出國報告（出國類別：洽公）

參加世界核能發電協會東京中心在大陸浙江秦山電廠執行的「海水循環冷卻系統之防蝕技術支援任務」

 服務機關：台灣電力公司

姓名職稱：李長慶/十一等核能工程監
派赴國家：大陸
出國期間：自99.4.5至99.4.10
報告日期：99.4.27
行政院及所屬各機關出國報告提要
出國報告名稱：參加世界核能發電協會東京中心在大陸浙江秦山電廠執行的「海水循環冷卻系統之防蝕技術支援任務」 
頁數  10   含附件：■是 □否
出國計畫主辦機關/聯絡人/電話：台灣電力公司 / 陳德隆 / (02)2366-7685 
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李長慶/台灣電力公司/核能發電處/課長/(02)2366-7060
出國類別：□1考察□2進修□3研究□4實習■5其他（洽公）
出國期間：99.4.5～99.4.10　出國地區：大陸
報告日期：99年4月27日
分類號/目
關鍵詞：技術支援任務(TSM)、防蝕技術 

內容摘要：
本次係應世界核能發電協會東京中心（WANO-TC）之邀，赴大陸中核集團秦山核電有限公司所屬秦山核電一廠（CNNC Qinshan-1），參加技術支援任務（TSM）之專家群組；本次議題為：「海水系統防蝕技術支援任務」於4天討論期間（2010年4月5~9日）針對該廠所提二項重點議題：

1. 海水及循環水系統設備組件防蝕方法及對策。
2. 冷凝器橡膠內襯老化處理對策。

專家群組經由經驗分享及充份意見交流，作出六點建議，供該廠參考：

1. 改進海水系統加藥氯含量管控。
2. 海水循環水系統組件材質選用改進。
3. 採取措施降低進口海水砂含量。
4. 執行管路陰極防蝕績效審核。
5. 冷凝器橡膠內襯狀況評估。
6. 建議秦山核電加入EPRI協會。
技術支援任務（TSM）對電廠解決沈疴難題及擬定改進方向能提供直接且務實協助，藉由TSM專家群組之溝通平台集思廣益，對提升電廠機組營運績效，應有極大助益。

本文電子檔已傳至出國報告資訊網（http://open.nat.gov.tw/reportwork）
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壹、出國目的
一、前言
　　世界核能發電協會（WANO）所舉辦的「技術支援任務」(Technical Support Mission; TSM)，係接受會員單位所託，就其所面臨的運轉／維護沈疴難解議題等，協助召集WANO會員單位及業界具相關經驗專家組隊前往，經由實地了解問題癥結，及從業人員面對面的交流討論，經驗分享，進而提供具體務實的改進建議。
此次TSM議題為「海水系統防蝕技術支援任務」（Anti-Corrosion Problems of Circulating and Cooling Seawater System Technical Support Mission），係世界核能發電協會－東京中心（WANO-TC）應中國中核集團秦山核電有限公司，秦山核電一廠（Qinshin-1）所託，於2010年4月5~10日組TSM專家團隊前往，成員如下：

(Experts)

‧Mr. Gary Coker, Institute of Nuclear Power Operations, USA

‧Mr. Chang-Ching Lee, TPC, Taiwan

‧Mr. Hajime Andou, Kansai EPC, Japan。
(Coordinator)

‧Ms. Mei-Fang Lei, Programme Manager, WANO Tokyo Centre

秦山核電一廠由蔣副總經理率領共19名與會（詳附件一）。
二、目的

　　本次TSM議題計11項，其重點議題二大項，詳述如下： 
1. 海水及循環水系統設備組件防蝕方法及對策：
重點關注海水系統設備腐蝕、磨損問題及對策。因杭州灣地區海水泥沙含量高，導致海水系統設備發生較嚴重的腐蝕和磨損問題：主要表現為重要常用水泵泵軸腐蝕；重要廠用水泵泵殼腐蝕；與海水接觸的部件腐蝕等。請專家介紹國外電廠海水系統主要設備如水泵各部件，及海水管道等所用的材料類型；海水系統各主要設備具體採取的防腐措施；發生磨損的部件，尤其是旋轉部件，如葉輪等採取的處理方案；海水系統所使用的防腐及防磨塗層材料的種類及性能，廠家等詳細資訊。請介紹貴方對海水系統進行防腐管理的方法。
2. 冷凝器橡膠內襯老化處理對策：
重點關注設備襯膠層的老化問題。現有很多襯膠的設備，由於使用了近20年時間，襯膠層出現老化龜裂現象，主要有凝汽器海水側水室及化學水處理系統的儲罐等。現在的處理方法是用電火花進行檢測後用橡膠修復材料進行修復，但只是權宜之計。需要專家提供橡膠老化的機理，老化監測及壽命評估的具體方法，襯膠層嚴重老化必須加以更換的具體檢測標準；舊襯膠層除去方法介紹；新襯膠層施工全程的具體詳細技術指導（包括金屬基體表面處理，所用橡膠及膠水材料種類選擇，膠板粘貼過程，膠板搭接縫及金屬基體拐角或異形處處理，硫化處理，常見襯膠層安裝缺陷及處理方法等。）請介紹貴方對襯膠設備老化進行有效管理的方法。
其餘議題3～11項，已於會談中以簡報方式討論完畢。

貳、過程

一、行程　（詳附件二）
4月5日
台北→上海→浙江秦山核電站（往程）
4月6日至4月9日
參加世界核能發電協會東京中心執行的「海水循環冷卻系統之防蝕技術支援任務」

4月10日
浙江秦山核電站→上海→台北（返程）
二、洽公內容

　　針對秦山核電一廠（Qinshan-1）所提重點議題：TSM專家群提供問題點觀察及建議事項摘述如下：（詳附件三）
(1) 改進海水系統加藥（Chlorine）氯含量管控（Improved Chlorine Control）：
電廠現行做法為每日以人工方式加藥約40分鐘，如此易導致藥量集中，氯含量高達5~10PPM，且未於下游處取樣確認實際含量值；業界經驗顯示過量氯含量會導致金屬表層膜破壞致易腐蝕且促使橡膠內襯老化加劇，含氯量不足則易滋生海微生物，造成堵塞管等問題。

建議：改進加藥方式及增加取樣分析，使Chlorine氯含量維持在正常值。。
(2) 海水循環水系統組件材質選用改進（Consider Select New Material in Seawater and Circulating Water Systems）：
提供經驗分享，業界已發展數種合金材質如AL6XN, A-286等具較佳抗腐蝕及抗砂沖蝕性材料，可供泵軸及葉輪選用，以取代現使用之SS304材質。
建議：因應杭州灣水質含砂量過高特性，選用新材質時應先做抗砂沖蝕測試。

(3) 採取措施降低進口海水砂含量（Evaluate Actions to Reduce Sand Input）：
海水含砂量過高係造成海水系統組件磨損的主因，應考慮各種工程方法，如增裝旋風罐濾網等以降低砂量進入，另取水涵管是否年久破損，導致砂由涵管破裂處滲入而導致含砂量增加，故應設法檢修。
建議：應加強檢修現有取水涵管，及考慮工程方法降低進口海水含砂量。
(4) 執行管路陰極防蝕績效審核（Perform an Independent Review of Cathodic Protection System）：
由現有資料研判，陰極防蝕系統雖有運作，但無法判別是否功能正常，而達到保護管路防蝕的功效，另土壤狀況及管路內外部Coating等亦應考量驗證。
建議：請獨立的專業人員至現場檢視陰極防蝕之電位差值等是否在範圍值內。
(5) 冷凝器橡膠內襯狀況評估（Evaluate Condition of Rubber Lining）：
業界已有許多案例於橡膠內襯老化後換用環氧樹脂系列塗層（如Specoat等），其優點為易於現場施工且易於後續維修工作。

建議：於大修中取樣送請橡膠專業人員評估，是否可修補續用，若無法修補則建議換裝環氧樹脂塗層內襯。
(6) 建議秦山核電加入EPRI協會（Apply for EPRI membership）：
於本次討論期間與會者提出許多問題，其相關資訊可由EPRI文獻取得，故建議其加入EPRI組織，以取得電廠營運相關資訊。
參、心得與建議
一、心得：

(一)
此次有幸受邀參與TSM專家群，除行前須準備相關資料以備詢問外，在討論期間，藉由經驗分享交流及教學相長，亦獲取許多業界經驗知識，對個人工作職能增長極有助益。
(二)
秦山核電一廠與台電核能機組之海水系統相互比較，台電維修制度及品質均較優，唯專家建議仍有可借鏡之處，如管路陰極防蝕是否落實等，對地下埋管防蝕極具參考價值。

二、建議：

(一)
TSM交流平台，其功能對電廠解決難題提供直接務實協助。以秦山核電廠為例，今年即舉辦五場TSM。（WANO目標為每會員各機組每年舉辦一場TSM）。建議本公司各核能電廠應多發掘問題，藉由TSM專家群組，集思廣益，對機組提升營運績效，應有極大助益。
(二)
秦山核電一廠參與研討者多為30歲左右年輕工程師，對問題掌握囿於經驗或許較不深入，但求知慾極強。近年來台電亦積極增加新進人員，但員額可否再增加；以減緩人力老化衝擊及利於經驗傳承。

Team Members for TSM on “Anti-corrosion Problems of Circulating and Cooling Seawater System”

At Qinshan Nuclear Power Co., Ltd. CNNC on April 6-9，2010

WANO Team

	No.
	Name
	Job
	Position
	Phone/ Fax, E-mail

	1
	Mr. Gary C. Coker
	Expert, 
Team Leader
	Senior Chemistry Evaluator，
Chemical Department, INPO
	Phone: -1-770-644-8385
Fax: 
E-mail: CokerGC@Inpo.org

	2
	Mr. Hajime Andou
	Expert
	Leader, 
Maintenance Group,

Nuclear Power Division, 
Kansai EPC, Japan
	Phone: +81-770-32-3663
Fax: +81-770-32-3786

E-mail: andou.hajime@d3.kepco.co.jp

	3
	Mr. Chang-Ching Lee
	Expert
	Subsection Head, 
Mechanical Engineering Section,
Department of Nuclear Generation, 
Taiwan Power Company
	Phone: +886-2-2366-7060

Fax: +886-2-2368-5843

E-mail: u642847@taipower.com.tw

	4
	Ms. Meifang Lei
	Coordinator
	Programme Manager,

WANO Tokyo Centre


	Phone: +81-3-3480-4809
Mobile Phone(FOMA) :

Fax: +81-3-3480-5379

E-mail: lei@wano-tc.or.jp

	5
	Ms. Yoko Kadota
	Interpreter


	Communicators Inc, Japan
	Phone: +81-3-3501-0171

Fax: +81-3-3501-0175

E-mail: kita@communicators.co.jp


CNNC

	1
	Mr. Lu Hongtao
	Contact person
(Tech. Leg)
	Engineer, 

Technical Supporting Division , QNPC
	Phone: +86-573-86933950
Mobile：13705735418

Fax: +86-573-86933993

E-mail: luht@qnpc.cn

	2
	Ms.Zhang Jian
	Contact person

(Administration)
	Staff

Foreign Affairs Office, QNPC
	Phone: +86-573-86933939

Fax: +86-573-86401879
E-mail: zhangj@qnpc.cn

	1
	Mr. Chen Changhe 
	Contact person

(CNNC WIO)
	WIO,CNNC
	Phone: +86-10-6855-5684

Fax: +86-10-6851-3717

E-mail: chench@cnnc.comc.cn


Contact persons responsible for Shanghai hotel or airport picking up:

1. Ms. Wu Ying ( Pacific Hotel)     Mobile phone: +86-13586369645
2. Ms. Song Chen ( PVG Airport)   Mobile phone: +86-13586369598
Participants List
	No.
	ame
	Organization of CNNC
	Title/Position
	Phone
	Email

	1
	蒋祖跃 Jiang Zuyue
	QNPC  (Qinshan-1)
	Deputy General Manager
	+86-573-86933691
	jiangzy@qnpc.cn

	2
	赵志德 Zhao Zhide
	Technical Supporting Division, QNPC
	Manager
	+86-573-86933136
	zhaozd@qnpc.cn

	3
	薛新才 Xue Xincai
	Technical Supporting Division, QNPC
	Deputy Manager
	+86-573-86933582
	xuexc@qnpc.cn

	4
	许峰 Xu Feng
	Technical Supporting Division, QNPC
	Chief Engineer
	+86-573-86933630
	xuf@qnpc.cn

	5
	曹雪明 Cao Xueming
	Technical Supporting Division, QNPC
	Chief Engineer
	+86-573-86933133
	caoxm@qnpc.cn

	6
	郑宏练 Zheng Honglian
	Material &Anticorrosion Section, 

Technical Supporting Division, QNPC
	Section Chief
	+86-573-86933950
	zhenghl@qnpc.cn

	7
	卢洪涛 Lu Hongtao
	Material &Anticorrosion Section, 

Technical Supporting Division, QNPC
	Engineer
	+86-573-86933950
	luht@qnpc.cn

	8
	杨国栋 Yang Guodong
	Material &Anticorrosion Section, 

Technical Supporting Division, QNPC
	Assistant Engineer
	+86-573-86933960
	yanggd@qnpc.cn

	9
	李世伟 Li Shiwei
	ISI Section, Technical Supporting Division, QNPC
	Section Chief
	+86-573-86934252
	lisw@qnpc.cn

	10
	冯杰 Feng Jie
	ISI Section, Technical Supporting Division, QNPC
	Assistant Engineer
	+86-573-86933930
	fengj@qnpc.cn

	11
	蒋申华 Jiang Shenhua
	ISI Section, Technical Supporting Division, QNPC
	Assistant Engineer
	+86-573-86934252
	jiangsh@qnpc.cn

	12
	王今芳 Wang Jinfang
	Chemical Management Section,

Technical Supporting Division, QNPC
	Section Chief
	+86-573-86933171
	wangjf@qnpc.cn

	13
	齐涟 Qi Lian
	Equipment Management Division, QNPC
	Chief Engineer
	+86-573-86932798
	qil@qnpc.cn

	14
	刘恒 Liu Heng
	Equipment Management Division, QNPC
	Chief Engineer
	+86-573-86933228
	liuh@qnpc.cn

	15
	高俊 Gao Jun
	ISI Section, Technical Supporting Division, 
NPQJVC  (Qinshan-2)
	Assistant Engineer
	13750771819
	gaojun@npqjvc.cn

	16
	苗学良 Miao Xueliang
	ISI Section, Technical Supporting Division, 
NPQJVC  (Qinshan-2)
	Assistant Engineer
	13626766229
	miaoxl@npqjvc.cn

	17
	龚代涛 Gong Daitao
	Material Management Section,

Equipment Management Department, 
TQNPC  (Qinshan-3)
	Engineer
	13706830754
	gongdt@tqnpc.com

	18
	江峰 Jiang Feng
	Material Management Section,

Equipment Management Department, 
TQNPC  (Qinshan-3)
	Assistant Engineer
	13456221328
	jiangf@tqnpc.com

	19
	高路杨 Gao Luyang
	Nuclear Equipment Reliability and Life Management Center, China Nuclear Power Operation Technology Corporation, Ltd.
	Aging management engineer
	13476802295
	gaoly@cnpotech.com

	20
	
	
	
	
	

	21
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Schedule for TSM on “Anti-corrosion Problems of Circulating and Cooling Seawater System” at Qinshan-1 Nuclear Power Plant
   April 6-9, 2010  
	April 5
(Mon)
	April 6, 2010
(Tue)
	April 7, 2010
(Wed)
	April 8, 2010
(Thu)
	April 9, 2010
(Fri)
	April 10
(Sat)

	All experts arrive Shanghai,

China

Travel to  Haiyan

Stay at International Hotel

19:00-20:00

Introduction team meeting

(at hotel)
	Entrance meeting

· 9:00-9:05 Host plant welcome (DGM)
· 9:05-9:10 TC Team members introduction
· 9:10-9:15 Self introduction
· 9:15-9:25 
-Overview of QNPC(Mr. Zheng Honglian)
· 9:25-9:55
- Introduction: corrosion problems in the   seawater system of QNPC(Mr. Lu Hongtao)
· 9:55-10:20
- Outline of TSM program (Ms. Lei)

· 10:20-10:30 
Coffee Break & Taking a group photo 

Field Tour, Plant Observation

· 10:30
- Field Tour and Plant Observation
	Presentation and Discussion
Corrosion and Wear Problems in Seawater Systems

· 9:00 – 10:30
Mr. Andou’s presentation 20-30 minutes 
- Discussion 

· 10:30 Coffee Break

· 10:40 -12:00

Industry Operating Experience discussion – led by Mr. Coker 

- Discussion
	Presentation and Discussion

Follow Up Issue 1& 2
· 9:00
Open Discussion Issue 1 &2 – led by Mr. Coker

· 10:00 Coffee Break

· 10:15 

Open Discussion – presentations issues 3-6
	Report preparation

· 9:00

- Drafting of Report

Review of Draft report
· 10:30
- Review of Draft report and discussion (TSM team and Qinshan I engineers)

	Experts

Leaving for home



	
	12:00 Lunch
	12:00 Lunch
	12:00 Lunch
	12:00 Lunch
	

	
	Presentation and Discussion
Corrosion and Wear Problems in Seawater Systems
·  13:00 – 14:45
Mr. Lee’s presentation 20-30 minutes

- Discussion with team and Qinshan – 1hour
·  14:45-15:00 Coffee Break

· 15:00 – 16:30
Mr. Coker’s presentation 20-30 minutes
Discussion with team and Qinshan – 1 hour

· 16:30 – Open Team Discusssion – 
info needed by Team
· 17:00 Adjourn
· 17:00 Team Meeting On site –       Draft Recommendations from day
· 19:00

- Drafting of Report (in Hotel)
	Presentation and Discussion
Rubber Linings Aging Problems
· 13:00 – 15:00

Mr. Coker’s presentation – 15 minutes followed by discussions with team.

Mr Andou’s presentation – 15 minutes followed by discussions with team.
· 15:00 Coffee Break

· 15:20 – 16:20
Mr. Lee’s presentation – 15 minutes followed by discussions with team

· 16:20 – 16:45 
Industry Operating Experience led by Mr. Coker

· 16:45
Prioritize issues for discussions on Thursday with Team and Qinshan-1
· 17:00 Adjourn
· 17:00 Team Meeting on site –          Draft recommendations from day

· 19:00

- Drafting of Report (in Hotel)
	Presentation and Discussion

Open Forum

 13:00

Open Discussion issues 3-6
-Discussion
· 15:00 Coffee Break

· 15:20
Suggestion and Discussion
Open Discussion issues 7-11
· 17:00 Adjourn
· 17:00 Team Meeting on site – Draft recommendations from day
· 19:00

- Drafting of Report (in Hotel)
	Report preparation

· 13:00
- Drafting of Report
Summary meeting
· 15:00

- Presentation on proposals  (Team leader)

- Present draft report to General Manager/ Deputy Plant managers of Qinshan I

· 17:00 Leave Qinshan
	


*Note: TSM will be conducted at QNPC site, so every morning at 8:40 AM experts will be picked up to QNPC site at hotel.
附件三
WANO Tokyo Centre
Technical Support Mission Report
8. Proposals for Solution and Basis for Recommendations

8.1 Improved Chlorine Control 

　　　　  
Implement chlorination practices that meet best practices to reduce the potential for elevated concentrations of chlorine which can impact system corrosion and rubber lining performance.
The manual chlorination feeds and 40 minute feeds can result in chlorine levels exceeding 5-10 ppm.  No testing is performed to determine the actual chlorine residuals. Industry experience indicates improper chlorination controls can result in increased corrosion and can degrade rubber linings.  Chlorine should be controlled in the 0.5-1.0 ppm free chlorine range.

8.2 Consider Select New Material in Seawater and Circulating Water Systems 

　　　　  
The use of stainless steel 304 for pump materials be eliminated and improved resistant metallurgy be used to increase impeller and pump life.
Improved metallurgy has been developed to provide additional corrosion resistance to the seawater conditions and the sand.  Several options were suggested by the team.  Evaluate improved metallurgy that can provide testing data on the impact of expected sand concentrations

8.3 Evaluate Actions to Reduce Sand Input 

　　　　  
The station should evaluate methods to reduce sand entering the seawater system.  
Sand is resulting in additional wear on the pump materials in the seawater system. Consideration is needed to determine if actions can be taken to reduce the sand input.  With recent degradation to the intake piping the station should review the conditions with the intake piping. 
8.4 Perform an Independent Review of Cathodic Protection System

The cathodic protection system should receive an independent review to determine if the system is providing the required level of protection.
The data reviewed indicating the cathodic protection system is on but it was not determined that the system is providing adequate protection across the station.  An independent cathodic protection specialist should perform a site review and determine health of the system and make any recommendations that would improve the system. 

8.5 Evaluate Condition of Rubber Lining

　　　　  
Evaluate the condition of the existing rubber lining to determine if replacement is justified.
Rubber linings that have failed in the industry have been replaced by most stations with epoxy coatings because they can be easily field applied and they are easier to maintain than rubber linings.  Analysis of the rubber by a rubber expert could provide insights to the remaining life of the rubber lining.  

8.6 Apply for EPRI membership　　　 


　 

The quest for knowledge by the station could be served well by applying for membership in EPRI. EPRI provides a vast resource of industry knowledge that is not available to the station today.
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