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Abstract

As part of the periodic assessment of safety improvement of nuclear reactor
facilities, the licensees perform probabilistic risk assessments (PRAS) as
self-assessments of their activities. The licensees notify the PRA results to
the Nuclear Regulation Authority (NRA) and open them to the public. The NRA
reviews their methods and technical rationale of the PRAs.

The NRA has also been implementing the new inspection program taking into
account the recommendations from the Integrated Regulatory Review Service
(IRRS) mission of the International Atomic Energy Agency (IAEA).

Under the circumstances mentioned above, we have been conducting research on
applications of PRAs and developing PRA methods and models as part of
development of our PRA technical bases.

Brief summary of these activities are shown as follows:

(1) Development of PRA methods and models for review of results from periodic
assessment of safety improvement
In order to conduct a PRA of a specific plant, it is necessary to

constract, based on the information of the plant, a set of event trees and
fault trees witch is referred to as “a PRA model.” For a representative or
generic nuclear power plant in Japan, an intenal fire level 1 PRA model and
an internal flooding level 1 PRA model have been developed and the core
damage frequencies have been calculated. Through this process, risk
significant compartments in the plant have been identified. In addition,

severe accident countermeasures have been incorporated into the internal
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event PRA model, the core damage freguencies have been calculated, and the
effectiveness of these these measures has been quantified. In parallel, an
importance of common cause failure (CCF) modeling has been quantified

through a reliability analysis of digital instrumentation and control (1&C)

systems. Further, a PRA model of spent fuel pool has been developed.

Development of PRA model for use in clearinghouse

As part of research on applications of PRAs, based on the PRA model
developed for a representative BWR-5 plant, an additional PRA model has
been developed for a BWR5 plant with a different design from that of the
representative one. This PRA model aims at being used for the NRA's
clearinghouse which collects and analyzes the operating experience of
nuclear reactor facilities in Japan and foreign countries. Through the
calculation of core damage frequencies with this PRA mode, characteristics
of the deffence in PRAs due to the difference in design have been

idennified.

Development of tools using PRAs for newinspection program

In the new inspection program, the NRA is considering to use risk
information, for example, for assessing the safety significances of
inspection findings. In order to be used for this purpose, a basic design

of tools to evaluate risk indeces by using PRA has been developed.
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Advance Boiling Water Reactor
Anticipated Transient Without Scram
Common Cause Failure

Component Cooling Water System

Core Damage Freguency

Consolidated Model of Fire and Smoke Transport
Computational Fluid Dynamics

Disel Driven Fire Pump
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Emergency Equipment Cooling water System
Electric Power Research Institute

Fire Dynamics Simulator

Fire Protection system
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Heat Release Rate

International Atomic Energy Agency
Integrated Regulatory Review Service
In-Service Inspection

Interface System LOCA
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Loss of Coolant Accident

Low Pressure Core Spray System

Makeup Water System Condensated
National Institute of Standards and Technology
Nuclear Regulatory Commission
Operating States of SFP

Power Conversion System
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Probabilistic Risk Assessment

Risk Informed In-Service Inspection
Reactor Building Cooling Water
Residual Heat Removal System
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Residual Heat Removal Service Water System
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Systems Analysis Programs for Hands-on Integrated
Reliability Evaluations

Significance Determination Process

Spent Fuel Pool

Steam Generator

Standby Gas Treatment System

Westinghouse Owners Group
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Fig.2.1.1-1 Brief overview of internal fire level 1 PRA methodology
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2.1.1-1

Table 2.1.1-1 Searching key-words and number of events

57 0
37 0
0 22
0 1
0 2
0 3
2 0
1 0
6 0
0 0
2 0
1 0
3 3
0 0
0 0
3 0
RI 0 0
RI 0 1
0 0
0 0
0 1
35 0




2.1.1-2
Table 2.1.1-2 Screening criteria
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2.1.1-3

Table 2.1.1-3 Number of fire events for each fire source

0
0
0
0
14
0
0
0
1
0
0
0
4kw 0
4kw 0
0
2.1.1-4
Table 2.1.1-4 Baysian updated fire frequencies
“ )
2><10% 1.6
1107 2.7
1107 3.5
4><10™ 4.6
2><10" 6.5
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2.1.1-5

Table 2.1.1-5 Characteristics of zone-model code and computational fluid

dynamics code

CFD
CFAST (NIST) FDS (NIST)
2
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2.1.1-6 14

Table 2.1.1-6 Example of fire test results (Cable fire)
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Fig.2.1.1-3 Example of a fire compartment in a model plant
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Fig. 2.1.1-4 Example of temperature distribution on fire growth analysis
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Fig.2.1.1-5 Results of fire growth analysis (time series variation)
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2.1.1-7
PRA
1000
2.1.1-7

Table 2.1.1-7 Initiating events caused by fire

LOCA

PCS

CQWS

ATWS




2.1.1-6

Fig. 2.1.1-6 Example image of cable fires and impacts of fire

— e o o e = e e o = o = o = o

2.1.1-7
Fig 2.1.1-7 Example of fault tree for impacts of fire
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2.1.2-1

Fig. 2.1.2-1 Initiation and propagation of internal flood event
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Fig. 2.1.2-2 Flowchart for internal flood PRA
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2.1.2-1 4 PWR
Table 2.1.2-1 All initiating events induced by internal flood (Typical 4-Loop
PWR)

4 PWR
LOCA

ISLOCA
2

ATWS

2.1.2-2 4 PWR
Table 2.1.2-2 Dominant flooding scenarios (Typical 4-Loop PWR)




2.1.2-3 4 PWR
Fig. 2.1.2-3 Proportion of core damage frequency (Typical 4-Loop PWR)
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2.1.2-3 ABWR
Table 2.1.2-3 All initiating events induced by internal flood(Typical ABWR)
ABWR
LOCA
ISLOCA

ATWS

2.1.2-4 ABWR
Table 2.1.2-4 Dominant flooding scenarios(Typical ABWR)
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2.1.2-4 ABWR
Fig. 2.1.2-4 Proportion of core damage frequency (in Typical ABWR)
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Table 2.1.3-1 Example of safety related equipment (Generic 3 loop PWR)
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2.1.3-2 PRA

Table 2.1.3-2 Example

of equipment included in PRA
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2.1.3-1

Fig 2.1.3-1 Example of a fault tree with severe accident countermeasure
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Fig. 2.1.3-2 Example of a fault tree with severe accident countermeasure

NRC v



LOCA ISLOCA

CDF

ISLOCA

1
ISLOCA ISLOCA 2

LCO

2.1.3-3
13 16

ISLOCA



2.1.3-3

Table 2.1.3-3 Comparison of initiating event

No No
1 LOCA 1 LOCA
2 LOCA 2 LOCA
3 LOCA 3 LOCA
4 LOCA 4 LOCA
5 ISLOCA ) ISLOCA
6 | ISLOCA
6 7
7 8
8 9
9 PCS 10 | PCS
10 11
11 12
12 13
14
13 | ATWS 15 | ATWS
16
PRA CDF
3 PWR
PRA
PRA 6><10° [/
2.1.3-4 PRA
2.1.3-3 CDF
2.1.3-4 2.1.3-3 CDF
CDF CDF
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2.1.3-4 PRA
Table 2.1.3-4 Comparison between before and after modification of PRA
model
[/ 1 [/ 1
LOCA 3%<10° 3%<10°
LOCA 1><107 1><107
LOCA 5%10° 3%<10°
LOCA 2><107° 5107
ISLOCA 2><107° 1107
ISLOCA 2><10™
1><10™ 1><10™
4><10° 2><10™"
2><107° 1><10™
PCS 1><10™ 1><10™
1><10" 6><10™"
4>10" 910"
1><107 4><10®
310"
ATWS 3%<10° 2><107°
1><107
210 6><10
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2.1.3-3 3 PWR
Fig. 2.1.3-3 Ratio of each initiating event core damage freguency
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Table.2.1.5-1 Mitigation systems for accidents that may occur in SFP
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2.1.5-2

SFP
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2.1.5-2 SFP
Table 2.1.5-2 Classification of operating states of SFP
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SFP PRA

PRA
3
FPCS (FPCS
SFP FPCS
FPCS
(FPCS  LOCA)
FPCS SFP
3 2.1.5-3 FPCS FPCS
LOCA BWR 0.5
25 3 BWR 818
BWR PWR
25 3 ® ) (1499 )
0SS
0SS
2.1.5-3
Table.2.1.5-3 Initiating event frequency
FPCS FPCS  LOCA
1.8%10° 5.0<10° 1.8%10°
0SS 0SS 0SS /
0SS
0Ss1 365 0.83 1.5%<10° 4.1=10° 1.5%<10°
0SS2 8 0.018 3.2x10° 9.0x10° 3.2x10°
0Ss3 17 0.038 6.8>10° 1.9>10* 6.8>10°
0Ss4 20 0.045 8.0><10° 2.3>10* 8.0><10°
0SS5 20 0.045 8.0><10° 2._3>10" 8.0><10°
0SS6 12 0.027 4_8x<10° 1.4x=10" 4_8x<10°
442 1.0




0SS

3 FPCS
FPCS  LOCA
0SS /
0SS 365
0SS1 0SS5 2.1.5-4
2.1.5-4 0SS1 0SS5
Table.2.1.5-4 Success criteria of 0SS1 and 0SS5
0SS1 0SS5
ERER B iE S
u@f;gﬁg ik EE BRIRBARR B HEAE IR K B EE
1/3MUWC, 1/2FP, MUWCB), 1/2FP,
FPCS#ifE RHR(B) X% HTHE L RILEHE
. 1/2FPCS
ERXM 2K 1/3MUWC, 1/2FP,
A Rlﬁ%B) I E AR RS AR RS
%?ﬁ? '%‘,:IEIZ%‘IIZ% 1/2MUWC (Bﬁ‘lﬁﬁﬁﬂ), MUWC(B) 1/2FP
’ 1/1FPCS | 1/IMUWC (R4 2fEF D), s '
= | BER V2FP X2 FPCS(B) R HME
ig@fﬁ’,’fg&z” L VIFP RIEIE ®L VIFP RIEIE
1/3MUWC, 1/2FP, MUWC(B), 1/2FP,
FPCS®LOCA L RILHEE L RILHEBE




0SS

2.1.5-5 0SS
FPCS  SFP 65
RHR  SFP 100 MUWC FP
SFP 5m
1PRA 24
2.1.5-5 0SS
Table.2.1.5-5 Allowed time to initiate mitigation systems for each 0SS
0SS
( ) 0SS1 | 0SS2 | 0SS3 | 0SS4 | 0SS5 | 0SS6
FPCS
7h 10h 4h 6h 6h 7h
SFP 65
FPCS
RHR
24h | 35h 13h 19h 21h 23h
SFP 100
MUWC  FP
120h | 176h | 58h | 83h | 107h | 116h
SFP 5m
FPCS MUWC  FP
114h | 168h | 55h 80h | 103h | 111h
LOCA SFP 5m

2.1.5-3

0SS
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Fig.2.1.5-3 Functional event tree for loss of offsite power
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2.1.5-6

Table.2.1.5-6 Diagnosis error probabilities for loss of offsite power

0SS
0Ss1 7 2.1>=<10"
0Ss2 10 1.6><10™
(P FP%SS 0SS3 4 3.2><10™
) 0Ss4 3 2.7>=<10™
0SS5 6 2.4>10™
0SS6 6 2,4><10™
0Ss1 23 9.0><10°
0SS2 34 8.5x<10°
- RHEOO 0SS3 13 1.4><10"
0Ss4 19 1.0><10™
0SS5 21 9.6><10°
0SS6 22 9.3x%<10°
o o 055 25 8.510°
2.1.5-7
Table.2.1.5-7 Operating error probabilities
RHR 1.1><10°
MUWC 1 6.4><10"
FP 1 6.4><10"
0.01
0.01
FPCS RHR
MUWC FP RCW

RHRSW
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Fig.2.1.5-4 Fuel damage frequency in each 0SS and each initiating event
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Table.2.1.5-6 Contribution ratio of each initiating event
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PRA

RHRC

LPCS

LPCS

PCS

2.2-1

2.2-2

PRA

BWR5 PRA
BWRS PRA
BWRS
BWRS
EECW
ECCS RHR
RHRC  EECW
1 RHR
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4
1
CDF 2.2-1
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2.2-3 ECCS(RHR

LPCS) DG
ECCS DG
67%
2.2-1
EECW EECW
ECCS DG
2.2-1
Table 2.2-1 Number of equipment required for equipment cooling
and number of installed equipment
ECCS RHRC 1 2 1 3
(RHR  LPCS) EECW 1 1
DG EECW 1 1 1 3
RHRC 1 2 1 3
EECW 1 1
1 1 1 3
4 1
63

CDF
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Fig. 2.2-1 Comparison of core damage frequencies
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Fig. 2.2-2 Core damage frequency ratio of each initiating event
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Table.2.3-1 Advantages and disadvantages of risk evaluation tools

/CDF
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1 MCS
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CDF NUPRA
MCS
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MCS CDF
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Table.2.3-2 Example of evaluation classification of significance

CCoP ACDF(/ ) /\CDF/CDF
. CCOP 10 ACDF 10% | ACDF/CDF 100
10* CCDP 10* ACDF | 100 /\CDF/CDF
105 CCDP 105 ACDF | 10 ACDF/CDF
. 10° CCDP 10%  ACDF 1 A\CDF/CDF
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ID
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CDF  CCDP

2.3-4



— MIEQFH  — F—2OR S ST D Ah D BE DT

[ A @Im) TOI—FI1RF

O 8 2 75 by —IL D EE
RUAVBEEOFRT

|
5 —20AH) > o & =
e @ F—2AHEEOFT
Y TEEES S d
BRTER L] @ ANEmTOF—2AN
% bullbagt (REUTACVBEEICRS)
: |
™ |
HEOHNAUEBRESONE |
2 218 EOE | AN J 5
EIREZ DSy 1
RavESU HLTH
g © FEHE IR ERED
A BEROEEIHE E
A 4 ‘
® =2 hv bk (MCS) D al
EQNT 71 BEY ?l MCST 71l
Exr—2 \
VLl
T
@ CDF X3 CCDP D EHE
|
BEI71) » © 151Z(ACDF R U ACDF/CDF)(D EHE
Hr—2 T
B > e X =
E%%%éi O FROEEEFBRHOHIT
_EIEERLD
ET = ® FBEED HH ERO
S | RO T EEIRS)
R CEmER E
I
A EE v
TRC 2R S0 » O BSURIFEE —ILORT
2w 4
2.3-1

Fig.2.3-1 Calculation flow

of simple evaluation tool
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Fig.2.3-3 Date input screen of simple evaluation tool
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Fig.2.3-4 Result display screen of simple evaluation tool
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