
where,

@=0.2 for 3<T< 60 minutes,

0.25 for 60 < T < 600 minutes,

&
1]

release duration [min].

._.a
l
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For releases greater than 600 minutes durations, the relesase duration

is assumed to be 600 minutes.

The parameter O, 1s calculated using the equation:

OZ = 0,8L for x > 2xO

9, = 0.465L + 0.335L(x - xo)/xo for x, < x <2x

o, = (exd + »9)(10/3)1/5 for x < x
where,

[(0.465L - e)/c]1/4,

mixing height,

B o™
o

¢,d,e = constants depending on the stability of the atmosphere,
The value of X/Q is calculated using the equation:

X/Q = [3(27T)1/2 Oy 9y u]™] lexpl-{z - heff)z/(2(%2)}
+ expl (z + hopp)?/ (20 )11

where,
hopp = h + 2.6{O.OOOOB7QH/(u - s)}1/3 for stable atmosphere
condition
hopp = h + 1.6[O.OOOOB7QH(X*)2]1/3/u for neutral or unstable

atmosphere condition

= vertical height of the location of interest [m]
h = height of release point [m]
u = wind speed [m/s]
Qg = heat release rate [cal/s]
s = 0.00087 for slightly stable atmosphere
s = 0.00175 for very stable atmosphere
x" = 2.08(0.0000379;)%/5(n)3/5
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4.2.2 DOSE

Subroutine DOSE calculates only the doses received from the three
early exposure pathways: the early exposure pabthways are clcudshine
(doses received from gamma rays when immersed in the radioactive
cloud}, short-term groundshine (doses received from exposure to
radiation from nuclides deposited on the ground), and inhalation
(doses received from radionuclides inhaled). The following equations
are used for caleculations of cloudshine doses, groundshine doses, and

inhaled doses. For cloudshine doses,

TC(j,k) = I DECS(i,k) X; CFAC
i=1,n(j
where,
TC(j,k) = total cloudshine dose to the k-th organ from the j-th
nuclide group [rem]
n(j) = number of nuclides in the j~th nuclide group
DCCS{i,k) = dose factor gor the i-th nuclide and the k-th organ

[rem/(C1 s/m”)

CFAC semi-infinite cloud correction factor

Xi = time integrated_concentration of the airborne i-th
nuclide [Ci g/m”]

For groundshine doses,

TG(j,k) = z GCCS(1i,k) Gy
i=1,n(j) :
where,
TG(Jj,k) = total groundshine dose to the k-th organ from the

i-th nuclide group [rem]

GCCS(i,k) = dose factog for the i-th nuclide and the k-th organ
[rem/(Ci/n=)
Gy = ground concentration of the i-th nuclide [Ci/m?]

For inhaled doses,

TB(j,k) = T BOCS(i,k) X, BR
i=1,n(j)
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where,
TB(j,k) = total inhaled dose to the k-th organ from the i-th
nuclide group [rem] -
BCCS(i,%) = dose factor inhaled for the i-th nuclide and the k-th
organ [rem/Ci]
BR = breathing rate [m2/s)
A4.2.3 RISK

Subroutine RISK calculates health effects due to radiation
exposure using the models presented in NUREG/CR-4214. The models used

in subroutine RISK are as follows.

(1) early and continuing effects

If r is the probability of radiation fatality/injury incidence of

interest, then,

r=1- e'H,
H = 0.693(d/a)P
where,
H = cumulative hazard
d = dose to the organ of interest [rem]
&, b = model parameters

The cumulative probability of mortality due to the incidence of early

effect is calculated using the equation:
Teum,early = 1_" expl~(Hy + Hy + Hy + HA)]
where, H1, H2, H3 and H4 are the cumulative hazards for the

hematopoietic syndrome, pulmonary syndrome, gastrointestinal syndronme,

and prenatal/neonatal death, respectively.
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(2) late somatic effects

Mortality from the incidence of seven types of cancers ineluding
leukemia, two types of in-utero cancers resulting in mortality, and
morbidity from the incidence of six cancer types are included in the
late somatic effeect calculations. The general form of the equation

used to calculate the late somatic is given by
r = R(1) g(d)

where, R(1) is the upperbound of the probability of incidence of the
somatic effect for a dose of one gray (100 rads) for a complete life
time. g(d) is the conversion factor that converts the upperbound to

the central estimate, and is calculated using the equation:
g{d} = 0.3 + 0.0047d,

where d is the dose in rems. The cumulative effect from the
probability of incidence of late somatic mortalities and morbidities
is calculated using the equations:

r =T1+T2+¢--+T

cum, late P

where, T, is the risk of the k-th somatic effect, and

Ty =71

T2=I‘2(1 —T-]), nes o

szrp(1—T1 —TZ_...—TP—1)
A.2.4 SHEL

Subroutine SHEL calculates the magnitude of dose reductions
achieved through sheltering. A ratio isg introduced, called the doses
reduction factor (DRF), which is the ratio of doses received while
sheltering to doses received while not taking any action. The
subroutine SHEL uses a model developed by Weerakkody that fakes into

account temporal variation of concentration of nuclides outside the
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shelter, isotopic mix, air ventilation rate of the shelter, decay of
nuclides, and the dose factor (Ci/rem inhaled) of the nuclides. The

mathematical model used can be summarized by the following equation:

(TUL
G(t) <2 [£;exp(-% t)DF; Idt
/ i=1’n(j)
DRFS(j,p) = —
TUL
F(t) 7 [fjexp(-%t)DF;]ds
J i=1,n(j)
where,

DRFS(j,p) = dose reduction factor for sheltering for doses
received from the j-th nuclide group through the
p-th exposure pathway

n(j) = number of nuclides in the j-th nuclide group

£y = fraction of the i-the nuclide in the j-th group of
nuclides

G(%) = term proportional to the nuclide concentration

inside the shelter

F(t) = term proportional to the nuclide concentration
outside the shelter that takes into account temporal
variation of nuclide concentration

DF; = dose factor for the i-th nuclide of the j-th group
[rem/Ci inhaled]

Ay = decay constant of the i-th nuclide [1/g]

TUL = 2[RD + (x + 2gy)/u] [s]

RD = release duration [s]

u = wind speed [m/s)

X = distance from the reactor to the downwind

location of interest [m]

Oy = lateral dispersion parameter

The major contribution to the total doses comes from noble gases and
iodines. Therefore, in SHEL, isotopic mix, decay constants of iodines
and noble gases are used to calculate the dose reduction factor for
inhalation from these two nuclide groups. The inhalation dose

reduction factor for doses received from other nuclides are assumed
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to be equal to those of the iodines.

A.2.5 EVAC

Subroutine EVAC calculates the dose reduetion factors for
evacuation. Unlike sheltering, the dose reduction factor for
evacuations are largely scenario dependent. Further, the dose
reduction factors for evacuations may range from essentially zero for
a timely evacuation to values greater than one, implying increased
radiation doses attributes to evacuations. The model used in the

subroutine EVAC is illustrated by the following major equations:

TUL
. L . F(t,x) f; CF(x) DF; 5 exp(-At) dt
i=1,n{j)

DRFE(j,p) =
TUL
L Pltyx,) f3 CF(x,) DF; exp(-Ajt) dt
i=1,n(j)
where,

DRFE(j,p) = dose reduction factor for evacuation for doses
received from the j-th nuclide group through the
p-th exposure pathway

F{t,x) = the term that takes into consideration the temporal
{except decay) and the spatial variations of the
nuclide concentration

n(]) = number of nuclides in the j-th nuclide group

£; = fraction of the i-the nuclide in the j-th group of
nuclides

Ay = decay constant of the i-the nuclide (1/s)

CF(x) = a factor that takes into consideration depletion of

the plume due to deposition., This factor will depend
on the stability of the atmosphere.

DF- = dose factor from the i-th nuclide through the p-th
exposure pathway

x = distance from the reactor to the downwind location
of interest [s]

X . = distance from the reactor to the downwind location
of interest at a fixed loeation [m]
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TUL = 2[RD + (x +20,)/ul [s]

RD = release duration [s]

u = wind speed [m/s]

o, = lateral dispersion parameter [m]

A.3 Subroutine NONRAD

The purpose of the subroutine NONRAD is to calculate those
components of the loss function whogse cause 1s not radiation (travel
risk of evacuation, cost of evacuation, non-radiological risks of
sheltering, risks of the shelters of relocation).

For the values of fatality per person mile and injury per person
mile, the values obtained from Poisson analysis were used in IND code.
NONRAD assumes ftotal cost of 250 dollars per evacuee and a 200-mile

round trip of an appropriate evacuation distance.
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: Containment rupture due to steam explosion

: Containment ieakage due to inadequate isolation
: Containment rupture due to hydrogen burning

: Containment rupture due to over pressure

: Containment base-mat melt-through

m O R o R

Fig. A.2 BWR containment event tree

(1)
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Appendix B Example of JCL

// EXEC LMGQ,

I/ LM='J4437 .PRASMAT,

i/ a=",L0AD"',

// PNM=IND,

// A=TERRCUT=0',

// GOSYSIN=TDDNAME=SYSIN'

//RUN.SYSIN DD BPSN=J4437 . IND.DATA(BASE3) ,DISP=SHR
//RUN.FTO2FQ01 DD DSN=J&4437.IRISK.DATA,DISP=SHR
//RUN.FTOS8FCO1 DD SYSQUT=x

// EXEC LMGO,

// LM='J4437 _PRASMAT,

/7 Q=".LOAD',

// PNM=POP.,

// A=TERRCUT=0"',

// GCSYSIN='DDNAME=SYSIN'

//RUN.SYSIN DD DSN=J4437 .POP.DATA(BASE3),DISP=SHR
//RUNLJFT10F0O0L DD DSN=J4437.IRISK.DATA,DISP=SHR
//RUN.FTZ2GFCQ1 DD DSN=J4437.PRISK.DATA,DISP=SHR
J/RUN.FTO6FC01 DD SYSQUT=x%

// EXEC LMGC,

/4 LM=T34437 _PRASMAY,

/7 Qa='.LOAD",

// PNM=GRAPH,

// A='ERRCUT=C"',

// GOSYSIN='DDNAME=SYSIN'

//RUN.SYSIN DD DSN=J4437 .GRAPHIC.DATA(BASE3),DISP=8HR
//RUN.FTLOFO01 DD DSN=J4437.IRISK.DATA,DISP=SHR
//RUN.FT20F001 DD DSN=J4&37.PRISK.DATA,DISP=SHR
//RUN.FTOSFOC1 DD SYSOUT==x

// EXPAND GRNLP,

// SY3SOUT=H

/7
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