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1. Company Profile1. Company Profile
KANSAI (The Kansai Electric Power Co., Inc.)KANSAI (The Kansai Electric Power Co., Inc.)

Located in the center of JAPAN and supply electrical power Located in the center of JAPAN and supply electrical power 
in the in the ““KANSAIKANSAI”” area.area.
Possesses 11 PWR and is the second largest producer of Possesses 11 PWR and is the second largest producer of 
electrical power in Japan.electrical power in Japan.

NEL (Nuclear Engineering, Ltd.)NEL (Nuclear Engineering, Ltd.)
Funded by KANSAI in order to supply and upgrade Funded by KANSAI in order to supply and upgrade 
engineering services which enhance the safety and reliability engineering services which enhance the safety and reliability 
of nuclear power plants.of nuclear power plants.
Perform PSA (especially Level 1, i.e. internal, fire and Perform PSA (especially Level 1, i.e. internal, fire and 
seismic).seismic).
Use PSA for the RiskUse PSA for the Risk--Informed Maintenance and so on.Informed Maintenance and so on.
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2. Risk Management with In2. Risk Management with In--house house 
Rules during OutageRules during Outage

•• Purpose for Shutdown PSAPurpose for Shutdown PSA
To To improve efficiencyimprove efficiency and to and to reduce risksreduce risks of the outage.of the outage.

•• Purpose for Setting InPurpose for Setting In--house Ruleshouse Rules
To develop To develop a lowera lower--risk outage schedulerisk outage schedule at P/S.at P/S.

•• How to Set InHow to Set In--house Ruleshouse Rules
Refer to the cases in US and our experience before.Refer to the cases in US and our experience before.
Determine Determine 2 criteria2 criteria for CDF, CDF per outage (for CDF, CDF per outage (total CDFtotal CDF) ) 
and CDF per hour (and CDF per hour (time based CDFtime based CDF), as the next page.), as the next page.
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2.1 Set the In2.1 Set the In--house Risk Criteriahouse Risk Criteria

[ Planned outage CDF < Reference outage CDF x 2 ]

x 2 Satisfy the Criteria

Criteria for total CDF

[ Time based CDF < Average of time based CDF x 5 ]10-8
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Average of time based CDF

Planned outage

Reference outage

Satisfy the Criteria

Criteria for time based CDF

Time

For planned outage, there is some 
POS that gravity injection or reflux 
cooling is not available.

For reference outage, there is no 
POS that gravity injection or reflux 
cooling is not available.

The area of The area of<
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2.2 Flow of Using In2.2 Flow of Using In--house Risk Criteriahouse Risk Criteria
Develop/modify planned outage

(satisfying T-spec, of course)

Execute PSA for the outage

Outage settled

Outage settled with following criteria;
Attention should be paid to a  high CDF 
period.

Necessity for emergency measures 
should be checked beforehand.

Is the result below
in-house criteria ?

Is CDF reduction
possible ?

Yes

No

No

Yes
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3. Risk Evaluation Tool Development      3. Risk Evaluation Tool Development      
for the Shutdown Risk Managementfor the Shutdown Risk Management

<Progress on Performing PSA><Progress on Performing PSA>
Stage 1Stage 1

Stage 2Stage 2

Stage 3 (at present)Stage 3 (at present)

• KANSAI provided NEL with outage information by paper.

• NEL developed RISKMAN input after investigation of outage information by manual.
Too much volume of tasks are necessary.
Input errors might be caused.

• KANSAI/NEL have developed a tool, AuTOmatic Risk Assessment System (ATORAS).

• KANSAI provides NEL with outage information by electronic files, and ATORAS can 
create RISKMAN input automatically.

Both man-hours and input errors are reduced.

• KANSAI performs shutdown PSA using ATORAS at P/S.

• NEL supports KANSAI to perform shutdown PSA and continues to enhance 
PSA models.
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3.1 ATORAS System Composition3.1 ATORAS System Composition

タスクID タスク名 開始 終了

#181000W1006 　Ｒ／Ｖ組立（６＋１日） 1999/10/28 12:00 1999/11/4 12:00
#181000W1008 　ＲＣＳ漏洩検査（２．５日） 1999/11/7 12:00 1999/11/10 0:00
#181000W1009 　起動試験 1999/11/10 0:00 1999/11/12 0:00
#181000W1010 　起動前弁点検（１日） 1999/11/12 0:00 1999/11/13 0:00
#181000W1011 　起動試験 1999/11/13 0:00 1999/11/15 0:00
#181000W1012 　調整運転 1999/11/18 16:00 1999/12/14 16:00
#181000W2094 燃料装荷（２．７日） 1999/10/25 20:00 1999/10/28 12:00
#181000W2095 ＲＣＳ降温（１．５日） 1999/9/3 1:00 1999/9/4 13:00
#181000W2096 Ｒ／Ｖ開放（４．５日） 1999/9/4 12:00 1999/9/7 21:30
#181000W2097 ＶＨＲ準備（２日） 1999/9/7 20:30 1999/9/10 8:30
#181000W2098 1999/9/10 9:00 1999/9/11 13:00
#181000W2099 燃料取出（２．３日） 1999/9/11 13:00 1999/9/13 19:00
#181000W2100 ＶＨＲ（４２日） 1999/9/13 19:00 1999/10/25 20:00
#181000W2101 ｼｰﾙプレート取付け 1999/9/15 20:00 1999/9/16 10:00
#181000W2102 ＣＲＤＭ作動確認(Cold)　３日 1999/11/4 12:00 1999/11/7 12:00
#181000W2103 上部耐震ｻﾎﾟｰﾄ用ﾗｸﾞ復旧（１日） 1999/11/3 12:00 1999/11/4 12:00
#181000W2104 ＣＲＤＭ作動確認(Hot)　１日 1999/11/15 0:00 1999/11/16 0:00
#181000W2105 起動試験　　（６．５日） 1999/11/16 0:00 1999/11/18 16:00
#181000W2106 ｼｰﾙプレート取外し 1999/10/24 23:00 1999/10/25 20:00
#181000W2107 ＤＧ＋ＳＩ 1999/11/11 0:00 1999/11/12 0:00
#181000W2108 原子炉停止余裕 1999/11/17 8:00 1999/11/17 16:00
#181000W2109 VHR＆RCS配管（ｲ）項 1999/11/8 7:00 1999/11/8 17:00
#181000W2110 RCS配管（ﾎ）項 1999/11/9 12:00 1999/11/9 22:00

BRN LCAA LCDA LCDB LCOA LCOB LCS LCVA LCVB LOP LOPX
6.32E-07 6.32E-07 0.00042 3.39E-06 2.78E-06 1.43E-08 2.39E-08 6.32E-07 1.76E-09 3.22E-07 3.22E-07

reflux GI
POS3 2.1618E-09 5.2 0.17% 4.92E-11 0 0 0 0 0 1.83E-09 0 0 0 2.84E-10
POS4 3.9538E-08 42.8 3.06% 4.53E-10 3.7E-08 0 0 0 3.75E-11 0 0 3.75E-12 2E-09 0
POS5R 8.0675E-08 23.2 6.24% 2.45E-10 3.62E-08 2.56E-08 4.78E-09 5.84E-09 0 0 8.57E-10 0 7.1E-09 0 ○ -
POS5N1 5.0845E-09 1.0 0.39% 1.06E-11 6.61E-11 0 3.24E-10 4.43E-09 0 0 6.06E-11 0 1.96E-10 0 - -
POS5G1 1.5552E-09 26.0 0.12% 2.75E-10 1.6E-11 0 6.67E-11 8.68E-10 0 0 1.24E-11 0 3.17E-10 0 - ○
POS5N2 1.1335E-07 21.7 8.76% 2.3E-10 2.02E-09 0 7.73E-09 9.76E-08 0 0 1.31E-09 0 4.42E-09 0 - -
POS5G2 3.2689E-10 5.7 0.03% 6.03E-11 0 0 1.22E-11 1.87E-10 0 0 2.57E-12 0 6.5E-11 0 - ○
POS9G1 3.0506E-08 8.5 2.36% 9.52E-11 1.44E-10 2.81E-09 1.85E-10 2.7E-08 0 0 1.6E-10 0 6.63E-11 0 - ○
POS9N1 8.5313E-07 167.0 65.97% 1.87E-09 1.54E-08 0 5.5E-08 7.42E-07 0 0 1E-08 0 2.93E-08 0 - -
POS9G2 4.6374E-10 10.5 0.04% 1.11E-10 4.79E-12 0 9.53E-12 3.35E-10 0 0 1.93E-12 0 1.36E-12 0 - ○
POS9N2 7.82E-08 17.5 6.05% 1.85E-10 9.84E-10 0 2.74E-09 7.33E-08 0 0 4.77E-10 0 4.74E-10 0 - -
POS9G3 3.0645E-10 7.0 0.02% 7.4E-11 3.19E-12 0 6.35E-12 2.22E-10 0 0 1.29E-12 0 0 0 - ○
POS9R 2.1715E-09 25.5 0.17% 2.7E-10 1.44E-09 0 1.39E-11 4.14E-10 0 0 2.34E-12 0 3.09E-11 0 ○ -
POS10 4.9667E-08 56.0 3.84% 5.93E-10 4.89E-08 0 0 9.52E-11 0 0 2.16E-11 0 7.27E-11 0
POS11 9.9678E-10 12.0 0.08% 1.27E-10 0 0 0 0 0 3.99E-11 0 0 0 8.3E-10
POS12 2.8923E-08 33.5 2.24% 3.55E-10 2.85E-08 0 0 5.34E-11 0 0 1.26E-11 0 4.28E-11 0
POS13 6.2379E-09 21.5 0.48% 2.27E-10 0 0 0 0 0 4.52E-09 0 0 0 1.49E-09

SUM 1.2933E-06 5.23E-09 1.71E-07 2.84E-08 7.09E-08 9.52E-07 3.75E-11 6.39E-09 1.29E-08 3.75E-12 4.41E-08 2.60E-09
% 100.00% 0.40% 13.20% 2.20% 5.48% 73.61% 0.00% 0.49% 1.00% 0.00% 3.41% 0.20%

                 period (hour)       %    

BASE

CDF profile

高浜３号機１４回定検 計画工程

始まり POS 終わり 期間（hour） POS始まりの工程 備考
2002/09/21 23:20 PS01 2002/09/22 01:20 2.0 解列
2002/09/22 01:20 PS02 2002/09/22 08:50 7.5 原子炉停止
2002/09/22 08:50 PS03 2002/09/22 14:00 5.2 SIブロック  (P-11手動ブロック） 追加情報
2002/09/22 14:00 PS04 2002/09/24 08:50 42.8 RHR運転開始 追加情報
2002/09/24 08:50 PS05R1 2002/09/25 09:00 24.2 ドレン開始
2002/09/25 09:00 PS05G1 2002/09/26 11:00 26.0 マンホール開放
2002/09/26 11:00 PS05N1 2002/09/27 08:40 21.7 ノズル蓋取付
2002/09/27 08:40 PS05G2 2002/09/27 14:20 5.7 原子炉容器蓋開放
2002/09/27 14:20 PS06 2002/09/30 11:20 69.0 キャビティ水張り完了
2002/09/30 11:20 PS07 2002/10/21 02:00 494.7 燃料取り出し完了
2002/10/21 02:00 PS08 2002/10/25 01:30 95.5 燃料装荷
2002/10/25 01:30 PS09G1 2002/10/25 09:45 8.2 ドレン開始
2002/10/25 09:45 PS09N1 2002/11/01 09:00 167.2 原子炉容器蓋閉止
2002/11/01 09:00 PS09G2 2002/11/01 19:30 10.5 ノズル蓋取外
2002/11/01 19:30 PS09N2 2002/11/02 13:00 17.5 マンホール閉止
2002/11/02 13:00 PS09R1 2002/11/03 21:30 32.5 加圧器安全弁取付
2002/11/03 21:30 PS10 2002/11/06 05:30 56.0 RCS満水
2002/11/06 05:30 PS11 2002/11/07 17:30 36.0 RHRS隔離 追加情報
2002/11/07 17:30 PS12 2002/11/08 03:00 9.5 RHRP起動 追加情報
2002/11/08 03:00 PS13 2002/11/09 00:30 21.5 RHRS隔離 追加情報
2002/11/09 00:30 PS14 2002/11/10 06:00 29.5 SIブロック解除 (P-11 自動ブロック解除） 追加情報
2002/11/10 06:00 PS15 2002/11/12 22:00 64.0 臨界操作終了から並列まで

LCDAについて
ドレン開始 POS ドレン終了 期間（hour） ドレン割合 備考

2002/09/24 08:50 DR05R1 2002/09/24 23:50 15.0 (15.0/15.0)
2002/10/25 01:30 DR09G1 2002/10/25 09:45 8.2 (8.2/8.4)
2002/10/25 09:45 DR09N1 2002/10/25 10:00 0.2 (0.2/8.4)

系統／システムの待機除外状態

高浜３号機１４回定検 計画工程

系統／システム RISKMAN略称 隔離開始時期 復旧完了時期 1 2 3 4 5R1 5G1 5N1 5G2 6 7前半 7後半 8 9G1 9N1 9G2 9N2 9R1 10 11 12 13 14 15
バッテリー　A BTX 2002/10/10 01:00 2002/10/20 20:00 < ×
バッテリー　B BTY
バッテリー　C BTZ 2002/09/24 01:00 2002/10/09 20:00 △ × × × × × ×
ディーゼル発電機　A DGX 2002/10/10 09:00 2002/10/28 17:00 < × × × △
ディーゼル発電機　B DGY 2002/09/23 09:30 2002/10/08 16:00 × × × × × × ×
海水系統　Aヘッダー SWX 2002/10/10 09:00 2002/10/28 14:30 < × × × △
海水系統　Bヘッダー SWY 2002/09/23 09:00 2002/10/09 13:00 × × × × × × ×
補機冷却水系統　Aヘッダー CWX
補機冷却水系統　Bヘッダー CWY 2002/10/03 09:00 2002/10/13 17:00 × △
２次系冷却水ポンプ　A SCPX 2002/09/27 09:00 2002/10/25 15:00 × × × × × × >
２次系冷却水ポンプ　B SCPY 2002/09/27 09:00 2002/10/25 15:00 × × × × × × >
２次系冷却水ポンプ　C SCPZ 2002/09/27 09:00 2002/10/25 15:00 × × × × × × >
２次系冷却水系統　冷却器　A SCHX 2002/09/27 09:00 2002/10/25 15:00 × × × × × × >
２次系冷却水系統　冷却器　B SCHY 2002/09/27 09:00 2002/10/25 15:00 × × × × × × >
２次系冷却水系統　冷却器　C SCHZ 2002/09/27 09:00 2002/10/25 15:00 × × × × × × >
計器用空気系統　A（C/V内） IACX 2002/10/10 09:15 2002/10/21 09:30 < × >
計器用空気系統　B（C/V内） IACY 2002/10/10 09:15 2002/10/06 11:30
高圧注入ポンプ　A SIX 2002/10/02 09:30 2002/10/19 19:00 × ×
高圧注入ポンプ　B SIY 2002/10/02 09:30 2002/10/20 11:30 × ×
高圧注入ポンプ　C SIZ 2002/10/02 09:30 2002/10/20 15:00 × ×
蓄圧注入タンク ACTX 2002/09/28 00:50 2002/10/29 15:06 × × × × × ×
蓄圧注入タンク ACTY 2002/09/28 00:50 2002/10/29 15:06 × × × × × ×
蓄圧注入タンク ACTZ 2002/09/28 00:50 2002/10/29 15:06 × × × × × ×
余熱除去ポンプ　A RHRX 2002/10/02 09:30 2002/10/20 11:00 × ×
余熱除去ポンプ　B RHRY 2002/10/02 09:30 2002/10/20 13:00 × ×
ほう酸ポンプ　A BAPX 2002/10/03 09:15 2002/10/16 15:00 × ×
ほう酸ポンプ　B BAPY 2002/10/03 09:15 2002/10/16 15:00 × ×
ほう酸ポンプ　C BAPZ 2002/10/03 09:15 2002/10/16 15:00 × ×
補助給水ポンプ　電動A MAFX 2002/09/24 09:00 2002/10/26 10:17 × × × × × × × × × >
補助給水ポンプ　電動B MAFY 2002/09/24 09:00 2002/10/26 09:36 × × × × × × × × × >
補助給水ポンプ　タービン動 TAF 2002/09/24 09:00 2002/11/09 11:30 × × × × × × × × × × × × × × × × × △
主蒸気逃し弁　A MSRVX 2002/09/26 08:00 2002/10/30 09:00 < × × × × × × × ×
主蒸気逃し弁　B MSRVY 2002/09/26 08:00 2002/10/30 09:00 < × × × × × × × ×
主蒸気逃し弁　C MSRVZ 2002/09/26 08:00 2002/10/30 09:00 < × × × × × × × ×
SG水張りポンプ SGX 2002/09/25 08:00 2002/10/25 14:05 < × × × × × × × × >
RHR隔離弁 RIX 2002/09/24 08:50 2002/11/06 00:00 × × × × × × × × × × × × × ×
RHR隔離弁 RIY 2002/09/24 08:50 2002/11/06 00:00 × × × × × × × × × × × × × ×
タービンバイパス弁 TBVX 2002/09/26 08:00 2002/10/30 09:00 < × × × × × × × ×
機器待機除外： × ：50％以上  △ ：15～50％  < >：15％未満

POS table

Maintenance table

Database

Manual 
data

Outage information

ATORAS

RISKMAN

Results

ATORAS

(1) Divide outage timeline into Plant 
Operating State (POS) automatically.

(2) Set the configurations for 
components automatically.

(3) Confirm CDF profile automatically by 
using the results from RISKMAN.

ATORAS Functions
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4. Modeling Improvement for 4. Modeling Improvement for 
the Shutdown PSAthe Shutdown PSA

Event Tree Linking method (RISKMAN)

Fault Tree Linking method

[a] Support system event tree

[b] is linked to 
end states of [a]

Offsite 
power

AC power 
train A

Initiating Event

Support system is modeled 
into each top event

Top event split fraction is 
defined for each states of [a]

Reactor
trip HHSIAFW

Initiating Event

core damage

success

[b] Frontline system event tree

Reactor
trip HHSIAFW

core damage

success

4.1(1) Event Tree Structure4.1(1) Event Tree Structure
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4.1(2) Event Tree Structure4.1(2) Event Tree Structure

POS-1 duration time (hr)

POS-2 duration time (hr)

POS-3 duration time (hr)

POS-4 duration time (hr)

POS-5A duration time (hr)

POS-5B duration time (hr)

POS-5C duration time (hr)

In
iti

at
in

g 
Ev

en
t F

re
qu

en
cy

 (/
hr

) Top Event
POS

Top Event
Sys-A       Sys-B        Sys-C

stand by(=0.0)

outage(=1.0)

Frontline system event tree

Reactor
trip HHSIAFW

success

core damage

Top Event

Maintenance event treePOS event tree

ATORAS creates RISKMAN input for the 2 event trees (POS, MT).

In order to execute shutdown risk with other condition, what we need is 
only changing the 2 event trees (POS, MT).

RISKMAN
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4.2 Models Taken into Consideration 4.2 Models Taken into Consideration 
of Operating Statesof Operating States

We should prepare a set of the 
split fractions covered all operating 
modes for each event heading.

So we prepare set of the 
comprehensive split fractions in 
advance corresponding to various 
combinations of equipment’s 
configurations.

Pum p A Pum p B Pum p C
C HPX C HPY C HPZ

○ ○ ○
○ ○ △
○ ○ ×
○ △ ○
○ △ △
○ △ ×
○ × ○
○ × △
○ × ×
△ ○ ○
△ ○ △
△ ○ ×
△ △ ○
△ △ △
△ △ ×
△ × ○
△ × △
△ × ×
× ○ ○
× ○ △
× ○ ×
× △ ○
× △ △
× △ ×
× × ○
× × △
× × ×

Calculated Applied
alignm ent alignm ent

C HAL1
C HAL1
C HAL1

C HAL1 C HAL1
C HAL1
C HAL1

C HM T1 C HM T1
C HM T1
C HM T1

C HAL2 C HAL2
C HAL1
C HAL1
C HAL1
C HAL1
C HAL1
C HM T1
C HM T1
C HM T1

C HM T2 C HM T2
C HM T2
C HM T2
C HM T2
C HM T2
C HM T2
C HM T2
C HM T2

-

○ ・・・　operation
△ ・・・　standby
× ・・・　out of service

(4) Decide the split fraction 
corresponding to the specified 
equipments’ configurations 
automatically.

ATORAS Functions
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5. Further Enhancements5. Further Enhancements
Evaluate effectiveness of the risk management 
rules and update it as needed.
Continue to upgrade PSA models.
Change ATORAS to complete automatic 
evaluation tool (i.e., Risk Monitor).
Develop the Risk Monitoring System Tool 
“COSMOS” including these ATORAS functions.

Next Speaker will explain about
“COSMOS” in detail.
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6. Conclusions6. Conclusions
KANSAI sets in-house rules for shutdown PSA and 
performs shutdown risk management during outage 
using PSA at P/S.
KANSAI/NEL have developed a tool, ATORAS, which 
enables us to make RISKMAN input easily and quickly.
ETL method enables us to execute the repetitive 
shutdown risk very efficiently because what we need is 
only changing 2 event trees.
Also, for repetitive execution of shutdown PSA, we 
prepare sets of the comprehensive split fractions in 
advance corresponding to various combinations of 
equipments’ configurations.
We have a plan to develop the Risk Monitoring System 
Tool “COSMOS” including ATORAS functions.
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