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目前本公司是與會國家唯一獲國家管制機構核准執行線上維修的公司，而我國在核能安全評估發展上也領先與會的其他國家。
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1、 出國事由：

參加WANO-TC在日本大阪舉辦三天短期安全停機管理研討會(WANO Workshop on Safety Management on Short-term Outage)。

2、 出國行程：

92/10/26
上午搭日航飛機由中正機場起飛，飛行2小時55分鐘到達關西國際機場。再轉搭巴士及計程車到開會場所中之島的NCB商務旅館

92/10/27
08:00-09:00報到

09:00-09:45 由關西電力公司Managing Director Hiroshi Matsmura 先生致開幕詞、WANO東京中心 DEPUTY DIRECTOR致歡迎詞、WANO東京中心大陸代表吳先生報告WANO組織及活動

09:45-12:10專題報告4篇及討論（主席：關西電力YASUSHI ARAKAWA先生）

12:10-13:10 午餐

13:10-17:20專題報告7篇及討論（主席：關西電力 Tai Furuta先生）

17:30-19:30
 歡迎晚宴（關西電力）

92/10/28
09:00-11:30
專題報告4篇及討論（主席：關西電力Tadahia Nagata先生）

11:30-12:50午餐

12:50-16:10專題報告5篇及討論(主席:關西電力 Yasuhiko Yoshida先生)

16:10-16:30閉幕式

17:30-19:30閉幕晚宴(關西電力)

92/10/29 
參觀關西電力大飯（Ohi）核能電廠

92/10/30 
下午搭日航班機返台

3、 工作紀要：

參加本次研討會共有來自5 個國家(日本、韓國、印度、巴基斯坦、中國大陸、台灣)，代表25個不同核能公司及電廠的69位從事核能電業人員參加(參加單位如附件一)，共發表21篇論文。由發表的論文可分為兩大主題:安全評估(PRA)及縮短大修工期，茲摘錄較有具体成效核電廠論文如下:

(一)安全評估(PRA)：

台灣電力公司：

由職報告本公司核能電廠安全評估二十年來的發展情形及成果，並於會中報告本公司經過多年努力於今(92)年8月已獲原能會同意首次於核一廠執行線上維修，在與會的國家中本公司是第一個獲國家管制單位核准執行線上維修的國家。(簡報稿如附件二)

日本中部電力公司：

已研發出類似台電於風險評估TIRM程式，可定性定量作:故障樹分析、人員失誤可能性分析、肇始事件頻率評估、CDF瞬間及累積量展示、安全餘裕評估、高風險因素及預期高風險確認功能等，惟仍在研發尚未正式用於核電廠。

日本四國電力公司：

利用ＰRＡ做電廠維修管理上之經濟性風險告知應用：利用PRA模擬計算組件失效引起跳機或降載之安全情形，即利用PRA評估系統在組件失效但電廠仍不失可用性下之安全性，其利用數值方式量測電力損失(numerical measures indicating power loss)來排列組件之重要性，研究目的是希望能減少組件維護費用。已試用於伊方(IKADA)電廠1號機的非安全性組件及系統來作測試(冷凝系統、飼水系統及汽機輔助系統)。

日本東京電力公司：

東京電力及TEPCO System Corporation於1992年1月起合作PRA研究計劃，除已研發大修組態管理風險監測器(risk monitor for outage configuration management )外,並對東京電力公司旗下之核電廠研發完成停機PSA、運轉中1階及 1.5階(廠內事件) PSA、故障樹求解程式(稱為FT-FREE)、核電廠長期運轉風險評估、PSA 支援及審查等研發。

日本核能安全系統所(Institute of Nuclear Safety System ,Incorporated)：

研發分析半水位操作(mid-loop operation)時，若發生RHR功能失效時，其他冷卻方式效力的分析。並利用RELAP5/MOD3.2程式分析若此現象發生於大飯電廠3 、4 號機情形。

日本關西電力美濱電廠：

針對美濱電廠1號機class1及class 3管路作RI-ISI可行性研究。其利用KEPCO早先所作的管子失效潛在性評估(pipe failure potential assessment)結果,進一步利用PSA做pipe rupture 嚴重性評估，並利用EPRI 風險巨陣的方法針會每段管子作風險重要性分類。
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[美濱電廠1號機class1及class 3管路作RI-ISI可行性研究]
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[美濱電廠1號機class1及class 3管路作RI-ISI研究]
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[美濱電廠1號機class1及class 3管路作RI-ISI研究成果]

中國大陸秦山電廠：
2004年-2007年將陸續完成運轉及停機(包括廠內及廠外事件)的活態PRA（living PRA）。

印度及巴基斯坦：

印度及巴基斯坦在PRA發展遠不若我國，仍在草擬階段尚未有任何具体成效不在此贅述。

(二)縮短大修工期：

韓國Ulchin電廠：

韓國Ulchin電廠三、四號機為縮短大修工期所作努力為:改善設備、擴大大修管理的組織及人力、工作程序最佳化，並訂定中、長期系統及設備改善計劃，雖未執行線上維修但大修工期明顯獲得改善。目前計畫目標2006年1月執行線上維修、2004年6月執行RI-ISI及2005年10月執行RI-IST。
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[韓國Ulchin電廠歷年大修工期]

關西電力：

此次研討會關西電力公司旗下大飯(ohi)電廠發表其4號機第7次大修於2002年曾創下29天21.5小時大修工期。縮短大修工期所作的努力為:訂定縮短大修工期中長期目標、24小時shift work (2 groups, double shifts改進為4 groups, double shifts)、改善工作程序、改善工作環境及設備等。 
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[ 日本大飯電廠3、4 號機大修工期改善情形]

日本原子力公司：
日本原子力公司旗下敦賀(Tsuruga)2號機於2002年1月，創下28天16小時的大修工期。為改善大修工期所作的努力為：24小時shift work 、增加大修人力、大修工期最佳化、燃料工作及控制棒檢查平行作業、改善工作環境、改善檢測設備、按過去經驗購置備品備用以減少緊要工期線修時間等。


[image: image6.emf]１．

Outage Period-Past Reference-

・

SG Anti-Vibration Bars Replacement

・

RCP Turning Vane Bolts Replacement

・

Accident Management Measures

・

In-Service Inspection of RV

75

82

97

80

71 71

74

91

44

63

61

29

0

25

50

75

100

S62 S63 H元 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12,13 H14

9ｔｈ

７０～８０

４０～

Approx..３０

Including Important 

Equipment Replacement 

15days

１５日間

12ｔｈ

Standard Outage Period (days)

Including Important 

Equipment Replacement 

16days


[敦賀電廠二號機歷年大修工期]
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[敦賀電廠二號機大修工期改善情形]
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4、 心得與建議：

(一)
此次參加短期安全停機管理研討會，議程三天其中二天為論文發表最後一天參觀關西大飯電廠。在與會的國家中，因我國核電廠設備、核能法規及原能會管制大多緣自美國，安全評估(PRA)發展也追隨美國，因此在與會的國家中我國的PRA研發及成果豐碩遠超過與會其他國家(包括日本)，大陸建核電廠較晚，其安全評估研發也較晚，但在核研所協助及大陸國內努力下積極追趕PRA研發期與世界先進國家同步。

(2) 大修工期能夠縮短有賴電廠/總處共識、用心、努力及短中長期規畫才有可能。

(3) 參觀大飯電廠對其廠房乾淨，做事嚴謹留下深刻印象。

(四)
日本文化(文字、景物、觀念)深受中國古代影響，但現代生活文化水準卻遠高於台灣，有許多值得我們學習的地方。日本與台灣袛有2-3小時飛程，建議應多鼓勵同仁參加在日本舉行之研討會，使有機會接觸日本核電廠人員使能相互砌磋，從優良的電廠學習好的工作理念與習慣。 

研討會各公司及電廠參加人數：

[image: image1.emf]Flowchart of  this Feasibility Study
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Categorization

of Risk

Significance

Reference to EPRI’s

Risk Matrix

KEPCO’s

Original Method 

Scope

：

Class 1,3

Element

Selection

Risk Impact

Assessment

WANO Tokyo Centre  5位

Nuclear Power Corporation of India Ltd  1位

Pakistan Atomic Energy Commission  1位

Taiwan Power Company 1 位

Korea Hydro & Nuclear Power Company 1位

Qinshan(秦山) nuclear power company Ltd. cnnc 2位

Daya Bay(大亞灣) Nuclear Power Operations & Management Company Ltd. 2位

日本參加人員：

The Kansai（關西） Electric Power Co., Inc  24位

Nuclear Engineering, Ltd. 3位

Chubu(中部) electric power co., inc 1 位

Institute of Nuclear Safety System, Inc(日本) 1位

Nuclear Information Center, CRIEPI 5位

Institute of Nuclear Safety System, Inc 1位

The Japan Atomic Power Company 5位

Tohoku（東北） Electric power Co., Inc 2位

Kyushu（九州） Electric Power Company 3位

Tepco（東電） Systems Corporation 2位

Shikoku（四國） Electric Power Company 1位

Hokkaido（北海道） electric Power Company 1位

Tokyo（東京） Electric Power Company  1位

Hokuriku （北陸）Electric Power Company 1位

Chugoku（中國） Electric Power Company  1位

Genden（原電） Information System Company 2 位

Japan Nuclear Cycle Development institute 1位

Electric Power Development Company  1位
陸碧芬出國簡報資料
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The End

d0560205@taipower.com.tw

An Overview of PRA Program in Taiwan Power Company

Abstract

In 1982, ROCAEC (Atomic Energy Council of Republic of China) summoned scholars , researchers and specialists to initiate a PRA program for Taipower’s Kousheng nuclear plant. It has begun for Taipower to develop PRA programs for enhancing power plant operation and management in nuclear safety. For two decades, the PRA program can be divided into three stages: model establishment & NPPs betterment, model refining, and application. 

First stage (1982-1993): Taipower had accomplished level 2 of at-power PRA models for three operating nuclear power plants. From PRA findings, the some-extensive betterment had been implemented. The average CDF improvement for each power plant was nearly 6 fold (2.06*10-4 /ry to 3.3*10-5/ry).

Second stage: The PRA model refining stage (1994-1997). The living PRA, which transferred and improved first stage level 1 results into personal computer, as well as developed outage PRA models. The data processing engine to speed up data analysis was developed also. Engineers from each power plant were trained in this stage as safety specialist seeds for each plant.
Third stage: The PRA application stage (1997-now). An on-line safety monitor TIRM (Taipower Integrated Risk Monitor) was developed. TIRM-2 which includes LERF assessment was completed in mid-2003. This will help plant staffs to monitor plant at power operation and outage safety. 

Taipower implemented a RHR on-line maintenance in August 2003, which was the first its kind in Taipowr nuclear history.

 The other PRA applications have been studied. They are RI-ISI (risk-informed in-service inspection), RI-FA (risk-informed fire analysis), and aging management.
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Display of Refueling Outage Risk Profile
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RISK MONITOR

- TIRM 2
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Recent PRA Research Activities

•

2

nd generation TPC Integrated Risk Monitor (TIRM-2)

(2000-2003, a 3-year project)

•

Risk-informed fire analysis (RIFA) for 

Chinshan

 NPP

(2001-2002, a 2-year project)

•

Peer review of shutdown PRA models (2001-2002, a 1-

year project)

•

Maintenance of living PRA models (1999-2001, a 31-

month project)

•

Aging/degradation assessment of reactor pressure vessel

and internals of 

Maanshan

 NPP (1999-2001, a 3-year

project)
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On-line Maintenance in Taiwan

•

 

Case by case permission from ROCAEC

•

 

On-line maintenance implementing

   activities  have been kicked off in 

Taipower

.
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Peer Review Grades

A grade is assigned to each technical element and

sub-element:

-

Grade 1-Supports assessment of plant vulnerabilities

-

Grade 2-Supports risk ranking applications

-

Grade 3-Supports risk significance evaluation with

deterministic input

-

Grade 4-Provides primary basis for applications

-

Contingency Grade-A particular grade is assessed

based on the condition that certain enhancement must

be completed
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Technical Element Summary Grades

PRA Element

CS power

KS power

MS power

CS S/D

KS S/D

MS S/D

POS (S/D)

NA

NA

NA

3

3

3

IE

C3

C3

C3

C3

C3

C3

AS

3

3

3

C3

C3

C3

TH

3

3

3

C3

C3

C3

SY

3

C3

3

3

C3

C3

DA

C3

C3

C3

3

3

C3

HR

3

3

3

C3

C3

3

DE

C3

C3

C3

C3

C3

C3

ST

2

2

2

2

2

2

QU

3

3

3

3

3

3

L2(POWER)

C3

C3

C3

NA

NA

NA

FR(POWER)

3

3

3

NA

NA

NA

TP(POWER)

3

3

3

NA

NA

NA

SM(POWER)

C3

C3

3

NA

NA

NA

The Peer Review Results for Three NPPS



[image: image22.wmf]Taiwan Power Company

9

Technical Elements

•

Initiating events

•

Accident sequences evaluation

•

T-H analysis and other engineering calculations

•

System analysis

•

Plant evolutions and operational states(shutdown)

•

Data analysis

•

Human reliability analysis

•

Dependency analysis(including internal flooding)

•

Structural response

•

Quantification and results interpretation

•

Containment system performance analysis

•

Internal fires (at-power)

•

Typhoon(at-power)

•

Seismic analysis(at-power)
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PRA Peer Review Purpose and Scope

•

 

Purpose

   - evaluate technical quality and adequacy

•

Scope includes

-level 1 at-power model for internal and external

events

-containment system event trees for at-power

model (not a full level 2 analysis)

-level 1 shutdown model for internal events
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PRA Peer Review

•

All 6 living 

PRAs

 were internally reviewed

    -At-power 

PRAs

    -Shutdown 

PRAs

•

Use NEI-00-02, revision A-3 dated June 2,

2000.
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PRA Peer Review

•

All 6 living 

PRAs

 were internally reviewed

    -At-power 

PRAs

    -Shutdown 

PRAs

•

Use NEI-00-02, revision A-3 dated June 2,

2000.
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PRA Peer Review Purpose and Scope

•

 

Purpose

   - evaluate technical quality and adequacy

•

Scope includes

-level 1 at-power model for internal and external

events

-containment system event trees for at-power

model (not a full level 2 analysis)

-level 1 shutdown model for internal events
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Technical Elements

•

Initiating events

•

Accident sequences evaluation

•

T-H analysis and other engineering calculations

•

System analysis

•

Plant evolutions and operational states(shutdown)

•

Data analysis

•

Human reliability analysis

•

Dependency analysis(including internal flooding)

•

Structural response

•

Quantification and results interpretation

•

Containment system performance analysis

•

Internal fires (at-power)

•

Typhoon(at-power)

•

Seismic analysis(at-power)
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Technical Element Summary Grades
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Peer Review Grades

A grade is assigned to each technical element and

sub-element:

-

Grade 1-Supports assessment of plant vulnerabilities

-

Grade 2-Supports risk ranking applications

-

Grade 3-Supports risk significance evaluation with

deterministic input

-

Grade 4-Provides primary basis for applications

-

Contingency Grade-A particular grade is assessed

based on the condition that certain enhancement must

be completed
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On-line Maintenance in Taiwan

•

 

Case by case permission from ROCAEC

•

 

On-line maintenance implementing

   activities  have been kicked off in 

Taipower

.
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Recent PRA Research Activities

•

2

nd generation TPC Integrated Risk Monitor (TIRM-2)

(2000-2003, a 3-year project)

•

Risk-informed fire analysis (RIFA) for 

Chinshan

 NPP

(2001-2002, a 2-year project)

•

Peer review of shutdown PRA models (2001-2002, a 1-

year project)

•

Maintenance of living PRA models (1999-2001, a 31-

month project)

•

Aging/degradation assessment of reactor pressure vessel

and internals of 

Maanshan

 NPP (1999-2001, a 3-year

project)
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On-Line Maintenance Case Studies





RHR Train-A OLM

Chinshan NPP (BWR-4)

 Kuosheng NPP (BWR-6)

 Maanshan NPP (PWR)
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Simplified P&ID as Interface
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Display of Refueling Outage Risk Profile 
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The End

d0560205@taipower.com.tw
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Display of Critical Safety

Functions at Power
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Display of  Power Risk Profiles

 in Both CDF and LERF
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Recent PRA Research Activities 



		2nd generation TPC Integrated Risk Monitor (TIRM-2) (2000-2003, a 3-year project)

		Risk-informed fire analysis (RIFA) for Chinshan NPP (2001-2002, a 2-year project)

		Peer review of shutdown PRA models (2001-2002, a 1-year project)

		Maintenance of living PRA models (1999-2001, a 31-month project)

		Aging/degradation assessment of reactor pressure vessel and internals of Maanshan NPP (1999-2001, a 3-year project)
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RISK MONITOR - TIRM 2
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The Peer Review Results for Three NPPS





Technical Element Summary Grades



PRA Element
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On-line Maintenance in Taiwan

• 	Case by case permission from ROCAEC

• 	On-line maintenance implementing

   activities  have been kicked off in Taipower.
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Risk Acceptance Criteria for On-Line Maintenance



10-6

Configuration-specific CDF (1/ry)

10-4



Acceptable

Unacceptable

Risk Change △CDP

10-5

10-3

10-7

10-5



Further Assessment Needed*

Configuration-specific LERF (1/ry)

10-5

10-6

10-4

10-7

Risk Change △LERP

10-8

10-6
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Peer Review Grades

	A grade is assigned to each technical element and sub-element:

-	Grade 1-Supports assessment of plant vulnerabilities

-	Grade 2-Supports risk ranking applications

-	Grade 3-Supports risk significance evaluation with deterministic input

-	Grade 4-Provides primary basis for applications

-	Contingency Grade-A particular grade is assessed based on the condition that certain enhancement must be completed
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Risk Contributions for NPPs in Taiwan





Chinshan (BWR-4 Mark I, CDF=2.1E-5/ry)

Kuosheng (BWR-6 Mark III, CDF=5.3E-5/ry)

Maanshan (3-loop Large Dry, CDF=6.0E-5/ry)

Lungmen(ABWR, CDF=3.5E-6/ry)*

＊：from PSAR
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PRA Peer Review Purpose and Scope

		 Purpose



   - evaluate technical quality and adequacy

		Scope includes



-level 1 at-power model for internal and external events

-containment system event trees for at-power model (not a full level 2 analysis)

-level 1 shutdown model for internal events 
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Technical Elements

		Initiating events

		Accident sequences evaluation

		T-H analysis and other engineering calculations

		System analysis 

		Plant evolutions and operational states(shutdown)

		Data analysis

		Human reliability analysis

		Dependency analysis(including internal flooding)

		Structural response

		Quantification and results interpretation

		Containment system performance analysis

		Internal fires (at-power)

		Typhoon(at-power)

		Seismic analysis(at-power)
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PRA Peer Review

		All 6 living PRAs were internally reviewed



    -At-power PRAs

    -Shutdown PRAs

		Use NEI-00-02, revision A-3 dated June 2, 2000.







@%‘iﬁi’ﬁmﬂ I











_1134373392.ppt
*









The History of PRA Technology in Taipower









Date



Events and Effects



1970



1980



1990



1975 

USAEC issued WASH-1400



1979 

Three Mile Island Accident



1982 ROCAEC initiated the first PRA program for Kuosheng NPP in Taipower



1985 1st Kuosheng PRA was accomplished

 

 



1987 1st Maanshan PRA was accomplished

 



1988 

USNRC issued GL88-20, IPE ( Individual

          Plant Examination) was requested for all US NPPs



1990 

USNRC issued NUREG-1150  ( PRA

          studies for 5 selected NPPs)



1991 1st Chinshan PRA was accomplished

 

1995 

USNRC issued “The PRA Policy Statement” 

        and agency-wide PRA implementation plan



1993 

US utilities issued  IPEs for NRC review



1995  Power operation living PRA project was accomplished  for 3 operating  NPPs



1996  Shutdown PRA framework was accomplished in Taiwan for 3 operating  NPPs 

1997 ~ 2003 : Taipower Integrated Risk Monitor      is established for 3 operating NPPs









1998  NRC released risk-informed applications associated Regulatory Guide 1.174~1.178

Now : PRA models are ready for risk-  

  informed  applications

2000
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PRA Development in Taiwan





1982-1992

  Static PRA (completed Level 2 PRA)

		NPP modification & improvement

		The average CDF improvement for each power plant was nearly 6 folds after betterment.



    (2.06*E-4/ry to3.3*E-5/ry)

1993-1996

 Living PRA

 Up-to-date models

		Shutdown & power             models





Establishment

Refinement

  Application

1997-Now

 TIRM &TIRM-2

 RIFA & RIFADISP

 OLM (PWR & BWR RHR)

		RI-ISI
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Outline

• Introduction of Taiwan Power Company

• The history of PRA development in Taipower

• PRA peer review for three NPPs in Taipower

• On-line maintenance in Taiwan

• Taipower  Integrated Risk Monitor (TIRM-2)
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Chinshan (636*2)









Chinshan two 636mw, started commercial operation 1978 & 1979 

Kuosheng two 985mw; started commercial  operation 1981 &1983

Maanshan two 951mw; started commercial operation in 1984 &1985

Lungmen two 1350mw; plan to start commercial operation in 2006 & 2007







Kuosheng (985*2)



Maanshan (951*2)



Lungmen (1350*2)
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1.5 Trend of Outage Period









Chart1
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An Overview of Taipower PRA Program

Presented by 

Bi-fun Lu

Taiwan Power Company

October 28   2003
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