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摘要
為增進台美原子能應用、管制技術交流，台美雙方依簽署之原子能相關之合作協議，每年召開台美民用核能合作會議，檢討及規劃雙方合作事項，今年「2014年台美民用核能合作會議」由美方主辦，會議於11月4-6日在芝加哥舉行。原子能委員會(以下稱原能會)由蔡春鴻主任委員率團計20人與會，美方則有國務院、核能管制委員會、能源部及所屬國家實驗室等單位成員20餘人出席；會中雙方除交換過去一年來在核能電廠營運與管制、核廢料管理、核能技術研發及緊急應變管理等方面之經驗回饋與發展等資訊外，並就雙方核能合作項目之執行情形逐一檢討，並研商未來一年之合作規劃，會後並在美方規劃下，前往阿岡國家實驗室(Argonne National Laboratory，簡稱ANL)參訪。此行除增進我方瞭解美國各項核能技術發展與管制現況外，並持續、有效強化台美雙方之核能技術交流合作。
蔡主任委員11月6至7日並赴位於華府的美國能源部及其下屬的國家核子保安總署、美國核能管制委員會及白宮科技政策辦公室，拜會各單位高層，就核能政策、核能安全、管制做法、緊急應變及執行策略等方面，彼此交換意見。此次赴美參加台美民用核能合作會議成果豐碩，對於維繫、強化台美雙方在原子能領域的交流與合作，有實質的助益。
   清大施純寬教授與放射性物料管理局鄭武昆組長於11月8至13日出席美洲核能協會冬季年會，個人參加與本局業務相關之「核燃料循環及廢料管理」主題之討論，期間並出席太平洋核能會議（PNC）第四季會議及國際核能學會委員會議（INSC）與美國、加拿大、日本、韓國、法國、西班牙及巴西等國代表交流，簡要說明我國核能發展現況；其後並參與大會安排的參訪活動，參觀「加州大學歐文分校(Irvine)」TRIGA反應器、Keck-CCAMS加速器及國家燃料電池研究中心。
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壹、前言
台美雙方自1985年開始輪流於台灣及美國召開台美民用核能合作會議，本次「2014年台美民用核能合作會議」由美方主辦，美國國務院委託能源部(Department of Energy，簡稱DOE)轄下之阿岡國家實驗室(Argonne National Laboratory，簡稱ANL)負責承辦，擇定於11月4至6日舉行，並安排與會人員參訪ANL尖端光子源設施及阿岡核能展覽室。
本次公差成員採分批出國，期間更安排數個拜會行程，為有效達成雙方交流成果，事先已擬定重要討論議題，故成果相當豐碩。台美民用核能合作會議後蔡主任委員一行4人則於11月6至7日拜會華府美國能源部及其下屬的國家核子保安總署(DOE/NNSA)、美國核能管制委員會(NRC)及白宮科技政策辦公室(OSTP)，除與美方高層人員會面，就核能政策、核能安全、用過核燃料處置規劃、管制作法、緊急應變及執行策略等方面，彼此交換意見，討論雙方關切議題與檢討互惠合作事項外，亦感謝美方近三年協助我國辦理多項核災應變管理訓練及核安管制訊息分享與人員交流，其中包括：輻傷醫療處置、海關人員輻射物質查驗、空中輻射偵測等。此行進一步強化我國與美方在核能安全合作的機制，有助於未來雙方繼續的交流與合作。
    職與清大施純寬教授於11月8至13日出席美洲核能學會冬季年會，本次年會主題為「建構潔淨能源」；大會分成十幾項主題同時段進行研討，並有廠商及研究機構之展示攤位，個人參加與本局業務相關之「核燃料循環及廢料管理」主題之討論，期間並出席太平洋核能會議（PNC, PACIFIC NUCLEAR COUNCIL）第四季會議及國際核能學會委員會議（INSC, International Nuclear Societies Council）與美國、加拿大、日本、韓國、法國、西班牙及巴西等國代表交流，並簡要說明我國核能發展現況；也參與大會安排的參訪活動，參觀「加州大學歐文分校(Irvine)」TRIGA 反應器、Keck-CCAMS加速器及國家燃料電池研究中心（National Fuel Cell Research Center）。

貳、行程
蔡主任委員一行8人分三批於11月1至3日出發，其中徐明德處長及周嘉慧技士提前一天出國，於11月3日拜會美國核能管制委員會第三區辦公室(US NRC Region III office)；11月4-6日參加「2014年台美民用核能合作會議」，其中4人於11月8日返國。蔡主任委員一行4人則於11月6至7日拜會華府美國能源部及其下屬的國家核子保安總署(DOE/NNSA)、美國核能管制委員會(NRC)及白宮科技政策辦公室(OSTP)，於11月10日返國，職個人行程如表 1所示。
表 1 赴美參加2012年台美民用核能合作會議及出席美洲核能協會冬季年會行程表
	日 期
	行  程  內  容
	地   點
	備               註

	11/2~3
（日~一）
	路程：台北→芝加哥
	芝加哥
	張欣、龔繼康、廖家群、賴弘智、鄭武昆

	11/4（二）
	台美民用核能合作會議：專題報告
	芝加哥
	徐明德、張欣、龔繼康、廖家群、賴弘智、
周嘉慧、鄭武昆

	11/5（三）
	台美民用核能合作會議：分組討論
	芝加哥
	全體出席人員

	11/6（四）
	台美民用核能合作會議：設施參訪
	芝加哥
	龔繼康、廖家群、賴弘智、周嘉慧、鄭武昆

	11/7（五）
	路程：芝加哥→洛杉磯
	洛杉磯
	施純寬、鄭武昆

	11/8（六）
	整理資料
	洛杉磯
	

	11/8~13
	美國核能協會冬季年會
	洛杉磯
	年會主題：建構潔淨能源

	11/14~15
	返程：洛杉磯→台北
	台北
	


參、工作紀要
一、台美民用核能合作會議
今(2014)年台美民用核能合作會議，辦理地點為位於美國伊利諾州芝加哥之阿岡國家實驗室(Argonne National Laboratory, 簡稱ANL)。ANL成立於1946年，是美國第一個成立的國家實驗室，亦是美國能源部最大的研究中心。本次會議台美雙方約40人參與，美方出席人員來自美國國務院、核管會、能源部及相關國家實驗室等單位。
11月4日由我方張欣處長與美方國務院代表(Alex Burkart)致詞後，即展開雙方交錯之專題報告，11月5日舉行台美合作項目討論，並分組針對雙方同意合作項目逐項檢討，11月6日參訪ANL設施，議程詳如(附錄一)，出席人員名冊如(附錄二)，全體與會人員合影如下(圖 1)。各項報告與活動之重點說明如下：
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圖 1 2014台美民用核能合作會議全體與會人員合影
(1) 台美民用核能合作會議：專題報告(11月4日)(擇要摘錄)

會議首先進行一般議程部份，雙方共發表12篇報告，其中我方提出下列5篇：
1. 我國原子能委員會管制現況(Updates of Atomic Energy Council’s Activities in Taiwan)
由原能會賴弘智技正報告，說明龍門電廠及核一乾式貯存設施管制近況、103年度核安演習、保安與保防、民眾溝通等。在龍門電廠管制近況方面，介紹相關公投、安檢及封存等政策決定之現況；針對年度核安演習部分，則介紹今年度核安演習重要創新，包含：聯合地方政府共同參與演練、弱勢病患的轉置、斷然處置程序指引之驗證，以及前進協調所的資訊蒐集整合與運作；針對核子保安與保防部分，則介紹台美123新協定生效後，我國實體防護等級將全面提升至符合國際原子能總署（以下簡稱總署）法規INFCIR 225/Rev5之水準，說明我國與總署之互動情形，參與總署相關活動如年度會員大會及保防業務協調會等；在與民眾溝通方面，則介紹我國目前資訊公開做法，及興建中核設施的民眾參與監督狀況。
2. 台電公司核能後端營運管理(Overview of Taipower’s Nuclear Backend Management Program)；
由台電公司林德福專業總工程師報告，介紹核能後端營運管理做法，簡報內容分五大部分說明，分為低放射性廢棄物管理方案、高放射性廢棄物管理方案、用過燃料再處理先導計劃、核一廠除役計畫及核後端基金。有關低放射性廢棄物管理方案，說明台灣低放廢棄物目前貯存情況及低放廢棄物處置方案面臨的挑戰；有關高放射性廢棄物管理方案，介紹截至103年9月各核能電廠用過燃料池貯存量，並分別說明核一廠及核二廠乾式貯存計畫，最後亦說明高放廢棄物處置之母岩初步地質調查、高放廢棄物方案面臨的挑戰等。
3. 台灣核能安全管制現況(Updates of Nuclear Regulatory Activities in Taiwan)；
由原能會龔繼康科長主講，介紹台灣核電廠耐震精進、龍門電廠現況、核一廠運轉執照更新、福島事故後我國核電廠安全總體檢與OECD/NEA及歐盟(EC/ENSREG)壓力測試國家報告同行審查結果，以及後續核安管制項目、核二廠反應器支撐裙鈑錨定螺栓斷裂後續安全檢測結果與管制追蹤事項辦理情形等。針對我國核電廠耐震精進部分，原能會自98年起即已要求台電公司規劃執行「核能電廠耐震安全再評估精進作業」，並依照美國電力研究院(EPRI)之方式進行耐震餘裕評估結果完成設備更新或補強改善作業。此外，原能會除依行政院核定「國內核能電廠現有安全防護體制全面體檢方案」執行核安總體檢，並持續蒐集美國、日本、歐盟因應之資訊，確保我國總體檢與安全強化措施符合國際上主要國家的作法和規範外，以強化核電廠安全。
4. 核能研究所主要研究現況(Review of Current Major Research Activities at INER)；
由核研所施建樑副所長主講，回顧近期核研所主要研究活動，包括：核能安全科技、核能設施除役與放射性廢料管理、綠能科技、輻射生物醫學應用、能源經濟模式與策略研究。核能安全科技方面，包括：核電廠執照更新評估、核電廠功率與效率提升評估、輻射防護與緊急應變技術等；核能設施除役與放射性廢料管理方面，包括：台灣研究用反應器除役、金山核能發電廠除役、用過核子燃料最終處置技術等；綠色能源科技方面，包括：高聚光太陽光發電技術、風能技術、微電網技術、固態氧化物燃料電池技術等；輻射生物醫學應用方面，包括：核醫藥物、放射奈米癌症診療技術、放射成像設備技術等；並介紹能源經濟與策略研究中心。核研所對於台灣核能技術研究責無旁貸，同時借鏡美國能源部持續發展綠能科技的研究規劃，期許台美雙方持續各種放射性廢棄物處理的研究合作。
5. 清華大學核子相關研究計畫的近況(Overview of Current Research Projects in National Tsing-Hua University)；
由清大核工所梁正宏所長主講，清大核子相關研究可概分為三大領域，包括：核電廠工程、核子醫學技術及輻射及射束應用。核電廠工程方面為提升核能電廠安全研究、核能電廠災害模擬及意外事故的安全分析等，未來規劃加強第四代核反應器設計及其相關研究；核子醫學技術方面，近期與醫療院所(如台北榮民總醫院)密切合作，並利用清華水池式反應器中子束進行硼中子捕獲治療(BNCT)的臨床試驗，未來規劃硼中子捕獲治療之新藥開發及動物實驗，並結合多種造影功能之技術開發，期能提升本土加速器中子源 BNCT 技術之應用；輻射及射束應用方面，研究重點在增進中子束、同步輻射光源、電子束、離子束於生醫及能源環境材料分析研究，未來規劃應用輻射及射束進行材料內原子及電子結構之分析研究，改善材料開發，並積極參與建置新一代射束儀器。
美方則提出下列7篇報告：
1. 美國核能發展現況(Overview of U.S. Nuclear Energy Programs)；
由美國能源部William Lahneman先生簡報，渠表示核能發電係乾淨、穩定之能源，占美國19%發電量，提供美國61%非溫室氣體排放基載電力。能源部部長Ernest Moniz博士談到減少溫室氣體排放量並同時兼顧全球的發展，核能將扮演重要角色，更強調核能發展應從過去「原子能的和平利用(Atoms for peace)」的思維，進一步思考「原子能的繁榮利用(Atoms for prosperity)」。未來核能發展將聚焦於小型模組反應器、核燃料循環等相關技術研發，能源部將持續以核能作為處理經濟、環境及能源安全等議題之首要策略，並加強建立國際夥伴合作關係，創造雙贏局面。
2. WIPP地下火災及輻射外釋事件之經驗學習(Lessons Learned from WIPP Underground Fire and Radiation Release Event)；
隸屬於美國能源部，位於新墨西哥州超鈾元素核廢料處理先導廠(Waste Isolation Pilot Plant, 簡稱WIPP)位於地下655公尺地層中，其鹽層厚約600公尺(2000英呎)，地層穩定且無水，目前已運作15年並處置17萬個廢料容器，共有11894次運送總計約228萬公里，營運績效一向良好，因此獲得地方及州政府支持，2014年第三次5年執照更新亦已向環保署(EPA)提出。然而於2014年接連發生拖車火災及輻射外釋事故後，WIPP已檢討事故之作業疏失，並啟動復原計畫，包括：設施改善及除污、增設空氣供應及排氣過濾系統及作業區域之重新劃分等，提出短、中及長程之改善計畫，此外，藉由獨立監測機制(如：地方機構的環境監測及研究中心發表監測結果)，確保資訊透明化，透過民眾溝通，掌握民眾關切事項，並說明處理情形，以爭取理解。
3. 用過核燃料後續處置法規制定及執照核發現況(Continued Storage of Spent Nuclear Fuel Rulemaking and its Implication on Licensing Activities)；
由美國核管會Timothy McGinty處長簡報，1984年核管會公告廢料信心法案(Waste Confidence)後，歷經數度更新及審查。2010年更新版經上訴法庭判定無法符合環境政策法要求，且有三項缺失，如：不確定將於何處興建處置場、如何確保處置場永久安全及對環境之影響、未能適當說明用過核燃料在水池洩漏之風險及用過核燃料在水池發生火災之影響。因此核管會於2013年9月提出環境衝擊聲明(Generic Environmental Impact Statement, GEIS)草案並召開公聽會，並於2014年10月24日簽署法案，該法案適用於商用反應器產生之放射性廢棄物，同時法案對於處置場之不確定提出短程(60年)、中程(160年)及長程(>160年)之連續貯存方案，亦提出連續貯存許多假定要求，如：容器每100年需更換、貯存設施及乾貯轉換系統(dry transfer system)每100年需更換等條件，以及長程貯存時每一獨立貯存設施(ISFSI)必須設置乾貯轉換系統之要求。
4. 空中輻射偵測國際研習會最新進展(Update on Aerial Measurement Workshop)；
由美國能源部國家核子保安總署Ann Heinrich女士簡報，基於全球核能安全合作的概念，核子保安總署國際緊急管理與合作辦公室(International Emergency Management and Cooperation, IEMC)致力於輻射事故緊急應變管理訓練及技術支援，空中輻射偵測SPARCS系統安裝操作容易，能裝載於任何廂型車、船艦與飛行器上，可應用於射源搜索、預先背景資料調查及緊急應變等。輻射偵測實務飛行及數據分析則需長期經驗累積，並透過實務演練，以達成技術建立的目標，目前具備空中輻射偵測SPARCS儀器的國家，包括：台灣、柬埔寨、越南、墨西哥、巴西、阿根廷等。DOE/NNSA今年10月辦理核子事故空中輻射偵測國際研習會，參訓國家包括：台灣、墨西哥、巴西、智利，課程包括：SPARCS軟硬體介紹、儀器安裝及校正實作、空中輻射偵測航線規劃、空中及陸地輻射偵測實作、數據分析等。各國核能管制單位藉由訓練進行緊急應變技術交流，並持續精進空中輻射偵測技術。Ann Heinrich女士報告後，因我國出席的周嘉慧技士亦參與此次研習，故接續補充分享研習心得。周技士於今年(103年)10月27至31日參加在內華達州遙測實驗室(Remote Sensing Laboratory，簡稱RSL)及內華達國家安全區(Nevada National Security Site，簡稱NNSS)舉行之核子事故空中輻射偵測國際研習會，學習美方空中輻射偵測實際飛行作業模式，對提升我國緊急應變能力頗有幫助，周技士也表達感謝之意。（周技士有關此次研習的紀要詳如附錄四）
5. 實驗室機率安全評估之國際合作 (International Cooperation on Probabilistic Safety Assessment)；
由阿岡國家實驗室Igor Bodnar博士簡報，實驗室機率安全評估(Probabilistic Safety Assessment，簡稱PSA)係透過事故發生頻率的機率矩陣，針對核電廠運轉及維護提供質化及量化評估，以有效分析核電廠複雜事故案例並提供解決方案，目前全球已有超過200座核電廠透過PSA進行相關評估。與中國大陸合作方面，目前透過舉辦PSA研討會及先導計畫之方式執行；與亞美尼亞合作方面，主要集中於核能安全領域，包含：緊急操作程序、減緩嚴重事故導則、反應器防護系統及安全分析能力等方面；與日本合作方面，主要是透過能源部與日本經濟產業省共組圓桌論壇方式，就美國PSA使用經驗與日本相關政府單位、機構與電力公司進行分享，並透過討論讓日本相關核設施經營者更了解並應用PSA。美方亦表示願意與我國PSA技術發展進行合作交流。
6. 核能管制研究國際合作計畫 (Office of Nuclear Regulatory Research International Cooperative Program)；
由美國核管會核能管制研究署(Office of Nuclear Regulatory Research, RES) Donna-Marie Sangimino女士介紹RES之國際合作計畫。RES係核管會管制技術支援單位，提供管制決策者相關技術背景及資訊。RES主要研究領域包括：反應器安全法規與分析、嚴重事故研究及其後果研析、輻射防護與健康影響、地震與結構、材料性能及數位儀控等方面；有鑒於國際合作及分享管制經驗以精進核管法規之重要性，目前全世界包含我國有27個國家參與一個或多個核管會的合作計畫。
7. 用過核子燃料之綜述及現況(Overview and Status Updated of the Used Fuel)；
美國依既定、延役及部分停機三個核能選擇方案，統計至2048年用過核子燃料、高放及能源部用過核燃料之產量及比例，規劃最大總處置量需約22萬立方公尺。推動時分為貯存與運送組及處置組兩組進行。研發活動進行則結合工業界，以發展可取得核管會於核照作業時，能認同之全尺寸貯存驗證設施為目標，並以工程為基礎開發運送技術。整體研發活動之發展時程重點如下：貯存與運送組2019-2025年發展集中式貯存設施；處置組分兩階段推動，2018-2026年以共識基礎進行場址選擇，2026-2048年進行處置場開發執照申請及運轉。深地層處置概念來自1950及1970年代之提案及調查結果，其中深地層係指約5000公尺深之地層，地質處置大約位於2000公尺以下地層，上面回填膨潤土、混凝土栓及混凝土塊等，每一鑽孔處置區約置放40個容器總長度約為200公尺。本項研究已有初步實驗結果，其地面操作部分係於內華達測試場實施，於420公尺地底花崗岩層中鑽孔進行實驗，用過核燃料則來自Turkey Point核電廠，將其裝入金屬容器中，再載運至內華達測試場的地下花崗岩層中貯放，歷經3年熱測試實驗後取出進行分析。未來能源部規劃以DOE/NE-5計畫建立組織架構並進行驗證、評估及測試與發展相關工作。

(2) 台美民用核能合作會議：分組討論(11月5日)

分組討論部份分為反應器管制與法規相關研究、廢棄物管理與環境復原、先進核能科技、緊急應變管理，四組平行進行年度合作議題進度檢討與新增項目討論，討論後各分組雙方簽訂之綜合結論(Summary Statement)如附錄三。各組總結摘要如下：
1. 反應器管制與法規相關研究(Reactor Regulation and Regulatory Research)

第一組內容主要係針對核子反應器設施管制及相關法規與程式應用等議題，美方主要負責單位為美國核能管制委員會，美方之主談人為該會核能管制署安全系統處處長Tim McGinty(共同主席)，我方則由本會核能管制處張欣處長(共同主席)及龔繼康科長(記錄)，輻防處廖家群科長及核研所林家德副組長、楊智偉副工程師、台電公司林德福專業總工程師等參與。除逐項檢討台美雙方合作項目之實質進展及未來展望外，並由美國核管會核能管制研究署(Office of Nuclear Regulatory Research)張永賢博士簡報Scenario Authoring, Characterization, and Debriefing Application (SACADA)系統。分組會議中雙方對過去彼此合作的項目執行現況逐一討論，藉由雙方管制資訊、技術之持續交流，促進雙方之核能安全管制作業。此次本分組有一項移至第三組，並新增一項因我國核四停工/封存而與美方合作項目，美方並同意未來將分享Watts Bar Unit 2的相關管制經驗，總計共20項合作計畫持續進行。
2. 廢棄物管理及環境復原(Waste Management and Environment Restoration)

第二組內容主要係針對放射性廢棄物之處理與處置技術，環境之回復與再利用以及安全分析工具之精進應用等議題進行討論，美方主要負責單位為能源部環境管理辦公室代表Ana. M. Han (共同主席)；我方則由物管局鄭武昆組長(共同主席)、台電公司林德福專業總工程師、核研所魏聰楊組長、喬凌寰副組長等代表出席，美國吳全富博士並從旁協助。首先聽取美方能源部桑地亞國家實驗室(Sandia National Laboratory)凱文麥克博士(Kevin Mc Mahon)專案報告：用過核燃料最終及高放射性廢棄物之管理策略(Strategy for the Management and Disposal of Used Nuclear Fuel and High-Level Radioactive Waste)及用過燃料處置活動與深地層鑽孔驗證計畫之概觀及現況更新(Overview and Status Updated of the Used Fuel Disposition Campaign and Deep Borehole Demonstration Project in the U.S.)。報告摘要如下：2013年1月能源部提出推動管理策略並以2048年處置場完成建造及營運為目標，提出於2021年開始營運先導型中期貯存設施(Pilot Interim Storage Facility)，2025年營運集中式中期貯存設施(CISF, Consolidated Interim Storage Facility)，2026年選定處置場址，2042年進行處置場址特性調查、設計及申請執照。因此研發將結合國內工業界、學術界甚至與國外共同合作，進行學理探討、開發相關技術、評估方法與工程技術等。
接著由雙方共同主持人進行第二組16項議案的討論，總計結案1項AE-IN-AIT-U2，但該項又立即持續執行並變更編號為AE-IN-AIT-U3輻射照射燃料和物料之研究計畫(Irradiated Fuels and Materials Research Program)，係因應美方須執行聯邦註冊公告(Federal Register Notice )之需求；移出1項為AE-NR-Z9 放射性物質意外事件之回應與管理(Response and Management of Radioactive Material Events)併入第三組。本分組經綜合彙整後，明年將持續執行15項之合作案。我方也表達感謝美方的協助，促進雙方技術能力提昇，並說明政府能源的政策及明(2015)年初將召開全國能源會議討論核能等相關議題，本分組未來的工作重點將朝核電廠之除役規劃、長期貯存與乾式貯存發展，以上仍請美方繼續協助。
3. 先進核能科技(Nuclear Science, Technology, and Safeguards)

第三組由核能研究所施建樑副所長及能源部核子保安總署之技術顧問Mr. Ike Therois共同擔任分組主席，共有21項合作議題，另有2項題目由第一、二組轉入，總計共有23項合作項目。涵蓋之領域相當廣，包括: (保健物理(health physics)；(技術安全支援(technical safety support)；(同位素生產及應用(radioisotope production and application)；(進步型反應器(advanced reactors)；(核物料的實體防護(physical protection of nuclear material)；(核物料的料帳管理(safeguards of nuclear material)；(醫學治療(medical therapy)等。清大、原能會及核研所等單位分別派員參加，相對應的美方窗口亦皆派員出席。相較以往之台美會議，本屆較為特殊之處為美國國家衛生研究院/國家癌症中心(National Cancer Institute，簡稱NIH/NCI) Jacek Capala博士參與會議。本分組討論會亦針對第三組相關之議題安排二場次專題討論，摘述如下：
( 由Jacek Capala博士報告美國治療用核醫之發展現況(Nuclear medicine in the US Recent Development)，說明放射免疫治療(radio immunotherapy)有其特殊性與專一性，它的優點包括：(1)放射線破壞DNA雙股染色體，因此沒有抗藥性之問題。(2)具有標靶性，可以選擇性將少量的藥物送至特定位置。(3)可利用軟體計算腫瘤與健康器官之輻射劑量，用藥相對安全。(4)Crossfire effect可以使放射線釋出能量影響鄰近細胞，療效更加成。另介紹Y-90 zevalin及I-131 Bexxar藥物之過去歷史、pre-targeted cancer radiotherapy之進展，PSMA- targeted alpha therapy(用於治療前列腺癌)、Sm-153 EDMTP(癌轉移之骨痛緩解)及I-131 MIBG(神經母細胞治療)之研究近況。並介紹國家衛生研究院推動SBIR計畫，利用政府機構之設計與支援，幫業界及小規模公司做研究。
( 為讓Jacek Capala博士對我國核能研究所更多了解，以利於雙方合作之推動，我方羅彩月博士報告核研所核醫藥物研究近況(Current status of radioisotopes and radiopharmaceuticals development at INER)，介紹內容包括重要之生醫研究設備、診斷用核醫藥物研發成果與近況、治療用核醫藥物之開發等。Jacek Capala博士專注於治療用核醫藥物之推動，對核研所Re-188 Liposome已進入phase I臨床試驗，並有Re-188 MN-16ET/Lipiodol即將申請臨床試驗之研發成果深表讚嘆。美國ANL之Elena Nicole Bodnar博士(資深醫學研究科學家)及Igor Bodnar博士除在ANL之專業研究外，美國能源部亦請他們負責協助喬治亞共和國推動核子醫學，希望能幫助其祖國提升醫療水準，Elena Nicole Bodnar博士對本所之研發成果十分興趣，未來若有機會建立合作管道，亦可擴展我國核醫產業之範圍。
4. 緊急應變管理(Emergency Management)

第四組內容主要係針對(緊急應變管理Emergency Management (AE-DE-F27)，(大氣擴散模組Atmospheric Plume Modeling (AE-DE-F28)，(緊急應變支援Emergency Assistance (AE-DE-F37)及(空中偵測及其他偵測技術Aerial and Other Detection Technique(AE-DE-F38)四個合作議題。美方主要負責單位為能源部核子保安總署(DOE/NNSA)，主談人為國際緊急應變與合作處副處長 Ann Heinrich(共同主席)及遙測實驗室RaJah Mena，我方則由本會核能技術處徐明德處長(共同主席)、輻防處廖家群科長及周嘉慧技士參與。除逐項檢討台美雙方合作項目之實質進展及未來展望外，本分組我方另外報告我國今年舉辦的核安演習，美方則由RaJah Mena女士簡報派赴日本福島核災執行空中輻射偵測經驗及NNSA之輻射事件協助計畫 (Radiological Assistance Program, RAP)，RAP目的係為提供聯邦、州政府及地方政府事件評估(相關領域專家及專業儀器等)技術支援，為能有效協助緊急輻射事故之決策，RAP執行分為9個技術支援區域(圖 2、圖 3)，RSL屬第7個技術支援區域，RSL的任務執掌包括：空中輻射偵測(Aerial Measuring System，簡稱AMS)、輻射事故災後管理(Consequence Management，簡稱CM)、緊急應變辦公室及聯邦輻射監測分析中心(Federal Radiological Monitoring Assessment Center，簡稱FRMAC)。
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圖 2 RAP之9個技術支援區域
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圖 3 緊急應變相關技術支援體系
在簡報後，由雙方進行第四分組議案的討論，會議結論如下：(NNSA將邀請原能會出席明年6月EMI-SIG會議，原能會表示希望在會議中分享我國緊急應變整備作業經驗；(雙方同意於明年視需要檢視並調整更新合作意向聲明書(Statement of Intent)項下Work Plan的合作內容；( NNSA預定於明年10月在台灣辦理I-RAPTER-MPE訓練，I-RAPTER-MPE訓練主要係為強化核子及輻射事故應變機制，確保大型公眾活動如2017年臺北世界大學運動會的安全；(NNSA預定於明年5月在台灣辦理第二次輻傷醫療(I-MED)進階訓練，目標為培養台灣參訓人員為未來訓練種子教師；(美國目前借我國使用3套空中偵測系統(SPARCS)，NNSA將定期更新系統零組件，並提供零組件備品；此外，雙方同意建立美方NSTec公司及我國核研所直接聯繫管道，以確保空中偵測設備的可用性；(NNSA將邀請原能會觀摩於明年7月21~23日南卡羅來納州H.B. Robinson核電廠辦理的區域性聯合演習─Southern Exposure。
(3) 台美民用核能合作會議：參訪Argonne National Laboratory(11月6日)

11月6日團員分成兩組，輪流參訪ANL之尖端光子源設施及阿岡核能展覽室。
1. 參訪ANL之尖端光子源設施(Advanced Photon Source，簡稱APS)
ANL之尖端光子源設施經費來自美國能源部，該設施開放全世界科學研究使用，包括：大學、產業界、醫學院等研究單位，期能透過設施進行各新科學領域研究，以獲得技術上的突破，目前於材料科學、生物科學、化學、環境科學、行星科學及基礎物理等均有卓越研究成果(圖 4、圖 5)，為提供世界級同步輻射研究設施服務，尖端光子源設施目前聘用超過450名的員工協助來訪的研究人員，並以達成6項重要目標為使命，說明如下：
(1) 營運具高可靠度之第三代X射線同步加速器；
(2) 提供具生產力之研究環境；
(3) 提升設施使用者之服務品質；
(4) 確保設施使用者、員工與環境之安全；
(5) 維持有益於專業成長之環境；
(6) 透過於尖端光子源設施進行研究，並在科技上對美國能源部及相關組織提供最佳貢獻。
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圖 4 尖端光子源設施空照圖及重要區域示意圖
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圖 5 尖端光子源設施參訪說明
2. 參訪阿岡核能展覽室(Argonne's Nuclear Energy Exhibit)
阿岡核能展覽室位於阿岡國家實驗室208館(圖 6)，成立宗旨為紀念ANL於原子年代(Atomic age)所扮演之先驅角色，並紀錄早期核能設施發展之基礎。展覽室於1996年建成後，歷經重新裝潢，2008年12月2日重新開幕，並紀念世界第一個實驗性原子反應爐於芝加哥建成66週年，展覽室分成七個區域，包括：(1)芝加哥1號反應堆(Chicago Pile No. 1)與早期芝加哥反應堆(Chicago Piles)；(2)早期研究文物(Early Research Artifacts)；(3)輕水與研究用反應器(Light Water and Research Reactors)；(4)高溫冶金處理技術(Pyroprocessing Technology)；(5)燃料條件化設施(Fuel Conditioning Facility)；(6)快滋生反應器(Fast Breeder Reactor)；(7)核能研究活動現況(Current Nuclear Research Activities)。
ANL的Roger Blomquist介紹1942年12月2日，在費米(Enrico Fermi)指導下，利用高純度的鈾和石墨，於芝加哥大學運動場看台下的室內球場，完成芝加哥反應堆(Chicago Pile)，成功實現可控制鏈式反應，並於芝加哥建成世界上第一個實驗性原子反應爐。
此外，透過模型解說核能快滋生反應爐(Fast Breeder Reactor，簡稱FBR)，藉中子撞擊可孕物質如鈾-238，利用高能量中子轉化滋生為鈽-239，繼續作為可分裂核燃料。發展快滋生反應爐技術目的係於鈾礦蘊藏量有限條件下，經滋生轉化可延續核分裂能源的能源供給年限。輕水式反應器裝置產生大量的鈽，這些鈽再循環到輕水式反應器使用時，其價值可提高至80%，若這些鈽引入快滋生反應器中，其價值可提高至140%。因此，快滋生反應器及輕水式反應器自然形成一種理想的搭配。
最後，說明ANL對美國近期在安全、可靠且具成本效益的核能系統發展之卓越貢獻。並強調核能提供大量可靠且低成本之重要電力來源，核能應用不僅使電力價格能保持長期之穩定性，並能降低發電過程中溫室氣體之產生，達成環境保護之目標。
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圖 6 台美會議雙方出席人員參訪阿岡核能展覽室
二、出席2014美洲核能協會（ANS）冬季年會

   （2014 Winter Meeting and Nuclear Technology Expo）
    今年是ANS成立第60年週年紀念，本次年會主題為「建構潔淨能源（The Foundation of Clean Energy）」；大會主席 Dr. Michaele Brady Raap在開幕致詞時說到美國是支持核能發展的，所以有核能電廠執照更新（Licensing Renew）及興建電廠計畫。雖然核能有安全、經濟、低排碳等好處，但卻面臨民眾諸多質疑，然而針對同一問題，核能界間卻發生了說法不一的現象，造成民眾混淆。例如對於二氧化碳排放量有零排碳或低排碳的說法、而低劑量輻射暴露對健康之影響也有線性及非線性的說法，莫衷一是。她個人提議應請ANS各分會的相關專家們協助進行與民眾及媒體的溝通，使大家能夠清楚明白。主席致詞後，分別由四位邀請貴賓說明，有貴賓就地取材，提及加州有全美第一座私人核電廠(1957-1963)，迪士尼樂園是支持核能的，而且有一本出版書籍「我們的朋友原子(Our friend the Atom)」為證，該貴賓並提供該書作為大會贈品，頒給主動發言的熱心出席者。另外迪士尼主題樂園有一項活動是「讓夢想成為生活（Dream become to life）」，就是指的對核能的妥善使用。由於全球環境持續暖化，核能安全運轉也已有43年歷史，人類的夢想也逐次的經由驗證而實現。大會邀請的貴賓核管會委員則闡明美國核管會(NRC)是個獨立的法令規範者(regulator)也是安全的維護者，核能是當前解決能源缺乏的主要方案之一，由於民眾認知的差異，使得核能推動遭遇不少質疑，因此爭取公眾的認同是當務之急，在面對外界質疑時應嘗試耐心回答，即使碰到困難，也宜保留持續對話的機制。另外在主席的特別論壇(ANS President’s Special Session)則以「跨越60的挑戰－建構下一世代的核能專業 (Beyond 60 Challenges for the Next Generation Nuclear Professional)」，分別由幾位ANS 的主管(leaders)發表看法，提出鼓勵或激勵下一世代，投入於核能科學與工程技術研發的作法，以及做為全球領導者、推動公眾政策、落實對公眾承諾、做為工業界與公司員工時，如何提升職能與加強專業以及有關的挑戰與機會。
本次大會，規劃下列幾項主題進行研討：太空核能科技、加速器之應用、核燃料循環及廢料管理、融合能源、人因與儀控、同位素與輻射、材料科學與工程、數學與電算、核子防止蕃衍、核電廠營運與功率提升、熱力學等項主題，同時段在不同議場分別展開，並由不同召集人主持。
個人參加與本局業務相關之「核燃料循環及廢料管理」主題之討論，其後並參與大會安排的參訪活動「參訪加州大學歐文分校(Irvine)」。
核燃料循環及廢料管理的論文發表中，可以感受到美國電力研究所（EPRI）與能源部（DOE）係有計畫的規劃與執行相關的委託研究計畫，從發表論文中可歸納及探知發展的脈絡與軌跡。大致上分成「核燃料循環」與「乾式貯存」兩大區塊，在「核燃料循環」方面，有探討核燃料循環從選擇方案的評估、決策分析工具之引進與應用、評估基準的設定、整合模式的開發、到各種選擇方案的衝擊與分析等論文發表。而「乾式貯存」係執行「核廢料信心法案」所衍生的延續貯存的議題，因此有長期貯存安全有關老化管理、老化發展機制的探討及其防範方法的研究，乾貯後續作業中有關運送管理，至於集中式貯存的策略規劃則包括整體推動方案及其效益評估，乾貯與處置作業之配合，採用處置標準容器時汰除之大量金屬容器的應用與處理，用過核燃料管理資訊系統之整合規劃與分析工具之結合，乾貯護箱長期耐震評估，用過核燃料監測的新技術，臨界分析以及除役規劃的經驗回饋等相關論文。
底下為會整蒐集發表論文，係依發表先後順序整理，英文原文照列於後以利參考，部分翻譯則採用意譯。
（1）核燃料選擇方案的評估及篩選
(Nuclear Fuel Cycle Options Evaluation and Screening)

（2）商用核電廠的除役規劃：經驗審視
(Approaches to Decommissioning of Commercial Nuclear Power Plant:

 Experience Review)

（3）ZionSolutions 乾貯計畫
(ZionSolutions Dry Cask Storage Project/ Supporting Fuel Transfer)

（4）設施的價值－先進核燃料循環的展望與決策分析
（Value of Utility-Informed Perspectives and the Assessment of Implementation Pathways to Advanced Nuclear Fuel Cycle Objectives）
（5）燃料循環的情境、挑戰和機會：英國的觀點
（Fuel Cycle Scenarios, Challenges, and Opportunities. A UK Prospective）
（6）核燃料循環的篩選和評估工具
(Screening and Evaluation Tool for Nuclear Fuel Cycles）
（7）分析核燃料循環的評估基準
   （Evaluation Criteria for Analysis of Nuclear Fuel Cycles）
（8）核燃料循環選擇方案的整合評估模式發展
（Development of Integrated Assessment Model for Nuclear Fuel Cycle Options）
（9）核燃料循環選擇方案對核物料管理的衝擊
（Impacts of Nuclear Material Management Approaches on Nuclear Fuel Cycle Performance）
（10）用過核燃料延長長期貯存的技術背景
（Establishing Technical Basis for Extended Long-Term Storage of Used Fuel）
（11）乾貯及運送後燃料再重組的結果評估
（Consequence Assessment of Fuel Reconfiguration for Dry Storage and Transport Packages）
（12）貯存期滿後乾貯系統材料的處置考量
（Considerations for Disposition for Dry Cask Storage System Materials at End of Storage System Life）
（13）用過核燃料管理的資料整合和分析工具
（Integrated Data and Analysis Tool for Used Nuclear Fuel Management）
（14）輕水式反應器燃料貯存臨界分析的導則
（Guidance for Performing Criticality Analysis of Fuel Storage of Light-Water Reactor Power Plants）
（15）從停機反應器場址移出用過核燃料的初步評估
（Preliminary Evaluation of Removing Used Nuclear Fuel from Shutdown Sites）
（16）乾貯護箱震動台的實驗（Dry Storage Cask Shake Table Experiments）
（17）使用宇宙射線緲子（Muons）監測用過核燃料
（A Bayesian Approach to Monitoring Spent Fuel Using Cosmic Ray Muons）
（18）美國用過核燃料的問題－集中貯存和標準貯存容器
（The Used Nuclear Fuel Problem in the USA-Consolidated Storage and Standardized Storage Canister）
每項議題之內容摘要：
(1) 核燃料選擇方案的評估及篩選：
DOE對核燃料選擇方案的評估及篩選的基準（Criteria）共九項：核廢料管理、核繁衍風險、核子物料安全風險、安全、環境衝擊、資源再利用、開發與配置（Deployment）的風險、監管議題（Institutional Issues）及財務風險與經濟；核燃料循環選擇方案則考慮快臨界反應器（fast critical reactor）、熱臨界反應器（thermal critical reactor）以及上述兩反應器的結合方式；而使用的燃料又分成：連續循環 U/Pu及天然鈾、連續循環 U/TRU及天然鈾。依上述不同方案進行矩陣評估，提出研究發展規劃。
(2) 商用核電廠的除役規劃－經驗審視：商用核電廠的除役有立即拆除與先安全貯存延後拆除等方案；依電廠的條件不同進行規劃，其中除役規劃的考量因子有：輻射暴露、財務整備、核電廠作業機件條件、核廢料處置、設施員工、場址/ 設施價值及公共政策等；本報告經驗審視的電廠有：Humboldt Bay、Hamaoka 1 and 2（日本）、Jose Cabrera、Crystal River 3、Barseback 1 and 2（瑞典）。然而除技術以外的政治及經濟因素，往往會改變決策分析結果，也須慎重考量。
（3）ZionSolutions 乾貯計畫：ZionSolutions於2010年9月取得Zion核電廠契約，進行2226束燃料元件從燃料池遷移到61個乾貯護箱，另外有GTCC核廢料將裝入經修改過的4個乾貯護箱；從2013年12月18日開始作業，至2014年6月12日已完成22組乾貯護箱裝填做業，另有23組乾貯護箱正在處理中，目前裝載作業每一個護箱約需5-6天；其所使用的護箱為NAC公司產品MAGNASTOR-MAGNATRAN。
（4）先進核燃料循環的展望與決策分析：美國藍帶委員會（Blue Ribbon Commission ）對於核能未來發展的建議案是保持開放策略，為了能夠在適當的時段進行研發活動或興建設施，需要有系統的規劃，才能提出整體發展策略，包括與現有的小規模驗證設施結合，如鈉冷卻快速爐（sodium-cooled fast reactor）、融鹽反應器（molten-salt reactors），並納入第四代進步型反應器的規劃概念，俾能進行有效研發活動。由於策略分析有兩種發展方式，分別為由上往下及由下往上兩種：（1）由上往下(top-down)主要由能源部主導；（2）由下往上（bottom-up）主要由美國電力研究所(EPRI)主導，本篇以EPRI的觀點對於技術成熟度、執照申請、計畫優先排序、資源投入等，進行探討。
（5）燃料循環的情境、挑戰和機會-英國的觀點：英國就未來核能發展，採用國家核能研究所（National Nuclear Laboratory）所開發的ORION電腦分析模式進行研究，該分析模式包括18種不同情境，內含開放式及封閉式核燃料循環；對於每一個情境主要評估因子有：經濟、核能需求、燃料供給、用過核燃料貯存/再循環、地質處置場的總容積及總活度、永續性-資源有效再利用、技術應變力與備妥程度等項。
（6）核燃料循環的篩選和評估工具：美國能源部於2011年委託執行「核燃料循環選擇方案的評估和篩選研究」案，因此需要開發核燃料循環的篩選和評估軟體（SET, The Screening and Evaluation Tool）以利進行比較評估。發展範圍從採礦到處置作業，包括了一次循環及燃料再循環的各種情況，有些測量值還包括由單位能源產出所占用的土地面積所換算出的設施單位產值。本軟體係提供使用者，藉由一系列的簡化步驟逐步執行評估燃料循環選擇方案，相關的步驟有①定義選擇方案（Define Options）；②訂定標準及測量值（Define Criteria & Metrics(weights)）；③訂出測量型態方程（Define Metric Shape Functions）；④訂出權重情境（Define Weighting Scenarios ）⑤審視評估值（Review Assessments）；⑥彙整計算結果（Calculate Results Summary）；⑦撰寫分析報告(Analysis Reports)。
（7）分析核燃料循環的評估基準：當今美國商用核電廠即使延役，也大約均在2029-2049年間執照到期。考慮到未來核能發展，應該考量社會、政治、經濟及環境因子，進行系統工程分析。為能進行有效評選並提出最佳方案，須建立評估基準。本報告將相關基準分成測量級別（Metric Categories）、廢料負荷（Waste Burden）、成本(Cost)、燃料資源再利用(Fuel Resource Use)、禁止核子繁衍(Proliferation Resistance)、安全及其他永續性（Other Sustainability）等項次。有些基準可以換算成金額(成本)或廢料負荷以利於分析，有些評估基準則難以量測，例如禁止核子繁衍及安全等；本項研究仍須持續執行研究，並希望能涵蓋亞洲國家的發展觀點以取得共識。
（8）核燃料循環選擇方案的整合評估模式發展：以質量平衡進行核燃料循環管理，共有七種模式相互連結，包括電力需求（Electricity Demand）、反應器的發展順序如核生命週期（Reactor Order and Lifecycle）、用過核燃料貯存與運送（Spent Fuel Storage and Transportation）、燃料製造（Fuel Fabrication）、採礦轉化和濃縮、（Mining, Conversion and Enrichment）、用過核燃料分離(Spent Fuel Separation)及廢料處置（Waste Disposal），所有資訊流向及物理量之流向均可在模式間正逆雙向運跑。本報告所建立之數學評估模式先以反應器的發展順序、核生命週期及用過核燃料貯存與運送為主，並提出摘要報告。
（9）核燃料循環選擇方案對核物料管理的衝擊：本報告係配合核燃料循環選擇方案，所進行後續的影響研究。調查評估燃料一次循環及連續再循環的影響衝擊，分析廢料產出情形包括①產生單位能量時SNF＋HLW的數量；②產生單位能量時DU＋RU（再處理或分離時的DU：耗乏鈾，RU：回收鈾）的數量；③產生單位能量時低放廢棄物體積④產生單位能量時SNF＋HLW於10年的活度值⑤產生單位能量時SNF＋HLW於100年的活度值⑥產生單位能量時SNF＋HLW於100,000年的活度值。
（10）用過核燃料長期貯存的技術背景：有關「建立用過核燃料長期貯存的技術背景」係依據NUREG-1801對核電廠老化管理及執照更新，所進行之結構、系統與組件( SSCs, structure system and components)之研究結果，並將其應用於用過核子燃料長期貯存及其後之運送作業的管理。主要探討內容分老化之時程管理及老化管理計畫，研究計畫係參考NEI 14-03乾式貯存容器營運之老化管理導則（Guidance for Operations-Based Aging Management for Dry Cask Storage）進行探討，對於結構、系統與組件之功能依NUREG-1927之內容，應具備維持密封（Confinement Boundary）、臨界控制（Criticality Control）、熱傳（Heat Transfer）、輻射屏蔽（Radiation Shielding）、結構支撐（Structure Support）及燃料再取出（Fuel Retrievablity）之功能。有關老化管理之流程如圖.7，[image: image7.emf]
                    圖 7.老化管理之流程圖

而其老化之影響及其發展機制如圖.8所示，
[image: image8.emf]
                     圖8.老化之影響及其發展機制

本案例並以NUHOMs之系統產品為例進行解析；對於老化通常採取預防（Prevention）、延緩（Mitigation）、現象監測（Condition Monitoring）及功能監測（Performance Monitoring）等管理手段。
（11）乾貯及運送後燃料再重組的結果評估：
用過核燃料經由乾式貯存後，預期會有延續且長期貯存的需求。為能瞭解經過長期貯存後，老化的用過核燃料經再重組的行為，以確保後續作業安全。須探討燃料護套、燃料結構及高燃耗於燃料失效後，經再重組（Fuel Reconfiguration）的評估，初步規劃評估影響項目為臨界、輻射屏蔽、密封及熱傳性能等。相關影響評估因子有：初始濃縮度、退出時的燃耗值、冷卻時間；而貯存與運送的環境與系統、燃料元件類別也是分析選項，本案採取護箱可容納32組17×17 PWR燃料元件及護箱可容納68組10×10 BWR燃料元件為分析評估對象。評估結果顯示，大致上沒影響，但某些重組可能會對臨界與輻射劑量有不良影響。
（12）貯存期滿後乾貯系統物質的處置考量
基於經濟，當前用過核燃料乾式貯存都使用大型式的護箱，例如可容納37組PWR燃料元件或可容納89BWR燃料元件的護箱。由於處置時必須考慮散熱及地面承載力，因此大型護箱無法直接用於處置場，必須拆換裝置於小型容器中；暫以現有的各種貯存方式推估到2050年會使用約11,000個護箱，數量如此大量的護箱，一旦汰換其利用策略也須審慎考量，並做經濟成本估算，提出各種方案，如再使用、再利用或廢棄作為低放廢棄物之影響，均須考慮妥善考量，以利策略規劃。
（13）用過核燃料管理的資料整合和分析工具
用過核燃料的管理包括：①作業安全②貯存設施設計③運送規畫④安全重要的結構系統與組件的老化管理⑤發生燃料失效時的運送⑥對於後續世代的資料或知識的傳承等。基此，美國發展用過核燃料貯存、運送及處置分析資源與資料庫系統（UN-FST & DARDS, Used Nuclear Fuel-Storage, Transportation & Disposal Analysis Resource and Data System）以支援美國能源部從反應器端直到最終處置所進行的安全管理措施。相關資料庫有①燃料元件退出資訊②燃料元件設計資料③反應器操作資料④護箱設計及裝載資料⑤系統分析之邏輯運算與內部作業資訊。為能使各項資訊能結合及運算以利應用，因此將電腦運算程式連結以利運算，目前計畫選用連線的程式有SCALE（Standardized Computer Analysis for Licensing Evaluation ）；COBRA-SFS（Coolant Boiling in Rod Arrays Spent Fuel Storage）；CALVIN（Civilian Radioactive Waste Management Systems and logistics Visually Interactive）；TSM（Total System Modeling）；TOM（Total Operations Model）及NGSAM（Next Generation System Analysis Model），相關設計必須及早規劃及定位，才能有效整合應用。
（14）輕水式反應器燃料貯存臨界分析的導則
本導則含濕式（燃料池）貯存及乾式貯存，參考的技術規範為NEI 12-16，自該規範發行後已取代原NRC採用之DSS-ISG-2010-01。採用電腦程式有耗乏程式（Depletion Codes）及臨界程式（Criticality Codes）。耗乏程式可以計算核種及其後的衰變變化；臨界程式則計算有效增值因子( Keff)。分析評估項次有耗乏的反應度影響、燃料幾何變化、耗乏的不確定性；而對於格架及燃料元件分析模式則考量燃料元件之設計基準、燃料元件模式、軸向燃耗度分布、反應紀錄中有關燃耗度之不確定性、控制棒插入或中子吸收材之影響；貯存架模式有中子吸收材、貯存型態；正常及意外條件的分析有溫度過高、燃料元件墜落或錯置（Mislocated）、原料元件錯誤裝載（Misload）、發生地震等情況。
（16）乾貯護箱震動台的實驗（Dry Storage Cask Shake Table Experiments）
目前乾貯護箱雖使用年限為20年，但可再申請使用到60年。而乾貯護箱位於基座上的方式有自由站立（free-standing）或以錨釘崁入（anchored）基座中鋼筋混凝土的固定方式。日本電力中央研究所的白井先生等以1/3比率貯存護箱樣品，採自由站立置於震動台進行實驗測試及分析，但未做錨釘崁入的功能測試；本實驗以1/2.5比率貯存護箱樣品進行實驗分析，以評估長期耐震性能。地震可能造成護箱傾倒或互撞翻滾，其主要判斷因子為磨擦係數（Friction）及護箱的穩定度；護箱的外徑(r)與高度(hc.g.)比率(r/hc.g.)又稱身材比（Slenderness），也代表著護箱的穩定度。經調查當前市售護箱的身材比約可分成兩類0.566及0.437，可做為護箱分類分析評估的基礎。
（17）使用宇宙射線緲子（Muons）監測用過核燃料
美國有104座機組商用核子反應器，69座為PWR、34座為BWR，分布於31州，64個場址。過去50年來共產生了6,500公噸用過核子燃料，通常每機組一年約產生20 噸用過核子燃料；其中約75％貯放於水池、25％採乾式貯存。2014年止已使用約1,200個乾式貯存護箱，預估到2020年會使用到2,400個護箱。護箱貯放的用過核子燃料是否安全，有無被盗出製造核武，會影響國家安全，因此必須監測。由於使用X光檢查無法穿透厚實屏蔽，不能發揮效用。依據最新理論引用拜爾氏規則（Bayes’s），可利用宇宙射線緲子（Muons）檢測出貯放於高密度容器內之高原子量物質，有關拜爾氏概念及相關研究已在許多貨櫃掃描（Cargo Scanning）上實施。使用宇宙射線介子射線學的好處為自然的緲子、無輻射源也沒人為輻射暴露。緲子帶電量遇到高原子量物質會散射（Scattering），不同物質的散射角度不同，因此從散射角度可探知乾貯護箱內的物質及其數量，進而監測用過核燃料有無遺失或被盗出。
（18）美國用過核燃料的問題－集中貯存和標準貯存容器
依據2012年美國藍帶委員會建議及2013年1月能源部發布的策略，Energy Solutions 公司及其關係夥伴共同合作執行美國能源部委託計畫，將規劃設置集中式貯存設施（CSF, Consolidated Storage Facility）以貯放用過核子燃料（UNF, Used Nuclear Fuel）。本委託案有兩項工作目標：一、規劃備妥完整集中式貯存設施以便國會核准後能立即啟用；二、考量採用標準貯存容器（STADs, Standardized Transport, Aging and Disposal Canisters）的可行性。處置時STADs將取代現有在使用的乾式貯存容器，現有乾式貯存容器概分成下列三類：1.可運送的貯存容器（TSC, Transportable Storage Cask）；2.單一目標金屬容器（SPC, Single Purpose Canister）僅允許貯存用過核子燃料，使用時通常外部還要有混凝土護箱保護；3.雙目標金屬容器（DPC, Dual Purpose Canister）內部為金屬容器（Canister），於運送作業時需外加運送護箱，貯存時則需加入貯存護箱，金屬容器僅容納用過核燃料。由於未來仍須執行處置作業，而處置場址有載重及殘餘熱移排釋的嚴格要求，限制了處置容器裝填用過核子燃料數量，因此需換裝至小型STADs，由於轉包裝（repacking）不但會增加容器使用量，也會增加工作人員輻射暴露，如何取捨及於何時執行，需要妥善評估規劃。關於集中式貯存設施的運作及現有3類貯存容器的搬運時機，應整合檢視，這是多元選擇方案，與資本投入及用過核燃料冷卻時間有關，初步規劃分三階段。第一階段：僅接收201個TSCs，使用鐵路運送，約為2,780噸用過核子燃料貯放於CSF的基座上；第二階段：應建造容器操作設施、貯存護箱製造設施及維修設施，可接收所有金屬容器，每年接收量可從400噸到2,000-3,000噸；總接收量為3,600噸；第三階段：將所有水池燃料均接收。研究顯示使用小型STADs可容納4組PWR燃料元件較能結合處置作業，但會增加作業時間及人員劑量。
三、參訪加州大學歐文分校(UCI, The University of California-Irvine) 
參觀分三部分（1）TRIGA反應器；（2）Keck-CCAMS加速器；（3）國家燃料電池研究中心（National Fuel Cell Research Center）進行。
（1）TRIGA反應器：是由GA（General Atomics）興建的MARKⅠTRIGA反應器，反應器功率250千瓦，1969年11月首次臨界；由化學系負責營運，主要為核化學之應用研究。TRIGA 反應器以水及氫化鋯（Zirconium Hydride）作為緩衝材料，適於教學及研究，可生產放射性同位素，其U-235小於20％，使用熱中子及超熱中子（epi-thermal） 進行中子活化分析，也可進行用過核燃料中鑭系與錒系核種分離處理之測試。
（2）Keck-CCAMS 加速器：係由W. M. Keck 提供資金2百萬美金與加大歐文分校配合款於2002年設置。有AMS粒子加速器，可量測碳的同位素；與質譜儀(MS)結合的精密儀器可量測C-13和C-12的比例；本加速器配備先進的取樣準備實驗室，可支援現有實驗室設備，進行預處理、燃燒、氫化及碳化(Graphitize)放射性碳樣品。本加速器進行考古學、地質及藥品等分析服務作業。
（3）國家燃料電池研究中心（National Fuel Cell Research Center）：主要為整合及加速燃料電池的發展與應用，本中心所建立的燃料電池系統目標為，進行具市場競爭力之策略聯盟及對燃料電池業界進行教育訓練，培育新進人員，所發展的燃料電池系統已有部分應用於汽車的動力系統中進行試驗。最近發展項目為如何使燃料電池之壽命延長，小電池變大，加入甲烷的改良燃燒策略等，藉由系統工程改良。目前燃料電池壽命約為5年，氫爆安全問題可防止發生，每次加燃料約為4分鐘，加滿可跑300英里，最高時速160英里，撞車時也必須能符合一般交通安全的規定。
四、出席太平洋核能會議（PNC, PACIFIC NUCLEAR COUNCIL） 第四季會議：本會議於2014年11月9日 09:00-11:00於Disneyland Hotel, Castle C Room召開，由於第三季於八月底才在加拿大召開，並由各國提出國家報告說明，因此本次會議議程並未安排國家報告事項。主席為Ms. Mimi Limbach，出席人員共有14位，韓國有四位代表出席，但日本與中國均未派代表出席。會議展開時，首先追認8月24日於加拿大溫哥華所招開的第三季會議紀錄；其後由韓國Seoul National University 教授K. Y. Suh提出Advanced Reactor之簡報，他並向國際爭取資源以利協助執行研究，他同時也提出願意協助進行PNC網頁(Website)的精進，但也希望能獲得財務支援，以利聘請專人執行；此外他並建議是否考量邀請蘇俄加入PNC組織，以符合環太平洋之定義，增進效益。有關第20屆PBNC預計2016年4月6-9日於中國北京國家會議中心召開，主席說明將繼續連絡中方負責人中國核能學會副秘書長Lixin SHEN，聯繫準備籌辦事宜。
五、出席國際核能學會委員會議（INSC, International Nuclear Societies Council）：本會議併同ANS冬季會議於2014年11月11日(四)16:00-19:00於Disneyland Hotel, Frontier Board Room召開。會議主席為Ninokata-Orihara教授 ，出席人員共12位(含主席及記錄)，共有美國、日本、加拿大、法國、西班牙、巴西等國代表出席。會議主席Ninokata首先表示他的任期到今年年底為止，接著由Dr. Burchill朗讀INSC 全球綱領（INSC GLOBAL CREED），其後由日本原子力學會理事長Dr.Reiko Fujita提出基於科學、合理前瞻及資訊共享進行核能電廠的安全審查－日本原子力學會的立場聲明（Position Statement of AESJ on the Necessity of the Safety Review of the Nuclear Plants based on the Scientific and Rational Perspectives and Information Sharing）。對於聯合國非政府組織聯絡服務團NGLS (UN Non-Governmental Liaison Service)向永續發展目標公開工作小組所提出能源建議案第2號政策報告摘要（Policy Brief ＃2 Recommendations on Energy for the UN General Assembly Open Working Group on Sustainable Development Goals）世界工程師聯合組織(WORLD FEDERATION OF ENGINEERING ORGANIZATION)提出了工程社群的意見（Technological Communities Comment），分別從能源之供應與需求、核能對氣候變遷的優點、競爭優勢、經濟特性、安全觀點、核廢料管理、發展小規模組合反應器來說明支持核能的和平應用理由，社群的意見將提交聯合國理事會參考。其後各國分別提出國家報告，我國由物管局鄭武昆組長代理蔡春鴻主委出席，並簡要說明我國核能發展現況（如附錄四）。
肆、心得與建議：
1. 應積極培育年輕才俊，站上國際舞台，為我國發聲：本次出席ANS會議，發現韓國、大陸均積極選派年輕學者由年長者指導，參與國際會議並發表論文；而美國的論文發表者也大都年輕化。考量未來我國核能發展，人才非常重要，應逐步培育具有國際視野、兼具國際知名度及能站上國際舞台的人才。建議整體規劃分專業領域培育，培養代表性人才，並積極鼓勵參與國際會議發表論文，逐步提升國際知名度，以利為我國權益發聲。
2. 公開、透明及誠意溝通是當今推動核能必須真誠面對的議題：蘭嶼貯存場環境輻射平行監測與WIPP獨立監測機制，具有異曲同工的意義，宜持續進行；而我國於三年前即逐步推動蘭嶼貯存場環境輻射平行監測，作業項目及內容具體確實，似乎有領先態勢。
3. 政策的推動需要循序漸進，並且須有理論及技術的支持，也應藉由研發的結果來驗證或進行修正，兩者須互相結合並落實執行。從美國核燃料循環與核廢料管理研發兩大區塊之研發活動檢視，均能從策略規劃、方案選擇、評估方法與分析模式工具的建立、建立基準，並進行後續影響及經濟效益評估，發現有完整的一套發展機制及評估的理論基礎支持相關推動的政策。
4. 原能會猶如美國核管會，是個獨立的法令規範者(regulator)也是安全的維護者，宜做到公平、公正行事，相關資訊也宜公開。並經由誠意耐心與民眾溝通，即使碰到困難，也宜保留持續對話的機制，以爭取民眾認同，值得我國參考。
5. 美國能源部的簡報中指出，該部部長Ernest Moniz博士認為在減少溫室氣體排放量及兼顧全球的發展考量下，核能仍扮演重要角色；強調核能發展應從過去「原子能的和平利用(Atoms for peace)」的思維，進一步思考「原子能的繁榮利用(Atoms for prosperity)」，值得我國在思索能源政策時參考。
伍、附錄
附錄一、台美民用核能合作會議議程
Agenda for TECRO-AIT Joint Standing Committee Meeting

on Civil Nuclear Cooperation

（Argonne National Laboratory, November 4-6, 2014）
November 4: Plenary

	Time
	Event
	Location

	7:45
	Shuttle Departs from Aloft Hotel
	

	8:30 – 9:40
	Meeting Registration & Opening Remarks
	Bldg 241 Rm D172

	9:40 – 10:00
	Break
	Bldg 241 Lobby

	10:00 – 12:30
	Presentations (30 min each)

1. Overview of U.S. Nuclear Energy Programs- DOE/NE (William Lahneman)

2. Updates of Atomic Energy Council’s Activities in Taiwan –(Hung-Chih Lai, Technical Specialist, AEC/PD)

3. Lessons Learned from WIPP Underground Fire and Radiation Release Event – DOE/EM (Abe Vanluik and Roger Nelson)

4. Overview of Taipower’s Nuclear Backend Management Program – TPC (Der-Fwu Lin, Chief Engineer, TPC)

5. Continued Storage of Spent Nuclear Fuel Rulemaking and its Implication on Licensing Activities – NRC (Tim McGinty)
	Bldg 241 Rm D172

	12:30 – 13:30
	Lunch
	Bldg 241 Rm D172

	13:30 – 15:10
	Presentations (25 min each)

1. Updates of Nuclear Regulatory Activities in Taiwan (Jec-Kong Gone, Section Chief, AEC/NRD)

2. Update on Aerial Measurement Workshop – NNSA (Ann Heinrich)
3. Review of Current Major Research Activities at INER – (Chien-Liang Shih, Deputy Director-General, INER)
4. International Cooperation on Probabilistic Safety Assessment – ANL (Igor Bodnar)
	Bldg 241 Rm D172

	15:10 – 15:30
	Break
	Bldg 241 Lobby

	15:30 – 16:45
	Presentations (25 min each)

1. Overview of Nuclear Regulatory Research Cooperation and Project Prioritization – NRC/RES (Donna-Marie Sangimino)

2. Overview of Current Research Projects in National Tsing-Hua University (Jenq-Horng Liang, Professor, Tsing-Hua University)

3. Overview and Status Update of the Used Fuel Disposition Campaign and Deep Borehole Demonstration Project in the U.S. – SNL (Kevin McMahon)
	Bldg 241 Rm D172

	16:45 – 17:00
	Closing
	Bldg 241 Rm D172

	17:00
	Shuttle Back to Aloft Hotel
	


November 5: Technical Working Group Sections

	Time
	Event
	Location

	7:45
	Shuttle Departs from Aloft Hotel
	

	8:35
	Group Photo
	

	8:35 – 10:40
	Working Group Discussions
	Bldg 240 Rm 1416

	
	Group 1:  Reactor Regulation and Regulatory Research

Co-Chairs: Tim McGinty, Director, Division of Safety Systems, NRC and Shin Chang, Director, Department of Nuclear Regulation, AEC
1. Discussion Presentations: 
a. Introducing Human Reliability Database-Scenario Authoring, Characterization, and Debriefing Application (SACADA), for NPP Operators – NRC/RES (James Chang)
	Bldg 240 Rm 1404

	
	Group 2: Waste Management and Environmental Restoration
Co-Chairs: Ana. M. Han and Wuu-Kune Cheng, Section Chief, Fuel Cycle and Material Control, AEC
1. Discussion Presentations: 

a. Strategy for the Management and Disposal of Used Nuclear Fuel and High-Level Radioactive Waste –SNL (Kevin McMahon, Sandia National Laboratory)

b. Status of NDA Measurements for TRR Spent Fuel Stabilization Project (Ling-Huan Chiao, Division Deputy Director, INER)
	Bldg 240 Rm 1405

	
	Group 3: Nuclear Science, Technology and Safeguards

Co-Chairs: Ike Therios, NNSA, Office of Nuclear Safeguards and security and Chien-Liang Shih, Deputy Director-General, Institute of Nuclear Energy Research
1. Discussion Presentations:

a. The Consideration of New Drug Application of Nuclear Medicines in the U.S. – NIH (Jacek Capala)

b. Current status of radioisotopes and radiopharmaceuticals development  at INER– (Tsai-Yueh Luo, Associate Researcher, INER)
	Bldg240 Rm 1406

	
	Group 4: Emergency Management
Co-Chairs: Ann Heinrich, Deputy Director, Office of International Emergency Management and Cooperation and Ming-Te Hsu, Director, Department of Nuclear Technology, AEC
1. Discussion Presentations:
a. Radiological assistance program – RSL (RaJah Mena)
	Bldg 240 Rm 1407

	10:40 – 10:50
	Break
	Bldg 240, Rm 1416

	10:50 – 12:00
	Continued Working Group Discussions
	Same location as previous

	12:00 – 13:00
	Lunch

	

	13:00 – 15:00
	Continued Working Group Discussions
	Same location as previous

	15:00 – 17:00
	Summary of Working Groups and Signature of Summaries
	Bldg 240, Rm 1416

	17:00
	Shuttle Back to Aloft Hotel
	


November 6: Argonne National Laboratory Facility Tour

	Time
	Event
	Location

	7:45
	Meet Shuttle for transport to ANL

1. The tour escort, Dan West, will board A-Loft shuttle and escort the group
	Aloft Lobby

	7:45 – 8:30
	Travel to ANL main gate and Bldg. 208
	

	8:30 – 9:20
	Nuclear Energy Exhibit 

1. Tour will be led by Roger Blomquist
	Bldg. 208

	9:20 – 10:50
	Advance Photon Source (APS)

1. Includes High Energy X-ray Scattering beam line led by Meimei Li
	Bldg. 401

	10:50 – 11:30
	Argonne’s Nuclear Energy Exhibit
	Bldg. 208

	11:30– 12:00
	Shuttle Departs for Aloft Hotel
	


附錄二、2014年台美民用核能合作會議與會人員名單
TECRO DELEGATION

	
	Name
	Affiliation
	Job title

	1
	Chuen-Horng Tsai
	Atomic Energy Council
	Minister

	2
	Chung-Der Wang
	Department of Planning

Atomic Energy Council
	Deputy Director

	3
	Hung-Chih Lai
	Section of International Affairs
Department of Planning 
Atomic Energy Council
	Technical Specialist

	4
	Shin Chang
	Department of Nuclear Regulation 

Atomic Energy Council
	Director

	5
	Jec-Kong Gone
	Department of Nuclear Regulation

Atomic Energy Council
	Senior Specialist

and Section Chief

	6
	Chia-Chun Liao
	Department of Radiation Protection

Atomic Energy Council
	Senior Specialist and Section Chief

	7
	Ming-Te Hsu
	Department of Nuclear Technology

Atomic Energy Council
	Director

	8
	Chia-Hui Chou
	Department of Nuclear Technology

Atomic Energy Council
	Associate 

Technical Specialist

	9
	Wuu-Kune Cheng
	Fuel Cycle and Material Administration
Atomic Energy Council
	Section Chief

	10
	Chien-Liang Shih
	Institute of Nuclear Energy Research
	Deputy Director-General

	11
	Jyh-Der Lin
	Nuclear Engineering Division

Institute of Nuclear Energy Research
	Deputy Director

	12
	Ling-Huan Chiao
	Engineering Division 

Institute of Nuclear Energy Research
	Deputy Director

	13
	Tsong-Yang Wei
	Chemical Engineering Division 

Institute of Nuclear Energy Research
	Director

	14
	Ruey-Yu Chan
	Chemical Engineering Division 

Institute of Nuclear Energy Research
	Associate Researcher

	15
	Tsai-Yueh Luo
	Isotope Application Division

Institute of Nuclear Energy Research
	Associate Researcher

	16
	Chih-Wei Yang 
	Nuclear Instrumentation Division 

Institute of Nuclear Energy Research
	Associate Engineer

	17
	Jenq-Horng Liang
	Institute of Nuclear Engineering and Science

National Tsing-Hua University
	Professor

	18
	Chun-Kuan Shih
	Institute of Nuclear Engineering and Science

National Tsing-Hua University
	Professor

	19
	Der-Fwu Lin
	Department of Nuclear Back-end Management

Taiwan Power Company
	Chief Engineer

	20
	Wei-Wu Chao
	Science and Technology Division

Taipei Economic and Cultural Representative Office in the U.S.
	Deputy Director


AIT DELEGATION

	
	Name
	Agency

	1
	Alex Burkart
	Department of State (DOS)

	2
	Kyler Turner
	Department of State (DOS)

	3
	Timothy McGinty
	Nuclear Regulatory Commission (NRC)

	4
	Emily Larson
	Nuclear Regulatory Commission (NRC)

	5
	James Chang
	Nuclear Regulatory Commission (NRC)

	6
	Donna-Marie Sangimino
	Nuclear Regulatory Commission (NRC)

	7
	Ana Han
	Department of Energy (DOE)/EM

	8
	Lisa Phillips
	Department of Energy (DOE)/EM

	9
	Ann Heinrich
	Department of Energy (DOE)/NNSA(NA-46)

	10
	Ike Therios
	Department of Energy (DOE)/NNSA(NA-24)

	11
	William Lahneman
	Department of Energy (DOE)/NE

	12
	Paul T. Dickman
	Argonne National Lab (ANL)

	13
	Chuan-Fu Wu
	ES&H Solutions, Inc. (DOE contractor)

	14
	Anthony Belian
	Los Alamos National Lab (LANL)

	15
	Jacek Capala
	National Cancer Institute (NIH/NCI)

	16
	Ms. Lee Gebert
	Argonne National Lab (ANL)

	17
	Igor Bodnar
	Argonne National Lab (ANL)

	18
	Charley Yu
	Argonne National Lab (ANL)

	19
	Kevin McMahon
	Sandia National Laboratories (SNL)

	20
	Ralph Mena
	Remote Sensing Lab (RSL)

	21
	Chris Van Horn
	Argonne National Lab (ANL)
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[image: image9.jpg]Discussion Summary of Working Group I
Matters Pertaining to Reactor Regulation and Regulatory Research

Working Group I began this year’s meeting with 20 existing items. After a presentation entitled
“Introducing Human Reliability Database-Scenario Authoring, Characterization, and Debriefing
Application (SACADA), for NPP Operators™ provided by Dr. James Chang of RES and extensive
working group discussions, the NRC and AEC agreed that an item of “administrative regulation of
the naturally occurring radioactive material” will be moved to Group III, and a new item of
“regulatory activities on a deferred nuclear plant™ will be added to Group I. As such, working
Group [ has 20 items of mutual cooperation ongoing. The next AEC/NRC bilateral technical
meeting will be in conjunction with the emergency exercise observation at a U.S plant tentatively

scheduled in July, 2015 and both sides will work together for this annual event.
Commitments

1. Both NRC and AEC will continue cooperation on severe accident research programs. NRC is
re-considering the request of INER to receive MELCOR 1.8.6 source code after INER
prepares more detailed technical reasons for acquiring the source code.

2. Both AIT and TECRO will continue cooperation on the radiation protection application code
analysis and maintenance program (RAMP). AIT will forward the draft RAMP agreement to
TECRO in January, 2015.

3. AT invites TECRO to join the workshop on SACADA organized by the NRC Office of
Nuclear Regulatory Research (RES) in April 2015.

4. TECRO will provide AIT with the formal request for specific security inspection procedures.
Both AEC and NRC agreed to extend the work scope beyond physical protection to "nuclear
security regulations on nuclear materials, facilities, and power plants".

5. AEC expressed its desire to learn from the experience of NRC on seismic hazard
re-evaluations. AIT will work with TECRO to establish the most appropriate point of contact.

6. AEC welcomes NRC Chairman or Commissioners potentially visiting Taiwan on their way to
Asia for meetings, conferences, or tours. Both sides will consult with each other and continue
working on any detailed schedules.

7. AEC will dispatch two inspectors to the NRC Region II Office and visit Watts Bar Unit 2 and
the Bellefonte Nuclear Stations in December 2014. AEC will learn and acquire more

information on regulating a deferred plant from NRC.
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Discussion Summary of Working Group Il
Waste Management and Environmental Restoration

Number of working items discussed in Group Ii: 16
Number of ongoing working items: 16
Items proposed to close: 1
Reopen items: None
Merged items: 1
e AE-NR-Z9 Response and Management of Radioactive Material Events will
be shifted to Group Il for discussion.
New items: 1
Number of working items in Group Il after group discussion: 15
Highlights
a. TECRO appreciates the assistance of AIT. Many of the cooperative items have
been progressing successfully. Following detailed discussions, both sides
agree to keep 15 items ongoing. The timing will mostly be adjusted from
2014 to 2020.
b. AE-NR-Z9 “Response and Management of Radioactive Material Events” was
moved to Group IIl.
c. Specific comments on Group Il working items and actions for the next year
are summarized below:
G23: Two NRC experts came to Taiwan for a week workshop in August 2014,
around 50 participants exchanged information. Taipower has prepared the
hot test of spent fuel dry storage in the first 2 casks; however, the local
government deferred the schedule. FCMA will provide to the NRC for their
information a document entitled “Guideline on Maintenance and Surveillance
Program for ISFSI”.
G33: AIT personnel changed from Mike Browne and Mike Miller to Anthony
Belian, LANL.
G34: FCMA is revising the Chinese version of the National Report. It will be
finished by the end of 2014. It will be translated into English. FCMA will send
the revision of the National Report to DOE for peer review in June 2015.
J2: FCMA proposes to invite 2 NRC experts to hold a week workshop in August
2015. FCMA has prepared an initial agenda for further discussion.
J4: A. Han will provide a POC for the potential Hanford Site visit by the

1



[image: image11.jpg]trainees from INER.

U2: This item was closed. A new item, U3 “Irradiated Fuels and Materials
Research Program from 2014 to 2020” has been established for continued
work.

X1: TECRO submitted questions and request for information to AIT. POCS to
provide the answers and responses have been identified.

DD12: Taipower is constructing the Chinshan plant dry storage facility, and
requested to have consent-based approach information associated with this
issue. Kevin McMahon, SNL, provided a presentation from an IAEA
Technical Meeting on engaging stakeholders entitled “Stakeholder
Involvement and Public Perspectives on Consent Based Siting.”

DD19: Kevin McMahon, SNL, provided two end of FY 14 milestone reports
entitled “Evaluation of Used Fuel Disposition in Clay-Bearing Rock” and “Used
Fuel Disposal in Crystalline Rocks: EOFY 14 Status Update.”

DD22: TPC will invite EPRI’s experts to hold a workshop on NPP
decommissioning technology, experiences and lessons learned. TPC will
participate in EPRI’s decommissioning annual conference.

DD23: A case study for the removal of Sr-90, Cs-137 and tritium, or removal
of one of the mentioned radionuclides is requested for the understanding the
related technologies integration.  Kevin McMahon will locate the requested
report and deliver to TECRO by February 28, 2015.  Kevin McMahon, SNL,
provided an end of FY13 milestone report entitled “Enhancements to Generic
Disposal Systems Modeling Capabilities” and an end of FY14 milestone report
entitled “Performance Assessment Modeling and Sensitivity Analysis of
Generic Disposal Concepts.”

DD27: ORNL will arrange an opportunity for one INER staff member to
receive training in TRU waste management over the course of one month in
2015.

DD28: INER requests to send a staff member to PNNL to learn about
minimization technology for contaminated soil and its secondary waste
treatment method. PNNL POC will be identified by A. Han, DOE/EM.

DD30: INER will search for the pedigree of the UF6 material (origin of
material and any processing since taking possession). DOE will continue to
evaluate the feasibility of stabilizing and dispositioning of DUF6/LEU in the
USA with and without the pedigree data including the possible contaminants,
enrichment and assay levels of the material. DOE will provide questions
discussed in side meeting to Wei-Wu Chao to be answered by INER.
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[image: image13.jpg]Discussion Summary of Working Group Il
Nuclear Science, Technology, and Safeguards

TECRO-AIT Joint Standing Committee Meeting on Civil Nuclear Cooperation

(Argonne National Laboratory, November 4-6, 2014)

Number of items discussed 23
Closed items 0
New items 0
Merged items 0
Moved from other group items 2
Number of working item after the meeting 23
. Closed items

None.

New items

None.

Merged items

None.

Moved from other group items

2 items.

Highlights:

AE-NR-D59, “Radiation Protection Training Program.”

(1) NRC provided training course list of 2014.

(2) AEC evaluated but did not send staff to attend radiation protection related
courses.

(3) Propose to keep ongoing.

AE-IN-NR-D64, “Radiation Protection Technical and Regulatory Information
Exchange.”

(1) InJune 2014, NRC inquired of AEC with four questions pertaining to
Taiwan's patient release practices following the administration of
iodine-131 to hyperthyroid and thyroid cancer patients.

(2) AEC responded to all four questions in July 2014.

(3) Propose to keep ongoing.

AE-NR-D65, “Epidemiology Study on Effects of Prolonged Low-dose Radiation
Exposure on Residents living in 60Co-contaminated Rebar Buildings in Taiwan.”

(1) The National Health Research Institutes has just completed the data
reprocessing and reanalyzing in May; yet, a revised report has not been
released for review.

(2) Atthe 2014 Bilateral Technical Meeting (BTM), AEC presented the status of



[image: image14.jpg]the "Epidemiology Study on Effects of Prolonged Low-dose Radiation
Exposure on Residents living in ®°Co-contaminated Rebar Buildings in
Taiwan", and NRC shared the status of "Analysis of Cancer Risks of
Populations Living near Nuclear Facilities".

(3) Propose to keep ongoing.

AE-IN-NR-D66, “Administrative Regulation of the Naturally Occurring
Radioactive Material (NORM).”

(1) This item was transferred from Working Group | to Working Group IlI.

(2) Both sides have shared their experience on implementing NORM and
TENORM during 2014 BTM in July 2014.

(3) According to the 4th item of BTM Conference Summary in 2014, AEC has
already prepared relevant regulatory background description on Naturally
Occurring Radioactive Materials (NORM) and US regulatory issues TECRO
wishes to know about.

(4) NRC and EPA provided NORM information to AEC on October 8, 2014.

(5) Propose to keep ongoing.

AE-DE-F39, “TECHNICAL SAFETY SUPPORT.”

(1) AEC invites NNSA to provide training on Nuclear Forensics in 2015.

(2) NNSA will attempt to identify resources to provide AEC tools for nuclear
forensics self-assessment and a process to identify gaps in forensics
response.

IN-OR-17, “Production and Evaluation of Isotopes and New Radiopharma-
ceuticals.”

(1) InJune 7-11, 2014, Dr. KW Chang attended the 2014 SNMMI meeting in ST.
LOUIS, MISSOURI and posted research results introducing INER's progress
in the nuclear medicine field.

(2) INER cooperated with Taiwanese Society for Nuclear Medicine and
Molecular Imaging (SNMMI) to hold the 2014 Annual SNMM| Meeting
from October 31st to November 1st, and invited three U.S. researchers
(one from Emory University and two from MD Anderson Cancer Center in
Texas) to join the meeting.

(3) INER invited Professor Ji Chen of Emory University to give a presentation
on his research at INER on October 28, 2014.

(4) Propose to keep ongoing.

IN-DE-114, “Inf ation Exchange of Cei
Procedure of Radiopharmaceutical.”

tion, Quality Control and Licensing

(1) In February 2014, INER received a request from Dr. Ho Nam, International
coordinator, World Council on Isotopes, Korea Radioisotope Association



[image: image15.jpg]for the investigation of the current status of the radiation and
radioisotopes practice in Taiwan . The associate researcher, Shiou-Shiow
Farn (TECRO) has finished the investigation report of the current status of
the radiation and radioisotopes practice in Taiwan from 2011-2013 and the
report was sent to the Dr. Ho by mail.

(2) INER proposed two issues, “the consideration of New Drug Application of
nuclear medicines in the United States” and “the industrialization of
nuclear medicine practice in United States”, to promote the cooperation
between TECRO and AIT in 2014. INER wants to learn more about the
experience and practice of industrialization for radiopharmaceuticals and
critical points of NDA of radiopharmaceuticals in the United States, such
experiences are not enough in Taiwan now. We sincerely hope to establish
the long-term cooperative channel with the experts and facilitate the
development of radiopharmaceuticals.

(3) INER seeks opportunities to have contact with FDA experts to hold
discussions on licensing of nuclear medicine. Also, INER would like to
communicate with NIH regarding nuclear medicine industrialization. Dr.
Capala of NIH will be point of contact with INER.

(4) Propose to keep ongoing.

IN-DE-119, “Cooperative Programs on the Develonment and Improvement of
Nuclear-Imaging Instrumentation Associated Technology.”

(1) Prof. Benjamin M. W. Tsui (Johns Hopkins Medical Institutions) was invited
to INER to conduct seminars about the radiation imaging physics and
medical imaging modeling from Jan. 15 to Jan. 17, 2014.

{2) Assistant Engineer Ho-Hui Hsieh (INER) was given 5-week training about
radiation imaging simulation and physical modeling at Division of Medical
Imaging Physics (The Russell H. Morgan Department of Radiology and
Radiological Science, Johns Hopkins Medical Institutions) in Baltimore from
Mar.1 to Apr. 7, 2014.

(3) Assistant Researcher Sheng-Pin Tseng (INER) was given 1-week training
about imaging parameter optimization technology in carbon nanotube
x-ray source array at Otto Zhou Research Lab of the University of North
Carolina at Chapel Hill from Sep. 14 to Sep. 19, 2014.

(4) Propose to keep ongoing.

TU-DE-Y1, “Generation IV Nuclear Reactors.”

(1) NTHU team visited JAEA and attended an international workshop on VHTR
in April, 2014; the team is also interested in visiting the USA for similar
activities.
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3)
(4)

(5)

NTHU is conducting a research project supported by the government on
“Research and International Technical Cooperation for Advanced Nuclear
Power Safety Technology” for 2014-2015. Neutronics, thermal-hydraulics,
and materials in advanced reactor applications are major areas of interest.
A follow-up research project for 2015 to 2017 is also under planning.
NTHU will hold discussions to restart the assignment of researchers from
Taiwan at DOE national laboratories.

Propose to keep ongoing.

TU-DE-Y3’ “Explore opportunities related to DOE Engineering Innovation Hub
for Modeling and Simulation Program.”

(1)

)

Two young scientists and one PhD student at NTHU attended a training
course in Spain in summer 2014, focusing on neutronics and
thermal-hydraulics coupling (NRC-developed computer codes: PARCS &
TRACE/RELAPS).

Propose to keep ongoing.

TU-DE-Y4, “Formation of New partnership INL/NTHU/INER/NBL for Education
and Training in Nuclear Science and Technology.”

(1)

2

3)

TU-AN-CC1, “Neutron Research at Research Reactors and Spallation Sources.

@)

(2)

3)

NTHU graduate student, Mr. W. C. Cheng, went to Massachusetts Institute
of Technology, Nuclear Reactor Laboratory for six-month training.

In 2014, Dr. Richard Johnson (INL staff) visited NTHU and attended a PhD
student’s dissertation defense as a committee member.

Propose to keep ongoing.

”

On March 10, 2014 and Sep. 18, 2014, ORNL neutron scattering scientist,
Dr. Wei-Ren Chen visited Taipei and gave talks.

On Sep. 8-9, 2014, NIST neutron spin-echo instrumentation scientist, Dr.
Nagao Michihiro was invited to NSRRC/Hsinchu for a presentation in the
small angle neutron scattering workshop.

Propose to keep ongoing.

AE-DE-EE2, “International Training Course on Physical Protection.”

(1)

@2
®3)

4)

Mr. June-Yuan Huang, and Dr. Wei-Wu Chao from AEC attended the
Security Exercises Workshop, held by WINS (World Institute for Nuclear
Security), Feb. 18-21, 2014.

AEC will dispatch two people to attend ITC-25 in April, 2015.

AEC appreciates that AIT could provide the exact date and a draft agenda
of ITC-25, so that AEC could start the nomination process.

AIT is pleased to inform TECRO that the dates for the 25th edition of the
IAEA International Training Course on the Physical Protection of Nuclear



[image: image17.jpg]Material and Nuclear Facilities are April 20 — May 9, 2015, in Albuquerque,
NM. AIT will pursue correct channels for letters of invitation. AIT requests
that TECRO provide nominees at least 3 months in advance, i.e., January 20,
2015.
(5) Propose to keep ongoing.
AE-DE-EE3, “Nuclear Export Control Training.”

(1) InJune 2014, DOE facilitated a CIT instructors Exchange with Taiwan
Customs. This will be followed on with another Exchange in 2015 that will
discuss some of the CIT Instruction topics in more depth.

(2) In October 2014, DOE Provided an Advanced Licensing Training to Taiwan's
Bureau of Foreign Trade. This was the second such event designed to assist
in building Taiwan's risk assessment capacity for Strategic trade controls.

(3) Propose to keep ongoing.

AE-DE-EE5, “Radioactive source security cooperation.”

(1) NNSA NA-21 (GTRI) proposes to hold a Regulatory Development Workshop
on Radiological Source Security in Taiwan in 2015. AEC prefers for training
to be held in April 2015.

(2) Both sides shall further coordinate for the upcoming regulatory
development workshop on source security in 2015.

(3) Propose to keep ongoing

AE-DE-EE6, “Physical Protection Consultations.”

(1) THOR security measures keep improving.

(2) Propose to keep ongoing

(1) AEC requested a workshop on Physical Protection Standards and

Guidelines for September, 2014, in Taipei.

(2) AIT arranged for 3 instructors from NNSA to conduct the “Physical
Protection Foundations Course” in Taiwan on September 15-18, 2014. It
was a successful and useful workshop for participants from utilities,
institutes and universities in Taiwan.

(3) AEC welcomes further cooperation and training in areas of nuclear
security.

(4) AIT would agree to two training workshops to be conducted in 2015 by
NNSA: 1) a course on how to conduct Physical Protection System
inspection and 2) a course on Physical Protection System contingency
planning.

(5) Propose to keep ongoing.

AE-AIT-FF1, “State Systems of Accounting and Control (SSAC).”
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(2) The next IAEA SSAC International Training Course will be held on April 26 -
May 8, 2015 at Oak Ridge National Laboratory. To send observers to this
SSAC ITC, TECRO should contact Scott Purvis at DOE/NNSA
(Scott.Purvis@nnsa.doe.gov) and Kyler K. Turner at US-DOS
(TurnerkKK@state.gov) to provide the names of recommended individual
observers at least 3 months in advance, i.e., by January 26, 2015.

(3) Propose to keep ongoing.

AE-IN-AIT.LA-FF2’ “Cooperation in Safeguards Technology.”

(1) Limited activities in 2014.

(2) Propose to keep ongoing.

AE-AIT-FF3, “Exchange of information on Implementation of IAEA Safeguards
and the Additional Protocol.”

(1) Safeguards information papers were exchanged at the 2014 JSCCNC
meeting on November 5, 2014.

(2) Information on implementing safeguards will continue to be exchanged at
future meetings.

(3) Propose to keep ongoing.

AE-AIT-FF4, “Inventory of U.S. obligated nuclear material in Taiwan.”

(1) AEC has sent TECRO on March 13, 2014 with accumulation inventory of all
material subject to the current agreement for cooperation as well as
individual inventory of Canadian, Australian, and EURATOM flagged
materials for 2013.

(2) AIT received from TECRO, on March 18, 2014, the inventories of U.S.,
Canadian, Australian, and EURATOM flagged materials for 2013.

(3) AIT and TECRO have been working together to verify the accuracy of the
inventories.

(4) AIT & TECRO are scheduled to have discussions about the inventories as,
well as the Administrative Arrangements on December 15-17 in Taipei.

(5) Propose to keep ongoing.

TU-OR-HH1, “Design of Medical Therapy Facility for THOR.”

(1) Limited activities in 2014.

(2) Propose to keep ongoing.

AE-NR-Z9, “Response and Management of Radioactive Material Events.”

(1) Thisitem was transferred from Working Group Il to Working Group Il

(2) AEC shared experiences by giving a presentation titled “Finding and
Managing Abnormal Radioactive Materials in Taiwan” during 2014 BTM in
Taipei in July 2014.




[image: image21.jpg](3) AEC requests access to Nuclear Material Events Database (NMED) in order
to improve patient safety in Taiwan.
(4) Propose to keep ongoing.
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Emergency Management
TECRO-AIT Meeting of Joint Standing Committee on Civil Nuclear Cooperation
November 4-6, 2014

1. There are 4 items in group IV, both sides agree to keep ongoing.
2. Commitments

a). NNSA will continue to invite AEC to attend the EMI-SIG meeting. AEC requests
an opportunity to be a presenter for sharing the Taiwan’s experience on nuclear
emergency preparedness and drill in the EMI-SIG meeting on July 6-10, 2015.

b).  The Work Plan under the SOI has been implemented since June 2011, and most
of the cooperative activities have been successfully conducted. To enhance the
close cooperation between NNSA and AEC in the future years, NNSA and AEC
will continue to evaluate and update SOl work plan in 2015.

¢). AEC will request an I-RAPTER-MPE training course in Taipei for a large scale
event such as the 2017 Taipei Summer Universiade. NNSA will conduct
I-RAPTER-MPE training course in Taiwan tentatively in October, 2015.

d). NNSA will conduct a second Advanced I-Med course in Taiwan tentatively in
May, 2015. Some of Taiwanese participants will be future trainers.

e). AEC informed NNSA that there are some abnormalities in the 3 sets of
SPARCS-A. NNSA will assist to replace new components to Taiwan periodically.

f). NNSA and AEC discussed the proposal for the repair of the SPARCS system
suggested by AEC. Both sides agree to make direct communication channel
between NSTec (National Security Technologies, LLC) and INER (Institute of
Nuclear Energy Research). NNSA will supply a set of backup components to be
stored in Taiwan.

g). NNSA and AEC will communicate about data analysis methods with an aim to
conduct a workshop in the future.

h). NNSA will invite AEC representatives to observe the exercise “Southern
Exposure” to be held July 21-23 at the NPP H.B. Robinson in South Carolina.

i). AEC will continue to jointly engage in activities with NNSA to strengthen
emergency management and response to nuclear events.

Approved:

Vi % 7{5¢Lu¢~'- /Z %- Il %‘v
Ann Heinrich Ming-Te Hsu

AIT Representative TECRO Representative
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附錄四、
INSC Country Report
	Country: Taiwain
	Date: 
	Author: NEST


	1. Political situation in nuclear in your country

	Referendum. In February 2013, the Government proposed to launch a national referendum to decide the fate of the Lungmen plant. The proposal was debated at the Legislative Yuan during its spring session, and later withdrawn during the fall legislative session in 2013. On 24th April 2014, the Executive Yuan announced that the government will not allow initial fuel loading of Lungmen-1 until a favorable result is obtained from national referendum, in addition to approval by the AEC.
Mothballing the Plant. On 28th April 2014, following growing protests over the project, the government decided to “seal and save” the plant for three years. The fate of Lungmen will be decided after a national referendum, which is yet to be scheduled. This decision was further confirmed by President Ma at a public speech on 13th August 2014.




	2. News on nuclear facilities (NPP's, WSF's etc.) in your country (power upgrades, lifetime extensions, new build etc.)

	NPP Performance. Although there were 4 reactor scrams and one month delay in refueling outage due to generator refurbishment at Chinshan-1, the average capacity factor for all six units in 2013 was 91.77%, ranking number three among all 30 nuclear power countries. Other performance records include: refueling outage completed in 24.89 and 27.95 days at Kuosheng-1&2, respectively, and 43.4 days at Maanshan-1, all ahead of schedule by 4-7 days without any violations or safety incidents. Chinshan-1 also set a record of 22-year continuous operation without any fuel damage. 
NPP License Renewal & Potential Decommissioning. The current 40-year operating licenses of the six nuclear units will expire starting 2018 through 2024. Taipower submitted to the AEC an application for renewing the licenses of Chinshan Units 1&2 in 2009, but twice requested deferral of the review until its latest request for reactivation of the process in December 2013. The technical review of the application by the AEC is now in progress, and expected to be completed in two years. As the final fates of these NPPs are not yet decided, preparations for potential decommissioning by both the regulator and the licensee are also under way in parallel with the renewal process.
Construction. Construction of the Lungmen Plant started in 1999. As the fourth nuclear power station located on northeastern coast of Taiwan, it houses two ABWR units, each of 1,350 MWe. The project has encountered numerous difficulties as led by suspension in 2000, and followed by subsequent restart in 2001 and associated problems with rising price of construction materials, rehiring and interface of subcontractors, resulting in repeated delays and requests for additional budget allocation. Since early 2014, Unit 1 of Lungmen has stayed at 98% complete on construction, while a request to extend the construction permit till the end of 2020 is under review by the AEC.

	Pre-op Tesing and Re-inspection. Since the onset of the Fukushima Daiichi nuclear accident in 2011, the Taiwanese public concerns over safety of the Lungmen plant escalated and eventually led to a national rally on 9th March 2013 calling for halting of the project. An estimate of 200,000 protestors turned out for the event nationwide. To alleviate public concern, the Ministry of Economic Affairs (MOEA) organized a safety evaluation group to conduct re-inspection of the plant's reliability. While this special task was competed in July 2014, pre-op testing of Unit 1 stayed at 65% completion. An application for initial fuel loading of Lungmen-1 won’t be submitted by Taipower without completion of both the reliability re-inspection and the pre-op testing; the decision on which will also be pending outcome of national referendum. 

Process Continues for Siting LLW Repository. As required by law, a candidate site for a low-level waste final disposal facility will be determined through local referendum on each of the multiple recommended candidate sites. In July 2012, the MOEA announced two recommended candidate sites located in Nantien of Taitung County and Wuchiou of Kingmen County, which were determined by its site selection committee in 2011. The MOEA has since been collaborating with the local governments to conduct referendum, however, without any success. To facilitate the management of nuclear waste issues, the Ministry is now in the process of setting up a dedicated organization responsible for the radioactive waste disposal programs.

On-site Dry Storage of Spent Nuclear Fuel. For Chinshan NPP, the concrete pad was laid in 2012, a hot test with two loaded casks anticipated by end of 2013, and a license for operation in 2014. The project, however, has been delayed pending approval of Taipower’s Water and Soil Conservation Plan (WSCP) by the New Taipei City government. For the Kuosheng plant, Taipower submitted a Safety Analysis Report (SAR) to the AEC in March 2012. The Council completed review of the SAR in September 2013, and will issue a construction permit upon receipt of Taipower’s submittal of an acceptable supplementary report of geological studies on nearby faults. The facility is expected to be operational by 2016.
Host Rock Investigation for Spent Nuclear Fuel Repository. According to Taipower’s Spent Nuclear Fuel (SNF) Disposal Plan (Edition 2010, approved 2011), the operation of a repository is projected to start in 2055, with the 50-year (2005~2055) project life divided into five stages, the first stage being the investigation and evaluation of potential host rocks. In 2012, the drilling of a deep hole into granite bedrock for host rock investigation in Hualien country was halted due to protests of local residents. During 2013, host rock investigation in a set of 6 holes drilled into granite bedrock in Kingmen was also interrupted due to protests of local residents for fear that the county would become the site for the final spent fuel repository facility. As a result, Taipower has transferred these wells to the National Taiwan University for teaching and research in groundwater resources.


	3. News on member companies (projects, financial results, production etc)

	In January 2010 the Legislative Yuan passed a set of four laws paving the way for a reform of the Executive Yuan that would reduce the number of cabinet-level agencies from 37 to 29. The AEC and its affiliated organizations are among those affected by this reform. According to an earlier plan, the AEC was to be transformed into a nuclear safety regulatory entity of a lower tier under the Ministry of Science and Technology (MOST). The MOEA will become the Ministry of Economy and Energy (MOEE), under which AEC’s research arm the Institute of Nuclear Energy Research (INER) would become the Institute of Energy Research (IER). Only a small fraction of INER would stay under the new nuclear regulatory authority. However, the Fukushima Daiichi nuclear accident in March 2011 prompted reconsideration of the importance and therefore independency and capability of the nuclear safety regulatory authority. Consequently the Executive Yuan revised its plan to pull the nuclear safety authority out of the MOST, and make it a more independent entity. As currently planned, the AEC would become a nuclear safety commission, directly under the Executive Yuan, but likely at a lower tier. The plan is expected to be finalized by the end of 2014 pending final debate and approval at the Legislative Yuan during its coming fall session.


	4. Public opinion towards nuclear (results latest PO polls)

	Just days before the government announced mothballing the Lungmen plant in late April, 2014, a survey conducted by Common Wealth Magazine on the construction of the Lungmen plant and its relevant alternatives reveals that 58.7 % of population favors ceasing construction of the Lungmen plant. A further analysis shows that 50.3 % of those who are anti-nuclear are unwilling to support the rise of electric price; 46.2 % of them are willing to pay the price. 54 % of population will accept electricity rationing if there is power shortage after ceasing construction of the Lungmen plant, but 41% will not accept the consequence. As to the acceptance the option of “life extension of NPP 1~3 and ceasing construction of the Lungmen plant”, 47.9 % of population is in favor of such proposal. Furthermore, according to a poll conducted by Apple Daily right after the announcement of mothballing the Lungmen plant, 55.61% of population supports ceasing Lungmen’s construction.


	5. Stakeholder dialogue (Attitudes of NGOs, media, local communities towards nuclear)

	After Fukushima accident, public perception of nuclear changed drastically. The anti-nuclear groups keep urging the government to give up the use of nuclear energy and demanding more resource put into the development of renewal energy. In the short term, it seems impossible for Taiwan to entirely abandon the nuclear energy and replace it by renewable energy, so the government has tried very hard to convey the reality we are facing through forums of various subjects to improve public acceptance: energy mix, post-Fukushima safety improvement, risk communication, etc. According to a poll in 2014 conducted right after the announcement of mothballing the Lungmen plant, over 55% favor scrapping Lungmen Plant; 35% support government decision of mothballing the plant. In order to seek consensus, the government has decided to hold a National Energy Conference in early 2015 to discuss opinions from various groups and stakeholders.
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