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Study on Risk-Informed Protective Measures associated with Emergency Action Level (EAL)
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Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

In the event of a nuclear emergency, whether protective actions are required for the general
public, and if so, when and how to implement them will be an important issue. As criteria for these
decisions, the Emergency Classification (EC) and Emergency Action Level (EAL) are defined based
on the operating status of the systems or the parameters of the related equipment in the NRA
Emergency Preparedness and Response Guide. The protective actions will be performed depending
on the EC.

In this study, risk elements, such as the severity of accident consequences, release time of
radioactive materials to the environment, and the probability of nuclear core damage were collected
from the existing research to verify the adequacy and effectiveness of the protective actions.
Evaluation methods for EC and EAL were also improved. In addition, radiation dose when fission
products are released into the environment was calculated under various assumptions and insights
related to natural disaster were accumulated in order to optimize the implementation of protective
actions.

The Level 3 probabilistic risk assessment method is used to estimate the radiological
impact on the general public in the case of a large release of radioactive materials to the environment.
In order to improve the probabilistic accident consequence assessment code, OSCAAR, modeling
of protective measures were investigated based on regional disaster prevention plans. In addition, a
model for evaluating the effect of radioactive iodine, which has a large impact on radiation dose,
and the dose reduction factor during sheltering were investigated. Based on the results of this study,
the necessary elements required to develop an analytical method for evaluating the effect of dose
reduction were investigated. These investigations were performed as a commissioned research by

Japan Atomic Energy Agency.
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7% 2.1.1 AR B W Tx4 & L7z ET O E F4(BWR)
Table 2.1.1 List of initial events of ETs considered in this study (BWR)

R LT BIFDHREA S b Y — W5 LT BHE A S Y Y —
KAk LOCA S TSR

H T LOCA 57 IR 2 R

/NI LOCA AN 2 BR BV IR

IS-LOCA™ LOCA K JBk

JRFAP S IR R UK Z A > | SBO™ #R LI FE IR AL V)
EOEE T

JE S5 IR R HIREUK 7 1 | SBO B RCIC™ AR {EH)
FoEE S NEAEE

RS (KR R IS-LOCA

BRG] ATWS*S

WEFEL (BAKERIZE D EK
FR0E A A

WPEFSL (MSIV'2 /4 K 2L

ZEFESAT K0 A AKRERE AR )

a

S EIRTE S

FHEIE

ATWS

*1: Interface System-LOCA, 1 > % —7 = A AL A7 A LOCA
*2: Main Steam Isolation Valve, =755 w77

*3: Station Black Out, 4742 it 75 i 1 2

*4: Reactor Core Isolation Cooling system, Ji 147 b B RF v H1 %
*5: Anticipated Transient Without Scram, il 7-fF {5 (E B RETEJC 4
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#2.1.2 ARFERICBWNTHEHERE L ET OEKFLRPWR)
Table 2.1.2 List of initial events of ETs considered in this study (PWR)

LT DR AN Y Y —

KH LT D R A N R ) —

KA #r LOCA KA T LOCA+R- 7 DR G +F& A 4 2 77 L A 1)
/M T LOCA K AR T LOCA+R 47 DR 45
CCWS % R LOCA+BE 1P DR G+ X 77 L A 1FEH)
2 IR KGNS 2 AR T K RE T LOCA-+HE AR O 8 15
PCS ¥ pe ek /NMEWT LOCA+R A DG IS SR 2 77 L A {EE)
PAN- RS /NI LOCA+FR A DR 5

DR A BB EVE M (SGTR)

/BT LOCA+BE A DR G +R A S 2 77 L A 1R E)

IS-LOCA

/N BT LOCA-+HIE 3147 D3R 15

2 TN BRI YT I R A 2 %
LA

2 R HEANAS B PRI +2 UGR 0 B R B

A o SR TR AR

SGTR

IS-LOCA
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Fig. 2.1.1 Example of CCDP and EAL mapping on event tree (PWR CCWS failure)
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£ 213 UIHE Z & OCCDPOEDH] (X 2.1.27THE/R L 7235 ()
Table 2.1.3 Example of calculated CCDP shown in fig. 2.1.2 at each headings in event tree

BT EE: | BEE | BEX | AJLA | BEB | BEEB | AILA | AILA | RILA | RE | BRE | g
LOCA A% A% AR 2 | ZAR | BB wE BER |ABE |BEE | BE | BNE | go
PEL) | # B | ANE | pps
BE %

&S SIAM DI D3 D2 C H2 HI1 F FA FB AM6 AMS
S1 7.10E-06 7.00E-06 4.91E-06 3.27E-07 2.89E-07 6.57E-08 0 NB NB NB NB NB OK
S2 7.10E-06 7.00E-06 4.91E-06 3.27E-07 2.89E-07 6.57E-08 3.53E-05 0 NB NB NB NB OK
S3 7.10E-06 7.00E-06 4.91E-06 3.27E-07 2.89E-07 6.57E-08 3.53E-05 2.28E-02 NB NB NB 0 OK
S4 7.10E-06 7.00E-06 4.91E-06 3.27E-07 2.89E-07 6.57E-08 3.53E-05 2.28E-02 NB NB NB 1 P
S5 7.10E-06 7.00E-06 4.91E-06 3.27E-07 2.89E-07 1.76E-04 0 NB NB NB NB NB OK
S6 7.10E-06 7.00E-06 4.91E-06 3.27E-07 2.89E-07 1.76E-04 9.44E-02 9.30E-02 7.37E-02 7.37E-02 0 NB OK
S7 7.10E-06 7.00E-06 4.91E-06 3.27E-07 2.89E-07 1.76E-04 9.44E-02 9.30E-02 7.37E-02 7.37E-02 1 NB ALC
S8 7.10E-06 7.00E-06 4.91E-06 3.27E-07 2.89E-07 1.76E-04 9.44E-02 9.30E-02 7.37E-02 7.37E-02 0 NB OK
S9 7.10E-06 7.00E-06 4.91E-06 3.27E-07 2.89E-07 1.76E-04 9.44E-02 9.30E-02 7.37E-02 7.37E-02 1 NB AL
S10 7.10E-06 7.00E-06 4.91E-06 3.27E-07 2.89E-07 1.76E-04 9.44E-02 9.30E-02 1 NB NB NB ALC
S11 7.10E-06 7.00E-06 4.91E-06 3.27E-07 2.89E-07 1.76E-04 9.44E-02 1 NB NB NB NB AL
S12 7.10E-06 7.00E-06 4.91E-06 3.27E-07 4.47E-05 4.24E-05 0 NB NB NB NB NB OK
S13 7.10E-06 7.00E-06 4.91E-06 3.27E-07 4.47E-05 4.24E-05 2.28E-02 NB NB NB NB 0 OK
S14 7.10E-06 7.00E-06 4.91E-06 3.27E-07 4.47E-05 4.24E-05 2.28E-02 NB NB NB NB 1 P
S15 7.10E-06 7.00E-06 4.91E-06 3.27E-07 4.47E-05 1.86E-03 0 NB NB NB NB NB OK
S16 7.10E-06 7.00E-06 4.91E-06 3.27E-07 4.47E-05 1.86E-03 1 NB NB NB NB NB AL
S17 7.10E-06 7.00E-06 4.91E-06 1.32E-03 1.31E-03 3.53E-05 NB 0 NB NB NB NB OK
S18 7.10E-06 7.00E-06 4.91E-06 1.32E-03 1.31E-03 3.53E-05 NB 2.28E-02 NB NB NB 0 OK
S19 7.10E-06 7.00E-06 4.91E-06 1.32E-03 1.31E-03 3.53E-05 NB 2.28E-02 NB NB NB 1 P
S20 7.10E-06 7.00E-06 4.91E-06 1.32E-03 1.31E-03 1.00E+00 NB 1 NB NB NB NB ALC
S21 7.10E-06 7.00E-06 4.91E-06 1.32E-03 1.31E-03 1.00E+00 NB 1 NB NB NB NB AL
S22 7.10E-06 7.00E-06 4.91E-06 1.32E-03 2.40E-02 2.28E-02 NB NB NB NB NB 0 OK
S23 7.10E-06 7.00E-06 4.91E-06 1.32E-03 2.40E-02 2.28E-02 NB NB NB NB NB 1 P
S24 7.10E-06 7.00E-06 4.91E-06 1.32E-03 2.40E-02 1 NB NB NB NB NB NB AL
S25 7.10E-06 7.00E-06 3.64E-03 1.77E-04 1.76E-04 NB 0 NB NB NB NB NB OK
S26 7.10E-06 7.00E-06 3.64E-03 1.77E-04 1.76E-04 NB 9.44E-02 9.30E-02 7.37E-02 7.37E-02 0 NB OK
S27 7.10E-06 7.00E-06 3.64E-03 1.77E-04 1.76E-04 NB 9.44E-02 9.30E-02 7.37E-02 7.37E-02 1 NB ALC
S28 7.10E-06 7.00E-06 3.64E-03 1.77E-04 1.76E-04 NB 9.44E-02 9.30E-02 7.37E-02 7.37E-02 0 NB OK
S29 7.10E-06 7.00E-06 3.64E-03 1.77E-04 1.76E-04 NB 9.44E-02 9.30E-02 7.37E-02 7.37E-02 1 NB AL
S30 7.10E-06 7.00E-06 3.64E-03 1.77E-04 1.76E-04 NB 9.44E-02 9.30E-02 1 NB NB NB ALC
S31 7.10E-06 7.00E-06 3.64E-03 1.77E-04 1.76E-04 NB 9.44E-02 1 NB NB NB NB AL
S32 7.10E-06 7.00E-06 3.64E-03 1.77E-04 1.86E-03 NB 0 NB NB NB NB NB OK
S33 7.10E-06 7.00E-06 3.64E-03 1.77E-04 1.86E-03 NB 1 NB NB NB NB NB AL
S34 7.10E-06 7.00E-06 3.64E-03 1.00E+00 1.00E+00 NB NB 1 NB NB NB NB AEC
S35 7.10E-06 7.00E-06 3.64E-03 1.00E+00 1.00E+00 NB NB 1 NB NB NB NB AE
S36 7.10E-06 7.00E-06 3.64E-03 1.00E+00 1 NB NB NB NB NB NB NB AE
S37 7.10E-06 1.00E+00 NB NB 1.00E+00 NB NB 1 NB NB NB NB AEC
S38 7.10E-06 1.00E+00 NB NB 1.00E+00 NB NB 1 NB NB NB NB AE
S39 7.10E-06 1.00E+00 NB NB 1 NB NB NB NB NB NB NB AE

XNB”IEL ET O3 A T2 & &R
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Table 2.1.4 Outline of accident sequence assessed in this study
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Fig. 2.1.4 Time of General Emergency declared, reactor core damaged, primary reactor

vessel failure and containment vessel failure in the accident sequence focused in this study.
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Table 2.1.5 Weather conditions considered in dose rate estimation
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Table 2.1.6 Table Outline of resident movement scenario after General Emergency declined
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Fig. 2.1.7 Outline of resident movement scenario b) and c) after General Emergency declined
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