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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

1 Introduction

Fig. Work-flow of General Fire Hazard Analysis Process

발전소 자료수집 및 검토 적용 기술기준 검토

화재방호구역의구분

설계변경 검토 및 영향 평가

방화구역별 화재진압대책 수립

문제점 도출 및 개선사항 제시

보고서 및 관련 문서 개정안 작성

재해분석 (화재방호 현황 확인)

 화재위험요서 (점화원, 가연물)
 화재방호시설 (내화구조물 포함)
 화재방호분야 자료 검토
 화재방호 현황 등의 현장실사

안전정지분석 (계통/기기/케이블)

 화재안전정지 기능 및 계통 선정
 화재안전정지 기기 선정

(MSO 시나리오 검토 포함)
 케이블 선정 및 경로분석

재해분석 (방화지역/구역별)

 화재하중 및 화재심각도 산출
 화재방호시설 적합성 평가
 화재위험성 평가 (설계기준화재 포)
 화재방호프로그램 적합성 검토

안전정지분석 (방화지역별)

 다중게열 격리요건 분석
 안전정지 영향평가
 안전정지 성공경로 설정, 영향평가
 완화적략 수립 등 상세분석

FHA SSA

(1/3)
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

1 Introduction
(2/3)

 Post-Fire Safe-Shutdown Analysis

SSA

1. 화재안전정지기능정의

2. 계통및성공경로선정

3. 화재안전정지기기선정

4. 화재안전정지기기목록작성

5. 화재안전정지고장수목작성

1

다중오동작시나리오분석

6. 화재안전정지케이블분석

6.1 안전정지케이블선정

6.2 안전정지케이블경로분석

← Default Setting

Safe Function vs. System (matching, assign)

8. 방화지역별안전정지영향평가

방화지역별영향기기확인

방화지역별안전정지경로결정

안전정지기기영향결정

규정준수전략및조치사항개발

END

1

7. 화재안전정지연계회로분석

7.1 공통전력원

7.2 공통배선함

7.3 오동작

7.4 다중고임피던스장애

공통고장수목
(Fault Tree)에

반영

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

1 Introduction
(3/3)

PSA Post-Fire SSA

Goal
Sys. Failure Probability or 

Core Damage Frequency (Level 1)
Rx Safe-Shutdown for Fire

Applicable Target Target System or Plant (Rx Core) Safe-Shutdown due to Fire in each Fire Area in NPP

Top Event System Failure or Core Damage Rx Safe-Shutdown Fail

Intermediate 
Event (Gate)

Safe Function & System 
(Reactivity Ctrl., RCS Inventory Ctrl., RCS Pressure 

Ctrl., Core & RCS Heat Removal, Containment 
Integrity)

Fire Safe-Shutdown Function & System 
(Reactivity Ctrl., Reactor Coolant Makeup, Reactor 

(Decay) Heat Removal, 
Process Monitoring, Support Function)

Basic Event
Safe System Components

(Assign Failure Probability or Failure Rate)
Assigning equal value to Basic Event for Fire-
Affected Components & Cables in each Area

Initial Event
Single Event among

Internal Event (LOCA, Transient),
External Event (Earthquake, Fire, Flooding)

Fire in Each Fire Area
(Single Fire, Fire in Single Area)

Quantification
Event Tree – Fault Tree Link,

System Fault Tree Integration
Quantification of Area Specific Fault Tree reflected 
Fire-Affected Components & Cables for each Area

Analysis Result
Sys. Failure Probability or CDF

⇒ Probability (<1)
Success or Failure of Rx Safe-Shutdown

(Top = 0.0: Success, Top > 0.0: Fail)

Cut-Set Minimal Cut-Set All Cut-Set List

 Comparison of Fault Tree in PSA & Post-Fire SSA

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

2 Post-Fire SSA Method applying FTA

2.1 Preparing Plant Common Fault Tree

2.2 Identifying Fire Affected Components & Cables for each Fire Area

2.3 Generating Area Specific Fault Tree applied the Components/Cables

2.4 Quantifying the Area Specific Fault Tree

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

2

2.1 Preparing Plant Common Fault Tree

RX-SSD-FAIL

Rx Safe 
Shutdown Fail

RX-HSD-FAIL

Rx Hot 
Standby Fail

RX-CSD-FAIL

Rx Cold 
Shutdown Fail

HSD-RACTCTRL-FAIL

Hot Standby 
Reactivity Ctrl. Fail

HSD-RCSMKUP-FAIL

Hot Standby 
RCS Makeup Fail

HSD-HEATRMV-FAIL

Hot Standby 
Heat Removal Fail

HSD-HVAC-FAIL

Hot Standby 
HAVC. Fail

HSD-EMGPWR-FAIL

Hot Standby 
Emergency Power Fail

CSD-ENTCOND-FAIL

Cold Shutdown 
Entrance Condition Fail

CSD-SDCSYS-FAIL

Cold Shutdown 
SD Cooling Sys. Fail

RCS-HTR-EQ1-FAIL

RCS Heat Removal
Equip. #1 Fail

RCS-HTR-EQ2-FAIL

RCS Heat Removal
Equip. #2 Fail

RCS-HTR-EQ3-FAIL

RCS Heat Removal
Equip. #3 Fail

Safe-Shutdown Function Level

RCS-HTR-CBL1-FAIL

RCS Heat Removal
EQ. 2 Cable #1 Fail

RCS-HTR-CBL2-FAIL

RCS Heat Removal
EQ. 2 Cable #2 Fail

RCS-HTR-CBL3-FAIL

RCS Heat Removal
EQ. 2 Cable #3 Fail

Component Level

Cable Level

RCS-HTR-SYS1-FAIL

RCS Heat Removal 
System #1 Fail

RCS-HTR-SYS2-FAIL

RCS Heat Removal 
System #2 Fail

RCS-HTR-SYS3-FAIL

RCS Heat Removal 
System #3 Fail

System Level• • •

• • •

• • •

• • •

• • •

• • •

Post-Fire SSA Method applying FTA

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

2

2.2 Identifying Fire Affected Components & Cables for each Fire Area

R101 R102 R103 R104

R202 R204

R301 R302 R303 R304

R201 R203

EQ1011

EQ1021 EQ1031 EQ1041

EQ1022

EQ2011 EQ2021 EQ1031 EQ2041

EQ1042

EQ2012 EQ2042

EQ3011

EQ3021

EQ3031 EQ3041

EQ3012

EQ3042

EQ3032

A101 A102

A201 A202

A301

Example 1. Fire Affected Components in Fire Area (a)

Post-Fire SSA Method applying FTA

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

2

2.2 Identifying Fire Affected Components & Cables for each Fire Area

Example 2. Fire Affected Components in Fire Area (b)

R101 R102 R103 R104

R202 R204

R301 R302 R303 R304

R201 R203

EQ1011

EQ1021 EQ1031 EQ1041

EQ1022

EQ2011 EQ2021 EQ1031 EQ2041

EQ1042

EQ2012 EQ2042

EQ3011

EQ3021

EQ3031 EQ3041

EQ3012

EQ3042

EQ3032

A101 A102

A201 A202

A301

Post-Fire SSA Method applying FTA

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

2

Example 3. Components Affected by Cable Routing (a)

R101 R102 R103 R104

R202 R204

R301 R302 R303 R304

R201 R203

A101 A102

A201 A202

A301

EQ1011

EQ1021 EQ1031 EQ1041

EQ1022

EQ2011 EQ2021 EQ1031 EQ2041

EQ1042

EQ2012 EQ2042

EQ3011

EQ3021

EQ3031 EQ3041

EQ3012

EQ3042

EQ3032

2.2 Identifying Fire Affected Components & Cables for each Fire Area

Post-Fire SSA Method applying FTA
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

2

Example 4. Components Affected by Cable Routing (b)

R101 R102 R103 R104

R202 R204

R301 R302 R303 R304

R201 R203

A101 A102

A201 A202

A301

EQ1011

EQ1021 EQ1031 EQ1041

EQ1022

EQ2011 EQ2021 EQ1031 EQ2041

EQ1042

EQ2012 EQ2042

EQ3011

EQ3021

EQ3031 EQ3041

EQ3012

EQ3042

EQ3032

2.2 Identifying Fire Affected Components & Cables for each Fire Area

Post-Fire SSA Method applying FTA
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

2

2.3 Generating Area Specific Fault Tree applied the Components/Cables

RX-SSD-FAIL

Rx Safe 
Shutdown Fail

RX-HSD-FAIL

Rx Hot 
Standby Fail

RX-CSD-FAIL

Rx Cold 
Shutdown Fail

HSD-RACTCTRL-FAIL

Hot Standby 
Reactivity Ctrl. Fail

HSD-RCSMKUP-FAIL

Hot Standby 
RCS Makeup Fail

HSD-HEATRMV-FAIL

Hot Standby 
Heat Removal Fail

HSD-HVAC-FAIL

Hot Standby 
HAVC. Fail

HSD-EMGPWR-FAIL

Hot Standby 
Emergency Power Fail

CSD-ENTCOND-FAIL

Cold Shutdown 
Entrance Condition Fail

CSD-SDCSYS-FAIL

Cold Shutdown 
SD Cooling Sys. Fail

RCS-HTR-EQ1-FAIL

RCS Heat Removal
Equip. #1 Fail

RCS-HTR-EQ2-FAIL

RCS Heat Removal
Equip. #2 Fail

RCS-HTR-EQ3-FAIL

RCS Heat Removal
Equip. #3 Fail

RCS-HTR-SYS1-FAIL

RCS Heat Removal 
System #1 Fail

RCS-HTR-SYS2-FAIL

RCS Heat Removal 
System #2 Fail

RCS-HTR-SYS3-FAIL

RCS Heat Removal 
System #3 Fail

• • •• • •

• • •

SDCOOL-SYS1-FAIL

Shutdown Cooling
System #1 Fail

SDCOOL-SYS2-FAIL

Shutdown Cooling
System #2 Fail

SDCOOL-EQ1-FAIL

Shutdown Cooling 
Sys. Equip. #1 Fail

SDCOOL-EQ2-FAIL

Shutdown Cooling 
Sys. Equip. #2 Fail

SDCOOL-EQ3-FAIL

Shutdown Cooling 
Sys. Equip. #3 Fail

SDCOOL-EQ4-FAIL

Shutdown Cooling 
Sys. Equip. #4 Fail

• • •

• • •

0.00 0.00 0.00 0.00 0.00 0.00 0.00

Plant Common Fault Tree

Post-Fire SSA Method applying FTA
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

2

2.3 Generating Area Specific Fault Tree applied the Components/Cables

RX-SSD-FAIL

Rx Safe 
Shutdown Fail

RX-HSD-FAIL

Rx Hot 
Standby Fail

RX-CSD-FAIL

Rx Cold 
Shutdown Fail

HSD-RACTCTRL-FAIL

Hot Standby 
Reactivity Ctrl. Fail

HSD-RCSMKUP-FAIL

Hot Standby 
RCS Makeup Fail

HSD-HEATRMV-FAIL

Hot Standby 
Heat Removal Fail

HSD-HVAC-FAIL

Hot Standby 
HAVC. Fail

HSD-EMGPWR-FAIL

Hot Standby 
Emergency Power Fail

CSD-ENTCOND-FAIL

Cold Shutdown 
Entrance Condition Fail

CSD-SDCSYS-FAIL

Cold Shutdown 
SD Cooling Sys. Fail

RCS-HTR-EQ1-FAIL

RCS Heat Removal
Equip. #1 Fail

RCS-HTR-EQ2-FAIL

RCS Heat Removal
Equip. #2 Fail

RCS-HTR-EQ3-FAIL

RCS Heat Removal
Equip. #3 Fail

RCS-HTR-SYS1-FAIL

RCS Heat Removal 
System #1 Fail

RCS-HTR-SYS2-FAIL

RCS Heat Removal 
System #2 Fail

RCS-HTR-SYS3-FAIL

RCS Heat Removal 
System #3 Fail

• • •• • •

• • •

SDCOOL-SYS1-FAIL

Shutdown Cooling
System #1 Fail

SDCOOL-SYS2-FAIL

Shutdown Cooling
System #2 Fail

SDCOOL-EQ1-FAIL

Shutdown Cooling 
Sys. Equip. #1 Fail

SDCOOL-EQ2-FAIL

Shutdown Cooling 
Sys. Equip. #2 Fail

SDCOOL-EQ3-FAIL

Shutdown Cooling 
Sys. Equip. #3 Fail

SDCOOL-EQ4-FAIL

Shutdown Cooling 
Sys. Equip. #4 Fail

• • •

• • •

0.00 0.00 0.00 0.00 0.00 0.00 0.00

Plant Common Fault Tree

Post-Fire SSA Method applying FTA
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

2

2.3 Generating Area Specific Fault Tree applied the Components/Cables

Ex) Fire Area ‘A101’ RX-SSD-FAIL

Rx Safe 
Shutdown Fail

RX-HSD-FAIL

Rx Hot 
Standby Fail

RX-CSD-FAIL

Rx Cold 
Shutdown Fail

HSD-RACTCTRL-FAIL

Hot Standby 
Reactivity Ctrl. Fail

HSD-RCSMKUP-FAIL

Hot Standby 
RCS Makeup Fail

HSD-HEATRMV-FAIL

Hot Standby 
Heat Removal Fail

HSD-HVAC-FAIL

Hot Standby 
HAVC. Fail

HSD-EMGPWR-FAIL

Hot Standby 
Emergency Power Fail

CSD-ENTCOND-FAIL

Cold Shutdown 
Entrance Condition Fail

CSD-SDCSYS-FAIL

Cold Shutdown 
SD Cooling Sys. Fail

RCS-HTR-EQ1-FAIL

RCS Heat Removal
Equip. #1 Fail

RCS-HTR-EQ2-FAIL

RCS Heat Removal
Equip. #2 Fail

RCS-HTR-EQ3-FAIL

RCS Heat Removal
Equip. #3 Fail

RCS-HTR-SYS1-FAIL

RCS Heat Removal 
System #1 Fail

RCS-HTR-SYS2-FAIL

RCS Heat Removal 
System #2 Fail

RCS-HTR-SYS3-FAIL

RCS Heat Removal 
System #3 Fail

• • •• • •

• • •

SDCOOL-SYS1-FAIL

Shutdown Cooling
System #1 Fail

SDCOOL-SYS2-FAIL

Shutdown Cooling
System #2 Fail

SDCOOL-EQ1-FAIL

Shutdown Cooling 
Sys. Equip. #1 Fail

SDCOOL-EQ2-FAIL

Shutdown Cooling 
Sys. Equip. #2 Fail

SDCOOL-EQ3-FAIL

Shutdown Cooling 
Sys. Equip. #3 Fail

SDCOOL-EQ4-FAIL

Shutdown Cooling 
Sys. Equip. #4 Fail

• • •

• • •

0.00 0.00 0.00 0.00 0.00 0.00 0.00

R101 R102 R103 R104

R202 R204

R301 R302 R303 R304

R201 R203

A101 A102

A201 A202

A301

EQ1011

EQ1021 EQ1031 EQ1041

EQ1022

EQ2011 EQ2021 EQ1031 EQ2041

EQ1042

EQ2012 EQ2042

EQ3011

EQ3021

EQ3031 EQ3041

EQ3012

EQ3042

EQ3032

Components Affected by Cable

R101 R102 R103 R104

R202 R204

R301 R302 R303 R304

R201 R203

EQ1011

EQ1021 EQ1031 EQ1041

EQ1022

EQ2011 EQ2021 EQ1031 EQ2041

EQ1042

EQ2012 EQ2042

EQ3011

EQ3021

EQ3031 EQ3041

EQ3012

EQ3042

EQ3032

A101 A102

A201 A202

A301

Components Affected by Fire in A101

0.01 0.01

Area Specific Fault Tree

0.01 0.01

Post-Fire SSA Method applying FTA
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

2

2.3 Generating Area Specific Fault Tree applied the Components/Cables

Ex) Fire Area ‘A202’ RX-SSD-FAIL

Rx Safe 
Shutdown Fail

RX-HSD-FAIL

Rx Hot 
Standby Fail

RX-CSD-FAIL

Rx Cold 
Shutdown Fail

HSD-RACTCTRL-FAIL

Hot Standby 
Reactivity Ctrl. Fail

HSD-RCSMKUP-FAIL

Hot Standby 
RCS Makeup Fail

HSD-HEATRMV-FAIL

Hot Standby 
Heat Removal Fail

HSD-HVAC-FAIL

Hot Standby 
HAVC. Fail

HSD-EMGPWR-FAIL

Hot Standby 
Emergency Power Fail

CSD-ENTCOND-FAIL

Cold Shutdown 
Entrance Condition Fail

CSD-SDCSYS-FAIL

Cold Shutdown 
SD Cooling Sys. Fail

RCS-HTR-EQ1-FAIL

RCS Heat Removal
Equip. #1 Fail

RCS-HTR-EQ2-FAIL

RCS Heat Removal
Equip. #2 Fail

RCS-HTR-EQ3-FAIL

RCS Heat Removal
Equip. #3 Fail

RCS-HTR-SYS1-FAIL

RCS Heat Removal 
System #1 Fail

RCS-HTR-SYS2-FAIL

RCS Heat Removal 
System #2 Fail

RCS-HTR-SYS3-FAIL

RCS Heat Removal 
System #3 Fail

• • •• • •

• • •

SDCOOL-SYS1-FAIL

Shutdown Cooling
System #1 Fail

SDCOOL-SYS2-FAIL

Shutdown Cooling
System #2 Fail

SDCOOL-EQ1-FAIL

Shutdown Cooling 
Sys. Equip. #1 Fail

SDCOOL-EQ2-FAIL

Shutdown Cooling 
Sys. Equip. #2 Fail

SDCOOL-EQ3-FAIL

Shutdown Cooling 
Sys. Equip. #3 Fail

SDCOOL-EQ4-FAIL

Shutdown Cooling 
Sys. Equip. #4 Fail

• • •

• • •

0.00 0.00 0.00 0.00 0.00 0.00 0.00

R101 R102 R103 R104

R202 R204

R301 R302 R303 R304

R201 R203

A101 A102

A201 A202

A301

EQ1011

EQ1021 EQ1031 EQ1041

EQ1022

EQ2011 EQ2021 EQ1031 EQ2041

EQ1042

EQ2012 EQ2042

EQ3011

EQ3021

EQ3031 EQ3041

EQ3012

EQ3042

EQ3032

Components Affected by Cable

R101 R102 R103 R104

R202 R204

R301 R302 R303 R304

R201 R203

EQ1011

EQ1021 EQ1031 EQ1041

EQ1022

EQ2011 EQ2021 EQ1031 EQ2041

EQ1042

EQ2012 EQ2042

EQ3011

EQ3021

EQ3031 EQ3041

EQ3012

EQ3042

EQ3032

A101 A102

A201 A202

A301

Components Affected by Fire in A202

Area Specific Fault Tree

0.01 0.01 0.01

Post-Fire SSA Method applying FTA
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2

2.4 Quantifying the Area Specific Fault Tree

316Top Event 5.00E-03

317 7.04E-02 367 7.04E-02 (= ‘317’)

318 1.04E-02 319 6.00E-02

304

0.00E+00

235

4.00E-04

119

1.00E-02

• • •320

0.00E+00

322

0.00E+00

Boolean Operation

Top (Depth = 0)

Bottom (Max Depth)

Dummy Obj.

※ Ex. Fire Area: 1A0G0A

How to Quantify the Fault Tree

 Start from Bottom to Top, Boolean Operation Obj. (Gate/Event)

Post-Fire SSA Method applying FTA
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

3 Computer Program using the Method

3.1 Work-flow of the Computer Program

DFIRE FTA for SSA

 Specific B.E. Setting for each Fire Area

START

Data Load for Fault Tree

F.T. Data (AIMS)
• Event List Data
• Tree Logic Data

Data Load for Area Specific B.E.

• Compartment Info.
• Cable Routing
• Function Code

1

SSD Cables in each Area

F.T. Structure Generation

END

Repeat n times for each Area

Quantification Result
1. Quantified F.T.
2. Cut-Set List
3. Summary

Applying Specific B.E.

F.T. Quantification

Cut-Set for Target B.E.

Quantification Summary

1

Function Code for each Area

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

3 Computer Program using the Method

3.2 Screen Shots of the Computer Program

 Main UI & Menu Structure

 Common Data Management

 Plant Fault Tree Management

 Post-Fire SSA applying FTA

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

3 Computer Program using the Method

3.2 Screen Shots of the Computer Program

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Menu Structure

3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (Menu Structure)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

Common Data

(Fire Compartment)

3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (Common Data)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (Common Data)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

Common Data

(Safe-Shutdown Equip.)

3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (Equipment)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025



27

Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (Equipment)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

Common Data

(Cable & Routing)

3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (Cable & Routing)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (Cable & Routing)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

Common Data for SSA

(Plant Fault Tree)

3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (Fault Tree)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025



31
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(1) (2)

3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (Fault Tree)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

Click !

3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (Fault Tree)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (Fault Tree)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (Fault Tree)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

Click !
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

3 Computer Program using the Method

※ Fault Tree Structure Generating

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

#OneTop.kft
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3 Computer Program using the Method

※ Fault Tree Structure Generating (Cont.)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

Target Obj. = TopEvent
Assign Coordinate (0, 0, 0) & No Up Obj.Start to Top Event

Search Sub Obj.
Call SubObjCnt(tmpObj) ⇒ iObj
Call SubObjList(tmpObj) ⇒ SubObj(iObj)

No Sub
(iObj = 0, B.E.)

Yes
(iObj > 0, Obj. = Gate)

Call getEventType
Call getEventMean
Set Status = ‘OK’

Target Obj. is B.E. Sub Obj. List-up

Sub Obj. #1 Sub Obj. #2 Sub Obj. #3 Sub Obj. #n• • •

⇒ Coordinate (1, y, z) & Up Obj. = ‘Top’

Search Sub

Set Status = ‘ING’
Target Obj. is Gate

No Sub
(iObj = 0, B.E.)

Yes
(iObj > 0, Gate)

• • • Search Sub

Sweep in Depth (same z)
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3 Computer Program using the Method

※ Fault Tree Structure Generating (Cont.)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

316

Top Event

317 367

318 319

304 235 119 320 322

• • •2yz 2yz

3yz 3yz • • •

4yz • • •
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3 Computer Program using the Method

※ Fault Tree Structure Generating (Cont.)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

316

Top Event

(0, 0, 0)

317 (1, 1, 1) 367 (1, 2, 2)

318 (2, 1, 1) 319 (2, 2, 2)

304 235 119 320 322

(3, 1, 1) (3, 2, 2)

• • •2yz

(2, 1, 3)

2yz

(2, 2, 4)

3yz 3yz

(3, 3, 3)

• • •

(3, 4, 4) (3, 5, 5) (3, 1, 6) (3, 2, 7)

4yz (4, y, z) • • •
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3 Computer Program using the Method

※ Fault Tree Structure Generating (Cont.)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

316

Top Event

(0, 0, 0)

317 (1, 1, 1) 367 (1, 2, 2)

318 (2, 1, 1) 319 (2, 2, 2)

304 235 119 320 322

(3, 1, 1) (3, 2, 2)

Event/Gate Position in F.T. ⇒ (x, y, z)

• • •2yz

(2, 1, 3)

2yz

(2, 2, 4)

3yz 3yz

(3, 3, 3)

• • •

(3, 4, 4) (3, 5, 5) (3, 1, 6) (3, 2, 7)

x

(= Depth No.,
Vertical Pos.)

y (= Part No., Horizontal Pos.)

z (= Full No., Horizontal Pos.)

4yz

NULL

(4, y, z) • • •

iVNo

iHNo

iSNo = SNo(iVNo)

Until No More Sub Obj. in Next Depth
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3 Computer Program using the Method

※ Fault Tree Structure Generating (Cont.)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

(Based TreeLogic) (from TreeLogic)

Log No.

(iNum) x y z Seq. No. Up Obj. Type Mean Val. Obj. ID G Type No. of Sub Sub #1 Sub #2 Sub #3 Sub #4 Sub #5 Sub #6 Sub #7 •••

1 0 0 0 316 - Top 316 * 2 317 367 Top Event

2 1 1 1 317 316 + 317 + 2 318 319

3 1 2 2 367 316 + 367 N/A

4 2 1 1 318 317 + 318 + 5 304 235 119 320 322

5 2 2 2 319 317 + 319 + 2 1 94

6 3 1 1 304 318 + 304 + 2 306 305

7 3 2 2 235 318 + 235 + 3 267 268 269

8 3 3 3 119 318 + 119 + 2 187 188

9 3 4 4 320 318 = 320 = 1 321

10 3 5 5 322 318 * 322 * 2 1165 1166

11 3 1 6 1 319 + 1 + 2 27 28

12 3 2 7 94 319 * 94 * 2 95 96

Fault Tree Structure: FaultTree() Target Object Sub Object List

(from EventList)

FaultTree(iNum, 1~7)
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3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (SSA)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

SSA for Fire Area

(Equip. & Cable Affected by Fire)
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (SSA)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

Click !
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (SSA)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

Click !
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (SSA)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

Click !
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Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

3 Computer Program using the Method

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

※ Fault Tree Quantification

316Top Event 5.00E-03

317 7.04E-02 367 7.04E-02 (= ‘317’)

318 1.04E-02 319 6.00E-02

304

0.00E+00

235

4.00E-04

119

1.00E-02

• • •320

0.00E+00

322

0.00E+00

Boolean Operation

Top (Depth = 0)

Bottom (Max Depth)

Dummy Obj.

※ Ex. Fire Area: 1A0G0A

Work-flow for F.T. Quantification

 Start from Bottom to Top, Boolean Operation Obj. (Gate/Event)
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3 Computer Program using the Method

※ Example of F.T. Quantification Result

Estimated Fault Tree: FaultTree() the Object (Gate/Event) Info. the Object Sub Object & Logic Val.

x y z Seq. No. Up Obj. Type Mean Logic Obj. Description Obj. ID Type No. Sub Sub #1 Sub #2 Sub #3 Sub #4 Sub #5 Sub #6 Sub #7

0 0 0 316 - Top 4.94E-03 T 안전정지 불만족 316 * 2 317 367

1 1 1 317 316 + 7.03E-02 T MCR-안전정지불만족 317 + 2 318 319

1 2 2 367 316 + 7.03E-02 T RSP-안전정지불만족 367

2 1 1 318 317 + 1.03E-02 T MCR-고온대기불만족 318 + 5 304 235 119 320 322

2 2 2 319 317 + 6.00E-02 T MCR-상온정지불만족 319 + 2 1 94

3 1 1 304 318 + 0.00E+00 F MCR-고온대기반응도제어 불만족 304 + 2 306 305

3 2 2 235 318 + 3.00E-04 T MCR-고온대기원자로냉각재보충 불만족 235 + 3 267 268 269

3 3 3 119 318 + 1.00E-02 T MCR-고온대기잔열제거 불만족 119 + 2 187 188

3 4 4 320 318 = 0.00E+00 F MCR-HVAC 불만족 320 = 1 321

3 5 5 322 318 * 0.00E+00 F MCR-비상전원상실 322 * 2 1165 1166

3 1 6 1 319 + 6.00E-02 T MCR-상온정지진입조건 만족실패 1 + 2 27 28

3 2 7 94 319 * 0.00E+00 F MCR-상온정지정지냉각계통 실패 94 * 2 95 96

4 1 1 306 304 * 0.00E+00 F MCR-반응도제어변수감시 실패 306 * 2 302 303

4 2 2 305 304 * 0.00E+00 F MCR-부주의한붕소희석 305 * 3 307 308 309

4 1 3 267 235 + 1.00E-04 T MCR-원자로냉각재 재고량관리 267 + 4 285 240 236 286

4 2 4 268 235 + 2.00E-04 T MCR-원자로냉각재압력제어 실패 268 + 5 271 272 243 244 273

4 3 5 269 235 + 0.00E+00 F MCR-원자로냉각재변수감시 실패 269 + 2 274 275

4 1 6 187 119 * 0.00E+00 F MCR-증기발생기1,2 잔열제거 불만족 187 * 2 189 190

4 2 7 188 119 + 1.00E-02 T MCR-증기발생기부주의한 증기방출 188 + 2 152 153

Example Fire Area: 1A0G0A

•
•
•

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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3 Computer Program using the Method

※ F.T. Quantification Result Comparison (DFIRE vs. AIMS-PSA)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

Fire Area Gate Name Type DFIRE AIMS-PSA

1A0G0A
(AB General Area A)

SSA-0000
MCR-0000

MCR-HSD-0000
MCR-CSD-0000

Safe-Shutdown X
MCR – S.S. X

MCR – Hot Standby X
MCR – Cold Standby X

AND
OR
OR
OR

4.94E-03
7.03E-02
1.03E-02
6.00E-02

3.978e-002
3.978e-002
3.919e-004
3.940e-002

1A0G0B
(AB General Area B)

SSA-0000
MCR-0000

MCR-HSD-0000
MCR-CSD-0000

Safe-Shutdown X
MCR – S.S. X

MCR – Hot Standby X
MCR – Cold Standby X

AND
OR
OR
OR

4.99E-03
7.06E-02
1.06E-02
6.00E-02

4.000e-002
4.000e-002
6.242e-004
3.940e-002

1A325A
(Class 1E S/W Room A)

SSA-0000
MCR-0000

MCR-HSD-0000
MCR-CSD-0000

Safe-Shutdown X
MCR – S.S. X

MCR – Hot Standby X
MCR – Cold Standby X

AND
OR
OR
OR

1.63E-03
4.03E-02
3.30E-04
4.00E-02

2.013e-002
2.013e-002
3.311e-004
1.990e-002

1A325B
(Class 1E S/W Room B)

SSA-0000
MCR-0000

MCR-HSD-0000
MCR-CSD-0000

Safe-Shutdown X
MCR – S.S. X

MCR – Hot Standby X
MCR – Cold Standby X

AND
OR
OR
OR

1.60E-03
4.00E-02
3.00E-05
4.00E-02

2.972e-002
2.972e-002
2.857e-005
2.970e-002

1A421A
(Cable Spreading Area A)

SSA-0000
MCR-0000

MCR-HSD-0000
MCR-CSD-0000

Safe-Shutdown X
MCR – S.S. X

MCR – Hot Standby X
MCR – Cold Standby X

AND
OR
OR
OR

7.77E-03
8.63E-02
6.28E-03
8.00E-02

0.000e+00
5.401e-002
5.457e-003
4.901e-002

1A421B
(Cable Spreading Area B)

SSA-0000
MCR-0000

MCR-HSD-0000
MCR-CSD-0000

Safe-Shutdown X
MCR – S.S. X

MCR – Hot Standby X
MCR – Cold Standby X

AND
OR
OR
OR

6.49E-03
8.06E-02
5.70E-04
8.00E-02

5.909e-002
5.909e-002
6.725e-004
5.852e-002



48

Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

3 Computer Program using the Method

※ F.T. Quantification Result Comparison (DFIRE vs. AIMS-PSA)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

0.2?

0.04?

0.05?

Why are the Results Different?

※ Fault Tree 방법론개요 (KAERI), AIMS-PSA Release 2 Reference Manual Rev.1.2

AIMS-PSA

Top Event

A

a

c d

b

B C D E

0.1 0.1 0.1 0.1

0.01

DFIRE

0.2 0.2

0.04

0.05
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DFIRE AIMSVs.

Why are the Results Different?

3 Computer Program using the Method

※ F.T. Quantification Result Comparison (DFIRE vs. AIMS-PSA)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

※ Fault Tree 방법론개요 (KAERI), AIMS-PSA Release 2 Reference Manual Rev.1.2
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3 Computer Program using the Method

※ Cut-Set of the Fault Tree

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

Cut-Set #1Cut-Set #2Cut-Set #3

316Top Event 5.00E-03

317 7.04E-02 367 7.04E-02 (= ‘317’)

318 1.04E-02

304 235 119 320 322

0.00E+00 4.00E-04 1.00E-02

• • •

0.00E+00 0.00E+00

3196.00E-02

How to Search Minimal Cut-Set

 Start from Top to Bottom, Obj. with Max. Mean Val. in FT Level (= Depth)

※ Ex. Fire Area: 1A0G0A

1 94

0.00E+006.00E-02

Dummy Obj.

Top (Depth = 0)

Bottom (Max Depth)
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3 Computer Program using the Method

※ Cut-Set of the Fault Tree (Cont.)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

How to Search All Cut-Set

 Triple-Loop (Target B.E. List & B.E. in F.T. & Tracking from the B.E. to Top)

2nd: F.T. Full Scan

1st: Target B.E. List

3rd: Tracking Cut-Set

Tracking Cut-Set from B.E. to Top



52

Post-Fire Safe-Shutdown Analysis Method for Fire Area of Nuclear Power Plant Applying Fault Tree Analysis

3 Computer Program using the Method

※ Cut-Set of the Fault Tree (Cont.)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

※ Ex. Fire Area: 1A0G0A

Cut-Set of B.E. 18

Depth 5

Depth 4

Depth 3

Depth 2

Depth 1

Depth 6

2.00E-02

3.00E-02

6.00E-02

6.00E-02

6.00E-02

7.04E-02

318

27

33 34

Top Event

12

(4,2,12)

28

Target B.E.: 431-J-PT-0103:NON-SPURIOUS35

(5,3,59)

1

(3,1,6)

319

(2,2,2)

317

(1,1,1)

367

Dummy Obj.

(1,2,2)

316

(0,0,0)

5.00E-03

94

36

18 14

(6,2,141)1.00E-02

1.04E-02

3.00E-02

7.04E-02

Tracking Cut-Set from B.E. to Top
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3 Computer Program using the Method

※ Example of FTA Result: Cut-Set of the F.T.

Cut-Set 
No.

Estimated Fault Tree: FaultTree() ⇒ Cut-Set List-Up the Object (Gate/Event) Info.

(iCS) x y z Seq. No. Up Obj. Type Mean Logic Obj. Name Obj. Description

1 0 0 0 316 - Top 4.94E-03 T SSA-0000 안전정지불만족

1 1 1 1 317 316 + 7.03E-02 T MCR-0000 MCR-안전정지불만족

1 2 2 2 319 317 + 6.00E-02 T MCR-CSD-0000 MCR-상온정지불만족

1 3 1 6 1 319 + 6.00E-02 T MCR-DHRS-6000 MCR-상온정지진입조건만족실패

1 4 2 12 28 1 + 6.00E-02 T MCR-DHRS-6002 MCR-안전주입탱크격리실패

1 5 3 59 35 28 + 3.00E-02 T MCR-DHRS-6017 MCR-안전주입탱크 1C 격리실패

1 6 2 141 18 35 B 1.00E-02 T 431-J-PT-0103:NON-SPURIOUS MCR-431-J-PT-0103 오신호

2 0 0 0 316 - Top 4.94E-03 T SSA-0000 안전정지불만족

2 1 1 1 317 316 + 7.03E-02 T MCR-0000 MCR-안전정지불만족

2 2 2 2 319 317 + 6.00E-02 T MCR-CSD-0000 MCR-상온정지불만족

2 3 1 6 1 319 + 6.00E-02 T MCR-DHRS-6000 MCR-상온정지진입조건만족실패

2 4 2 12 28 1 + 6.00E-02 T MCR-DHRS-6002 MCR-안전주입탱크격리실패

2 5 4 60 36 28 + 3.00E-02 T MCR-DHRS-6018 MCR-안전주입탱크 1D 격리실패

2 6 2 144 18 36 B 1.00E-02 T 431-J-PT-0103:NON-SPURIOUS MCR-431-J-PT-0103 오신호

Example Fire Area: 1A0G0A

•
•
•

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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3 Computer Program using the Method

3.2 Screen Shots of the Computer Program

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

SSA Result for Fire Area
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3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (Overall Analysis Result)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

Double Click !
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3 Computer Program using the Method

3.2 Screen Shots of the Computer Program (SSA Result Detail)

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025

Cut-Set

Related Cables

Example of the Fault Tree Viewer



4. Future Work & Plan
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4 Future Work & Plan

 Test by KOLAS Accreditation Organization (Nov. 2025)

 S/W V&V for the Computer Program

 Applying the Method & the Computer Program on FHA Project

KNS 2025 Autumn Conference, Changwon, Oct. 30~31, 2025
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